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1. IFUBIC

Epstein-Barr 7 4 )V A (EBV) &, 1964 4 |2 Burkitt
) U SIERERR L Y SEERE S N2 Y. 2 oESEEY A
VA, b MG L s g % BB E (infectious
mononucleosis: IM) %32 L CEEBRKT 2 2. miEs
WrDFETAS, T 2D A IV ADIRGIEF & B S22 L7,
SR L RES OHESIZE, BRI T S
CD21 8 EBV @ F 7z 57k L HIBI L, EBV DBA OE=
RIS 0, BEGekkaX & BINE DOBEIEE o 72, i
FEVESRIEASAAE QNG RBAT, FERAEEHE & S il ik o
A, HIV B & B 581 SR AN E O IR RERAT 5 5 EBV O
BEIRITZEIEAE A 72, 1980 812125, EBV Bk T #ifa -
NK AR IES; D B & 5 WIZEBIME &g+ 2 B
(15 P35 B EBV &34  chronic active EBV infection:
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FEWATANAE LTEBV O LHRENENOENDH S DT, 2Tk EBV B
PO 2 GG & T8 EORE, S BIT 5.

CAEBV) »5Huts & L7z, EBV EHIIPE ) MEBR & A REMEE,
FRHEMAL & BCREREORMM, 2 L TR0 Em -
B R & L OB A% ST & 729, EBV %
WX E Y E T VA e <, & 4B MR R (large
lymphoblastoid cell line: LCL 7 &) OENT3H .0 TH -
72h8, AER Mo A O 2ifE b EATWE, 22
TZ EBV B B D ZIEIZ DWW, il & 2 o s
BN MR T 5.

2. EBV ORLZMR

EBViZy & bALRZAY A )V A (human herpes virus:
HHV :HHV4) TH» 4. b N2EADmEEEL, FOH
BT ANEIM 2R 2 92NT & A SIIAREETH 5. BEE
B2 IM O 90% 11X EBV O#IEGIZ L 5 b DT, ¥
N & [E U HHV 8 @ cytomegalovirus (CMV: § HHV-5)
12X 5. EBVIRMER % L CINEE Rz A 58 A L BAlAE
|2J&Yes %, EBVO BLLFI A2 — R4 51 Ra—7%
> 237 gp350/220 7%, B #MifaE oo CD21 I2#5& L, #ifg
fi % i LAIIAPICR AT 2 Y. MR TIE, BRIk 2 A
DNA (episome) & L THMIZHER SIS, M52
1%, EBNAI %4 L CH& L 728tk 12 piggy-back &
7% ¥, TEE® DNA polymerase |2 & W HEH# 2. L
72735, episome @ terminal repeat (TR) %75 E4e B
MO clonality A HEE X 5. SRR B AAE I
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(VANVA E64% 17T,

IR RRR latency 1 latency 2 latency 3 latency 0
EBV st
7 AV ARIET ) &E EBNAI1 EBNAI EBNAIL,2,3ABC,LP
LMP1, 2AB LMP1, 2AB
EBERs EBERs EBERs EBERs
BARTSs BARTS BARTs (BARTs)
R DZAL
EEAL / s o FEBL R HREERE = L
Yo R IVE U AR (RS L
EBV-CTL \Zx) 3 % Kot IRPTE PP ~ Rk & 5 ]
DIVPAE N3 Burkitt 1 ¥ /)& Hodgkin ¥ , B #iifim LPD* T B e
EBV™T/NK #lf2 LPD**

*Rohlife, (RIRBE, AIDS BYE, JFUISTESREASRERE, b X OIRMBY E

VSR G END.

b RASIM 5 FEST L 72 Large lymphoblastoid cell lines (LCL) ® &4tk 313 latency 3 B Cd % .
% % EBVIT/NK MY > /s8R E L 7 ¥ 7 Mo BT EBV BWE® &,
EBNA, EBV nuclear antigen; BART, BamHI1-A rightward reading frame transcript; EBERs, EBV-encoded mRNAs; LMP, late membrane

protein; CTL; cytotoxic T-lymphocyte (3Ciik 6 & 0 2z%)

U VSRR L, RO TR & 2 B 2. B
BB ORIYIMIZ 1L EBV s B AE A 100 56 & 72 1) Ff
BRL T2 Y % ADOKMIMIC EBV 2 B3 42 &
LCL Mgtk 258t 37 8 I 5 7%, &tk IM & 5 5 Cherry,
Lamont, B95-8 72 KOS EES N TWw5b. 2 d EBV %
P B MBARR DRI S, 7 AV ZADERED S 12 &
T & 7. BMRDA O BEGAfaoB LN EETH ), X HE
SHAE y 70 7)) VIMAED B E IS EBV 45 RAHIIE = T
HHE (cytotoxic T-lymphocyte: CTL) @ A E1) — A7\ 2
L0, %ENS CD2 A BHMO £/ b %R/ NG,
2% IM BEHRORBIIE O RE M s L e, B
ALt D Y »RERIZY, BRI OFEED RSN S Y.
FEFIZ EBV &4 T Mg R NK filgtk2s CAEBV &0 56
#r s g 90 CD21 KRRy 07 Y IESE b
EBVgp350 O A i3 d 547 W, ik CD35 23722 %
HhL L TEABSR TS )

EBV O RAER T latency 0 ~ 3 I23EE N, 7 A VA
FREEET - BEHOEHAPFHB S ATw2 (FD 9.
f s BE G DOWERAINE Cld EBER & BARTs O A W58
LCw% (latency 0). EBV IZFIEMALT % & episome 7F
L THRIRE Y, BEIOH L7 A )V AR T & LTH
Rt 31 5 (Iytic/replicative phase). = @ & &
100 L FOBIET L O & EAT 5. RIS
#§ % late membrane protein-1 (LMP1) & EBV nuclear
antigen-2 (EBNA2) (ZIZJEBEVEDH D, 045 1%
IZFEHIZ AT S LT & 72, LMP1 X EBNA Ol & %
B35 56 A2 D], B D\ L BZLFI 7 E OSBFL R & D
(EA12, epigenetic % Ml ER ShTw2 ¥ EBV
DL T 5 microRNA OFENT SR, HAEL D220 T

B ZFDFBLNY — IR & BRI TR 2 5 W R,
ER 2k LT, 7/ AORLENL R &9 5
WOMBEEAEHIN TS Y, EBV &, mEOMGRIX
LRI R IE BTN L o T B 10,

3. EBV I T 2BBEDRELE

PEGARIZ EBV X)) v SHfkA & K igIL, &8~ &k
K9 5. NKAMEE T M9 0> 5% 7 Gz 4a 24 4
JaTd b, TS IEHEM, HEILL T, IL-1, TNF-q,
IFN-y 7 EORIEHEY 1 b A v xpEA L, MlgEEEE
RRET 29 i, EBV RO RMIMICEITS b T
YAV N =LFEHTOT 7 AL, oy A VAL
B0 F U7y A4 ARG W LT, R E A R
THhbHIENWE SN AL CDS Btk T Mg,

SRESLHYICIZ AN oxERE LT, BERERYICIZ CTL & L
THE <. R D O REHRIIGE L NK gz &8, 2
7 IM OFERIZ C oRERIL 2 b HH S S, T Mgy
Z 4K (TCR) @ complementarity determining region (CDR)
T B, SN THREMD YA F I v 7 R HEhE L
IWH % s 5. EBV-CTL o 8 B & 4F % © MHC
pentamer 72 &% W CTEZF KM CTHETE 5. &G
JElZ EBVHURDOZEIZHZ, 7 AV AHED viral IL-10
70 EOPRPES A N A R FEH L GIEREET 5 . itk
G0 TUd gp350 (23 & AR G 2 B+ 4.
EBV R REEOILR, Eiiido EBVIX, x€1)—B
MRS AERRT 2 (BRLET V). LIE UIZEERENE
WAL L7 R i & e %

JT4E, Toll-like receptor (TLR) 72 & HKGELIHS
F TR v — & T 2 M O O B AR 25
527 > T &7z, TLRY I3 EBV % ik L HARGRIEILE
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EBV BV 955 P 2 EBV B3 (%) RGNS B REEC (latency) INA ) A
PIPATA
Burkitt V) > /SHE R EEH 100 B I ~ 7)) TiATH
B 10-85 B I
Hodgkin V) > 73SE {RAHE 60-80 B I
s E A A L 7Y 15-20 B il
Lymphomatoid granulomatosis 100 B II Y&N
DLBCL/LPD i3 (o 100 B I Kt (1P 20E)
f= il 50-100 B 1, 11, (1D EhEIZ L A T4
ThiTR >90 B 111 Ly Bilis ZNEFREAE
JEEEMREAS 1-15 B, (# T) 11, I1I T MlaA 4
AIDS BgE1) > /)& * 30-100 B I, IL, 11T HIV gge# , HHVS
Aggressive NK i@ F ML >90 NK I TIT
Hiyh NK/T Mifg ) >3 E Sk 100 NK, T I W77
451 EBV B4 T filig LPD 100 T I 77 (THif) & CAEBV
TR ARKIERERR ) > /S 100 yo T, NK 11 TIT, AATATTA) AV
I v RIEE
BLHEDS A 100 LEL LII WroT, 7T 70h
HAA 90, 5-15 LEL, 25 A LII 184 90E (Hopylori 72 &)
AIDS B A 100 S A ? HIV J&ge

* PARAERE, RSB IS K OB ) o8 E R St BEMEEREY Yo EIRIZIZe bAVRAY A )V A 8 (HHVS) & co-infection %%
AHNGL. MEREFERE THILY »8ED EBV B4 BAAHIE T 5 & S b25, THIROERELIZIE RHOA ZRAHS5 355 2 LS
Ak 72 - 72, DLBCL; diffuse large B cell lymphoma, EBV, Epstein-Barr virus; HIV, human immunodeficiency virus; NK, natural killer; LEL,

lymphoepithelioma type (3CHL 3 & V) &%)

B L, HRBABOMEEZHML TW5 Y. —%,
EBV fllid TLRO D53 & FREE % Hll4H L SGEmlbE 2 1322 % .
EBV B3k BPLFI1 & TLR % /i L CHRIEREIZHF 535 &
STHBHDO. MW, vA VA, <7 T7EBEODNA I
EBV K E DO /NT > 2125285 5. 15 £ O pattern
recognition receptors M %% & LLIHTAAY A FSIE D B 5055
&7z %Y, TLR7 13 LMP1 O %8 % 553 | IFN # {3
&4 SLE OBIER T & 72 2 M b RIB ST b 2,

4. B H S &7 EBV BEKRE

EBV EYE DOFRRE L RIZRE IR T 5 720, G
NOHRELEZTHELZT ) LENH L. EBV BEER
DIFAE = JES & SIEIC DT 5.

EBV B #EB R BIZIL) R EIEY VSR D B
(%2). V) 3RMEE 21 Burkitt ) > /3% & B Ml
2%, EBV 2MEF 4/ 412 integrate S5 T & (34
W TH 5 B2 7202 latency 75, MILEE & o

OB PBEBEIND, T ) TR ESSRLIMAD,
Yt B # A o E 51U transfromation # 12464 5. —7, &

W B, HIVIEGE T, REAEICL Y, HIH
TELRWEEBAMEOEHE (1) v/ BEEE) 282 .
PERREE ) D BHRESBIEFRE L S 5.
Wiskott-Aldrich fE R 7% & 0 JF IS GIEA 404E 12 EBV B
W) COSED A A %) NK M, T MFA ST %
5513 latency 2 Bl % & 1) LMP1 OESEALA~DBEG-H7RIE
Ens. B RIESETIE, EBV OWHOETH L
FEHRD BINEEDS A & EDADDH Y, 7 A )V AGF A

[gA kOB EDBIE SN 5.

B JRE & £ 9 £ EBV B EIE, SLE, =7 L~
R, BLOBE Y v~ FRETH D T, SRMURAL
i 30 R AP B BUESEBRE (drug induced hypersensitivity
syndrome: DIHS) & JENE#1% EBV Bl E<Hh 5 3V, =
NS ORI B MO PG L L EBV SR 2 PR O
molecular mimicry 25 &N T &7z, DIHS I L T
(&, EBV HEMEILIZRE D &ML CDSTT Mg o B 5-53E H
ENDH,AMDONIVARAT A NV ADFEEALE b E#ET %
SMEIMoT ¥ YEBICH, ML CDSTT Mifass
M3 5LENTND,

MBS Z T & 2\ ) o SRR A2, EBV B I
e oS RkERSE (EBV-associated hemophagocytic
lymphohistiocytosis: EBV-HLH) & {& 1584 EBV BE4E
(chronic active EBV infection) 7% % 32, EBV-HLH 3/)
B A SN A EBV MBS0 S MEEER & LT, bAE
T LB a L LTIRA ST %), CD8 Fitk
T M BAE AL L 72 ) STy o — > BéGE$ 5 39,
—7, CAEBV X EBV G HAL % £F ) B ERE T, ke
7)Y NERICEG: L 7o &2 HEBR © & 37, (R s i i
BI O RDPRIGHRETH S 5% 7V 79513 THIES
L ONK ALY 2 b O, Wk Tid B Mg &g
THLLOPHMESNTEL. L2, BEEMEICO»

TR EERIl e o CTE 2. TV T AL WRIFTEDS A
D X 92 EBV ZEFRIC X 5 ey R ZEAERERE b HHE X

N7=A%, 7Y 7 EBV-HLH & CAEBV OHEEHS I F
TR 72 EBV BRAYVBER 58 S 723513 v 57 Bk
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EBV+T cells, NK cells
from CAEBV patients

X CAEBV
(Asian type)
model
NOD/SCID/IL2Ryc™! %" X PTLD, B-cell
NOGR™X L
( ) / / lymphoma
model

EBV infection after human

hematopoietic cell transplantation

1 EB7AJLAOD T/NK ffaRRE & B filaRREOYI XZET IV
NOD/SCID/IL2Ryc™! (NOG) ~ 7 AlZt MEMMig 2B L7z " ML~ 2" |2 EBV % &4 S, EBV Bplk B Ml
BLPD (F) & LT %. NOG~ 7 A2, T/NK Mgk 7 o 7 8 CAEBV & Hk O BGMIBIEH 2 AT 2 &

CAEBVETNVE% DL (1),

Tl, EBV-HLH %% HLH (Familial HLH; FHL) @
L9 HLH 2 2 LR T WEEER O H 5 EEIZ5E
LB EZE 2 5T 840 CAEBV b EBV 24§
LR GIENSIED R L EZ 5N TE7. Lizd-
T, Wiy BMRAKETLZHEELEZ SN TWE.
ZaE, BERAICEIEEIM Th A X ) v SHEhEAE
(X-linked lymphoproliferative disease: XLP) 2%, EBV 4§
R EREIE L ENTELNALTHA . XLPIZBAE
XLP1 & XLP2 |24 & 1., SAP/SHZDIA & XIAP/BIRCY
NENZTROEREET L LCRAESh TS Y, XLP
Y LCITK 3 & 0 CD27 &5 & #iis S 7z 1249 Chediak
BEREEE (CHS) BE b EBV B0 EREALP STV
724 CHS &, Lyst 1 #f5 728812 & % Bk 8% E T,
F A MY 4. Perforin B E (FHL2) %1%
F &I LR W ER T R E  (Hermansky-Pudlak
SEfERE 2 Bl - AP3BI %%, Griscelli fEEHE 2 B © Rab27A
BF) \EHLH & & 723 RS MRERTIETH L. LirL,
SNl EBVUALO ™ AL A% k% & LT HLH
RERET A28, EBVERE LIZVA RV, AR
Bge 7 ENIVARA T A )V A D BERE R B S B E R
TIERERENFR SN2 25, EBV-HLH 2S# 15 &
T2EZTDATIIHROTH S, RIEd XMEN 7% &
O L\ EBV B SE AR EEA RO > TWwa 9 XLP2
» HLH 8% % B MR T 5 2 L SRS NI 1),
PG CDS B4 T Aifiadsi” EBV-HLH B2 F 72K
BETERESR TRV, FAREAOHEDL 2. 7Y7
1 EBV-HLH B& 9 b R &gz 5 1 3710%

(SCHE 63 & 64 D~ ™7 A % fERAL)

ff L7 B B e & 7 5 474 EBV-HLH (48t
CDS8 1 T Mifgsgsnsl) 2 &R0 VE—En T
LCHHTAZDIFELZ) TH 5.

CAEBVO Y52 7d, Wk LAERY TRE(HER
%. WHO @) > /SJE5HT, 2008 4R I2R1 & CT/NR 4 Btk
EBV W14 T Mg ) >~ /388 5f e (EBV-positive systemic
T-cell lymphoproliferative disease of childhood) 7%7E# &
N7z ZHIFER O TH 575, EE CAEBV 0
75% 5 /N4 Bk EBV Byt T Al > SEGEAE & &
B35, 7Y 7 CAEBV OFEMRET b & 2 Mg kK fiE &
I @ AR 1 B B T 3. EBV-HLH & CAEBV i
EBV Bk T Hiifg ) > /XBEGHAE CTdh 5 A%, BRIRIR & b
JOTEDS 7 £ B C RS A A 2 2 & 5 A 51
T FTHAHD, 2B LTS AT AR AN — O AR iH#F
HETH 5%, T/NK Ml kg EBV-HLH & CAEBV 12k
Ko QI END X%k o725 p A EBV-HLH
L5 57, EBV-HLH & CAEBV 1253 % rituximab
%2 TNF o SE W57 & 0 HE )22 BN L R SHIE A & )5 %
ERTREDL LNAEWSY 7 7RI EBV-HLH I3[ £
BB D WIGEIZFHIET 5 EBV &G CDS B4 T flfz
D2 70— U ETH A R & T B W) IR D B AR
% L T CAEBV ix [EBV &% T/NK Mg 7 11— > Hj
RIS S EDTE LRV EBY SFRGIERNSIE] & L
T, GEETITOLO0NPHEBTITEERENTHAS ).

5. HLWERE
EBV Fth B Al ) » S % REAN 4~ 7 A NHERE L,
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EBNA % LMP1 % fillffl L C, lE5 O AT 24T h T & 7278,
MESE T VI o720 ik, e MENOG <7 A%
FAWT % EBV @ B A GeR & 7L 6263 & T filja &
PRE 7L e E Nz (B1). BiFiEe bkl
ZERBH L7 NOG~Y Y AIZEBV 2 &S ¥7-bDThH
5. 7Y THE CAEBV ®EF LTI, BEH¥KD EBV
P T/NK M RE 2 AR5 S/ C, BETBIR SNz EkYe
MR O BgE & MR, B RE R E D EETE S %
IR TIEIAT A THSZBFEETNVELTOAEHTH 5.
EBV @ T/NK Mg~ BB L S 2Tl v, &
JECD35A S ) 0 EDDFELZEBVEZELE LTROD -
7212 CD35 13k E>FC, B RTEREIZIC SIS 578
JEBHMNE Y Y SERDIEGAERR & e B E D) NIEH S T
. CAEBV HEEIZIZ, BasY7vy MIED 5K
YeiE @ oligoclonal B ASER & & A1 65660 18 1 Bl 1 jek
PeDRGEHE G E R O AT EN S, TYTH
CAEBV B#Z 0 &g T Mg ORIFIZE L Tix, WiRsbo
PN 35 5 CD21 Btk T mrBRAIAE~ @ &G o W RE T
5 60 7o b RS S E VCCRE L, EBVT
yOTHINE(Vy9d2) @ra— »BEGHFITIX, KKKk
7 DNT #ilig (DN1 - DN2 04 bEeRE) 12 e ii 2 A
L7298 %512 CAEBV % 0 & % CD34 By 1 5l i 13
EBV J&Za il T\ 5 2 & 2FERR L 7. CAEBV EH DR
Y CEAL 2 A I R —E L TBY, yo THil
&G L CDAYT MRS CRE AT L e, FLR I 5
M IE 2 L L 5 5. CAEBV & IZHIET 5 T/NK #
fa) v SR E2 B RGEM e M — 70— LIRS %
V. AR BTV AR o TREMBITO AL 59, F
B & aH IS AR D RR SR S s 69,

6. HbHIC

EBV B RBEO ST EWEE ) MRS, L TBHE
ROMBVBZOTANVALEEOMD Y ZHAL TE 7.
CDOTAINVADHITEN L - T, [EEOISIER R % iR
W EDORENHITE 57259 H ? EBV-HLH & CAEBV IZ
B TRENEEDSHESNLZA 9 2 EBV T 7 F
UG R T L, EBV BB 2 R S &5 H AR
BIEH D) H P ROFMANIE, KERT ) AERE R,
B Z O Z O DNA v 1 VR &Rz B OB, L
oAV R EIZ RS B IELOBE T 2 SERE S LD
I s

SE

1) Epstein MA, Achong BG, Barr YM. Virus particles in
cultures lymphoblasts from Burkitt's lymphoma. Lan-
cet. 1964;1(7335):702-3.

2) Thorley-Lawson DA, Hawkins JB, Tracy SI, Shapiro

w
~

5

6)

7)

10)

11)

12)

13)

14)

15)

71

M. The pathogenesis of Epstein-Barr virus persistent
infection. Curr Opin Virol. 2013;3(3):227-32.

Rickinson AB. Co-infections, inflammation and onco-
genesis. Future directions for EBV research. Semin
Cancer Biol. 2014 (in press)

Nemerow GR, Wolfert R, McNaughton ME, Cooper
NR. Identification and characterization of the
Epstein-Barr virus receptor on human B lymphocytes
and its relationship to the C3d complement receptor
(CR2). J Virol. 1985;55(2):347-51.

Young LS, Rickinson AB. Epstein-Barr virus. 40 years
on. Nat Rev Cancer. 2004 ;4(10):757-68.

Ohga S, Nomura A, Takada H, Hara T: Epstein-Barr
virus associated diseases in childhood.-Immunological
aspects of Epstein-Barr virus infection. Crit Rev
Oncol Hematol. 2002; 44:203-15.

Faulkner GC, Burrows SR, Khanna R, Moss D], Bird
AG, Crawford DH. X-Linked agammaglobulinemia
patients are not infected with Epstein-Barr virus:
implications for the biology of the virus. J Virol. 1999
;73(2):1555-64.

Anagnostopoulos I, Hummel M, Kreschel C, Stein H.
Morphology, immunophenotype, and distribution of
latently and/or productively Epstein-Barr virus-in-
fected cells in acute infectious mononucleosis: impli-
cations for the interindividual infection route of
Epstein-Barr virus. Blood. 1995;85(3):744-50.

Imai S, Sugiura M, Oikawa O, Koizumi S, Hirao M,
Kimura H, Hayashibara H, Terai N, Tsutsumi H, Oda
T, Chiba S, Osato T. Epstein-Barr virus (EBV)-carry-
ing and -expressing T-cell lines established from
severe chronic active EBV infection. Blood. 1996
;87(4):1446-57.

Oyoshi MK1, Nagata H, Kimura N, Zhang Y, Demachi
A, Hara T, Kanegane H, Matsuo Y, Yamaguchi T,
Morio T, Hirano A, Shimizu N, Yamamoto K. Preferen-
tial expansion of Vgamma9-JgammaP/Vdelta2-Jdelta3
gammadelta T cells in nasal T-cell lymphoma and
chronic active Epstein-Barr virus infection. Am J
Pathol. 2003 ;162(5):1629-38.

Thiel J, Kimmig L, Salzer U, Grudzien M, Lebrecht D,
Hagena T, Draeger R, Voelxen N, Bergbreiter A, Jen-
nings S, Gutenberger S, Aichem A, Illges H, Hannan
JP, Kienzler AK, Rizzi M, Eibel H, Peter HH, Warnatz
K, Grimbacher B, Rump JA, Schlesier M. Genetic
CD21 deficiency is associated with hypogammaglobu-
linemia. J Allergy Clin Immunol. 2012 ;129(3):801-10.
Ogembo JG, Kannan L, Ghiran I, Nicholson-Weller A,
Finberg RW, Tsokos GC, Fingeroth JD. Human com-
plement receptor type 1/CD35 is an Epstein-Barr
Virus receptor. Cell Rep. 2013 ;3(2):371-85.

Tempera I, Lieberman PM. Epigenetic regulation of
EBV persistence and oncogenesis. Semin Cancer Biol.
2014 (in press)

Klinke O, Feederle R, Delecluse HJ. Genetics of
Epstein-Barr virus microRNAs. Semin Cancer Biol.
2014 (in press)

Oh JH, Kim Y], Moon S, Nam HY, Jeon JP, Lee JH, Lee
JY, Cho YS. Genotype instability during long-term



72

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

subculture of lymphoblastoid cell lines. ] Hum Genet.
2013 ;58(1):16-20.

Arvey A, Tempera I, Tsai K, Chen HS, Tikhmyanova
N, Klichinsky M, Leslie C, Lieberman PM. An atlas of
the Epstein-Barr virus transcriptome and epigenome
reveals host-virus regulatory interactions. Cell Host
Microbe. 2012 ;12(2):233-45.

Dunmire SK, Odumade OA, Porter JL, Reyes-Genere
J, Schmeling DO, Bilgic H, Fan D, Baechler EC, Bal-
four HH Jr, Hogquist KA. Primary EBV infection
induces an expression profile distinct from other
viruses but similar to hemophagocytic syndromes.
PLoS One. 2014;9(1):e85422.

Ohga S, Nomura A, Takada H, Tanaka T, Furuno K,
Takahata Y, Kinukawa N, Fukushima N, Imai S, Hara
T. Dominant expression of interleukin-10 and trans-
forming growth factor-beta genes in activated T-cells
of chronic active Epstein-Barr virus infection. ] Med
Virol. 2004 ;74(3):449-58.

Zauner L, Nadal D. Understanding TLR9 action in
Epstein-Barr virus infection. Front Biosci (Landmark
Ed). 2012 ;17:1219-31.

van Gent M, Braem SG, de Jong A, Delagic N, Peeters
JG, Boer IG, Moynagh PN, Kremmer E, Wiertz EJ,
Ovaa H, Griffin BD, Ressing ME. Epstein-Barr virus
large tegument protein BPLF1 contributes to innate
immune evasion through interference with toll-like
receptor signaling. PLoS Pathog. 2014 ;10(2):e1003960.
Moumad K, Lascorz J, Bevier M, Khyatti M, Ennaji
MM, Benider A, Huhn S, Lu S, Chouchane L, Corbex
M, Hemminki K, Forsti A. Genetic polymorphisms in
host innate immune sensor genes and the risk of
nasopharyngeal carcinoma in North Africa. G3
(Bethesda). 2013 ;3(6):971-7.

Valente RM, Ehlers E, Xu D, Ahmad H, Steadman A,
Blasnitz L, Zhou Y, Kastanek L, Meng B, Zhang L.
Toll-like receptor 7 stimulates the expression of
Epstein-Barr virus latent membrane protein 1. PLoS
One. 2012;7(8).e43317.

Morissette G, Flamand L. Herpesviruses and chromo-
somal integration. J Virol. 2010 ;84(23):12100-9.
Khoury JD, Tannir NM, Williams MD, Chen Y, Yao H,
Zhang J, Thompson EJ; TCGA Network, Meric-Bern-
stam F, Medeiros L], Weinstein JN, Su X. Landscape of
DNA virus associations across human malignant can-
cers. analysis of 3,775 cases using RNA-Seq. J Virol.
2013 ;87(16):8916-26.

Tran H, Nourse J, Hall S, Green M, Griffiths L, Gandhi
MK. Immunodeficiency-associated lymphomas. Blood
Rev. 2008 ;22(5):261-81.

Bax HI, Freeman AF, Anderson VL, Vesterhus P,
Laerum D, Pittaluga S, Wilson WH, Holland SM. B-cell
lymphoma in a patient with complete interferon
gamma receptor 1 deficiency. J Clin Immunol. 2013
;33(6):1062-6.

Draborg AH, Duus K, Houen G. Epstein-Barr virus in
systemic autoimmune diseases. Clin Dev Immunol.
2013;2013:535738

Kivity S, Arango MT, Ehrenfeld M, Tehori O, Shoen-

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

(WA VA

feld Y, Anaya JM, Agmon-Levin N. Infection and auto-
immunity in Sjogren's syndrome: A clinical study and
comprehensive review. ] Autoimmun. 2014 (in press)
Takeuchi M, Sato Y, Yasui H, Ozawa H, Ohno K, Taka-
ta K, Gion Y, Orita Y, Tachibana T, Itoh T, Asano N,
Nakamura S, Swerdlow SH, Yoshino T. Epstein-Barr
Virus-infected Cells in IgG4-related Lymphadenopa-
thy With Comparison With Extranodal IgG4-related
Disease. Am J Surg Pathol. 2014 (in press)

Ruprecht K, Wunderlich B, GieB R, Meyer P, Loebel
M, Lenz K, Hofmann J, Rosche B, Wengert O, Paul F
Reimer U, Scheibenbogen C. Multiple sclerosis. The
elevated antibody response to Epstein-Barr virus pri-
marily targets, but is not confined to, the glycine-ala-
nine repeat of Epstein-Barr nuclear antigen-1. ] Neu-
roimmunol. 2014 (in press)

Ozcan D, Seckin D, Bilezik¢i B, Arslan H. The role of
human herpesvirus-6, Epstein-Barr virus and cyto-
megalovirus infections in the etiopathogenesis of dif-
ferent types of cutaneous drug reactions. Int J Derma-
tol. 2010 ;49(11):1250-4.

Okano M, Gross TG. Acute or chronic life-threatening
diseases associated with Epstein-Barr virus infection.
Am J Med Sci. 2012 ;343(6):483-9.

Yachie A, Kanegane H, Kasahara Y. Epstein-Barr
virus-associated T-/natural killer cell lymphoprolifer-
ative diseases. Semin Hematol. 2003 ;40(2):124-32.
Kasahara Y, Yachie A, Takei K, Kanegane C, Okada K,
Ohta K, Seki H, Igarashi N, Maruhashi K, Katayama
K, Katoh E, Terao G, Sakiyama Y, Koizumi S. Differen-
tial cellular targets of Epstein-Barr virus (EBV) infec-
tion between acute EBV-associated hemophagocytic
lymphohistiocytosis and chronic active EBV infection.
Blood. 2001 ;98(6):1882-8.

Okano M, Kawa K, Kimura H, Yachie A, Wakiguchi H,
Maeda A, Imai S, Ohga S, Kanegane H, Tsuchiya S,
Morio T, Mori M, Yokota S, Imashuku S. Proposed
guidelines for diagnosing chronic active Epstein-Barr
virus infection. Am J Hematol. 2005 ;80(1):64-9.

Kimura H, Morishima T, Kanegane H, Ohga S, Hoshi-
no Y, Maeda A, Imai S, Okano M, Morio T, Yokota S,
Tsuchiya S, Yachie A, Imashuku S, Kawa K, Wakigu-
chi H; Japanese Association for Research on Epstein-
Barr Virus and Related Diseases. Prognostic factors
for chronic active Epstein-Barr virus infection. J
Infect Dis. 2003 ;187(4):527-33.

Kelesidis T, Humphries R, Terashita D, Eshaghian S,
Territo MC, Said J, Lewinski M, Currier JS, Pegues D.
Epstein-Barr virus-associated hemophagocytic lym-
phohistiocytosis in Los Angeles County. ] Med Virol.
2012 ;84(5):777-85.

Risma K, Jordan MB. Hemophagocytic lymphohistio-
cytosis: updates and evolving concepts. Curr Opin
Pediatr. 2012 ;24(1):9-15.

Parvaneh N, Filipovich AH, Borkhardt A. Primary
immunodeficiencies predisposed to Epstein-Barr
virus-driven haematological diseases. Br ] Haematol.
2013 ;162(5):573-86.

Koganti S, de la Paz A, Freeman AF, Bhaduri-McIn-

FodE Wl



pp.67-74, 2014)

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

tosh S. B lymphocytes from patients with a hypomor-
phic mutation in STATS3 resist Epstein-Barr virus-
driven cell proliferation. J Virol. 2014 ;88(1):516-24.
Yang X, Kanegane H, Nishida N, Imamura T, Hama-
moto K, Miyashita R, Imai K, Nonoyama S, Sanayama
K, Yamaide A, Kato F, Nagai K, Ishii E, van Zelm MC,
Latour S, Zhao XD, Miyawaki T. Clinical and genetic
characteristics of XIAP deficiency in Japan. J Clin
Immunol. 2012 ;32(3):411-20.

Huck K, Feyen O, Niehues T, Riischendorf F, Hibner
N, Laws HJ, Telieps T, Knapp S, Wacker HH, Meindl A,
Jumaa H, Borkhardt A. Girls homozygous for an IL-2-
inducible T cell kinase mutation that leads to protein
deficiency develop fatal EBV-associated lymphoprolif-
eration. ] Clin Invest. 2009 ;119(5):1350-8.

Veillette A, Pérez-Quintero LA, Latour S. X-linked
lymphoproliferative syndromes and related autosomal
recessive disorders. Curr Opin Allergy Clin Immunol.
2013 ;13(6):614-22.

Nagai K, Ochi F, Terui K, Maeda M, Ohga S, Kanegane
H, Kitoh T, Kogawa K, Suzuki N, Ohta S, Ishida Y,
Okamura T, Wakiguchi H, Yasukawa M, Ishii E. Clini-
cal characteristics and outcomes of chédiak-Higashi
syndrome: a nationwide survey of Japan. Pediatr
Blood Cancer. 2013 ;60(10):1582-6.

Li FY1, Chaigne-Delalande B, Su H, Uzel G, Matthews
H, Lenardo MJ. XMEN disease:. a new primary immu-
nodeficiency affecting Mg2+ regulation of immunity
against Epstein-Barr virus. Blood. 2014 ;123(14):2148-
52.

Yang X, Wada T, Imadome K, Nishida N, Mukai T,
Fujiwara M, Kawashima H, Kato F, Fujiwara S, Yachie
A, Zhao X, Miyawaki T, Kanegane H. Characterization
of Epstein-Barr virus (EBV)-infected cells in EBV-as-
sociated hemophagocytic lymphohistiocytosis in two
patients with X-linked lymphoproliferative syndrome
type 1 and type 2. Herpesviridae. 2012 ;3(1):1.

Shiraishi A, Ohga S, Doi T, Ishimura M, Takimoto T,
Takada H, Miyamoto T, Abe Y, Hara T. Treatment
choice of immunotherapy or further chemotherapy for
Epstein-Barr virus-associated hemophagocytic lym-
phohistiocytosis. Pediatr Blood Cancer. 2012
;59(2):265-70.

Kogawa K, Sato H, Asano T, Ohga S, Kudo K, Morimo-
to A, Ohta S, Wakiguchi H, Kanegane H, Oda M, Ishii
E. Prognostic factors of Epstein-Barr virus-associated
hemophagocytic lymphohistiocytosis in children:
Report of the Japan Histiocytosis Study Group. Pedia-
tr Blood Cancer. 2014 ;61(7):1257-62.

Cohen JI, Jaffe ES, Dale JK, Pittaluga S, Heslop HE,
Rooney CM, Gottschalk S, Bollard CM, Rao VK,
Marques A, Burbelo PD, Turk SP, Fulton R, Wayne AS,
Little RF, Cairo MS, El-Mallawany NK, Fowler D,
Sportes C, Bishop MR, Wilson W, Straus SE. Charac-
terization and treatment of chronic active Epstein-
Barr virus disease: a 28-year experience in the United
States. Blood. 2011 ;117(22):5835-49.

Kimura H, Ito Y, Kawabe S, Gotoh K, Takahashi Y,
Kojima S, Naoe T, Esaki S, Kikuta A, Sawada A, Kawa

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

73

K, Ohshima K, Nakamura S. EBV-associated T/NK-
cell lymphoproliferative diseases in nonimmunocom-
promised hosts: prospective analysis of 108 cases.
Blood. 2012 ;119(3):673-86.

Cohen JI, Kimura H, Nakamura S, Ko YH and Jaffe ES:
Epstein-Barr virus-associated lymphoproliferative
disease in non-immunocompromised hosts: a status
report and summary of an international meeting, 8-9
September 2008. Ann Oncol. 2009; 20:1472-82.

Kawa K, Sawada A, Sato M, Okamura T, Sakata N,
Kondo O, Kimoto T, Yamada K, Tokimasa S, Yasui M
and Inoue M: Excellent outcome of allogeneic
hematopoietic SCT with reduced-intensity condition-
ing for the treatment of chronic active EBV infection.
Bone Marrow Transplant. 2011; 46:77-83.

Sonke GS, Ludwig I, van Oosten H, Baars JW, Meijer
E, Kater AP and de Jong D: Poor outcomes of chronic
active Epstein-Barr virus infection and hemophago-
cytic lymphohistiocytosis in non-Japanese adult
patients. Clin Infect Dis. 2008; 47:105-8.

Beutel K, Gross-Wieltsch U, Wiesel T, Stadt UZ, Janka
G and Wagner HJ: Infection of T lymphocytes in
Epstein-Barr virus-associated hemophagocytic lym-
phohistiocytosis in children of non-Asian origin. Pedi-
atr Blood Cancer 2009; 53:184-90.

Fox CP, Shannon-Lowe C, Gothard P, Kishore B, Neil-
son J, O'Connor N and Rowe M: Epstein-Barr virus-
associated hemophagocytic lymphohistiocytosis in
adults characterized by high viral genome load within
circulating natural Killer cells. Clin Infect Dis. 2010;
51:66-9.

Klion AD, Mejia R, Cowen EW, Dowdell KC, Dunleavy
K, Fahle GA, Holland-Thomas N, Maric I, Pittaluga S,
Raffeld M, Santos C, Stetler-Stevenson M, Krogmann
T, Shatzer AN, Turk SP, Yin Y, Xi L, Prussin C, Cohen
JI. Chronic active Epstein-Barr virus infection: a
novel cause of lymphocytic variant hypereosinophilic
syndrome. Blood. 2013; 121(12):2364-6.

Elazary AS, Wolf DG, Amir G, Avni B, Rund D, Yehuda
DB and Sviri S: Severe Epstein-Barr virus-associated
hemophagocytic syndrome in six adult patients. J Clin
Virol. 2007, 40:156-9.

Imashuku S, Kudo N, Kubo K, Yachie A. Are regi-
mens containing rituximab effective in the initial
treatment of Epstein-Barr virus-positive natural killer
cell lymphoproliferative disease-associated
hemophagocytic lymphohistiocytosis? Int J Hematol.
2013; 98(3):375-7.

Chellapandian D, Das R, Zelley K, Wiener SJ, Zhao H,
Teachey DT, Nichols KE; EBV-HLH Rituximab Study
Group. Treatment of Epstein Barr virus-induced hae-
mophagocytic lymphohistiocytosis with rituximab-
containing chemo-immunotherapeutic regimens. Br J
Haematol. 2013;162(3):376-82.

Nasimuzzaman M1, Kuroda M, Dohno S, Yamamoto T,
Iwatsuki K, Matsuzaki S, Mohammad R, Kumita W,
Mizuguchi H, Hayakawa T, Nakamura H, Taguchi T,
Wakiguchi H, Imai S. Eradication of Epstein-Barr
virus episome and associated inhibition of infected



74

61)

62)

63)

64)

65)

tumor cell growth by adenovirus vector-mediated
transduction of dominant-negative EBNA1. Mol Ther.
2005 ;11(4):578-90.

Chatterjee B, Leung CS, Minz C. Animal models of
Epstein Barr virus infection. J] Immunol Methods.
2014 (in press).

Yajima M1, Imadome K, Nakagawa A, Watanabe S,
Terashima K, Nakamura H, Ito M, Shimizu N, Yama-
moto N, Fujiwara S. T cell-mediated control of
Epstein-Barr virus infection in humanized mice. J
Infect Dis. 2009 ;200(10):1611-5.

Sato K, Misawa N, Nie C, Satou Y, Iwakiri D, Matsuo-
ka M, Takahashi R, Kuzushima K, Ito M, Takada K,
Koyanagi Y. A novel animal model of Epstein-Barr
virus-associated hemophagocytic lymphohistiocytosis
in humanized mice. Blood. 2011 ;117(21):5663-73.
Imadome K, Yajima M, Arai A, Nakazawa A, Kawano
F, Ichikawa S, Shimizu N, Yamamoto N, Morio T,
Ohga S, Nakamura H, Ito M, Miura O, Komano J, Fuji-
wara S. Novel mouse xenograft models reveal a criti-
cal role of CD4+ T cells in the proliferation of EBV-in-
fected T and NK cells. PLoS Pathog. 2011;7(10):e
1002326.

Toyabe S, Harada W and Uchiyama M: Biclonal expan-
sion of T cells infected with monoclonal Epstein-Barr

66)

67)

63)

69)

70)

(WA IR

virus (EBV) in a patient with chronic, active EBV
infection. Clin Exp Immunol. 2003; 134:92-7.

Endo R, Yoshioka M, Ebihara T, Ishiguro N, Kikuta H
and Kobayashi K: Clonal expansion of multiphenotypic
Epstein-Barr virus-infected lymphocytes in chronic
active Epstein-Barr virus infection. Med Hypotheses.
2004; 63:582-7.

Paterson RL, Kelleher C, Amankonah TD, Streib JE,
Xu JW, Jones JF, Gelfand EW. Model of Epstein-Barr
virus infection of human thymocytes. expression of
viral genome and impact on cellular receptor expres-
sion in the T-lymphoblastic cell line, HPB-ALL. Blood.
1995 ;85(2):456-64.

Ohga S, Ishimura M, Yoshimoto G, Miyamoto T, Taka-
da H, Tanaka T, Ohshima K, Ogawa Y, Imadome K,
Abe Y, Akashi K, Hara T. Clonal origin of Epstein-Barr
virus (EBV)-infected T/NK-cell subpopulations in
EBV-positive T/NK-cell lymphoproliferative disorders
of childhood. J Clin Virol. 2011 ;51(1):31-7.

Balfour HH Jr. Progress, prospects, and problems in
Epstein-Barr virus vaccine development. Curr Opin
Virol. 2014 (in press)

Villarreal L. Viruses and host evolution: virus-mediat-
ed self identity. Adv Exp Med Biol. 2012;738:185-217.

564 % 5 1%, pp.67-74, 2014)

History of resaerch on Epstein-Barr virus

~ target cells of infection, and disease ~
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Half a century has passed since Epstein-Barr virus (EBV) particles were isolated from the
cultured lymphoblasts of Burkitt lymphoma. During the period, molecular biology, hematology/
immunology, and transplantation medicine made amazing progress, that clarified the mode of
infection and pathophysiology of the virus in human diseases. Research strategies on the relationship
between EBV and human have expanded to the epidemiology, structures and functions of both
genomes, regulatory genes including microRNA, and the nature of epigenetics. Although no animal
models of EBV infection long hampered the completion of in vivo experiments, humanized mice have
broken through a barrier of in vitro study on EBV-infected cell lines. Our understanding of the life
cycle of EBV has continued to deepen about the infection via the CD21 receptor expressed on B cells,
the latency, reactivation/reinfection, and transformation, and also the dynamics of T-cell immune
response and the intracellular immunosurveillance beyond acquired and innate immunity. On the
other hand, the disease entity of life-threatening lymphoproliferative disease of EBV-infected T cells
or NK cells is on controversial. The other parts of this special issue include the recent topics of the
basic and clinical researches of EBV as the oncogenic virus. Then, we herewith overview the
research history of EBV with special reference to the infected cells and host immune responses in
EBV-associated diseases.



