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BAGBHER RS (EEZEREMREE)
SRR ARSE
allb B3 A V5 7Y B S D AZER
A SRERNE (BERBKZEEFEMETFEEETF)

mRES
M/MRITHBME CER IR P B POREIC L - CESIL 2 2,
HEMFRES DWEAEWIEE T Z Il » T Mm@ 2R TS, 50
DRERATM/MREZEARET A 7-O1Z1, M/MRE REEC, HmEho s Tl
T OHEEFETAZLEBRARTHD. LoTh/MEallbf3 £ T FY
YOEHALA D =X L EREATHZ L, CTOBMPIERTS O 2 TEERT
—<Thd. BIEEFRIZT, Bxidallbf3 A7 70 viziddbiad b=
“2® conformer 234 Y, bent conformer {4 low-affinity form T 5 Z &, extended
conformer {3 high-affinity conformer THHZ L& RLT-. $72bb, «llbf3 it
EHEIBIZ X T bent 225 extended conformer IZHER L2 5 EEZ RS, K
EEOMETIE, ollbf3 EHEDENaVE3 DFATEHERL, allbf3iE
HLIZE 2 DEEERHF . TOER, ollb SHIEETED calf-2 KA L
83 D EGF4-BTD N A A RIOMEIERD, bent conformer D25 extended
conformer ~D17, TR2bLLallbf3 EHILOWEIZRKELREELRITTZ E
BEALMZ2 o7z, calf-2 & EGRA-BTD RAA VRN ATIHIC P ANT 4 R
BEEH AT S & inside-out M LB allb B3 EM{LATERITHH ESND 2
&k, T calf-2 & EGF4-BTD RAA OMEEZ B -T2 L1289 allbB3
EHEbZBERTAIENTEBZLTFREINSG. ZOBERZERAL, clf2 &
EGF4-fTD FAA VREIIC AT Fo v C UMM 2 AT A LIz kb,
ra v EUFETORTEREL S B allbB3 HFE{ERTAZ LNEETH
BEEZLND.
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5. TN MMAFiRA T
VoS FHRIZFEET D ZMA F 8
BEALICHER T LickaTUH
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EREEDRETI N bA TV v a
HiZiX 5 tapr, BEUCII 3T
A EEEUNFETDIZ &N

Mg?* A A3 g 85D 3 TR O A
FURmEEMICHEETII EICL -
TYH o FREAIKESBE2E5XDHZ L
BELMzERE., LHL, oo
A A SO/ E IR NER
REATH 5.

M/NROFTEASL T 7V THD
allbB3 SREMELE EICFEETS
aVB3 BEEOSHELD, afHb
— KB ELEVEAEFT D, #
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747V )=y, 724707
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FHCEATAZ EBHMbATNS,
Zor3IZ, allbBf3 aVE3 iIE
WEERY - BERVERIME R B T 5 48,
REERZZ LM izRt LTk L
ST REEZRT. Mn?2T i a VB3 T
LN T FEGEFET N0,
allb B3 1Zxd HEMITFHEFITH .
AR TIE, ZO MnHioxtt s =
DRI AT ORIEEDE NS
FIAL, «llb aV OFRASHF%
B LTED M2 " EETTDY o
FEEEZMITTAZLIZXY, 4~
T o BITBITAMENICER
RIMA A HEEHMERET S Z
LEBRIETS.
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) &/ 7u—F gk
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s ER L.
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SZ22 ; FLaIlb ik
VNRS5-2 ; f1 83 Hilk
PT25-2 ; Hi o 11b 8 3 IHHEALHIIE
anti-LIBS-1 ; #1 83 {&EHE{LIKTE A
anti-LIBS-2 ; #1 8 3 FEEILIKTEEHLiE
) «llb/aV FA5, EBEallb,
aV, B3cDNA DERE

AT 7Y o EHOMMBES R AL

Vi N KI5 5 8- propeller, thigh,

calf-1, calf-2 KA A V' CHERENS.

H1A IZRTEI125 1 1ED ol
aV AT FEER L. & FAH
A DERIZaVAEI AT 7Y od
R EE L LIZREL, & allt
@V % A cDNA {3 overlap extension
PCR HRIC L VIER L. R «llb,

aV, B3 cDNA i & HiT site-directed

mutagenesis i % AV TIEER L 7. «llb,

B3cDNA X HAEN I~ ¥ —pBJ

- LIZHRALTHW:.
) vy A7z 3»

Chinese hamster ovary (CHO) cell X
10%FCS /1 Dulbecco’s modified Eagle
medium THEFE L 7. Wild-type «llb-
pBJ1 S0ug & & HIZER B3-pBI1 50
pg EERZELEEZHWT CHO #ika
R A7 b L7, B 48
FEE S RERICHER Uk,
1V) FACS

#OBEIE 3.5mM EDTA /i PBS 12 TH|
FtEL, 1 mM CaCl,, 1 mM MgCl, Al
Tyrode-HEPES buffer |Z T —K
RELE4CIZI T3 ONRIGEXT-.
Rk, "Wk & LT RPEAERY
FHUR IgG L4 CIZT30HK
Jo W7t BEM L, FACS 2 THfa®:
mE~omEoEexBELE. &
5 EETIX 1 mM GRGDS <7 F Kk
A% COREDREESZHE L.
V) 747V =S UREEER

747V —4 (Fbg) it FITC
THE#LE., ETERA 77T
2B L7 CHO Mila%#i 83 Hifk
VNRS-2 & G &8 7-1%, RPE-Ef#
YV R 1g6 ERESEE. —
BoEBRTIIEEE HEE L &%
VNRS5-2 & RIS & # 2 H(11Z 10 mM DTT
& 37C, 15 HERIGER. Hfla%
1 mM CaCl,, 1 mM MgCl, 7213 1 mM
MnCl, % & tp Tyrode-HEPES buffer {Z
resuspend L 72 % 200 1 g/ml @ FITC
=ik Fog &ML EE, MIZIZHEEL
7= Fbg B#% FACS THIE L. —4
DOFEERTIE, Fbg & & HiziFEME{LI K
TH% PT25-2 % 10ug/ml HMLT
Tol. ZOBA 771 DFH
@ﬁwmwi@(ﬂz>5oo)®
R — M ERBREL, ZofEEiz
BiF5 FL1® medlan fluorescence
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I) M2 ISEMHMEA 770 0
head $EICIL72 < stalk FEIRICRRET
- - aVBE3 HEWETIX, B-
propeller KA A VB A T 7Y D
head $EIK%, thigh, calf-1, calf-2 F
AA 2D stalk FEIEEERTS. K1

BIZARLEED1Z, BFER allb B3
ZHH L7z CHO Mfa (o 1Ib) i3 PT25-2
TEAET (gray bar) Tik Fbg &M< A
& L7, 1mM Mn?2*fF7ET (solid
bar) TixbPFrREA LOEERIh
ot ThizxL, BAR
aV B3 &#FRIE L7~ CHO Mg (aV)

i Mn?TFEET T Fog fBEIC
WE Lz, —7F, allb & aV O stalk
HEEERB LIS AT TFERBEL
7= CHO M TIIEL WOBENHE
Shi-. ¥72b%H, allb @ B-propeller
RAAL & aV O stalk tHIRH25
¥ATHF (B/V) ZRBE LM
Mn?*EE T Coii< Fog LA LA,
aV @ 3 -propeller KA A & allb @
stalk IR B2 B 45F (VIB) ZHH

1.

Lizfila L Fbg OFEERFELHS
LW, ZThoDERE, 17
Z'Y D M IREERLIEA T 7Y
> ® head FHIR TIL72 < stalk fEIIZ /R
ETAHZEEZRBLTNS.

I A7 2700 M2 REALIE
calf-2 AL CRETS- - KIZZ
O Mn?H SEHME I LICRAET S
b, 1A 2R L7 & 9 72 domain-
swapping ¥ A 74 FEIERL, Zh
I LI~ Fbg A EHRA
7o, ETEEDIZEV Mn? T IREEZ R
L7 B/IV ¥ A T ® stalk €O C Kin
A6 alIbEBFNZ R THEEITo 2.
TORER, TC1C2iX BV &RE&kD
Mn?tIEEMEEET B, TC1, TT
M2 R E RN 5 Z & aibhhe
~7 (E2C solid bar). ZDZ &I
Mn2 pREMEIZIX eV calf-2 FA AV
BUETHBEZ EERLTWVWA. K
12 M2 ISR a V calf-2 RAA
PHIZE2b0NENEZHEEBTI
B, allb ®FAA L BRIIZE—D2FTD



ZaV RAL U ORINIZBRT DHE
EZ{T>7. ZOKRT, C1, DI
Mn? Y EEME RIS B, C213E
WM R EEE Lo Lo
(B4 2D solid bar). —7%, B/V F A
T O stalk fHIK KA A 0V BEF|Z
ollb BAFIIZE L TR5 L, calf-2 F
AAEFIE ollb IZIR LD L
(TC1D) Mn?*JeEEdkbh sz
Lot (B2E solid bar). =
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RAL NZFET S Z & Zii{ R
LTW3.
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A A AE AL Mn 2 T IR ML
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RAA IR S A A 5
BEHMLIIR LW, ZOFERRE

R B8, stalk tHIRO —{HA A4

R L ER T 2T I ) Bk
3L Asp-599 & Glu-636 ZFNFH Ala
WE#BRL, Mn**"HFEETFTTOaVE3
& Fog DFFEICK T2 BE R,
INbDT X ) BRETZMA A
REOEDIZRMLATHY, BRI
CDFL~O A A A ETHAE
THEEZLND., LMHLERD,
INOLDOERIE M2t EETTDaV
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AL VICHFETDHZELEFB LN
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BTD &iTEBELTEY, IV interface
EEEERLTWAZ &b, =20
Z LiX, calf-2/EGF4-B8TD KA A v
Al interface D FES OB X DTS
Mn?F ISP BE 53 B AT REME & R
LTW3, ZORMEEND DD,

£ 2@ interface |Z ATHIZY AL
74 FHEEZEAL T calf-2/EGFR4-
BTD MOMEENRBZ blaWSF Ak
AL, Fog fERICH 2 DB 2T,
H3AWRLIZEDIZ, oV $5calf-2
RAAL DT I ) EEFER Ser-749
(yellow) & B3 $H B TD @ Asp-606
(orange) IZHPEMIZEL, Zh b o
BREZFFFIZ Cys BEICE#HRTS -
EIZXY, PALT 4 FESEFEA
TAHZEMNFRETHD. oV Ser-749
& B3 Asp-606 TN ENBIMT Cys
CE®RLEZBEES (o VSH4oC,

B3D606C), Mn®*fZfETF Fbg fEAIC
KEREBERPEZ RPN,
OODOFREZFREC Cys ICE# L L
Z A (749/606), Fbg FEAIXEAR
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LA T 70w ERIRMICEST
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EOFEEERT. aV Ser-749 & 83
Asp-606 & ZN-ENHIM T Cys [ZEH
L7284 (aVS749C, B 3D606C)
IEH LIBS-2 HitkofEaic k& 2%k
XA LN T=N, ThAb0RE
ZRBFFIC Cys WHEHBLEES
(749/606) =1, RGD ~<7F KTFEfE
TToHt LIBS-2 fuihDfEA (hatchet
bar) IZBA LRI RH LN, KT
LIBS-2 itk b —71 X 8TD W
WHHZ ENBERIZHREINTWS.
INRLDERIZA VT SY EELE
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VI) calf-2/EGF4-BTD i A N7 4 K
#5413 inside-out signaling % SE£IZH]
#45- - calf-2/EGF4- 8 TD RiZ¥
ANT 4 FREGEHEATHZ LIZL
Y Mn?Tiz k5 aV B3 OEE{ENFR
EINDZ EBbhok. T, i
OIEELRIEIZ X2 U H o FEE~
DEBIIYHY THAOIN? ZOMME
WWEZBHIZ, allbf3 D calf-
2/EGF4- B TD interface IZ[RIFED T X
N7 4 REEEEEAL, EEHE
& inside-out signaling iZ & 5 Fbg &
T B EEZF . oV Ser-749



\ZHY ¥ 3 allb Phe-755 & B3 Asp-
606 % ENCHEM T Cys IZE#H L
BE (755183, allbe06), &ML
B PT252 IZ L > CRBE &N B Fog 7
£ (X 4 A hatchet bar) %, BF4H o1Ib
B3 (allt/B3) I BFEREIIR
Hohhhot-. LL, 2hbo
BIAZFIRFZ Cys ITEBRLIEEZA
(755/606), PT25-2 2L 5 Fbg Fd
1255 0 %fEFE . ZDORED
S DTTARIZ L Y ZRIZkb:.
KRIZ inside-out signaling IZ X5 A 7
7Y UEM{EE mimic T39I,

allb HBHWE B3 OFIRARA A Y
ERINUIallbB3 I2%T 5 Fog #
ExRFTRE. AT 7Y oOHIBA
FAAL EMBARETTCRAEEIES
EiCkY, AT 7Y REML
THZELERBRIEHREEINTED,

inside-out signaling ZHUET A b DL
ZxbTW3. 4B 283 MBian
FAA EXRIDLTE llbB3 12X
% Fog fEEETFT. TEGMEAR
AL ERTHHEAEERRY, B3 M
A RFAL 2 RMLZalbB3 1
EYELPUARIEFET THM <L Fbg %
f&a L7z (open bar). Z®5T I
SHICE4A EFRIL Cys BREHEA
LiceZ s, aff, BHEMOER
(755/ B3tr, ollb/606tr) IIRXRE
BE 522728, FI55C/D606C
double mutation (755/606) % Fbg %%
AEEEIIEELE. ZOREHE
I% PT25-2 Hishz L - T h iz
SNl dmo=d (hatchet bar), DTT
MBIZ L >TRUHTHER (all
B3tr) LRI%D Fog EBA LN
(solid bar). olIb FHEEN KAA %
RIESEallbB3 THLRBDER
HNELN (M40).

4. B

AR TIL, «llbB3 £ aVB3 D
Mn? 3P D RSHEDE N EZFIH L
T, B3 AT 27U r® M2 IHEER
PN a8 D calf-2 RAAL L THDZ
xR L. aVA3 ORSIEETIE,
af{D calf-2 FAA i Z{liA A4
AWV bLOD, B3 H#HD
EGF4- BTD £# 700ADIEWEAHE
EERLTWVWD., B2 0N 58K L
LT, ZTOFRAALEHREERNA
YT UERRREEREE LD E
BEZLND. ERIZZ O calf-
2/EGF4- 8 TD interface % ¥V A /7 4
FHsBIc L o TEELE® S & Mn??
2L BAEEESRAESRE. L,
ZDOVANT 4 FESHEAIZLLM
HlZhRix Mn 2 T IZFR & 9, IEE LA,
inside-out signaling {Z X351 7 7Y
IEMALE HIME] LY. BFIZ inside-out
signaling {Z & 5 IEH¥E{L ~D M2 R
ITELL, VIV FEENIZIERES
WHESRE., b ORI,
calf-2/EGF4- S TD DM EER DM’
BRZLoTALT 7Y o EENRALES
ENSBTEEFBLTVWS. RIZ
inside-out signaling TiX calf-2/EGF4-
BTD interface DAFEEN LA THD L
Ex b5, Calf2 FAALVUBAY
T7Y UEHIZEBET S LI
EFTIZHLRBENRTWS, Hlallb 7
LIBS Hiff— & b =743 calf-2 KA
A NCTFET D ERBREShTW
%. Preliminary TiZH 5D, bhi
NOF—FTiE, HOESCEREZ
HT5Zo0F ollb HifEO=E h—
7Y calf-2 FAALVARGETDZ
ERbhroTWS. E£iz, BEKEW
DO iXAIMEK elastase 78 calf-2 KA A ¥
O—8REPWr+5 2 L2k «llbB3




¢ potentiation B Z T L THD.
b OBRERHERESH D VITEE
LWL X DM L o T calf-2/EGH4-
BTD interface MALENTH T LI
kv, A7 7Y a2
HrLERRBELTWS., £, gm
IK elastase BIWTERAL % b o o B BIRT
BALizhzdZ &ick-T, hrr
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Design and Modification of
Nanoparticles for Blood Substitutes

SHINTI TAKEOKA

Key words. Liposome, Nanoparticle, Hemoglobin, Red-blood-cell substitute,
Platelet substitute

Introduction

We have been developing the technology of stabilized and functionalized
nanoparticles such as liposomes for 20 years. When phospholipids and cho-
lesterol are dispersed into an aqueous solution, they spontaneously assemble
to form vesicles with a bimolecular (bilayer) membrane. There are many
parameters, such as size, size distribution, lamellarity (the number of bilayer
membranes), membrane fluidity, surface charge, surface modification, mem-
brane permeability, that characterize liposomes. They can be adjusted as need
dictates to allow for changing encapsulation of functional molecules, release
triggered by external stimuli, conjugation of functional sites on the surface,
rolling or adhesion properties of liposomes, and control of blood circulation
time. On the other hand, we have to consider their physical and chemical
stability during storage or blood circulation. Surface modification with poly-
oxyethylene (POE) chains is one of the most effective ways to impart such
stabilization,

In this chapter, I introduce two examples of nanoparticle application; one
is a liposome encapsulating concentrated hemoglobin (Hb-vesicle) for a red-
blood-cell substitute, and the other is a liposome bearing recognition proteins
or peptides on the surface and used as a platelet substitute. The microcircu-
lation, pharmacokinetics, and histopathological change were studied in rela-
tion to the characteristics of the particles as well as their oxygen-binding and
releasing properties. In the case of the platelet substitutes, nanoparticles
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bearing receptor proteins of the platelet surface recognize the collagen surface
under shear rates. The rolling and adhesion properties will be discussed
depending on the stiffness or membrane fluidity of the particles.

Present Status of the Development of Red-Blood-Cell
Substitutes [1,2]

Hb-vesicles that encapsulate concentrated hemoglobin with a phospholipids
bilayer membrane have a similar structure to red blood cells,and are expected
to be used soon in clinical tests because the degree of safety and efficacy are
considered to be high. Although effective use of the hemoglobin from donated
and expired blood should be promoted at the present stage, recombinant
human hemoglobin will be used in the future. During hemoglobin purifica-
tion from red blood cells, stroma including the glycoproteins which determine
a blood type, proteins other than hemoglobin, and the viruses are removed
by heating or filter processing. By encapsulating hemoglobin with a stabilized
phospholipids membrane with POE-lipid, liquid-state preservation for 2 years
is guaranteed at room temperature under nitrogen atmosphere [3], and with
dry powder, further prolonged preservation is possible. These points are
advantages for an artificial oxygen carrier.

The design of the red-blood-cell substitutes (POE-modified hemoglobin
vesicles) are summarized in Fig. 1. Hb-vesicles are dispersed into a saline solu-
tion and enclosed with the bottle in a state of deoxidization. The hemoglobin
concentration is 10g/dl and is close to that of human blood. Moreover,
because hemoglobin molecules are encapsulated, the colloid osmotic pressure
of the solution is zero. Therefore, when regulation of colloid osmotic pressure

Control of insertion and dissociation of
., POE-lipid

Encapsulation of conc. Hb

Coencapsulation of allosteric
effectors, antioxidants, etc.

Optimization of membrane ..
components and compositions

Control of the number of lipid
bilayer membrane (1 or 2}

Suppression of mteractlonwrth . \Control of vesicle size
F g‘ofains'_or_plobd cells’by surface’ (250 nm)
modification - R

Suppression of Hb activity
against reactive oxygen species,
NO or CO by encapsulation

-Surface modification to prolong shelf life

and blood circulation life—time < " .-

F1G. 1. Design of POE-modified hemoglobin vesicles (Hb-vesicles) as red-blood-cell
substitutes




Design and Modification of Nanoparticles for Blood Substitutes 37

is needed, a solution of colloids such as albumin and polysaccharide will be
used with the Hb-vesicle dispersion. The particle diameter is strictly adjusted
to 250nm. The degree of oxygen affinity is adjusted to a suitable value by
coencapsulating an allosteric effector such as pyridoxal 5-phosphate. The
optimization of the composition of the lipid components resulted in high
encapsulation efficiency of hemoglobin in the Hb-vesicle, a stability of 2 years
in a liquid state, the prevention of hemolysis, an appropriate lifetime in blood
circulation, and avoidance of platelet and complement activation. Further-
more, large-scale manufacturing has been improved by the introduction of
freeze-thawing and freeze-drying operations which can control a molecular
assembling state before encapsulating hemoglobin molecules.

Present Results of Safety and Efficacy Tests

Although in vivo testing was carried out using rats or hamsters, we confirmed
the fundamental safety and oxygen transporting ability. Safety tests using pri-
mates is in progress. When 90% of the volume of rat blood was exchanged by
the albumin dispersion of the Hb-vesicles, the oxygen partial pressure of the
renal cortex was maintained as wasblood pressure [4].On the other hand, when
the blood was exchanged by an albumin solution in the same concentration,
the fall of blood pressure and oxygen partial pressure of the renal cortex
became noticeable at 70% exchange, and all rats died just after 90% exchange.

In the hamster 80% exchange transfusion examination with the albumin dis-
persion of the Hb-vesicles, the noninvasively measured oxygen partial pres-
sure of the subcutaneous tissue microcirculatory system was maintained at 5
times or more than that of the control albumin group although it fell to
60%-70% before exchange [5]. The contraction of a resistance blood vessel and
the rise of blood pressure was not confirmed at all, but it was confirmed with
modified hemoglobin products. Because the Hb-vesicle has a size that does not
penetrate a blood vessel, there is no influence on the activity of nitrogen oxide
as an endothelium-derived relaxation factor [6]. Furthermore, the Hb-vesicles
cannot penetrate the sinusoidal vessels of liver (several holes 10-200 nm in size
are open in the blood vessels) like old red blood cells, but are metabolized by
Kupfer cells of liver and macrophages in reticuloendothelial systems. On the
other hand, acellular hemoglobin molecules in the liver influenced liver micro-
circulation by eliminating carbon monoxide as a gaseous vasodilator, caused
overgeneration of bilirubin, and suppressed bile secretion [7,8]. The half-life
of Hb-vesiclesin human blood circulation was estimated to be about three days
on the basis of the results in rats, rabbits, and monkey. Moreover, from details
of the blood biochemistry examination and pathology examination in the
single and repetitive administration, we confirmed the transitional rise of
lipase in connection with lipid decomposition, the transitional rise of a cho-
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lesterol value, iron content, and the transitional hypertrophy of a reticuloen-
dothelial system [9]. It was concluded that Hb-vesicles are expected to func-
tion adequately in cases of extensive bleeding.

Development of Platelet Substitutes

The history of platelet substitutes is short compared with that of red blood
cells, with few examples of research. A platelet has complicated functions, such
as adhesion specific to the bleeding site, expansion, aggregation, secretion,
and the activation of a blood coagulation system. Needless to say, we cannot
make platelet substitutes that have these all. However, a bleeding tendency is
strongly apparent in such bleeding diseases as Bernard-Soulier syndrome
and thrombasthenia, in which adhesion and aggregation ability are lacking.
In these conditions, a hemostatic effect can be expected by the infusion of
particles having functions such as adhesion and the aggregation of platelets
due to the assistance of the function of the remaining platelets, Although clin-
ical tests were carried out with human red blood cells [10] or albumin micro-
capsules [11] conjugating fibrinogen, and with the dried powder of human
platelets [12], all clinical tests were suspended due to problems of safety and
efficacy. Moreover, since the blood components of human origin were used,
the risk of infection cannot be avoided completely. The platelet substitutes
created by our group use liposomes and recombinant human albumin as
biocompatible particles. They also use recombinant proteins of the part of
platelet membrane or synthetic oligopeptides by conjugating to those par-
ticles for the purpose of accumulation to the bleeding site involving native
platelets, expecting to achieve hemostasis.

The mechanisms of platelet adhesion differ between the blood flow of high
shear rate and that of low shear rate. As shown in Fig. 2, the hemostasis of the
platelets to bleeding in a high shear rate begins from a platelet recognition of
the von Willebrand factor (vWf) bound to the collagen in the subcutaneous
tissue of a blood vessel exposed to the bleeding site, followed by platelet adhe-
sion and rolling. This recognition ability comes from the GPIb/V/IX complex
containing GPIbat on the surface of a platelet [13]. Next, the platelets will
progress and a granule will be secreted if GPlalla (c,B, integrin) or GPVI on
the surface of the platelet directly interacts with the collagen and is activated.
Fibrinogen recognizes the activated GPIIb/IIIa (oumBs integrin), constructs a
crosslink between blood platelets, forms an aggregate, and serves as primary
hemostasis. Hemostasis is completed by formation (secondary hemostasis) of
the fibrin clot by induction of the coagulation system.

The target platelet substitutes bear the water-soluble part of receptor pro-
teins such as GPIba which recognizes collagen through vWf under the blood
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F1G. 2. Design of platelet substitutes studied from functions of natural platelets

Hlow of high shear rates and GPIalla which recognizes collagen directly at low
shear rates. Instead of GPIIb/IIIa on the surface of an activated platelet, they
bear the fibrinogen or its oligopeptide to assist the platelet aggregation as
ligands of the GPIIb/IIa.

If an anti-GPIIb/IIla antibody is added to a platelet dispersion to inhibit
GPIIb/IIIa activity, the platelets roll on the vWf-immobilized plate along the
flow direction by the interaction of rGPIbc. on the platelet and the vWf.
Interestingly, phospholipid liposomes conjugating rGPIba roll on the vW£-
immobilized plate as well {14]. The number of the rolling liposomes increased
with the shear rate, indicating the characteristic of rGPIbo. Moreover, the
rolling speed was correlated with the membrane fluidity of the liposomes.
That is, the rolling speed of “soft” liposomes was low, whereas that of the
“hard” liposomes was high [15]. However, the rGPIba-liposomes did not
continue rolling but departed from the plate after rolling some length. This
was remarkable as the “soft” liposomes. When the amount of rGPIbat on the
surface of the liposome after the experiment was measured, it was suggested
that rGPIbo-lipid should dissociate from the bilayer membrane during the
rolling on the vWf{-plate. Now rGPIbc-lipid which cannot dissociate serves as
a point of a molecular design.

On the other hand, the rGPlalla-liposomes directly recognize collagen
under the blood flow of low shear rates and adhered to (stopped at) the
collagen-immobilized plate [16]. In this case, the number of the adhering lipo-
somes decreased as the shear rate rose. However, liposomes conjugating both
rGPIba and GPIalla adhered on the collagen plate under the blood flow from
low to high shear rates [17].If the liposomes having platelet activation factors



