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VY v(Lys) # BIRINICHEG S S5 2L T, HIIOZ A5 —fiidx S AT 2 2 LI L. ARMRICIE =M T8 -
EDERSN(NIA), PHEY)DEIRTHE I EDbh ol 512, BTHEMSEEE(NIB) &b L ICZRITHBK 2TV, 75
AL — DM S I L7

HemoAct™ DYF4E§ R X I D —21F, HESE (pI=5.1) PN L TH B, ZD72® HemoAct™ i Z ML A #EEEICER, MFE A%
2 S 22wy, HemoAct™ O BE H BRI 3 AR BRI L5 A3 (Pyy = 9 Torr), EHTFPHS TR 3 2 & AR BRI o 355 (Pg, = 27 Torr)
O N D, RARIEH 10nm THRIMER (8 xm) > 1/800 LT, MIZERMIZD AV AABRREZERIENE 0T, BEHERLLTY
HMTH B, FERHE Ho (5FEE 1L1A T X MR SIS AT AT BE 2 12 RS, HSA, ZEEHI0A. BLE TR 2 257y T4
% (A POFEVRIIT AT, BB E L LBV, HemoAct™ D A ([Hb] =5g/dL) DRI 2.8cP (411 4.0¢P),
MEEATED £ <, BFER» SZEMEZMHRALTWA5.

F 72, HSA IZREA ZBUKMES T2 ST 508
HaeFFEo, MIO HSA .= v MBS
T2AETHIENTES. FIAIE, RN
EKHeEHT A0 TGS E5 L, HEERLITK
ELHMIENSE ZERbhoz . ZhIZEM
PEALRR TR AT - 7285, WEPERER 2T S T
Dl Hb S B b S e Wz L 2 BIRT 5.

HemoAct™ 3 BEF S TR S N TV A R %
F729, L2bLoiEs 5352 La5TE
LR LA TEEZERATH 5. RN O WS =
FEHAE S % { Fa DT B IRA) 7 MEA R O 1 HemoAct™ : (A)AFM f&, (B)TEM {%, (C) = %K 7C FEME M1 X 1) 5 72 37 fhc bl
EHAERYBRZ 7200V HICR B L %M Y5 (D) 79 AT A - 72 e o0 5]

W, HAE HemoAct™ @ FZ AL IZ M\ 72 Bl & &
¥y FTHED TV 5,

[3cik]

1) D. Tomita, T. Kimura, H. Hosaka, Y. Daijima, R. Haruki, K. Ludwig, C. Bottcher, T. Komatsu, Biomacromolecules 2013, 14, 1816.
2) IMRRZ  fbSE T3 2014, 67, 677

3) H.Hosaka, R. Haruki, K. Yamada, C. Béttcher, T. Komatsu, PLOS ONE 2014, 9, e110541.

4) Y. Daijima, T. Komatsu, Chem. Commun. 2014, 50, 14716
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How Does Hemoglobin (Hb) Regulate its Oxygen-Affinity and Cooperativity?
O Takashi Yonetani K%+ )", Kenji Kanaori (438 —)°
! Univ. of Pennsylvania, Perelman School of Medicine, > Kyoto Inst. of Technology, Bioengineering.

Introduction: The widely-held mechanism of allostery of hemoglobin (Hb) has been that the changes from the R-quaternary/tertiary structures of oxy-
Hb to the T-quaternary/tertiary structures of deoxy-Hb exert certain constraints on the coordination structure of the heme group, leading to a lower
oxygen-affinity of the hemes and thus that of Hb [1]. However, we found that there is no causal correlation between the static T/R-quaternary
structure and the oxygen-affinity of Hb [2]. We explore an alternative mechanism of the regulation of the ligand-affinity and cooperativity in Hb.

Results and Discussion: The oxygen-affinities of free Fe[ll]- and Co[l1]-protoporphyrins in organic solvents are very low (Ps, > 10> ~ 10° torr),
whereas the apparent oxygen-affinities of these metalloporphyrins, which are incorporated in proteins such as apo-myoglobin, apo-Hb, serum
albumin, etc., increase substantially to Ps, < 10" ~ 10" torr, though their coordination structures are apparently unchanged [3]. Such substantial
increases in the apparent ligand-affinities of metalloporphyrin-containing proteins are accomplished by preventing/interfering with the dissociation of
the ligand by protein matrix, since the interior of globin is nearly fully packed by protein matrix. In Hb and Co-substituted Hb (Co-Hb), the
dissociation process of the ligand proceeds through the “caged” state [4-6], which can be produced by cryogenic photolysis of the ligated-states at
4.2K and in which the metal-ligand bond is broken and the un-bonded ligand is trapped near the bonding site within the globin moietiy. This “caged”
state has spectral features distinct from those of either deoxy- or ligated states of the respective hemoproteins. The apparent ligand-affinities of Hb
and Co-Hb are regulated by heterotropic effectors without detectable changes in either static quaternary/tertiary structures of the globin moiety or the
coordination/electronic structures of the metalloporphyrin moiety and thus the ligand-affinity of the metalloporphyrins themselves [7-9]. The
reduction of the apparent ligand-affinities of Hb and Co-Hb may be caused by increase in the dissociation rate of ligands from the “caged” state,
resulting from the effector-linked, enhanced high-frequency thermal fluctuations which increase the transparency of the globin matrix toward small
diatomic ligands such as oxygen, CO, and NO [7-9], which may concomitantly reduce the rate of geminate-recombination of the ligand to the
metalloporphyrins.

Conclusion: The ligand-affinity of Hb is regulated through protein dynamics by heterotropic effectors, rather than static quaternary/tertiary structural
changes, as proposed by Perutz [1]. Thus, the “caged” state of Hb acts as a critical transition state in regulation of the affinity for small diatomic
ligands in Hb and Co-Hb [9].

References:

[1] M.F. Perutz, Nature 1970 228, 726; [2] T. Yonetani, et al., JBC 2002 277, 34508; [3] H. Yamamoto et al., Bioinorg. Chem. 1977 7, 189; [4] T.
lizuka, et al., BBA 1974 351, 182; [5] lizuka, et al., BBA 1974 371, 126; [6] T. Yonetani, et al., JBC 1974 249, 2168; [7] T. Yonetani, M. Laberge,
BBA 2008 1784, 1146; [8] M. Laberge, T. Yonetani, Biophys. J. 2008 94, 2737; [9] T. Yonetani, K. Kanaori, BBA 2013 1834,1873.
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JETBUERRA L SRR

R ERNI0S % HHE BRI BT % D o @RI AR 2 BEIMEINC S 5 7%, MR OfG 240 & LT, ADE#E L OM

B — DDk LAV SDHERERAONT WA, 22T, KPENIBIT S, MHERBLUMOBIE, REMOEMARLIZBT
%R (MR, N —BoEPTERE, N —2 5 ORINGE) S L, s o N TR IR S h 2 BURZ 3T .

1.

1R7E!

1)

RIS A 3R X 72 RAR L ERPT B (Dog Erythrocyte Antigens) % JH % %, il CTIX DEALBIOY 75 £ 7 TH %
DEALL BT 2% #5345, DEALL BYEROMBUHE L, REEIC X SFTEAQT0%HIET, KD 0% RENEERTHS.

2) FHIMEI : A, B, ABDO3FENSHS AB Y AT AZMHLTWA. FOWMMEDLETIX, #al ik 2 3B 3RS E o iR
Bk Z2H L TWA I EIEETILEND L. EHNOMER EIZBWT, 0%EL AR 1K) 10%0HERBRTH Y, it
SfET & LCHAET S AB BIZIER ISR R IMEIICH 5 2 LM b Tw 5

2. FFr—omEiRikiE

1) KTIXDEALLEMESELTE Y, Mty a v 7 ofabtEz %3 % &, HE 10kg (=90mL/kg X 10kg X 25% = 225mL) DL DK
B, MEORMBSGNETHL LEDbND.

2) WiTIIM o MEEI K 2 HAPKOHEAEDR AN SN T WA 720, FMMEHNOAN; FF— L0155, o8 65mL/
kgBW T 1), I 5kg iz 513# 80mL (=65mL/kg X 5kg X 25%) DIRIMARE TH 5 & Wb %,

3. PRIk

1) R HiEaeiay 2o F FEEN RIS 235510, e REEAETH 205, M % RAF LT3 2358 AUH o £~ 4E
N 7 (&IiA CPDA G, T IVEMRASH) 2T 4. FRIMEHITEEZRBRY) Kb o (K 18G, Mi:21G) # MM L, #EIMs¥%
WX I ET .

2) BRIL : BRULEBALZ BA Y L, ABFATE & AR TR E T 5. B X5 HRET RIS v ZICRILT & 2 X 5123y 7134
BTICHERLTBL.

[3£7—4]

1. ROFIHEUHE - 1,087 JTUH MOGIEEE : 974 T (X 7 — FIHEMN, H25 45)

2. /NEYI RS AR ¢ 11,032 WEke CFIK 25 4F 12 A KBUfE, EEMOKERFER)
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¢

OARFEA, Il &', MHBEY, KHAE, ARARFH, Hig—17, =4 %6
TR TR A AT S v ¥ 9 VAR EH R v 7 —

TR ZEITE B ZEARAE JAXA) REBRFE AT —2 3 » (ISS) D [&139) | HAEBHOMNERZEZMA LT IEWE 5 v 87 8k
TR gEER JAXAPCG) ] #1ToTwab.

THEMTIE, BREFEEOEVIZE > TETALIZHENLSIEL5HR, WD DELTEELRENR . 207Dy V7 ED
STFAHANE L W0, BB LRRERERT A EEZONTWAS, EME LR, DIEONBIEER Y v X 7 B AR S OB,
EGBEZOBMERD S L L BT, IBHEICBWT O REM - EEAMESOZIERBICAH SN Tn 5.

IAXA Tlt, EIBTEAT—Yar0ous 70—V ATV a—VaFH LT, 20034E05 ¥ ¥ 8 7 Bk ERER 1TV, F2H
TEWE e 7 YRy ERERE T AP ORI EEO TE L [E139) ] 3T EIFHBR O 2009 £ 51, 51X 6 X @ iR & Hdtr o
FEARZHEAEST B L 2 I, FTET R SN2 TXIE) | 2BV CGEY ZIREEHO S L ERZTIBM 2L 205, a7
WIRTHRE L OWMDICEDE, BHENICSY U HRAZEBTHAT— Y 3 YIS LiIFTw s,

KT, TT5 87 ERERHERATICOWTHE IS L, kwT (&35 ] AIlERE S v 87 B ERERICOWTo
MEZ N TORME, FHEROIIK, WEREEFALZEZE T A TRASETHE 2V, S512E, A TEESE RO K g 7
BT 2RI COWT H BEE L 72w,
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Development of Hemoglobin-Loaded Polymer Assemblies and Recent Situation of Artificial Blood in
China

Yubin Huang
Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, 5625 Renmin Street, Changchun, P.R.China

Due to the feasibility and safety issues of clinical blood transfusion, a blood substitute with high safety, high efficacy and large-
scale production is needed. However, the severe adverse effects of hemoglobin-based oxygen carriers (HBOCs) during clinical
studies highlight the importance of the cellular structure of RBCs in regulation of oxygen delivery, metabolism and functions of
organs. Carriers with micro/nanostructures show great potential to be applied as next generation of artificial oxygen carriers due
to the superior properties, such as adjustable diameters, versatile functions, avoidance of the contact of Hb with blood and long
circulation time in vivo.

With the advantage of biodegradability, non-antigenic nature and ease of scale up, aliphatic polyesters are promising materials for
construction of sustained release system. The extension of polymeric systems into HBOCs can endow the carriers with superior
performance. Generally, hemoglobin can be immobilized within polymeric systems through chemical conjugation and physical
encapsulation. By optimization of the material structure and loading process, the HBOCs can be fabricated with high Hb content
and well-preserved bioactivity. Preclinical studies have revealed the safety and effectiveness of the Hb/polymer systems on animal
ischemia models.

Hb-conjugated micelles Hb-loaded particles Hb-encapsulated vesicles

Figure Different types of Hb-loaded polymer assemblies

ARTIFICIAL BLOOD Vol. 22, No.1, 2014 15



ATHIER (AT 5 OE > /Math) £ T 3 I8H 2 BEO 6 DR RBEIHRC VT
OX 98' WIEAK?
VEINERIRE, 2 A RIS ERIRE

KOE DN TRFEERAIE, RE2ER(VKRY —2)IC PAEZOEY2HNALE, WhWSHII A THRIMET, Hemoglobin
vesicle (HbV) EIFFR SN TW5. ZOBEFERRAEE, & MRk Zh LB s, FEEICHINE 7V % F 72 528k Tt
BWE L CHREIHHTEL I L2RENT WA, LA LAYS, RMEREMOMRE L 2 5121%, VRY — 2BHTOHRLG B ENIC
MR AED)RY —Lak5T5ZLIhD. T0O720OIZ, REFRSGIIE) HERIS A ZAENPOREI SN TE 2. ZofFE, &
WICER % RATTERREIER R, BMTho TORIICHEH T2 MHTE 2 VEIEHIIBRINTES T, 203 ShizA st
ARENTEZ, —FT, —MIZURY =21, HHENERISESCHICRYATNL Z 05, HICKERS LA, REnEIc
fif & D% G52 RN H 5. OB S ) RV — A KBS AW S0IEIRENG 2 5 B2 OV TN MG 217> T
72 ZTOMRE1L) HbV HHWIEZEY RV — 22 HE5HEOMMALIZ Con A I3 2 BAHI S TWDE. 2) VRV —LEFEE
Lo~z 7 a7 7 — UM T MR85 %2 #1325k % — @IS 5. 3) THlROMEIGENICE~x 707y -V LM THMRE D
s cdh b, 4) WHMIENIE~ 2707 7 —VOEAET S NO DL LTWwa. 5) HbV OF5-13 in vivo 1A 2 HUREEE UG
FPHIL WS EHEZWALNPIILTEL. INbIE, FELT, THROMIBIZENZBOWIBINITHY, FA I LY - rEDL
DRELEBEN VDR B EEZ T 0N OVTOFFMARENI R ENTI oz, 22T, PO Con AR T ToRszEhIC
FIBRIZHWENTL BT ENA Y - A M HA Y OBEEN) Y — 2FKGHIZED L D ITHE L LT 5O TEANIHET 2
AT FORR, —HOFA NI Y - TEHAL L, VEY —2OWE5HIT, EARSEINTA VI EREE. S512, IL-1b
OFEAERZIREICLT, PO LPS HIFCx 3 2 SUBPEIC S 2 5 U Ry — 2 OB LG L7225, LPS IZH3 5 BB EIE ) Ry —
AFEHICE DB L 2V E W) FREIELN. INOSOFEENS, VRV —2IZX D, THIFEOMIE— B P 2 20 2 etk
BHbH—HT, FA ML - FEIA VOEEOBEIOIE, PR EEADKTEREL, 22, BARLIESROME L UG )SHE
ENBWRETRIE W EHEE SIS,
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Y RI) L1 S2
RETTIVEMICE T RANETOE S NEEOEAEIEE &R

OMHEFINT Y, Sl e, EHEAC NHER

[#E] ALBEERATHLZATZ7Tl V/ARAMHOV) ZREHIEEOM, ZEYTFMFolE#E s L CofARMESh Ty
5. ZOz®, HOV IZTTANLREPOFEMMHT LI L BBLBERTRTHELLEZ NS, INF TIZFKA1E, HbV ORHNEREIC
BU DB E ERMAHIRN T COF— 2% L, Hov oLet - A2 L T &2 KRBT, RESTLVEYZ Hwv
72 HbV ORI EESFE & ZaPEic oW TR T 5.

[E8] Wity 5y Z7EFV Iy MELMERED 40% % BT 5 2 & TER L 72 W LRFEFEEBETREET VT v ML, 3
TV A VIS ESR L 72 U3 L B3 (CCl, © mineral oil=1: 4) %38 3 [nl, 8 AMIEIENES LIER L7z WIRILEE 7V~ 7 A (ApoE
K~ Z)FHB L DA L7 RNBIRED AN, HbV ONIRANEZ 0 ¥ v #4E3 L 72 I-HbV F 7213 R % f25% L 72 *H-HbV
Z FVERG L 72

[fEREEE] MMk 3 v Z7HEIZBIT 2 HoV ORAEIEZ G L 72 & 25, EEGAEERCHHRE TR EE L FAEo 7a 7 7 4
WEIRL, SAREREDHR SN2 o7z W LREFREETFREEET VT v MCBWTRNEIET M2 1T-72& 25, FRES
BALT 220N T, WA~ K O Kupffer AL O SRR FAAE U LFE, Mz )75y 2K TFL, T, HEEHMTE
EEZIFLHIET, PR TANRE 22 EAVRB SN 20 LD AENBIEOLE I ERICERE L KT T RENRE S D
7290, AR R OB 217072 L 2 A, HOV G2 X ) —B M85 X — & OEFRHER~NDANE YT DIk
FEHsrb00, FLVEEBIIMR SN 2o 72. 518, WIBMEE 7 I)VEY & LT ApoE KIH~ 7 X % vy HbV ORPIE)E,
AL B OGP R MG 2 17 - 7245, HoV 512 & ) — KR 2 IR B O M85 A — 5 OB 5 5O, Hov i+
SRR R A L TWwb DRI N

[#55R] DLL, KPS ORI D, HoV 3B O MR 53, H - IR T L72RERHIM: Y 3 v 7B W T D,
T A - PR EZ A LCTB Y, EEREREIE AW EAURBE N, A ZBREHEGTIIB TR TEsLEZ N
7z.

[3cik]

1) Taguchi K et al. J Control Release. 2009, 136, 232-9.

2) Taguchi K et al. Toxicol Appl Pharmacol. 2010, 248, 234-41,
3) Taguchi K et al. J Pharm Sci. 2011, 100, 775-83.

4) Taguchi K et al. Drug Metab Rev. 2011, 43, 362-73.
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IS 25 71051 5 BOEMTREIRSEART £ U Ky — AHAA TRTEREONEIHET 5 TRORE
O, M REA, FEY KT 4
B PR R R AR T iR SR, BB, SRR

ik > = v 70 CREGEEABIRDFEE L LTV, TORPRETT 5 & &I R Y — 28 AN TEHE A (Hemoglobin-
Encapsulated Liposome [LHb]) D&)F % FZBRAY I B L 72,

[HiE] 1) SD rat I 85% B sE il = v 7 IREZ K L, PEFRiLEk (RBC) #f4: L7=H: (n=14) &, 5% 7 V7 3  (5%Alb)
A U728 (n=14) B O° LH b #E (n=14) T#EA: L7 8E 0 3 BEMH T/OHZ B IR (LF, HF, LF/HF) B OVl norepinephrine (NE) % ll5E L 7z.
2) SD rat 12 30% T ML SENE > = v 7 #ERL L, RBC #(n=14), 5%Alb #fEHE (n=14) K O° LH b # o 3 # [ o4 . T Optical
Mapping System (OMP) ®BLFE{Z4% - Action potential duration dispersion (APDd), FETEMEAEENRME: 2 st L 7-.

[#8] 1) RBC B U LHb BTl LF/HF « NE 2SIEH 120 L 5%AIb BETIZ B L, B3 L7z, 2) 5%Alb BETiZ OMP TALE
3R HE & burst pacing 12 X % /LE MBI A3 46 TRESE S L APD A8 K L7z, RBC #E R UNLH b BETIIiED o 7z,

(#5RE] Mtk = v 7 0BT, EAEEE)RE - MIRR ORI BEIRVERS K 2> & BOEHEA IR SETE S b LR s hz. $7z,
VR Y — A3 AN TERFGERAR (LHO) (X e AR M5k & RO R RAWIR S B W REMEDE 2 S 7.
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HEEMEEMETIVICE T EAANETOE /NRFREODRR EREM
ORWFIEA ", AT " ARSI, JEIEHL, WA % WGk, bk
RS TR AR, 7 S 7 IR B, 4 IR BRI L

[E] ALMHEMAE LTHBEENEAETZTE VNBEHOV) IZNEZ O Y 2NE SR EY — AT, BWILHL MR X
DAEZTE Y E2HH, B v VAL Z T o 2%, URY —AICNE, BRI % PEG 156 L TR.EE% 250nm, P50 1 32 Torr
WL 2R Th b, M CHEFERA L LTS 5 2 L3, B osciifmar ol sn, Btk a v 7 o] w7
it b RIF RSSO N Tw A, R, PR3 2RIGED RiAEhTns

(B8] BEYREMRINC KRBT 2B ET LV E LT, <2 A2 40%ASHRH I 2 17y, [ A4l 2479 7V 2k L 7-.
AR Z: & & el LT HoV e 5- 0B 80 L 242t Lz, 72, 9 v MO LT 247wy, RSB IE = D 30% % i
M3 %EFIVCIE, BIMMEIIREE=5Y ¥ 7%\, HoV 2EBREIREC T 9588 % 57l L 72.

[E8] ~ 7 X THBRIMEED 40% % sREHAT TRBL L7218, AN TIPUE s T AN A 2 i6d7 3 5. @i, @z UT o4 8
ZYE$ 5. (1) Lactate Ringer VA (LR) T, (2) 5% 7V 7 3 YA (rHSA) B, (3) ~ 7 ZMRFFILHE (sSRBC) B, (4) NEZovE
SNBSS B (HDV) BE - HBV % 5% 7V 7 3 I L7230k, Hb 22 1Z 8.6g/dl I3 5. i 7 HH F TBIE 21T\, IirhoH
A H A4 VMEEIT- 7. EERLE TOMEELFEN T (HIF)-lalpha DI % GERMOTHEM L2, T v P EFIVTIIFHEBRICH
Za— L aRIFARE, ALREICER L CEMZUERT A, 72— X DIERILGED 30% % Bl 5. Bl & %80 Hbv % 5
IR 4 > oliid 5. 2o, BIREOMEHREE=5 ) 7 afkii Licskd 2. P LFPMEZ#T LT ALRE2 SHERS 5. 1
JEE=% Y ¥ 7 IdMits 1 IR F itk L 72,

[EREEE] ~ T 2EFNVO LR BEIZEBAFELE Lz, rHSA BIZAELFHED 50% TH - 72DIxF L, sRBC #: & HbV #E T3 &pihk
17 L72. sRBC % HoV B CIHARE O HFAME L, MBS WEHE % 772, TNF-alpha %2 EOSRIEMEY 1 b F 4 ViR, HbV B
& SRBC Bt & TH%Z%TdH - 72. HbV BETIIIES & UMK T @ HIF-1alpha D 58378 sRBC BE & R W Sz, k&S v »
DOFIIMIE L 105+30mmHg Tdh - 72, 30% DPLIMIC & ) 45+ 1mmHg T T L7278, HbV OF%5-12 & 1 e 2 i 13 b5 L lfE
L7, #5105 CTOIMTE L 120£20mmHg Th -7z, ZOH S IMEIL LR DL EMEFRE S, WL CFR2# T L, AT
5OHEBLL TTRETH - 72,

[#8R] ~ 7 ARGT v MEMAERET VI 2 PR TRE TS Hov 2SERICHRE L 72, SRR E D 5 o REEA I RS
LB EL 2T, WO EOEREDL RO N Lh o7z HoV S IIMUBRFMTORMISH L TOAERTH S L Ex b,
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Ty MERBEET IV ERVWEATFLEROTAEICET 5i%5
OFA &1 WEAK? RN KT IEAE PWEES, uls Bt
PHORR BRI, ? % RIL SRR R E B A R, B AL R 2

(S]] MG X 2 MU O FHEE T 2479 B, YU ST & 1 S D £ TR MR I R PRAFIRTEAS, 2 A28 O L R Al
HROBRETRICKE LS Db o TS, Tz, WIMEMASENTH 0, YIMISHIADS < & TN AETIE, ML R R o P v
HEOREGHEE 25, 2T LBUEIZGERA L T LA REN R W20, BAIGATRINER [~E27 1€ 2/Mafk(Hb) |
MO B BAFEORIEZ HiF L, KRAEREZED T 5.

[R8%] 7 v MO KIRBEIRS & OKBRAHE 2 i fr Lo KB EEE L~V Coe st L, SIWim o KERBIIR X 6k ORsEs PRAF
[ET-Kyoto] # X U HbV & Hl 72k RAFIE 2 i L 7. RIREIR 2> & O 2 PRI L, M A AT 247 o 72, — R R IRAF
AT 72, BB T ISRBREN IR B & ORI 2 W& L, SIRTIBCH-EAE T &2 AT U, AR IR [ 708 8 IR & 70 2 & ) (2 & 10
WL7z. £7-Fk 30 L ToARE & HERe 2 ATl L 7.

[(BREEZE] KMEEIREITEOMEAD A SFICBWT, BRI LD D po, WFHITIRD LI ESHBEN b TBY, T2
[ET-Kyoto] & 0 & HOV ICBWTHEIZ pO, (MM A /R L7z, F7z, BILKER 4, 5 6 KERIOKERIZB W T Lactate D HbV IZBWTH
BIMETH D, HbV 2 H 5 LA IREPRINTw R EEZ bz RIINGAEE IR L2 HV ZHW2b DDA TH
D, 3»HEOEERED BRIfCTH -7z

(#EER] A LRMEROMERIRAFE E L COIHOWREMEAVRIR Sz, Sk, TER DRI IRATI & O B HHAE R 0 RIS P 0
W% E2fTo T LR D A, AP, - 5 - O Bl - AN - B - PUBC - WRBH - 5 7 E O MR AEEERE I SIS AT BT
D, HHHZBEETEITIENF > T DERDNRL.

(3R]

1) Avraki J, Sakai H, Takeuchi D, Kagaya Y, Naito M, Mihara M, Narushima M, lida T, Koshima I. Normothermic preservation of the rat hind limb
with artificial oxygen-carrying hemoglobin vesicles. Transplantation, in press (TPA-2014-0748).
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DURITYL2 S6
IF70E >RV ALEIZEREORRERE
OMZ=/B"Y, N1 # 2 Takashi Yonetani®

VTSR SRR, 2 R EE 4R, *University of Pennsylvania, School of Medicine.

[#E] wiEtiE 202 CERBL TOMBEETIIML TWD. —JF, FHEBAINIRS & & DICHMRIZEL KL TS, £
D72, NEZOE Y (HD) DA b BFEME 2 A RKODB I LIIAEHRTHA. I+ 708 2 (Mb) DIEFEBANEIZE L, MEE
ke UTHREL 2w, FA72 B0 Mb ORERBIAIMEZ TP CREREMRICEIR T 272018, NAGTHEE SRICEZ kA kil T
Wb, NADOLRBHIEAS T, BT LFICE2 708 OB TEAL 2205w, T2, 4TRSS L Mb (X
Ho KD ZETH Y, RIRFICDRVTWS, S TREHZBAAEEZZ 2 2 N2 ERTOMBE L Mb 2 v 72 N T EERRO
BHFEIZ D WTRR D,

[fEREEE] MbOEEEBAMEZZEZ 5700, NA% AN Z - ZHEOFHER Mb 2 X TUT O R 2 1472

1) NA-Z O VEMORIEZNZE MbANLESr Yy MHOAXIZZOE VIZYVFEATN, ALY OANL-7 TV vl TllE X
NTW5E, ALIEZNESLLTZBE Y EOEMKRSTE, NAIZMOWNEBTH-L AF YV UHE T b0 ICHMEEES 28 % %2 Ao
72V bbb, AEOALIESWTRENEZED. LaL, 35 CALERELLALEZ LD MO Mb TRRFBAME 2 ik
L7-L 2%, BREBAMEIZIZEAEEDRWEHIHL 2.

2) NAGTROWE ~NAZEO— VNG TRORLIERFESTTHE Cu— VRO ZIEFE»HEFE - B - A% 004
Wk LICEZ ST EERRLT 1) VEEKEZDL o7, ZNEOHEEARE Mb IHARAZE 25, EEFEBAMEE 100 HRELED
HWHTER L7z, I, BEALEIV T 42 )MbEHDOEA, Py=7Torr BX O 37Torr 235 572, 25D Mb DR EHkEE
FEHRMERDD D EFBETH Y, MbIZd &0 BEEMABHA~DOHEM & 72 57,

3) TNV Mb ANV B (COICER LTINSV PALIE, ANAAGVPERIABP TH W HHICREEET S, Colll) N ZHL
FHIAATZTINN T Mb OFEFBAMEL Pepy=50Torr LK<, BRFEBMAENIIKE M L) HEEICMEL TS, ARG TOBRE
FOL BB 23% L ARIMBRZ: AITKE V. Co(lDMb Db ) D ED DN, —BRILKFE(CO) LA LAV ETHE. NAHFETTE
5 CO RN TY V' F MEEST & LCHRET 5. AEFIMILED CO 242 LW Co(IDMb 1F, ZDETHENENE LD,

[#558] ~2ZEH L 225 Mb I3 A TEERERA L LTHZETH S, L ICABALRL TN M AL TIE Mb DR ERKRE R I
R A ET 5.

[3zik]

1) S. Neya; N. Funasaki, J. Biol. Chem. 1987, 262, 6725-6728.

2) S. Neya, Molecules 2013, 18, 3168-3182.

3) S. Neya; T. Yonetani; A. T. Kawaguchi, Artificial Organs 2014, 38, 715-719.
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YRIT)L2 ST
L ARLAMIC L ZBMBHAEDTR & 7 DEYERE
OdbRrkse, nwfitia
[A) AT R A Bl T A2

19734E, J.P. 2=V VBl Lo THBESTEZWHENISHEETAHDOIFZ7a by EFVEE “Ery b 72V ARKVT7 4 ) V7
BER SN, ZREKR, Be BT 40 V80D R E HV72BEEAIOONTE. L Ledr s, BHRoETFTIVEEKRITNE
NDERDOEBEBP TOAMBEZFEAL, EARNEF UBREETH 2K EBARE L2kIBIE, AT TIZIZEATHEShTuwin,
KDALY, PLE0D) O HBBILISAE LSMEIN L ZEDPFENTH L. Rkora¥y sy yX2BERUE LI, Kb
THLEED FBIZ I 7 u RBURBRBE # T 5 2 L 3D TREECH - 72,

AF ML 70 FTFZ MY Z(COIIKRPIZBNTELT 4 ) YD EEEEZ L, Fv7 4 YEEIZECBUKYE 25 b il
J. AOWIEZS V—TTlE, TOBLITEHL, B TZHMAAAZZCD ¥4 ~—(Py3CD, TI)ZHWT, K - EiRCu iz
BEZREETHETFTVEMR “hemoCD” DOERISEII L7z (FTRDY. BAET TIZ, 2D hemoCD D4 FREMEICHZEZ T 2 12X - T,
XEXF MM AEAT HMEMAERER L TE MY, KETIE, hemoCD B & N Z ORBAOMEEBANE, —BILREBAYE, AR
RALEEEE, T v FZHOLEYEIRLZ EDOF— 5 2R L, REOHIFEOEBIRIIZOWTHAT 5.

2% ocn OCH
H3C0 o 3 HCO O HaCO 3

(o)
H300 OCHS

o
HsCO OCHj
g
o 0 ° OCHSHSCO ocH;  Fell-Porphyrin
s 0 HsCo~ N
—_—
N HyCO Tj/\

o
O OCH,
HaCO o Haco
OCH, cho OCH,
HaCO o OCH,

ocH
o—% )\SN\GCO ° ’
d ocH, Hoo D O%HS

HsCO  OCH; ¢
OCH,
Py3CD

Figure 1. Structure of Py3CD and its inclusion complex, hemoCD.

[3ziik]

1) K. Kano, H. Kitagishi, M. Kodera, S. Hirota, Angew. Chem. Int. Ed. 2005, 44, 435.

2) dbieZise, hMsiE, A LMiE, 2009, 17, 160.

3) H. Kitagishi, S. Negi, A. Kiriyama, A. Honbo, Y. Sugiura, A. T. Kawaguchi, K. Kano, Angew. Chem. Int. Ed. 2010, 49, 1312.
4) K. Kano, S. Chimoto, M. Tamaki, Y. Itoh, H. Kitagishi, Dalton Trans. 2012, 41, 453.

5) K. Karasugi, H. Kitagishi, K. Kano, Bioconjugate Chem. 2012, 23, 2365.
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HemoAct™ DI E &M H & UL LM Fh
OFARMY Y, MILFEY 2, WHEMEIE? ¥R 2 WO S, ARSI Sl fce, ANEeEs e Mz
PR AR AR, 2 BB SRR IR, SRR AR, REARR A

[#E] #H‘A4IZAEZOVE Y (HY) OHFREEEBMOC MiET IV 7 I ¥ (HSA) ZEaSE2a7-Y 2 VO (NEZOE V-T )L
T3 V)7 T A —(Hb-HSA,, HH % “HemoAct™™) ZFA% L, #HL WA LHwSFERAKL LCoERLE B LMD Twn s,
A TIE HemoAct™M D MLE A TEB L LM iz i L -0 THiET 5.

[5EBR] E5Hb)E bovine Hb & HSA % " EHHEMEZUGEHA] Succinimidyl-4[N-maleimidomethyl] cyclohexane-1-carboxylate (SMCC) THi & L 7214,
FIVAHE s~ k757 4 —(Superdex 200pg) 12 & ) Hb-HSA,; (HemoAct™) % Higf L 72 ([Hb]=5g/dL). Hemox Analyzer % i\ CHEEFHS
A I A A E, BRRBAEOIETH S Py, Hill 5% (n) 2 P65 L7z, HemoAct™ /I (11 (viv) ) A& TSR O VSR, AR ILER
(RBC) %, HIMER(WBC)%L, IM/MK(PLT) %, WEMALERS ba v R 7T X5 VIR (APTT), 7a hu v E VR (PT) 2 & L@ &7
FEME L7, ¥ 72, Wistar BHEME S v B IC HemoAct™ % #%5- (6mL/kg) L 722 D ITE 2 b 2 B, IREERIS: (7 HR) & i b iokes
FHEML. X512 L 72 HemoAct™ % Wistar SRHEME S » M ICHE5-(2.0 x 10°cpm/ VE) L, it il 1 o R % 81 L /2.

[fEREEE] HemoAct™®D Py, 1 9Torr, nlx 15 TH o7z, HEEEILHE EE (ky) 1Z 0.0350h" TH 0, EEFEEEARD L LI native Hb
(ky=0.037h™) X Y BEK L7z, —fICIEH Hb 550 @ k,, 1% native Hb & 0 B < 72 545, HemoAct™ TlIHL Hb 25 HSA TEHLNL TV A7
B, NAFKOBALABHHEI SN TVWD EEZBND.

HemoAct™ / IfiLi& (1/1 (vv) ) IR D $ 0 s EEd R d FE = = — b AR L, 30 8B 2305t 12 B1F 2 4E1E 3.3¢cP ThH - 72,
RBC, WBC, PLT ZUIREHIIKAFE L TEILL, BAREKT T2t fo/z. 72, APTT, PTICOELITR SN T, MMk
FIREIC BT W &b o 2.

HemoAct™ % 5 E# I — @B O MEZEP RO 0D, 10 5 LINICIE HSA(20g/dL) 5.8 & FS 2 R Lz, 5% 7 HEO
REBNE, 7 HEOMEALEIREORIIE, KEGH, HSARSHEFEETH -7z, HemoAct™ o IfinH -8ty (t,,=18.5h) IX HSA
(t,=11.00) £ 0 B EL, EOMAHEERY S5 & %o 72,

[#55&] HemoAct™DALEEMIE, MEREGNE, MEEEEREMRA, S, BVILEEAERH S 2 & ko F M E AR, T
WE A H HemoAct™MDZEMNH L 0 & 7o o 72,

[3zik]

1) D. Tomita, T. Kimura, H. Hosaka, Y. Daijima, R. Haruki, K. Ludwig, C. Béttcher, T. Komatsu, Biomacromolecules 2013, 14, 1816.
2) H.Hosaka, R. Haruki, K. Yamada, C. Béttcher, T. Komatsu, PLOS ONE 2014, 9, e110541.

3) Y. Daijima, T. Komatsu, Chem. Commun. 2014, 50, 14716.

4) IMASEZ, b5 & T3, 2014, 67, 677.
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Size Effect of Hemoglobin-Albumin Microspheres on Cellular Uptake and Cell Viability
NEJTOE> " TIVTITAI0OXRT7 « PTRATIERREREFOMHBRY AAEEAXEEGHICEZZ UM
ZANEE)

O Yao-Tong Lai', KHFk— 2 HASHEM° dRBE—° AT, Frlm -

PROUR SRR LRI ZERE, 2 B AR BB R AT 7E R,
PLABEREBRSE T AV — LR, WROR A B JE T

Introduction Artificial hemoglobin-based oxygen carriers (HBOCs) are required for regeneration of large 3D tissues in vitro. However, cytotoxicity
may occur due to the cellular uptake of nano-sized HBOCs [1]. Shirasu Porous Glass (SPG) membrane emulsification technique is an efficient
method to fabricate uniform emulsions due to the narrow pore size distribution feature. In this study, we apply this technique to prepare uniform
micron-sized hemoglobin-albumin (Hb-BSA) microspheres with different diameters, and investigate the size effect on cellular uptake and cell
viability.

Materials and methods The disperse phase (2 mL, contain 10 wt% Hb and 10 wt% BSA) was pressurized by N, through the SPG membrane (pore
size: 0.5 - 10 um) to the continuous phase (20 mL kerosene with 1% TGCR), subsequently cross-linked with 10 uL glutaraldehyde (25%). The size
distribution was determined by WinROOF software. Oxygen dissociation curve and Hill plots were measured by Hemox analyzer. Raw264.7, HepG2
and HUVEC cells were used for the following experiments. Cellular uptake study was performed by flow cytometry by measuring the
autofluorescence from Hb. Cells were loaded with hydroxyphenyl fluorescein then treated with microspheres to perform the reactive oxygen species
(ROS) assay. The biocompatibility of the microspheres was examined by MTT assay.

Results and discussion Uniform Hb-BSA microspheres were successfully fabricated with diameters ranged from 1.2 to 18.3 um, CV values were
below 13%. The P, values and Hill coefficients of each size of microspheres were around 9.5 mmHg and 1.4, respectively. Raw264.7 phagocytosis
microspheres below 5 um as well as the detection of corresponding ROS; while HepG2 and HUVEC cells do not uptake micro-sized microspheres.
Size dependency of the microspheres was observed in viability of the three cell lines. Therefore, the effect of the microspheres from the outside of the
cells such as lipid oxidation might play an important role in interaction between cells and the present microspheres.

Reference
1) K. Montagne, H. Huang, K. Ohara, K. Matsumoto, A. Mizuno, K. Ohta, Y. Sakai, J. Biosci. Bioeng., 2011, 112, 485.
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Y RIT)L2 S10
BMEYA470 - F/NTIUGHRE RV EELRERTA DI
OHEPIEA ", HAE—? SHEII—2 HAMT R
AR R R PR RL A GE R, AR PR R S e

(BE] MigehipsMEIc X 05l &k S RS e RR (ARDS) (&, BUEA TP X 2HE BN 2 SN T0EHDDRK
ZPAFEV) BWIRCEEETLHRETH L. ML L TEVWREETREL A3 2 A TALAW perfluorocarbon (PFC) % Hvy 72584
WA (TLV) 2580 S 7228, MEBEARO BIEIC X ) AR S AP MEMICH 5. €2 T, HLIZOMNTA ZFHRIC L HK
HTOBWIREED S A A Kb OBREEEON LML~ 4 70 - 5 /7 37V (MNB) IZ#EH L, MNB i % PFC O1X
L LTV~ % BIF L7, 40N, MNBIEOA AL A @R L TLV 5 5 085 % B L CERili L 72.

[FiE] EhHEZFALATLY VAT 2 %2MBEL, invitro B TIZETFVITZ, invivo BERCTIEETFT VT v M2 ZRENMET L7729
BRAAT - 72, (FEBR T )in vitro 5Bk & L CETFIVIINORATA L 0 372 AR0OBEGEZME L. BARBICEANEZ B E U \OE
FHREEREND, KRB THET 2MEL ORISR EELME L, WHBREEELZHMN L. (F2B 1) in vivo B Tl3HE
HLZTLV YAF A2 HOWTTLY %247 -o7. Aline XV E=4 ) U7 LAMEB I COLHELY 5y FOIREZHEHELBESL
WOMFE e L AR E OBBRZIMM L7, (FERID6 4 HEL LD TLV 24TV 2 D% A LIPS IT 5 2 2170 TLV 205 O 5%
ZikATz. EBI THWZEMEE A Aline X 0 $RIL L 72 ML D A A 5H % 17 - 72.

[BERBLVUEBE] LRI, BESA 70 - F /NI VGEHEIEAREE KON TR OBEGTRZFOILPHLL LR o7
FEERT RS, TLVETNV T v s 40 5L EDOEFZER L7z CEREE KT 6 00A). F72, BEER L& AHFRMICIEDOH
APRO NI EDOBMBEETRDOE S LB L ) EFRMOERESHGF S NG, EERI 25 TLV Bk H# N TIFRERIC X 50k
FHCIMPBEMAEL X CMEOREIHRATE 2, LrL, ZBIRESTEBL P pH ZIEHMEE CRE I L 2 L3 TE Lo
720 S, WO EIIIRE SN e o DR ENE L EEZONS.

[#E5R] ME~A 270 - F IO NTUSHHIIMNIBTOREF v 7 — L LTHEEET A 2 L 2HEATE 72, TLV O34 £l

IKHFEAE L T B 72D IRFZ A ZNIILHT 2 b O D BALIRFZ DI E DK D T &30 o7z, ML Sk z = & B TR
WERLEERD.
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YR L3 S
ATM/ME H12 (ADP) URY — ADSSETE - RENEE
P FL ]
T K 2% B T 2240 Bt

[E] #4132, GHATF F(H12) # FEIHFEL, ADP 2 W@ X872 HI2(ADP) U BV — 4%, ILIIiEZ AT 5 ) Ky — L 5H &
LCHZLTEZ RURY—2E, B2 A635 6 HEOGTPESG L THEDEGHEZ KT A2 LICX o TRAHAIT
Hb. FOIDEDHLNTTFEITE o TS N7 OREE OMERER K5 O 1 & B ATV, BEHIPANICSH 2 2 & R L7 T
i ORI NZRITFT TR S v, AEIE, KFEO LFRENOR S N7-5E0 b T Ky — ABFOBE TR - WEOBENE T
L72DDY AT AOWEIZOWTHRIET 5.

[FiE] RVRY—2BHOHRBTAL, HI2 G PEG IREOA AR, IRAIREOHE, ADP NG RV — A OB L 5 ONTRN
W ADP DR EIBIEORE, ORELILIHENSOL L. AT —NVT7 v THRERT, KRBT AN —F—LERABELZEAL 7.
F TR LR E TS (SOP) & LTXHILL, BICIh2FEMTLOF v 7)) A b L7z

KRV — L BH OB, BT ZF 000 @IOEHELD), ¥— 7B (=¥ 4 =), AR (NMR), H12 g R (306),
M ADP /KM ADP O (HLPC) IZ & » TRODE R E L TED 72, ZMEIZBWTH SOP 28, Fxv 7 A MebUIlA
T—F—%LT7 ) FICTERL, KEEPHBFRICK > TR SN EHRICL:. SRH6DOSOPRF =y 7Y A b, T
EVTF—=F =137 5 FETEREIN, HEICXE2F 2y 7 b W0ICHET AT A%, /-

[(ERBLVOER] KFEOMRIZFHLUZAEDANED Y WL L, T4 OW%ET — < ICIFALEN R b DI RD NG, HiE-T,
BEVCHES. SN O K32 H T 5720121, fETUTZ 52000 5\ SOP DENLIETH 5. REEO R 2O
EHIZSOP L F v 7V A Mo THHW, T Y 72 ERTCHRBEOETLRME TEX A720HER L, MERLBm 2 R0 AAR
I S\ SOP ST AT ENTELEMbNS. £/, Fxv 7)) A NSRS OB TFIARNERITL, ZOBEBRE % HE 5L
L7z, 605 VollEa L, MIvkzEe T 2o E L, SOPRF oy 7Y A &R N—Y a3 7 v 7 T& LK
ZHEMALL, COMAEHIIEH LT LAV EDEZ LD DN, KEOWR FAIREN 28I & 2 e & e X 5 3410k
BELPDDLEEZ T

(#5R] KRFEOWZIERAMEEMAD A XN RRINAKAFTT 25 ENL A, ABIZEE SRR 2 B L7z ) 58I Bl gin s 5 B

FEI27 2 E B TRELHMEOEMAELEL 2 ), BT A2 KGNSS H 5. ZO72DIZ0 P HSOPRF =y 7 1) A b
DG X B RKFOFM ORI S HBISAEREL L LB bNA.
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Y RY ) L3 812
I/ R AMREE IS B (7 5 /R H12 (ADP) U K'Y — LADFAEIREERT

ORARRA ", WP Z Khl 820, 88 B EEEET, WIS KT %° ®REEE S BHEEERS PE 6o
ANFHEBER °, il At

PREACK SRR, P SO, O iR, AR OR SR B A B, BRSSP A

[#5] H12 (ADP) ) RV —2A1d, & MIUMIZILES 2 IRz R 24T 2 2 L0, MM & L CoRIH A ST
W5, EYOKNEIREZ, FERRRER L O ORI B W TRHELRERTDH ), BREHN THRES NS4 DM T, M
WPE, A, ACHEHE R OISR BRI A BRI S A LB D B, KRS, T/ ERMOBFSICE T HIEESG W 1 WM ESE ST O R )
TV varNR=—3=12%, BEWVOBE, SENBEFNTOFELEEAHLIN TS, 2o k) 2EFRODL L, H12 (ADP) VKV —
L ORNBREMRATICI D HLA T X 7242, 4alld, H12 (ADP) V) KV — A DWISHEZ ZE L, M/IMURAIREEIZ BT KN EREIZ O W
THERT L 7z,

[3RER] MUV/IMRAHEE T VEME LT, 7TAIVT 7 VERSIVMGEE T v b & RPN IMGEAHE S v b % Fv7z. H12 (ADP) V)
FY — LN, IREBEKSO L AFa— Va3 H T, WL ADP & “C TEMLL, Btz E=41) 7452 LT
M L7,

[BREER]  M/MURAERICBIT S H12 (ADP) V) R Y — A ORNENEZ T L7-& 2 A, REEI L T, A2
TLTWZ2b o0, TN E BB oA L CREEs %1, IBEBIZER, WSz ADP IZRPF~FEE S 7z, F72, I
ERMLBOON Lotz MYBLZG LEZA, BFEWTIE, PEGILY RV — 2 BADHERIEHIZB U 5HEO—>TH 5
“Accelerated Blood Clearance (ABC) Bl 4" S &Nz b 0 ®, M/IMGEAIREETIE, ABCHEROEIN & % % IgM HUA D A TTHE DS
g9t L, BHFE % ABC BIRIZRRO b o7z,

[#58] H12 (ADP) VRV — 2, BEAETH 5 M/IMGRAIRE T, M/MUCED & L TR SN A RNBIREETE 2 HF L Tun i,
F72, MOBRLEGRHICBWTH, ABCHA AT ERI LI WITEEEEZ RN L3 TE 72, Thh b oML, H12 (ADP) VRV —
L DERIGH 2 RIS AN S GE, AN RIC 25 L Bbh s, B, VRO MBS IRNBIEMRNT O E)i THLE & X
N D S ARAT L Wi 72 R IR O 2 5T L T 4.

[>cik]

1) Pharmacokinetic study of the structural components of adenosine diphosphate-encapsulated liposome coated with fibrinogen y-chain
dodecapeptide as a synthetic platelet substitute, Drug Metab Dispos, 41, 1584-91 (2013).

2) Pharmacokinetic study of adenosine diphosphate-encapsulated liposome coated with fibrinogen y-chain dodecapeptide as a synthetic platelet
substitute in an anticancer drug-induced thrombocytopenia rat model, J Pharm Sci, 102, 3852-9 (2013).
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AL/ R /H12(ADP) U 7RV — L DB RERVHE ST
—in vitro &LV in vivo (CH T2 AT/ MrROEENCRET 2 BIENEE—

OSSR !, FIEA 2, AT %2 REEAS CPH e

PHARBERK RIS vy — - TR I R TE R, BRI,
* RSB Lopalrbe, * BRMESEA R R i - Mgt > & —

[(BE] 7479 /77 g8iCERImD FTFARTF F(HL2) 2454 372 ALIMVME H12-1) R Y — A1, b MIVIMGRERD 25 — 7
VBIUADPIZX ) ER I NS M/IMUEHERIRES L I L2 MG L TE 40, Moy v URIEEHE 72 3FREBHERICBIT 5
H12-U RV — 2 DOZE B X ° ADP # W@ X ¥ 72 HI2(ADP) V) R Y — 2 D7 3 FHH LT 7V TO NI/ D 5345 % BB E#IEE L
7=.

[H:E] 1) invito OBENE, 3.8% 27 T VEEF MY Y AZPUEEHI L LT AR T 5 1 7 OREIR2? SERILL, 3.0 LT IIMK
4% (PRP) ##4C, & 5150 L TAL v b % HEPES-Tyrode i TP L 72 MM & FIV 72, 24T HL12-Y) R Y — 2 (i
2mg/mh) 2N, Na Y ¥y ORFGREE 0.1UmD) 2 A T 37C CTHREE F 7213364 T, 10, 30 B L U5 EhE L, ek, wHHR
Bre Lz, dUSBEWA 281, Y9 FHHRPUE S5I1ICa0 4 FEEm T kPuk % ) RS REECTHE Lz, —ifidfaksf
Wil 7)) AETHEE L. 2) invivo ORETIE, M/MEE % 19.5+5.8X10YmI~5+0.6 X 10Y/ml IZIRD 872 ¥ T o 72, T4b
%, FKMRENRE X O KBEFIRIC T =2 L —3 3 ¥ 247\, BIRIGBL & BIIRE S M, RS s & O & L, Bl & %5
TTFHRADNT VB L OWHERMBROIMN 24 0B L, /MU ZRDSE2. 2ok, w3 FE2HBEL, KO —3E12 Derma punch
(BEE5mm) 28 L CEGE, 86 S+, oozing Il & F 5t S 72, /N — 2 H FIC X BFEHILMZ 1TV 2A5, 512 H12-(ADP) 1) &
V— A mREY7-D 20mglkg 5 L7z [FRES, 385075005 5 56, BIXO5 4505 10 skt o s 2 W L, 1k %
RTEZLDDOIIMIEL, HaHIlEE 24 BMOEGTFRICOVWTRELZ. 20X ) Ry Fo—iIZFHMESz200 B L, Bk
kR L L7

[#ER] 1) HI12-) RV — 2% fEEBHY RT3 5 L, EE 100~400nm BifEORLT-IRZ/R L, VARV — 2N R
Blgt s N7, RIEBREETIE, HR2 OFERRTER T2 Ry — A FICBRICHA L. 8L 7Y AT, U KRy — 23R
B s Nz, M/MRIC HI2-Y Ry — 2, E5I2 My a2l CHFET S EEEITRI L. /MUK X BB S 7.
ORI EEEECTBET L LR T TINVENLZY) R — 2030 LT, Aoy F o7 L7 HiETIE, MM
BHC YR Y — ARZHEILE SN, KBGO0 RY — J3EMAERER L7z FFEREOM/MITIE, )R Y — A3/ B L OBV
BRPICA SN 2) IHEBHTIEE  oRkiEk, PEoOAMERSE SN, BET? S RRm IR T7 4 7)) VIS F 72K
BHE B STz, BHESRTICIE invitro OFHEILEFI U X ) KBRS, Zoficy Ry —A»L LB sh.

[Z2] invitro B X Winvivo DFEERT, ATI/MIOY EY — 212 E DICHVMUERERICE X AT LZHE L. Zh b0
Bk, ATHM/MEDSIVIMEIRAIRE TH - T, M/MREENEZ KE T2 LIk > TERDOIEMICH S T2 0EE 2 5.
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2RIy L3 S14
IS 3 v ZEFOFFERIM (FRMEX - MR - MO 10101 &) & mRAEYEROFTREM

O#FPHEA Y, AT 222 WINTET S MIECE Y, ZENEAN°, BIpRae®, mREER °, FH W°, AR B 1BW 2
VAL

bR R R R A A B, 2 SR A, R, DR R AR, ° LR R A S B A, © BRI R A,
"B ERIRAEAL - BRI Te R v & — IR TE R

(E] A MR/ ICIRE THEATS 2 MK LT, H12 (ADP) V) R Y — A3 528 /MR L & [/ 55 o 1 s dn kR 2 260 L, b
B & UCHRET 2 2 &AM LT &2, —J)Chal, Mty 5 v 7 oA IRIMER @ MM 4% 1:1:1THRF 2R
BAKET2IEMMERINTVL. SIS BMMAEHREIZE T 2 MY 5 v 7 S M/MIO 573 & FRMERIMAMLE & %5 & 9 7%
EHEZINMHRZERL, ZofaIER LT VHEEZHANT 5.

[REBR] 2kg ORECTHLIML &, /MK - 4R 55 % 50508 LARIMERO A ORI %D R L, JEERIEEOIZIZ 2 /5L %5 400ml D
MR %479 . S OMBETHbEA 6g/dl 2 T - 728812, H o0 Ud FF—FKEH 5 M E L IRERLERZ s 2 CFsik b5
gml). 400ml OIME AR T 412, NI IREHEME 2 MEk LIS i 2 2 22 5. I m#RA7 12 damage control (FE3E 1R & 1TV 72 2%
5, IM/MR - BEE EF o (Fi7S) 217 7%, ST RE KT 5.

[#EREEZE] 400ml QBRI T, FIFIMT (MAP)36mmHg, Hb 5.7g/dl, M/MEEL 44 X 103 ul (2K T L7z, ARMEREIMEE Hb 7.39/
dl FCTEH L FFEEHO M GRS 10 7)1 25ml & 20 0, BRI 1 (+ R MERER L) O AHFE L 728 TlZIRIAE T
LA R R AP I B U 7. MR 7S (B8 ] IR 7 + R LBk L) #1332 25 43Tkl & 1 75% A3 T & 720 A% I3RIMER © 1
AL DA 2 S ABEM THEBTE L2 EWF LT FETH 5.

(3K

1) Hagisawa K, Nishikawa K, Yanagawa R, Kinoshita M, Doi M, Suzuki H, et al. Treatment with fibrinogen y-chain peptide-coated, adenosine
5'-diphosphate-encapsulated liposomes as an infusible hemostatic agent against active liver bleeding in rabbits with acute thrombocytopenia.
Transfusion. 2014 Aug 22. doi: 10.1111/trf.12829. [Epub ahead of print]
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(NEJOE-FITI) 75 A% — “HemoAct™ D4 FigiEHE
Ok, FAMS Y HIAVIZ ARSES, Jull B DHER 2 MR
Dk TR, IR, BRI

[#E] ~E=Z70VCy(Hb) OGS TREICHEEMO MIET VT I YV (HSA) 2 ARKAE L2 (NEZBEY-TIVTI V)7 FAY —
(Hb-HSA,, 1% “HemoAct™”) # B L, ALERFMEMIKESA & L ToEMALE HIF L2220 T 5™, A#iTid, ko
Hb-HSA; (2l 2, HSA #E &5 %2 8% L7z Hb-HSA,, ¥ 5121% Hb @ Cys-93(B) % 4 T-NAUAE L 72 BRHb-HSA, Z i 7z 12 &k L, Z ohl
HEBFEEGRZASPIC Lo THE TS, T2, 2o 3FOBAIZ T v MG L7220l s o v T b 3l L 720 Thk
HTTHET 5.

[3288] & #0E bovine Hb @ PBS i ([Hb]=0.1mM) I2 424571 Succinimidyl-4-[N-maleimido- methylJcyclohexane-1-carboxylate (SMCC) %
Mz, Ho OG5 TREICT LA I FREERE LK, BEEO HSA ([HSAI/[Hb]=40 (mol/mol)) & Bt X85 2 L12 & D Hb-HSA, &K
L7z, 72, UEBEVEZUEH 1,11-Bis(maleimido)triethyleneglycol [BM(PEG),] % IV T Hb @ B #1235 Cys-93 % 2 T- P44 L 72 ppHD
RPER L, ZhE a7 & L7z BBHD-HSA, Z &K L7z, Hb &M ERED S HSA MG A JuE, SEAESKE 25 pl iz
WE L7z, BREBRMMEOIRIETH 5 Py X O Hill £2%52(n) 1Z Hemox Analyzer # W Ciltsg L7z, F 72 1R L 72 Hb-HSA,, Hb-HSA,,
BBHb-HSA, % Wistar SR HELE S v © (8 34) 1285 (2.0x 10°cpm/ VE) L,  IILH L #2841 % 8 L 72

[EREEE] SMCC KU HSA ORIMEZHERBED 2512952 LT, Hb-HSA, # 4K T 52 L3 T&2(Hb1 53 T-472 ) O
HSA M & 8% 4.2). 25715 (pl=5.0) 1Z Hb-HSA, (pI=5.1) X 1 & HSA (pl=4.9) 1200 &, EEFEBIAITEIL Hb-HSA, & il (P, =9Torr) T -
7z. —75, SDS-PAGE % & Cys-93(B) 2345 TN 4G L 72 BpHb DA % fERE. S @ BRHb % 2 7 & L THK L 7z BBHL-HSA, O %58 1
(p1=5.1) 1Z Hb-HSA, & A% TdH b, FERFEBAE, BEFESHARLEIEIL Hb-HSA, £ ) 2Rk L7z (P, =6Torr).

Hb-HSA,, Hb-HSA,, BAHb-HSA, D I il (1,,) 1 F N -F 18.5h, 19.1h, 13.8h TH Y, HSA(1,,=11.0h) X ) HEWI b h o
72, SNEKRERGTFHAL AL BdDEEZONA.

[#558] HSA A EZ MR L7z Hb-HSA, Hb @ Cys-93(B) % 5 T-INZL4E L 72 BBHb-HSA, # & L, T O, BB EZ S 2
L7z, 9 MEGHZOMFPEERHEFRE D 5 Hb-HSA,, Hb-HSA, 3 £ U BAHD-HSA, D t, Zill%E, WIhdEwIilhiFEtEz2a8552 &
Hhirorz.

[3zik]

1) D. Tomita, T. Kimura, H. Hosaka, Y. Daijima, R. Haruki, K. Ludwig, C. Béttcher, T. Komatsu, Biomacromolecules 2013, 14, 1816.
2) H. Hosaka, R. Haruki, K. Yamada, C. Béttcher, T. Komatsu, PLOS ONE 2014, 9, e110541.

3) IMRRZ, L% E T3, 2014, 67, 677.
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KU CEREEHE 700 BRIV E BV - HRE AL I OB 5
O #', MBS &7 @° KH@R—* WHERL K& 6° g
VAN TRIR R B TERIGER, * HOR R TARTER, ° RSB bE, * SRR Bl R A

[#E] B, BIRBYCEB bt —227 4 7)) U7 EDHAERRETIEIA & LTSN 25, RIEOWKRLEBYIED ) A
AU ColoFacd, INSEWEROTREDSMECAERBAECEN e T T VB (HA) 2V 2 MREMO S L ThH
% HAX 7V &, IR 2R $HECTH 5 E Y ) Y (PolyP) 1I23EH L7-%. HAX 13 HA @ —#B5I2k F 5 ¥ N34 154 L 72 HA-ADH
ETNVFE FEL7ZZ HA-CHO 22 5D, WiHEZRET 5 L THBMER SN, R CEeP Iy VEERTE L. $72 PolyP i3,
MR O PGSR AFEAE L, IR B S TSR 5 2 7 — FOBEBO A7 v IG5 L, ImEhE2R$ 2 L ANTEN S 2012
) DODH 5. AWFETIX, PolyP THEHI L7z HAX ZF VA ER L, 2 iR EEOFBURITIEIIMF O = Hig L 72

[52B&] HA-ADH(HA 437 800kDa, 15£fi% 56.3%) Dt KT Y FEO I L, £ I F V=V THEHLLIzAFH 25 ) VR (E
A 13) T, PolyP 156 HA(HA-PolyP) Z & L 72. FT-IR IS THBROMERZIT, FUVTF U TV —EICL 5 Y OiiEIl L -
T, PolyP DBfiFR 2z Lz, 2 LT, ILMAEEZRFTT 272010 MEEME(27 7 b a—V N YA RA v 7 Z8) LERFEIZX D
B END 7470 YOV 2 MR ICETREZR Y 2 27 0y M (MILAL) 2T, GHIERIASEE L R WRT7 4 7 VRO
BVE AL & A L 7.

[#5R E&E%]  PolyP 2% ADH (2% LT 7.06%, HA 4XfED A )V R ¥ 3OV LT 3.97% 154 & 4172 HA-PolyP @ B2 B L 72,
L4 % F 72 1R R SR & BEGE L 728528, HA-PolyP OFINC X 2 30 EAMER S N7z, Lo T, HA-PolyP O—»37 4 71) V##k
MEERFICIN AT N T 7 4 70 YEBERET 52 EAVRIREN, 70y MR EAINE L, SRR L Twb &
Zz oM. P EX D HA-PolyP % iV 7z 2 IR GBI o F BRI AT & L COFHAIIRFE S5,

[3cik]

[1] Jean E. Bjorenson et al., Journal of Endodontics, 1986, 12 (7), 289-292.

[2] Hardean E. Acheck et al., Annals of Surgery, 2010, 251 (2), 217-228.

[3] Stephanie Smith, James H. Morrissey et al., Proc. Natl. Acad. Sci., 2006, 103 (4), 903-908.

(] v/ 7oy MEEEZBRELWAZW IMIRRSHIOEHER L £

ARTIFICIAL BLOOD Vol. 22, No.l, 2014 31



—i%EE 2 G3

7 v MEYIBRAWEHELETIVICE T BAETOE /M aFR 5% ORIREA

Eoe

S

OMBGEME, fLEY | e | PN 2N EA N, WHRAKC, AL
1 SRS YU SR Y A T VA 7 Y S 2 AT S R E LAV PN S R e e

[#E] MW E LTHRESINATZ O VMR (HOV) ZANEZ o ¥y Z2HRYo e MRk SREEEL, ) Y IREN
WK N U 72 /NERRE 7~ (B 250nm) T A, MR L, w4 VA EOBGIRZ PR L, SR T 2 EM LOWRELTRETH ),
INFTICEWERIIB W THEEERAKRE U CTEET 20 s, Wy 3 v 78AERE L ToRR e ZaENFEIHESINTY
5. BAFFMPORREHIICTT 251280, RIMEREGMLO BEAEEL 72 5 LF SN TW A, 2 TIAYIBRAT I K m
M3 2HPETIVE LT, <7 A 40% B % 17\, FERC AW 2179 € 7V &2 VE L HbV $25-0 G50 & 224tk % ik
LTWaA, RERTIET v MR L THIGIBRM 247V, ARG SR IR 0 30 % % B3~ 2 Filib) B 4ir 50 HA O 8 7 2 1 L 7.
BUMMENIREE= %) ¥ 7247\, NEZ Y /MRS DEBREIREIC RIZTREA ML, NEZ b v/NMakES 0 F ) L %
EMEBEET 5.

(=88] Wistar 5 v b (HEPE, 8 ikh, KT 250~3009) [ZFREEZ AT 728, FEBIIR & SEEHIRICH = 2 — L 29 AT 5. BIIRE BT =
VYT REBT A, RIOME L, ATLIPREHCHESR L C— R 10ml/kg body weight, [FBHI%L 80/min, PEEP 2~3cmH,0, FiO,
021, ERTZ7NVL ¥ 05~1.0% THFET A, HE5IIBMML, MM 22—k L%, Alizbks s, MEOEENIERL, SaEhk
H=2—L XY IERIERD 30% % Biid 2. Bk SERoNE s oy /NURSHEESEEIRS 4 > 2 5Es 5. 20,
BIREDMSEE=5 ) v Zhik Litskd 5. ML PR2# T35, ALNRSGT kD, BEWRL MHERE KET 5. EE=%
) VA 1R F TRk 5.

[EREER] NMYERED T v~ OPGEGERTINE X 100mmHg i TdH - 72. 30% OFLILIZ & D 30~50 mmHg F£EE D MUEAK T % 728 7275,
NEZOE VRO G X ) ER T E EA LB L, #5510 5 TOIME L 110mmHg fiETh -7z, TOH B IMTEER 1
WL EMERE S, PIM L CRMi2# T L, ALFEZED? S OB iETH - 7.

(#=R] 7 v MHOREAMGIMILE 7 V2R L, ~NEZ 0 E 2 NEORGIC X ) MIEAHER S WEREEAZE L. NEFUE
YNBSS R, IRBRAE DMK 5 A Bl G BR TR O HHIMIZ B\ TH AR TH B W REIEAVRIR S 7z,
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R MAERBEICHT 2 ATERRERF OREIRIVIR S (C & 2 iaBEHE
OfERIHE, B, LAHR s, BOU, wai
A K AL

[#E] #Hxi1Ex7 v bo—@PEhRINEIIRMZEE 7V IMCAO) & HIvC, IRILFFHEG (I/R) 55 o ft H T A T M 384 Liposome-
encapsulated hemoglobin (LEH) % P S8 BRI IS - L, BUF R LR 255 2 LD kDT, ToWF0ELED
EOTHET 5.

[8&] Mo SD F v b THBETICX S MCAO (2 B[] 24TV, ¥ O FHER % 3 % #f (control #), FIRLEMZEEIR X V LEH % #Eik
T AHRE(LEH ), AERLAIEAK % HER 3 % B (vehicle #f) Z VBB L7z, LEH 13 Hb iREEAT 69/dl O b D & 20mi/kg THH- L7z %58 ED
T, OHIMEROGEAIIENC E X & E 7 2 KR 5928, OMERGICHEE 2B W2 156 5 5 EZRO 2D ) — A0 FEE %17 >
7o KTy ML D 24 WIS 2 5500 L7215, BRI Z R U<, MfisE, FEoMPA% TTC Jeta TR L, 4FhEko
P24 % myeloperoxidase (MPO) @ Western blotting TEElli L, MMP-9 ® 5831, {if%: % Western blotting, Zymography TaFli L, i I i
B (BBB) O fi#e % Evans Blue O iR = TRl L7z, LEH & HCRIMIROMBRMER ORBEZ IR 35720, EhEhe  Hb fifk
& J v b Hb PURTHRIEGRM 1T, FORERTPHZ LM L 7.

[fEREEER] HFREEE L LEH #£ T control B & ) A RICHEE , INAFZEIRRE 1T control B, vehicle #EI25F LC, LEH B CH R ISHiI/NL,
F72ENE S LEH #ECHii/h L7z, MPO @381, MMP-9 58L& i1 d LEH #ECHIfil S 7z, F72 LEH o512 X ) BBB O#ife b
WAL SIS ORAES I 2 B 5928k & 15 54 5B TIRIZHSETH o 72, Hb ORIERA O R TIE, /R SIS/ LA
PHZBWT LEH O )i HCARIMERICHANRT, X OMNRIMEZER L TB Y, LEH IZWHWITHZE % 3K L 72y 128 W T HRIHM
ZHEE T ATREMEAE 2 b7z,

(#EER] S HOBED S, REIIRK LEH 3523 MEROWA 2 50 MHI L, 72, X0 BUN S SRR ISR 285 5
CEITED, MERERRZ L TV A EE R SN AT B R R M A E O W RETE O & B FREMNEZE IS L Tk, 2D
LEH $5-250 72 IR D — D DA R ) ) 2 b EZ bhi.

[3zik]
1) Shimbo D, Abumiya T, Shichinohe H, Nakayama N, Kazumata K, Houkin K. Brain Res. 2014, 1554, 59.
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—figERE 2 G5
CD68'CD206" 7 v /N—#lFRIRAY 7/ MiBMEBI DR Y FA —IFM~ >/ —ZAFIVT IV IFEaHTFEE*
mHlI$ 2

Oful i, wiHA=RRY, HEAIE? RS @ AT KT 4% NHUER
PREARK AR, SEMOCA SR, G PR R

(] e, 7 v =Bk BB R 4~ O RBEOERCERICB O TEELARHZ R L TOLI LWL ER ST
W5, Eifge T, 7 v S—HIBRE O~ v ) — ASFERICER L, v v ) — AR AT M2 E MIRET VT 3 ¥ (Man-HSA)Y
W2, SUBNVHEIRE LTFF—NVEEA LY v Ss—HIRINE F  PUERILH 2 B 72 R L, 2 0 EEE & T 2 S ik
EEFNT T A% HWTRE L7

[32B&] Man-HSA IZE 7 7RSSR L DAL/, Man-HSA % 2- 4 3/ F 4+ 5 Y TSH BT 5 Z & T, SH-Man-HSA Z{EHL L 72
(SH AFMEE = 7.5mol SH/ mol Man-HSA). 1) 2> % 39 Y A(Con-A) #5898~ 7 2 DAERIE Con-A (0.25mg/mouse) % #IIk P Hi [l $%
H5LT, 2) 7 73/ 7=V (APAP) FHSNTF R~ 7 XA DIEKIL APAP (300 mg/kg) % IEHEPN Bl P 5 L CHER L 7=.

[fEREEE] SHILZEALAZ LT, SH-Man-HSA T T A ViEEREIEE L {JUE L7z, SH-Man-HSA ORPFIEYRE 2 #eid L 725528,
EHIRIF% G- & L7z SH-Man-HSA 133 2 2 22 S L, WIS OA§ 5 2 &, T2HBA TR~ > ) — 2 2B K2/ L
T o N—HICBAITT 5 WS E ko, BLRZEWT L 12, SH-Man-HSA X2 v 7S —#lll (KC) o T3 CD687/CD206" Al
BRI 0T LTz, ZIEE Con-A 4~ 7 212, SH-Man-HSA % EHIRINIE G- L72 & 25, ZOAGERZAEEICYewE L. SH-
Man-HSA X, Con-AJF%~ 7 X DFREEZ A REICHH L7225, ZOMEE#HTH S HSA, Man-HSA K U SH-HSA Tlid 155 2 11 #%)
BPED SN ol TOIEDDL, SH-Man-HSA D6, SHIEE <Y ) — ZRIEOW AR ER R ICLIHTH 5 Z & 2 HED
HIENTE. ZOK, SH-Man-HSA IZJFIEHF OMILA ML A< —H —Z2HFEICEIHI L Tw/, 7a—H 4 A M) —I12XD,
F4/80'ROS'KC ik »D ROS &l L7z & 24, Con-AMHIZ X 1) MR oE A L ROS &AL 72 ®?, SH-Man-HSA iZZh
5 OWINZEAFICHIH L7z, SH-Man-HSA £, APAP JIF48~ 7 2R LT, Con-AF4E MRy CIFAREMN R A S L 72, ik
WCHRIBHZZEE LT, BSCORBOIRETRFALLTH, BHESRL LTEHENTVSE N-TEF LI AT 4 ¥ (NAC) & 1T
12, SH-Man-HSA (& Con-A J% U° APAP % 514 @ 4 R HIZH:5- L CO BN NFRER R EZFBH L 72, Sh o o2 5, SH-Man-
HSA 1% CD68'CD206'KC ~EIRMIZ /A L, TN LV EA SN D ROS 2RI CBRET LI LT, ENLIFRENRZRIET L&
S L7

[#5538] S HOBRE 25, 4 OS2I E CREIERRE & 2 WIS B R I B 2 #ERF IR 5 5 00, CD68'CD206'KC H
kD ROS MFEEDMREICB W TEELEEHZ R LT HEEEZ RBT I TE. 7 v S —HMlgfRmi 5 kAl cb %
SH-Man-HSA (%, Z® CD68'CD206'KC HHR® ROS # 8 L K LT 52 LA TE L 7z0, flis QLM E W T A0 L LT
OIS E N 5.

(k]

1) Genetically engineered mannosylated-human serum albumin as a versatile carrier for liver-selective therapeutics, J Control Release 2010, 145,
9-16.
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ENGHEAESREMBEREEICHTEITIVIT I -FA LN D CRERDRENR & BF#ER
OKH ', HIITRINIZ, THHMEAY AEHT S JEpia’ B B RIS NHOENS Ll i

PREAR AR, °

JE

TIPS SERS SIS S

[#8S] HBU R 20k D SR RE (AKD 1L, AU O BRI L) KEOTEEERAOEE L SIEIC XL VAR IN L FTRAR LR
LA P L ZABETH L. LA LEAS, BUEOBIGEIIHERED R TRIZAN 2 AR OMEIZ 2\, kil R4 BRI - Higk
HEEAETHAFFLEFF T V(M) e MIET V7 I ¥ (HSA) ZRlA L, BN HEEREEA LA & E (HSA-Trx) 2 /ER
L7z, ARWFZETIE, BHROHBE AKIL 1S3 2 HSA-Trx OEFEAR ERFEMIHICOWT, 7)) L u — VS0 BUFE AKI < ™7 A
% B CEH L 72,

[5288] HSA-Trx 1& Pichia BEREFSBLR & 0 /R L 72, MU ALFIE AKI 7 V13 24 BEEIHMEK L7z~ 7 212 50% 271 £ — )L (10mL/
kg) Z AN G-$5 2 & TR L7 M AKI ET IV TIlE50% 7)) tu— )V % 13ml/kg TS L7z, 7Y o — b5 ERENC,
PBS, HSA, Trx X O HSA-Trx % B IRPeS- L, BErbkne, BOHLRk ERAPERILA M VAT A, RIEEYA A A C3BlE 250 L 7.
F 72, FITC B3k HSA-Trx OFHER OE YR % v CEINBAE & Wt L7z,

[EREEE] AAKSHTIE, 2 o — VAR BE 1SS0 5 AKI OFEL W LT, iR #2853 (BUN) M OVIfLT 27
L7 Fov(CnoAERERE, 2VLT7For 2 )75 A(CCr) DAERET B SN, —J, HSA-Tx RGEETIX, Thbos
5 A — 7 DEFHIMEE LNV FE TYFEL Tz, ZFOR, BHEEORIEZ KM L T, HSA-Trx &G TIE, REOEWILE, Bk
fERE AKI R0 22 S B R O BBAL 25380 Bz, SR &I RIS, HSA M OF Trx Wl 5.5 Tl Bk ie o M I3 Bl S e o 72,
CDOZEDPD, HSA-TIXIZ X BARHER S, HSA & Trx OEAILIZ X 5 2 EASHW L7, EHMRF RG-S, EaEkGERTIE, R
M OBLE, MO, TUNEL B OB mam z TEMMETR OBILA b L AT L T 7225, HSA-Tix Ofh-1dIh s o
T2 AR L. 72, HSA-Trx 58T, ARG THO SN L IIENET A N h A4 > OREEEINZ2 A ZICIH L Twi.
EHIC, B AKI EFVEAWT 10 HEOEFBIE 2170728 25, ARG EICHNRT, HSA-Trx 5O EFRIIAZIC LS
L 72(20% vs 57%). 212, FITC-HSA-Trx & 5 L CRIG RO IRNEIREIC D W TS L7258, &5 1IERZICB W, R L
FZAREC FITC RO ENEHABIL I Nz, T T TH HSA AL OBie b Tex Bk Z2 W 728d 9 5, S OENEATHSA-Trx IZHKT 5
LML, HEo T, HSA-Trx (UL M ORIV M CAMIEME 2 ST 2 7200 T, —iRIEERME LR AIICH D A, Ml
NP5 SEHT 50 LRIz RIFFETIX, HSA-Trx 25, IiH K OB IEAN O T, Trx OF T 2P0t - PLIIER TPLT A b —
¥ AR % FERER IS IS IS B A 0, MR BURAE AKI ISR 9 2 HM3E & L Cofeth% il L 7.
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A - LA XRBRHELEICE ANE/OE DAFBEBRELREANE/OE BRPOERERM
BEERICHT % pH R OFEZ 5T

OMfeERIH ", WIkEk
IR SEHERER, 4TI BRI

[(BE] EREmzH ) RREAETHLAEZ7 O v (Hh) I, HRIMEHILERO £S5 TH Y, 300mg mL™ &9 BISEEG 2 it
THBET 5. — IS, BAEMMEMENOER, EAEREICOERT 2RBRECHET2HEELRMETH L. FHANEI/TLE Y
(HbS) DMEHETE KN & B BRI ERSE X Z D—BITH B, A 1L, AMIEGELE 2 Vv CTIRIE Hb 3 o Hb RIF AR H O f B LY
FA, AL (150mM PBS, pH7.4) OKER M TIX, 300mgmL™ MLEDERETH > T Hb B 2R MIEERD X 5 1IRA 3 2
ERRIELTE72. AWIFETIE, pH % 6.0~8.0 DHiIPITE L E 728D Hb MM FEAEH OZEFIZ O WM T 5.

[EB8] HIVEAENCIE, HAR TS X 0 IS N2 BIBRE LD S, ~NEZ 1 ¥ vk (HbY) Y L R0 T TRl L 72
Hb % v 7=, R 1% 150mM PBS i (pH7.4) % JAvy, A& @ HCl %7213 NaOH %2 % Z & T, il pH O %17\, pH6.0, 7.0,
74,80 DADODEBSEMTH B ZRE L. BEL7 P 7Y F—Y ATRIMED pH A 702 THBE I LRI D 25720, AR
IO BRI DH D, Hb OBRERPIZ, c=487mgmlt T TILIE L7z /N - R X BEGILIE (2 1&, Anton Paar 11 o
SAXSess 1 A F % iy, 0.08<qgnm™<28(q IZHLELNZ b V) % MEHES 2l i I E A FEHL L 7.

(REEBE] WEWT I BEREOESIRZ Fllt U CEIREELT — 7 2 5 S VR A 2 TR 2 TP o L, Tt
DRI % FRHTIN R L 72 R O LR 2 BRI ISR L7z 0, AR L IEROMEL K % 7% % grange THLE S € THHTIC
AW2%, FrLvERAEERE L. ZHICX D, B O Hb M E LD TRV AMEE L HF L Cnwb 2 L 23 L 72, pH
ZALIZPE W (MFE TR H % 28) TEREEE D & 4 FI BT e 2 iy 7 25 S 2 /NSRS R L 72, L L, BEFEOSHiETclE, Chz e
BRICHWT 2 L ENEETH -7, 22T, BUEIL L 22 BRELREE 1 (q)/c 2 K31 (5mg mI™) THeE L2 HIRIK T P (q)™° T L THEER
IR TS ()" 23K, THUTHET ¥ ¥ v VEF IV E —YES S AAEE g ()" 2 5§ 208 7 — ) T2 #5048 (SQ-IFT #:) ™
@A LT, pHZLE KL 7 Ho BB/ OZR 2 WAL 52 LIS Lz, BilipH 2 7425 Hb @ pl ISV 7.0 N E KT
Ehp L, BELEDOBEMIC XD Ho 5511 O Fo BRI BT C 2 TR L, g () O~ Y= BEEIHIL 5D, ZOB
AT L, BCALEUE 15% RT3 5. FIFISEETMHERICHAT 2 S (q—0) OEIZEIZHMT 5. T X5, pHE
1Bzt L, Ho MM EAEMIZER SN EDY, 2B RAERMEANICECIREZHEFLTBY, 2L 0RAEAPEES ()T, &
BRERE LD, WEEALZ2OLMBNTHS. O L) L FHMEEMERO  BES pMEEEMERFICEE &S R L Tw
LEFHEINS.

[3ziik]

[1] H. Sakai, H. Horinouchi, M. Yamamoto, E. Ikeda, S. Takeoka, M. Takaori, E. Tsuchida, K. Kobayashi, Transfusion 46, 339 (2006).
[2] D.1. Svergun, M.V. Petoukhov, and M.H. J. Koch, Biophys. J. 80, 2946 (2001).

[3] T. Fukasawa and T. Sato, PCCP 13, 3187 (2011).

(BE]  AWF7EO—fHIZ SR BRI X 22 2T TER SN D TH 5.
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HbHEOMRRLEMEERREDES & RE

Recent Progress and Perspectives of Hemostatic Therapeutics
in Patients with Hemophilia in Japan

wh

Akira Yoshioka

R

MAFEROIELIL, 0 o] Th 2 ILMEHSE i) ofke [l Thde MUERET A VA - JFET 4 VA
DOEGEB L OHEERBEONTRELLEBZRFTE L ARTE, SWMRET - HFXEFRAOELRICOWT, W7V F 7L
YET— b ROEREDE ) 70— F VPR REHREE TR ABA FCL Y2 -3 5L L HIT, WRT 2 ILIMLEFHFREOMH
BLZOEHEHEICS R U, ILMEFEEROBELREIETH L4 Y I —DREIZDNT, £ ey —olkiE#EEE
HATEDLVBRBETHDI L 2R, TOMHAFTA FI4 v (HARMBILMAES) 2/ L7z AT, KRN kG
WD FZ DOV T L 72

Abstract

The history of hemophilia treatment has drastically changed with regard to prognosis in patients with hemophilia, namely, novel
therapeutics for hemostatic replacement therapy (“light”) on one hand, and infections from human immunodeficiency virus and
hepatitis B/C viruses as well as enormous costs (“shadow”) on the other hand. Biomedical technologies have developed factors
W and IX concentrates from plasma/cryoprecipitate to monoclonal antibody-purified products/recombinant products. The
quantitative use of these products has recently been on the marked increase. Inhibitor development is one of the severe
complications in hemophilia treatment. The characteristics of inhibitor-bypassing agents are useful, but extremely costly and
treatment guidelines designated by the Japanese Society on Thrombosis and Hemostasis are revealed. In addition, hemostatic
therapeutics in the next generation of hemophilia treatment with or without inhibitor are discussed.

Keywords
hemophilia, hemostatic therapeutics, factor VIl concentrates, factor IX concentrates, inhibitor-bypassing agents

I.#% B M O M DOREIIRKZT 5 F (FIX) OREEHIRM

Min A9 1 X 3 8 45 e 2 A o0 ML 6 1] e S0E C, SR VNI
(FWI) =R & 2M0% A LHXH T (FX) #f=r
REICXHMAMHB EZKRHISNG, 2oL ¥ A1
TANZ1~2 AT, DHAEOALFEFERIT A #4000 A, B:
#1000 ATdH 5. FWMEEWEYE (FW : C) %7213 FIXEEE
P (FKX : C) ORM~LTIEATEI D7 2 EE 22 IMIEIR %2
b72o¥. BRI, KEEORT, B, BAHnT, @
Yz bR n e, BATRE 2 & OBAE B FRE R
Feoky. WS, BEENIIIR T i, SR 2 & Body
MR REEE 26T LD 5.

WEHETH 5. ZORWIL, DBl Tdh 5 IRIMEHREE DL
L[] THAHILMHBEWEICL B MuEREY 4 VA (HIV)
RS 4 VA (HBV/HCV) % EOREGHEDS X R FIRARE
THY, ThoHNEFEOBBONTRE RiEki RIF T,
ARCIE, TS, IkmEHERE A ofkolEh e
SO KB BRER DR ZIZOWTHRNIT 5.

I. [EMiaEEDES
1. M&HRALEMBEEDNEE (1)
1R MLTE RS O Z B M A OB - BHROEEDRERTH

RIS RBF RS2 H Iz - miF . T 634-8521 43 IR ETT PUSHT 840 Nara Medical University, 840 Shijo-cho, Kashihara, Nara 634-8521, Japan

Emeritus Professor, Former President, Nara Medical University
LA 2014 4E 8 T 29 H GsCZ B 2014 429 F1 3 H
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572 BUE, ENTHREN TV SHEBEZE2ITRT

1) Conn@EIl, 7UFTLET— MEE

1970 4E 4G 12 #) & T Cohn 431 I % Pool & Shanonn (1964)
DZIVFTLIYEF— (LT, 7V F8H) 2Sdikzhsh
T & LTR8BS L, 2 AL LAY o0 4 i i <2 M A i3 12 A%
boTHMMWEERZb 725077 Lal, 2VF8EK QK%
2 (U)/mL, 1 HAL & IZIEFMEHO FW : CRETH S) 121k
KEDT 4 7N )7 i EOFRMEAPFAEL, MEE FOo
iEYET 025U/ mg BRETH - 72, EBEOHRBEBY; TR
CYBRIZ A9 A BAEI) 258 T w3 SR, SRS
DERED Loz, TFT74 5% =Ko, B s
520835 KB P CEHRNIEROMRKRE 7 4 7
V27 VMIED LIFLIEA LN, 7B, KA 2 AU TOHE
WEEFF—HETH o722 Eh 5 HIV EGI 0 72,

2) FVILE#HESE

1979 4E 1213 27 ) A BA O K 5 % 4 9 T, FVILHE A A
(25U/mL, MiGfk 041086U/mg) »VKEE, Woc3hrz.
MESBVZ L2, PHERG CHEAMFBO FVI: C %4
R D) BITIEEALT A2 EMREE 22 ), KM TR
ILMEMZREER DO L. 72, ABHNC X - T 1983 4
VIR A CES (REES) FBESIARBIL, MAWEE O
QOL 3MEMIcE®H L7 (O8).

ABHNZ, FW & von Willebrand ¥ (VWF) D444
AT, 27VARALV DR Lo b0D, B, 747V
I RPLA - BB EHER (BRI ORK) & EORLE
Yol T, AANIEANE A SN KE T — V0L
B (BT ~BO5i ABIED) % AR LTl Sz dRm i Al
CYREMBLBLE AT 2SR BHTE) TH o7z, FORE, 1970 4F
152 5 1980 4RI 2 AT T HIV R B - C A (4HE
FEAFKB HWRIANVZADRADRDY, ZOHOTAL X1
PEIS BRI 2R I - IFSARIEDRR E oz, ZDZE
FI B REOR RN BB E 2ol ().

3) INEREE S o L A RTEL FVILEHE 8%

e NS AV A X BIERPER S & LT 1985 4E 11X
INBVLEED: (RS EERRT $ 7213 88) ABEA Sh7z, B
b ZELMER S/D (B / FOm G TEAD) W2 EA S h
Dk, it A VARG mE o7z, Lo L, —EBoiif sk
s £ VA RH5tk (envelope) ZHE727 V7 4V A2 B8
TANARNRERIZ Loz, BAETHRFO Z oo FUll/VWF
BRI (avy7727 PF/AALmMAF- 7A55 A, avaxf b
HT/ HAME A EERE) 3227 ) —= v 7Bk (94 VAK
RIS, NAT) (2 & o THe® & 7z [ DYk i 4 % 1 6
ICHIESNTBY, F 274NV ML—3 3/ TELLELIALI
ABEEBRHSNTBY, “EThAb.

4) T/ 70—FIVIAFEE FVIRE)

PERDR T HTITETRRL ) % W 2 e dk A & L
T, 1988 4EICHL FIE / 7 0 — F VHi S 8K (NE T 4
WM/ N7 A% —, 19924EHh 57 a A4 b M/ B, 2013
ENSIFH s T2 4 b MC/ HARMEHAERE) 2EASH
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21 AR 1 B DR D% &

o AR BURTFEMH HiEM
(%) (U/mL) (U/mg)
1% 1 0.012~0.015
7 ) F A 1970 2 0.25
A B 1979 25 0.41~0.86
TR ) 1985 25 0.52~1.015
£/ 7 u—FVhiR s 1988 25,50, 100, 200 ~3,000*
JEAR T4 2 B4 1993 62.5~750 ~3,000"
>22,500% "

e MT VTR A
e b TIVT I VR

222, [N TR S T 2 M0 L i A7 (2014 4F)

1 EES—RE
Mm&sw A Mm%#% B ihetes
migEdsk ruxxzfhMC NI M T7AN
(HARMBRABER) (LB, 7A7IA) (INFAF—)
av77shEY IVARYY M 254 zayh ¥
(R, 7A75A)  (HAMBERAER) (L)
avax4bHTY  PPSB-HTY
(HARIMERA ) (=FY2)
BAE T 3=V AP FS AL RAT497 R JFRE7 v HI
A FEvh (7744%—) (IERINFA RS
(f ) T7—==)
FRERA b Furayzz P
(o A% —) AV e &
F7 - Tx8Y)
JARTA B
(JEINFARY
T7—=)
F2309 FAETL VAR
(FnsemEFY )

1) FWI/VWF #&AREA, VWD IZb AR

2) R (—SE) M A B3 XY VWD type 1 I2A%)
3) I, VI, X, XHF#AE

4) rFIXFc FUSEE 7252 GERT &)

5) IEVERSEVIN F-L 88 X N T- o A BAD (NP )

BT TR ENTETVS, ZoRAIREKRNIOE
FT VT I UREGFOALE VWE DAMZIRIT & A ER MR
%<, FW : C 25-200U/mL, MHiGPE#) 3,000U/mg & MBI
MELZbDTHSE. F /74 b—Yay (BruzxzAq
P MCiX19nm) % ET7 A4 VARTAL - BFUIE LTI TH
D, 25 ERM A D REBEEHOMRE TR
5) EfaF## AR FVISE (rFVD)®

1993 4E121%, Chinese hamster ovary (CHO) #lifii %> Chinese
hamster kidney (CHK) Mgl 1E% e b Fl @ F2EAL
TRE SN2 rFMRA A RE S Nz, ARBANIFEARR I 0m
SR BEA OB BN 22wk L, o, mME (FW:C
625-750U/mL, % 5 3,000-22500U/mg BLE) DAL #H L
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WBERDILMETH L. 2ok, KERIETORITVT IV
MWRMO I =T R4 FPESHAAL ey b /34 2V R8E TR
BT e b - B HCREAERNOBA] (7 XA b /Ny
2% =) SR, TRENTWS. rFIIEAOEAIZE 5
T, 4 vy — () BERPLEATLWHEMEE Vo 220
LWEDEIR &S N2, ShETo s 2 A MR SREHA & K
R, BECHHERTWSY,

6) TRETLIUE

HGHNV 7L ¥ v (1-diamino-8-D-arginine vasopressin) T,
BR T #—M T AR %2 A L C FVIIL/VWE O |7 BB A 5
FVII & VWF % Jiih &2, Mg 2~4 5 LA 8¢5 0
THEE ~BIE ML AR A 3B & O von Willebrand %% (VWD)
type 1 IZHRTH 5.

2. MAHR B IEMBEENE
1) FXEAAHEE (F2)

1972 4E 2 S M A ok o FIXBAARRA] GEmE) A3 H
ENTWAA, 1985 I MBL B BH] %8 A S 7z, BUE
WO b OIZIZ PPSB-HT (=FY27) 2% 5. AREHFHIZ
EFXPAMCcE ¥ 3 v KIRGFEREER KT (FII, FVIL FX)
EPUMAERT (PC,PS) ®IEd, oGtk REERH KT (Flla,
FVIla, FIXa, FXa) 3 &AL T3
2) B/ 70-FILBERFIX 84| (F2)

1993 4E42 2 2827 b M/ AR E 2 ) 2= ¥ ¥ M/ HAI K
WA BERE (FIX : C 50-100U/mL) 253 Sh, el FM
PEAKRESEH L., BHITEEIMERLLZFIX € 70—
FAHkEHCTWS Y,

3) BizTHEE 2B FIX 8% (R 2)

R T TSR T2 rFIX BH (REA 74927 R/
7 74 % —) (FIX : C 100-400U/mL) ®bAETHKE -
Fe1% 2010 4F & JEN 7z, ABHNZ, MAEHE (pd) FIX IR
THEARNEIRIE NS &2 5, K5 51% pdFIX #H 0
13-15 i 2 29 5. £ IZ CHO ML T o FIX #1%
TFWREOS T bOYELRE L LITRET S &
EENTWD

3. ILMEBENEHE ESBEERE (R2)

FVII, FIX Ao () &, FEITECHE L
Y THBH. FVIIEHA TiX pdFVII BH D > = 7 25 20% LA
TERDLLTETWS (K1, M2). HEH (2009 4) A%
KA 4317 N, WB 933 ATHh 5 & & &ILMARTEED
MR OEDP S, MAN A, BBLIUOA v ey —HEHRL
WHMGHES L ORABZHE L7 (%£3)Y. BE—-AYD
ORANFEDOMRT, A THEM 600 758, BT300HMEB, 1~
¥y —HETIE 2500 THBER->TWE, OO
X, EUOEEESKE, #5575 L. HHED
BmME, BEOR4AE QOL otiERHAEN, HAEBIIK
ELFELHLTETVLHERIRELERTH L. Larl, 131F4L
HRRNBAHTH B DVETIE, WO TEHFALEREDIPEA S
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(x10° Bifir)
600,000

oRETHERR

400,000 [ | mmEsE

}
&
P
1. I 1 £ VIR -1 3451 o0 (It Rt 35 & OVMRIL 1 o ) He sk o HE A2
(AR ML 71 5 A B )

300,000

200,000

100,000 ‘ J I
afc @c ‘ﬁr

"I,

g g

@{«5“*@: o

6& PR & G g @“ @F‘ Qﬁ* 5;’& &‘&- &

(x10° Bifir)
100,000

90,000
80,000
70,000
60,000

50,000
oREFERI

40,000 LRt b
30,000
20,000
10,000
0
3:

1 & - 9

g L 4
& 9:‘* &‘é’ a‘@'\ & & 9:@} FFEE Aﬁ’ 4 &‘f‘}

2. M S XN T (HEkz &) RAoMaRoMR
(H 7 i 070 7 A )

3. BH—ANb72 ) OEM B & & BB ORE (2009 £, )

BER FAE BN BB
(N (x10° Bifi) (FA/AN/5E)

LA A 4317 369,540 85,600 6,180

1A% B 933 46,796 50,200 3,170
A ey —ARE 330

(A+B)*

77 A NHE 164,000 497,000 10,230

JREeT 56,344 (mg) 171 (mg) 15,400

25,630

* A 4317(N) x65(%) +B:933(N) x52(%) = A :281(N) +B 1 49(A)
=330(N\)
THAEA Ve ¥y —BEOMI R R AR EE O b &

NTVLIEHEERZ D s TEHL 2T LR 52w, I
(2, iR — s I AR U 7z AR 2 RSO v TR
5] E TIFPRYETHLEEZERZOND.
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4. Ondemand & A & TR EE

MK, RZTH2HRTFZ2MA L CRIMELZR Y, BIfE
= EDOWIMIZEE D BEEZ VI 5 2 E A REDOHINT
»5H. Th#on demand HHE (MMM AREDE) & vH7.
COHA, WHELZBRY) RloMAsIELo 3y Ths Z0F
AL 0L LTHOENEE (REBH) (1983
) DY, 2007 FEORAETIHMAIR A BED 73% 235t L
TwaY,

E51C, Mz FIc—EBomMAz#kEST S5, wbwb
WA REYNDH 5. TOHEIEN M (target joint) @
[l e HEHBIMOFiTH5H. LD TIrbh b 701
KB HREEET 20, TOBRBMNMEIHRFINTNS, §
TR T, FLOIEDODH L I LHFWEISN TS, b
[E 0> 2007 45 BERS DO FEHEH T 36% T o 7243, ZDH%BEINE
MTh oY

M >eE2—FBHEOIEMEE
1. 1>eER—-¢tiF

F & UCHEMEM AN EFIC FVIL (FIX) #2255
AL, M A BED20~30% 12, BHEFD 3~5% 124 v b
Yy —Tdh bR AIBE (IgG4 Bk) ORET L LD
L, A ve ey —HlioEIN, VAR F— (HR, =5 N
F A& WA (BU/mL)) ¢a—L ZAK>»¥%— (LR, <5 BU)
LIZBENSEA, —HA ey —03AT B E, MEROHM
FEREET X B IR AY RIEF B~ L, Dk ok iy i
AL 72 57,

B, —HRAELA ey — 13— @MW FVIL (FIX)
BAZHH L 2w E ZONMIZK T 525, HR TIIEAOH
BEIZE o TA~THBIZIZE EA 5 2 B4 608 KIS
(anamnestic response) 23& S 5.

2. 1> —BERIEMAESE

BT BOh o B 2R L7z (F4). 1984 4RI IM%E ok o
T b Y EARRAICTCH LT 74N (NT RS —)
AEASNT, HIL VIL IX, XKW, KR &K1
BHEALTWAHI ENS, FVII (FIX) 254 28 A L721k1L
BEZAHALCTIENZRS b DOTH S, MBS T-#l0E 2 BIH R
BVIIHT (tFVIa) THhoT7ryary Tr7r— (/K
7Ty /IR INVFL A7 7—=<) OILNEREE, HENE
WAL FEM, MBLMEN T (TF) 25FVIa L HEHKZE B
WL, ZNAMMRZIEMILL, FXase & 7u b v ¥ —
P2 LS, BRNE OV EVBERE L 26T V)
LDTH5.

4 ey —RBEOILMERT AL ¥4 v (KETR) BHA
MR A X AR AL R KO M R, HIRB I TH
D, HHTHBY.

3. 1 EES—BENRERREAZE (T
—HAEE L4 Y ey — 2R~ S, OO
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F 4 A ve vy —RAMKHEFH A S 2 ki (2014 4F)

11N1 7

Ul D — 3

HH % (2Ha) () fEHE - /A e
T AN 500 Hifr 50~100H.4./kg 200 ¥4 /kg/H
(T 2H—) (106,991 1)  8~12 W45 Bz E,
. [N PN U3
) L O T
’ %, WEAEGLE

%3]

JRE7 v HI 1mg #Inl 90ug /kg, NIRRT LM

(VRINVF4 A7 7 (98024 1)

ZD#60-120pg/kg & DU A A %)

—<) omg % 2~3 Wp R4 (B DR 3% 1. %
B <), BEAE SR
(189,000 M) Rz L
5mg
(450,177 1)
N4 27ayk(MC710)* WP E

(fla )

*(FWla+FX) B4

FERL WIS S 5 HIWT, FVII #A % AR5 5 50
#2538 A (immune tolerance induction, ITI) #E:7bN 5.
1970 4E4%12 Bonn K% ® Brackmann 5'? 12 & - CHIR S hi=.
ITI OZFFIZ, FH OS2z ITIAEY 280, 1
KA TIET70~80%TH Y, 179 NEAMMHAD 5 A%, MKW
B CTEHZEEMENI X, TF 74 FF =% 70—Vl
M wofEeGIED H D, HEIRWTIE R,

V. RELIEMEESE

FVIIL, FIX O4A&NERE (T1/2) 2EET5HMT, B
f£® FVII, FIX #ANALFABEHR BT HEL KT Z & T,
Wb L RIFEIEHR L LR AR INCHEE STV,
IS IFAMEETER, RHEEHFWICHHRGTE 2, 45TH
HOYEZEAHLWHIELEOMB, T4bb, HiLwnf v
Y —WMBoOY X7 % ERBROMBED L. FIX #BAI Tl
HAGBWAPHBLO0H 525, FVITEANZO W TIIBI
TIFEHNE T TRS ARV TD 5.

1. 1E=M8EA(IC & 2 REFRE(ER R SYE

F2DMER BILMAEHRED D B, rFIX & 852
IgGl Fe #5 z M & S ¢ 78/ (MW # 1090000 =7 - L
JFary Fu7r— (Frv7rul) 7 X rFIXFe /N4 * V=
VeTATF Yy s VxNy) ZHENGEARERNEFEATH
5. T1/2B 13 82.1 Wi & BEAE D rFIX 0 338 KRR THy 25
EEHIZEWY., FTT7LULRVI%~NOETFICEST 2 HEIZ
rFIXFc 1X 112 HT, rFIX51 HIZURT 2 TH 5. &b,
oA MRBHSEEMBIC L VEESRTWEY, o
PEG BffiRe 7 V7 I VEMGEANIABTTH 5.
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2. BIFUEIC L 3 REREFRAISE
FVIIa, FVII, FIX 22V THHAMEL T 525, RIKY)
Thb. FHbik (v ey =) EEomkEIERIhS.

3. 1R —BERFFLMAEE

1) MCT710

FVIIa & FX OREAHITH 5 MC710(34 71 v b, L)
i FVIa Bk ) D IkMmARICENR TR L OEZ NS, 1L
Bk FVIIa 79 2 FX OREGEA L L ThAETHE S,
BB T UBEEBEARRZ G HEATH S,

2) ACE910

FVII o ¥ M & B AW /A 283 5 ML
bispecific fifk (ACE910) % fe i Apste & 25 RIR K/ A 23
B L72"Y. Z odifkid FVIIL A3Y v REE FCE L5 FIXa
EFX DIEWELIZX 5 FXasefEl &, &RE 7 7 u—F LHifk (2
ARD Fab DZFNZNH FiXa &AM & FX BEMEMN 2 04)
ML THT 9 S &2 & Y, FVII OIEFEAE T I ML e R A5
TTHEVILELFH LIRS BDTHS. §itoT, 4
YUy —OFEIIrPb ST, 1HEMIC 1 MR TS
THMEIHRIR R~ LY R 2d v, WA REEe LThH,
72, A ve ey —HBEMEmEHEE LThfFshTwn
%. ACI10 293k o FVII BH#) o 52 1k 1 {65 _E oo [ 0,
Thbb, HEOFRNES A4 ey —@EDY X7 %]
BRI L9 2 Wi 2 8A0c, EEMICDRE2EHZHY
TWwWa, 3T, AR T L, ex vivo TO ML &L
YGEREREIZ T TH . RWT, B THERRR (CEE kM
REZERWRER) AR TLTBY, HETH5.

E
AT L OBEEIX, 4520 Ml H ARMBEACRY - SERKE
(20134E 12 B 6-7 H, ZH) OFFRIEEH 1 & L ClE L 7.
BRI 720 KGRI ERE RE R E B E EIR TR H
72LET.
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FEY I X

B MBEEREE (ST B Liposome-Encapsulated Hemoglobin @
RENIRAVIR S (Z & B B EHES

Therapeutic Strategy against Cerebral Ischemia-Reperfusion Injury by
Using Trans-Arterial Administration of Liposome-Encapsulated Hemoglobin

g4y oUHE, Bk KW
Takeo Abumiya, Daisuke Shimbo

FNITHE5

BB SERIECTIRIMAS 2 B S 85 2 LRI E— R TH 5, HHMEIEH SN TYH, B BVSAE, R
(ischemia reperfusion : I/R) #&E &5 X2 3. /R EHEIMMIE LARVOEHENZOREDFARTH Y, noreflow L, &
HYETUHE, BEREERLRE R EAAONS. RS OM/MIEREOERIIEAMBOM X AKX <, AIMEkEZIH 3 5 2 & T 28
IR SN ZEDBBFWEF LV THLRIC > Tw5D, L L, HIMEROEMMN 2B IZEAYED Y X 7 % FIF 5 8&0
HbH FIT, BAZAMBOWAIGZHWE LT, MIEREDZ2E&F 0w AT HEEEA TDH 5 liposome-encapsulated
hemoglobin (LEH) % F#E3E SIS ~REIRAIGRIRICHETR 32 L W) Rk 2458 L7z 5 v bo—@BMh KBk %€
FOU (2 BRI /24 BB FERERE) 1CB VT, MRV BIAIIC LEH % P i S~ R B R 2 R T 2 2 & ©, /R B
EERERTELPEZRFA L. ZORE, LEH 25352, MEROSE, WHEAKOWD, Hhk—h—0
myeloperoxidase (MPO), MMP-9 A %R 7z. TS OFEREN S, LEH £ 5-25 F 1Bk o> 7 3E 5 5138 T O MAR R 2 # 2,
MMP-9 #3L 2 #0H U<, WEESREZRMLD0LEZ SN KT, AHMIROTAIHRZ LS L VKWL E 2 S b LEH
? 15 5 5EFVOEBREDIT-72. 155 H LEH %5 T, 2RHkS L IZIZMSOMRE - mER#EDEZ220, LEH2HE
ARIMERIZILER L C L D UM R A ICHA LTV AT 22072 SMOBEH S, BERY LEH 352 H MR O3 A 2 55011
FEIHIL, X BUNR M ICAREICIEE 2T 5 2 LTk, M - MERENRE R L CwA EEZ SN, BRI
BB MTFRERGEDWRELED B 5 TIEMWB I LTI, 2 LEH #5258 7= R RERIEO — D> OBMIZZ D 92 D #E 2
bhiz.

Abstract

Revascularization of the occluded artery is the primary step in treatment of cerebral infarction. Despite successful
revascularization, reperfusion after prolonged severe ischemia causes ischemia reperfusion (I/R) injury. I/R injury is thought to
be caused mainly by microvascular disorders consisting of no-reflow phenomenon, hyperpermeability, and loss of vascular wall
integrity. Many studies have shown that systemic suppression of leukocytes attenuated I/R injury in animal transient ischemic
models. However, systemic leukocyte suppression may increase the risk of infection. We therefore developed a new therapeutic
strategy to infuse liposome-encapsulated hemoglobin (LEH), an artificial oxygen carrier without blood cells, intra-arterially into
I/R region for inhibition of leukocyte influx. We examined whether 2-hour intra-arterial LEH infusion at the beginning of
reperfusion could reduce I/R injury in a rat transient middle cerebral artery occlusion (2-hour ischemia/24-hour reperfuson)
model. Two-hour intra-arterial LEH infusion mediated neurological improvement, decrease of infarct volume, and lowering of
MPO and MMP-9 protein levels. These results suggest that the LEH infusion can reduce I/R injury through reducing leukocyte

ACHEE R REBE R SR ZERE phdsbEE T 060-8638 AL ALIX AL 15 406 7 T H
Department of Neurosurgery, Hokkaido University Graduate School of Medicine, North 15 West 7, Kita, Sapporo 060-8638, Japan.
LA 2014 4E 8 T 29 H GSCZ B 2014 429 JT 18 H
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infiltration with MMP-9 production. Thereafter, we examined the therapeutic effects of 15-minute intra-arterial LEH infusion

which would be less effective in terms of inhibition of leukocyte influx. Fifteen-minute intra-arterial LEH infusion showed

approximately similar neuro- and vascular-protective effects as 2-hour intra-arterial LEH infusion. Compared with erythrocytes,

LEH was infused more into the narrow microvessels. These results suggest that intra-arterial LEH infusion suppress leukocyte

infiltration partially and supply oxygen to smaller microvessels effectively, resulting in neuro- and vascular-protective effects.

This therapeutic strategy may be a promising candidate to prevent I/R injury after revascularization.

Keywords

artificial oxygen carrier, ischemia reperfusion injury, cerebral microvessel, leukocyte, ICAM-1, MMP-9
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