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VE—, TR CHE L7, MRk S R/ s
BT B MEREK * 100 (%) 42 C FMLER IR & B L 7.

@R Fa VR (VST
FV Ry, BR) BLU02% b)Y T —
(Gibco BRL, New York) CHlfagt L, 58K %
BWTHIE THRAEGMAEL, % TRMiiatir i
WAV X D ERI L 2. AR oI
o A NAVAL ke ct ik R e = 1 0 =g i )
B X100 (%) (2 CHEMARZEH L.

@ o= — MR TS L O
Bomkr Fh #FnEH (MethoCult GF
H4434V, N & A, WEOZMZ, 35mm 530
AMICIETEL, 37C, 5%C02 T C 2 AL,
B co T —HREFHILA. 22— LT,
MR-~ sa 7y —Yau=— (CFUGM), &
FEEN—-ZX+ BFUE) BLUBEGoR = —
(CFU-Mix) # ¥ L, £O&F % 20 =—TEEHM
fa (CFC) & L7-. o= — MmN,
CFC (fEif)/CFC (BiEHI) x 100 (%) IZCH
L7

3 IREMREEITE A

T AR & SRR MR, o= —[H
UKL ttest THEEZERELRT, T MHBERK
EEBRERD . NS DOMENICIE StatView
40 (Abacus concepts, Inc.CA) % w7z,

' " R

1 BRIt & REREOEMREOILR

B I 30 R 12D W CHE L Az, BB AR R
(CB), £ A (Seg), F2—7 (Tube) DH
M EREUEE O P 4E (#EF) 1, CB99.1% (755~
1305), Seg 93.2% (699~1285), Tube 89.7%
(65.2~127.3) T, SHMICHEEZEZ 2P o7z (p>
005). AMaRopifiE (#H) &, CB703%
(291~874), Seg 69.1% (19.6~939), Tube
69.6% (25.0~87.9) T oz, WEHFMAR L RE
WiRDOMBZRIEIL, CBvsSeg (Fig 2A), CByvs
Tube (Fig.2B) T#£ I &1 r=0933, r=0939
L, &b O ORERARD W IARKE FERIC
BWiBEEZ R L.

2 [EEMAG S REREO IO~
(CFC) EMNED B
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Fig. 2 Comparison of viability between cord blood
units and test samples

CFC 8 X % o gt {f (4 FH) & CB89.6%
(209~146.0), Seg 854% (229~1388), Tube
75.2% (95~1244) T, SHEICEEET R -
7z (p>0.05). MW MLAMS & REREDHEEELR
&, CBvsSeg (Fig.3A), CBvs Tube (Fig 3B)
FNFENTr=0879, r=0817 £ 72 1), Seg DHHE
TFRWERMIEZHADOD, Eh 5 OREEWRED
WA E RO R L2, 72, CFC IR
BoMEIFAIL, CBvsSeg: Y=19635+0.845X%,
CBvs Tube : Y=178+0.838X TH - 7=.

3 4£fmfask & CFC BIREOR R

AR & o v = — B ER e E R O B4R 2 R
L7 (Fig.4). CB, Seg, Tube ®4=flfa
CFC BN 0BG, ZhFhr=0782,
r=0808, r=0688 &%, VTN LIRS IE
OMBEER Lz, Tz, KBGO CEMIBE X
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Tig. 3 Comparison of CFC recovery between cord
blood units and test samples
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W&, MRS 60% YL L OB TR L7z TD
IEHFI T, AMERL Y CFC BINEDF 5 E »
fEERL7z.

4 RERGOLMRELBESLAGFODIO
- (CFC) BN S

Kz, REWREO LM & I A4ED CFC
EINROMBEMEERE L2, REBRME Seg,
Tube) DAL & PEH MAM (CB) »aw=—
T B R I ER o #H BE AR #ik, CBvs Seg (Fig.
5A), CBvs Tube (Fig. 5B) #hFh, r=0722,
r=0713 £ 720, Bt sEOMBER N, §
7o, BREWMAROAMIBR(X), B ARED CFC
B (Y) DEJER L, CBvsSeg: Y =20404+
0.992X, CBvsTube:Y=1425+11X Th o7,
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Fig. 5 Comparison of viability of test samples with
CFC recovery of cord blood units
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5% ETT5EHBELTBY, SHEORETIZE
DRLET#IREL, RKM4OBMBELL. £
D2, EHEER X O T 0 = —IEEH Y s
DS, ERBBEAICEE LTV 5 I X

NIEEE 2oTw5,

ASEOBREHERTIE, EMEE, CFC HINZRI
M QAR & RERIEE CHEFICESHEBL
(Fig.2, Fig.3). L7z2%> C, BREMRIRDOMRATRE T
EIEHMARROFERARELRLTBY, #
ERRIRORAHE T & BB MAR O SRS REIRE
PEMMT A LT RETHLEE LN, 27E
DREWA (Seg, Tube) DMICIXAEZET RS,
WENROREWRAD FARBEOERENH L E# 2
bz,

ERO B MBEICBWTIE, EETFLSEDE
BB CCFCHINEDRHRREA/F TR WEEND
5. COWE, BREAREL L CEMIREDO RN
BEL LS E2EB2V. SHOKENS, #E
Motk o AR 2R & 5 MRk CFC RN EE o 1
WIETEW 08 b IE DB A & iz (Fig. 5). L
7ehio T, BREWR OIS & IH Mk
CFC HIRFEZ+H#HWT 5 LZWEETh by, BaEH
OB, WREREDEMERSHETTHEDIE
B2y prELLN.

PLEofER &0 IRERAR OIS Rob & 57 if
BAEOFEETFREOFMIITREL £ 2, bl
AN 2 7 TIRRERGROME/REHEL L
7 W M B SR DB E & AT (Table 1).

HEEXEOEA L U, [EEREOR R, S
S B BB ARk o CFC |ILEE 2% 70% L -
wIRET ] & L7z, BHBOES L BEMRED
MR O BRSO W T OPMELR 7 — 7 i3 w

Table 1 Criteria for transportation of cord blood units at the Hokkaido Cord Blood Bank

Transportation for standard cases Recovery of CFC *!

Transportation for urgent cases Viability of ANC *2

70% = appropriate

50% =, < 70% Consult with a physician
< 50% inappropriate
60% = appropriate

40% =, <60% Consult with a physician
< 40% inappropriate

#*ICFC ! colony forming cells, *2ANC . all nucleated cells
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IV A BERETAE L. COMICEL T,
CRRBOARIEZ L\ 2s, fhic B ETE L 7
Wik EDBA, —HIZ 70% DT R AR LT ULE
BARERESR RS LIch Y, EELHELY
Brhbh, TOLDOYENLZEETH), 4%
MR 7 — 7 PERENBECAE LLELE
Zbhb.

B MAEORBMEOHEEIL, WRAERAEL OW
R E Az, B HERE, RERED CFC
ENEEZGIE L 5. B MAMEDO CFC BILE
Y =70% & 7 ARERMAD CFC BUEIL, Xsp=
59.6%, Xruwe=622% (Fig.3) Th Y, Z&Wr#
BLTHRERMAED CFC BIILE 70% Ll L% HE
e Lk —F, BRHERIEMEEZEERELE

T 5. EHRIC, IEHMAEO CFC BIEY=70%

ELBBREREOEMIEEE, Xs.=500%,
Xrue =50.7% & % 1 (Fig. 5), HRERIKRO &M
60% DAL WMET & L7z, AR CHNT 5 K
B LT, Fig.d DRREP S DN B L H 1T, M
JAE X ) b CFC HINED F B W EmAH 5 7z
b, 60% L2 METE LCHMELRWEEZS
ni-.

—%, WETEHEO#E L, CFC BIRRR 4
MR TR, BERESHL) oML T5
Z 27 bH 5. EBE, RIEOER MRRO L,
BEAER ) OBAMBETH Y, ~BR LK
BEOLLWEREDEE, b ZEMBEEMELT
DEKEH 7Y OEMBESTAHEOHH. L
L, F— ¥ TRRE Do 2h, AR
WIEAIE, HADITZ—DKE SAVNEVER
BHY, FRMENSVIEE, BEBICRER
EHE LR, BEofmes, B iR
BERED ) O TR {, CFC BIURES
T UEM RS METEOWEREL Lz, L
L, SO, o HERO CFC BYXEOHE
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P AR & SRERIE & ok L AEMIRR =, CFC
B 2 g L7z, W8I R R A B3R
B, TR IO SRS BRAFIRER O 8P4 - PR R AR
BPERTHBEEZEZbNTZ. Tz, KRETH
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A IV ZARNEEDIIR & FRAE

Virus Inactivation: Current Status and Subject

WER3EM, OB, FILIE—, WEAR
Hideki Abe, Hiroshi Azuma, Junichi Hirayama, Hisami Ikeda

F3CIDER

IR EDEA LY, YA VAR ) ==y FHREOREIC L) AR s L 274V 2AEREORBRERLD
&0%&Lt%®@,%%&bfﬁ@ﬁﬁﬁﬁ?%.%@ﬁ@ﬁtd,@%E%Tﬁ%wx%@&f%&wﬁ4yP¢E
U FORER, BREFRE ATV AW A VARER, FEROFHE, HZle PADBEFEV LA VARYE
IZREET L. 2oL, WEZATTRENERERZHCILIRETHS.

A IR ORERE BO L —20FEE LT, MERATNGLESRE, EALsho0H5. MERAIISLT
A F LTI —HRE(LE, Solvent/DetergentLEIEASHET STV A, M/MTEANIC 13 e A B S-59 &L UVAR ST
B AL bETHENER SN, FOMICD, M, M/ME, RINEKESEACE T A RELEIRFT SN THD. TR
ek, FN L ORELEECAEILS R, EARRPABRTIZ OV TER TS, /2, ANEFOEYERALLATL
BE BRI BT B Y4 VARE - TELEIIOWTHERS,

Abstract

Although the risk of virus infection via blood transfusion has been remarkably decreased due to the introduction of a nucleic
acid amplification test, the risk of virus transmission still exists. The residual risk is caused by 1) a window period of virus
infection, 2) viruses, protozoa and parasites excluded from current screening test and 3) pathogens newly spread in human.
Thus, it is difficult to prevent post-transfusion infection only by screening test.

Pathogen inactivation methods have been developing and adopted as one of the way to increase the safety of blood products.
Methylene blue photosensitizing and solvent/detergent methods for plasma are already established and in use in some
countries. Recently, photochemical compound S-59 plus UVA irradiation method for platelets has been approved in Europe.
Other methods are still investigated for plasma, platelets or red cell components. In this review, we outline the mechanisms,
effects and status of introduction or development of these methods. In addition, we refer to the method of virus removal and
inactivation in hemoglobin solution as a source of artificial oxygen carriers.

Keywords
pqst-transfusion infection, virus screening test, pathogen inactivation methods, artificial oxygen carriers.
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WMIZE 27 A VABREIIR Y ) — = FREBIORR L

INETOREIR, T4 NVRAIZHTHHMAR Y L L AFEY
BMET 3, WhwAMEEMNRENEERTHo/2. FO0,

T LT E L, 1960ERDOFEMBEIZ50% LD - 7=
BIFRIE, BROBIE~NOBITLBEFL YA VA (HBV) DiE
B 7 HHBSIUBIREDE A, Z0H%OHBcHFRE, CEF
K4 NVA (HCV) VMAREOEAN S NEHE L. b
REREY AL VA (HIV), ¥ bY Yo5sskEEDY £ v ATH
(HTLVD) O#ffFRELIThNTE .

AV AHBMBEAICH SIS ED ST MEFNRE THE L H
FENZWHE, Y4y FoE)F F (REEERD» SPE
MAEPRETE L I TOREOEELRMTE W) »7F
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—D b EZ LN, 1999, T AV AKBEBIERE (nucleic
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acid amplification test; NAT) AYHARICEA X h /-, T DR
W, METHCTHREEEPEZ ZUHO, BB LIS ThE
WA VADOBIETF R BEHBICHIEL, Y4 VAOFELRE
THHFETHE. BOREETHOEASN/A2%, HBVL K& E
Lz DEEBEZTTH o772, NATTIZS00A 5D MR %
T, EOT-VBEERACTRELIT > T d, Kl
WEmMEEEME LTS07—VICH/N SN, 20044 9 B 121320
T= NI N, T D REBREL W LEL, Bl
HLEESNBIFRBERL D L. BRTIZMZE 28D,
BEWNLRFETRERMEOHRRIIED TV A5, RETHLN
TUVBIEEIZ L A BEPERERXEFE L Table LIR L 72,

Table 1. Screening tests regarding infectious agents. (Oct., 2004)

Test issue Methods
Syphilis Antibody
HBV Antigen, Antibody, NAT
HCV Antibody, NAT
HIV Antibody, NAT
HTLV-1 Antibody
Human parvovirus B19 | Antigen, NAT (a part of plasma fractionation)
Liver function (ALT) Enzyme activity

COEA, BRFOFEMICL D REEICET 2RMOREN
IHEEICE T o T& 7225, EREPEETIkobIiT Tl
R, NATE VR E, BREBUHOMEDO Y A VA ERET
HZEIITELR, DFY, KKRELTNATIZO VS Y Y
)4 FIRBEET S, NATOY A Y Fo¥ Ut Filckae#
AONAHHIVELEDLIBRESINTWDEY, FLTIANVADORE
59, MRELTHA 2BRINLERY (residual risk) 257
ETA. ZNHDH LDV DI, B H AMIBRGEAIEH -
e ARA, B, FERP, L MR OMELZETHE.

FREOMBHAN X 2MERLED) A 7L, mMiEEF1007
BRI L THL0B & S KTV Y, BRI I/ MR ENEE
RCTRFEINBDH, RBEEERESBEEIRD 2 \VEMAEIRE
OFME,SRALHBEOMENR Y, KRELMEL LS
TWwa?, —F, BERLESCKEILETE V) HEEETH S
LOONRXRYTIEBEIC X B MEBEAERINEHN B E 2o T
WAV, NXRYTRBG S = E 4L TEY D 5 NIRRT 595,
FRENZBWTHIMIC & 2 BEFFEEIN TV, BPETR
WARGSE & ONBSIT Th B, ARIZENT bEIEMRE
L EEERD SRS 26 O & ) 3RS 7 RRGeAFE
L7222, $7-054E, RETRYZAMFSILYL VA (WNV)
WLEBEOREREEIFECANDEYE, BLUADLLAND
B A S NZAY, Wl & BB BAE LY, iz &
AREOFMIIEVCPEBNR ) A IPHEHE LT, BEERMS
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U477z ¥a7H (VCID) OBEREEFTHLEE S
U UHWRELRMBEL 2o TELD, DWIZIHIMIZ & ) K
L9 B EMMEENLY, BRNTIE, HBEBREAET LI LK
RETHERIFLY 4 VA (HEV) BREVRIEE o TV 57,
B % A L2 HEVEE DS R SN, BHELURB LI UHR
N, BERLODOHDLAZ -V FRETIRHEP, T0X
SR AEZTTIE, BEALTVWS, o0z hrbEET 5
PHHNLVREERIIH T A REMERICEBRESH L LED
R XY/ AN

REDKREFRNELE

199044 IC A Y, i Fl MR WA O 7 4 W ARELEATE
FICHTZE S g 7o, A @A, MiRksx2&F %
WIS RA] GrtfaEmE) &, MRS EBR RIS
B RMEREA L & OCl/MIEB O 3BEIH 5. E-T, £
NENOBENE 27 4 VARBEESFERINTVS, &
M X VIEETAIANVALERBEET A0, LR
BOY A4 VAIH LU TRNE IR ERTHESERENS. ¥
AN RS EDBELE,S, BENM O X —7"7 4
WAEFNTRFEhnw/) yorRXua—7o74 VAIKHSHh
5, ML W EET L YA NVACD, THEOY 4V ADTFE
ThH, FELALETOY L MARFEILEIBVT, /r2oR
O—7 7 A WV ARRE LIRS WEREH D, LT, 74
NWADHZE BT, ME, EHR, FERITLTORNELSDRERE
BOZ EMNRENBD, TN THARILEYS X UHES
e snTELH, MREMTHR LD, BRKRHBTEIE
APEDLNFH L b0 HELH L. FRBEEARELS
RiEdHrb00, FLOMBHRANOFEKT, WEKTA2RT
FiELMESNTEL, BT, EBICEHSIRTYWLHE
HEVIIEEERBICA-TWA L0, BERGHZ 85 L TH%
WarENTWBHELOHFRHY (Table 2), FNHIZOWTHET
. F/, 30w NlBVTHICEASIN TS, MRS
R A E LERReENE (75 v F v mERE) %
Table 342 F & & 7-.

1. Solvent/Detergent (S/D)

100~1,000A% (BETREZ2) OFE— i E o i 3 m
HrpEE TV, EREMNELTI1I% (w/v) tri(n-
buty)phosphate, FREEEAIE LT 1% (w/v) Triton X-100%
WL, 30C, 4BERMET 5. 7ML 72trin-butyl)phosphate
& Triton X-100% HE¥HIC & 2 3t & C18¥ A/ T 212 & 1 B
L%, BUEALFEBCOELIEEREET L.

S/DREIZ X B 7 4 VARFE L, Dz rRu—T74
WA T5 logobh EORELATRETH S, MR T, WNVHEF
GBI TELZENREINLY, Lirl, /Jr2rN\o—
TIANVATHLARFRYA VA (HAV) e bR 4
VABIOZANELT 2 2 LiETER V. BAE, HEERMEIE
e b/SURY 4V ABIIONATH 7 hbivTE ), KkfEL o
ANV ARBELIEIZHGSRTuRy,
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Table 2. Pathogen inactivation methods and blood components.

Table 3. Current measures for plasma safety. (Oct., 2004)

(Oct., 2004)
Country Measures for plasma safety
Compound Developer Principle | Blood component| Status
Solvent/Detergent| Octapharma |Physicochemical|  Plasma | In the market Austria S/D
Macopharma ‘
acop ltaly MB, S/D
Methylene blue Baxter Photosensitization|  Plasma | in the market
Grifols United Kingdom MB, S/D
Platelet |Inthe market .
S-59 Cerus/Baxter | Photochemical Netherlands Quarantine
Plasma |Phase 1l
MB
Platelet | Phase 1/I Greece
Riboflavin Navigant |Photosensitization| Plasma | Pre-clinical Switzerland S/D, Quarantine
Red cell |Pre-clinical :
Spain MB, Quarantine
Tionine German Red Cross (Photosensitization|  Platelet | Pre-clinical
Inactine Vitex Physicochemical| Red cell |Phase I Denmark S/D, Quarantine
Dlmeth);IInJ :thylene American Red Cross|Photosensifization] Red cell | Pre-clinical Germany S/D, Quarantine
France S/D, Quarantine
3 —0 v /9Clx, Octapharmatt2S/DMUEDEES 1 L~
ZZHE L, 19924 LAk, 50075 BAZDS/DMEAtm & h < Belgium MB
ETWAHY, REFTTIANVARES L EHEVERAORE T
o Portugal S/D

2. AFLTN—

AFL TNl X MR Y 4V AORELREIL, FA4Y
DY a7 My —THREINLT. S/DLEE DR
EREVIE, T 789, @ELOBE—MR/ Yy 7L
TELMBLITIATHE,. AF L7 A—3TWHENLEBEHICX
DR sh, —EBEERTAERLT, YA VAERE(LT Y.
FLLTT7ANVADEEMENERY, VA VABEERTFIEE
525 TRENERET R, £, YANRF VS
TEIILEEESRIZTIEDL Mo TVBY,

AFL TN —3ES Y 4 v 201 LTSS R S
A, MBEAY A VZIZH L TRBENREY., 2027
)R Yy —TiIbRT Wi HiElL, NEOHEEES
TFHITEILDEAMEREWEL, ZOHAT L 7V —RE
EEISEICIVABAYA N AORFELZERLTE. &
DOFFEIZL Y, HIV (>2.7 logn), vesicular stomatitis virus
(VSV) (>5.7 logn), B#iAL~<RZAT A VA (>30 logw), 4
YIWVIVHETALNVA (555 logn) PAEILENESHK, HE
BB OBREIRTEEIIEW, XETHEIT0%UEEREESN
Twa™, Lal, BEZ RO —-T72F-2w7 4 N2A
(HAVE) OFRFILICIIFIREY % . ZREERKE LD miE
Ry EOBLIEALNTY, B EOEB L BIES
NTWRWw®, ZOFETIE, BMLTAFL T —%kEE
TAHZERL, WIICHERAINTEL., AFLY T —i3tE
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Quarantine: Donated plasma is frozen and stored for 6 months. Based on
the confirmation that the donor is negative for virus markers on 6
month after first donation, the plasma can be supplied for clinical use.

BAERZ R L0 biEET $7- L, leukomethylene blue,
azure A, B,and C, FA = it b, IO RELEEELT L
O, BIEKEXF L TN —%FFIBRETSE7 14 V5 —2H
BENZ®, TO74MF =28, MEFIIMDOAFL Y
TN — IR BRLL T 0005 MIZEET L, BMmED3 logn®
BENFTEETH o 7.

=k, FEHNE L7 4V =2V BmEkEBRELE,
AFVY TN =B EIT) FTEdHBH. Baxterth|Z X h %
ShBMERBEE7 AV —EAF LYy TV —BHERILA
Y AT AT, dfilgits & OCHIRRAHIVO RS2 Zh i
6 logl EB X UHMBBRALTICETCERTEIREI ENTE
72 AEICAERZ 1 EFREEFRTLAEDL, BEEE SRR
HOLDLIEBEALELLY, FMETFIEE, 74 7Y /=7
VIEED ENENTORLLE, 84%LLE, HEFIN TV,
BEI -0y RDOELOETHYONTVWEAFL VT —
HEARE Y R F A, Macopharmatbic X W R S I
MACO-TRONICHE 532 {8 I PLASMAFLEX (BHMmEkk3k),
BLUEFLEX (AFL YT h—[gE) 74 V5 —hillHd bt
2D THA™., MmNy Ve BENTF 2 — TEREBIZLY
AFVLyTh—ny ZYAFHEEBL, BMEEET 1L
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Table 4. Effects of methylene blue phototreatment on virus
inactivation™,

Lipid enveloped Non-lipid enveloped

Virus Log reduction Virus Log reduction
HIV >5.5 HAV 0.0
Bovine viral diarrhea >6.2 Encephalomyocarditis 0.0
Duck HBV 3.9 Porcine parvovirus 0.0
Influenza 5.1 Polio 0.0
Pseudorabies 54 Simian virus40 4.3
Herpes simplex >6.5 Adenovirus 4.0
Vesicular stomatitis >4.9 Human parvovirus B19 >4.0
West Nile >6.5 Calicivirus >3.9
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TETWBLBAFL YT N—METH LD, OhrIllBEEELZRE
F2EhDh, SHROBIVLEN NGV,

3. S-59 (amotosalen)
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EHICA D RAATE (intercalation) ¥ 7 L vid, UVESHI L Y b
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Table 5. Effects of S-59/UVA phototreatment on virus inactivation *.

Lipid enveloped Non-lipid enveloped

Virus Log reduction Virus Log reduction
HIV {(cell-free) >6.2 Blue tongue 6.1-6.4
HIV (cell-associate) >6.1 Human parvovirus B19|  4.0-4.9
HBV >b.5
Duck HBV >6.2
HCV >4.5
HTLV 1/1 4.7/51
Cytomegalovirus >5.9
Bovine viral diarrhea >6.0
West Nile >6.0
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6. Inactine (PEN110)
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Background and Objectives Antibodies to CD36 (anti-CD36) are clinically important.
As some platelet immunoglobulins produced by transfusion or pregnancy have been
shown to induce platelet activation and to play roles in non-haemolytic transfusion
reactions (NHTRs), we investigated the in vitro response of platelets to plasma con-
taining anti-CD36.

Materials and Methods Plasma containing anti-CD36, implicated in the development
of NHTRs and subsequent thrombocytopenia, was incubated with CD36-positive platelets,
Plasma-induced platelet activation was examined by evaluating platelet aggregation
and RANTES (regulated on activation, normal, T-cell expressed, and presumably secreted)
release.

Results Platelet activation was induced by plasma alone in four out of 20 CD36-positive
subjects. In seven subjects, platelet activation was synergistically induced by the com-
bination of epinephrine priming and the plasma. The platelets of the nine remaining
subjects failed to respond to the plasma. Platelet activation induced by either the
plasma alone or by synergy with epinephrine required the involvement of FcyRIla.
The different responsiveness of the platelets was partially associated with the surface
levels of CD36 and FcyRlIl4, but not with FeyRIla polymorphisms.

Conclusions Plasma containing anti-CD36, implicated in the development of NHTRs,
exhibited a platelet-activating capability. Additionally, platelets from healthy human
subjects exhibited a considerable degree of heterogen€ity in their responsiveness to
this plasma. The heterogeneity of these responses may determine the occurrence of anti-
CD36-related NHTRs.

Key words: anti-CD36 immunoglobulin, interindividual variation, non-haemolytic
transfusion reactions, platelet activation, thrombocytopenia.

Introduction

a class B scavenger receptor with diverse ligands, including
oxidized low-density lipoprotein, thrombospondin-1 (TSP-1),

(D36 is a platelet integral membrane glycoprotein [1-3], and
its expression has been observed in monocytes/macrophages,
megakaryocytes, erythroid precursors, microvascular (but not
large vessel) endothelium, and other tissues [1-3]. CD36 is

Correspondence: Mitsuhiro Fujihara, Japanese Red Cross, Hokkaido Red
Cross Blood Center, Yamanote 2-2, Nishi-ku, Sapporo 063-0002 Japan
E-mail: fujihara@hokkaido.be jre.orjp

malaria-infected red blood cells {RBCs), long-chain fatty
acids, and collagens I and IV [1-3]. Two types of CD36 defi-
ciency have been documented: type [ is a deficiency in both
platelets and monocytes; and type Il is a deficiency in plate-
lets only [4]. Individuals with type I deficiencies produce
isoantibodies against CD36, if they are exposed to CD36 during
transfusion or pregnancy [5]. Antibodies to CD36 (anti-CD36)
are clinically important because they are responsible for
the development of refractoriness to platelet transfusion [5],
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post-transfusion purpura (PTP)-like syndrome {6], and
neonatal isoimmune thrombocytopenia [7,8].

Some anti-platelet immunoglobulins, produced after trans-
fusion or pregnancy, have been shown to activate platelets
from healthy subjects in vitro {9-11]. Such studies imply the
potential clinical significance of platelet-activating antibod-
ies in the pathology of non-haemolytic transfusion reactions
(NHTRs} [9-11]. Another study also suggested that the ability
of anti-platelet immunoglobulins to cause platelet activation
plays an important role in determining whether anti-platelet
immunoglobulins can induce not only thrombocytopenic
states, but also severe NHTRs [12]. However, to the best of our
knowledge, the platelet-activating ability of anti-CD36 produced
after transfusion or pregnancy has not been previously reported.

Platelets from healthy individuals exhibit a consider-
able heterogeneity in their responsiveness to anti-platelet
immunoglobulins, such as murine monoclonal antibodies
(mAbs) and clinical samples from patients with heparin-
induced thrombocytopenia (HIT) [13~19). Such activating
anti-platelet mAbs and HIT serum require interactions be-
tween the Fc portion of the antibodies and FcyRlIla to activate
platelets [13,20-23]. Consequently, the heterogeneous responses
of human platelets to these activating anti-platelet immunoglo-
bulins are correlated with either the platelet surface expression
level of FcyRIla [13], or with a polymorphism at amino acid 131
of FcyRlIla [13,18,20,24-26].

Recently, we experienced the first case of NHTRs followed
by thrombocytopenia after the transfusion of anti-CD36
containing fresh-frozen plasma (FFP) {27]. In the present
study therefore we addressed the question of whether the
anti-CD36-containing plasma could cause platelet activation
in healthy subjects inn vitro and, if so, whether a heterogene-
ous responsiveness might exist. Qur results showed that this
plasma exhibited a platelet-activating capability. In addition,
CD36-positive platelets derived from healthy subjects showed
a considerable heterogeneity in their responsiveness to
this plasma. Furthermore, the pretreatment of platelets with
a subthreshold concentration of epinephrine synergistically
conferred platelet responsiveness to the plasma in a sub-
population of subjects who were unresponsive to the plasma
alone. The diversity of platelet responses was partially attrib-
uted to the surface levels of CD36 and FcyRIla, but not to
FeyRIla polymorphisms. Besides this anti-CD36-containing
sample, platelet activation was also caused by one of the 13
anti-CD36-containing serum samples that were tested.

Materials and methods

Anti-CD36-containing plasma or serum

We encountered a patient who suffered from NHTRs followed by
thrombocytopenia after transfusion of anti-CD36-containing
FFP [27]. Briefly, the patient was a 67-year-old Japanese

female of blood group B. She received red blood cell concen-
trates (RCCs) and, subsequently, FFP on day 6 to improve
anaemia after cerebral surgery. About 10 min after the start
of FFP transfusion, she experienced chest tightness, nausea,
chills, incontinence and hypotension (systolic pressure
74 mmHg). Transfusion was discontinued immediately and
the symptoms showed a gradual improvement. Chest X-ray on
the next day revealed no pulmonary oedema. Her platelet
count was 171 000/ul, which fell to 19 000/ul 12 h post-
transfusion, and recovered to 154 000/ul on post-transfusion
day 8. Anti-CD36 composed of predominantly immuno-
globulin G1 (IgG1) and a small amount of immunoglobulin
G2 (IgG2) were detected in the FFP. The donor of the FFP was
a 28-year-old Japanese female (SS) with type I CD36 defi-
ciency, who had delivered two babies with thrombocytopenia
and anaemia. She had no history of transfusion. Based on her
history, she must have been sensitized by the CD36 antigen
during pregnancy. Her blood group was B. The anti-CD36-
containing plasma (SS plasma) or serum (SS serum) used in
this study was obtained from her with her consent. Except for
the anti-CD36 detected in the FFP, no antibodies against
human leucocyte antigen (HLA), human platelet antigen
{(HPA), human neutrophil antigen (HNA) and plasma proteins,
including albumin, o, -acid glycoprotein, o -antitrypsin,
Gce-globulin, o.,-HS-glycoprotein, ceruroplasmin, haptoglobin,
transferrin, fibrinogen, IgG, IgM, IgA, C3, C4 or C9 were
detected in either the patient’s serum or in sera from donors
for RCCs and FFP.

In addition to the SS serum, we also used anti-CD36-
containing sera derived from 12 random healthy donors
(serum sample nos 1-12} and from one patient who devel-
oped refractoriness to platelet transfusion (serum sample
no. 13) [6] in the experiment (shown in Table 3).

Screening for HLA, HPA and HNA antibodies was performed
by using the Flow-PRA screening test [28] (One Lambda, Canoga
Park, CA), the MPHA (mixed passive haemagglutination) [29]
kit (Olympus, Tokyo, Japan), and by standard GIFT-FCM
(granulocyte immunofluorescence test-flow cytometry) {30],
respectively. Screening for antibodies to plasma protein was
performed by an in-house enzyme-linked immunosorbent
assay (ELISA), except that for the antibody against IgG,
which was carried out by passive haemagglutination (PHA).

For the platelet aggregation and release reaction assays,
plasma (Figs 1-4 and Table 1) or serum (Table 3) samples
containing anti-CD36 were used. For the flow cytometry
analyses, serum samples were used.

Preparation of platelet-rich plasma (PRP)

Platelet-rich plasma (PRP) was obtained from the citrated
venous blood of 22 randomly selected healthy subjects with
blood group O or B by centrifugation (140 g, 15 min, 22 °C).
The platelets from 20 of the 22 subjects were CD36-positive,

© 2005 Blackwell Publishing Ltd. Vox Sanguinis (2005) 88, 41-51
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Fig. 1 Theeffects of SS plasma on aggregation (upper (a) (b) (©)
panel) and RANTES (regulated on activation, normal, 4 1007 100-1 4 100+
T-cell expressed, and presumably secreted) release _
(lower panel) of platelets. SS plasma activates ::: }r/"-—_ & l § l
CD36-positive platelets from four subjects {a) but _5_ ool é gkt T E G
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point indicated by the arrow. After the reaction, the

5
i

RANTES level in the celi-free supernatant was measured
(lower panels) as described in the Materials and
methods. The data on platelet aggregation from
CD36-positive platelets are representative of four
{a) and 16 (b} subjects, respectively. The data on RANTES 0-
release from CD36-positive platelets represent the

mean * standard error (SE) of four (a) and 16 (b)

subjects, respectively. The results of CD36-negative

platelets are representative of two subjects {c).
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Table 1 Synergistic effects of SS plasma and epinephrine on platelet activation

Maximum aggregation (%)* RANTES release {ng/ml)°

Epinephrine Epinephrine Epinephrine Epinephrine
- + - +
<20 64 (27-77) 5.4 (-3.1to 11.2} 23.1°(4.5-32.4)

Values are expressed as the median (range) of seven subjects.

Platelet-rich plasma {PRP) from five and two subjects was pretreated with
2 uM and 1 UM of epinephrine, respectively.

“Maximum aggregation 9 min after stimulation with SS plasma.

SRANTES (regulated on activation, normal, T-cell expressed, and presumably
secreted) levels were adjusted by subtracting the release induced by the
control plasma.

“P < 0.05 vs. epinephrine (-}.

and those from two subjects were CD36-negative. Flow
cytometry analysis showed that the platelets from all the CD36-
positive subjects reacted with the anti-CD36-containing serum,
whereas platelets from the two CD36-negative subjects were
not reactive.

Measurement of the platelet aggregation and
release reaction

The platelet aggregation and release reaction was carried out
as described by Dettke et al. [11], with slight modifications.
PRP was incubated with SS plasma at aratio of 4 : 1 at 37 °C
on an aggregometer (PA-200; Kowa, Tokyo, Japan) for the
measurement of platelet aggregation. The platelet concentra-
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tion was adjusted to 17 x 10%/ul in 300 pl of total reaction
volume. PRP incubated with pooled plasma from blood group
AB donors was used as a negative control. As a positive con-
trol, PRP was stimulated with 1 g/ml of collagen (Nycomed
Pharma Gmbh, UnterschleiBheim, Germany). To test the
inhibitory effect of prostaglandin E,; (PGE,) on the response
to SS plasma, PRP was preincubated with PGE, (500 nm) for
5 min followed by the addition of plasma. In a study exam-
ining the effect of epinephrine on SS plasma-induced platelet
activation, before the addition of SS plasma, the PRP was pre-
treated with epinephrine (Arklay Inc., Kyoto, Japan) for 5 min.
For each platelet donor, epinephrine was first titrated to find
the concentration that elicited less than 20% aggregation
during 14 min of stimulation. Individual donors varied in
their sensitivity to epinephrine, and the concentrations used
in this study ranged from 0-25 i to 8 pm. In some experiments,
the PRP was stimulated with 1 um ADP (Sigma, Steinheim,
Germany) after incubation with SS plasma or control plasma
for 3 min. For inhibition of FcyRlla on platelets, V.3
{Medarex Inc., Annandale, NJ) or mouse 1gG (Jackson, West
Grove, PA) was added to the PRP 2 min prior to the addition
of SS plasma. After the measurement of aggregation, the
mixture was transferred into another tube and centrifuged at
10 000 ¢ for 10 min. The cell-free supernatant was main-
tained at —40 °C until measurement of rejease. The level of
RANTES (regulated on activation, normal, T-cell expressed,
and presumably secreted) was measured by using an ELISA (R
& D Systems, Minneapolis, MN) in duplicate, according to the
manufacturer's recommendations. In the experiment from
which the results shown in Table 3 were derived, we used serum
samples containing anti-CD36 as the platelet stimulus, and
serum from the blood group AB donor as a negative control.
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The flow cytometry analysis was performed according to
the procedure described by Tomiyama et al. [13], with slight
modifications. PRP was washed once with phosphate-
buffered saline (PBS) containing 10 mm EDTA {(EDTA-PBS)

aggregation (%)

(©

(1800 g, 5 min, 22 °C). Platelets were resuspended in PBS.

To test the binding of SS serum to the platelets, 20 pl of
the platelet suspension {1 x 10%/20 ul) was incubated with
250 i of SS serum for 30 min at room temperature. This
serum volume was more than 10-fold the amount required
for saturation. Platelet suspension incubated with serum
from a blood group AB donor served as a negative control.
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Fig. 2 Synergisticeffects of SS plasma and epinephrine
on platelet activation. In the presence of a subthreshold
concentration of epinephrine (Epi), SS plasma caused
activation of CD36-positive platelets derived from
seven out of 16 subjects. (a} Platelet-rich plasma (PRP)
obtained from 16 subjects who were unresponsive
to the SS plasma alone, was stimulated with Epi alone
(upper panel}, with SS plasma (middle panel) or with
negative control plasma {lower panel) after pretreatment
with Epi for 5 min on an aggregometer for the
measurement of platelet aggregation. Representative
data of the aggregation tracings obtained from seven
subjects are shown. (b) PRP obtained from three
subjects who were unresponsive to the SS plasma
alone was stimulated with ADP alone (upper panel),
with SS plasma (middle panel) or with negative control
plasma (lower panel) for 3 min before the addition
of ADP. Representative data showing the aggregation
tracings obtained from three subjects are shown.

Fig. 3 Effect of anti-FeyRila blocking immunoglobulin
on platelet activation induced by SS plasma. An
anti-FeyRlla blocking immunoglobulin (1V.3)
reduced the platelet aggregation and RANTES
(regulated on activation, normal, T-cell expressed,
and presumably secreted) release induced by SS
plasma. (a) Platelet-rich plasma {PRP) was stimuiated
with SS plasma or negative control plasma {upper
panel). Prior to stimulation, PRP was pretreated with
20 pg/ml of IV.3 (middle panel) or with the control
antibody (lower panel) for 2 min. Representative
data of the aggregation tracings obtained from
three subjects are shown. (b) Values given are the
maximal aggregation 10 min after the stimulation
with SS plasma and are expressed as mean £ SE
from three subjects. (c) After the reaction, the
RANTES level in the cell-free supernatant was
measured, as described in the Materials and
methods, section. Values given are expressed as the
mean t SE of three subjects. The levels of RANTES
refeased by the control plasma in three subjects
were 75 % 3-3 ng/ml (mean & SE). (b} and

{€) *P < 0-05 vs. S5 plasma alone.

After incubation, the platelets were washed three times
with EDTA-PBS and incubated with 20 pl of 1 : 15-diluted

phycoerythrin (PE)-conjugated anti-human IgG (Jackson) for
20 min at room temperature in the dark. For the detection of
FcyRIla expression on platelets, 50 [l of platelet suspension
(1 x 107/50 pul) was incubated with 50 pl of IV.3 (2 pg/ml) for

30 min at room temperature. As a negative control, anti-

mouse [gG (Jackson) was used. After incubation, the platelets
were washed twice with EDTA-PBS and incubated with 20 pi
of 1: 16-diluted PE-conjugated anti-mouse [gG (Jackson)
for 20 min at room temperature in the dark. For the detection
of CD36 expression on platelets, 20 il of the platelet suspen-
sion (5 x 10%/20 pl) was incubated with 20 pl of fluorescein
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Fig. 4 Effect of anti-FcyRlla blocking immunoglobulin on platelet activation induced by the synergistic effect of SS plasma and epinephrine (Epi). IV.3 reduced
the platelet aggregation and RANTES (reguiated on activation, normal, T-cell expressed, and presumably secreted) release induced by the synergistic effects of
SS plasma and epinephrine. (a) Platelet-rich plasma (PRP) was stimulated with SS plasma or with negative-control plasma after pretreatment with 2 pm of Epi
for 5 min {(upper panel). PRP was preincubated with 2 pm of Epi. During the preincubation, 20 pg/mi of IV.3 (middie panel) or the contro! antibody (lower panel)
was added at the time-point indicated by the arrows, and platelets were incubated for 2 min. Platelets were then stimulated with S5 plasma. Representative
data of the aggregation tracings obtained from three subjects are shown. {b) Values given are of maximal aggregation 10 min after the stimulation by SS plasma
and are expressed as mean * standard error (SE) from three subjects. (c) After the reaction, the RANTES level in the cell-free supernatant was measured as
described in the Materials and methods. Values given are expressed as the mean x SE of three subjects. The levels of RANTES released by control plasma in the

presence of epinephrine in three subjects were 4-2 £ 1-1 ng/ml {mean £ SE). (b} and (c) *P < 0-05 vs. SS plasma alone.

isothiocyanate (FITC)-conjugated anti-CD36 mAb (FA6-152;
Immunotech, Marselle, France) for 20 min at room tempera-
ture in the dark. As a negative control, FITC-conjugated
anti-mouse 1gG (BD Bioscience-Pharmingen, San Jose, CA)
was used. To determine the titre of the anti-CD36 in the
sera used in our experiments, 20 ul of the platelet suspen-
sion (2 x 10%/20 pl) was incubated with 20 pl of each
serum sample at rriu]tiple dilutions or with control serum for
30 min at room temperature, washed twice, and then stained
with PE-conjugated anti-human IgG for 20 min at room
temperature.

After the incubation, the platelets were washed with
EDTA-PBS once and resuspended in 500 il of EDTA-PBS,
and samples were then analysed with flow cytometry {LSR;
Becton-Dickinson, San Jose, CA). The platelet population was
identified by means of its light-scatter characteristics and
enclosed in an electronic collection gate. A total of 10 000
platelet events were collected. Titres were determined as
the last dilution of each anti-CD36-containing serum that
showed a mean fluorescence intensity {MFI) ratio (anti-CD36-
containing serum/control plasma) of 2 2,
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FeyRIla polymorphism analysis

FcyRlIla polymorphism at amino acid 131 (His or Arg) was
determined as a single nucleotide substitution in exon 4.
Intronic primers encompassing exon 4 of the FcyRIla gene
were synthesized as follows: s301 (5-ggaagtaccictgagactg-
3) and as666 (5'-tctceecteectacatettgge-3'). Genomic DNA
was purified from heparinized peripheral blood on Qiagen
columns (Qiamp Blood Kit; Qiagen GmbH, Hilden, Germany).
Polymerase chain reaction (PCR) amplification was performed
with PCR primers (above} and LA-taq polymerase (Takara Bio
Inc., Ohtsu, Japan) under the following conditions: 30 cycles
at 94 °C for 1 min, 60 °C for 30 seconds, 72 °C for 1 min.

The amplified fragment of = 330 bp was purified with
a MinElute PCR purification kit (Qiagen) and subjected
to sequence analysis using a Big Dye Terminator Cycle
Sequencing Ready Reaction Kit (Applied Biosystems, Foster
City, CA). Data collection and analysis were performed on
an automated DNA sequencer {ABI PRISM 377; Applied
Biosystems). Sequencing in both directions was performed by
using the PCR primers.
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Statistical analyses

To analyse the synergistic effect of epinephrine or ADP on
SS plasma-induced platelet activation, the unpaired non-
parametric Mann-Whitney test was used. For the effect of
IV.3 on platelet aggregation and RANTES release induced by
SS plasma, statistical differences were tested by using the
two-way repeated-measures analysis of variance (ANova)
followed by Bonferroni correction. A P-value of < 0-05 was
considered to indicate significant differences. To analyse the
relationship between the surface expression of CD36, FcyRlla,
or the binding of SS serum and the heterogeneity of the
responsiveness to SS plasma, the Kruskal-Wallis H-test was
used for unpaired non-parametric multiple comparisons
(significant at a P-value of < 0-:05) and the Mann-Whitney
U-test was used for unpaired non-parametric comparisons.
Significance was taken as P < 0-0167 (0-05 divided by 3), to
adjust the P-value for the three comparisons {group 1 vs.
group 2; group 1 vs. group 3; and group 2 vs. group 3). The
linear association between two variables was ascertained
with Pearson’s R-test. A P-value of < 0-05 was considered to
indicate significance.

Results

Platelet activation induced by SS plasma

We first investigated the platelet responsiveness of 22 adult
human subjects to SS plasma for the induction of aggrega-
tion and RANTES release. Platelets from the 22 subjects
tested showed similar aggregation responses to 1 pug/ml of
collagen [mean + standard error (SE): 91-1 £ 2-7%; n = 22].
In four of the 20 CD36-positive subjects, the incubation of
PRP with SS plasma caused remarkable platelet aggregation
and increased the level of RANTES in the cell-free super-
natant (Fig. 1a). PGE, inhibited the platelet aggregation and
RANTES release (data not shown). On the other hand, SS
plasma did not induce platelet activation in 16 of the
20 CD36-positive subjects (Fig. 1b). The same phenomenon
applied to the platelets from the two CD36-negative subjects
{Fig. 1c¢). These results suggest that there were significant
differences among the subjects in the platelet responses to the
SS plasma.

Synergistic effect of SS plasma with pretreatment of
epinephrine on platelet activation

It was reported that in the presence of a subthreshold
concentration of platelet agonist, platelets were activated
by anti-platelet immunoglobulin, which, by itself, had no
stimulatory effect on platelets [15,31,32]. Therefore, we next
investigated whether there was any synergism between a
platelet agonist and SS plasma on activation of the platelets

Table 2 Responsiveness of platelets to SS plasma and genotype of FeyRila

in subjects
Subject number Genotype of FeyRlla
Group 1 1 His/His
2 His/His
3 His/His
4 His/Arg
Group 2 5 His{His
6 His/His
7 His/His
8 HisfArg
9 His/Arg
10 Arg/Arg
Group 3 11 HisfHis
12 His/His
13 His/His
14 His/Arg
15 His/Arg
16 His/Arg

obtained from the 16 subjects whose platelets were not
activated by the plasma alone. To do this, we measured SS
plasma-induced platelet activation under conditions where
the platelets were pretreated with a subthreshold concentra-
tion of a platelet agonist, as it was assumed that platelet
priming might be required for platelet activation by the trig-
gering effect of the passively transfused anti-CD36 in some
recipients. In preliminary experiments, PRP from three of the
16 subjects was pretreated with epinephrine at concentra-
tions such that epinephrine alone elicited an aggregation of
less than 20% (Fig. 2a) or were pretreated with 1 um ADP, an
ADP value that alone elicited transient aggregation of less
than 20% in each subject. The stimulation of epinephrine-
pretreated platelets with SS plasma elicited full aggregation
(Fig. 2a). Negative control plasma did not cause such platelet
activation (Fig. 2a). On the other hand, ADP did not show
such effects (data not shown). Therefore, we focused on the
priming effect of epinephrine on SS plasma-induced platelet
activation by testing PRP from all 16 subjects whose platelets
were not activated by SS plasma alone. Platelet aggregation
and RANTES release were synergistically induced by pre-
treatment with epinephrine and the subsequent addition of
SS plasma in seven subjects (Fig. 2a, and Table 2). However,
the platelets of nine subjects failed to respond (data not
shown). These results indicate that SS plasma had a synergistic
effect with the priming activity of epinephrine on the induc-
tion of platelet activation in a subpopulation of subjects.
Additionally, we also attempted to determine whether a
subthreshold concentration of ADP could cause platelet
activation synergistically with SS plasma when the order of
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