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Fig. 3 Comparison of CFC recovery between cord
blood units and test samples

h CECEINZOF Bt RL, HFKCBT
i, AR 60% M EOFURTRE LT RTO
g e, AfRE L ) CFC BIEO T ATE W
fEzRLe.

4 BEEREOEARELESFLAFECIN
= —FRiHEE (CFC) EMUED R

ki, IR RAOEMIE L B4R AED CFC
BE QMMM T B L, RERE Seg,
Tube) DS & BHAMA (CB) oI =—
T 5 d RS B IR o B R i, CBvsSeg (Fig.
5A), CBvs Tube(Fig 5B) #h¥h, r=0722,
r=0713 %D, BuadoEOHBALR. ¥
7o, AREBRAO SRR X)), BEFLAEO CFC
BN (V) oERIE, CBvsSeg: Y=20404+
0992, CBvs Tube: Y=1425+ 11X THhol:.
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RELTETAY PEERF2—TERIFLTY
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Fig. 5 Comparison of viability of test samples with
CFC recovery of cord blood units
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15% BEFT+5ERELTEh, FROOKHTIS
LRLETHFL, RAMORBMBELL £
O, MRS oo = — R O E
oLty ERBHEARETFL TW A L
W{EME E 2o TV D,

S ORISR T, AHRE, CFC RS
ARk L AR & CIEEICR (ARBL
(Fig.2, Fig.3). Lizato T, RERAKDORERR
EE AR BRRERBE KB LTS, R
ERRR OB AR TS 6 B AR O ds RIFKIE
I+ A LIMETHLEELORL, 2/
DIRERIE (Seg, Tube) DEICATER R,
WENORERAELAREOEFRE S L EER
Y (AR

EEOBEMBEICBVTIE, EBTEE0R
L CCFCRANEDHERZR/FTLVILEND
5. TONE, BNATREL: L TEARROAN
BIEE 26 XH 5BV, SEDER,L, RY
Mo N EE & AT A o> CFC RIURER D[]
A6 b EOMMAR SR (Fig.5). L
1=hia T, RSO EMIRED S P LARED
CEC MR+ 52 LI3WHETHH, BEBH
EOR, AEhtos iR tETEHENE
Pz 3 hEEZ LR

DL ofE R X 0 R E RO RTERE S & T M
AEOHBEFREQOTMIITEELF A, JLiEd
A F TR EREORERFREELL L
Fe I i HYGE 36 e D 3R & B A A (Table 1).

WEE SR EAIE LT, [RERBOB» O
#l % N5 B M ARE D CFC LA 70% Lk
FHET] & L. BHBOEN AR O
MBEINROBRIZIOWTOWRER T -5 i3kw

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

Transportation for standard cases

Transportation for urgent cases

Recovery of CFC *!

Viability of ANC *?

0% s 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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A5, EMmE - FIEEROBRE L HRENICHT BB
i X, CFC EIUERAS 70% #RHE CHUS IR
REEASEUF & T B UEAZ O, ko T, T0%
DLEAMERETHIEE L, —k, BERT
13 50% LT & L, 50~70% i3 £iEE & ORI
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Wi POEEA, N 70% M AT L hidE
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Y =70% k7 HREWAKD CFC BULEIL, K=
506%, Xrwe=0622% (Fig.3) ThY, B&MEE
B L TIREEIR fRo> CFC BILSR 70% LAk & tHAE
We L. —7F, SaBERIEARREERE

+ %, AR, P mAAD CFC MR Y=70% -

Fh a RS RAO £ R R, s = 50.0%,
X =507% & 72 1 (Fig. 5), (REMRAD LML
60% LLE A IR & LFe. Afass ey 2 1
B LT, Fig 4 DR, S b5 & 1T, £
Ja® X b & CFC HE NG AR D S 1
®, 60% M EE M & LTHEELWEERL
hiz,

— ¥, METEEEOXEE, CFC EIRERE
M TR, BEEEHYOMBHE TS
E1HbH5. EB HEQETIRROLEREL,
MRS ) OREMRRKTH Y, MNEREHF
BOSRVEREOERE, 7k AEERFIMELT
LEESH D OEMREYT S EEEbHE. L
L, F—F TR S o fodt, AR
WA, Fe0aToZ—0KE SHNSWER
M, IR S VRS, RREICERL
ABR LTV, UEOAR,S, HFMEERR
BERE S ) O TR {, CFC =S
POy MR GO ELEE L, L
L. 2oz, ko HERO CFC B O KB
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Virus Inactivation: Current Status and Subject

PTEREsE, W OE, FE—, BEHAR
Hideki Abe, Hiroshi Azuma, Junichi Hirayama, Hisami Ikeda

TR
MERIEREOMAL Y, T4 VARAZ ) -2y ZREOM L L Y @mAnREENIC L 57 4V ABEOERES
ZOBLLbOO, FAELTERBITETS. ZToERELE, BEEHRTYINVA EHRRTELRWYI 4 Y FOE
) FOBRER, REFREZ-TORWI 4 VASLER, SEHOFEE, HALlle PORESEN 0720 VALY
CRET S, TOXS5I, RESTTRENEREZHCILIIRETSH S,
HMAMERNKOREER 2 BEHE—2o0FEE LT, REARELENEE, KALEA2255. NERRFNIHLT
I AFL TN —HAiELE, Solvent/DetergentiLE AL S T A, M/MREFNZIEE BN ES-50 £ UVARS

PRAGDELFEIER S, FOMICE, 0, MK, FORERFICHT L RELEFRF AT L. Fi
BT, FNHOTFEEFELTELDHE, BARELHERRICOVWTEETS. 72, ANE/OEYEZFALAAT
BEEEMRARIC B D v A VARE - FIBLEIZ oW THIERS.

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 peried 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
post-transfusion infection, virus screening test. pathogen inactivation methods, artificial oxygen carriers.
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BMItEA 4 VABPIAY) — o FRERTOREE
IR LT E A, 1960FE R OFTMIFMAIZ50%LL L3 o Ao fil
BT, BMFIE~OBTEBRFEY A LR (HBV) D5
=L AHBsHEMEDEN, +OHEOHBHLE#E, CERF
g4 NA (HCV) MAEREOE I e SR LA. T
REAEYANVA (HIV), & b)Y o5zkmtEr 4 v AR
(HTLV-I}) ofERESTHOIRTE.

IRTTOREIR, T4NACIHTEEERY S LARES
BHT 5, WhwRMEEMNRENERTHo, TOLD,
TANAPFMBEPIZHS IO LT MEFRE TR L H
ESh VR, Y4 FYEYFF (RPEH>HMEXID
MEIMUNTEL T TOREOBELRMTE W) 7
ELZ 2FVRAETEELHEINRTL MBI YA VA
HET DD, D94y FyE) F FAENETFEOERD
— D EZON". 19995, T4V AEBBIERE (nucleic

A&xfF+EddtiEdEfRtEnfe s ¥ — T0630002 LR EREWLUOF2452TE  Japanese Red Cross Hokkaido Red Cross Blood Center

Yamanote 2-2, Nishi-ku, Sapporo, 063-0002, Japan
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acid amplification test; NAT) AKRIZEA BN/, Z otk
Fix, MEFCHREEESEI AU, BEIILIETh:
WA L ADBEFERGEICIIEL, Y4 L AOFEE S
TARFETH L., BRARZFETLEASKAN, HBVL MG L
L7ORENEETTH o7, NATTIIS00A DO M %
T=L, TOT—LREEROTHEST - T, il
FXREFI B HAY & LTE07 — MISHE/ &4, 200448 9 B 124320
T=nZfE N, TRICXDMBEESMEL, SImEIT
FEHEESNDIIFRRESR LR LA HRTIIMSZ2E 2589,
HENLHETEELORDERIIEDH TV, AEThR
TVHHAIZ L BEEER &% % Table LIZARL 72,

Table 1. Screening tests regarding infectious agents. (Oct. 2004}

Tes! issue Methods
Syphilis Antibody
HBV Antigen, Antibody, NAT
HCV Antibody, NAT
HIV Antibody, NAT
HTLV-1 Antibody
Human parvovirus Bt9 [ Antigen, NAT (a part of plasma fractionation)
Liver function (ALT) Enzyme activity

IDLH, BEROEMIE EEICHT A EmoReN
BRBERIIEZ > TEH, BRI EOilisohbiI Tl
v, NATEWR Y, BREEmfofior 4 w2 xib+
HZERTELV, 2oF W, EHBELTNATIZLY S Y F
EVF VIIEETSE. NATOSAL Y Py Rz s e E
ZLNLHHIVEELHEZINTWEY, FLTYANAOALL
59, RE LT A LRENmMdE (residual risk) #fF
T D, 26D HLOun L oxid, B0 MR-
A na, Bl, F4he, v 3B o@El2ETHLY.

KREOMBERAN L HMBEKREOY A 2L, mMERAL1007
B L THIOF L HE ST EY, BFloi/MREAE
BTRTFEND D, EREEER ERERO L mifE K
OftmE,CRALAFEOMIEANRI Y, KELZMMEL-
Twa", —F, EELECLRELEDE V) RS S
LOONRRTHEBIIE S MERAGEESESH2MMESR T
VAW, R TERG Y20 L TEYD> O MIBRET 52,
KRENIBWTHRIZ L ARESHRE SN TwA". KAETIE
HARGIE L DIESITTH 5D, BERIIBWTHEINEME
L EREERG EWRMFE > L OHIC & DAY 7TRHH A
LA, 788, RETEYZA PRSI ALY 4 LAR (WNV)
LB BORERRZEIIFOANDRYE, BLIUADIL AND
RIS Nhs, Mot A BE Lo, iz k
LEOMIIEVCHIHEBNREY 2 sHBE LT, BRI,
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g4 V7zrb-¥275H (VCID) OERRAFTHLARE S
Vo rARERMBEE L TELA, DWZEHilIc k h R
LadZ &dmanhi. BATE, FEBREATLIZ LI
BEATIERFEYANA (HEV) RENMEE 25TV 35,
iM% A LAHEVEREAGER S A, BAELSHBRB I UM
2N, BRELOOHZAZV - FIEETIRAAD, o0k
MBS T, HELTYS, HiWwiohArsEET 5
LN VHEEFIINT AREUERIIERAEHLEED
YR /AN

BEOREFTRE{LE

1990 I A D, SRt mMEBEA DY £V ARELEIFHRE
I S g, Bl AmMERNANCIE, ARESEFESTL
VIS RE (EEEE MY L, HERSICERGRSBHES
NHRMEBBA L XV IREH O 3 BENSD, -7, #
NENROBRFNED 7 4 W ARFLEFEREINRTWS, F
T X DR T A AN AR EHEET B0, LhiILE
BOD 4 A2 LTREIER e RT HEVERESNS, 7
AN AREORERE»S, BENEETF >y Xu—-77 4
LALEFRER b v rRo—F9 4 LRI KINSHh
L, BMIZED{EEF 594V RCh, WO 4L 2ANELE
T, ZLAEETOY 4 NVAREEIZIRBNT, /Jrarx
O—7 4 L ZRTFEEShiC{ WERIzA S, 2LT, 74
VAOARL LT, MM, ER, FERIIAFLTLTELDRES
BoZ EAFREsn. NI TH4 e X HEN
igesh T a8 MRBRETHRLA L0, ERAETEE
HAGRHONPH LAV BELH L. THEEATELYD
FliHsH00, FOLOMBEHAOGEHET, HEETEET
FEIHEShTEA, UTIE, ERCEASATYRHIE,
HIGIIERRBIIA-TWE Lo, BEDHE* B L THE
PRINTVEL04H 0 (Table 2), TAGIZDWTEET
S, T, 8-y NIBGTEIZBEAZ R TV, MERA
T 5 REESPREelGR (277 0577 RERE) %
Table 3.4z F & /.

1. Solvent/Detergent (S/D)

100~1,000A 4% (FETEL2) OF—OREOHEHEER
rmBEET-LL, EREFELTI% (w/v) tri(n-
buty)phosphate, FRHEHEAE LT 1% (w/v) Triton X-100%
FEmi. 30T, 4MMAET S, {0 L 2 triin-butyphosphate
& Triton X-100% iz K BIMHECISHHEH T LIZL VR
FLH, BULERISELRERETST.

S/DILIEIZE &7 4 VAREILR, DT rXa—-F7 4
W ATS lognll EOTIFELDFEETH D, WA T, WNVLE
BIITEETEL I EARS R, L L, Sy NXO—
ToALATHLARFLY A VR (HAV) b 73Ky 4
VABIOEAEL T A2 LidCELhv, HE, SEERMYEZ
b ET 4N ABIOONATATOATE Y, LEANLED
AN ABEMEIIR VST,
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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 |Fhysicochemical) Plasma {1 the marke! Austria S/D
Macopharma haly MB, S/D
Methylene blue Baxter Photosensitization|  Plasma | In the market
Grifols United Kingdom MB, S/D
Platetet [Inthe market :
5-59 Cerus/Baxter |Photochemical Netherlands Quarantine
Plasma [Phase
MB
Platelet |Phase 1/ Greece
Riboflavin Navigant |Phetosensifizafion| Plasma | Pre-clinical Switzerland S/D, Quarantine
Red cell |Pre-clinicat
Spain MB, Quarantine
Tionine German Red Cross | Photosensitization| ~ Platelet [ Pre-clinical
Inactine Vitex Physicochemicat| Red cell |Phase II Denmark S/D, Quarantine
Dzmethgl;l:-::mylene American Red Cross |Photosensitization| Red cell | Pre-clinical Germany S/D, Quarantine
France S/D, Quarantine
3 —0 v 3T, Octapharmaft2*S/DEnEES 1L~ )
2B L, 19924 L3k, 50005 BAOS/DIMEHHM ST Belgium ME
ETwaA, FAET TN ARENSL SHRIERACHEI
2ovn Portugal s/D

2. AFLLTH—

AFL 7=l s MEh Y 4 LADREEL, F4 Y
OiaT) YNy F—CREEINL", S/DREEOX
EhEniE, miEE 77—y, Broi—miE/ sy Sl
TELMBETFIETHL, AF LT L—RREEGICL
DEpEEEh, —EERMEZERLT, 74 VAERELT E™.
FLLTYANAOBEBMRNERY, 74 VAREFIINSE
EE2 5L THENEERETLEN, Fi, vALAF
FEHICLDBEEFPRIEZTIE LS o TWEY,

AFL TR 4 LA L TRTE{ESD RS
B, MR A NVALHLTEHRENEEWw, Tl aT
VM 7 —TiThhvTuwihFiEd, mEDREeEE+
THT &L HAMIREZREEL, TOHEATFL T —L0E
BT EIZLOMBNY A VADORFLEERLTER. T
DFEIZELYD, HIV (>2.7 logw), vesicular stomatitis virus
(VSV) (>57 logw), BEALARZTALLR (530 loge), 4
PINIIHY LA (555 logn) DPIEILENEON, EHE
A ORERFIEEES, NETHIIE0%NERFER
TWwa"™, Lal, BEZ RO —-7%2HFHL-2vwr I VX
(HAVE) o F stz ZRILEAKEL b M4
¥ o BB LAY, WA LREHOER LR
NTwin®, ZOFETHE, fILAAFLTV—%kE
TEIELS, WIIZERASATE AFL 27— 3k
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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.

BIERAER LB EEELE K7L, leukomethylene blue,
azure A, B.and C, FH4=»iI% 3, L hEebhBHE+ 27
B, BRREAFL IV —2FBIZBRET S 7 105 —2
BERL®, 07402k, MEFIaMOAFL Y
TN — IR RRLLT 2005y MIZEET L, AMIRD 3 logu®
FEENITETH o/,

-3, FHEMES»L 74 05—l amREREL-E,
AFVYT7N—RABEZTIHELSH S, Baxterttil L HHE
ENSHMBFRETZ AN EAFL TV —ERTHARA
PRUAF AT, flans s FllaAHIVOREE* ZhEh
6 lognl EB L URHBRAUTILICRTIELIENTE
27 AEERERZ I ERMEHERBRFELCRL, EEERIEIHRL
BOLOEIIEAEEDLGT, BVIAFEE, 747V /-5
YEELENENRTE%RL L, 84%LLE, MR IR TW.

HBEI-0uv30E OETHOWOERTWARAF Ly T —
KRGS AF A2, Macopharma®iZk Y REI R,
MACO-TRONICH§T% BICPLASMAFLEX (HMmIkER),
BLUEFLEX (RFL 7T h—IRE) 74 NM5—%HIiEbE
LOTHHY, My VR EHNF 2 —7EEEBICED
AFLyTh—mo V2574 EEL, AmEkRE71 0
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Y— BB EEE, YT Ly MROAFL TN —REBRL
ARG Ny FIIHEE BT A, MR AT235315 mIT
B, AF LT L —EBEIRl g MET#ICRE, —EIZ4 5y
FERBETE, BEHMIINSLATHE, SRITOELD
HELERE, I THI NE—T 4 L AZTIET LS
ENHETHD (Table 4)*, AFERELZ BB SE/-WNVE
TEETES™, MAT, SEFTHBLINTEE F/AOLE
A4 NVABIODARIELL, TRETSH A T EARE NN,

Table 4. Effects of methylene blue phototreatment on virus
inactivation™.

Lipid enveloped Non-lipid enveloped
Virus Log recduction Virus Log reduction
HIV >5.5 HAV 0.0
Bovine viral diarrhea >6.2 Encephalomyccarditis .0
Duck HBY 3.9 Porcine parvovirus 0.0
Influenza 5.1 Polio 0.0
Pseudorabies 5.4 Simian virus40 43
Herpes simplex >6.5 Adenovirus 4.0
Vesicular stomatitis >4.9 Human parvovirus B19 >4.0
West Nile >B8.5 Calicivirus >3.9

-y /S TRIFHEOAFL YA —0EBEFIH DN,
EOHRRLE o THERAFEE F74 7V /=70, 8V
EF, SVIRTEE10-20%ET T2 2 L A5G0 T w5 0a,
BYOREZAEMBBRETI I LI =R AF Ly Th—3ET 4
W& =Y 2ERRTHEE~DEFIZEVD, XFL I TL-—-
MEROBIIESICET 2T ZEISY, 714052
LoTizmiEsy » 2 BoiEE ek, BELTRETLOLD
LEHTHBY. I—0v 1 TREEIZED, REERHsN
TETWBAF VLY TN THLH, WIEEEEER
B322d, SHEOEHPEEI NN GV

3. S-59 (amotosalen)

VIV iiHAEORSEHYIIETINALEMT, ${OHOX
MERESFEET L, EAESEMOXFRITL, ORI
A ERE, BYANAERAEPTRT. HE—F#HdLH0IIZ
HHIZAWAAT (intercalation) V7 L »id, UVEBFHI L D)
RENLEEEE £FHH S L (monoaduct, crosslinking), £ T
DNAB X URNARY 25— ¥RIGF BT I LIZEh, o4
NMAOHEE, AACHMEHEET 2. 3 HIIEMKROERED
MET S, S50 MMMIEA S L R OREESELE
T2 &HTEL, MMEEFNLI22-24CTHRTFT 228, #M
BORA, BHMAKELZMEL Lo TWE, MARBAD S A
NARBETI, VAL ADAZOTRENRELERL 1 5.

Cerusthid, 100EMILLEOFHIcEREN VS L /LEY
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DAL, HEEIOMBEANEZEL, EEEMEMNE L,
BbA YA NAFECBREOB LA E LTS59% Rl
72%,. INTERCEPT & IETh 2 Z &Fikld, M/ % 32-47%0
4% % & T MR TETEPASIICIEE L, TiELRE Ny 7
AFLIZEHIHERELTSSEHERAL, #BEHIS0
METH, B2y YRR TELERICEY L, UVA
#BRET 5. F0, SSOMBRIOA Ty FITlRE TR
L T4 1685 R BAR T LRGS0k B L, Snmizi#td 5.
FHEY AN AOTIFEILEF Table 542 F L /. S50 27 4
A2 E, MEPERORNEICLHRTH 5%,
M/NMEBENCBAST A EREOB WIS LR EE 7 F o3k
12>66 logell L, 75 4 REtERT 7212t (2 >5.6 logmu_l:ﬁ':fﬁ‘ﬂ:'?
&, SHMEREFCSVTLM/MERAFIZSZHATEIRE s
vy, S59/UVALBI/MMERHF O ELFENIEE (pH, 71
AR, AEBLY) BLUEE (BEe, m/MMITREEL,
BREREMELY) I, 7THEFEZLRLEOBALFEETS
A% Fh, TV HRoOBETIHTAZI LS, @il
GVHD® FHEMFEREOR L, REFFICERT DI ba (>
M—EE LR LIEBFMERERAOHECLIANTHIEZLL
na™",

Table 5. Effects of S-53/UVA phototreatment on virus inactivation *

Lipid enveloped Non-lipid enveloped
Virus Log reduction Virus Log reductian

HIV (cell-free) >6.2 Blue tongue 6.1-6.4
HIV (cell-associate) >6.1 Hurman parvovirus B18|  4.0-4.9
HBV >5.5

Duck HBV >6.2

HCV >4.5

HTLV I/T 4.7/51

Cytomegalovirus >5.9

Bavine viral diarrhea >6.0

West Nile >6.0
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Table 1 Synergistic effects of S5 plasma and epinephrine on platelet activation

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

Epinephrine Epinephrine Epinephrine Epinephrine
- + - +

<20 64 (27-77) 54(-31t012)  23.1°(4.5-324)

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 pM of epinephrine, respectively.

"Maximum aggregation 9 min after stimulation with 55 plasma.

RANTES (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 4l [11], with slight modifications.
PRP was incubated with SS plasma at a ratio 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 pug/ml of collagen (Nycomed
Pharma Gmbh, Unterschleifheim, Germany). To test the
inhibitory effect of prostaglandin E, (PGE,) on the response
to SS plasma, PRP was preincubated with PGE, (500 nw) for
5 min followed by the addition of plasma. In a study exam-
ining the effect of epinephrine on $5 plasma-induced platelet
activation, before the addition of SS plasma, the PRP was pre-
treated with epinephrine (Arklay Inc., Kyoto, Japan) for 5 min.
For each platelet donor, epinephrine was first titrated to find
the concentration that elicited less than 20% aggregation
during 14 min of stimulation. Individual donors varied in
their sensitivity to epinephrine, and the concentrations used
in this study ranged from 0-25 pM to 8 pM. In some experiments,
the PRP was stimulated with t um ADP {Sigma, Steinheim,
Germany) after incubation with SS plasma or control plasma
for 3 min. For inhibition of FcyRIla on platelets, TV.3
(Medarex Inc., Annandale, NJ) or mouse IgG (Jackson, West
Grove, PA) was added to the PRP 2 min prior to the addition
of §$ plasma. After the rmeasurement of aggregation, the
mixture was transferred into another tube and centrifuged at
10 000 g for 10 min. The cell-free supernatant was main-
tained at —40 °C until measurement of release. The level of
RANTES (regulated on activation, normal, T-cell expressed,
and presumably secreted) was measured by using an ELISA (R
£t 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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Flow cytometry

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}
(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% 10%/20 pl) was incubated with
250 pl of 5SS 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 Synergisticeffectsof 5S plasma and epinephrine
on platelet activation. In the presence of a subthreshold
concentration of epinephrine (Epil, S5 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 S5 plasma alone, was stimulated with Epi alone
{upper panel), with 55 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 unrasponsive to the SS plasma
alone was stimulated with ADP afone (upper panef),
with 55 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 Effectof anti-FoyRlila blocking immunoglobulin
on platelet activation induced by S5 plasma. An
anti-FeyRla blocking immunaglobulin (IV.3]
reduced the platelet aggregation and RANTES
(requlated on activation, normal, T-cell expressed,
and presumably secreted) release induced by S5
plasma. (a) Platelet-rich plasma (PRP} wasstimulated
with S5 plasma or negative control plasma fupper
panel). Prior to stimulation, PRP was pretreated with
20 ugfml of IV.3 (middle panel) or with the contral
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
fram three subjects. {c} After the reaction, the
RANTES level in the cell-free supernatant was
measured, as deseribed in the Materiats and
methods, section. Values given are expressed as the
mean + SE of three subjects. The levels of RANTES
released by the controf ptasma in three subjects
were 7'5 + 33 ng/ml [mean + SEL. (b} and

{c) *P < 005 vs. 55 plasma aione.

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
FeyRlIla expression on platelets, 50 pl of platelet suspension
{1 % 107/50 ul) was incubated with 50 pl of [V.3 (2 ug/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 pl
of 1: 16-diluted PE-conjugated anti-mouse IgG [Jackson)
for 20 min at room temperature in the dark. For the detection
of CD36 expression on platelets, 20 pl of the platelet suspen-
sion (5 x 10°/20 pl) was incubated with 20 pl of fluorescein

© 2005 Blackwell Publishing Ltd. Vor Sanguinis (2005) 88, 41-51
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Fig. 4 Effect of anti-FcyRlla blocking immunoglobulin on platelet activation induced by the synergistic effect of S5 plasma and epinephrine [Epi). IV.3 reduced
the platelet aggregation and RANTES (regulated 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 55 plasma or with negative-control plasma after pretreatment with 2 um of Epi
for & min {upper panel). PRP was preincubated with 2 jam of Epi. During the preincubation, 20 pgfml of V.3 (middle panel) or the control 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 + SE of three subjects. The levels of RANTES released by control plasma in the
presence of epinephrine in three subjects were 4.2 1 11 ng/ml {mean + SE). {b) and {c) *P < 0-05 vs. S5 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 multiple 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 pl 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/contro! plasma) of 2 2.

© 2005 Blackwell Publishing Ltd. Vo Sanguinis (2005) 88, 41-51

FcyRlla polymorphism analysis

FeyRlIla polymorphism at amino acid 131 (His or Arg) was
determined as a single nucleptide substitution in exon 4.
Intronic primers encompassing exon 4 of the FoyRIla gene
were synthesized as follows: s301 (5'-ggaagtaccictgagactg-
7') and as666 (5'-tctccectecctacatettgge-37). 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., Ohtsy, 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
V.3 on platelet aggregation and RANTES release induced by
§S 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
retationship between the surface expression of CD36, FcyRlI]a,
or the binding of S5 serum and the heterogeneity of the
responsiveness to 55 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), te
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 ug/ml of
collagen [mean + standard error (SE): 91:1 £ 2:7%; i = 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. 1¢). These results suggest that there were significant
differences among the subjects in the platelet responses to the
S5 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 FeyRlta
in subjects

Subject number Genotype of FeyRilla

Group 1 1 HisfHis
2 HisfHis

3 His/His

4 HisfArg

Group 2 5 HisfHis
6 His/His

7 HisfHis

8 HisfArg

9 HisjArg

10 ArgfArg

Group 3 1" RisfHis
12 His/His

13 HisfHis

14 HisfArg

15 His/Arg

16 HisfArg

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 200% [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 5SS 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 S5 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 55 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 55 plasma when the order of
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ADP and SS plasma application was reversed. Three of the
seven subjects whose platelets were synergistically activated
by epinephrine and 55 plasma, and three of the nine sub-
jects whose platelets were not activated, were examined.
The addition of 1 uM ADP to SS plasma-pretreated platelets
elicited full aggregation (Fig. 2b) in the three subjects whose
platelets were synergistically activated by epinephrine and
SS plasma. RANTES release was also induced (median,
11-4 ng/ml; range: 10:2-22-3 ng/ml; n = 3} compared to
stimulation with SS plasma alene (median, 1-3 ng/ml;
range: 0-2-8-3 ng/ml; n = 3}. The combination of negative
control plasma and ADP did not induce platelet activation
(Fig. 2b). Furthermore, platelets from the latter three subjects
showed no response under this condition (data not shown).
These results suggest that the pretreatment of SS plasma
could also cause platelet activation synergistically with the
subsequent addition of a low dose of ADP in a subpopulation
of subjects whose platelets responded to SS plasma syner-
gistically with epinephrine pretreatment.

Involvement of FeyRIla in platelet activation
induced by S$S plasma

As some anti-platelet immunoglobulins, including anti-CD36
murine mAbs, activate platelets in a manner dependent on
FeyRila [13,15,20-23], we evaluated the role of FcyRIla in
platelet activation via SS plasma by using an anti-FcyRIIa-
blocking mAb, IV.3. PRP obtained from subjects whose plate-
lets showed marked activation induced by SS plasma alone
was preincubated with 20 pg/ml of IV.3 and then stimulated
with SS plasma. IV.3 inhibited platelet activation in all sub-
Jjects tested, Representative results for three donors are shown
in Fig. 3{a). The maximum aggregation for 10 min after stim-
ulation with the plasma and the RANTES level in the cell-free
supernatant were significantly reduced by 65-8 * 18-6% and
by 58:3 + 16:6% (mean + SE: n = 3), respectively, in the
presence of 20 pg/ml V.3 (Fig. 3b,3¢). The increase of IV.3
up to 80 pg/ml did not cause further reduction of platelet
activation by the plasma (data not shown). In contrast, the
control antibody had no inhibitory effects (Fig. 3).

We also studied the effect of [V.3 on platelet activation
caused by the synergy between SS plasma and epinephrine.
PRP obtained from subjects whose platelets required epine-
phrine for the full activation in response to SS plasma, was
pretreated with epinephrine, and then 20 pg/ml of IV.3 before
stimulation with the plasma. The platelet aggregation and
RANTES release caused by the synergy between 55 plasma
and epinephrine were also significantly inhibited by the pres-
ence of IV.3 (Fig. 4). In this case, 20 ug/ml of [V.3 reduced
platelet aggregation and RANTES release by 925 + 3-7% and
97-3 + 1-7% (mean x SE: n = 3), respectively (Fig. 4b,4c). The
control antibody had no inhibitory effects on the platelet
aggregation (Fig. 4b). The reduction of RANTES release by
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the control antibedy [15-2 £ 3:2% (mean + SE); n = 3] was
very slight compared to that by [V.3 (Fig. 4c). These results
suggest that FcyRIIa is involved in the platelet activation by
SS plasma alone or in synergy with epinephrine.

Responsiveness of platelets and the binding of
SS serum to platelets

To investigate interindividual variations in the platelet res-
ponse to SS plasma, we examined the relationship between
the responsiveness of platelets and the platelet surface
level of CD36 or the binding of SS serum to platelets. Sub-
jects could be consequently divided into groups 1, 2, or 3
on the basis of the heterogeneity of the responsiveness of the
platelets to the plasma. In group 1, the platelets were activ-
ated by SS plasma alone; in group 2, the platelets were only
activated by synergy between SS plasma and epinephrine;
and in group 3, the platelets failed to respond to the plasma

"under the conditions tested. The MFI of the binding of the

anti-CD36 mAbs to platelets, and the MFI of the binding of
$$ serum to platelets, as determined by flow cytometry, were
then compared among these three groups. The MFI of anti-
CD36 mAbs binding to platelets in group 1 was significantly
higher than those in groups 2 and 3 (Fig. 5a). There was no
significant difference between groups 2 and 3. The MFl of the
binding of $S serum to the platelets in group 1 was signific-
antly higher than that in group 3 (Fig. 5b). There was no sig-
nificant difference between group 2 and the other two groups
(Fig. 5b). The MFI of the binding of SS serum correlated with
the MFI of anti-CD36 mAb binding (* = 0-794, P < 0-01}.
These results suggest that the surface levels of CD36 and the
degree of SS serum binding are associated with the differ-
ences in platelet response to SS plasma observed between
groups 1 and 3.

The responsiveness of platelets and FeyRIIa:
expression and polymorphism

*We then investigated the involvement of FcyRIla in the
heterogeneity of platelet responsiveness to 55 plasma. In
order to do so, the surface level and polymorphism at amino
acid 131 of FcyRIla were examined. The MFI of the IV.3
binding to platelets, as determined by flow cytometry, was
compared among these three groups. The MFI of the IV.3
binding to platelets in group 1 was significantly higher
than that in group 3 (Fig. 5¢). There was no significant dif-
ference between group 2 and the other two groups. Among
the 16 subjects with CD36-positive platelets available for the
study of the polymorphism, nine were homozygous His, six
were heterozygous Arg/His, and one was homozygous Arg
(Table 2). The platelets of subjects 1, 2 and 3 (from group 1},
5, 6 and 7 (from group 2), and 11, 12 and 13 (from group 3),
were His/His in the phenotype of FcyRlIla, but exhibited a
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Fig. 5 Heterogeneity of platelet respansiveness to 55 plasma, surface levels of CD36 and FeyRlla, and binding of 55 serum to platelets. Subjects were divided
into groups 1 (n = 4), 2 {n = 7), and 3 [n = 9] on the basis of heterogeneity of responsiveness of platelets to SS plasma, as described in the Results. The mean
fluorescence intensity (MFI) of the binding of the anti-CD38 mAb (a), S5 serum with platelets (b) and V.3 (c} determined by flow cytometry were compared among
these three groups. {a) *# < 0-016 group 1 vs. group 3. ™P < 0-016 group 1 vs. graup 2. {b) *P < 0-016 group 1 vs. group 3. [c) *P < Q-016 group 1 vs, group 3.

variable responsiveness to the plasma. Similarly, the platelets
of subjects 4 (from group 1), 8 and 9 {from group 2), and 14,
15 and 16 (from group 3) were Arg/His, but again differed in
the responsiveness to the plasma. The platelets of subject 10
{from group 2) were Arg/Arg. Therefore, there was no correla-
tion between the responsiveness of platelets to the plasma
and the polymorphisms of FcyRIla. These results suggest that
the surface expression level of FeyRIla participated in the
different responsiveness of platelets to SS plasma hetween
groups 1 and 3. However, the polymorphisms of FcyRITa were
not involved in the heterogeneity of the responsiveness.

Platelet activation induced by anti-CD36-
containing sera derived from patients who
developed refractoriness to platelet transfusion or
random healthy donors

To verify whether the platelet activation observed in our
experiment was exclusively limited to SS plasma, we exam-
ined the platelet-activating ability of other anti-CD36-
containing sera derived from patients who developed
refractoriness to platelet transfusion (n = 1} or random
healthy donors {n = 12). PRP obtained from subjects in group
1 was incubated with these anti-CD36-containing sera. In
addition to the SS serum, one anti-CD36-containing serum
(serum sample no. 1) from a random healthy donor caused
remarkable platelet aggregation (Table 3). SS serum and
serum sample no. ! did not induce platelet activation in
CD36-negative platelets and consequently showed a specific
response to CD36. The two platelet-activating sera contained
a relatively higher titre of anti-CD36 than the other sera
(Table 3). The limited amount of serum available prevented
us from testing whether a similar heterogeneity in platelet

Table 3 Aggregation of platelets induced by anti-CD36-containing sera

CD36 [+]
Serum Subject Subject Subject
sample® no. 2° no. 3¢ no. 4¢ CD36{-]  Titre
SS serum +* + + - % 512
No. 1 + + + - x 512
No. 2 b - - NT x2
No. 3 - - - NT x2
No. 4 - - - NT x4
No.5 - - - NT x4
No. 6 - - - NT % 18
No.7 - - - NT X 16
No. 8 NT - - NT x 32
No. 9 - - - NT x 128
No. 10 - - - NT %128
No. 11 NT - - NT %X 128
No. 12 NT - - NT X 128
No. 13 - - - NT x32

*Platelets showed aggregation,

SPlatelets showed no response,

55 serum and serum samples 1-12 are derived from random healthy donors.
Serym sample 13 is derived from patients who developed refractoriness to
platelet transfusion.

9Subjects 2, 3 and 4 correspond to subjects 2, 3 and 4 in Table 2.

NT, not tested.

response may exist in another platelet-activating anti-CD36-
containing serum. These results suggest that the platelet
activation induced by the anti-CD36-containing serum was
not specific to the anti-CD36-containing serum sample derived
from donor 55.
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