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BIoHARERAZENE IR, Fhsslic, &
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—77,DNA 4 VAR AL BBEZ Z DELE
By orhuvA VAR, FOTREEZIZEIT
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3, b 25A, DNATANVADHFIZH RNA 7 A4
WA ERBERDACEFE R R EL VA VA
LEET B, NVRATVA VAR BIRICEEL
HETIBRBERLE VO EBE2ER L, ~R
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Mysteries of stealthing and persisting viruses
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BRBROBEFABRAICH TV ELEDYD
3, —fk, EDIDLBBTERBREEZHEILL,
37, BEBR~OHEYR (FEEL oRs%
AoTWV20h? BILICZLOHAERHRERZH S
P, EHOTRHROZN SO LATHS,

8DDANNRATANK, L Ea, B, ¥
mw«1¢4wzf%&ﬁ%u§&é§®&mb
N3 s, ANIVRAY 4 VA DBREER: L SRR
EDOWEBAHZALLEBREL DBEEICDVTE
FOEHEZB L, BENORENZHFEE ICH
ErHEL:,

EMCERTELY MO A ILAR, human T-
lymphotropic (or T-cell leukemia) virus type 1
(HTLV-1) & human immunodeficiency virus
type 1 (HIV-1)Th 3., V4 VADEERBEE
NRATA NVADERBRLEIPLELY, B2
WA NVAREE L2 AR RL, R,
HTLV-1 &£ HIV-1 T3 BV D3H 28D L Bbh
Bh, ChEDUANABE M/ LICADRA
A, 2ELL DT LD—E L %> TREREM
JAICEZ 05D, SHERBREEC»2DOTY
5oﬁ&ﬂ&,b4wzﬁi,74»xéh¥%
BLRBRELVEDLILBEECHL DY, &
bOTREFOCEETHY, ZOBMEBOEN
EIONBOREETED 2 AORRNMRE
ICBEV L,

BEFFRY ANV (HBV) & CEFAD ANV
(HCV) 0E (13, LD~V RAT A WARE bV
FaANALBEILICERZ, MERE HICH
EEMBEELE b REME L, TRk
ZWOLT 5, Thbb, VANVARERELESH
BIhs, BEERKOABERBEZISVE
7, BEFEARPHPAORECES TS LEN
%, FEEBMRICBRETZHEER,DNAYVA VA
ERNATAWAE WD UL NVAZERIZETRERN
REBOYDH LY, RBEGREETELHRCH
PHOIZVBECLTRAIRIIVELVIN
T, XBEEVDHEZ DL BDbNE, IOHEIRE
E0HED, VANVAORED, HEVEEED
B EBAETVIC L2 TELLEINEON?
LLZEBEDES BIRBEL, 185 VANEDN

BEURE -

¥ — STEALTHING, PERSISTING D4 L ZAD5—

HEZRELTVE0»? ERTHS L IIH

BHIEDS, BRTARERCHEEKEOCHETD
5., ZOEBREBREOFERELFLEbE LR
EHNHEZ I BEO L,
RVFUANVARE MR A =24 VAR E
HICHRICHEET 2 VA NALELLNBD, 7
DEBE TR SH%B L, RIVF ¥ A LA RNA
TANVATHBH, &k, Z05 7 LOEEHH
HES ) Mcdbhd L EEShi, £,
BHRLREEBEOT, L FAORELEE b
DEWEEZLNTEL MRV A—FTTUANA
L, LR DIAL OBENEES A, BEEFATH
3, CRETRRIETA VAL SIS R3EL
37, BEASEEL LTARECHEARZETL
FiE & BAEWMO 2 NOWEZ RS2 KEL T,

Il EATSHE

BNTELLEVDY, BEEILDETIHE
DERER, FBERTDH 5, EMERRLOK,
T2 NEZ, MHEBRREZRBLI»D L D IC#E
HL T, 48, BHREROBAORE LM
HICX2BREDORRTHY, BECE-TERE
EHoBEMBHEI L, BHLAEMEORER
BEAEEELTORL, R, BEEOERRE
REFYVHAMBEL, EQLHIBEFEEZLZDD
Zoll Ao THELT, BRTZHE Lo
HEZboTVEEE>TLNDTRAEVNLLR
. Fle, EVIFUERICEALBIEPOLA
2 h3, BCG (Bacille de Calmette et Guerin)
ﬁE@iOhi@f?&%/&bf%u?é@
D, FolLRBAEES>TVWES S, BEE%
Hulbh & U TEREDER & RRBRIE & OBEDER
PE—ROMAEOBE LIz,

NV b

REZA PV TH 2 BRBRLBEELI»S
FRP®E LB OELY LFeh, FRETH
Y EFleT—~i, dA, BERE RESEF
ChrbsRABREDOS > L YERLHELE
ZT03%, PLTYH, REOSROFRPERD
SEZ TR TH S,
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6. PRIHEBEHEANRAT AL IVA (KSHV) ©
WIAEY, EWEE L e mE

LH B

KSHV (&, 78 RE (Kaposi's sarcoma:KS), &h4 BMIED—ETHS primary
effusion lymphoma(PEL), Z2HDEF v v 2T & (multicentric Castleman's dis-
ease: MCD) OREEICHIZICEETDS DNABEYVAINATHD. ChODBEICHITD
BBEREIINVThEBRBETHDH, KSHY OHFABGEFHBBBREGFTHDI L
EEZ2BE, CO—HEEHEMICERL, BRBRE-RIALTIZLICIIBEN DD, H
RBEISEERLEL, BREREANEGEBITEESNEOBETELSAICHIKTRI MY

HDEFHTDH, FBBEIEO/KFHAT, RPEHFEEND,

I FLC®HIC

KSHV (7 R RBEEANLRZA T A VAR) (ZTT%
WP DBPECERLE L TRIETZLEXALNT
W7z KS (Kaposi's sarcoma) 725, Moore, Chang
BIkoT 1994 FEick->THRRIN/A-8BFBD
E P RATANVATH S, IRERTIDOBEHAD
f55, Epstein-Barr virus (EBV) % herpesvirus
saimiri (HVS) & OEESF I 05, BEHR
B L EEREEY bOLELLND Yy NVRAY
ANVZAO—EBTHZLNBEITbIIY, BET
33D0DEEDH S VIFEBRKE T KSHY &
BRBRERECH S,

UL, EBVOUA VAREEG—BBUAEE
AD BOWBIZKR,KSHVO Y A VARBFHERI N
ICHARZ ED R DKL, 2~3%ICLEFEHOD
O IRENH L I EBEREINTVS), Zhb
TARTOVANVAREREICVBANERICRIET 3
ERBEZEZLOLN LT VWILEZZRT AL, Bl

i, BREBEEVADRRNGEY Ul E
bhd, Tid, —EED LD E#E T KSHV B&H
BEBAZLLTDTHAIH? COGED
FERRI, BREYE, BEBEBIUVCEBRER®S
BREBRAOHEBEE, T2obbBEERLOR
BEEMCBATIILICELELLVLERD,
bHAA, BREBRIBEVAORERMZEZT
VABEBELRBEBEBTHEILEISESETLER
{, BRBETHE  BELTHE VA VAERE
FH—EDEVBART Iy VEHoTHE LR
EINTWV3, ZFMTE, BEZ CCHmEI L
BRBEPHER(LD A A= XL, KSHV HIAE
BEFORBICOVWTRIEL, EEORRERXAE
Do, SROMEBRAZERLTHELVLERD,

I KSHV OERBRERE

1. KSHV BRBRICHITEBEFRRDE
KSHV B#RBRERBIC BT, 74 LVREE
TORBRIRNDRCHEBESH, 80FHBV AV

Pathogenesis in latent and reactivation cycle of Kaposi's sarcoma-associated herpesvirus
PRBEAEREREZZHRBMBRAEEERBE Y A VAE HiE  Keiji Ueda
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6. HRSHBEEALARZDAILZ (KSHY) DERBR, BEtil sk

rochromatin ?

B1 KSHVERBRTEEELTWSBETFHEE
KSHV B RBHE TR S BENIBEFDH (LANA, v-CYC, v-FLIP, kaposin, v-IRF3) h3FEH
LTWw3, KSHV Y/ LAICh > TERLZOBEFHERE, ATasuvFrbsnidnrns
OvFVRICEHIATOREEZLLNLD, RETAIBEFLRERLZVEBEF2REET 2B

LBRENEETSHDLEDIS,

KSHV : AR PHEEEEALRAT A IILZ, LANA : latency-associated nuclear antigen

ABEFOI b, —HEIH4BET (LANA, v-CYC,

V-FLIP, kaposin) & Iht@FE-/{EIELIH

BT S v-irf-3 DABRERHL, HERECHE
fE3hT3 (B/1). HBEIAED DNA VAV
ZLRESTH, 72575h 170kb OEFIO T
SORKDEEFHULDOVLTLIEEEERETD
RETTOIORRKE, bIBRTEIRERE
T, EODTHELFHBENZTRTERI
BOEEZTWS, BHE, ZOEBOEHICOW
THAFTH 20, FEBBOFMESHATHIE,
RERIZZ—IZIo0olezV AV 2EAL,
KEMFL—y M BETREL LY, ERRERS
TEE, BEEPETTELEVSHEZBRT
E2HDEFRX TS, BRI, BETFIHRER
DRERBFRT X—DBRICHEBETHS .

¥ 7-, KSHV BRELMEETIE, BEXEETH

(FEHTERK)

WA KSHV ICEXREN TR 0o TE
7o KSHV OBEFRRE a7 7 4 VOXEE,
EBV & 9 & Efi, 3% b, PEL (primary effu-
sion lymphoma) 23\ T KSHV & EBV %34tk
FELTWREHICEEY, KSHY OREXRDS
VLD BLbEY, ZDHFII, KSHY
BEDOLZOPELDBEFRA a7 74 0ED
HEBRNZ2TO2Li04D, S5CZFOFMIH
Wy 2 b0k Bbhs,
BREBEMHEICE T2 74 VARETR, Bid
DTELEDLDODTRLATNBE I EDL, Thb
DUA NVAEBETEDC L 2BEREFHER S0
Tr7ANVOTEVEEINS, LANA (X DNA K
BRI T, UANARY ) ANTRRERER
%N D LANA-bindig sites (LBS) &L T,
CBP (CREB (cAMP response element binding

KSHV (AR I REEEANLVRAY A W 2R) KS (Kaposi's sarcoma)

EBV (Epstein-Barr virus) HVS (herpesvirus saimiri)
PEL (primary effusion lymphoma) LBS (LANA-bindig sites)
CBP (CREB (cAMP response element binding protein) -binding protein)
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protein] -binding protein), mSin3A ¥ MeCP2
¥, BxOBEEEHEFE VA VAT ) Lk
JIA—RLTUAVABEETFORRDHEYT 2
AR, BERGEES ) LACHBEEL, BE
BETFORREHEC LD THE I EHEE
dhz, v-CYC GBI EHOEIT2REL®, v-
FLIP (X NF-«kB (nuclear factor kappa B) %*i&
% 1£™, kaposin & MAPK (mitogen-activated
protein kinase) ¥ A7 LZEELT LD 2EL
T, ZLOBEEGETFOREA a7 7 4 VIS
PhrboTW3 B3, KSHV % PEL fHika
T, BEVTETIIDHETTE2DHH 53
P, BIEZRLICERROBEFEND LT, £
DORBTTEDEE L Z DBETOBBEICDOWTHE
HEEDTS,

2. KSHV DEREREFEE

KSHV D #& R B4 £ 1o BB D HF 13 LANA
(latency-associated nuclear antigen) Th 5,
LANAZ S 2 ABERFEHEMERALTES®
RHEEPRELTVALELLNEY, oL b
BELBEER, vANVAY ) LOBEHE - HF - H#
BFichbs, LANA RTEFEHEFEESHE (pre-rep-
lication complex : pre-RC) OBHKEFTH %
origin recognition complexes (ORCs) & #HHEE
HLU, VANVAY ) LEDori-PicY 70— 7
BIET, UANVAY ) LAOBRBRICBIZHE
BB RIGEHE> TV A L HEI TS, L
Lidsh, ori-P X LBS 723 T% <, FhizH<
32bp DEHDHT GCILBAEFISHET, O
DOEETIX, &8, ED L D122 d GCrich seg-
ment BLBELOH»ETLIHBLEATOZ L,
F 8,2 DEM T, LANA &£ ORCs & OMHESE
REBERILTOR,,

Fzid, BIRBHEICIT S KSHV 7/ LOBEE
DBOEENE, T4bb, LANA A KSHV O ori-
P# , e b v I AL WHBICE &R & H
BETHILEVIRFAZEBATLEY, &~ b

Y w7 223 ORCs i MBI FIEC B L
T 30T, LANA-ori-PE&HBL LA F0DE
KEADODEBZILMPEETHY, pre-RCIEZD
%T GCrich segment LICBRI N2 EEZLT
W3, KEFiE, GC rich segment SEH ICHE
EELAL DTIEARL, SHATREEMIEI N
TWLTWAE DS, KRNOBFICET 3 EEERC I
HENH DD Z (E2),

BT, NIRRT A VAR invitro BRI E
WTREBBEDOEREKRNXE L 225, EBV®
KSHV % E D y NNVRA T A VAL in vitro B G
THERRBRREANES, Thbh, BEKBIC
HEIBEMBRCBOTHBRBROBERZL S
BENDHBEEZLNT VS, KSHV DERERY
B#A K F T & % RTA (replication and transcrip-
tion activator) (XBRFHBRBETERL, —AH
WCIERBRREDORE 2R Y, BREREZTETE
7\ abortive BB TREINB LELLATL
5, COEOIBRBCHE2EHOUE DL, BR
BEBEETFLANAOKEICL2bDLEEEI R
T“\é 10)o

LANA 3%, BRERLEETFT, BE~TO
savFrRAFEHEEERLTOANAT ) L%
~FuzuvF b, bLi@NTarzovsr
RRICEHL, VA VABEFRRZIOG T 2858
HoTa'", —FTRTAICL 2EHELLZ
T, invitro BERRICEB O THBEREZ2FTLL
IETHEEL LANADFERZFEL T, BEN
CERBROFHICETZ EEZ 505, EE,
LANAD ) v 7 X7 R REERED A VADER
EE T, invitro BRRTEBRBREOREN LR
TEIEBEmEIRTNE Y,

—H T,NF-kB OFEMEALHERBEROMERF I2E
DTVRBREVIHEVDHL, BREBRTRERELT
W3 v-flip i&; FADD/TRADD (Fas associated
death domain/TNF [tumor necrosis-factor]-
R1 associated death domain) /pro-caspase 8

NF-kB (nuclear factor kappa B)
LANA (latency-associated nuclear antigen)

ORCs (origin recognition complexes)

64 (1220)

MAPK (mitogen-activated protein kinase)
pre-RC (pre-replication complex ; B ¥ EHaTE &)
RTA (replication and transcription activator)
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6. NRSHBEEALRZYA LR (KSHY) OBRER, BEtEERE

KSHVS J L

BURAGT

o pre-RC

& Origin firing

o> Elongation

@ Replisomes
(PCNA, DNApol etc.)

HE2 KSHVERBRICHITIDERETINV

KSHY EREBRER TR, v M) v 27 A 2O TEELBENLHERELTVWELEZT
5%, LANA BHESRABLTE~Y N v 2 ACEEL, I Gl B 588 Gl HlichidT,
70 LBS "OBEEEEICL Y ori-P %720 0FE, B MUy I AEAUES ¥ S, ORCss (3H
FaEBIERTERIC ori-P ECEF LTV LEZ ATV 5%, ORCl GHMRAMKELCRN
Gl 2 ORCos iC£ AL, BRHIC pre-RC 2K &Y, B b v 7 A LCEREFTH S PCNA
% DNA Y A5 —+¥ (DNApol) 2BUAATL ) V—LEBRL, BEERET S, FHRCE
Ehi: DNA BT aehice by 2 At blhs, Thbh, BYb) vy I A LETEERD
BHUETTE2E0DEEDLNIS,

KSHV : AR PHEEEANLAT AL A, LANA : latency-associated nuclear antigen

ORC : origin recognition complex, MCM : minichromosome maintenance

pre-RC : pre-replication complex, PCNA : proliferating cell n’uclear antigen

(X#9 & Y UE)

HEBBZFDY A K %%(FT pro-caspase 8
P HEMRD caspase 8ck Y, TRI— A%
BETLHAT— R2HET S EFARIC, NF-«B
OEEBREZE O L TBRBREHERLTYL
39, NF-«kB 0##EfEE 3, KSHV &% PEL i
7R b= A%FET2"Y, £/, NF-«kB

DIEEILIRREX RTA OFEBHFEZNHT2 9,
LICEBEDEE T, BRERETEEELTVS
EBREBEETHEE [ANASE2E0—HB48
EFEZET) RTEHRAL TS 17 D KSHY
micro RNA @ 9 % ®, miR-K1 #3 [«kBa ® 3'UTR
(untranslated region) #ERIC L TFORERE

FADD (Fas associated death domain)

TRADD (TNF (tumor necrosis-factor)-R1 associated death domain)

- (1221) 65



e % Vol.v26, No. 6, 2010

BE@ BRBREBEMEL

%#FiF3 2 & T, NF-kB OBEHELICHFEL TV
rOBENHoIY, VKRROERHMET
it, HTLV-1 HE 57 3 AR T #ifa 5 MK F
T, NF-kB OE (LRI Z D IEBMIL D £ TFHE
BicBETHE IR, FEMRIC, KSHY BRE
LR ICFI TV B, NF-kB OEEILIER,
BEFREOEZEOENEGEFZECHE TSI
EHEHIT, BHETIENERTFFHBIL
FEBRYEVIRSR TH B, v-FLIP 23 NF-«kB #21EM%
{32 LT, AP-1 (activating protein-1) #%
BEBICFELTEEFAPREBIATNS Y,

I KSHVERBRH,SDEFELHEE

1. BIIEBEETOEML & BREBRFES

KSHV »s Rk guikfEh 5 BiElE{bv 5 £T,
RTADEBENEBETHL L ICRERI LV E
¥, KSHV &% PELfilg %z 72 RTiX, TPA
(12-0-tetradecanoylphorbol 13-acetate) % so-
dium butylate EDEE| % AL THEEL Z2FE
LT3 BREKCBWTEDLIBRTIT
DS RIA DIEHALIC D> TE D013 H Y
I o Thkv, 20, EERCBNTH
RIL RADESELIC»»DERTFIZERES
AT, ZOHT, Notch ¥ 7' FY > 7D
K = T HEERICFTET % RBP-Jk OFE&ES
ERBP-Jk b oTWE LT I2HEND
3%, LirLids, ZOWETE, BED0aY
T4 Y aYTREETFRERZHGET 2 RBP-JkA*
RTA L HHEERATAILICI>T, RIAZFDHD
P RIA DEMBETZEELCEIZE, T42b
L, RTAOHCEELEBENRINTVEDH
T, Noctch Y 7> F T RTA »NEHEILT 2089
PERRINTVERL,

RTA DEHOEEAEEBBCEHSIVEDHHT,
Z 312 E OCT-1 (octamer binding protein-1) 4%
5L Tw3 'Y, RTA Ofl#H#EEICEE OCT-1 43
WET 3, \Whb® 3 octamer binding 5435

v, RBP-Ik L FE#k, K, BEFEELHEEZ D
728, EEE/BEHCIEEERLEEEIILL
OCT-1 & RTADHEERIZL Y, 2V iZRTA
#’ transacting I T RTA # 8 2E kLT 3
ZEeMEEEINS (B3), OCT-1 27 5%,
herpes simplex virus type 1 (HSV-1) ® VP-16
£ OCT-1 oMEMERIC L 2 EEFHEZICHEB OB
BTHEBRE,

 RTA 380BD =k <, KSHY SR DR FE F
T, CORFHBRHATZ L ZOENBEEFHHA
r—FRICIEXRFERL T, BRERZPTEILS
FHEANE . RTA O—RIEHTEIETF X, K-bZIP,
ORF57 (K-MTA), PAN, v-IRF 72 &, BRBEBRTH
RSB BETFPARDIL LB
Nz, BXAMICE, FIHERTFOIREALENRTA
OEHBEFICEO>TWEEE2THHEETRE
Vo I DBETFHRIEEBICE, RTA ICEER
HFT5EHN%Z DD, H5 I RBP-JkFHEEE
FlzdDbD, MEZHDHDOVFEET S, RTA
DEEFERIIENTHZ D, BEMIICHEEL
TRENCESE2ER LTS L0l 5,
promiscuous L EHFRZEZ T 5, TH o7
EEEG, EETFRERAEHICHENERCAS
1% RBP-Jk FEEEFICEKEL TV 20028 LTL
2,

K-bZIP (3 EBV @ ZTA %32 BEF T, ¥
WA 0OBELLEENET I BESN- a4
VY NR—DBEBERETAD, BEEHE ori-
gin (ori-Lyt) & &, 50 OINICFHFRNICES
L, BEEER2ECHEFET2HDOEBEI L
A, EEICIX, ori-Lyt iCEET 2 1E M C/EBP
(CCAAT/enhancer-binding protein) # 7t L 72
BWENZOOTHY, BEMICEZ > KD
FEANGEET 5, RTA OBEEL K-bZIP DO#EELS
EDELDICHE > THEBBREEMBRHNICETTS
D, ori-Lyt DEBEELEDT, F7HEET
NEFHZ 0, K-bZIP RBEERICGREICHEL,

UTR (untranslated region)
TPA (12-0-tetradecanoylphorbol 13-acetate)
HSV-1 (herpes simplex virus type 1)

66 (1222)

AP-1 (activating protein-1)
OCT-1 (octamer binding protein-1)
C/EBP (CCAAT/enhancer-binding protein)
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6. NRDHERENINZTAILZ (KSHY) DB RER, BEtttomE

(LANA, v-CYG,

3 KSHV OBEE s meRE

KSHV i EEIICEBRBRZER LTV LIS CHEZATV 3, HBREETEHL TV S mi-
cro RNA @3 5, miR-K1 RHEREETEY TH 3 v-FLIP, LANA »iERBFR2HFTE2HAT
%’ﬁéL{x’C VW3, B, miR-K1 & v-FLIP & NF-«B #E#{LT 5 2 & THEEEILEF RTA DR
PHELT, BEE LRV TWE, —8, BIEE{ESEC 5 L, KL, v-GPCR,K15 %4 & ® KSHV
EVHABGFHERLTL 5, —HT, LANA bEEELETIS CRRFEI LS I ENHLEBIIC
S h, BICERBRYBET AR THETZILDLELLNSE, I Lo BREEFERE
1o & D BREBRREEEINAFRIZEL & ¥, abortive/nonpermissive Z R AE L 5 H T, KSHV
EDABBEFORDPABEVBRBREETHRLEL OCHT, BBACHESLBELTVS,

KSHV : #RYHEBEEANLVRZT A A, LANA : latency-associated nuclear antigen

NF-«B : nuclear factor kappa B, RTA : replication and transcription activator

TPA @ 12-O-tetradecanoylphorbol 13-acetate

MBS % G1-S DHFEATLEDD LV IEL
FHEDLIBRETHS I, KDZIP L
SUMO BSI%'% ), SUMO{b#% 5 2 & T
NHDEREHTHOLELLATI S,

—7C, RTA QBRBRLBET 53R 4O
LANA b ORI &5, WRENENE X
BITT 3101, BRERLHUT 2EEE OV
A NABETREREAT 2 2 L @—RFELTL

(EEHIER)

2E5ICB2%, ¥, KSHVEZD & D Ll
EHoT0200ZOFMABRRANF NS,

NV BEttERERIE

ANRAT A VADBIEERGR U LSRR
ZLLTL bORBIIESL TS, anNIRA
TANACHEEI NS HSV-1 DOBFANWVARA
2, KB A WA (varicella zoster virus : VZV)

VZV (varicella zoster virus)

(1223) 67



{EZEEE B vol. 26, No. 6, 2010

5@ BRERLBERE

DERAZLEERF 2L bLVHITHEL, BFR
Ry BANNVRATANVADEFERE, —BICE
M A RERERBICHEL W EBEIE{E LV,
WIcEZE, BEORRETCOBREM XY
ANAEES L BUANVZEBETFREG, £4&
DHRBEFLE UBEREBRIC L VBB ICHRS
NaftilAICE->TVEHDLEZLN S,
KSHV D&, hio & & L-¥HIRBREIC &k B RkE
RIES, BEBLCEISRBLOBEEIHES
RTOEL,

KSHV %3883 % f%#& (3, human immunodefi-
ciency virus type 1 (HIV-1) i & % AIDS &5
EHABE (23517 5 KS, PEL, MCD (multicentric
castleman's disease) % EDIEE & L { [XEEH
BETHB (7272, Wb® 35 classical KS OF
fEC AIDS RBEE L&),
FEOANVZE LTOEER, COLIRRRECE
PNTHIDTEREINLIbDLEDLIE, 7,
b DRBERERNICIBREFROBRRL B
EoTW3cd), BRER-EBADEHPEE
dhd,

LaL, BEICHERALSZ, KSHVIZLTH
EBVICLTH, BEBHFLLLQUVANVARESE
EERTEZ L EEDVBARPRORATEARL, U4
WA H>TORE, BANTEZLNHIIET
B, 72 ZBRBE»LBEET 2 PAVRIE
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ABSTRACT

We analyzed the gene expression profiles of lymphocyte-originated tumor cell lines - primary effusion
lymphoma (PEL) cell lines, T-cell leukernia (TCL) cell lines, Burkitt lymphoma (BL) cell lines - and two sets
of normal peripheral blood mononuclear cells (PBMCs) - in order to determine characteristic gene
expression profiles for each of the former three groups. And we found that these cell lines showed respec-
tive typical gene expression profiles and classified into clear four groups, PEL, TCL, BL, and normal PBMCs.
Two B lymphocyte-originated tumor cell lines, PEL and BL cell lines, clearly exhibited distinct gene
expression profiles, respectively. Even though there was only one line that was co-infected with both
Kaposi's sarcoma-associated herpesvirus (KSHV) and Epstein-Barr virus (EBV), KSHV seemed to govern
the gene expression profile of the co-infected line. These data suggested not only that established typical
tumor cell lines show a distinct gene expression profile but also that this profile may be governed by
certain viruses.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Kaposi's sarcoma-associated herpesvirus (KSHV) or human her-
pesvirus 8 (HHV-8) was discovered in AIDS-associated Kaposi's
sarcoma [1] and established as an etiologic agent for all forms of
this disease [2]. KSHV is also found in almost all of two B cell lym-
phomas, primary effusion lymphoma (PEL) [3}, and plasmablastic
lymphoma associated with multicentric Castleman’s disease [4].
PEL typically presents as a lymphomatous effusion in the pleural/
peritoneal cavity without forming a solid mass [5].

Epstein-Barr virus (EBV), another human gamma-hérpesvirus,
is well known as an etiological agent of many types of cancer orig-
inated from T and B cell lymphocytes as well as gastric cancer [6].
Typical EBV-associated tumors are Burkitt lymphomas and classi-
cal Hodgkin’s lymphomas, both of which are originated from B
lymphocytes [7]. Although PEL often co-infects both with KSHV
and EBV, KSHV seems to be primarily responsible for the transfor-
mation [5,8].

The advent of DNA microarray technology has been very helpful
for revealing the characteristic profiles of transcriptomes of tissues
including cancers. There have been many reports showing how
infections with various viruses, including KSHV and EBV, affect cel-
lular gene expression profiles [9]. Here, we analyzed the gene
expression profiles of cell lines established from human lympho-
cytic leukemia. These were KSHV-infected primary effusion lym-

* Corresponding author. Fax: +81 6 6879 3789.
E-mail address: kueda@virus.med.osaka-u.ac.jp (K. Ueda).

0006-291X/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2010.02.122

phoma (PEL) cell lines, either EBV-infected and non-infected
Burkitt lymphoma (B-L) cell lines and several T-cell lymphoma
(TCL) cell lines, including two sets of normal human peripheral
mononuclear cells (PBMCs). Each of these groups showed a clearly
distinguishable gene expression profile. The results suggested not
only that a typical tumor cell type shows a distinct gene expression
pattern but also that the gene expression profile of a typical tumor
cell line seems to be governed by some virus infection.

2. Materials and methods

2.1. Cells and RNA

The PEL cell lines used were TY1 [10], BCBL1 [11], D90 which
was a derivative of BCBL1 and not inducible for lytic replication
by tetradecanoylphorbol 13-acetate (TPA) [12], BC3 [13], and BC1
[14]. All these cell lines are latently infected with KSHV and only
BC1 is co-infected with KSHV and EBV, and they were cultured in
the RPMI1640 medium (Wako Chemicals, Osaka, Japan) containing
20% heat-inactivated fetal bovine serum {FBS), 10 i.u. per ml peni-
cillin G and 10 pg per ml streptomycin under a 5% CO, atmosphere.
The BL cell lines used were Ramos, BJAB, Daudi, Akata which was
the gift of Dr. Takada, Hokkaido University [15], and Raji. For the
RT-PCR (see below), Namalwa, an EBV-positive Burkitt lymphoma
cell line and MC116, which is an undifferentiated B cell lymphoma
cell line, were also utilized. All these cell lines were infected with
EBV except Ramos, BJAB and MC116, and the EBV genomes in Raji
and in Daudi cells were found to be defective [16,17]. Several TCL
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cell lines were also analyzed: Jurkat (an acute T-cell leukemia),
Molt-3 (an acute T lymphoblastic leukemia), SupT1 (a T lympho-
blastic leukemia) and MT4 (an adult T-cell leukemnia cell line).
Among them, only MT4 contained integrated retroviral genomes
of human T-cell leukemia virus-1 (HTLV-1). The BL and TCL cell
lines were cultured under the same condition except 10% heat-
inactivated FBS was used in place of 20% heat-inactivated FBS.
Samples were prepared as either a TPA-induced or non-induced
version for all cell lines. RNA was extracted from these cells three
times, when the cells grew to 1 x 105/ml in the 25 ml culture med-
ium. When cells were induced by TPA, TPA was added into medium
at 1 x 10%/ml cell density and left for 48 h. The cells under this con-
dition were pelleted and lysed with 5 ml Trizol® (Invitrogen, Carls-
bad, CA). The solution was stored at 4 °C refrigerator until the other
preparation was completed. Finally, three lysed solutions were
combined and the total RNA was extracted.

For RNA preparation of the healthy candidates peripheral blood
mononuclear cells (PBMCs) of two healthy volunteers, 20 ml of ve-
nous blood was obtained in a 100 U heparin containing syringe and
spun down at 1500g for 15 min at room temperature [18]. The
plasma was discarded and an equal volume of 0.02% EDTA-phos-
phate buffered saline (-) (PBS [~]) was added. The mixed blood
was layered on a 20 ml Ficoll-Paque (GE Healthcare, Buckingham-
shire, UK) and centrifuged at 1500g for 3 min at RT. Banded PBMCs
were collected, suspended in three volumes of 0.02% EDTA-PBS (—)
and pelleted at 1500g for 3 min at RT. The supernatant was care-
fully and completely discarded and 5 ml Trizol® (Invitrogen) was
added. The samples were prepared three times and all preparations
were combined finally.

Total RNA was extracted from the lysate according to the man-
ufacturer’s instructions. Poly(A)* RNA was purified from the total
RNA using a MicroPoly(A)Purist™ Kit (Ambion, Austin, TX) accord-
ing to the manufacturer's instructions. The purified poly(A)" RNA
was divided into aliquots of 2.0 ug, precipitated with ethanol,
and stored at —-20 °C.

483

2.2. Microarray hybridization and data analysis

Synthetic polynucleotides of 80 mer representing 30,913 spe-
cies of human transcripts (MicroDiagnostic, Tokyo, Japan) were
printed on a glass slide using a custom-made arrayer. The aliquots
of 2.0-p1g RNA were subjected to first-strand cDNA synthesis in the
presence of Cyanine-5 dUTP (PerkinElmer, Boston, MA) for samples
obtained from the cell lines or Cyanine-3 dUTP (PerkinElmer) for a
human common reference RNA in a reaction mixture derived from
a labeling and hybridization kit (MicroDiagnostic). The human
common reference RNA was prepared by mixing equal amounts
of poly(A)* RNA extracted from 22 human cancer cell lines to
reduce cell type-specific bias of expression. The red fluorescence-
labeled cDNA of the samples and the green fluorescence-labeled
common reference RNA were equally mixed and hybridized to a
microarray. The hybridized microarray was washed with the label-
ing and hybridization kit and subsequently scanned by using a
GenePix 4000A scanner (Axon Instruments, Union City, CA). Fluo-
rescence signals were detected and processed by GenePix Pro 3.0
software (Axon Instruments). The processed raw data (median of
ratios) were normalized by multiplying with the normalization
factors provided in the GenePix Pro 3.0 software package. The nor-
malized data (expression ratios) were converted into log, values
(designated log ratios).

2.3. Reverse transcription followed by PCR (RT-PCR) and quantitative
RT-PCR (g-PCR)

Cells were cultured and the total RNA was extracted under the
same conditions described above for the RNA preparation as men-
tioned. Ten micrograms total RNA was subjected to cDNA synthesis
with a first-strand synthesis kit (Roche, Mannheim, Germany). The .
one-twentieth (~0.5 ug RNA equivalent) was used for RT-PCR and
g-PCR. In this report, we focused on the angiopoietin-1 (ang-1)
gene and prepared the following primers to detect its expression:

.

BCBL1 TPA+
D80 TPA-
D90 TPA+
BC1 TPA-
BC1 TPA+
BC3 TPA-
BC3 TPA+
Molt3 TPA-
Molt3 TPA+

TY1 TPA-
TY1 TPA+
BCBL1 TPA-

upT1 TPA-

upT1 TPA+

MT4 TPA-
MT4 TPA+

l%
:

Ramos TPA-
Ramos TPA+
Daudi, TPA-
Daudi, TPA+
B AKATA, TPA-
B8 AKATA, TPA+
o RajiTeA-
Raji TPA+
BJAB TPA-
B BJAB TPA+
PBMC2

2,000

4,000

6,000

8,000

10,000 1

11,039~

Fig. 1. Cluster analysis of the PEL, TCL, and BL cell lines. The expression levels of about 30,000 genes in each of the cell lines were analyzed with a DNA chip. The cluster
analysis revealed that each category of tumor cell lines showed a distinct expression profile, and in most of cases TPA induction did not grossly change the expression profile.
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into the PEL cluster, which was consistent with a previous
report [19].

TPA is often used to reactivate KSHV lytic replication and the ef-
fect of TPA on cellular gene expression was also analyzed. Though
TPA has a dramatic effect on the viral gene expression [24-26], in
this study the drug generally did not change the cellular gene
expression profiles (Fig. 1). However, TPA had a slightly different
effect on BCBL1 than on the expression profiles of the other cell
lines (Fig. 2A and B).

3.2. Characteristic gene expression

We extracted genes whose expression was higher or lower in
the PEL cell lines compared with the other clusters. In this analysis,
there were 124 genes that showed different expression levels
among the three groups and half of them were expressed at rela-
tively higher and lower levels in the PEL cell lines, respectively.
Typically, methyl-CpG binding domain protein (NM_015845)

A s

(GenBank accession number), RNA polymerase I (NM_002696), tu-
mor necrosis superfamily member (NM_002696), and soc on were
expressed more highly in the PEL cell lines than in the TCL or BL
cell lines (Fig. 2A).

Sialyltransferase 1 (NM_003032), DEK oncogene (NM_003472),
Amyloid beta (A4) precursor protein-binding factor (NM_019043),
CD79B (NM_000626), and so on seemed to be expressed at lower
levels in the PEL lines, and at the higher levels in the BL cell lines
(Fig. 2B). CD19, CD22; and CD79A and B, which are typical mark-
ers for B cell lineage, were expressed the higher in BL cell lines
(Fig. 2B), suggesting that PEL and BL had different characteristics
though they were thought to be originated from B cell lineage be-
cause of the rearrangement of the immunoglobulin genes
[3.27,28]. In the case of many of the genes that showed higher
or lower expression in one or another of these cell lines, the func-
tion of these expression differences remains to be clarified in
terms of their function to give characteristic features to the cell
lines.

* TY1
" g::oau = BOBL!
*BC3 D80
xBC1 % BC3
@ durkat x BC1
+ Moktd @ Jurkat
5 = SupT1 w + Mokt3
K —MT4 _g' - SupT1
Ramos -~ MT4
Daudi Ramos
. ::‘:‘B Daudi
x Akata -
@ Normal PBMC1 * Raji
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Fig. 3. The expression level of typical genes. (A) Vitamin D (1,25-dihydroxyvitamin D3) receptor (VDR) (NM_01466), caspase 3 (CASP3) (NM_004346), activating transcription
factor 6 (ATF6) (NM_005171), and presenilin 1 (Alzheimer disease 3) (PSEN1) (NM_007318) have been reported to be expressed more highly in PEL cell lines than in TCL or BL
cell lines. VDR and CASP3, but not ATF6 and PSEN1 were indeed expressed more highly in the PEL cell lines than in the others, (B) In our analysis, only ang-1 was extremely
expressed at high levels in the PEL cell lines while neither ang-2 nor Tie-2/tek-1, which is a receptor gene for ang-1 and ang-2, appeared to be up-regulated. {C) RT-PCR
confirmed the higher expression of ang-1 in the PEL cell lines. Ang-1 gene expression was detectable level in all the PEL cell lines but not in the TCL or BL cell lines, by RT-PCR.

A shorter band was detected in the Raji cell line, the details of which were unclear.
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In another report [19], vitamin D (1,25-dihydroxyvitamin D3)
receptor (VDR) (NM_01466), caspase 3 (NM_004346), activating
transcription factor 6 (ATF6) (NM_005171) and presenilin 1 (Alz-
heimer disease 3) (PSEN1) (NM_007319) were expressed in the
PEL cells more highly than in pre-B cells, GC B cells mostly includ-
ing BL cell lines, and post-GC B cells. Our results, however, do not
necessarily prove that the expression of these four genes expres-
sion was the higher in the PEL cells; i.e, VDR and caspase 3 were
indeed expressed more highly in the PEL cells but ATF6 was ex-
pressed at lower levels and PSEN1 were equivalent (Fig. 3A).

Another report [29] has shown that the expression of angio-
poietin 2 (ang-2) (NM_001147), chemokine (C-C motif) ligand 5
(CCL5) (NM_002985), chemokine (C-C motif) receptor 5 (CCR5)
(NM_000579) and so on were up-regulated in the Kaposi's sarcoma
(KS) [4], but such genes were not characteristically expressed in
the KSHV-infected PEL cell lines in our analysis (data not shown),
suggesting that the difference in cell origin affected the gene
expression profile, even though both KS and PEL were usually
infected with KSHV.

3.3. Angiopoietin 1 (Ang-1) (NM_001146) is expressed miore highly in
the PEL cell lines

Ang-1, which is an angiogenic secretory protein and has about
60% amino acid sequence similarity to Ang-2 (NM_001147)
[18,30,31], appeared to be expressed more highly in the PEL cell
lines than in the TCL or BL cell lines (Figs. 2A and 3B). The level
of Ang-2 expression in the PEL cell lines was almost the same as
in the normal PBMCs (Fig. 3B). Ang-1 shares a receptor, Tie2 (also
called Tek1) (NM_005424) with Ang-2 [30,32]. Ang-1 acts as a par-
acrine agonist inducing Tie-2 phosphorylation and subsequent ves-
sel stabilization. On the other hand, Ang-2 acts as an autocrine
antagonist of Ang-1-mediated Tie-2 activation [33]. The outcome
via the ligand-receptor mediated signaling is different, the reason
for which remains unclear. It is still unclear how each factor signals
to target cells. It has been reported that Ang-2 was expressed well
in the KS, in which KSHV-mediated activation of AP-1 and Ets-1
responsive elements seemed to have the functional roles [29,34].
Another report showed that Tiel as well as Tie2, and angiopoietins
1, 2, and 4 were expressed highly in the KS lesions [35]. Further-
more, it has been reported that KSHV reprogrammed the gene
expression profile of blood vascular endothelial cells upon infect-
ing them [29,36,37). Thus, ang-1 could be more favorable for
expression in the PEL cell environment, though there has been no
report investigating their expression in PELs. We confirmed that
ang-1 was surely expressed at higher levels in the PEL cell lines
than in the T-cell lymphoma or BL cell lines by RT-PCR (Fig. 3C).
On the other hand, expression of the receptor, Tie2 expression
was higher rather in the BL cell lines (Fig. 3B), suggesting that an
autocrine mechanism should not be effective for PEL cells as noted
for the role of Ang-2 [33], even if Ang-1 may function as a real po-
sitive growth factor for endothelial cells.

34. Genes expressed either lower or higher in the all tumor cell lines
except normal PBMC

We mined our data to find genes expressed either at lower or
higher levels in all the tumor cell lines examined in this analysis,
since genes expressed in common in various kinds of cell lines
might reflect general tumor or immortalized phenotype. We found
that there were many repressed genes (data not shown) and a lim-
ited number of activated genes compared with normal PBMCs
(data not shown). The information was indeed informative in
terms of characteristic features of these kinds of blood cell cancers,
but we are currently unable to specify the function of these genes

K. Ueda et al./Biochemical and Biophysical Research Communications 394 (2010} 482-487

or the meanings of each gene to form tumor phenotype and further
investigation will be needed to answer these questions.

In conclusion, three types of cell lines showed distinct gene
expression profiles. The function and significance of higher or low-
er expressing genes in typical cell lines should be clarified to
understand mechanism of cancer formation and effect of viral
infection.
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Abstract

Aim In chronic hepatitis C, iron might play an important role as a hepatotoxic co-factor. Therefore, vene-
section, a standard treatment for hemochromatosis, has been proposed as an alternative for patients who' re-
spond pborly to anti-viral therapy. To‘improve our understanding of iron-induced hepatotoxicity, we com-
pared the responses to venesection between patients with chronic hepatitis C and those with HFE-
hemochromatosis.

Methods' Fourteen Japanese patients with chronic hepatitis C and eight Italian pancms with HFE-
hemochromatosis underwent repeated venesection with a serum ferritin endpoint of 20 and 50 ng/mL, respec-
tively. Serum iron indices and liver function tests were measured in pre- and post treatment blood samples
from each patient. Body iron stores were calculated using the removed blood volume.

Results In both patients with hepatitis and hemochromatosis, serum ferritin, aminotransferase and hepcidin
25 were reduced after vepesection. The serum aminotransferase activity, but-not the serum ferritin level, was
predictive of effective iron removal treatment. Hepcidin regulation was set at an inappropriately low level in
hemochromatosis patients {11.1 £ 9.2 ng/ml.), but not so in hepatitis patients (30.7 = 14.5 ng/mL). Inversely,
the estimated body iron stores of hemochromatosis patienits were 5,960 * 2,750 mg, while those of hepatitis
patients were 730 + 560 mg. Judging from the liver enzyme reduction ratio, patients with hepatitis seemed to
be more sensitive to iron hepatotoxicity than hemochromatosis patients. :

Conclusion Even though the threshold of iron hepatotoxicity and benefit of its removal differ between pa-
tients with chronic hepatitis C and those with HFE- hemochromatosxs, venesection is a valxd choice of treat-
ment to reduce liver disease activity in both diseases.

Key words: body iron store, hemochromatosis, HFE, hepatitis C, hepcidin, venesection
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of “free iron” or “labile iron”, Accordingly, iron depletion
by venesection is the standard treatment for patients with
HFE-hemochromatosis. Treatment at the pre-fibrosis stage is
essential because hepatocellular carcinoma can develop in
patients with advanced lver fibrosis even after iron re-
moval (2). Iron-induced oxidative stress in the liver can also,
be induced by chronic infection with hepatitis C virus
(HCV) and some studies suggest that in patients with
chronic hepatitis C (CHC), the coexistence of even a slight
amount of excess iron in the liver may exacerbate this oxi-
dative stress and promote liver injury and fibrosis, and in
some cases, promote carcinogenesis (3, 4). Over the last 20
years, the treatment of choice for CHC has been interferon
(IFN) therapy (5). Even though the clinical administration of
pegylated IEN and combination therapy with ribavirin have
improved the viral clearance rate, these antiviral therapies
are effective in eradicating the virus in only approximately
50% of patients (6). Therefore, venesection has been pro-
posed as an alternative in CHC patients who either were
contraindicated or responded poorly to IFN therapy, but the
routine application of venesection for the treatment of CHC
patients remains limited worldwide.

Hepcidin, a peptide synthesized in the liver, is the main
regulator of iron homeostasis by inhibiting intestinal iron
absorption and iron release by macrophages (7, 8). Func-
tionally, hepcidin secreted into the circulation binds to ferro-
portin, the only known cellular iron exporter, inducing its
internalization and degradation (9). Thus, the down-
regulation of ferroportin controls iron efflux from entero-
cytes and reticuloendothelial cells into the circulation.
Hemochromatosis proteins act as positive regulators of hep-

cidin. Thus, hepcidin synthesis is at a low level in patients-

with HFE-hemochromatosis, which is the primary explana-
tion for the development of iron overload in these pa-
tients (10). Venesection further decreases serum and urinary
hepcidin to very low levels in patients with HFE-
hemochromatosis, indicating that they are still able to modu-
late, although inappropriately, hepcidin production in re-
sponse to iron stores (11, 12). Investigation of hepcidin
regulation has been limited due to the lack of reliable meth-
ods. Recently serum hepcidin levels of CHC patients were
measured in 2 studies using different methods (13, 14). Both
studies indicated that hepcidin regulation by iron stores is
maintained in CHC and suggested that HCV infection can
impair hepcidin produciion, which may be an important fac-
tor in hepatic iron accumulation.

Based on prévious data on.the possible beneficial effect
of venesection in HFE-hemochromatosis and CHC (2-4), we
investigated iron-induced hepatotoxicity and hepcidin regula-
tion under these iron overioad ‘conditions.

Subjects and Methods

Fourteen Japanese patients with CHC (8 males and 6 fe-
males; aged 57 + 8 years) and eight Italians with HFE-
hemochromatosis (6 males and 2 females; aged 49 + 17

yeé.rs) were treated by venesection. Age-matched controls
were selected from a database of heaithy Japanese volun-
teers {8 males and 6 females; aged 56 + 7). Inclusion crite-
ria for CHC patients were: HCV-positive chronic hepatitis,
alcohol intake <25 g/day, absence of coexisting hepatitis B
virus (HBV) infections; absence of decompensated cirrhosis; -
absence of coexisting conditions that could influence iron
parameters, such as acute and chronic inflammatory diseases
and hematological disorders, venesection, iron supplementa-
tion or repeated transfusions. All CHC patients were either
non-responders to IFN or had refused IFN therapy. Most pa-
tients were under long-term ursodeoxycholic acid treatment
without interruption during venesection. Demographic infor-
mation showing that the HFE mutant has an almost zero in-
cidence among Japanese (15) permitted omission of HFE
analysis in this population. Inclusion criteria for HFE-
hemochromatosis were increased transferrin saturation and
serum ferritin, and homozygosity for C282Y mutation in
HFE (1). HBV, HCV or human immunodeficiency virus in-
fections and high alcoholic intake were exclusion criteria for
the hemochromatosis group. Patients with CHC received ve-
nesection with modified endpoints of serum ferritin of 20
ng/mL or hemoglobin of 12.0 g/dL based on a previous re-
port (3) because iron deficiency anemia might decrease hep-
cidin production. A volume of 200 mL for female patients
and 400 mL for male patients was removed every two
weeks. Italian patients with HFE-hemochromatosis were
treated by standard venesection with an endpoint of serum
ferritin levels of less than 50 ng/ml.. A volume of 350 mL
for female patients and 400 mL for male pauents was drawn
each week.

Routine laboratory tests included hemoglobin, serum
alanine aminotransferase (ALT) activities, serum iron, total
iron binding capacity and ferritin concentration. Transferrin
saturation (TS) was calculated according to the' standard
method. Serum hepcidin 25 was quantified by liquid chro-
matography tandem mass spectrometry in the laboratory of
Kanazawa Medical University, and expressed as ng/ml as
reported previously (16).

Because Hb did not change in venesection for hemochro-
matosis, body iron stores were simply estimated from the to-
tal iron removed using a modified version of the following
formula reported previously (17) [mean Hb (g/dL)=0.034x
total blood volume (mL)]. Body iron stores of hepatitis with
post treatment anemia were adjusted by reduced hemoglobin

. (Hb) concentration during venesection: ‘body iron stores

(mg)=total iron removed (mg) - reduced blood iron (mg)
{AHb (g/dL)x0. 034x1/15xb0dy weight (g)]. AHb (g/dL) was
defined as the change in the concentration after venesection.
Reduction of ALT activity was calculated as [pre-
treatment activity-post treatment activity]. Based on a hy-
pothesis that sensitivity to iron-induced hepatotoxicity might
be represented by a ratio of ALT reduction during venesec-
tion to body iron stores, the iron hepatotoxmxty index ([HI)
was calculated by [dividing reduction in ALT activity by
body iron stores estimated from total volume of removed
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Table 1. Laboratory Data of Controls and Patients Receiving Venesection
Subjects Hb Hepcidin Ferritin H/F ratio TS ALT
(g/dL) (ng/mL} (ngfmL) (%) (UML)
Japanese Contro} {(n=14)
Base line 14.0£1.4 337179 110+81 (.484+0.47 35.849.3 2047
Japanese CHC (n=14) ]
Pre Treatment 14.6+1.] 30.7x14.5 ZSOtI}Z 0.14+0,07 45,3x12.9 90+27
Post Treatment 13,113 20214 1544 0.15+0.12 17.2+5.7 41416
pl (Pre vs. Cont) ns ns <0.01 ~ 0.018 0.034 <0.01
p4 (Pre vs. Post) <0.01 <0.01 <0.01 ns <0.01 <0.01
Italian Hemochromatosis (n=8)
Pre Treament 14.6+0.8 111292 13474620 0.0120.01 R3x]4 40221
Post Treatment 14.8%0.5  2.1£2.3 4916 0.05£0.05 4113 185
pl (Pre vs. Control)  ns <0.01 <0.0} <0.01 <0.01 ns
p2 (Pre vs. Pre CHC) ns <0.01 <(.01 <0.01 <0.01 <Q.01
p3 (Post vs. Post CHC)  <0.01 ns <0.01 0.012 <(.01 <0.01
p4 (Pre vs. Post) ns 0.014 <0.01 ns <0,01 0.016

H/F, heiacidn/fenitin, ALT; alenine aminotransferase, TS; transferrin saturation, CHC; chronic hepatitis C, p/; statistical analysis of
. pre-treatment values compared to control baseline, p2; statistical analysis of pre-treatment values compared 1o those of CHC, p3;
statistical analysis of post treatment values compared to those of CHC, p4; statistical analysis of pre-treatment and post-treatment

values.

There were sex differences in Hb and serum ferritin concentration, but not in serum levels of hepcidin and ALT in controls.

Pre-treatment patients with hemochromatosis were characterized by remarkably high levels of ferritin and transferrin saturation, and low
levels of hepcidin and ALT compared to those with CHC. Baseline levels of hepcidin did not differ between controls and CHC, but the
hepcidin/ferritin ratio,-an iron regulatory hormone index adjusted by fepresentative values of body iron stores, were low in CHC.
Regardless of the different endpoints, both patients with CHC and those with hemochromatosis responded similarly to venesection
treatment. Post treatment Jevels of hepcidin were quite low in all patients regardless of CHC or hemochromatosis,
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Figure 1. A correlation between serum levels of ferritin and
hepcidin 25 in pre-treatment patients with chronic hepatitis C.
Hepcidin might regulate iron homeostasis in chronic hepatitis
C patients.

bliood].

These procedures including venesection were performed
in accordance with guidelines for Human Research at Na-
goya University Hospital and Milano-Bicocca University.
For statistical analysis, biochemical indices were expressed
‘as mean * SD, and differences between pre- and post-
treatment values, and those among patient groups were ana-
lyzed using Student’s t test. Gender differences were not

considered in the study because of the smail number of pa-
tients,

Results

Laboratory data of subjects at entry and post-venesection
are summarized in Table 1. Pre-treatment levels of serum
ferritin, transferrin saturation and ALT differed among -
groups. Serum ferritin levels and TS were markedly elevated
in hemochromatosis, and slightly increased in CHC com-
pared to those in controls. ALT levels were three times
higher than the upper normal value in patients with CHC
and only slightly increased in hemochromatosis patients.
Pre-treatment hepcidin levels of hepatitis patients did not
significantly differ compared with those of controls (33.7 +
17.9 vs. 30.7 = 145 ng/mL, p=0.64), but the hepcidin/fer-
ritin ratio in hepatitis patients was significantly lower than
that in controls (0.14 + 0.07 vs. 0.48 = 0.47, p=0.018). Se-
rum hepcidin levels were significantly lower in patients with
hemochromatosis. Markedly low levels of hepcidin and high
levels of ferritin induced quite low values for the hepcidin
index in hemochromatosis patients. A significant correlation
was observed in the pre-treatment levels between serum
hepcidin and ferritin in CHC patients (r=0.65, p=0.012)
(Fig. 1), but not in controls and hemochromatosis patients
(data not shown). The small number of controls and patients
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