#L7-1%. 700 ug/ml O G418 & AT Es
BIKETIHIZ 2.3 Bz v =—0FRIN
HETERE L, an=—%FREL 1,
Flollbp3 Pk, —ikbifs L L T RPE £%i#%
i~ A 1gG & i &1, single cell sorter
([ Callbp3 FEHEDE I Z —/E3 D
96 X7 L— MIHEH L7z, 700 ug/ml @
G418 A EATZHEERIR TS bIT 2-3 Ak
# L Gz 80 L7214, ollbp3 DHE&E
% FACS |[ZCHIE L THRBEED S A
2RF LT,
VI H12-vesicle #& 456
FAEMD D WVEIEREZEFT 5 allb

cDNA 50 ug & #5453 cDNA 50 ug %
CHO #palc ko A7 =7 L7, 48
I % AR 2 B L C 10 pg/ml OFtallb
/) 7 m—F A PLOSDF6 #&H T 5
HTB |28 L COK ET 30 miRs S
T HiE 2w LYEE L, RPE &bt~ v A
IgG &Kk ET 30 HAIRIG S ¥,
H12-vesicle &allbp3-CHO & OfEEIZL,
B HEED DIOCLS8 #&i# H12-vesicle

(FH12V) #%. 10 pg/ml O~ A IgG,
PT25-2, »5WE 1mM @ GRGDS <7
F R&g A7 HTB LK BT 2 RIS S
H1T-7-, #ifdZ 1mM Ca2*/1mM Mg
N HBS (2 E3lE =+, FACSCalibur % H
VWT FL2>500 OFEOAMMEERM DO -4
JergE (FL1) Z3IE L7, &HUEEFEET
TOfEEH GRGDS 7T REETT

"bent"

V332C-S674C
A318C/D552C

D319C/V359C

S77C-S147C

DEEEN v I T FELTELSIR,
RS EZEH LT,

VII. SZ22 it&E8

T4 7Y )= UAEEEREFERIC, £T
DI T Ml %z PLOSDF6/RPE i~ v
2 IgG TYta LTz, Wi, Mifazx FITC 1%
% IgG1 F£721% FITC #Z#% SZ22 &, #72
HEE DO GRGDS X7 F FE X
H12-vesicle DTFE T, K ET 1 FEIRIG
EH7-, MfeE 1mM Ca2t/1mM Mg2il
HBS [ H il &1, FACSCalibur % v
T FL2>500 OfESOARREER] D53t
PR (FL1) ZHEIE L7

C. WEefER
I 75 7Y 2 —3 > allbps
conformer & DiEES FE,
INETOMEKERT. allbp3 L7 17
U =7 v OEBFMERE G138 Z 57201
IZ. ollbB3 DIZEEEN VDD D
extended form % & ¥ | 7> DallbB3 DEEHED
ZWRd % p-hybrid domain 2% swing-out
LT3 (extended with open head) &%
ENHHZLEHRELE, K1ITZEDERED
EE . BFED conformer [Z[EE
Nizollbp3 ZBEEDT A L &R LD
» T b B . Pp3V3320/9674C
(V332C-S674C) . allb-A318C/p3-D552C
(A318C/D552C) 1XEALEHPEHDIRAT &

"closed head" '"open head" ‘'extended" "extended with

closed head"
595-319/359

QB95NTT

1 ARIOEFTHERAL7allbpd BEEDT VA 1,
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>
o
o))

. +control Igg ~ 1mM CaZ/1mM Mg?

2| i +Pr2s2
47
37
0.27]
0.17
0 T  —— T
<

o (@]
vl

FITC-Fbg Bound
(@]

o
AL 6400‘\‘369 A o
\‘,551 P:S\% A9 gl
B o4

- +control IgG
03- I +P7252

FITC-Fbg Bound
o
N
!

o
i
1

0 T T T T T T I
e < O ¢ a0 o e
d\“”m? 0’56‘&0 B . ,56905\& 06923\ 6‘%\9\3
G @ @ T 2
2 Ried 2{liA A UAFTETIZHIT 5, ollbp3 £

BIKET 4TV )= DS

BIER . o8 D BEER & pEH D BIER D [ I
disulfide f&E& Z 8 A L bent form (ZFEE X
=& R K, allb-D319C/p3-V359C
(D319C/V359C) Fa sl DEEES & BEH D
hybrid R A > ®OfIT disulfide #&& &4
AL, hybrid FAA 7% swing-out TZ
720> closed head DIRBEIZEE S -E R
A&, RxHZp3-S77C/IS147C (S77C-S147C)
X hybrid K AA V2312 swingout L7z
open head DIRFEIZEE L7228 BAK,
ollb-Q595NTT (Q595NTT) |TofHHIE D
genu |Z N-glycan fEGEMIZEATHZ &
1= X o T extended form (TAEENEE &1
HEDCTHA LV ENTEZERETHY
595-319/359 I¥ allb-Q595NTT &
allb-D319C/B3-V359C DEZER DS
1T, extended with closed head & 725
TS v ENEbDOTHD, Zhb

1000

FSC-H

It
0 30 60 90 120 150

O TN v
109 10" 102 10% 10%
SSC-H FLi-H
Histogram Statistics
H12V-LOT#903

Gate: No Gate

109 10" 102 108 104
FLI-H

Sample ID: H12V#903 SET#3

Marker Left, Right Events % Gated % Total Mean GeoMean CV Median Peak Ch
All 1, 9910 12867 100.00 100.00 573.11 68.08 19482 4598 1

=}
S4—=
=3 g

FSC-H

Counts
0 30 60 90 120 150

3
1000 109 10! 102 103 10* 109 10! 102 103 104
FL1-H FL1-H

SSC-H

Histogram Statistics

H12V-LOT#904
Sample ID: H12V#904 SET#3 Gate: No Gate

Marker Left, Right Events % Gated % Total Mean GeoMean CV Median Peak Ch
All 1, 9910 12432 10000 100.00 615.28 6102 196.14 3368 1

3. DiOC18 1=z H12-vesicle ® FACS fi##T

DEEEL CHO MIBIZHELL, ZhbD
ML 747V ) —F L OfEERIELT
beEg U7z, X 2 1R L7 & 912, bent form
WCEE S AR V332C-S674C |
A318C/D552C, & 5\ X closed head |Z[&
E &tz D319C/V359 1% ML B ik
PT25-2 FETCHL 747V ) —HF Lk
B L7ehoTz, ZHUZKHL, open head &
AT DHERMK STTIC-S147C 1 ZiEHILHA
BRLTHE T 4T ) U AEEDBESN,
extended form (Z[EE 4172 Q595NTT ¢
%, TEMEEBUEZR LT 100%1 23 NEE L
NEEINT-, L)L, AL extended form
TY, HEEA closed head [ZEE S LT
% 595-319/359 1%, 747V /—Frie
FEELghrole, TNHDORERENL, 7
471 ) —/%" % bent form. closed head
LI #EEE T, extended with open
head D4 L FRINIFEETDHZ ENHG
72T,

II. DIOC18 #Z5% H12-vesicle © FACS fiZHr

H12-vesicle DFEREZHEAT B —2D
ke LT MR ZE Teallbp3 FE ML &
DIEBETARNDFEREZ OGNS, ZD7=
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DIZIE. H12-vesicle Z1{f] 57D H{ETHE
HLURTHUE A B2, —REIIERRIE L
LT, BT A Y b—7, HHBRIZK
HIEFRENR D H D3, FEOR Y T O E
Enbh, EwHEEEAVUEREZIToT
DiOC18 11V RV — ADISBIER SRS
THENEZETHD, FORHTHE00F
SEThBH-0, FACS TIXFITC LRT
Fx %V FL-1 CEHEIFRETH 5, X 3
TELE A R DS Hl12-vesicle FLA
Lot#903 & Lot#904 % DiOC18 1=z L,
FACS CTZDO&ENIREZ L LTfERTH
%, EIWZRy h7m v b (FSC/SSC)., #H
Jz Ky hr v b (FSC/FL1), Fict
Ab7Z 5 (FL1) %279, Ry hFay
L (FSC/SSC) %A% &ihiv-d FSC &
HIFER LT THY, FCAFEEZA LT
LT Enbhnbd, LML, Ry h7m v b
(FSC/FL1) #H5 L, & VR — LRI
DEIGEE 1T — T, K& oD
ERIZHDPNDZ e Nbd, AT
LEIHDH L, TRFOEIFEREITITARY
DRFTIXERNHY, 2> TNAD D
EBEHLMNTH S, LovL, FEHeiaE
(Geo Mean) # R.% & Lot#903 T 68.08,
Lot#904 T 61.02 TH Y . 1FIEFE TEZER
LTl ¥,

III. H12-vesicle tallbp3-CHO DiEEAE
B : —BEFE B R & Y T AEAT

4, BAERGIIbR3 23 L7~ CHO #
faZz AW TRIEZIT>7-. H12-vesicle I
Bl HER DR D Lot#903 L#904 % fi
L7=, X 4 1386655 DIOC18 TiE L7
H12-vesicle &allbp3-CHO ffEOfEE %
FACS [CTHIEL7ZHDTH D, it
DiOC18 &z H12-vesicle B, fitshi 4l
fa~DfE A& (FHELHRE MFI) 27R7,
ITNEFNREEELHFEHEERITHD
RGD ~7'F RILFFIE T COIHFrERAFE S
Zr 7=, M Lot & HIEHALIUETH D

LOT#903

500+
£ 4007 -=- RGD
< 400
2 300+
=
3
2 2004
N
o
I 1004

0 - : :
0 1 2 4

5007 Kd=2.75+/-0.54 mg/ml
= Bmax=278.7+/-27.7 —o—PT25-2
= 4007 —8-PT25-2+RGD
2 300-
-
2
2 2001
N
&
I 100+

0 . - . .

0 1 2 3 4 5
H12V added (mg/ml)

LOT#904
500+
== NA
E 4004 =@ RGD
2
5 300-
(=
=
2 2004
>
o
T 10(;_.4“___;3—_—_3ﬁ
L) L] L} 1
0 1 2 3 4 5
5009  Kd=2.45+/-0.39 mg/ml e P25
Bmax=302.0+/-23.3
400+ —&- PT25-2+RGD

H12V bound (MFI)
w
]
I

0 1 2 :IS 4 é
H12V added (mg/ml)

X 4. B4R ollbp3-CHO & H12-vesicle Dt

PT25-2 FE7FE F Cid, ollbp3-CHO &1f&
PHEET AETE T, & AN,
PT25-2 7#1E T ClIBERFHEICRE S OHE
A LI, ZEOREED Kd fEIXEhZEN
2.75£0.54 mg/ml, 2.45+0.39 mg/ml .
Bmax fEIXZNZH 278.7£27.7, 302.0
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LOT#903

500-
Kd=1.78+/-0.24 mg/ml
_ Bmax=417.9+/-23.9 it
g -&- RGD
=
°
c
=
[=
L0
>
N
=
0 T L) 1 L] L]
0 1 2 3 4 5
H12V added (mg/ml)
LOT#904
5007 Kd=1.12+/-0.11 mg/ml ek
Bmax=383.2+/-13.3
—a—RGD

H12V bound (MFI)

0 ) I v v

0 1 2 3 4
H12V added (mg/ml)

o1

5. EiEHEREalIbA3 (Q595NTT) -CHO &

H12-vesicle D&

+23.3 Th o7, KIT. QFISNTT ZEE(E
PRI LU EE AV TRRORE S ER %
1To7= (X5), QF95NTT & EAR | IEiEH:
R DallbP3 ZFE L= HIE T, IEMHELHUR
BRLTHYT 4TV I—FUEEETD, FH
Bz, W Lot &% PT25-2 3EfE7E T ClafE
IRIFMEIZ QP9SNTT & EARFE B & &
L7z, fEE 0 Kd fEEZEIE4 1.78+0.24
mg/ml, 1.12+0.11 mg/ml . Bmax fEiZ%
IEI 417.9£23.9, 383.2£13.3 Th o7z,
Wiz, H12 X7 F REHEEF L TRV YR
V= BRIFAZONT S [FROBRET 21T o 72,
A L= eH38E H RO 72 5 Lot#901
& Lot#902 TH Y., farfry DIOC18 THE
Lz, K6 ITRLZE 1z, Lot#901,
Lot#902 31z, PT25-2 TiEME(L L7-Ep4
Alallbp3-CHO & &< fEEe1T., miEhal
D Q5ISNTT EERME A LI-Mid s b2
HFEE Lo Tz,

5007 wi-allbp3/LOT#901

—— PT25-2
__ 4004 -~ PT25-2+RGD
s
2 3001
k-]
5
3 2001
o
> 1004
C L] 1] ' L) 1
0 1 2 3 4 5
V added (mg/ml)
00+
8 wt-allbp3/LOT#902 — PT25-2
400 =& PT25-2+RGD
s
= 3001
°
5
3 2004
a2
> 100+
o 2 2 7 4'__-—="..‘
0 1 2 3 4 5
V added (mg/ml)
500
Q595NTTLOT#901 —— NA
4001 -== RGD
i
= 3004
k-]
5
3 2004
Fel
> 1004
e el
0 T — T T 1
0 1 2 3 4 5
V added (mg/ml)
500
Q595NTT/LOT#902 - NA
4004 -=- RGD
T
= 3001
2
5 2004
o
o
> 100
PO B
¢} 1 T T T 1
0 1 2 3 4 5

V added (mg/ml)

6. VRV — 2L vesicle &allbp3-CHO DiES

IV. H12-vesicle & alIbB3-CHO DiE4 : &2
ER B & T BENT

FARIGIIbR3 & QH95NTT £ E{EDZ
TESHMNZ single cell sorting L 7=f& 5.
LoDOMEESED Z LR TE R, B 7
WZEDHBLERT, (b 7 re—7
DI a—rNELNTNRBHITELS . BT
Q595NTT 7 1 — DFEBIIHA9 ZFRX
MFI<200 CT&h -7z, Wild type #67 &
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tk010412.070
#26/ 99.55

tk010412.034 =
#34/ 342.16

Counts
130
Coints

[ [ =
109 101 102 10% 10* 109 10! 102 10° 10%
FL2-H FL2-H
= k010412042 = 110011212083
T 3 #42/234.68 1 #42/112.31
0 m
S S
13 =1
L L&)
= =
10 107 102 103 104 10° 10! 102 103 10%
FL2-H FL2-H
= 1T0 011212.007 = T0011212.087

—

#51/323.74 #46/116.69

Colnts

0 5
Counts

1

102 101 102 10® 10* 100 10! 102 103 10%

FL2-H
= ITO011212.017
e

#61/ 267.65

FL2-H
ITO 011212.039
#48/153.42

Counts
0
Couinks
130

=]

109 10 102 10° 10?4 109 10! 102 10° 10%
L2-H FL2-H
_ T0011212.023 o ITO011212.040
u u
o 3 #67/ 406.10 o 1 #49/ 456.06
T e
m o [F )
= =
= =

102 101 102 10® 104 100 10! 102 10% 10%
FLo-H FL2-H

wild type Q595NTT

7. allbp3 ZEFIMALRD FACS f#AT

Q595NTTH49 DFHBLEITV T H MFI>
400 L@ oT2hy, DR ITE S ER
OFEAIZITE S o7z, 8 1% wild
type#51. QH95NTTH#48 & HI12-vesicle
Lot#903, Lot#904 DFEEEF =D T
&5, wild type #51 (£ PT25-2 777E F TD
e EFNIz, BEKFHEITRES OB
HAHNTEHO0, —EMERBMRZ AV
Bl B0, 5mg/ml THREEIETT b—

5009 wt c#51/LOT#903

—- PT25-2
£ 400- -~ PT25-2+RGD
2
T 300
3
Q
Q 2004
>
N
T 1004
0- L} 1] L] L
0 1 2 3 4 5
H12V added (mg/ml)
5009wt c#511L0T#904 -
E 4004 -# PT25-2+RGD
B 3004
=
[+
2 2004
>
o
7 ’°°‘M
0- L v L L] 1
0 1 2 3 4 5
H12V added (mg/ml)
5007 595 c#48/L0T#903 ——NA
T 4001 -= RGD
=
T 3001
3
[=]
2 2004
>
o~
T 1004
L) L) 1) L] 1
0 1 2 3 4
H12V added (mg/ml)
5007 595 c#48/LOT#904 —— NA
T 4004 -= RGD
£
T 3004
=
o
9 2004
>
o
T 1004
L) L] L] L
0 1 2 3 4

H12V added (mg/ml)

8. ollbp3 ZZEFRIHRAINE & H12-vesicle D H

IZEE LR o7z, FERIC, QBISNTT#48
~DfEE S PT25-2 FEFTE T CHEKRENE
WZEEIM L 7= 6 DD, b mg/ml CHIFMER %
2O, 10 mg/ml OEEE CHAFIT 5
Z &3t (F—FERET),

V. H12-vesicle * allbf3-CHO DiE & fEHT-
JE B L D2
HEsA > H12-vesicle DIEERERL (B
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A. FH12V-old (551(+))

=]

Counts
0 30 60 90 120 150
Ly L |

FSC-H

|

1000 109 10" 102 10% 10? 109 10" 102 10% 10*
SSC-H FLi-H FLI-H
Marker Left, Right Events % Gated % Total Mean GeoMean CV Median Peak Ch
AT 1, 9910 12277 10000 10000 29415 4126 20121 2436 7
M1 1,100 7653 6234 6234 1556 854 10766 1065 1

M2 100, 9910 4624 3766 3766 75522 55943 10159 54247 500

B. FH12V-new (555(+))

[=3 [=1 f=3
8 87 " o }
2 2 a3
3 T £33 v
2 g 3
ow um. o8 3
Q3
@
o © Ay e ] P T
10% 10" 10° 10° 10 10Y 10° 10 10 10
S8C-H FL1-H FL1-H
Marker Left, Right Events % Gated % Total Mean GeoMean CV Median Peak Ch
All 1, 9910 11437 100.00 100.00 324.96 2848 29145 1596 1
M1 1, 100 8485 7419 7419 1535 939 103.38 11.04 1
M2 100, 9910 2958 2586 2586 121263 68863 127.89 73653 283

9. DiOC18 #Z5#k H12-vesicle @ FACS fi#tT

k) 1%, DPPC:Cholesterol:DHSG=5:5:1
Thbd, —F, FHICER L7z H12-vesicle
DIFER#ERIL 555 TH Y, (ERICH~E
ERIFE ChHD DHSG ML TW\Wab,
AENIPEREL & FHRE D U R Y — LRI
ADP ZWNE L7AEqM (ZFLEN 551(+),
555(+) & #E50) Z AV, allbps-CHO i
& DFEEZ T~
AITE TR L7= H12-vesicle & olIbp3 FBLAH
faofEEERTIE, HAEERLE
H12-vesicle DfEEEZ HAEE TR LT
W5, > T, ZD2? H12-vesicle, 551(+)
& BE5(HDFEEEIE L BT B 7-01C
X, ENENOIEEE (—hiFH= D
WARE) NREICTHD Z ENKAHEE 725,
% =T, FACS Z B T4% H12-vesicle ™
wHRELZRE L (M9, Ry Mo ey
k (FSC/SSC) % # 5 Lk +? FCS fE
IZZERLCTH Y, RTHIFREEZRE LTV
HZ embinsd, LrL, Ry F7mvw b
(FSC/FL1) &A% &, & VKR Y —LHRT
DENERII— T/, RELHTT
TOOERIISIND Z LD, B A
NI LEHhDE, TRLFOENIEREICIX
MR DNNTIXRNHDH T ENDNDE, &
KL DFEEEIFRE () 24 Th, 551(+)

1507 551(+)/migG
3
~ 1009
el
c
3
o
O
5 50
T total
non-specific
0 T L] ¥
0 1 2 3
H12V conc. (mg/ml)
1509 551(+)/PT25-2
T Kd: 1.095+0.172 mg/ml
€ 1004 Bmax: 97.88+6.67
2 total
=
o
el
5 504
T
non-specific
0 T 1] L
0 1 2 3
H12V conc. (mg/ml)
1807 555(+)/mlgG
-
= 1004
kel
c
=
o
a
é 50+
* total
Fﬁ non-specific
0 1 2 3
H12V conc. (mg/ml)
1507 555(+)/PT25-2
£ Kd: 1.323+0.122 mg/ml total
2 4 0d Bmax: 159.2+6.88
T
j o
>
o
o
5 50+
T
non-specific

W

0 1 2
H12V conc. (mg/ml)

10. alTbb3-CHO Hifa & FEE IR 7y D F7r 5
H12-vesicle DfEE D ELEE

I% 41.26, 555(H)i% 28.48 &£ 1.5 f20E
W H o7,

101%DiOC18 TiFssk L 72 H12-vesicle
& olIbp3-CHO M DOfE S % FACS (2 T
ELTLbLDTH D, fEE DIOC18 1%
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400+

551(+)/migG
Kd: 1.028+0.090 mg/m|
Bmax: 251.20+9.32

300+

200+

H12V bound (MF!)

100+

0 1 2
H12V conc. (mg/ml)

o) -

4007 555(+)/mligG

Kd: 1.494x0.146 mg/ml
Bmax: 445.10+21.21

3004

2001

H12V bound (MF})

100+

0 1 2 3
H12V conc. (mg/ml)

11. QA95NTT B Rtk & IR EEER Sy DR D
H12-vesicle DFEE D H#ER

Hi12-vesicle I8, #tfIMla~DEaE
(e e MFI) %755, Total 1344
#EE &, non-specific ITFEAHERITHD
RGD 7T R#EFFHET COHREEIFES
Y, MEEEEARDE, = hr—b
P Th B2 1gG (mlgG) FETFT
1% 551(+),555(H) & HiZallbpd LT AL
A LnoT-, UL, ollbp3 iFHALHT
ETH5 PT25-2 F1E F Tid, 551(+),
555(+) & b IZIRERTFMEIZallbp3-CHO #H
faLfEa Uiz, 551+, 555(H D Kd fEIE
FIF 1.095+0.172 mg/ml., 1.323+0.122
mg/ml  Bmax fEIZZZ4197.88+6.67,
159.2+6.88 Th o7z, —F . FEFFERATFES
13 555 HIZB VTV, 551(HD
#150% Tholz, IRIT, QBISNTT £ £
MrAZEER UT-Mia % BV CRIBRORE & 558
#{To7z (K 11), QBISNTT EEMKITE
TEMERIDOITOR3 & FH L 7= #Hla T, IG5/ L

3001

oy 1
£ ik
3 -+
o
g I
g
o 100- —o— 551(+)
Eg ~m- 555(+)
[F
C 1 1 ) 1
0 1 2 3 4

H12-V conc. (mg/ml)

12. Hl2-vesicle i kb7 47V /—4Fv

FEETHE R

PR L TCHL 74 7Y =T U ERET 5,
T4 TV =5 L EERIZ, 551(+), 555(+)

iZay b e — VHUATETE T CIRERTEME

QBI5NTT EEME L FEE LTz, Kd fEIZZ

FFI 1.028+£0.090 mg/ml, 1.494+0.146

mg/ml , BmaxfEiZ#£41251.20£9.32,

445.10+£21.21 Th -T2,

VI. H12-vesicle 137 4 7Y / —2" > D
BEAEFL RV,

Hi2-vesicle i, VARY—AFEEIZIT 47
U ) — 2y Dallbp3 FEAESITH Hyg
TF R HI2ATFR) BEFIEEELZY
DTH5B, E->T, Hl2vesicle &7 47
U =4 1%ellbp3 DORI—ENLIZHEE T
L1, BAWVNIREE ZRET 2HEERAR
HDEBZDLND, FRRK 20 FEDHRE T,
hivhiud H12-vesicle WAHREED 7
47V =T UFEETICRBO T HIEEL
alTbp3 LHEA L5 52 L &R L, 4ED
EERTIX, H12-vesicle 28, 747V /) —
7 lallbpd OFEAEZEET HI1EREHE
TAHNENETEN, K12 1ZRRHRE
?® Hi2-vesicle FEFETIZRBIT S, 1uM
D FITCHE#® 7 « 7Y /—7 v b il
® Q595NTT £ BARFEHIIADOFE & Z 7~
b ThD, WENIT TV ) —T S
A48 (MFD) %7577, 551(+), 555(H) & b
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800+

600+

400+

20

FITC-SZ22 bound (MFI)

0~ T T T U
0 2000 4000 6000 8000

GRGDS conc. (microM)

10000

13. RGD X7 Ric & % LIBS =t F—7'DF%
W27 47V )= UREETREERIIERS b
T, 4.8mg/ml W) EEBETHLEER
FREERIFERD Lo T,

VII. H12-vesicle (JallbB3 DFEEE(Z
FE LR,

AT TV AT H L ROFEEIC L - T,
BETLERBZ T eRnmbnTnag, =
DOFEEZM T, H1 LIBS Hifk L M 5 —
HOE /7 a—FVHURIZ K> TR FIEE
ThD, VL bhbivudifiallb Hiiko
S7Z22 731 LIBS #ik ThH A Z L& R E
L7, X 18 13 B 72 5RED RGD X7 F R
BEETICB T S FITC i Sz22 &
alIbp3-CHO MO EZ R LIZHDTH
%, RGD ~_7F FixHEKREFEMEIZ SZ22
DFEEEHEIMEE, RGD ~_7F FIEEE
TR 1mM THI 2%, 10mM TR 5 %
DREBEMN AN, TIIZH,
H12-vesicle T 5 551(+) & 555(+)iZ, 3.2
mg/ml ¥ TIE & A ERBE BT,
4.8 mg/ml &\ ) R EREIZBONTD,
1% DFEEEINEZROLDH TH-T-

(X 14),

D. &%

AIZEDO BHEOE, 1) EEOHIEREH
T H12-vesicle DEEEEZFHIE L. & DH|
ERNREE CHDHNERNET L4z, 2)

120

T

=

© 100

=

3 - NA

£

% 80 -&= +3mg/ml Fbg

?

)

=

T 60
] ) ] ¥ i 1
0 1 2 3 4 5

551(+) conc. (mg/ml)

120
100
-o- NA

80 -a- +3mg/mi Fbg

FITC-SZ22 bound (MFI)

60

I T T T T
0

1 2 3 4
555(+) conc. (mg/ml)

O -

X 14. H12-vesicle 12 £ 5 LIBS = t° b —7 D3,
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Ultrastructural analysis of thrombin-induced interaction between human platelets
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ARTICLE INFO ABSTRACT

Background: The dodecapeptide HHLGGAKQAGDV (H12) in the carboxy-terminus of the fibrinogen y-chain is
a specific binding site of the ligand for platelet GPlIb/llla complex. We have evaluated liposomes carrying
fibrinogen +y-chain dodecapeptide as a synthetic platelet substitute.

Objectives: We examined the interaction between human platelets and H12-liposomes during thrombin-
induced activation using flow cytometry and electron microscopy (EM).

Methods and results: After thrombin-activation, a remarkable time-dependent increase in binding of the H12-
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gleam‘:::& liposomes to platelets was found by flow cytometry. A large-sized swollen open canalicular system (OCS) was
Platelet substitute observed in the spheroidal platelets from 60 sec to 5 min after thrombin-activation, but intact H12-liposomes
Liposomes were not evident by conventional EM. Cryoultramicrotomy and immunogold staining with anti-H12 antibody
Dodecapeptide (H12) were successful in identifying the liposomes; they appeared as small particles with a unit membrane around
Aggregation 0.2 to 0.4 um in diameter, and gold labels representing H12 were distributed homogeneously on the surface.

Electron microscopy Abundant H12-liposomes were localized not only on the surface membrane but also in the lumen of the large-
sized swollen OCS in the platelets at 60 sec after thrombin-activation. The formation of the large-sized
swollen OCS was inhibited by pre-incubation with unbound H12, EDTA or anti-GPllb/llla antibody. In
thrombin-induced platelet aggregates we observed electron-transparent areas between adherent platelets, in
which abundant H12-liposomes were distributed.

Conclusions: We demonstrate morphologically that H12-liposomes bind to thrombin-activated platelets and

accumulate between adherent platelets like fibrinogen, leading to large-scale aggregation.

© 2011 Elsevier Ltd. All rights reserved.

Introduction

Platelet transfusion plays an important role in prophylactic or
therapeutic treatment for patients with thrombocytopenia caused by
hematologic malignancies or intensive chemotherapy for solid tumors
or as a result of surgical procedures and radiotherapy. However, due
to the short storage life of platelets (4 days in Japan), the possibility of
a shortage of platelets for transfusion has become a serious concern in
our aging society. Furthermore, the risk of viral and bacterial
infections being transmitted through transfusion is also a serious
issue. To solve these problems, various platelet substitutes [1] have
been developed, such as solubilized platelet membrane protein-
conjugated liposomes (Plateletsome) [2], infusible platelet mem-
branes (IPM) [3], fibrinogen-coated albumin microcapsules (Syntho-
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Institute of Medical Science, 2-1-6 Kamikitazawa, Setagaya-ku, Tokyo 156-8506, Japan.
Tel.: +81 3 5316 3100x1782; fax: +81 3 5316 3150.

E-mail address: suzuki-hd@igakuken.or,jp (H. Suzuki).

0049-3848/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.thromres.2011.07.031

cyte) [4], red blood cells with bound fibrinogen [5], liposomes bearing
fibrinogen [6], and arginine-glycine-aspartic acid (RGD) peptide-
bound red blood cells (Thromboerythrocyte) [7].

We have developed platelet substitutes using polymerized
albumin particles [8-11], phospholipid liposomes [12-15] and
nanosheets [16] as biocompatible and biodegradable carriers and
shown that carriers carrying recombinant fragments of platelet
membrane proteins (rGPlba [17,18] and rGPla/lla complex [19,20])
specifically interact with a surface that mimics the site of a bleeding
injury, such as von Willebrand factor (VWF) and collagen immobi-
lized on a surface under flow conditions in vitro. Moreover, we
demonstrated that rGPIla/lla-conjugated albumin particles reduced
the tail bleeding time of thrombocytopenic mice [8]. These carriers
have the ability to induce hemostasis; however, they cannot recruit
flowing platelets to induce platelet aggregation. )

Next we began the development of synthetic platelet substitutes
based on a strategy of using polymerized albumin or liposomes (mean
diameter, 0.22-0.26 pm for each) as a carrier vehicle and synthetic
H12 peptides as a surface-coating ligand to target activated platelets
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[11,21-23]. It is well established that platelet aggregation is mediated
via fibrinogen by bridging adjacent platelets through integrin alIbp3
(GPIIb/IlIa) in an activation-dependent manner [24-26]. Several
sequences in fibrinogen have been designated as GPIIb/Illa recogni-
tion sites: the RGD-based sequences ®>RGDF®® and 372RGDS%7> in the
Ac chains; and “°°HHLGGAKQAGDV#!! (H12, the fibrinogen ~y-chain
dodecapeptide) in the carboxy-terminus of the vy-chain [27-29].
Selection of the H12 peptide was derived from general observations
that the interaction of H12 is highly specific to GPIIb/Illa, whereas RGD
related peptides are promiscuous with many integrins from various
cell types [30]. In fact, H12-coated polymerized albumin and
liposomes with polyethyleneglycol (PEG)-surface modifications
show specific interactions with activated platelets and augmented
effects on platelet thrombus formation onto collagen-immobilized
surfaces under flow conditions in vitro, and prolonged hemostatic
ability in vivo to correct bleeding time in a dose-dependent manner in
a thrombocytopenic rat model [11,21-23].

However, we have only indirectly demonstrated the interaction
between platelets and H12-particles in vitro or in vivo. In the present
study, we carefully examined ultrastructural interactions between
human platelets and H12-liposomes during thrombin-induced acti-
vation and aggregation, focusing on liposome localization using
cryoultramicrotomy including immunogold staining. Although we
failed to detect H12-liposomes using conventional electron micros-
copy, the application of cryoultramicrotomy has enabled us to identify
these liposomes in both activated and aggregated platelets.

Materials and methods
Reagents

Cholesterol and 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcho-
line (DPPC) were purchased from Nippon Fine Chemical (Osaka,
Japan), and 1,2-distearoyl-sn-glycero-3-phosphatidyl- ethanolamine-
N-[monomethoxypoly(ethyleneglycol)] (PEG-DSPE, 5.1 kDa) was
from NOF (Tokyo, Japan). 1,5-Dihexadecyl-N-succinyl-L-glutamate
(DHSG) and H12-PEG-GIu2C18, where fibrinogen <y-chain dodeca-
peptide (C-HHLGGAKQAGDYV, Cys-H12) was conjugated to the end of
the PEG-lipids, were synthesized. Carboxyfluoroscein (CF) was
obtained from Acros Organics (Geel, Belgium). Polyvinylpyrrolidone,
polyvinylalcohol (10 Da), prostaglandin E; (PGE;), human thrombin
and bovine serum albumin (BSA) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Paraformaldehyde, glutaraldehyde, Epon, and
uranyl acetate were obtained from TAAB Laboratories (Aldermaston,
West Berkshire, UK). Rabbit antibody to H12 was synthesized by
Oriental Yeast Co., Ltd. (Tokyo, Japan). PAC-1, a mouse anti-GPIIb/Illa
antibody, was purchased from Becton Dickinson (San Jose, CA, USA).
Rabbit anti-human fibrinogen antibody and goat anti-rabbit IgG
conjugated to 10- or 15-nm colloidal gold were obtained from Cappel
Organon Teknika (West Chester, PA, USA) and BioCell Research
Laboratories (Cardiff, UK), respectively. 2-[4-(2-Hydroxyethyl)-1-

piperazinyl]ethanesulfonic acid (HEPES), ethylenediaminetetraacetic.

acid (EDTA) and other reagents were acquired from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan).

Preparation of H12-liposomes

The preparation was performed exactly as described previously
[11,21-23]. Briefly, DPPC (100 mg), cholesterol (52.7 mg), DHSG
(18.9 mg), PEG-DSPE (5.2 mg) and H12-PEG-Glu2C18 (4.7 mg) were
dissolved in benzene and then freeze-dried (DPPC/cholesterol/DHSG/
PEG-DSPE/H12-PEG-Glu2C18 = 5/5/1/0.033/0.033, by molar ratio). The
resulting mixed lipids were hydrated with phosphate-buffered saline
(PBS, pH 7.4, 5 mL) for 3 h at room temperature (RT) and extruded with
membrane filters of pore size of 0.45 pm first and then with that of
0.22 um (Durapore®; Millipore, Tokyo, Japan). For flow cytometric

analysis, we also prepared the liposomes hydrated with a solution of
CF in PBS (1 mM, 5mL). The liposomes were washed with PBS by
suspension and centrifugation (100,000xg, 30 min, 4 °C, twice), and the
H12-liposomes and CF-labeled H12-liposomes were collected. We also
prepared control liposomes (CF-labeled and unlabeled) in the absence
of H12-PEG-Glu2C18 by the same procedure. The liposome diameter
was analyzed using a dynamic light scattering method (N4 PLUS Particle
Size Analyzer, Beckman-Coulter, Fullerton, CA, USA). The lipid concen-
tration of liposome was quantified using a phospholipid test kit (Wako
Pure Chemical Industries Ltd., Osaka, Japan).

Preparation of human washed platelets

Blood drawn from healthy volunteers was mixed with 10% volume
of 3.8% sodium citrate. Blood collection was approved by the
Committee of Tokyo Metropolitan Institute of Medical Science on
the Ethics of Research in Human Experimentation. Platelet-rich
plasma (PRP) was prepared by centrifugation of the blood (100xg,
15 min) at room temperature (RT). PRP was mixed with a 15% volume
of acid-citrate-dextrose solution composed of 2.2% sodium citrate,
0.8% citric acid, and 2.2% glucose (ACD) containing 1 yM PGE;. The
suspension was centrifuged (2,200 xg, 7 min, RT), and the plasma was
replaced with a Ringer's-citrate-dextrose solution (RCD solution,
composition: 0.76% citric acid, 0.09% glucose, 0.043% MgCl,, 0.038%
KCl, 0.60% NaCl, pH 6.5) containing 1 pM PGE;. After the pellets were
resuspended in the RCD solution, the suspension was centrifuged
(2,200xg, 7 min, RT) and the concentrated platelets were resus-
pended at 1.0x10°/ul in a Hepes-Tyrode buffer (H-T buffer, pH 7.4)
containing 137 mM NaCl, 2.7 mM KCl, 0.4 mM NaH,PO4 12 mM
NaHCOs, 1 mM MgCl,, 22 mM NaH;CgHs07, 5 mM HEPES, 0.35% BSA
and 0.1% glucose. The platelet count was determined using an
automated hematology analyzer (K-4500; Sysmex Co., Kobe, Japan).

Flow cytometry

After the addition of human thrombin (final concentration 0.1
U/ml) to mixtures of washed platelets (1.0x10°/ul) and H12-CF-
liposomes or control CF-liposomes (final concentration 3 mg/ml), the
mixtures were gently shaken three times and allowed to stand
without stirring for 30 sec, 60 sec, 5 min and 10 min at 37 °C. The
incubation was terminated by adding an equal volume of 3%
formaldehyde in PBS. After centrifugation, the platelets were
resuspended in PBS. This washing procedure was repeated three
times, after which platelets were gated according to their character-
istic forward scatter versus side scatter, and 20,000 platelets were
analyzed using a FACSCalibur flow cytometer (Nihon Becton Dickin-
son, Tokyo, Japan). The number of platelets bound to the H12-CF-
liposomes or control CF-liposomes was quantified as a fraction of the
fluorescent-positive platelets. Each experiment was performed at
least three times.

Electron microscopy and immunogold electron microscopy

After the addition of thrombin to mixtures of washed platelets and
H12-liposomes or control liposomes similar to flow cytometry, the
mixtures were gently shaken three times and allowed to stand
without stirring for 30 sec, 60 sec and 5 min at 37 °C, fixed with 0.2%
glutaraldehyde in 0.1 M phosphate buffer (PB, pH 7.4). Part of the
mixture of platelets and H12-liposomes was stirred for 60 sec after
the addition of thrombin and fixed similarly above. To obtain control
platelets before the addition of thrombin, washed platelets incubated
with H12- or control liposomes alone were fixed in a manner similar
to that described above. To block the function of GPIlIb/IIla, on the
other hand, human platelets were pre-incubated with liposome-
unbound H12 (0.5 mM), EDTA (5 mM) or the anti-GPIIb/Illa antibody
PAC-1 (10 pg/ml) for 60 sec before the addition of H12-liposomes and
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thrombin. After fixation at 4 °C for 30 min, the fixed platelets were
centrifuged at 2,200xg for 3 min and the platelet pellets were
dissected into blocks of 1-mm cubes and divided into two samples:
one for conventional electron microscopy and the other for cryoul-
tramicrotomy including immunogold staining.

For electron microscopy, the samples were re-fixed with 2%
glutaraldehyde in the same buffer at 4 °C for 30 min, washed with
0.1 M PB, post-fixed with 1% osmium tetroxide in same buffer at 4 °C
for 60 min, dehydrated with a graded ethanol series, and embedded in
Epon. After electron staining using uranyl acetate and lead citrate,
ultrathin sections were examined with a JEM 1200EX transmission
electron microscope (JEOL, Tokyo, Japan) at an accelerating voltage of
80 kV.

For cryoultramicrotomy and immunogold staining, the samples
were processed according to the method of Tokuyasu [31] with minor
modifications as previously described [32]. Briefly, the fixed platelets
were rinsed with 0.1 M PB and PBS at 4 °C, then infused with 1M
sucrose in PBS for 60 min, 1.84 M sucrose in PBS for 2 h and then
1.84 M sucrose containing 20% polyvinylpyrrolidone in PBS overnight
at 4 °C. After freezing in liquid nitrogen, ultrathin frozen sections were
cut and were incubated with rabbit anti-H12 (1:5,000 dilution) or
anti-human fibrinogen antibody (1:2,000 dilution) in PBS overnight at
4°C. After rinsing with PBS five times, the sections were then
incubated with goat anti-rabbit IgG coupled to 10 or 15-nm colloidal
gold at a dilution of 1:100 for 60 min at RT. After rinsing with PBS
three times and then distilled water (DW) five times, the sections
were stained with 1% uranyl acetate, washed with DW, and then
adsorption-stained with a mixture of 3% polyvinylalcohol and 0.3%
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uranyl acetate. The stained sections were examined with a JEM 1200EX
electron microscope in a manner similar to that described above.

Resuits

Time-dependent increase in binding of H12-liposomes to thrombin-
activated platelets

When thrombin was added to the mixture of human washed
platelets and H12-liposomes, a significant time-dependent increase in
binding of the liposomes to platelets was found by flow cytometry
(Fig. 1). The binding of the liposomes to platelets had already begun
by 30 sec and almost reached a plateau by 5 min after the addition of
thrombin. The control liposomes, however, did not bind to platelets
during the thrombin-induced activation.

Formation of a large-sized swollen open canalicular system (OCS) in
platelets incubated with H12-liposomes after thrombin-induced activation

To assess the ultrastructural interaction of platelets with H12-
liposomes after the addition of thrombin, ultrathin sections from
Epon-embedded samples were subjected to transmission electron
microscopy (Fig. 2). Before the addition of thrombin to the mixture of
platelets and H12-liposomes, platelets had discoid forms, and
organelles such as a-granules, dense granules, mitochondria, glycogen,
and the open canalicular system (OCS) were well preserved in the
platelet cytoplasm (Fig. 2A). Thirty seconds after the addition of
thrombin, platelets had changed to spheroidal forms with pseudopodia,
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Fig. 1. Binding of H12-liposomes to thrombin-activated platelets by flow cytometry. After the addition of thrombin into mixtures of washed platelets and H12-CF-liposomes or
control CF-liposomes, these mixtures were gently shaken three times and allowed to stand without stirring for 30 and 60 sec and 5 and 10 min at 37 °C, fixed with formaldehyde,
washed with PBS, and analyzed using a FACSCalibur flow cytometer. The binding of the H12-CF-liposomes to platelets increased time-dependently, but that of control CF-liposomes

did not change.
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Fig. 2. Interaction of human platelets with H12-liposomes before and after the addition of thrombin. After the addition of thrombin, platelets were gently shaken three times and
allowed to stand without stirring for 30 and 60 sec and 5 min at 37 °C, fixed with glutaraldehyde, post-fixed with osmium tetroxide, and embedded in Epon; ultrathin sections were
then examined by transmission electron microscopy. (A) Before the addition of thrombin, platelets in the mixture with H12-liposomes have discoid forms containing cytoplasmic
organelles such as a-granules, dense granules, mitochondria, glycogen, and the open canalicular system (OCS). (B) Thirty seconds after the addition of thrombin, platelets show
spheroid forms with pseudopodia, and the centralization of granules can be seen. (C) At 60 sec, the OCS becomes expanded in the spheroidal platelets (arrows). (D) At 5 min,
activated platelets have several large-sized swollen OCS (arrows), in which fuzzy and/or formless contents are present.

and the centralization of granules was observed (Fig. 2B). At 60 sec, the
number of intact granules decreased; instead, several swollen OCS were
observed in the spheroidal platelets (Fig. 2C). At 5 min, intact granules
were no longer observed in the thrombin-activated platelets, indicating
arelease reaction had already occurred (Fig. 2D). The OCS was expanded
to a size much larger than that of platelets at 60 sec after the addition of
thrombin. There were several large-sized swollen OCS in the activated
platelets whose longer axis was approximately equal to or greater than
1 pm. H12-liposomes, however, were not observed as intact forms
during the activation. By careful inspection, fuzzy and/or formless
contents were found to be present in the lumen of the large-sized
swollen OCS. In contrast, the formation of large-sized swollen OCS could
not be observed in the platelets incubated with control liposomes during
the thrombin activation (data not shown).

Identification of H12-liposomes in thrombin-activated and aggregated
platelets

To visualize H12-liposomes in the mixture with platelets before and
after the addition of thrombin, ultrathin frozen sections from the
samples were subjected to electron microscopy (Fig. 3). In the mixture
of platelets and H12-liposomes before thrombin-activation, the lipo-
somes were present independently from the platelets and were
observed as electron-lucent small particles with unit membranes,
around 0.2 to 0.4 pm in diameter (Fig. 3A). Through a combination of the
immunogold method with an anti-H12 antibody, we were able to view
H12 distributed homogeneously on the surface of the liposome (Fig. 3B),
indicating that the method combining cryoultramicrotomy and immu-
nogold staining was more effective at identifying liposomes than
conventional electron microscopy methods.

Accordingly, the same methods were also used to analyze the
interaction between platelets and H12-liposomes during thrombin-

induced activation (Fig. 4-6). When thrombin was added into the
mixture of platelets and H12-liposomes and the suspension was
incubated without stirring from 30 sec to 5 min, the gold-labeled
liposomes were identified not only on the exterior surface but also in the
lumen of the large-sized swollen OCS in the platelets (Fig. 4).
Interestingly, some H12-liposomes were localized along the membrane
of the large-sized swollen OCS. In contrast, when the mixture of platelets

Fig. 3. Visualization of H12-liposomes by cryoultramicrotomy and immunogold
staining. H12-liposomes in the mixture with platelets were fixed and frozen in liquid
nitrogen, and ultrathin frozen sections were examined by electron microscopy before
and after immunostaining with an anti-H12 antibody and gold-conjugated secondary
antibody. (A) Liposomes show unilamellar small particles around 0.2 to 0.4 pm in
diameter (arrows). (B) Abundant gold particles representing H12 are distributed
homogeneously on the surface of the liposomes (arrows).



