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Abstract

Clinical application is expected in the near future for an artificial oxygen carrief] liposome encapsulated hemoglobinCdeveloped
in Japan which consists of human hemoglobiri] HbOenclosed in liposomal endoplasmic reticula. Development of artificial oxygen
carriers has a long history. It started with an attempt to perfuse micro oxygen bubbles and progressed to the development of
perfluorocarborid PFCOand modified Hb. Their development was blocked by various problems. At present, a number of
modified Hb products are at the final stage of development in the US, but no artificial oxygen carrier with validated efficacy and
safety has been commercialized.

In the US, the Food and Drug Administration's Center for Biologics Evaluation and Researcthl CBERL] the new drug application
review authority, issued proposed "Guidance for Industry: Criteria for Safety and Efficacy Evaluation of Oxygen Therapeutics as
Red Blood Cell Substitute" in October 2004 in order to support the development of these modified Hb products at the final stage
of development.

In Japan, the "Fundamental View Points on Oxygen Carrier Products and their Manufacturing" were adopted as a guide for
clinical application of safer liposome encapsulated hemoglobin products at the annual assembly of the Society of Blood
Substitutes, Japan in 2005. This paper explains these "fundamental view point" from the regulatory viewpoints.

Keywords
artificial oxygen carrier, liposome encapsulated hemoglobin, perfluorocarbon, modified hemoglobin, guidance, regulatory
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Table 1. History of Oxygen Carries recomendations inUS

August, 19900
September, 19970

Point to Consider on Safety Evaluation of Hemoglobin-Based Oxygen Carrier§] 3[11

Guidance for Industry: Efficacy Evaluation of Hemoglobin- and Perfluorocarbon-

O Based Oxygen Carrier§] DRAFT]

a Replace for Point of Consider, August, 1990 411

September, 19990 Public Work Shop entitled "Criteria for Safety and Efficacy Evaluation of Oxygen
ad Therapeutics as Red Blood Cell Substitutes" under the joint sponsorship of FDA
ad CBER, the National Heart, Lung, and Blood Institute, the Department of Defense,
ad U.S. Army Medical and Material Command and the Armed Services Blood
ad Program Offic&] 5[1]

October, 2004

New Draft Guidance for Oxygen Carriers] 617

Replace for Draft Guidance, September 1997
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Table 2. Potential Indications for Oxygen Carries in US

Ptential Indications

Remarks

Local Effects / Regional perfusiond

Perfusion during coronary angioplastyl FDA-approved indication

ad for a perfluorocarbon preparation, Fluosol™ 1]
ad Increase the sensitivity of tumors to radiation or to
O chemotherapyl Systemically administered1]

Perioperative indications[]

a transfusiond
a 0
Trauma -

Elective surgical indication§] allogeneic transfusion or autologus
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Abstract

Center for Biologics Evaluation and Research of the U.S. Food and Drug Administratiord FDAissued "Guidance for industry:
Criteria for safety and efficacy evaluation of oxygen therapeutics as red blood cell substitutes] draft guidance™ in October, 2004.
In this draft guidance, FDA's current thinking about the suggested criteria for testing the efficacy and safety of oxygen
therapeutics as substitutes for red blood cells, and guidance on the design of clinical trials to assess risk/benefit ratio of such
use were described. In this manuscript, the background discussion and recommendations written in this guidance are explained
in Japanese.

Keywords
Blood substitute, red blood cell, oxygen therapeutics, clinical indication, safety consideration
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Polyl ethylene glycoll3Conjugated Albumin-Heme: Solution
Properties and Functions as O,-Carrying Plasma Expander
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Abstract

Albumin-heme hybrid composed of human serum albuminid HSAOincorporating tetrakis] o-amidophenylCporphinatoirofl 110
0 Fe4P or Fe3PO HSA-FeXPOis a unique artificial hemoprotein which can reversibly bind and release oxygeri] O,00under
physiological conditions. We have introduced polyl ethylene glycolld PEGCchains into the molecular surface of alboumin-heme by
covalently bond to produce a new artificial O,-carrier "PEG conjugated albumin-heme", and clarified its structure,
physicochemical properties, O,-binding properties and O,-transporting ability in vivo. This review describes the latest results
from our research on PEG conjugated HSA-FeXP. The HSA-FeXP has been modified by maleimide- or succinimide-terminated
PEG. 2-Iminothiolane reacted with the amino groups of Lys to create active thiol groups, which bind to O -maleimide-w -methoxy
PEG Mw: 2-kD&] PEG,,,[]5-kDé&l PEG,,[I1 On the other hand, o -succinimidyl-w -methoxy PEG] Mw: 2-kD&] PEG,,[] 5-kD&1 PEG,[M
directly binds to Lys residues. MALDI-TOF MS of the PEG conjugated HSA-FeXP showed distinct molecular ion peaks, which
provide an accurate number of the PEG chains. In the case of PEG,J HSA-FeXPL] the spectroscopic assay of the thiol groups
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also provided mean of the binding numbers of the polymers. The viscosity and colloid osmotic pressures of the 2-kDa PEG-
conjugates] phosphate buffered saline solutionJ HSAO= 5 g dL*Owere almost the same as that of the non-modified one, whereas
the 5-kDa PEG binding increased the rheological parameters. The presence of flexible polymers on the HSA surface retarded
the association reaction of O, to FeXP, and stabilized the oxygenated complex. Furthermore, PEG\J HSA-FeXPOexhibited a
long circulation lifetime of FeXP in rat$] 1300 16 h[] The physiological responses to an exchange transfusion with PEG,,[J HSA-
Fe4POinto an acute anemia rat model showed siginificant recovery effects on survival time, circulation parameters, blood
parameters and muscle tissue oxygen partial pressure. On the basis of these results, it can be concluded that the surface
modification of HSA-FeXP by PEG has improved its comprehensive O,-transporting ability. In particular the PEG,J HSA-FeXPO
solution could be a promising material for entirely synthetic O,-carrying plasma expander as a red cell substitute.

Keywords

PolyJ ethylene glycoll] human serum albumin, albumin-heme, oxygen-carrier, plasma expander, red cell substitute
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Table 1. The mean of thiol groups per HSA-Fe4P molecule and binding number of the PEG chains.

PEG O IMTCO HSA-Fe4PO OThiol groups Thiol groups Decreased thiol ~ Averaged

mol/mol per HSA after per HSA after groupsl BOM AQ}  PEG number
IMT addition PEG bindingC from MS
OAOO OoBOO

PEGw,O 100 5.60 0.50 5.10 4.60

O 150 6.60 0.90 5.70 5.70

O 200 8.30 1.10 7.20 6.60

O O O O O O

PEGus 150 6.70 0.60 6.10 5.90
200 8.00 0.90 7.10 7.20
30 9.3 11 8.2 8.3

#This number corresponds to the binding numbers of PEG,,, on the protein surface.
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Table 2. Solution properties of PEG-conjugated HSA-FeXP solutions at 3700 pH 7.4,

0 FeXPC= 3 mMIO

PEG Densityl g/cm’0 O Viscosityl cPO 0  CORI mmHgO O
PEGw,El HSA-Fe4PO O 1.010 1.080 220

PEGy,E! HSA-Fe4PO O 1.010 1.140 270

PEGw.E HSA-Fe4PO O 1.010 1.170 280

PEGw,E HSA-Fe3PO O 1.010 1.140 260

PEGysE! HSA-Fe4PO O 1.010 2.340 650

PEGs, k! HSA-Fe4PO O 1.010 1.140 2200

PEGssE HSA-Fe4PO O 1.010 2.300 450
HSA-Fe4PO 1.010 1.050 210

HSA 1.01 1.00 21

in M-
i f_}}

—— G

Absorbance

T T T T T T
A5 BLTH] 4501 S S50k [ 1] i) Tl

Wawelzsngth (nm)

Fig. 4. UV-vis. absorption spectral change of PEGy,l{ HSA-Fe4POin PBS
solutiori] pH 7.40
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Table 3. O,-Binding parameters of PEG-conjugated HSA-FeXP solution at 2500 pH 7.40

System ki p M's'O DO kfd ms'O O Pt T.hhO0
fast slow fast slow O Torrd O at3700
PEGw,El HSA-Fe4PO O 110 5.80 0.160 0.080 103800 130
PEG\,E! HSA-Fe4PO O 120 4.60 0.170 0.070 103200 120
PEGy,E HSA-Fe4PO O  9.30 4.70 0.160 0.080 1813500 120
PEGw,E HSA-Fe3PO O 150 4.20 0.520 0.140 2614100 80
PEGysE! HSA-Fe4PO O 120 6.20 0.170 0.090 103100 1e0
PEGs, k! HSA-Fe4PO O 100 4.30 0.140 0.060 103600 130
PEGsgskE! HSA-Fe4PO O 120 5.50 0.250 0.110 1613200 180
HSA-Fe4PO 310 7.30 0.530 0.130 1813400 9O
HSA-Fe3P 29 4.4 11 0.16 2214500 4

*The numbers in parenthesis are B, ;] Torr( at 370 .

PEGy; o/ HSA-FedP|
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PEG,, /HEA-Fa3P)
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Fig. 5. Persistence of FeXP in serum after administration of PEG
conjugated HSA-FeXP into Wistar rats. All values are mean *
S.DO n=40
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Abstract

High dose intravenous immunoglobulirid IVIgOtreatemnthas been performed as a standard therapy for Kawasaki disease. On
the other hand, for other vasculitis rapid progressive glomerulonephritis] RPGNclassified to MPO-ANCA associated vasculitis,
IVIg treatment improves the outcome of this highly life-threatening disease in Europe and Japan. in addition to any therapeutic
trials for have been performed. One of potential mechanisms may be the suppression of the presentation of MPO to stimulated
neutrophils, although there are many potential mechanisms underlying the beneficial effect of 1VIg, The favorable outcome of
the 1VIg for MPO-ANCA related RPGN in Japan and the partial elucidation of the mechanism of action has been reported] Ito-
Ihara et al., Nephron Clin Pract. 102:c35-c42, 2005[] and randomized clinical trial for the disease is in progress. For safety, we
have to develop a synthetic 1gG for the therapy using a novel techniques. In this paper, strategies of a synthetic 1gG for clinical
treatment is described.

Keywords
Immunoglobulin, Vasculitis, 1VIg, Synthetic 1gG, ANCA, myeloperoxidasél MPO[I
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Table 1. Charactersitcs of the 12 patients] M/F=7/50

Pa- Ape Sex  Dhata before treatment

tient WHCj! CRP  Cm  MPO-  Adive  HVAS cummnl pulmonary et and sesibiotics
mg'l Emall  ANCA, BU crescenis, % manifesatices  invelvemenl  nosisiani infaians
| B2 F 000 B pd: 3 138 Bl IR 5 F.E HBEV carrier
i % M GBI I'"s L1 433 0 23 S F.ACH MaC, K preumoriine
3 Gl F a.100 43 126 144 Tl I3 5 F
i B2 M G400 LIS 417 150 Tl 14 5 A
§ 4 F 13100 154 LD 175 Bl 1 8 F.L infilirate
fi 2 M 020 135 1B | iy a0 15 5 F Aspergilin
1 #3 F 4,700 1 138 617 &0 0 5 F AR
8 # F 14700 TE! 2 30 38 Fi | 5 F.MN
0 5 M 10,700 on 357 ED &d ] 8 A N
(1] B2 M 1,100 a1 732 kRl Bl a5 S LM modides
I T8 M 9300 G 1,02 g2 3 ar B.EL infiltrabe HBY carrier, MRSA,
P, arruginosg
12 & M 11,900 &R 401 1.740 18 19 5L heemoptyxis MESA
hdean T 9,520 Qs 4149 A6 62 a0
Rzference 1300- «3 <106 =30 0
rangs 9, 10D

WBC = While blood cell count; CRP = Coreactive protein; Cre = serum creatinine; MPO-ANCA = myeloperoxidase antinsatrophil
antibady; BVAS = Birmmgham Vasculiiis Activity Score; § = systemae sympbom (malxise, myalga, weighi bsgk F = fever, A = arthml-
gin: C = culaneouss E = ear-nose-{hroat; L = lang Ab = abdamen; K = kideey; B = neuropathy; HBY = hepatitis B vires; MAC = Wyoo-
beecteriunt aviarn complex: K preumoniae = Kletrielia poewmmice, MESA = melhicillinsresistont Staphplococons curens P weragi-
rasT = Freudnnonay aarnEnong

Table 2. Treatment and outcomes after IVIg treatment

Patient  Initial immunosuppressive treatment just after IVig  Trestment after 3 months
mP5L pulse  PSL dosape C'i"l':dnungediulﬁ‘n P5L dosage CYC dosape dmlysis  Cre

mg'kg/day  mgka/day me'kg/day me'ke/day pmodf]
I - 03 0.7 - 0.3 L] - 124
2 - 07 04 - 0.3 0.4 - 88
3 - 1.0 1.0 - 0.5 1.1 3 92
4 - 0.5 - HID» 0.7 - =1 A8
5 - 1.0 1.0 = 0.6 1.1 - 204
[ lg 3days 0.7 0.8 = 0.3 0 = 177
7 - 5 1.3 - i3 L} - 203
g - 0.6 - - 0.4 - - 87
9 lg 3days 0.7 0.7 - 0.2 1.7 - 141
[ - 08 0.8 - 0.4 0.8 - 353
11 - 1] = HD 05 - HD 72%°
12 0.5g 3days 0.5 - - 0.5 - - 131
Mean 0.6 0.8* 0.4 0.6° 1734

mPSL pulse = Methylprednizalone pulse therapy; PSL = predaisolone, CYC = evelophosphamide; Cre = sarum
creatinineg; HD = hemodialysis.

! Cessation of HD: 2 Cre level before a hemodialysis; * mean CYC dose of 8 patients: * patient 11 was ex-
cluded.
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Fig. 1. Schema of cardiopulmonary bypass in a rat.
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Fig. 2. Establishment of cardiopulmonary bypass in a rat.

000D0000oQooo0oO00oUoooooDOoOooooooOo
Morris water maze test0 OO0 00000000000 DOOO
Hb\MJ -Oprimed O O HbMJ +0Oprimed O O sham surgeryd O
0000000000000 0U0U0UUUU0UOdp=0.0050
O O HbV +prime0d Osham surgeryD0 000000 OO0O0OO
water maze test-20 Fig. 4000000000000 ODOOO
0000000000000 0D01100 4 junction pointd O
O0000000O00HbMI -Oprimed O O HbVI +0Oprimed
OO0sham surgery0 0000000000 OO0DOOODOOO
00000 00 p=0.05100 O HbMJ +0primel O sham surgery
gooooooooooo

Fig. 3. Water maze test - 1
Neurocognitive outcome was assessed on the 1% 3% 5" and 7"
days after CPB by visual-spatial learning with the maze test
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Fig. 4. Water maze test - 2
Neurocognitive outcome was assessed on the 1%, 3 5" and 7" day
after CPB by testing visual-spatial learning with the maze tests
0 Water maze test - 2[]
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