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New Movement of Blood Program
[1 Eight Strategies for the Sake of Safer Blood Productsl]
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Abstract

In the revised Pharmaceutical Affairs Law that is supposed to become completely effective as from April 2005, it is described
that among pharmaceuticals and medical equipments made from materials derived from human and other animals, those to
which we should pay special attention with regards to health and hygiene are defined as biological products. In addition, among
biological products, the specific biological products are defined. Once the specific biological products are on the market, one
should take actions to prevent the occurrence and/or spread of any damages to health and hygiene caused by these products.
Fifty items including all the blood products are recognized as specific biological-products. Since liposome encapsulated artificial
red blood cell§] ARCsOin Japan contains hemoglobin molecules which are derived from human red blood cells, it is probable
that this type of ARCs is also categorized as a specific biological product. Therefore, it may be important for us to share the
information on the eight strategies that Japanese Red Cross is about to take to enhance the safety of blood products.

Keywords
Look back, Quarantine, Inactivation, NAT, Hepatitis E virus, Prestorage leukoreduction
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Development of Therapeutic Human Antibodies against
Various Diseases as Blood Substitutes
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Abstract

Recent progress in DNA recombinant technology allows us to prepare therapeutic antibodies against various diseases. We have
been working on the project Development of therapeutic antibodies against infectious diseases” which has been supported by a
grant for Research on Pharmaceutical and Medical Safety from the Ministry of Health, Labor, and Welfare of Japan. By using a
phage-display technology, we made various antibody libraries. From them we have already isolated human antibodies against
viruses] VZV, influenza virus and rotavirusl] bacterial toxing] diphtheria toxin, tetanus toxin and botulinum toxin(and snake
venonil habu toxinO In all the cases, isolated antibodies show strong neutralizing activities and we could start clinical
examinations. We also succeeded to develop a new method by which we can comprehensively isolate antibodies against
virtually all the epitopes present on the cell surface. Using this technology, we have been performing a big project” Isolation of
therapeutic antibodies against various cancers”. In this review, | summarize a history of our research and discuss the present
status of our project.

Keywords
artificial antibodies, antibody libraries, therapeutic antibodies, infectious diseases, cancers
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Abstract

Human serum albumirid HSAOhas many essential functions for homeostasis, such as the maintenance of osmotic pressure, drug
binding capacity and antioxidant activity. In some diseases, the qualitative and quantitative variation of HSA in blood induced
the depression of these functions. Site-directed mutagenesis studies of HSA, made it possible to examine the participation of
various amino acids residues in the functional properties of HSA, such as binding capacity and antioxidant activity. In addition,
the development of HSA as carrier in the drug delivery systeni] DDS0Ois advanced, such as albumin fusion protein and
fragment and polymeric albumin by using recombinant DNA technology. Especially, albumin circulation dialysis using the high
ligand binding capacity of HSA will be utilized as liver function adjuvant therapy.

Keywords
Human serum albumin, X-ray crystallographic analysis, site-directed mutagenesis, pharmaceutical application, albumin
circulation dialysis
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Development and Clinical Application of Hemoglobin Vesicles as an
Oxygen Carrier Using Hemoglobin Derived from Human Red Blood Cells
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Abstract

Hemoglobin vesiclé]l HbVOis prepared by encapsulating virus-free hemoglobin, which is purified from outdated human red blood
cell§1 RBCs[provided from Japanese Red Cross, into liposome with a phopholipid bilayer membrane. HbV with its diameter
approximately one-thirtyth smaller than that of RBC is proved to be effective as an oxygen carrier comparable to human red
blood cells as evidenced by various physicochemical and pharmacological experiments. Animal studies also demonstrated that
HbV was biologically conformable without platelet activation, accumulation in pulmonary and renal tissues and so on, which
have been recognized as problems of conventional liposomes, and that HbV caused no notable adverse effect in safety studies
using rats and monkeys. Based on these evidences, the research and the development of HbV aiming at its clinical application is
intensively in progress as a national project by industry-university cooperation.

Keywords
hemoglobin vesicle, liposome, human hemoglobin, resuscitation, exchange transfusion, safety study
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Fig. 3. HbV preserved arterial blood pressure and renal cortical oxygen
tension depressed in Wistar rats subjected to 900 exchange
transfusion
Ninety percent of estimated total circulating volume of blood] 56
mL/kgOwas exchanged with 50 human serum albumirid HSA,
n=60or HbV suspended in HSAO HbV/HSA, n=60at 2mL
withdrawal/infusion cycles at a rate of 2mL/min. Blood pressure
was monitored by a pressure transducer connected to a catheter
inserted into the common carotid artery. Renal cortical oxygen
tension was measured by a needle polargraphic oxygen electrode
placed in the cortex of the left kidney(] cited from ASAIO Journal
1997;43:289-297, Bioconjugate Chem 1997,8:23-30, Artif Cells Blood
Substitutes Immobilization Biotechnol 1997;25:357-3661
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Fig. 4. Platelet counts and bleeding time in rats treated with single HbV
administration in cynomolgus monkeys.
Intravenous infusion of HbV was carried out at doses of 5, 10, and
20 mL/kdl5 mL/min0 and then venous platelet count and
bleeding time according to Simplate method were measured.
Three animals were used for each group.
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Fig. 5. Changes in serum total cholesterol after single intravenous
administration of HbV in rats*; significantly different from pre-
valuél p<0.050
HbV was intravenously administered in Wistar rats] n=5at a
dose of 20 mL/kg, and serum cholesterol level was measured O,
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Table 1. Potential indications for oxygen carriers*

1. Local Effects/Regional Perfusion

1) Perfusion during coronary angioplastry[]

2) Increaseing the sensitivity of tumors to radiation or to chemotherapy
2. Perioperative Indications

1) Elective surgical indications

3. Trauma

*; U.S. Food and Drug Administration. Draft Guidance for Industry: Criteria for Safety and(
Efficacy Evaluation of Oxygen Therapeutics as Red Biood Cell Substitutes - 10/28/2004
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Abstract

Development of an innovative and original artificial oxygen carrier, albumin-heme, which consists of recombinant human serum
albumirid rHSAOand synthetic heme derivative, has been promoted in our company. Albumin-heme, in which maximally eight
molecules of synthetic heme are incorporated into albumin molecule, has a suitable colloidal osmotic pressure itself and also do
not have side effects such as hypertension due to depletion of nitric oxidé]l NO[ Large-scale production process has already
been established. Characteristics of albumin-heme are described in this paper. Furthermore, the exchange transfusion
experiments in rats revealed that albumin-heme had oxygen carrying properties.

We also have been developing a hemoglobin vesicle as another type of artificial oxygen carrier in collaboration with Oxygenics
Inc. This type of oxygen carrier is the most promising preparation close to clinical use. However, some risks of infection and
uncertainty of stable blood supply still exist because of use of donated human blood as raw material. So, we decided to develop
recombinant human hemoglobiri]l rHbl] A purified rHb has already been obtained by our original expression method. At the
present, we have been preparing for large-scale production facilities in our pharmaceutical factory in Japan to produce these
artificial oxygen carriers as mentioned above.

Keywords

synthetic oxygen carrier, albumin-heme, synthetic heme, hemoglobin vesicle, recombinant human hemoglobin, recombinant
human serum albumin
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Fig. 2. Stereo view of albumin-heme
Maximally, 8 molecules of synthetic heme can be incorporated into
albumin molecule.
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Fig. 4. Outline of manufacturing process of albumin-heme.

Filling process

Table 1. Physico-chemical characteristics of albumin-heme.

Standards

O rHSAD g/dLd 50

O hemed mMJ 3-60
heme/rHSA] mol/mol] 4-80
Pl Torr1d 28-380
rHSA plO 4.800
rHSA -helix content] O [1TJ 670
Stretching vibration of coordinated OL1 cm[1111580
Stretching vibration of Fe-OL] cm™*[1J 5610
Met-hemél O [1J <30
Viscosity] cP at 230s*[T] 1.10
Specific gravity] g/cm3] 1.010
Crystal osmotic pressur&l mOsm[T] 3000
Colloidal osmotic pressurél Torr(1] 190
pHD 370 7.40
Endotoxif] EU/mL] <0.2

Fresaramion ] = )
wabliey
Fosed ol
anyganaiion L] L a] TED

Fig. 5. Comparison of preservative stability and need of prior oxygenation
among 3 forms.
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Table 2. Stability of deoxy form albumin-heme at room temperature for 6
months.

Initial After 6 months
Appearances[] goodOd goodO
Pdo] Torr[1J 34.70 34.70
O rHSAD O M 5.080 5.350
O Albumin-hemel mM[ 2.750 2.770
Met conversion] [0 [TJ 1.070 1.080
Viscosityll cP[] 1.160 1.160
pHO 7.130 7.140
0 FePn AlbOO 3.30 3.40
gOoooooogf cod 426.50 426.50
UVA mald N1 E{ OxyO 424.50 425.00
00000000 Deoxy 443.0 443.5
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Fig. 7. Examples of filling product in glass vial
left: solution preparation, right: freeze-dried powder.

Fig. 8. Example of kit product consists of freeze-dried powder and
solvent for injection.
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Fig. 12. Synthetic cDNA of hemoglobin a and B chain with codon sequence adapted to colon
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Fig. 13. Our original pBEX vector for co-
expression of a and B chain in colon
bacillus.
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Fig. 14. Identification of expressed rHbO tetramer( by native-PAGE.

Fig. 16. External appearance of pharmaceutical factory in NIPRO
New facilities for the production of artificial oxygen carriers will
be constructed in this factory.
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