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MERBROELMEREHRDT-DDOEIFEHR L
BEELCRUMERAOREEREORREICET A%

EEHRE L0 BX ENEXLRLFEEWAT - £AHELS - BF

MRER

MEREN DY A NAREMFHEFREOT-DDOEBEWNBEELBHE LI-FELEBL, LT
LI ERE LN,

1) FZEOMBESBERFIO T A N ARSI T IBRFE LTV, A LV ARECICBEY
LEMERE L, (LFELQLE, HEBA L TRAPREREN B AL L= 0E
RE, ZLDFEPRTFFEINTE TS, ZRNENREIZLY, YANLRY ) ART LR
R—TDOFETHRBELRDB, P L bETOUANARELEFRELSN D541
/oI TWAR,

2) BEMRTANAREERCTANVABREEOERE L EIEL, YA VARELEOBRR
LT, RUFThINVAaA T ZUBPFOMIC LD VA NARELERF L, O
B, zoRo—7 A& (HSV-1, VSV, Sindbis) IZOWTRKTET 4+ —F—D A
WART YT T RAEWVNIBRIRNENRERD iz, —F. Poliovirus 07 # 7LR 7 A LR
REORO—TF A )X U TERTEILDIRNERD b dr>7-, PFOA DR %
Btz Z A, BERHETR LBV RELLDELZD N, Ll ﬁ%#?fﬁ
Kﬁﬁ&i%%m%%é;k#6\TﬁMIEEUTHMA%ﬁwé%ﬁ . BB

- MIUS U REERIRTILERH D LB 3,

3) EBFRVANZAOLEMHEFREZBENE LT NAT 0RO HD HEV 288 5 /ER
BT AR ETT o7z, Thbb, 7ZICHEV 2 B S W= miEx»EEE LT, 28
ERARTBOICRI = F LA IV (PEDBEKE— X ~DRESIZOWTHIT L=, 0
R, ABEEO HEV Y724 713, Wind PEI IR E — X~ R I EETH ¢ %
R L, 72, BHOMBEakLZ AW THEV DA U ¥ b RIMZOESN 2 B LT,

whhE ANADREE ZORMEDCBEREICL Y &
NHEEREF EMNEELRLBEENERT KIZMELTETWS, ¥z, 1990 FX%
A T P SRR L0 MEFHRERLHZICME TEET

FEFRIL  JSREKASH  SURBFZERT FERMEDIANARS Y == S L LT
MAEIL  HRAHR LR KR HEEIERER (NAT) NEfShBEICe
AR KK MM D, ZOREMIRBHIH L TEXTND
LMWL 5, NAT O X5 ICHES b REE

A. HRAN MEWE SNARBEEZANTH, EEICE

MERFOLEMIREIZDLIFHRY IWBREETEHIB. REZTVRITEZYA



NAGEMERAI L D REREZ D¢
BHREINTETWS, £/, V4 FUH
@ HCV ®° HIV BtEmigcid, BERLS
BRERVANABREFEREL S5 NAT 2
WTHEBIREDOREZ{T-o CHLRHE R,
WIZERBEDORATY, Bl X 5 RN
AT BHZEbHEINTNS,

F7-.SDAERF ) T4V P L— gy
REVDODDERRTANARE - BRE
ER, MERMAOMETRICEAIN, TO
TR L TE T3, LivL, &
I Lo T I NS DNENFE S RVIES
ZELH0, LVEDRTANAREL - BE
EXRRE CENITIRAEORETREORER
DIEBIERY | L Y EBAL R E2MEMEREXR
DAL 2B E¢E 2 ON5, $7-, B Am
AT, MESERAICERA S TWD
EOBRVANAFTERTEREEAT S &
DRETHY . 2<BRB7 0 —FRLE
THY, TNET, RO VA NVARELE
BHEINTETWS,

HEV 2B L TZMmiFEFER K U NAT 12 &
HREFENEL L TWA, Z0EiMmic &
BREGY AT IZOWTIEZ ZHEEWLS O»
DHBERHDIN, INETEDRT —FDE
Bolehot-, #€-> T, HEV RHHABRED
BECCRBFEOFMIZIT, ZRECER
AUNRN=Ta YRRV DERBEER T
Do

E BFRIANZADELEHEE Y BRY L
LT, NAT SO FEOZEEILIZAWD
TDDOBBREERT D, ZOHIZT ZIT
HEV # R S ¢ mizmet s LTHWS,
SO RS ERETIOEna L =T
RNV EERT B, ThHD, BREOE
oay_X—g RN EHWT HEV @
NAT %z X 2BHEFEOFME~OEAIZ
DWTHEEHFEZRALNIIT D,

AEE T, MBI OLZEEMELBHE
LT, VA NVAREIEOREFEEIRIZ DWW T

XERE D, ke BRAEN LRI EITo T,
Flo. FHETVANVAREELE LT, B/
EEHEEA S LTOERA%Z b2 PFOA OF
R DOWT, T AT A VR ER TR
{To7,

%72, HEV OSRERER D 7= 8 D ZBH
L LT, SPF 74 Ity E LB -EHKD
HEV BGBtEREI OB BHE L CoFRAM L2 ®
RT 5L, HEV RHEOERELZBH
& LT, PEIES v —X#%#Hv /- HEV BHE
HEOBBIZ OWTHEF LT,

B. 5
1. mEEA O T A NV AEZLEHEICED 5 EE
B MR

U AN AREIZBET 2 BRI 2 14D,
ERARER AV CREMNE LT -,

2. N—=untnuts ¥ BEPFOANZL S
A NVARIE OB
DEFALIANR = Ra—T0Oh b
DNA VA NVA T DEMALRRT A LA
1% (HSV-1), = _"u—70% 5 RNA ¥
ANATHBTY FER YA LR (Sindbis)
EOU U KREEONRY A LVR (VSV), =
RO —7FDRVRNA VA VA THBHRY
Z A4 WA (Poliovirus) sabin 1 % Hu
7

@V ANABYRER - £ A4/ A% PFOA

(REORMEELISMNE 5mM) TROE L7,

G A bLa—REBRET D561, —ERFE%
WZHAE BSA 1.5% % &¢e PBS 28/ L TK
EEfEIE L=, PFOA BB %, VAL RiL5H
EHIRFNEVERR LT=, Vero Hila% 96 well
plate {Z 8x103 #f/well 5/ L ¢ —irigsE
%, VANAFIRIK 1001 ZHN L TRES
S, 2~3 HREMEE LA, ERE, B
B 001%D=—a—krIFLy FEMZTE
iz 2,3 R R A L, 540 nm ORLE
AIFEIZ & 0 R E 2R (CPE) #E&LL



T. TCID50 & L7z,

3. RT‘PCR

HEVOZ7 54 ~—/7u—7 (%1) #H
WABAIZIE. Qiagen Kit #fFEH L. Kik
B :50°C 30min, 95°C 15min D& & 95°C
15sec, 60°C 1min O@E DY A 7 VL%
To7lze HEV2 OS54 ~—|Tu—T7%H
WABAICIE, RISEE : 50°C 30min, 95°C
15min O & 95°C 15sec, 60°C 1min DR
BEOYA I NVRISEITo T,

4. JANADRY F L4 I VEBRE—
i & DB

RYxF L4 I (PED BER E— X,
ANVHRHF N EE RO E— X, KEHE
ANVKRIA I FFEET., FH55FE 70,000
DPElI %A v7Y 7 LTERILE,
BEOEERTIX, 100pL (5bmg ORISR E—X
2 51e) O PEl BikEEADREDY AV
A 1mL 72V LIk 10mL (ZFML=, 10
SBR[ — X2 B0RE R MR &
Y RiZty FL10 S THEEE L7, 10 557,
EBEEZHSBML., BRE— X285 DRIK
100 L. R UK E— X2 BN 50107 A
JVAHR 100 uL OFHRIZ T A VAT ) L
K (EX-R&D. 7/ hr A = At) M Z.
B 7a ba—niZEoTUANAY ) A
AL (K1),

(fRERHE ~DELE)
APFETHOZMEIIWT LB S
TR EMRTHY | mEmIZET 2 HE
v, £72, v MREHE AW oREHINIR

MEZBROERBEZIT - L TITo7, £/,

E NEFMBEEOE PEFOFEIIHERSZ
Bz,

C. BrEmR -
1. MEBF DT A N RERMEICBE b 5 EHE

NG|

MERA DT AN A ELEEORESY B
&L EBBWHERICBBL T, RO X 5 2
FrEmLI,

MEEFN DT A N ZAZ2MICEE LTI, M
BLBRDIVANADOREEREEDORRE. B
HEOEREL - &REETER, LW
BRRLNATWS, FIZ, NAT OEAIL L
D REEEIREMICEmELTWS, T,
AV SR EEORIES, hMiREAl T2
HICET 2B ORHEEL®B LT, HEHE
HHEA TS

LA>L., HIV, HCV, HBV, HTLV %X
CHELEBEROIANATHSTH,
NAT H EORHEOBABHY, V14 Ky
HOBEBEX Y U 7ORHBAEICEA L TIdE
RELTEBENRES-TWS, £/, £2TOY
ANRIXNTHRBEERIT DL ZEA
XINRDOBLE D B BRI TIE 2, X B
X EENDT Y P LA 7 BRI BIES
SNTWEIEREHREA VIV oA
JLARHEN TIRBEICBEEL LTV B T X
AN T AN R EEBURYE DRE %
BRLIZE & Fiodib e R L TR L
ERH D,

DA NVZRETIE, MELDORRLEES
HIEHEBRLIGAIZ.RODDIE AL

AEEXBEDO—2>D X, VA NV ARELL
BEIMCEAL TV L THAD EEZ
b, mEESERFNCEE L Tk, fREICH
WHND TP T A NV A ERE, RIE
{LHEZMNENVDI DAL INRT YT T REE

%R 2 BB R A 1990 £ B AR K

IRV MHIIT DAL, EEHT b E OB A

BR#EIR N5 TW3,

—%. EmmAmERAICE L TiE, 470
b+ AT TEEDLIT T
eholz, FEEFERELEZ S D, RmEREA
R0 /MR A T M BB DR A2 Bh R
MR ERTRESS, MAEORFIEE LRV



IBRITANARELLEREEAT S Z &M
FEFICRETHoT-T-DEEZLND, L
L. DB UANRY ) A& Z—4y b
DARENEREOREBBED LN TIEEKRT
Wie, &2 T, BIEOEIN A m&RA ORE
{LTRICET 2 #HRMBIRIZ OV THRER
FEIToT,

1.1. @m A mERR O A N2 E2MIZl
b 5 EEER R

s ot R i R AL B L, B i 4%
<ot /R B, AR EREUANZES U TRk~ Aotk

WBARAITON TV D, FiEmEEIZE L T,

solvent/detergent (S/D) fEE, XF L7
— NSRS )Y T L LAY S59/UV
FEHLE, VAR T T E LR A
T TWa, Fi-, m/MREENCBE LTk,
VT L ALE Y SH9/UV BHNE, VKT T
BRI E ORIE{LEAT OB F A
RALN TS, RIMEKBANCEIL Tix, V
R 7 T E R #E RO E R
Dimethylmethylene blue/Y: 8 B ALER 72 &
DRBEPED LI TV D,
Metyleneblue/J: ¥ RALER 12 DUV TIXEBEID
EU o8 OETER I NERIZbEDN
TS, TNETHEINTETNBEELD
FEB VANADEEZZ—7y he LT
RISTHH . SDUBOL Sz r_a—7
DEBIZIHBENRNEENTWS, oL
ATANRYT ) AORIVBRESEZETD
EINTWB, ANSAEDORERLEFER
E2E0, BEMIIETIRBRLERINT
By, AL EEMEARCHEELERLE
BNTWBEHENRH D, 7272, REICEDE
BIZOWTI, FhIEERWHIICoT —4
MELNTVDEDT TERNEZDILEHD
ERLRFRETH D L BN D,

1.2. Metylene blue/Jtif &L EE
Metylene blue IIFIfRERSHIC X U fhikd

SN, EDOZRNANF—EFBESFICHSE LT
—HEEBRELERT D Type Il RIS E, £E
TRV —DBEL, 7u b rHBWEE
FOBHEZED Typel RISIZED, AL
A RNELT D, £E LTUA NV AOEEED
BHLERY, VA NVABETIEEEL2 52D
L TR ARET A EEIN TS,

FEEM O FRIE(L TR CTiX, Metylene
blue Z##BE 1uM (25 X5 IZHML,
TR L7-1%, BREETAETBEL,
BEQHERE LR, REFETH. ZOFHIEIC
£ v, HIV (> 27 logl0), vesicular
stomatitis virus (VSV) (>5.7 logl0),
herpes simplex virus (HSV) (>3.010g10),
influenza virus (>5.5logl0) DOARTE(LEH
BoNdEREINTNWS, 272853 N5
FrEEMEPORDROEEICELTL. B
BERMR % OEEER FIEMHIRE VI, IX B+
%, 12T 80% LAERFINTWB EEDN
W3,

FRIMERBIAFIZES L TiX, Metylene blue @
DV iz & Y BAM OB\ Dimethyl
metylene blue % V7= RIE{LEDBRFEMBIT
DO TV %, Dimethyl metylene blue i,
REKIZLVEEEINIAHEREBETH
D . DNA (Zxtd 28 fatElL Metylene blue
DI1I0FETHY, 1 EBEEMRIIRET IO
DEFRHFEE D Metylene blue (ZEHEB L
TKRKEZV, T2 5, Dimethyl metylene
blue i DNA ~Osg\WEHfntE & | 1 EEEER
ZEAIETUANVAKBEEEREORE
LDOELDBFLEZLNTVD,

Dimethyl metylene blue {Z & % i fn Bkl
FRIORFEIE, ~E7 o ORIER & B
2572y 600nm LA EDEVBERTHD L
INTVWD, BEORMEKEEII~< 7V
v "B 60% THaHH, W HEHEREDNK
ERETDHLELTH, ZOEEDORETIIA
FFETENRBNELRV, ZD7=8, REER
LR EED DI . ~~ b7 Vv b %



30% WETIKTIHALERHD LEINT
Wb, TORR, Bx OHRA, ARty A
WADRIELYBFREE 20 | FRifnERIZ KIE T
EEL BMEEFay b — VB HRET
ERETHLODOEK LFHFRFGHNTHY
Exa7y, AV s FiEH, ATP BX
W2, 3DPG L _NiZory ha— LB LiE
FERBETHDIEENTWDS, £7-, BFR
Exm< LAREZZRXLF—DKE VIR
BXFAA—RNZTHZ iz ~< b2
Uw b 456% 12BNV TH VAL AREFLD
IR EENTWVWS, LArL, kxR
NF—RRENWEFRMERE~DBEIEED
LORELIRDBID, IV U LA A DRH
EREC T ENEEZVWE INBELRIN
TW5,

1.3. YRZ7F vV

URZ7Ier2A0T=RBEO T A VR
FEATETIE, RRBEZX60uM OUKRT
FEYCEERML, & 2656~370nm D45
# % 6.2J mL TH 8 HHIBHIT I L EN
TW5b, VA NARHE., MR OZERIZ A
vHE—HL— L, RBEBERIC L VBRI
EELE 2 BEFOBROEERXRET S
ZEILED TANARERET D L2
LTS,

VRT7 ZENIEREER D THY K&
BDO—DOTHDHI END, ZOFMITE N
ZEZOLNTW5B, ETBEIT XV 5HREEY
ThHNLI 7 a—bRERT IR, FIERE
JEDOIREICBRFENHO LN TE KRB
MELTH AIZu—ADEMLIZTEAY
FNLEZZ HNTWVWD, Ames T XA MZ L5
BB AL 22 EERRICE
WTH 7 =AM TMOEE LRI
ST ML YRT T B RAER L 7= BA
MY, BRZBRLENRBENEEZONT
W5,

M/ HRBFNCEM L 7= 7 A4 NV ARTE{LEE

DTF—F L LT, HlBRNERELTWS HIV
T 5.9 logl0. PPV Tii5.0 loglo, v =
ARNFANTANA TiE 5.2 logl0 RiE(L
IhdEFEINTVDS, HIBEIZS>NTYH,
KET7 FUKET>4.2 loglo, KIBET>
4.41ogl0 ORELENRHFEOLND L HE SN
TWh, N7 4—a—rhak, 77—
ZAHFOITIZEADL L T0E% 1 BRT, 5
A MR L= o m/MrEk, pH, 384 L,
HEEE, JVa—REERE, FERXaT,
P-v L7 F o RBE (EHlk~v—h—) BF
BICERLEEEBEEINTWS,

. VART7IE30uM ZETeMmEIC
30~60 i, RERENREBHTDIZ L
IZ& Y. canine parvovirus * >4.7 loglO,
PPV % >4.610gl0, HAV % 2.5~3.610g10
L AREERREE ) R —T A )L
AEREIT D ENTED EREINT
W5,

14. Y5 v AvEY

VIV A EOREEEYICEEND
ILEWMT, Z OXRARFEEBTFET D, VY
S L1 RNA H 50T DNA OEKkiEE
DWFUIA LN DIEEEDORIBAI T, — A
BROZAE OB AP AAEND
EHOCHETD. TORETERESENR

(320~400 nm) #BBHTH L VT L U3
BB RAE L. YT LUTEfiS - A
IWABHDVNTHED Y 7 AlE, HITREER
BN TERL Y Lo THEETREE &
725,

Cerus LTk, 100 EEU LOFH-IZE
RENTZY TV ALEHDF NG | BREHED
B DOMBRAMKE R, BB S
BVWEDL VA NLVARECDROEVLED
ELTSH9 2RWELT, ZFOUANLVAR
ELITRA~DBFERICHOWTREZ{T-oTW
%o S-59 [I¥H). M/ MRBIFNSRT 2 FEE
EREEE LTRSS TEEAITH



B0, mF~DEALED R TS,

mikic S-59 #HFMLEREREENBRE R
f4aZkickb, HIV #>6.4 loglo,
WNV %#>6.71ogl0, =5 U 7EB%4>74
logl) #RiELTHIENRTE D LB X
nNTn3, BEFXRE L MEHBRIZBIT
DIEENFROFMEIT O F 111 FEEKRAR
aE, 156 LAOBEEREBREIIXNTIE
111 FEEEEREABR & & bIZ, S-59 MEEDIEE
PDRITEBFMELRETHD E 0 RN
BONTWNWDELEH>THD,

VI VIR ENE, EREERH D Z
EBRGhoTEY, S5 bENLDOEMLSE
BoZ EMRBHRENTW-, ThETHER
TWABHETIE. S-59 FEHELICEERESN
BB EIToT- LD L AE %2 LTVl
Rl & o B IThh, SHEE. RERSS
. B, DER~OFME, £HEMEENE, 8
B, BENE. ZREHEIRD ok
LEINTW3, Lo, PIEMRR, LEX
~OEBONREEN R ONN, BEFEHD
30,000 L DOBPRETRONT-HETH D
ZEND, BEHICEET IFERERITEN
ERERIN TV A,

EU T. 103 4 O/ MRBAMEREIZS L

(72 MBES2 4, XfEEBESL 4)., SH9 K

URE R BN R BEHLE M/ MREH & E

/MR BRI B R R LI ER N H D
MY, B HEERRBRA T, &
HIEIRS O R, #B5 1 BB X024
B 4% 0D /MR BRI IE 1B 1 P BE R < 3
(X2 o773, S /R, S aio /)
ARG, Sl pi R M/ MRS, BERE
ICBWT, R EEENR LN L #ES
NnNTWn3, ETOBREFIZBWT, S-59 4E
M /MRIZ ST 2P EE AR A D ie o T,
/MRS 2 B 2 BEM O BIER (BB,
T, BB Ao, WHETEE
ERESSTEENTVD, IRBDI ED
5, SHYREEEIMIOERN /MR I E

TOMmM/NMRERZFETHD LERITONT
l/\éo

2. R—=TntuAs ¥ BPFOAIZL S
U A VARG OB

MERBO T A N AREHEREED—D L
L CEYRRECTEROEBEARL T O S,
BBV CEE 2 VA VADOFRE: BE
IRE2BATAIZLVEETH D, MIESDHE
BRITIX, VANV ARELTROVEDE L
T S/D (FHEE/ REEER) QBB
R —7F gL )V ADORFEICHEN 2 TR
ELTHWONTWAR, L9 REREKS
BRI YA NVAREESABERTE
niIEmEA oL e EERZNEV, N—7
NAa s & EEPFOA) T 4 72 Ebt D
AMEREMLERE LTHWORTWHWAE R
AEEMHRIT, ZOFR U <~ —3mkEICEi,
S EEHEVERA 25V, PFOA X S/D BT
RAunoh 2 REEsERIcRos A LAR
FALERZRHOFBEERH D Z LD,
PFOA DU A N ARIELIER Z/RE LTz,

T . PFOAIZ LD VA NARELDBRE
KEHEZRE L (Fig.2), TORER. £
FILTALIILAZAD S L, HSV-1, Sindbis virus
¥ 3mM LA ET, £/ VSV CiX 5mM Tv
ANARIC L DHREEOHENER I,
PFOA IZ X B2 RELDBRBO N, —F.
Poliovirus {Z 2V Tid PFOA 2 & 5 R{&E1L
DRIIBO iz roT,

KIZ, PFOA IZ X 5 R1E{L® time course
et Lz (Fig.3), £OFER. HSV-1 id
PFOA T 10sec ZLHE$ B 7717 TR MN 52
2T L7=23, Sindbis virus *° VSV TlZ
PFOA %02 1min f2 B & TR DK T A3
FEALERDLNT, BRI ZERT 512
PEVR 2 ICRBEHEDMET T 208, FL2LRE
LIZiZ 10 U LEDUERLETH -T2,

& 512, PFOA CREY 5[0 pH 2o\
TR L7 (Fig.4), HSV-1 TiZ pH4-8 T



R DEWRIELI RIS BH LN pH T X
HEBIIBREINE o=, —J., VSV O
B&. pH46 THWARTELIRBD b7,
pH7. 8 Tii PFOA OZhRITE< | TS
HTARECHEPE N EBHB LT,

—7, MESERMA LRy, FRIES
SETERIZED YA NV ADBRERRELLE
175 Z &, B A i g SANIC BV TR R
BEEH, R L= K 22007 A VR
AELTIEN BBPTHLIBLT LR
TEXDBAT—FBRR/LNTWADITTIERY,
A EIORKE L7- PFOA X, fmERE3 5L
TILEABEE) S L 23, Bk
BHILER» O L2, {172 b PFOA
PRETIIENLELRDEEZLNS
N, FOEENOH T LETOBREL IR L
Bbhb, £7-. PFOA BEHEORTTLE
Ravh Livizuy,

3. E BIffs A4 L2 (HEV) NAT 28
ER D 7= O EAEHIFE & HEV RfETE DB
%%

HEV o&Z2Hmikx BE LT, HEV
NAT 2B AEERT 27D OB R LT
577, SPF 7 X I CRPI-EBFL AL
¥E8 L7~ HEV # DMEM $#hCHRL, U
TNEALRTPCRICEVBHLIZE Z A,
HEV-1 754 ~—7u—7%H\5Z ¢
WEoBHET B ENFAEETH -, KRIZ,
HEV @ PEI G v — X2 X D BHEN ATRED>
BEt L=, 5177 L5, PEIERE—
XHANBZEIZXEY 1ml DU A NVRED
bR L < HEV D BRERIEETH o 7205,
10ml 725 Tidie LA 1ml X 0 IBHEZIERIMKE
F L7, EHiZ, BHERED pH OEEIZOW
THBEZTolE 25, pH4.0 BERHE
MEDBENEL . pHE BELENE WS FHER
R oA NREEBRKES RS
TN,

HEV B aERICE 5 EBFRDO—R
LT, ¥ 7424 FDR:% HEV |2 PEI
R — XX BHAEIRN 2T, 0O
BR, ABEOHEVY T4 AT (V=) ¥
A 7M3FEHE,. =/ 74 7IVIFEFIR) T,
WY PEI B Y — A~ E L HEEST
HZEERHLE (Fig.6),

7o, EHoOMEkE VW T HEV 04 »
VhoERREROBMNFBIEL, TORKE.,
HuH7 X A549 HIfa~DRBRENRRD LTz,
F7-.PEI BER b — X% B CHadeic i
N~ HEV 2RI ROREEITo1,
F OFER. Ab49 HfR> HuH7 HfE CLhEAY
72 HEV ORI FRH bivi,

D.EZ%
1. mEEFDO T A V2 E2MCE b 5 EE
NE]
gmAmEOLZLEEHIETHZHTA
NWARTERKEREBZED TV D, L
L. RS CEALIN TV 5 Ok A
X435 S/D ERUMBERHETH Y,
f/h AN L TiE S-59/RIER KR
BHEIHITOND, LixL., FROERERIZD
WTIIEERIBRIZASTWE LD H 3 505,
PRI o7 D RFEAIBRRRBREM TH -
7= & ERIZIES LI BEREET 5
DTIFEEZOND, FEDORBNDHARTEL
MBERETH D & LTH, it Ao mik
RADOTANALEEENBRINT LIS
ZRWTHAI, £, BITOFEIIEDLS
BHBIRSC, BITHEOE LR ELRAL L
nTwna,

—F., INODOREINTWHFEIR, &
TLHLUANVADEERRFENIZTORND
FHETREBRNIEHEELRITERG
WV, 72, BRAXMDRIZOWT L+ oREHE
ITHOVERD D, E6IZ, —EOBHRERIC
DNWTHEEHIEBEOHRENTETNDLLD



TiEH MR, RHICELI T2 N TORE
REBEBE+DICEFE L W3 bl Tkl
ZELHDTHERLTBILERD D,
MERADO VAN AEREEIEEDORE
THY . NECLLERORESHAIZS %R &L
BEE2HITTOLKLERH D,

2. N—TFtuts & BPFOAILLS
U A VARG L OB

AEAFRBEDO T A NV ARNELEDORR
LT, RUFTFHINVIOL Y Z R
(PFOANC X B U A NV ARE ARSI LT-,
FOER, o _"o—7Fvy ()X (HSV-1,
VSV. Sindbis) IZ DWW THEKT 67 A—4
—DUIANAT YT T RAENIFHRE
EPBOo, —F, o Xa—TFo A
JV A (Poliovirus 88X PPV ; ¥ —# IR
) 1ot L TEIAREL R D FTBD b e d
o7z, Zhid PFOA RREEMEITHY .
TANAL RO —T R RETDHI ENE
DIEFRBFCTHDI L E2EZXDLZYETH
%, PFOA DIERSGMHERE LI 2 A, B
HEHE TR LROAELDIRIBD NI,
L L, BEESET CRALEREYMES D
HDHIEMD, FETEE LT PFOA %
AV AEEITIE, GO U &%
FERTILERH D LB S,

PFOA IZX B UANAARTFEILDZ A L2
— 2 TANRIZE D KRESERY, PFOA
DRZMEOEV HSV-1 TiX 10sec DA T
SERITETE L7203, VSV X Sindbis virus T
ITEDRFERICE 5 DU LORERLE
THHZENHBA L, MEOERWT A LR
ARET DIITABERRME SIS 2
ENRHDHZ ENTEINT,

T TIIRE o7 . PFOA X HCV,
HBV, HIV {Zx L TH U ANV ZADFRE
ERRBOOLND LWV TRHNT —F 2/ T
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1. HEVEBHICHAW:- 754 ~v—R U a—7

HEV 1 (J. Virol. Methods 131, 65 (2006))
Forward: JVHEVF: 5-GGTGGTTTCTGGGGTGAC-3
Reverse: JVHEVR: 5" AGGGGTTGGTTGGATGAA-3
Probe: JVHEVP: 5-FAM-TGATTCTCAGCCCTTCGC-BHQ1-3’

HEV 2 (J. Medical Virol. 78, 1076 (2006) & —ZF & Z5)
Forward: HEV-F:5-GGCCGG(T/C)CAGCCGTCTGG-3  T/C=Y
Reverse: HEV-R:5’-CTGAGAATCAACCC(G/T)GTCAC-3 G/T=K
Probe:HEV-P:5-FAM-CGGT(G/A)CCGGCGGTGGTTTCT-TAMRA-3’
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We previously reported that CD31°7€" cells, which were
sorted from cultured AC133™" cells of adult peripheral blood
cells, differentiated more efficiently into endothelial cells than
CD31* cells or CD31~ cells, suggesting that CD31°78"" cells
may be endothelial precursor cells. In this study, we found that

CD31°7#" cells have a strong ability to release cytokines. The .

mixture of vascular endothelial growth factor (VEGF), thrombo-
poietin (TPO), and stem cell factor stimulated ex vivo expansion
of the total cell number from cultured AC133™ cells of adult
peripheral blood cells and cord blood cells, resulting in incre-
mentation of the adhesion cells, in which endothelial nitric
oxide synthase and kinase insert domain-containing receptor
" were positive. Moreover, the mixture of VEGF and TPO
increased the CD31°"'8" cell population when compared with
VEGF alone or the mixture of VEGF and stem cell factor. These
data suggest that TPO is an important growth factor that can
promote endothelial precursor cells expansion ex vivo.

Neovascularization is an important adaptation to rescue tissue
from critical ischemia. Postnatal blood vessel formation was for-
merly thought to be primarily due to the migration and prolifera-
tion of preexisting, fully differentiated endothelial cells, a process
referred to as angiogenesis. Recent studies provide increasing evi-
dence that circulating bone marrow-derived endothelial progeni-
tor cells (EPCs)? contribute substantially to adult blood vessel for-
mation (1-5). Cell therapy using EPCs is widely performed to
rescue tissue damaged due to critical ischemia.

Although EPCs have been thought to be derived from many
kinds of cells, cells characterized as CD34 " (6), AC133™ (7, 8),

* This work was supported in part by a grant-in-aid for health and Jabor sci-
ence research from the Japanese Ministry of Health, Labor, and Welfare,
and in part by a grant-in-aid for Research on Health Sciences focusing on
Drug Innovation from the Japan Health Sciences Foundation. The costs of
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accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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2 The abbreviations used are: EPCs, endothelial precursor cells; VEGF, vascular
endothelial growth factor; FN, fibronectin; PBS, phosphate-buffered saline;
FITC, fluorescein isothiocyanate; PE, phycoerythrin; TPO, thrombopoietin;
SCF, stem cell factor; G-CSF, granulocyte colony-stimulating factor; GM-
CSF, granulocyte macrophage-colony stimulating factor; IL, interleukin;
PI3K, phosphatidylinositol 3-kinase; VEcad, vascular endothelial cadherin;
eNOS, endothelial nitric oxide synthase; FBS, fetal bovine serum; STAT,
signal transducers and activators of transcription; JAK, Janus kinase; KDR,
kinase insert domain-containing receptor.
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and CD14" (9) are also thought to differentiate to EPCs. The
main role of EPCs has been thought to be the release of angio-
genic factors such as interleukin-8 (IL-8), granulocyte colony-
stimulating factor (G-CSF), hepatocyte growth factor, and vas-
cular endothelial growth factor (VEGF) (9). To obtain a
sufficient number of EPCs for the treatment may be very impor-
tant in cell therapy for critical ischemia.

On the other hand, EPCs are mobilized from bone marrow by
many substances such as G-CSF (10), granulocyte macrophage-
colony stimulating factor (GM-CSF) (5), VEGF (3), erythropoi-
etin (11-13), and statins (14, 15) in vivo. To get as many EPCs as
possible without unduly burdening the patient, it is desirable to
establish efficient expansion methods for EPCs in vitro.

Thrombopoietin (TPO), initially identified as the primary
regulator of platelet production (16), plays an important and
nonredundant role in the self-renewal of and expansion meth-
ods for hematopoietic stem cells (17-19). Recently, TPO has
been found to exert a proangiogenic effect on cultured endo-
thelial cells (20). The mechanism by which hematopoietic cyto-
kines support revascularization in vivo, however, remains
unknown. TPO has increased the number of colony-forming
units-granulocyte-macrophage (21) and of burst-forming
units-erythroid (22) in vivo and leads to a redistribution of col-
ony-forming units-erythroid from marrow to spleen. More-
over, TPO acts in synergy with erythropoietin to increase the
growth of burst-forming units-erythroid and the generation of
colony-forming units-erythroid from marrow cells (21, 23, 24).

In our previous study (25), we isolated AC133™ cells
and examined their endothelial differentiation in vitro.
CD31(PECAM-1)"* and CD31°"8" cells appeared at an early
stage of the in vitro differentiation of AC133* cells, and
CD31°"8M cells derived from AC133™ cells were identified as
the precursors of endothelial cells because CD31°"'8" cells had
differentiated more efficiently to endothelial cells than others.
Therefore, we conclude that CD31°€" cells derived from
AC133™" cells possess the typical character of EPCs. In this
study, we analyzed the effects of TPO on the appearance of
CD31°78" cells from AC133™ cells, and we show that TPO
plays an important role in in vitro EPC expansion.

EXPERIMENTAL PROCEDURES

Reagents—Recombinant TPO and recombinant stem cell
factor (SCF) were kindly provided by Kirin-Amgen Inc. (Thou-
sand Oaks, CA). Recombinant human VEGF was purchased
from Strathmann Biotec AG (Hamburg, Germany). The AC133
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magnetic cell sorting kit and phycoerythrin (PE)-conjugated
anti-CD133/2 antibody were from Miltenyi Biotec (Gladbach,
Germany). Allophycocyanin-conjugated anti-CD110 (TPO
receptor) antibody, fluorescein isothiocyanate (FITC)-conju-
gated anti-CD31 monoclonal antibody, FITC-conjugated anti-
CD34 monoclonal antibody, and anti-STAT3 monoclonal anti-
body were from Pharmingen. Phycoerythrin-conjugated
vascular endothelial cadherin {VEcad/CD144) antibody was
from Beckman Coulter (Marseilles, France). Anti-vascular
endothelial growth factor receptor-2 (Flk-1/KDR) monoclonal
antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA)
and anti-human endothelial nitric oxide synthase (eNOS)
rabbit polyclonal antibody (Cayman Chemical, Ann Arbor,
MI) were obtained. Anti-phospho-Akt (Ser-473) antibody,
anti-Akt antibody, and anti-phospho-STAT3 (Tyr-705)
antibody were from Cell Signaling Technology -(Beverly,
MA). Fibronectin (FN)- and type IV collagen-coated dishes

were purchased from Iwaki Co., Tokyo, Japan. Phyco- .

erythrin-conjugated anti-CD14 antibody was from DakoCy-
tomation (Glostrup, Denmark).

Preparation of Peripheral Blood Mononuclear Cells—Human

"cord blood was kindly supplied by the Metro Tokyo Red Cross
Cord Blood Bank (Tokyo, Japan) with informed consent. The
buffy coat fraction was prepared from voluntary donated
human blood of Saitama Red Cross of Japan (Saitama, Japan).
The blood sample was diluted with phosphate-buffered saline
(PBS) containing 2 mMm EDTA and was loaded on a Lym-
phoprep™ tube (Axis-Shield PoC AS, Oslo Norway) (den-
sity = 1.077). After being centrifuged for 20 min 800 X g at
18 °C, mononuclear cells were collected and washed with sort-
ing solution (PBS supplemented with 2 mm EDTA and 0.5%
bovine serum albumin).

Flow Cytometric Analysis of AC133 and CD34 Expression in
Mononuclear Cells—To eliminate the dead cells, dead cells
were stained with 7-amino actinomycin D. Mononuclear celis
were labeled with PE-conjugated anti-AC133 monoclonal anti-
body and FITC-conjugated anti-CD34 monoclonal antibody
simultaneously at 4 °C for 30 min. After washing with the sort-
ing solution, flow cytometric analysis was performed with a
FACSCalibur (BD Biosciences).

Magnetic Cell Sorting of AC133™ Cells—Mononuclear cells
were labeled with magnetic bead-conjugated anti-AC133 antibod-
ies according to the protocol directed by the manufacturer. After
the brief wash with the sorting solution, the cells were separated by
a magnetic cell separator (autoMACS, Miltenyi Biotec, Gladbach,
Germany), and the positive cells were then collected.

Culture of AC133™ Cells—Isolated AC133™ cells were cul-
tured in EBM-2 (Cambrex Corp., East Rutherford, NJ) medium
containing 20% heat-inactivated FBS and 30 mg/liter kanamy-
cin sulfate at 37 °C under moisturized air containing 5% CO,
with 50 ng/ml VEGF as control medium. Control medium con-
taining VEGF was added with TPO, SCF, or both. Cells were
plated on FN- or type IV collagen-coated dishes at a cell density
of ~10° cells/ml. We have previously shown that EPCs can
tightly adhere to an FN-coated dish but weakly to type IV col-
lagen-coated dish (25). Analysis of adherent EPCs was per-
formed on FN-coated dish and that of suspended EPCs on type
IV collagen-coated dish. Half of the medium was exchanged
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once every 3—4 days with fresh medium. Adherent cells on
FN-coated dish were fixed with ethanol chilled to —20 °C and
then subsequently subjected to an immunostaining procedure
or other treatments. Cells on type 1V collagen-coated dish were
subsequently subjected to flow cytometric analysis.

Immunostaining of Adherent Cells—After fixation with
chilled ethanol (—20 °C), the cell layer was washed three times
with PBS. Cells were incubated with 1% bovine serum albumin
in PBS (—) for 1 h at 4 °C for blocking and then with each first
antibody in 1% bovine serum albumin in PBS (=) for 1 hat4 °C.
After washing with PBS, the cells were incubated with FITC-
conjugated anti-mouse IgG antibody or rhodamine-conjugated
anti-rabbit IgG antibody for 1 h at 4 °C. Cells were washed with
PBS and then examined using a Zeiss LSM 510 microscope with
an excitation wavelength of 488 nm and an emission of 530/30
nm for FITC or 570/30 nm for rhodamine.

In every experiment, we used nonspecific immunoglobulin
corresponding to the first antibody species as a control and
confirmed that the cells were not stained with control immu-
noglobulin. The fluorescence intensity of 20 randomly selected
cells was calculated using the Scion Image program within the
linear range for quantitation.

Analysis of Cytokines in the Supernatant of CD31°™¢"* and
CD31% Cells—The expression of CD31 on cultured AC133™
cells was determined with a flow cytometer. After AC133™ cells
were cultured for several days on either FN-coated or collagen
type [V-coated dishes, both adherent and nonadherent cells
were collected. The collected cells were labeled with FITC-la-
beled anti-CD31 antibody for 15 min at 4 "C. After a brief wash
with 0.5% bovine serum albumin in PBS, flow cytometric anal-
ysis was performed. CD31°78" and CD31™* cells were sorted
from cultured AC133% cells with FACSAria (BD Biosciences).
Sorted cells of both populations were subsequently cultured in
EBM-2 supplemented with 20% FBS in the absence of any cyto-
kines. After 5 days, the collected supernatant of cells was frozen
at ~20°C. Cytokines were measured by a BD™ cytometric
beads array Flex set system (BD Biosciences) according to the
manufacturer’s protocol.

Flow Cytometric Analysis of Various Cell Surface Markers in
Cultured AC133™ Cells— After AC133™ cells were cultured for
the indicated period, cells were co-stained with FITC-labeled
anti-CD31 antibody and PE-labeled anti-CD14 antibody or PE-
labeled VEcad antibody. Cells were also stained with FITC-
labeled anti-CD31 antibody, allophycocyanin-labeled anti-
CD110 antibody, and PE-labeled anti-AC133 antibody triply
and then subjected to flow cytometry. Dead cells were elimi-
nated by staining with 7-amino actinomycin D.

Calculation of the Absolute Number of CD31°7¢"* Cells—The
absolute number of CD31°7'8" cells was multiplied by the total
cell number of each well, and the ratio of CD31°"8" cells was
analyzed by fluorescence-activated cell sorter.

Preparation of Cell Lysates and Immunoblotting— After cell
sorting, AC133" cells were suspended in 20% FBS-EBM2 and
cultured for 3 days in the presence of VEGF and TPO. Cells
were collected and incubated in 2% FBS-EBM2 for 1 h. Cells
were stimulated by 50 ng/ml TPO, 50 ng/ml VEGF, or both for
15 min. Cells (1 X 10°) were collected and lysed in lysis buffer
containing 1% Triton X-100, 10 mm K,HPO,/KH,PO, (pH
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FIGURE 1. In vitro differentiation of AC133* cells of cord blood into endo-
thelial cells. A, expression of AC133 and CD34 cells in human cord blood and
peripheral biood mononuclear cells was analyzed by staining with AC133-PE
(vertical axis) and CD34-FITC (horizontal axis). The numbers in the flow cyto-
metric dot blots indicates the percentage of each population = 5.D. B, when
AC133™ cells were cultured for 19 days in the presence of VEGF on FN-coated
dishes, the appearance of CD31™ celis was analyzed. The upper panel shows the
fluorescent photomicrograph of adhesion celis stained with FITC-conjugated
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7.5), 1 mm EDTA, 5 mm EGTA, 10 mM MgCl,, and 50 mm
B-glycerophosphate, along with 1/100 (v/v) protease inhibitor
mixture (Sigma) and 1/100 (v/v) phosphatase inhibitor mixture
(Sigma). The cellular lysate of 5 X 10 cells/lane was subjected
to Western blotting analysis.

Statistical Analysis—Statistical analysis was performed using
the unpaired Student’s ¢ test, and the dose response of TPO was
compared between the four groups by one-way analysis of vari-
ance and the Tukey test using Prism 4 software. Values of p <
0.05 were considered to indicate statistical significance. Each
experiment was repeated three times, and the representative
data are indicated.

RESULTS

We previously reported that during the in vitro differentia-
tion of peripheral blood AC133™ cells into the endothelial cells,
the expression of CD31 was the earliest marker among all of the
tested markers (25). Moreover, by analyzing the ability of dif-
ferentiation into endothelial cells, CD31°"#"™ cells were shown
to exhibit EPC character when compared with the CD317 frac-
tion. Since cord blood is a rich source of blood stem cells such as
CD34" and AC133™ cells, it is expected to be a useful source for
CD31°"8M cells. At first, we attempted to determine whether
the CD31°"8™ fraction derived from cord blood AC133™ cells
contained EPCs. As shown in Fig. 14, the populations of
AC133* CD34" cells, AC133~ CD34" cells, and AC133™
CD34™ cells in cord blood were approximately four times
greater than those in peripheral blood (Fig. 1A). After 5 days of
cultivation of AC133" cells on an FN-coated dish, adherent
CD31-positive cells were observed (Fig. 1B, upper panel). Anal-
ysis of the fluorescence intensity of CD31-positive cells
revealed that the average fluorescence intensity in CD31™ cells
was highest on day 5 (Fig. 1B, lower panel), corresponding to the
results of peripheral blood cells.

After 1 week of cultivation of AC133™ cells on a collagen type
IV-coated dish, on which cells adhered more loosely when
compared with the FN-coated dish, cells were collected and
sorted into CD31" and CD31°"#™ fractions, as shown in Fig.
1C, panel a, and both cell types were cultured on an FN-coated
dish for 1 week after the sorting. The number of cells adhering
and spreading was higher in the CD31"""* fraction (Fig. 1C,
panel c) than in the CD317 fraction (Fig. 1C, panel b), and these
adhering cells are apparently KDR- (Fig. 1C, panel d) and
eNOS-positive (Fig. 1C, panel €). The large areas of intense
green fluorescence represent the colonies of CD31°7&" cells.
These data indicate that CD31°"8" cells derived from AC133™
cells of both peripheral blood and cord blood are EPCs.

anti-CD31 antibody after a 5-day culture. Quantitation of the fluorescence
intensity of 20 CD31-positive cells was analyzed as described under “Experi-
mental Procedures.” Columns and bars represent the means =+ S.D. from 20
cells (B, lower panel). C, the CD31-negative, positive, and bright cell popula-
tions prepared after 1-week cultivation of AC133" cells are shown in a repre-
sentative histogram stained with FITC-conjugated anti-CD31 antibody. The x
axis represents the log fluorescence intensity of CD31-FITC, y axis relative cell
number (panel a). Panels b and ¢ show phase-contrast microscopic photo-
graphs of cultured CD31-positive and bright cells, respectively, subsequently
cultured for 1 week after cell sorting. The bottom panels d and e show the
fluorescent photomicrographs of adhesion cells from the CD31°"9™ fraction
stained with anti-KDR antibody and anti-eNOS antibody, respectively. Scale
bar, 100 um. :
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FIGURE 2. Various cytokines released from CD31* cells and CD31""'9"*
cells. Production of various cytokines from CD31* cells and CD31°8" cells
derived from AC133™ cells cultivated for 5 days was measured. Gray columns
indicate the cytokine production by cells from peripheral blood and open
columns from cord blood. Columns and bars represent the means = S.D.from
three separate experiments. TNF, tumor necrosis factor; Pos, positive; MCP-1,
monocyte chemoattractant protein-1.
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Several reports have shown that EPCs produce cytokines (9,
26, 27), but the ability of CD31* or CD31""8" cells derived
from AC133™ cells to produce cytokines is not known. After
cell sorting, quantitative analysis of cytokines released by
CD317 cells and CD31°"'8" cells was carried out at 5 days after
the cultivation. As shown in Fig. 2, IL-8 was markedly produced
by CD31°"8" cells from both peripheral blood and cord blood
when compared with CD317 cells. The production of mono-
cyte chemoattractant protein-1 (MCP-1) by CD31°"&" cells
_ was also higher than that of CD31" cells. The production of
VEGF was higher by CD31°"8" cells than by CD31™* cells but
“not significantly. The production of all cytokines by CD31°7'8"
cells from peripheral blood was higher than that from cord
blood. Tumor necrosis factor-a, GM-CSF, and G-CSF were
hardly produced by CD31°#" and CD31" cells. These data
indicate that CD31°7'8" cells derived from AC133" cells have a
strong ability to produce chemokines.

It has been reported that TPO and SCF are potent stimula-
tors of multipotent cell proliferation (17, 19). Next, the effects
of both growth factors on EPC growth and differentiation in our
culture system were determined. After the addition of both
TPO and SCF for 2 weeks, the expression of eNOS and KDR in
adhered cells was analyzed (Fig. 34). Fig. 34 clearly indicates
that AC133™ cells from both peripheral blood and cord blood
differentiate into eNOS™* and KDR™ cells more efficiently in the
presence of the mixture of TPO, SCF, and VEGF than of VEGF
alone. Flow cytometric analysis revealed that the ratio of
CD31°8™ CD14 ™ cells increased in the presence of the mix-
ture of TPO, SCF, and VEGF when AC133™ cells were cultured
on collagen type 1V-coated dish for 1 week (Fig. 3B).

We next examined which growth factor is dominant in the
induction and proliferation of CD31°7&" cells. The total cell
number of cultured AC133™ cells from both peripheral blood
(Fig. 4A, upper panel) and cord blood (Fig. 44, lower panel)
significantly increased in the presence of TPO, SCF, or both
growth factors when compared with that of VEGF alone during
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FIGURE 3. Increment of EPCs from AC133™ cells in the presence of TPO
and SCF. A, AC133™ cells were differentiated for 2 weeks in the presence of
either VEGF alone or the combination of TPO, SCF, and VEGF on an FN-coated
dish. The upper and middle panels indicate the fluorescent photomicrographs
of cells stained with anti-eNOS antibody and anti-KDR antibody, respectively.
The bottom panels indicate the merged images of both antibodies. From the
left side, control (Cont) and the mixture of peripheral blood, control, and the
mixture of cord blood. Scale bar, 100 um. 8, CD14 and CD31 expression in
cultured AC133* cells for 1 week was stained with CD14-PE (vertical axis) and
CD31-FITC (horizontal axis). The upper panelindicates cells treated with VEGF
alone, and the lower panel indicates cells treated with the mixture of VEGF,
SCF, and TPO. The number on the right side of the flow cytometric dot blot
indicates the percentage of the CD14~ CD31°"9" population.

a 1-week period. As shown in Fig. 4B, however, the increment in
the ratio of the CD31°78™ cell population was observed only in
the presence of TPO. The absolute number of CD31°'8™ cells,
calculated by the total cell number and the ratio of the
CD31°78™ cell population, was markedly increased by TPO
(Fig. 4C). In contrast, SCF induced the increase in total cell
number to the same level as TPO (Fig. 4A4), but it did not induce
the increase in either the ratio of the CD31°"#"* cell population
(Fig. 4B) or the number of CD31""8™ cells (Fig. 4C). Next, we
examined whether TPO and VEGF can synergistically affect the
induction of CD31%78™ cells during a 1-week cultivation. As
shown in Fig. 4D, although VEGF had no effects on the total cell
number (Fig. 4D, panel a), it increased the ratio of the CD3]bright
cell population to 1.4-fold higher than that of the control (Fig. 4D,
panel b), resulting in a slight increase in the number of
CD31°78" cells (Fig. 4D, panel c). Thrombopoietin alone
induced an increase in not only the total cell number (Fig. 4D,
panel a) but also the ratio of the CD31°"#"™ cell population (Fig.
4D, panel b), resulting in an ~24-fold increment of the absolute
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