HREREEN

Ule0idd 40020090 20

L D0 e e 186

g gooobooooooood
............................................................ ooooon 188

HEN 0000000000000 HDODODODO
I I ooooon 198

HEN gogoobooooboobooooboobobooo
OTRMEe450 00 000OODO0OOO0LOO ..o oooo 205

OO000D00000O0InviroDODOODOODOODOODOO
0000000000 e, oooooo 212

I PP 222

ARTIFICIAL BLOOD

Vol. 16 No. 4 February, 2009

Contents

ANNOUNCEIMEIT ... e e e e et et et et e et et e et e e eeaaans 186

Review] Structure and Function of Giant Hemoglobins
......................................................... Kunio Miki, et al. 188

Original Articld]
Study on Multiwavelength Pulse Spectrophotometry
Applicable for Hemoglobin-vesicles...... Hironori Suzaki, et al. 198

Review] Evaluation of a Novel Combined Therapy of a Extracorporeal
Cardiopulmonary Bypass Using Liposome-encapsulated
Hemoglobiri] TRM645(1................. Toshihide Mizuno, et al. 205

Biocompatibility of Hemoglobin Vesicles, a Cellular-type
Artificial Oxygen Carrier, on Human Blood Cells and
Plasma Proteins in Vitro ............... Mitsuhiro Fujihara, etal. 212



HpEpN
01600000000000000

godddu2ipiodilen 017 on
oo oobobooobuoon

noo@ O000ooooooooggn
00 000D O0O“0000000000000
D0O0DO00DO00O0O*“000000000000oO0”
“ 000000D00ODOOOoOOooOoOg”
“ DooDOooooooo”
0000000000 00000 Hydroxyethyl Starch”
0000000000000 000000000000
0000000000021070210000

gobggbobogobuoobuobobuobbuobob

dileddddddduouoouououooooodgd
goddodooooognd
ggooooogdogad

o o

186 0000 Vol 16, No.4, 2008



oo

gozo000oboobobooooonog

godboogoboobobooboobbooboon

goougoobgon

gbzioz0110o00d

goobooood17o10
gogboobbooboobbooboobbooboon
00002500

coboboooooooOooboocoboooOoooon
oooooooooooon

ooooo

gobogoobooboo oob obboobooo

lo01o010020 OO OO
goobo obob ooooobogoo
lo020010030 OODOOO
oo obboob oboobboobuoobbooo

ooboooboooooo oboobobooooooooooooo
loo3o010050 DOOOooOOoOoOoDOOOO
oooooooooo booooboooo
loos50011020 D0OO0OOOO0OOOO0O0OOO0OO0O0OOn
oooooooooo booobooooo
11020011050 ODOOO0OO0OOOO0OOOOOODOOOO0DOOO
ooo0oOoooDboO0 000 ooooDo

11050012050 OO0
gobooobooboo oob obboobooo

12050013020 OO OO0O0OO0OO0OOOO0OO0OOO0OO0O0000OO0
coooooooobo obooboobo oooooo

13020013050 OO OOooooooboooooooobobobobooooooDoooboboboo

goboobooobob bbo booo

goboooooooboo oboooooo
13050014020 ODOOO0O0OOOODOOOOOOOO
oooooooooo0o boobooo ooooo
14020014050 DO OO0OOOOOOOOOOOOOO0O0OO
cooooooooooooocobo ooo

140500 15000 OO

goobobobooobo bobob boooobooooo
15000015030 DO ooooooooooooboboboboooo

goooooboooboobo boob obbboobo boobboob obbooboo

15030016000 ODOOOOOOOODOOO
ooooooobooo ooo ocooooboooo

le0jooU 16010 OO OODOODO
oobodo0o ooo ooooooo

ARTIFICIAL BLOOD Vol. 16, No.4, 2008

ooz2o00 oooooon

goo oo

googn

ooooo

googn

oooog

googn

goo oo

oooon

googno

ooooo

goo oo

ooooo

ooooo

googn

ooooo

ooooo

187



Juogbogubotouotgd

Structure and Function of Giant Hemoglobins
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gooo
Joo0ooo0oobo0oodb0 00 000ODOO0DO00O00ODO0OHPODODODODODODODOOODODOOODODO
oboo0oooboooobobOobDOoodHpOODOO0DOOOObOOoDbDODOoOOoOOoOOobOU0OOOOOObOOoDODOD
O000000O00obO0ob0obOobOobDObDOoDOoDOOOHPOODOOO400D 02400000000 D0UDODODOD
goooOooboboOooobDOoobob0oobOUobObOooOU0ooDobObOUOoODOoHPODODDOO0OODOODODOUOODOD
OoooooooOdorWbOOO0OOOOOOOOOOO0OOOU0DOOODOOOOOOOOOUODOOODDODODOOOODOOO
oOoo00oooboobodHpOOOOOOOOOOOOOODOODOODODODOOOOOOUOOOOODObOODODOD
goo0o0oobobOobOobOobDUooOUOOUbOUoOUbOUOOoOUOHPODOOOOOOUOOUOOODODODODUODOD
O0000OdHODOOODOO0O0DDOO0O0ODO0O0ODO0O0ODO0O0OO00ODO0O0OO0O0OO0ODOOODOODODOObODOODbO

Abstract

Invertebrate hemoglobing] Hbs[Oshow remarkably different oligomeric structure and quaternary assemblage from well-known
mammalian tetrameric Hb. Recent crystallographic studies reveal structures of some giant Hbs of annelids. The structure of
giant Hb from Oligobrachia mashikoi has been determined. Oligobrachia Hb shows 24meric hollow-spherical structure. It is
constructed from the common dimeric units, which occurs in some invertebrates. The same dodecameric subassembly is
observed in the structures of other annelids. Oligobrachia Hb has ability to bind sulfide as well as oxygen, and the structure also
provides insights into the mechanisms of sulfide-binding. In addition, the structure of partially unliganded met form is solved.
Compared to the structure of oxy form, the remarkable structural changes are observed. These findings provide insights into
the cooperative mechanisms. Structural bases for the high oxygen affinity and autoxidation resistance of giant Hbs have also
been elucidated.

Keywords
crystal structure, giant hemoglobin, polychaete, assembly, cooperative, sulfide
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Fig. 10. The ligand binding site of Oligobrachia Hb.
[ alBtructural changes around the distal site in Oligobrachia Hb.
The B2 subunits of oxy and mef] Al-oxylfform are represented
in yellow and blue, respectively.0J bO0The space-filling model
reveals the narrow space of distal site of the Al subunit of
Oligobrachia Hb.
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Fig. 11. Metal binding sites of Oligobrachia Hb.
O alThe Ca* binding site. Only one out of four sites is shown.
0 bOrhe Mg* binding site. This site is shared between Ca* and
Mg?* bound forms.OJ cCOThe positions of Ca* and Mg*" ions
located at interfaces of subunits are presented with a split model
of whole molecule.
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Fig. 12. Close up views of the interface of the EF-dimer of Oligobrachia
Hb.
The A2B2 dimer of the oxygenated Ca*-bound form and that of
mef]l Al-oxyOform are superimposed.l allConformational
movement of the propionate group of the heme causes a sliding
of neighboring F' helix, due to movement of the propionate
group together with neighboring residues, Arg F3' and GIn F7'.
0 bOThe sliding of the F' helix includes sliding of the coordinated
heme and result in the tertiary rearrangement of the relative
positions between the heme and Val E11' to control open or
closed form for the ligand binding.
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Study on Multiwavelength Pulse Spectrophotometry
Applicable for Hemoglobin-vesicles
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Abstract

A pulse oxymeter] POMUis indispensable in a clinical setting to monitor arterial blood O,-saturatiori] SpO,lof a patient non-
invasively. POM is designed to analyze spectrum of Hb on the arterial pulse with two wavelengths under the assumption that
there are only two components of Hb, namely, deoxy- and oxy-Hb. Hb-vesicles] HbV, 250 nm[Jare artificial O, carriers, and the
safety and efficacy as a transfusion alternative have been clarified. HbV encapsulates human Hb, however, the particle
dispersion induces a strong light scattering in comparison with RBC, and gradual MetHb formation is inevitable because of the
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lack of the MetHb-reducing system in HbV. It is speculated that such peculiar characteristics of HbV would interfere with SpO,-
monitoring. Under such background, we aimed to clarify the interference effect of HbV on the commercially available POM, and
to establish a method to avoid such effect using a multiwavelength system. Using the in vitro blood circulation system comprised
of a pulsatory pump, an artificial lung, and the POMJ Nihon Koden, DDG-3300; detection wavelengths: 660, 940 nm[] we clarified
that the stepwise addition of 60 volOJ HbV to a pig blood tended to decrease the SpO, to 7000, and interference effect of HbV
was evident. We introduced two detection wavelength$1 620, 730 nmUin addition to 660 and 940 nm to a probél] TL-3010) and
tested its effectiveness in the 4000 -blood exchange experiments using 7 beagles. FiO, was set 1.0, 0.2, and 0.15, and the accurate
Sa0, and MetHb content were monitored for 4 hrs. Equations to calculate SpO, and MetHb content was established by a
multiple regression analysis. Using the modified POM with 4 wavelengths, the deviation of SpO, is minimized from -7.2+ 330 to
1.1+ 1.90, and MetHb level can be measured with in the deviation 0.7+ 1.30. Optimization of wavelengths and more

experiments will improve the accuracy of POM for HbV.

Keywords

pulse oxymeter, blood substitutes, interference effect, light scattering
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Evaluation of a Novel Combined Therapy of a Extracorporeal
Cardiopulmonary Bypass Using Liposome-encapsulated
Hemoglobirn] TRM645[]
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Abstract

We have developed novel circulatory support methods combined with artificial oxygen carrier in cardiopulmonary bypas§l CPBO
for cardiac surgery and cardiopulmonary resuscitation therapy using a percutaneous cardiopulmonary support] PCPS[C] We used
newly developed liposome-encapsulated hemoglobinC TRM6450 which has some preferable features for the clinical use, and it is
expected to improve the oxygen metabolism to work as oxygen carrier. Our two studies were purposed to evaluate the
combined therapy with TRM645 in large animal experiments focusing on systemic oxygen metabolism during diluted CPB and
low flow PCPS. These results suggested that the application of TRM645 in the priming solution was able to maintain systemic
oxygen consumption under the diluted CPB and low flow PCPS. In the method we have proposed, we determined the feasibility
to deliver oxygen to the peripheral tissues at which red blood cells could not transport oxygen.

Our new method with TRM645 showed potential to maintain the oxygen metabolism, and to prevent hypoxic organ injury
during the diluted CPB and low flow PCPS.

Keywords
liposome-encapsulated hemoglobin, cardiopulmonary bypass, percutaneous cardiopulmonary support, oxygen metabolism
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Biocompatibility of Hemoglobin Vesicles, a Cellular-type Atrtificial
Oxygen Carrier, on Human Blood Cells and Plasma Proteins in Vitro
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Mitsuhiro Fujihara, Hiroshi Azuma, Hisami lkeda
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Abstract

Hemoglobin vesicles] HbV[] a cellular-type artificial oxygen carrier, are composed of human hemoglobin encapsulated within a
phospholipid bilayer membrane. As HbV are injected intravenously, biocompatibility of the HbV with blood components is very
important to ensure safety of this material for clinical use. We have evaluated this biocompatibility by focusing on the influence
of HbV on human blood cells as well as plasma proteins in vitro. 10As to the influences to platelets which are involved not only
in the hemostasis but also in inflammation, HbV themselves did not activate platelets, and had no aberrant effect on agonist-
induced platelet activation. 20HbV did not affect on agonist-induced activation of neutrophil functiondl chemotaxis,
degranulation, and production of superoxideCOwhich play important roles on innate immunity. 30HbV had no effect on the
hematopoietic progenitor activity, if the exposure period is brief. 40The present Hb\1 containing DHSGOdid not activate
complement system, although the old-type Hb\J containing DPPG, no PEG modificationddid markedly. 50The coagulation as
well as kallikrein-kinin cascades were not affected by the present HbV. Thus, our in vitro studies show that HbV are highly
biocompatible with human blood cells and human plasma proteins.

Keywords
artificial oxygen carrier, biocompatibility, platelets, neutrophils, hematopoietic progenitor cells, complement, coagulation,
kallikrein-kinin
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Table 1. Effect of HbV on human platelets .

Index Stimulant Type of HbV ~ Conc. of HbV Effect
RANTES Collagen (+)  DPPG-HbV <20% No effect
release (-) DPPG-HbV $20% No effect
RANTES Collagen (+) DHSG-HbV <40% No effect
release ) DHSG-HbV <40% Marginal reduction
B-TG Collagen (+) DHSG-HbV <40% No effect
release () DHSG-HbV < 40% No effect
Serotonin Collagen (+) DHSG-HbV <40% No effect
release (=) DHSG-HbV < 40% No effect
TXB, Collagen (+)  DHSG-HbV <40% No effect
production (-) DHSG-HbV < 40% No effect
CD62 ADP (+) DHSG-HbV <40% No effect
expression (-) DHSG-HbV $40% No effect
PAC-1 ADP (+) DHSG-HbV < 40% slight potentiation
binding (-) DHSG-HbV < 40% No effect
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Table 2. Effect of DPPG-HbV on fMLP-induced neutrophil functions.

Function Conc. of HbV Effect
Chemotaxis £0.6% No effect
Upregulation of CD11b £0.6% No effect
expression
Degranulation of Gelatinase B <6% No effect
Superoxide production <6% No effect
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g. 1. Effects of HbVs on the formation of high proliferative potential
colony forming cell§] HPP-CFCLin the clonogenic assay of cord
blood-derived hematopoietic cells. Cord blood-derived mononuclear
cells were seeded at 300 at CD34" cells per dish in complete
methylcellulose medium for human clonal culture assays. HPP-
CFC was scored after 28 days incubationd AOHbV$10 to 30 0
were added to the cells until the end of cultured BOCord blood-
derived mononuclear cells were incubated for 20 il open column(
or for 3 day$] slashed columnOwith different concentrations of
HbVs in IMDM containing FCS, BSA, and cytokines.
Subsequently, they were recovered, washed to remove the HbVs,
and subjected to the clonal assay. Data are expressed as the
meant SD of the percentage of controll HbV 00 Operformed on
three separate cord blood donors ifd ACand] BL
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Table 3. Effect of DHSG-HbV on the proliferation of erythroid and
myeloid lineage cells in liquid culture.

CD235a* cells CD15* cells
E:’::S;‘;e HbV conc.(%) HbV conc. (%)
to HbV 0.75 1.5 3.0 0.75 1.5 3.0
20h 93.7 +100 949*12 92.2+88 100.8 £143 963 £7.9  96.6 £13.3
3 days 85.2+223 926+ 115 89.0+145 929*61 95854 91747
10 days  47.5 + 16.6** 46.6 = 18.2** 27.3 +23.4** 652+ 20.3* 552+ 18.6* 37.2 +22.8*

Various concentrations of HbVs were added to the medium containing
the cord blood-derived CD34" cells. After 10 days' incubation, CD235a"
cells for erythroid lineage and CD15" cells for myeloid lineage,
respectively, were analyzed by flow cytometry. The number of CD235a"
cells or CD15" cells at each concentration of DHSG-HbV is expressed as
a percentage of the number in the controld HbV 0% Data are
represented as the mean = SD from three experiments performed on
three separate cord blood donors. *p < 0.05, *p < 0.01 versus Hb\J 0%[]
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Table 4. Consumption of complement by HbV and Liposome.

CH50 (U/mL)

(additive:serum)

Additive 20:80 40:60
Saline 33.4+28 214+ 1.7
DHSG-HbV 335=*x 29 229+ 24
EL-A 25.1£2.7* 59+ 0.7*

The complement titef] CH500was measured using a 50% hemolysis
assay with a commercial kit. DHSG-HbV, saline or Coatsome EL-AJa
negative-charged liposomelwere mixed with serum as indicated ratio
O v/vOat 370 for 24 hr. The lipid compositiori] mol%Uof Coatsome EL-A
was DPPC:.CHOL:DPPG=30:40:30. Data are represented as the mean *
SD using serum from five individuals. The CH50 of 100% serum was 38
+ 32 U/mL. *p < 0.05 vs. saline.
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Table 5. Consumption of complement by various types of HbV.

CH50 (U/mL)
(additive:serum)

Additive 20:80 40:60
Saline 36.4 27.9
DHSG-HbV 37.6 31.4
DPPG-HbV 35.9 28.4
DPPG-HbV(no PEG) 29.9 Under detection limit

The complement titef] CH500was measured using a 50% hemolysis
assay with a commercial kit. DHSG-HbV, DPPG-HbV, DPPG-Hb\ no

PEGylationCor saline were mixed with serum as indicated ratidl \V/VO

at 3700 for 24 hr. The CH50 of 100% serum was 45.1 U/mL.

gobooooooboooooooooooooooooon
O0O00OdHbvOODOOOOOOOOOOOOPTOOOOOO

dodooooooooopoobobAPTTODDODODODDODO

prodoooobopoobobobobobbbboboooooooooo
gboooobooboobobooboz2b00obeocnnnog
OO00000DOoOdbvOOODOODOODOOOOOOPTOO
gboboobboobboobboobbobobOO0APTTO
O0000DPPG-HbvVO DPPG-HbVO no PEGH O DO ODODO
gbooboAPPTOOOOOOODOOOODOODODODOODOO
OO0O0O0ODHSG-HhVOODOODOOOOOODDOODODOODO
gooboooboobogoo
gooboo-obobboooboboooobooooobo
OO0DO0O0OHVODOOOOODOOOO3700C0 24000000
gobooobbooobooobboobbooobboon
goboooboboooboouobobooboboooboboo
Joodoooouoouoooo4bbbbobeotdd DPPG-
HbvO O O DPPG-HbVO no PEGO OO OO OO OO O intact
gobooobobooobooobbooboboooboboo
O0000O00boO0oOobDOo0oOoO0OO0O00O0DdDHSG-HbV
gboboboboboobgooooobooobooboobobo
OO00ODHSG-HbVOOOOOOOOOOOODODOODOOODO
OoooooooooOooDFig. 200
ooOoo00oobDOoCcOoOoDbOoDpPPGOODOCOOODO HbV

gopPEGUOOODOOOOOOCOOOOOCODOOOOODOO

PEGOUODOOUOODOOODOOOOODOOODOOODOOO
O000000000O0oo0o00oo0OoO0O0O0000 DPPG-HbV
Ono PEGO O-145 mVO DPPG-HbVI-34 mvO OO *000O
gobooooboooooobooobboooooooboooDo
O DPPG-HbVOIODOOODOODOODOODODOODO
APTTOOOOOOOOOOOOOO-OO0O0O0O00O0C0O0O0
O00000000000DHSG-HbVOOOOOOAPPTO
oooboo0oo-0obobooboboobOoboooDbOooon
O00000O0DHSG-HbvOOODOOODO-26 mvO DPPG-

ARTIFICIAL BLOOD Vol. 16, No.4, 2008

Fig. 2. Activation of kallikrein-kinin cascade by HbVs. HbVs or saline
were mixed with plasma at 400 or 600 at 370 for 24 h.
Appearance of digested SSHMWK was detected using western
blot analysis as a result of kallikrein activation. Arrowhead] [
indicates digested S-HMWK.
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considered for publication in another journal.

If an article is coauthored, the consent of all coauthors is
required before submission. As copyright to articles must be
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must sign and seal a copy of the Copyright Transfer Agreement
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original articles, review articles, conference reports, topical
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formatl]

i0J Submission by email of electronic files of the text and figures
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or TXT formats, and figures should be in PPT, JPG, or TIFF
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20 Manuscripts are reviewed by researchers in the field of
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points made by the reviewers, indicating any revisions made to
the manuscript.

30 Once informed of the decision to accept for publication, the
author should send by post files containing the text and figures
of the accepted paper saved in electronic media to the address
specified] indicate the software usedl] Text and tables should be
in DOC or TXT format, and figures should be in PPT, JPG, or
TIFF format.

40 Manuscripts should be typed on A4 or letter size paper. The
title page should include the title, names of authors, institutions
to which all the authors belong, and the address of the
corresponding author. Handwritten manuscript should be
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50 Original articles, review articles, topical pieces, and opinion
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601 Research conducted with the aid of an official grant must be
acknowledged, and any conflict of interests] for example, if the
author has an interest in a company distributing the drug
described in the manuscript: being an employee or consultant to
that company, receiving research funding, owning shares or
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110 Figures and tables should be numbered in order of citation,
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direct offset printing. Tables will be inputted by the Editorials
as originals.
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Abbreviations of journal names should be in accordance with
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title. Place of publication: Publisher, year; inclusive page
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References to electronic sources should be given as follows:
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130 In the case of citation or reproduction of previously
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140 Regarding secondary use and copyright in works published
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whole or in part, via media such as CD-ROM or the Internet.
Reproduction rights, translation rights, film rights, dominion, and
public transmission rightd] including the right to make the
works transmittable[Jare transferred to the Society by the
author's submission of the aforementioned Copyright Transfer
Agreement. This clause shall not restrict reuse by the author
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150 No publication fee is charged for publication in the Journal,
and the authoid sUshall receive as a gift 30 offprints of their
contributions. Authors will be charged for copies in excess of
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