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(Hb , HbV)
PMDA
Hb
40q,
300-400mL Hb
(Ames
(BPL)
BPL

Hb
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Unmet Medical Needs

Hb
(class 10,000)
Hb 140 mL 10
Hb

Hb

HIF-1a

Hb

Hb



ApoE Hb Hb

14 5%
3%
Hb HDL-
*H Hb
( ) (CO)
Hb (IPF)
IPF
T
NO T
CC-chemokine, IL-10, TNF-a Thl IFN-y ,IL-2
IL-1B , IL-18, Th2 cytokine IL-4,5, 13
40mmHg
5%
connexin 43
Hb
3
(Hb :HbV)
Hb [1]



Unmet Medical Needs

HbV
Hb Hb
[1,2] (
(4] [5]
[7]
H24
(H24
Hb
[10] RES
Infection
Blood type

Short shelf life
Limited supply
etc.

NAT inspected,
Outdated RBCs
(> 3 wks old)

(2]

1997

(3]
e )
8]

(9

*’uriﬁed Hb

(pasteurization/ nanofiltration)
Blood type free
Pathogen free

INOS

Hb
H25
Hb
Hb
(class
10,000)
Hb
(DHSG) HbO,
(Ames ) B -
(BPL)
BPL
Hb

5P
S

s

» Hb-vesicles (250 nm)

Encapsulation

No pathogen
No blood type
Long shelf life
Biocompatibility
Smaller size
Low toxicity
etc.

" Quality control
Efficacy evaluation
Clinical application



ApoE Hb
Hb
(IPF)
T
NO
T
40mmHg
5%
Hb NO
[112] NIH-Workshop(2008)
Hb
[12] 13

(Boston, July 2011), 14
(Chengdu, China)

[1] , . 2009;45:23-8.
[2] Sakai et al., J Intern Med 2008;263:4-15, Sakai et al.,
Methods Enzymol 2009;465:363-84. [3] Sakai et al.,

Crit Care Med 2004;32:539-45, Sakai et a., Shock
2009;31:192-200. [4] Yamazaki et al., Circulation
2006;114:1220-5. [5] Plock et a., Crit Care Med
2007,35:899-905, Plock et a., Am J Physiol Heart Circ
Physiol 2009;297:H905-10. [6] Yamamoto et ., J Surg
Res 2009;151:48-54. [7] Taguchi et a., J Control
Release 2009;136:232-9, Taguchi et al., Drug Metab
Dispos 2009;37:1456-63. [8] Takahashi et a., J
Pharmacol Exp  Ther 2011;337:42-9. [9]
PCT/JP2012/59233: . [10] Taguchi et
a., J Drug Metab Toxicol. 2012;3:1000128. [11]
Natanson et a., JAMA 2008;299;2304-12. [12] Sakai et
a., J Biol Chem 2008;283:1508-17, Sakai et a., Am J
Physiol Heart Circ Physiol 2010;298:H956-65.

Hb
Hb
1,2-dipalmitoyl-sn-glycero-
3-phosphatidylcholine (DPPC)  cholesterol, 1,5-O-
dihexadecyl-N-succinyl-glutamate (DHSG)
1,2-distearoyl-sn-glycero-3-phosphatidyl ethanol -
amine-N-Poly(oxyethylene)soo (DSPE-PEG5000, PEG
5000) 5/4/0.9/0.03
Hb (
-HbCO  42g/dL 0.4dL pH7.4)

H24
(class 10,000)
Hb
Salmonella typhimurium  TA100,
TA98, TA98, TA1535 TA1537 Escherichia
coli WP2uvrA
[3 -
(BPL)
Bacillus subtilis spores ATCC
BPL



Hb

HIF-1a
Hb
Hb
100
ApoE H
Hb
(IPF)
(5 mg/kg)
Hb
T
NO
T
BioPlex
5%
Tyrode
Na’ channel Optical
mapping system (OMP)
Action potential  duration

dispersion :APDd
connexin 43 (Cx43)

Hb
Hb
(class 10,000)

6ft

Hb 140 mL
300-400mL  Hb
Hb
(Ames
Hb
(BPL)
BPL
Hb
HIF-1a
Hb
(PO2, PCOy, )
8
100
ApoE
14 5%
3%
Hb
HDL-

10

40q,

Hb
Hb



Hb (IPF)

NO

CC-chemokine, IL-10,

TNF-a Thl IFN-y , IL-2

IL-1B , IL-18, Th2 cytokine IL-4, 5, 13

40mmHg
5%
connexin 43
Hb
Hb 60%
250nm Hb 300 mL
(10 )

20

(class 10,000)

6ft

CO

Hb
(Ames
Hb

26 2 26 )

DHSG

Hb
0., HO,

Hb

Hb

B6

Hb

Hb
(BPL)

BPL

BPL



Hb )

Hb
(CO) Hb
(IPF)
HIF-1a IPF
Hb Hb CO
CO-Hb
Hb IPF
CO-Hb
invivo, invitro,
20% (viv)
ConA
T IL10,
TNF-a , IFN-y
ET-Kyoto
Hb 8
ApoE Hb
Hb T
CD276  B7-H3
14 5%
T
3%
Hb B7-H3
HDL- *H T
B7-H3
Hb (
) 40mmHg



5%

25

connexin 43

GLP

CO

Hb

Non-GLP
GLP/IGMP /
( : )
1. 3,466,516
2.
4,763,265
3. 5,020,525

4. US Patent 6,864,094: Method of preserving oxygen
infusions.

5. Canadian Patent CA2383977: Method of preserving

oxygen infusions.

6. US Patent 7,417,118: Pharmaceutical composition
containing artificial oxygen carrier

7. European Patent 1,466,649: Pharmaceutical

composition containing artificial oxygen carrier

8. PCT/JP2012/59233 (2012 4 4 ):
. (2013
] L] EP} )






port-wine gain

Hb
Hb

(Ames ) Hb
Hb B -

HIF-1a

Hb
(class 10,000)

(BPL)

BPL



Hb

g/dL (69 1ldL Hb
)
Hb
Hb
Hb Hb
Hb Hb 20%
Hb
35-45g/dL  Hb
Hb
Hb Hb -
(Extrusion Method)
Beissinger RL, Farmer MC, Gossage JL. ASAIO
Millipore MF , 3.0y m,0.8u m,0.6 Trans. 1986; 32: 58-63
M m 045y m, 0.3y m, 022y m Hb
6 g/dL
Hb 20%

Sou K, Naito Y, Endo T,

Takeoka S, Tsuchida E. Biotechnol Prog. 2003; 19(5): Hb
1547-1552 Hb
Hb
Hb Hb Hb
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Hb Hb
( )
( Class 10,000)
6ft
409
CO
O,
( © 285mx  3.2mx
2.13 m) class 10,000
6 ft
(Fig. 1)

particle counter
class 10,000

11

(B

Figure 1.
( )
1,2-dipamitoyl-sn-glycero-
3-phosphatidylcholine (DPPC)  cholesterol, 1,5-O-
dihexadecyl-N-succinyl-glutamate (DHSG)
1,2-distearoyl-sn-glycero-3-phosphatidylethanol -
amine-N-Poly(oxyethylene)sgoo  (DSPE-PEGs000, PEG

5000) 5/4/0.9/0.03
( 90mm
) 409
Hb ( -HbCO 40-42 g/dL 1.4
dL pH7.4)
ARE-500 3



800-1000
4
(3000rpm 30
Hitachi CF12RX)
Hb
0.8pum
(DISMIC)

(230mL )

50,000g 30 (Hitachi
CPIOWX)
Hb 10 g/dL
50-70%
HORIBA Nanoparticle analyzer
220-270 nm 2dL
2L
CoO
Hb
50mL
Hb
Hb
Hb
(PCT/IP2012/59233)
DPPC 41
HbCO 78 70

12

10

Hb
60-70%
300 mL

20

10g/dL,

Hb

Hb
1000
60-70
60-70%
300mL Hb

250nm Hb

40% )

Hb

(10

1997



Co ) 1.

Deoxy-HbV 30-May-2013

BMS-500F3
4° C 20 8.0° C
1.2.
M1AS80
Bs 2014 1
DHSG
23° C 18.0 28.0° C
Hb HbV metHb
HbO, 1.3.
0, HO,
1.4.
Hb AM
Salmonella MO0030
typhimurium  TA100, TA98, TA98, TA1535 2013 11 3
TA1537 Escherichia coli WP2uvrA
CLN-35CW
-80° C 90 -70° C
AM
1.4.1. 2-

13



2-aminoanthracene 2AA

1.4.1.1.
5 ng/mL 120404A205 10 ug/mL
120404A210
20 pg/mL 120404A220 100 pg/mL
120404A2100
2012 4 4
DMSO
CZ068
1.4.1.2.
EPM0250
1.4.2. sodium azide
NaN3
16.1.4.2.1.
5 pg/mL 120404N
2012 4 4
1A97
1.4.2.2.
MOT4966
1.4.3. 9- 9-aminoacridine
hydrochloride 9AA
16.1.4.3.1.
800 pg/mL 120404A9
2012 4 4
DMSO
CZ068
1.43.2.
HAXO01

1.4.4. 2- 2- -3- 5- -2-
2- 2-furyl -3- S5-nitro-2-furyl
acrylamide AF-2
1.4.4.1.
0.1 pg/mL 120404AF01 1.0 pg/mL
120404AF10
2012 4 4
DMSO
CZ068
1.4.4.2.
STQ3987
1.5.
1.6.
2.
2.1.
2.1.1.
100%
100%
30 10 3 1
0.3 0.1% 50 25 125 6.25%

14



Table 1. S9 mix

2.2.2.

Salmonella typhimurium

TA98 TA100 TA1535 TA1537
2 Escherichia coli

WP2uvrA

TA98 TA100 1996 10
TA1535 TAI1537 1995 2 25
2) E.coli WP2uvrA

1995 2 25
3.3.

-80° C

GLP- 1
rfa

18

pg/mL pg/plate
TA100 2AA 10 1
TA1535 2AA 20 2
WP2uvrA 2AA 100 10
TA98 2AA 5 0.5
TA1537 2AA 20 2
Table 2. S9 mix
ug/mL ug/plate
TA100 AF-2 0.1 0.01
TA1535 NaNj 5 0.5
WP2uvrA AF-2 0.1 0.01
TA98 AF-2 1 0.1
TA1537 9AA 800 80
3.2.
1) S. typhimurium TA98 TA100 TA1535
2.2.1. (Tables 1, 2) TA1537

R-factor



TA100 TA98
2011 7 20 ~ 7 22 TA1535 TA1537
WP2uvrA 2012 7 31 ~8 2
Attachment 1
Ames G
3.4.
S.typhimurium E.coli
2.5%
OXOID NUTRIENT BROTH No.2
OXOID LTD. 2.0¢g 80 mL
121°C 15
0.8 mL
DMSO 0.07 mL
2 mL
200 L -80°C
ULT-1386-5A  Kendro Laboratory
Products TA100 TA98
2011 8 9  TAI535 TA1537 WP2uvrA
2012 8 21
2
3.5.
4. S9 mix
4.1. S9
13032213
2013 3 22
2013 4 17
-80° C

ULT-1386-5A Kendro Laboratory Products

16

7 Crl CD SD 74

2116+ 100¢g phenobarbital 1

30 mgkg 2 3 4 60 mg/kg
3 5,6-benzoflavone 80
mg/kg
2013 9 21
6
9000x g 10
S9
4.2. S9 mix 1 mL
A S9 0.1 mL
B Cofactor -1 Lot N0.999203
MgCl, 8 Y4 mol
KCl 33 4 mol
-6- 5 M mol
NADPH 4y mol
NADH 4 p mol
Na - pH7.4 100 p mol
C 0.9 mL
4.3. S9 mix
Cofactor-1 1 9 mL
¢ 0.2
g m NALGENE® S9 1mL

OXOID NUTRIENT BROTH No. 2
987078 OXOID LTD. 2.0g
121° C

80 mL
15

L 40 mL
10 mL



Table 3.

x10°  /mL
TA100 TA1535 WP2uvrA TA98 TA1537
3.9 4.7 5.6 4.8 2.5
4.0 4.8 5.7 5.0 2.6
20y L 121° C 20 S. typhimurium
37° C 90 0.5 mmol/L L- 0.5 mmol/L
MM-10 D- E. coli
10 0.5 mmol/L L-
Novaspec Il GE 10 1
O.D.
8.
Table3 S9 mix 2
6. 0.1 mL S9 mix 0.5 mL 45° C
AN ANI140CC 2 mL
2013 3 7
37° C IN802
48
AN
A MgSOs 7H,O 02¢g
citricacid H,O 2 g 100%
K,HPO, 10g
NaNH4HPO4 4H20 192¢ 9.
NaOH 0.66 g 9.1.
200 mL 15.5 x 100 mm
B glucose 20 g, 100 mL 1
C agar 15g, 700 mL 0.lmL 2
0.1 mol/L Na-
A B C pH7.4 0.5mL
S9 mix 0.5 mL 3
30 mL 0.1 mL 37° C
20
7. 45° C 2mL
Bacto Agar
2012231 DIFCO 0.6% 37° C
0.5% IN802 48

17



10.

10.1.

S9 mix

10.2.

30 10 3 1

10.3.

S9 mix

10.4.
10.4.1.

10.4.2.

100

10.4.3.

11.

S9 mix

100%
0.1% 7

S9 mix

CA-11D

S9 mix

S9 mix

18

11.2.

S9 mix
100%
S9 mix
6.25 12.5 25 50
11.3.
S9 mix S9 mix
2
11.4.
10.4.
12.
Attachment 2 + 2S.D.
2
13.
14.

S9 mix

2 5
S9 mix

100%

S9 mix



180 r

150

120

2
S
&
2 —0—TA100
§ ——TA1535
g 90 | —a WP2uWrA
>
i;’ ——TA98
;.éj 60 L —0—TA1537
=
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0| M
o |
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Negative 0.1 0.3 1 3 10 30 100
control
Concentration (%)
Figure 1-1. Reverse mutation test of Artificial red cells with bacteria.
(dose- finding test: without S9 mix)
180
150 0\|
o
=
=
3 120
5 —0—TA100
[S)
s —+—TA1535
=
g 9
5} —— WP2uvrA
>
(o}
«E —>—TA98
E 60 —0—TA1537
£
z

30

I
o—_
00— '—D‘\D/D‘\—D—_—D———D\D
1 1 1 1 1 1 1 1
Negative 0.1 03 1 3 10 30 100
control

Concentration (%)

Figure 1-2. Reverse mutation test of Artificial red cells with bacteria.
(dose- finding test: with S9 mix)
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Table 4-1

Reverse mutation test of Artificial red cells with bacteria (dose-finding test)

) Number of revertant colonies/plate
S9 mix Conc(e(;t)r ation Base-pair substitution type Frameshift type
0
TA100 TA1535 WP2uvrA TA98 TA1537
. 140 11 40 32 18
Negative control 0 143 (142 O] 13 (12 ] 50 (45 | 35 (34 )| 24 (21
01 125 10 31 33 14
) 125 (125 ) 16 (13 ) 40 (36 ) 33 (33 ) 18 (16
03 144 10 33 29 16
) 161 ( 153 ) 15 (13 ) 37 (35 ) 31 (30 ) 19 ( 18
1 144 10 32 24 18
159 (152 ) 16 (13 ) 33 (33 ) 30 (27 ) 22 (20
e 120 7 41 27 23
Artificial red cells 3 131 (126 )| 17 (12 )| 42 (42 | 27 (27 H| 26 (25
S9 mix (-) 10 125 13 30 24 13
151 (138 ) 18 (16 ) 4 (37 ) 30 (27 ) 21 (17
30 128 11 42 27 16
135 (132 ) 12 (12 ) 45 (4 ) 32 (30 ) 16 (16
100 134 15 26 24 7
141 (138 )| 15 (15 )| 31 (29 Y| 27 (26 ) 8 (8
Name AF-2 NaNj AF-2 AF-2 9AA
Concentration
Positive control {ug/plate) 001 05 0.01 01 80
Number of revertant| 445 591 106 375 306
colonies/plate 525 (485 )| 638 (615 )| 121 (114 Y| 378 (377 | 371 ( 339
Negative control : Saline.
AF-2 : 2-(2-Furyl)-3-(5-nitro-2-furylacrylamide; NaN; : Sodium azide; 9AA : 9-Aminoacridine hydrochloride.
( ): Mean
No precipitates were noted at any concentration on the surface of agar plate.
No growth inhibition of tester strains was observed.
Table 4-2
Reverse mutation test of Artificial red cells with bacteria (dosc-tinding test)
) Number of revertant colonies/plate
S9 mix COI’ICFOI/It;” ation Base-pair substitution type Frameshift type
0
TA100 TA1535 WP2uvrd TA98 TA1537
. 141 12 37 31 24
Negative control 0 160 (151 )| 13 (13 )| 47 (42 Y| 42 (37 H| 24 (4
01 139 12 41 34 22
) 139 ( 139 ) 14 (13 ) 43 (42 ) 38 (36 ) 27 (25
03 158 10 30 24 23
) 164 (161 ) 0 10 ) 46 (38 ) 31 (28 ) 29 (26
1 127 11 32 40 13
148 ( 138 ) 4 (13 ) 35 (34 42 (41 ) 24 (19
e 125 9 40 35 17
Artificial red cells 3 140 (133 )] 10 10 5| 47 44 | 39 (31 O] 19 (18
S9 mix (+) 10 139 9 36 34 18
150 (145 ) 11 (10 ) 41 (39 ) 35 (35 ) 25 (22
30 129 9 38 41 17
163 (146 ) 13 (11 ) 49 (4 ) 4 (43 ) 21 (19
100 128 8 28 34 11
153 (141 ) 9 (9 ) 32 (30 ) 39 (37 ) 18 (15
Name 2AA
Concentration
Positive control (ug/plate) 1 2 10 0.5 2
Number of revertant | 1135 360 1113 451 193
colonies/plate 1187 (1161 )| 401 ( 381 3| 1208 (L161 )| 454 ( 453 )| 212 ( 203

Negative control : Saline.
2AA : 2-Aminoanthracene.
( ): Mean

No precipitates were noted at any concentration on the surface of agar plate.
No growth inhibition of tester strains was observed.
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Number of revertant colonies/plate

Number of revertant colonies/plate
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180
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180
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—
O | O— o
——————o—— o —L —0
Negative control 6.25 12.5 25 50 100

Concentration (%)

Figure 2-1. Reverse mutation test of Artificial red cells with bacteria.
(mutagenicity test: without S9 mix)

o——

. w
<
O— 0 0 500
-
Negative 6.25 12.5 25 50
control

Concentration (%)

Figure 2-2. Reverse mutation test of Artificial red cells with bacteria.
(mutagenicity test: with S9 mix)
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Table 5-1

Reverse mutation test of Artificial red cells with bacteria (mutagenicity test)

Number of revertant colonies/plate

S9 mix Conc(es/lt;atlon Base-pair substitution type Frameshift type
° TA100 TA1535 WP2uvrA TA98 TA1537
Negative control 0 164 12 46 34 22
174 (169 ) 19 (16 ) 52 (49 ) 34 (34 ) 24 (23
625 120 8 27 30 16
161 ( 141 ) 8§ (8 ) 34 (31 ) 33 (32 ) 20 (18
125 134 1 31 22 17
135 (135 ) 13 (12 )| 36 (34 ) 30 (26 )| 24 (21
Artificial red cells 25 130 i 39 20 20
136 (133 ) 13 (12 ) 4 (42 ) 24 (22 ) 20 ( 20
S9 mix (-) 50 113 8 34 21 14
146 (130 )| 15 12 )| 39 (37 3| 28 (25 )| 20 (17
100 134 11 22 24 16
167 (151 ) 11 Y| 22 (22 )| 28 (26 ) 18 (17
Name AF-2 NaNj AF-2 AF-2 9AA
Concentration
Positive control (ug/plate) 0.01 05 0.01 0.1 80
Number of revertant 594 580 110 353 386
colonies/plate 609 (602 ) 656 (618 ) 135 (1123 ) 383 (368 ) 475 ( 431
Negative control : Saline.
AF-2 : 2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide; NaN, : Sodium azide; 9AA : 9-Aminoacridine hydrochloride.
( ): Mean
No precipitates were noted at any concentration on the surface of agar plate.
No growth inhibition of tester strains was observed.
Table 5-2
Reverse mutation test ol Artificial red cells with bacleria (mutagenicily test)
) Number of revertant colonies/plate
S9 mix Conc(e[;t;atlon Base-pair substitution type Frameshift type
° TA100 TA1535 WP2uvrAd TA98 TA1537
. 165 13 30 35 17
Negalive control 0
180 (173 ) 14 (14 ) 32 (31 ) 35 (35 ) 24 (21
6.5 170 7 20 34 17
186 ( 178 ) 13 (10 Y 36 (28 ) 33 (36 )| 23 (20
125 141 11 24 25 24
161 (151 ) 12 (12 ) 26 (25 ) 29 (27 ) 25 ( 25
Artificial red cells 25 165 12 31 ) . 2 ’
177 (171 )| 12 (12 )| 33 (32 )| 28 (26 )| 25 (22
S9 mix (+) s 146 9 22 26 17
171 ( 159 ) 10 (10 ) 24 (23 ) 29 (28 ) 23 (20
100 160 8 21 23 18
193 (177 ) 11 (10 ) 24 (23 ) 29 (26 ) 21 (20
Name 2AA
Concentration
Positive control (ug/plate) 1 2 10 0.5 2
Number of revertant 1089 386 1140 437 246
colonies/plate 1168 (1129 )| 406 ( 396 )| 1205 (1173 )| 449 (443 )| 255 ( 251

Negative control : Saline.
2AA : 2-Aminoanthracene.

( ): Mean

No precipitates were noted at any concentration on the surface of agar plate.
No growth inhibition of tester strains was observed.
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1.1.

S9 mix

3%

1.2.

S9 mix

1.3.

S9 mix

1.4.

L.5.

S9 mix

6.25%

2.2.

S9 mix
Table4-1 4-2 Figure1l-1 1-2
S9 mix 2.3.
S9 mix
S9 mix S9 mix
2.4.
S9 mix
S9 mix 2.5.
2
+ 2 S.D.
100% S9 mix
Table51 52 Figure 2-1 2
S9 mix
S9 mix S9 mix
(
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S9 mix

S9 mix
+ 2 S.D.
100% S9 mix
S9 mix S9 mix
2
+ 2 S.D.

S9 mix

GLP



3 3
B
Hb
250nm
B - (BPL)
BPL
Hb
BPL
(Bacillus subtilis spores)
BPL

(Test No. SN-2013-0560)

Hb (10mL,
5, ) Bacillus subtilis spores
ATCC 6633 0.1 mL (10° colony forming
unit (CFU)/0.1 mL) 37 50
(Tablel)
BPL 5
10 uL 0.05 0.10%
10 37 2
(15010 rpm) 1
mL 9mL

ImL

(x 3) 20mL Soybean-Casein Digest (SCD)

agar 30-35 5 CFU
(colony forming unit)
Hb BPL
CFU Charles
River (33 Ubi Ave 3, #06-13/14, 27-29 Vertex, Tower
B, Singapore 408868) (2013
BRASS Charles River )
«C )
Hb (Lot 30-May-2013)
«C )

Bacillus subtilis spores ATCC 6633
1.70 x 10° CFU/0.1 mL

Table 1. Test variables in each test run

Variables

T Germination condition

est Germination | Germination BPL
Run . .

Temperature Duration concentration
() (hr)

1 37 1 0.05%

2 37 3 0.10%

3 50 1 0.10%

4 50 3 0.05%

(Bacillus subtilis spores ATCC 6633)

Table 2, 3 Hb BPL
0.100% Log reduction 0.40-0.50
BPL
B -
DNA
Saphylococcus aureus
Pseudomonas aeruginosa BPL



Table 2. Log reduction of ill ubtilis from the positive confrol counts.
Average Logi o e
Test Run No. | Replicate | - Estimated CFUImL - :| Logis Result | - of Positive . | -28 Reduction
' Control
A 2.01 X10° 5.30 0.07
1 = 5.38
B 227 X10 5.36 0.02
A 9.10 X 10* 4.96 0.50
2 - 5.46
B 9.40 X 10 4.97 0.48
A 1.03X10° 5.01 0.41
3 = 5.42
B 1.05 X 10 5.02 0.40
A 2.32 X 10° 5.37 0.05
4 ¢ 5.41
B 2.01 X10 5.30 0.1
Table 3. Log reduction results shown in the context of the experimental design
Test Variables Studied Outcome (Log reduction against
TR respective positive control)
estRun | Germination BPL
Temperature gﬁgt::?.ﬁ&'; Concentration A B
(°C) (% vIv)
1 37 1 0.05 0.07 0.02
2 37 3 0.10 0.50 0.48
3 50 1 0.10 0.41 0.40
4 50 3 0.05 0.05 0.11
(Bacillus
subtilis spores)
(Wikipedia)
3
Hb 80
37
50
Log Reduction
Hb

BPL
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Hb AIBFEERGE: ~TETOE /| (HDV)
@ Hb/NE DB ET B
Hb @ E#EHD WERE 5~10 nm
DMELL, BRFLL HbR 35 g/dL (Hb5 F #3375 H)

@ HRAMIEH
/MR- FEEEEL

@ PEG#&#H
ZHRFHEKTF.20~25CT

2FEMORET
BE#OMP SRR ERE

250 nm
® L EHEE 5 FRHbDFIE A% E#
(GF :tvesed Lk AN RN BB P PRI

BIFAXFEL

WAREICHF

B 1 ~AES OV /MNakDRE

4
(HbV) (1) Lactate Ringer LR)
(2) 5% (rHSA) 25%
5
PEG
250nm Psy 32Torr (3) (sRBC )
Hb 8.6 g/dl
90 (4) (HbV ) Hb
5%
Hb 8.6 g/dl 7
HIF-1alpha
LR rHSA
7 50 sRBC
40 HbV rHSA
HbV sRBC HbV
hypoxia-inducible factor 1alpha HbV
(HIF-1alpha)
C57BL/6 HbV

40

26



A KT B. FEX1E
______________________ 105
0 e —0— HBV/PHSA 7
2100 —& sRBO/THSA
087 kS —O-rHSA
N s
£ £ 9
Zos ]
sl e z o0
04 H
- == HbV/HSA | £ 85
0.2 —— SRBC/tHSA | &
— — rHsA £ 80
.......... 4
o4 i R
5
OPOD IPOD 2POD 3POD 4POD 5POD 6POD 7POD 0POD IPOD 2POD 3POD 4POD 5POD 6POD 7POD
C. ERE D. BREHE
18 7000
3 187, I Hbv/rHSA T 600 I HbV/rHSA
£ 3
= SRBC/HSA i = SRBC/rHSA
g 9 s
< 12 7 =4
s L o
510 [ 25
E z -
g 6 7 53
z 4 7 ¥
s v z
& 7
! z
0 2

aselinelPOD 2POD 3POD 4POD 5POD 6POD 7POD

I

o
BaseingPOD 2POD 3POD 4POD 5POD 6POD 7POD

2 THREEFEAHHELETIVICEIT
AANESOEVIMNEFRERSOHR

eascine [l Hov/rHsA B srac/msa []isa
A. Hematocrit B. Hemoglobin
60 F 10
% dd A4
g . N7 g7
P s G % 3
H 7 £
rs EY g g g 3
i, 0 b
Z| k-
é 2 Z Ty
| W

Baseline 1POD . 3POD 7POD Baselne  1POD 3POD 7POD
C. White blood cell D. Platelet
6000 140
Tow R
= Ei
Z 4000 k= *
3 S
S 2 .
3 R * 3 60
5 a0 * 5,
2 1000 20
o o
Baseline  1POD 3POD 7POD Baseline  1POD 3POD 7POD

E. Spleen / body weight ratio
08

Spleen / body weight ratio

2FOD

JFOD  14FOD

3 vHORMEHEFEAFHEmETILIC
Bs~AEFoEvNaFEREOnERS LV
ERESDEL

14

HIF-1alpha

rHSA

HbV
sRBC

HbV 40%

HbV

sRBC HbV

HbV

27

HbV/rHSA

sRBC/rHSA

rHSA

H4 v oAMEBERERHOETVICEITS
AEFOE/MEGHRS R OFBOERE

Ak ]

HbV/rHSA
sRBC/rHSA
rHSA

B 5 vzl @Aait hET LIS TAAETOE
NGRS # O E UR B TOHypoxia-inducible
factor 1alpha (HIF-1a) D1



port-winestain

30

port wine - stain

1970

57Tn

0.6
38+ 18

708

0.3%

1.5

28

2
3
708
2 69 3 5 20 6
11
10
20
photodynamic

therapy 1000

idea

40 1



1966

' : erythrocyte

® : artificial red blood cell

Mexameter MX16

vivo study

29



(EVG)

4 6 8 10 12J/cm> 10ms
4
10 15

HE AZAN

10

10

30

X4 AT BRE 5 Al oo 78 i =l i &

X5 AToR i BRE 515 00 55 e 6 A . &

X6 N\ LR EREE 511 0> £ F5E A i

X7 Ao BRE 515 0> £ [ 6 . &



4 10
568 nm
1.05
1
1 806 869
2 809 855
3 810 851
4 825 853
5 805 861
6 807 862
7 805 842
8 820 861
9 811 861
10 798 858
11 804 863
12 821 853
13 816 850
14 814 845
15 810 848
16 799 858
17 815 862
18 821 869
19 818 862
20 806 867
810 859.5
811 857.5
s
ATTITT]
o

10

Mexameter MX16

1.34

1.40

585nm

585nm

Hb-v

0.296
100

0.532
60

Hb-v

0.392
100

0.746
60

10
15

Hb-V

Hb-V

Hb-V

31




15

1.4

400

10%

32

10%

1.05



invivo,

invitro,

ET-Kyoto

University of Wisconsin Euro-Collins

Low Potassium Dextran Glucose

33



(MAP)
Super-
microsurgery
Wistar Rat Salgado CJ.
(2010)
4 6
8
8
180mmHg
(pO») 20mmHg 1
ET-Kyoto 100 mmHg
PCO, HbV 35-10
mmHg ET-Kyoto 0 mmHg
HbV 2.0-3.5mM
ET-kyoto (Fig. 1) 8
100

34

ET-

Kyoto

26

1. H. Sakai, K. Ng, B. Li, N. Sugimura. Swine

hemoglobin as a potential source of artificial oxygen
carriers,  hemoglobin-vesicles.  Artif.  Cells

Nanomedicine Biotechnol. 41, 37-41 (2013).

M. Fujihara, D. Takahashi, H. Abe, H. Sakai, H.
Horinouchi, K. Kobayashi, H. Ikeda, H. Azuma.
Primary and secondary immune responses to
keyhole limpet hemocyanin in rats after the infusion
of hemoglobin vesicle, an artificial oxygen carrier.

Artif. Organs 38, 234-238 (March, 2014)

S. Nagao, K. Taguchi, H. Sakai, R. Tanaka, H.
Horinouchi, H. Watanabe, K. Kobayashi, M.
Otagiri, T. Maruyama. Carbon monoxide-bound
hemoglobin-vesicles as a potential therapeutic
agent for the treatment of bleomycin-induced

pulmonary fibrosis. Biomaterials (in press)

(Reviews)

1.

Anesthesia Network 18, 37-41 (2014, Jan)

. HW. Kim, J.S. Jahr, A. Mozzarelli, H. Sakai.

International consortium for development of
hemoglobin-based  oxygen carriers, oxygen

therapeutics and multifunctional resuscitation



fluids—a white paper. In: Hemoglobin-based oxygen
carriers —principles, approaches and current status
(H.W. Kim & A.G. Greenburg eds.) Springer-Verlag
(Berlin/Heidelberg, Germany). Chapter 39, pp.
737-746 (2013, Dec).

. T. Ikeda, H. Horinouchi, H. Sakai. Cellular-type
hemoglobin-based oxygen carriers as a resuscitative
fluid for hemorrhagic shock: acute and long-term
safety  evaluation

using beagle dogs. In:

Hemoglobin-based oxygen carriers —principles,
approaches and current status (HW. Kim & A.G
Greenburg eds.) Springer-Verlag (Berlin/Heidelberg,

Germany). Chapter 28, pp. 501-526 (2013, Dec).

. H. Azuma, M. Fujihara, H. Sakai. Biocompatibility
of hemoglobin vesicles, a cellular-type artificial
oxygen carriet, on blood cells and plasma proteins in
vitro and in vivo. In: Hemoglobin-based oxygen
carriers —principles, approaches and current status
(H.W. Kim & A.G. Greenburg eds.) Springer-Verlag
(Berlin/Heidelberg, Germany). Chapter 22, pp.
385-398 (2013, Dec).

. H. Sakai. Cellular-type hemoglobin-based oxygen
carriers to mimic the red blood cells structure. In:
Hemoglobin-based oxygen carriers —principles,
approaches and current status (HW. Kim & A.G
Greenburg eds.) Springer-Verlag (Berlin/Heidelberg,

Germany). Chapter 12, pp. 235-248 (2013, Dec).

) : 21,
36-48 (2013)

. H. Sakai. Biocompatibility of a highly concentrated

fluid of Hemoglobin-vesicles as a transfusion

35

alternative. In: Selective Topics in Nanomedicine
(T.M.S. Chang ed.), pp. 133-147, World Scientific,
Singapore (2013)

( )
/
( )/ 58
/ /2013.6.23
/
/38
/ /

2013/8/23-24

. K. Taguchi, H. Watanabe, H. Sakai, T. Maruyama, M.

PRECLINICAL STUDIES OF
HEMOGLOBIN-VESICLES AS AN ARTIFICIAL
OXYGEN CARRIER IN NON-HUMAN PRIMATE
(poster) / 28 /
/2013/10/9-11

Otagiri  /

. H. Sakai, H. Horinouchi, H. Azuma, M. Otagiri, K.

Kobayashi / Artificial red cells (Hb-vesicles) for
blood substitutes and oxygen therapeutics /14th
International Symposium on Blood Substitutes and
Oxygen Therapeutics / Chengdu, China / Oct. 18-21,
2013

. K. Taguchi, H. Watanabe, H. Sakai, T. Maruyama, M.

Otagiri / PRECLINICAL STUDIES OF



10.

11.

HEMOGLOBIN-VESICLES AS AN ARTIFICIAL
OXYGEN CARRIER IN NON-HUMAN PRIMATE

(poster) / 14th International Symposium on Blood

Substitutes and Oxygen Therapeutics / Chengdu,

China / Oct. 18-21, 2013
/
( )/
20 /
/2013.12.6-7.
/
HIF-1alpha /20
/ /
2013.12.6-7.
/ (
)
/20
/ /2013.12.6-7.
/
port-wine stain
/20
/ /2013.12.6-7.
/
/20
/ /2013.12.6-7.
/
Con A

36

12.

13.

14.

15.

16.

/2013/12/7-8

/2013.12.6-7.
/
/
/
/2013.12.14.
/
)
25 /
/2014.3.7.

(Hb )

()

Li Bing Lim WeiLee /

(
94

/2014.3.27

/2014.3.27-28.

20



25 5 20 16:48 19:00
6. US Patent 6,864,094: Method of preserving oxygen

infusions.
( , )

1. 3,466,516 7. Canadian Patent CA2383977: Method of preserving
oxygen infusions.

2. 4,181,290 8. US Patent 7,417,118: Pharmaceutical composition
containing artificial oxygen carrier

3.

4,763,265 9. European Patent 1,466,649: Pharmaceutical

composition containing artificial oxygen carrier

4. 5,020,525

10. PCT/JP2012/59233 (2012 4 4 ):
5. US Patent 6,916,303: Photoreduction method for

hemoglobin-vesicle

37



38



(HbV)
ApoE (HbV)
ApoE
HbV (®H-HbV) 2000 mg Hbl/kg HbV
14 5%
3% HbV
HbV HDL-
*H
HbV (CO) CO HbV
(CO-HbV) (IPF) CO-HbV
CO-HbV  IPF
HbV ( )
HbvV  CO
HbV
. 2012)
HbV
HbvV
HbV
1 mL L
(HbV) ( )
(Drug Metab Dispos. 2009, 2011; Drug Metab Rev. HbV
2011; J Drug Metab Toxicol. 2012)
(J Control Release. 2009) (Toxicol Appl
Pharmacol. 2010; J Pharm Sci. 2011) (Life

39



ApoE 7
SLC 1 8
(PFC) 1
2-2. *H-Hbv
(CO) HbV 800 uL  cholesterol,[1,2-*H(N)]- 20 pL
24 *H
CcO
2-3.
Cco ApoE
Co *H-HbV 2000 mg Hb/kg
Hbv CO 1 3 7 14
HbV (CO-HbV) in vivo ( )
CO-HbV CO
2-4.
CO-HbV CO 1
3 7 14
50 uL soluene-350 /
ApoE HbV 1 1 500 uL
(50 24 )
(Hionic-Fluor) 8 mL
(IPF) (LSC-5121)
CO-HbV soluene-350 1 mL
(50 24 )
1.
3.CO-HbV _ IPF
3-1.
Sea-ICR 6
2. ApoE HbV

40



3-2. IPF
Sea-ICR
(5 mg/kg)
3-3.  CO-Hbv
30 1
HbV (1400 mg Hb/kg) CO-HbV
(1400 mg Hb/kg)
3-3.  CO-Hbv
IPF 3
14
(Masson’s trichrome
)
1. ApoE HbV
1-1.
ApoE HbV
HbV ( 14 )
HbV
1-2.
HbV 2000 mg Hb/kg ApoE
1,3,7, 14 (
)
HbV
(Fig. 1) g
(Fig. 2)

HbV

%of dose

41

60
B 1day

50 1 I 3day
@ 7day

20 1 Bl 14day

30 1

20 1

10 1

0 -

Figure 1 Tissue distributions (% of dose) of *H-HbV at 1, 3,
7, 14 day after administration to ApoE deficient mice at a
dose of 2000 mg Hb/kg. Each point represents the mean + SD
(n=5).

[ 1day

% of dose/g tissue

Figure 2 Tissue distributions (% of dose/g tissue) of
SH-HbV at 1, 3, 7, 14 day after administration to ApoE
deficient mice at a dose of 2000 mg Hb/kg. Each point
represents the mean + SD (n=5).

HbV
14 5%
3%
HbV
HDL-
HbV



z
C)

(Figure 3)

(x109) (x109

foe]

T+
oo 2-2.

*%

Total cells
O R, N Wb O

Alveolar macrophages
O, N WHAMOUGO N

Control Saline HbV CO-HbV Control Saline HbV CO-HbV

BLM BLM HbV

CO-HbV
(Figure 4A)

HbV
0 ControlSaline  HbV CO-HbV
BLM
Figure 3 Effect of CO-HbV on cells in bronchoalveolar CO-HbV
lavage fluid in bleomycin-induced pulmonary fibrosis mice. .
The number of inflammatory cells including (A) total cells, (Figure 4B)
(B) alveolar macrophages and (C) neutrophils in CcO
bronchoalveolar lavage fluid on day 3. These inflammatory
cells were determined on day 3. Each value represents the
mean £ s.d. (n=3-6). **P<(0.01 versus control. {P<0.01
versus CO-HbV. 1P<0.05 versus CO-HbV. @)
14 HbV BLM
Control Saline HbV CO-HbV
HbV 2%
(2000 mg Hb/kg) 14 s
®)
ig
2. CO-HbV __IPF £2
<)
2-1. ¥
g
’ Control Saline  HbV CO-HbV
BLM
) Figure4
istopathologic evaluation e saling, or
(Figure 3A) (A) Histopathologic evaluation at after saline, HbV
CO-HbV treatment on day 14 in BLM-induced
pulmonary fibrosis mice.
Sections of pulmonary tissue were prepared on day 14 and
(Figure 3B) subjected to Masson trichrome staining.
_ (B) Hydroxypralinelevelesin left lung at after saline, HbV
(Figure 3C) or CO-HbV treatment on day 14 in BLM-induced
HbV pulmonary fibrosis mice.

The pulmonary hydroxyproline level was done on day 14.
CO-HbV Each value represents the mean + s.d. (n=3-7). **P<0.01
versus control. $1P<0.01 versus CO-HbV.

42



(A) (B)
149 100-
1.2
1.0 9 §A

- 83

) i 3 E

E 08 83

Q o o

c 0.6 5 g
044 B~
0.24 ¢

0

Control Saline HbV CO-HbV
BLM

a
=]

Tissue elastance
(cmH,O/mL)
w &
S ©

N
o

-
o o

BLM

Figure 5 The lung mechanics and respiratory functions after
saline, HbV or CO-HbV treatment on day 14 in BLM-induced
pulmonary fibrosis mice. Forced vital capacity (A), total
respiratory system elastance (B) and tissue elastance (C) were
determined on day 14. Each value represents the mean =+ s.d.
(n=4-5). **P<0.01 versus control. 11P<0.01 versus CO-HbV.
+P<0.05 versus CO-HbV.

2-3.
CO-HbV
IPF
(FVC)
HbV FVC
CO-HbV
(Figure 5A)
FVC CO-HbV
(Figure 5B and C) CO-HbV
IPF
HbV
HbV

oA
Control Saline HbV CO-HbV
BLM

43

(2000 mg Hb/kg)

CO-HbV IPF
IPF
2.8
20
CO-HbV
IPF
HbV  ApoE
HbV
€[0)
HbV CoO
CO-HbV IPF
CO-HbV
HbV HbV
(€[0) HbV



HbV

1.

1. Tanaka R, Ishima Y, Maeda H, Kodama A, Nagao
S, Watanabe H, T G Chuang V, Otagiri M,
Maruyama T. Albumin fusion prolongs the
antioxidant and anti-inflammatory activities of
thioredoxin in mice with acetaminophen-induced

hepatitis. Mol Pharm. (2014) in press

2. Sato H, Chuang VT, Yamasaki K, Yamaotsu N,
Watanabe H, Nagumo K, Anraku M, Kadowaki D,
Ishima Y, Hirono S, Otagiri M, Maruyama T.
Differential effects of methoxy group on the
interaction of curcuminoids with two major ligand
binding sites of human serum albumin. PLoS One.
(2014) 9(2):e879109.

3. Ishima Y, Kragh-Hansen U, Maruyama T, Otagiri
M. Poly-s-nitrosated albumin as a safe and
effective  multifunctional antitumor agent:
characterization, biochemistry and possible future
therapeutic applications. Biomed Res Int. (2013)
353892.

4. Nagumo K, Tanaka M, Chuang VT, Setoyama H,
Watanabe H, Yamada N, Kubota K, Tanaka M,
Matsushita K, Yoshida A, Jinnouchi H, Anraku M,
Kadowaki D, Ishima Y, Sasaki Y, Otagiri M,
Maruyama T. Cys34-cysteinylated human serum
albumin is a sensitive plasma marker in oxidative

stress-related chronic diseases. PLOS One. (2014)

44

9(1):e85216.

. Kodama A, Watanabe H, Tanaka R, Kondo M,

Chuang VT, Wu Q, Endo M, Ishima Y, Fukagawa
M, Otagiri M, Maruyama T. Albumin fusion
renders thioredoxin an effective anti-oxidative
and anti-inflammatory agent for preventing
cisplatin-induced nephrotoxicity. Biochim
Biophys Acta. (2014) 1840(3):1152-62.

. Chuang VT, Otagiri M. Photoaffinity labeling of

plasma proteins. Molecules. (2013) 18(11):
13831-59.

. Taguchi K, Jono H, Kugimiya-Taguchi T, Nagao S,

Su Y, Yamasaki K, Mizuguchi M, Maruyama T,
Ando Y, Otagiri M. Effect of albumin on
transthyretin and amyloidogenic transthyretin
Val30Met disposition and tissue deposition in
familial amyloidotic polyneuropathy. Life Sci.
(2013) 93(25-26):1017-22.

8 Watanabe H, Sakaguchi Y, Sugimoto R, Kaneko KI,

Iwata H, Kotani S, Nakajima M, Ishima Y, Otagiri
M, Maruyama T. Human organic anion
transporters function as a high-capacity transporter
for p-cresyl sulfate, a uremic toxin. Clin Exp

Nephrol. (2013) in press

. Taguchi K, Ujihira H, Watanabe H, Fujiyama A,

Doi M, Takeoka S, Ikeda Y, Handa M, Otagiri M,
Maruyama T. Pharmacokinetic study of adenosine
diphosphate-encapsulated liposomes coated with
fibrinogen y-chain dodecapeptide as a synthetic
platelet substitute in an anticancer drug-induced
thrombocytopenia rat model. J Pharm Sci. (2013)
102(10):3852-9.



10. Nishijima M, Kato H, Fukuhara G, Yang C, Mori
M,

Photochirogenesis with mutant human serum

T, Maruyama T, Otagiri Inoue Y.

albumins: enantiodifferentiating photo-

cyclodimerization of 2-anthracenecarboxylate.

Chem Commun. (2013) 49(67):7433-5.

11. Altaf A, Aldawsari H, Banjar MZ, Anraku M,
Iohara D, Otagiri M, Uekama K, Hirayama F.
Preparation of soluble stable Cgo/human serum
albumin nanoparticles via cyclodextrin

complexation and their reactive oxygen production

characteristics. Life Sci. (2013) 93(7):277-82.

12. Taguchi K, Ujihira H, Ogaki S, Watanabe H,
Fujiyama A, Doi M, Okamura Y, Takeoka S, Tkeda

Y, Handa M, Otagiri M, Maruyama T.
Pharmacokinetic  study of the structural
components of  adenosine diphosphate-

encapsulated liposomes coated with fibrinogen
v-chain dodecapeptide as a synthetic platelet
Metab  Dispos.  (2013)

substitute.  Drug

41(8):1584-91.

13. Yamasaki K, Chuang VT, Maruyama T, Otagiri
M. Albumin-drug interaction and its clinical
Biochim Biophys Acta. (2013)

1830(12):5435-43.

implication.

14. Anraku M, Chuang VT, Maruyama T, Otagiri M.
Redox properties of serum albumin. Biochim
Biophys Acta. (2013) 1830(12):5465-72.

15. Tanaka R, Watanabe H, Kodama A, Chuang VT,
Ishima Y, Hamasaki K, Tanaka K, Mizushima T,
Otagiri M, Maruyama T. Long-acting human

albumin-thioredoxin  fusion

serum protein

suppresses bleomycin-induced pulmonary fibrosis

45

16. Ishima

progression. J Pharmacol
345(2):271-83.

Exp Ther. (2013)

Y, Shinagawa T, Yoneshige S,
Kragh-Hansen U, Ohya Y, Inomata Y, Kai T,
Otagiri M, Maruyama T. UW solution improved
with high anti-apoptotic activity by S-nitrosated
human serum albumin. Nitric Oxide. (2013)

30:36-42.

17. Minomo A, Ishima Y, Chuang VT, Suwa Y,

Kragh-Hansen U, Narisoko
Maruyama T, Otagiri M. Albumin domain II

T, Morioka H,

mutant with high bilirubin binding affinity has a

great potential as serum bilirubin excretion

enhancer for hyperbilirubinemia treatment.

Biochim Biophys Acta. (2013) 1830(4):2917-23.

18. Watanabe H, Miyamoto Y, Honda D, Tanaka H,

Wu Q, Endo M, Noguchi T, Kadowaki D, Ishima Y,
Kotani S, M, Kataoka K,
Kim-Mitsuyama S, Tanaka M, Fukagawa M,

Nakajima

Otagiri M, Maruyama T. p-Cresyl sulfate causes
renal tubular cell damage by inducing oxidative
stress by activation of NADPH oxidase. Kidney Int.
(2013) 83(4):582-92.

19. Nishi K, Kobayashi M, Nishii R, Shikano N,

Takamura N, Kuga N, Yamasaki K, Nagamachi S,
Tamura S, Otagiri M, Kawai K. Pharmacokinetic
alteration of (99m)Tc-MAG3 using serum protein
binding displacement method. Nucl Med Bial.
(2013) 40(3):366-70.

20. Kodama A, Watanabe H, Tanaka R, Tanaka H,

Chuang VT, Miyamoto Y, Wu Q, Endo M,
Hamasaki K, Ishima Y, Fukagawa M, Otagiri M,

Maruyama T. A human serum albumin-thioredoxin



fusion protein prevents experimental
contrast-induced nephropathy. Kidney Int. (2013)

83(3):446-54.

21. Ogaki S, Taguchi K, Watanabe H, Otagiri M,
Maruyama T. Carbon monoxide-bound red blood
cells protect red blood cell transfusion-induced

P450
Drug Metab Dispos.

hepatic  cytochrome impairment  in
hemorrhagic-shock rats.

(2013) 41(1):141-8.

22. S. Nagao, K. Taguchi, H. Sakai, R. Tanaka, H.
Horinouchi, H. Watanabe, K. Kobayashi, M.
Otagiri, T. Maruyama. Carbon monoxide-bound
hemoglobin-vesicles as a potential therapeutic
agent for the treatment of bleomycin-induced

pulmonary fibrosis. Biomaterials (in press)

2.

1. S-nitrosated a-l-acid glycoprotein  kills
drug-resistant bacteria and aids survival in sepsis.
Kaori Watanabe, Yu Ishima, Teruo Kuroda, Wakano
Ogawa, Hiroshi Watanabe, Ayaka Suenaga, Toshiya
Kai, Masaki
Federation for Pharmaceutical Sciences 2013, Jeju,

Korea, 2013/11/21-22)

Otagiri, Toru Maruyama (Asian

2. Therapeutic impact of human serum

albumin-thioredoxin fusion protein, long-acting
anti-oxidative and anti-inflammatory modulator,
against acetaminophen-induced acute liver failure.
Ryota Tanaka, Hitoshi Maeda, Azusa Kodama,
Hiroshi Watanabe, Yu Ishima, Toru Maruyama,
Masaki Otagiri (Asian Federation for Pharmaceutical

Sciences 2013, Jeju, Korea, 2013/11/21-22)

3. Carbon monoxide bound red blood cells protect

the expression of hepatic cytochrome P450 after

46

shock
inactivation of Kupffer cells. Shigeru Ogaki, Kazuaki
Hitoshi Maeda, Hiroshi
Watanabe, Masaki Otagiri, Toru Maruyama (Asian

resuscitation  from  hemorrhagic via

Taguchi, Yu Ishima,
Federation for Pharmaceutical Sciences 2013, Jeju,

Korea, 2013/11/21-22)

4. Mechanism of enhanced cysteinylation of Cys34
in human serum albumin in chronic liver disease.
Kohei Nagumo, Tadashi Imafuku, Naoyuki Yamada,
Hiroshi Watanabe, Yu Ishima, Motohiko Tanaka,
Yutaka Sasaki, Masaki Otagiri, Toru Maruyama
(Asian Federation for Pharmaceutical Sciences 2013,

Jeju, Korea, 2013/11/21-22)

5. A human serum albumin-thioredoxin fusion

protein prevents experimental contrast-induced
nephropathy. Hiroshi Watanabe, Azusa Kodama,
Ryota Tanaka, Hisae Tanaka, Victor Tuan Giam
Chuang, Yu Ishima, Masafumi Fukagawa, Masaki
Otagiri, Toru Maruyama (Asian Federation for
2013, Jeju, Korea,

Pharmaceutical  Sciences

2013/11/21-22)

6. Safety and pharmacokinetic evaluation after a

massive intravenous infusion of hemoglobin-
encapsulated liposome (Hemoglobin-vesicles) in
cynomolgus monkeys. Kazuaki Taguchi, Hiroshi
Sakai,

Koichi Kobayashi, Toru Maruyama, Masaki Otagiri

Watanabe, Hiromi Hirohisa Horinouchi,
(Asian Federation for Pharmaceutical Sciences 2013,

Jeju, Korea, 2013/11/21-22)

7. Preclinical studies of hemoglobin-vesicles as

an artificial oxygen carrier in non-human

primate. Kazuaki Taguchi, Hiromi Sakai,
Hirohisa Horinouchi, Koichi Kobayashi, Toru
Maruyama, Masaki Otagiri (The XIVth



International Symposium on Blood Substitutes
and Oxygen Therapeutics, Chengdu, China,
2013/10/18-21)

8. Artificial red cells (hemoglobin-Vesicles) for
blood substitutes and oxygen therapeutics.
Hiromi Sakai, Hirohisa Horinouchi, Horoshi
Azuma, Masaki Otagiri, Koichi Kobayashi (The
XIVth International Symposium on Blood
Substitutes and Oxygen Therapeutics, Chengdu,
China, 2013/10/18-21)

9. Albumin -Thioredoxin = Fusion Protein is
Effective in Suppressing Lung Injury. Masaki Otagiri
(9th Retrometabolism Based Drug Design and
Targeting Conference, Orlando, 2013/5/12-15)

10. Development of recombinant serum albumin.
Masaki Otagiri (The International Liver Congress
2013 48th annual meeting of the FEuropean
association for the study of the liver, Amsterdam, the

Netherlands, 2013/4/24-28)

1.
H12(ADP)

2013/12/6-7)

12.

( 20
, ,2013/12/6-7)

13.

(

14.

15.

16.

28 , , 2013/5/23-5/25)

2013/5/23-5/25)

17.

(
2013/5/23-5/25)

18.

19.

, 2013/5/23-5/25)

20
, ,2013/12/6-7)

B

>

(20
,2013/12/6-7)

(

EPR

28 ,

, 2013/5/23-5/25)

28



20.

56

48

B

,2013/5/10-5/12)



(HbV)

CC-chemokine, IL-10,

IL-13 , IL-18, Th2 cytokine

(Hbv)
(Hbv)
20% viv
Hb (DPPC-liposome)
T NO
T
TNF-a Thl IFN-y , IL-2
13
HbV
Hbv ,
ex vivo
ConA Keyhole limpet hemocyanin
HbvV Hbv
T
NO

B1.

49

WKAH

, ¢, 811

IL-4, 5,



200-300 g 20%(v/v)
Hb
(DPPC-liposome) ( 6g/dl)
saline
Hb
16

(RPM1-1640/10%FCS/50ul 2-mercaptoethanol (2-ME))
5 mL

2,000
RPMI1640
- IBL
SmL 5-7

rpmx 5 min

B2.

1 2 3
-20°C
Bioplex pro rat cytokine assay panel
IL-1a , IL-13 , IL-2, IL-4,
IL-5, IL-6, IFN-y , IL-10, IL-13, IL-17, IL-18, MCP-1
(CCL2), MIP-1 o  (XXA3), MIP-3 a (CCL19),
RANTES (CCLS), TNF-a , 16

72
3
72
triplicate
B3. CD11b/c HLA-class Il
RNA
CDll1b/c

rich

CDl11b/c

50%
RNA DNA
CDl11b/c
B4. DNA
RNA Low Input

Quick Amp Labeling Kit (Agilent Technologies)

cDNA cRNA
cRNA

44,000 gene, Agilent

( whole rat,

Technologies)

Agilent Technologies

Microarray Scanner

LV. LV
2
B5. CFSE Con A T
Bl PBS/1%FCS 2
1x 10"/mL SuM Carboxyfluorescence

diacetate succinimidyl ester (CFSE: Molecular Probes)

37 5
24 duplicate 8
x 105 /1mL/ , Concanavalin A (ConA;
Sigma-Aldrich) 37 , 5% CO,
72
CFSE
CFSE



BEV conao MCP-1-* MIP-3a
1000 - B EV ConA0.3 2500 7 OEV ConAO
800 - 2000 - B EV ConAO0.3
600 - O saline ConAO 1500 - DSaline ConAO
400 - ®Saline ConA0.3 1000 - Saline ConA0.3
200 - 500
— 0 0
Eg 54 48 7 24 48 72
cn EEV ConAOD RANTES . 600 1 Lty conAo MIP-1c.
s00) ' Y FonAlS 200 7 ey conao.3 %
400 - DSsaline ConA0 :zg : O saline ConAO
zgg '| @ saline ConA0.3 500 - Msaline ConA0.3
100 100
0 8=
24 48 72 24 48 72
hour

Fig 1. Production of Chemokines
Splenocytes were cultured in the presence of Con A (0.3ug/ml). The
chemokine shown here increased in concentration in the culture

supernatant of empty vesicle-loaded splenocytes (EV). (* : P<0.05)
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Fig 2

. Production of cytokine
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All the chemokine shown here did not change or increase in
concentration in the culture supernatant.
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Fig 3. Production of cytokine
The cytokine shown here increased in concentration in the culture
supernatant of empty vesicle-loaded splenocytes. (* : P<0.05)
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Fig 4. Production of Cytokine
Among these four chemokines, only IL2 increased in concentration in
the culture supernatant of empty vesicle-loaded splenocytes than in
saline-loaded splenocytes. 1.4, 5 and 13 were shown not to increased at

all. (* : P<0.05)
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