References

1.

wr

20.

21.

22.

23.

24.

26.

27.

Kimura H, Hoshino Y, Kanegane H, Tsuge I, Okamura T, et al. (2001) Clinical
and virologic characteristics of chronic active Epstein-Barr virus infection. Blood
98: 280-286.

. Kawa K, Okamura T, Yagi K, Takeuchi M, Nakayama M, et al. (2001)

Mosquito allergy and Epstein-Barr virus-associated T/natural killer-cell
lymphoproliferative disease. Blood 98: 3173-3174.

. Kimura H (2006) Pathogenesis of chronic active Epstein-Barr virus infection: is

this an infectious disease, lymphoproliferative disorder, or immunodeficiency?
Rev Med Virol 16: 251-261.

. Fox CP, Shannon-Lowe C, Rowe M (2011) Deciphering the role of Epstein-Barr

virus in the pathogenesis of T and NK cell lymphoproliferations. Herpesviridae
2: 8.

. Kwong YL (2005) Natural killer-cell malignancies: diagnosis and treatment.

Leukemia 19: 2186-2194.

. Soni V, Cahir-McFarland E, Kieff E (2007) LMP! TRAFficking activates

growth and survival pathways. Adv Exp Med Biol 597: 173-187.

. Lam N, Sugden B (2003) CD40 and its viral mimic, LMPI: similar means to

different ends. Cell Signal 15: 9-16.

. Shair KH, Bendt KM, Edwards RH, Bedford EC, Nielsen JN, et al. (2007) EBV

latent membrane protein 1 activates Akt, NFkappaB, and Stat3 in B cell
lymphomas. PLoS Pathog 3: ¢166.

. Kulwichit W, Edwards RH, Davenport EM, Baskar JF, Godfrey V, et al. (1998)

Expression of the Epstein-Barr virus latent membrane protein 1 induces B cell
lymphoma in transgenic mice. Proc Natl Acad Sci U S A 95: 11963-11968.

. Lam N, Sugden B (2003) LMP]1, a viral relatve of the TNF receptor family,

signals principally from intracellular compartments. EMBO J 22: 3027-3038.

. Dirmeier U, Hoffmann R, Kilger E, Schultheiss U, Briseno C, et al. (2005)

Latent membrane protein 1 of Epstein-Barr virus coordinately regulates
proliferation with control of apoptosis. Oncogene 24: 1711-1717.

. Kilger E, Kieser A, Baumann M, Hammerschmidt W (1998) Epstein-Barr virus-

mediated B-cell proliferation is dependent upon latent membrane protein 1,
which simulates an activated CD40 receptor. EMBO J 17: 1700-1709.

. Kieser A, Kaiser C, Hammerschmidt W (1999) LMP1 signal transduction differs

substantially from TNF receptor 1 signaling in the molecular functions of
TRADD and TRAF2. EMBO J 18: 2511-2521.

. Paine E, Scheinman RI, Baldwin AS Jr, Raab-Traub N (1995) Expression of

LMP1 in epithelial cells leads to the activation of a select subset of NF-kappa B/
Rel family proteins. J Virol 69: 4572-4576.

. Uchida J, Yasui T, Takaoka-Shichijo Y, Muraoka M, Kulwichit W, et al. (1999)

Mimicry of CD40 signals by Epstein-Barr virus LMPI1 in B lymphocyte
responses. Science 286: 300-303.

. Workman P, Burrows F, Neckers L, Rosen N (2007) Drugging the cancer

chaperone HSP90: combinatorial therapeutic exploitation of oncogene addic-
tion and tumor stress. Ann N Y Acad Sci 1113: 202-216.

. Neckers L, Workman P (2012) Hsp90 molecular chaperone inhibitors: are we

there yet? Clin Cancer Res 18: 64-76.

. Whitesell L, Lindquist SL (2005) HSP90 and the chaperoning of cancer. Nat

Rev Cancer 5: 761-772.

. Jhaveri K, Taldone T, Modi S, Chiosis G (2012) Advances in the clinical

development of heat shock protein 90 (Hsp90) inhibitors in cancers. Biochim
Biophys Acta 1823: 742-755.

Usmani SZ, Chiosis G (2011) HSP90 inhibitors as therapy for multple
myeloma, Clin Lymphoma Myeloma Leuk 11 Suppl 1: S77-81.

Nagata H, Konno A, Kimura N, Zhang Y, Kimura M, et al. (2001)
Characterization of novel natural killer (NK)-cell and gammadelta T-cell lines
established from primary lesions of nasal T/NK-cell lymphomas associated with
the Epstein-Barr virus. Blood 97: 708-713.

Zhang Y, Nagata H, Ikeuchi T, Mukai H, Oyoshi MK, et al. (2003) Common
cytological and cytogenetic features of Epstein-Barr virus (EBV)-positive natural
killer (NK) cells and cell lines derived from patients with nasal T/NK-cell
lymphomas, chronic active EBV infection and hydroa vacciniforme-like
eruptions. Br ] Haematol 121: 805-814.

Miller G, Lipman M (1973) Release of infectious Epstein-Barr virus by
transformed marmoset leukocytes. Proc Natl Acad Sci U S A 70: 190-194.
Murata T, Kondo Y, Sugimoto A, Kawashima D, Saito S, et al. (2012)
Epigenetic Histone Modification of Epstein-Barr Virus BZLF1 Promoter during
Latency and Reactivation in Raji Cells. J Virol 86: 4752-4761.

. Noda C, Murata T, Kanda T, Yoshivama H, Sugimoto A, et al. (2011)

Identification and characterization of CCAAT enhancer-binding protein (C/
EBP) as a transcriptional activator for Epstein-Barr virus oncogene latent
membrane protein 1. J Biol Chem 286: 42524-42533.

Kimura M (2008) IRF2-binding protein-1 is a JDP2 ubiquitin ligase and an
inhibitor of ATF2-dependent transcription. FEBS Lett 582: 2833-2837.

Jeon YK, Park CH, Kim KY, Li YC, Kim J, et al. (2007) The heat-shock protein
90 inhibitor, geldanamycin, induces apoptotic cell death in Epstein-Barr virus-
positive NK/T-cell lymphoma by Akt down-regulation. J Pathol 213: 170-179.

PLOS ONE | www.plosone.org

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

HSP90 Inhibitors Repress EBV-Positive NK Lymphoma

Sun X, Barlow EA, Ma S, Hagemeier SR, Duellman §J, et al. (2010) Hsp90
inhibitors block outgrowth of EBV-infected malignant cells in vitro and in vivo
through an EBNAl-dependent mechanism. Proc Natl Acad Sci U S A 107:
3146-3151.

Imadome K, Yajima M, Arai A, Nakazawa A, Kawano F, et al. (2011) Novel
mouse xenograft models reveal a critical role of CDD4+ T cells in the proliferation
of EBV-infected T and NK cells. PLoS Pathog 7: ¢1002326.

Johannsen E, Koh E, Mosialos G, Tong X, Kieff E, et al. (1995) Epstein-Barr
virus nuclear protein 2 transactivation of the latent membrane protein |
promoter is mediated by J kappa and PU.1. J Virol 69: 253-262.

Laux G, Adam B, Strobl L], Moreau-Gachelin F (1994) The Spi-1/PU.1 and
Spi-B ets family transcription factors and the recombination signal binding
protein RBP-J kappa interact with an Epstein-Barr virus nuclear antigen 2
responsive cis-element. EMBO J 13: 5624-5632.

Grossman SR, Johannsen E, Tong X, Yalamanchili R, Kieff E (1994) The
Epstein-Barr virus nuclear antigen 2 transactivator is directed to response
elements by the J kappa recombinaton signal binding protein. Proc Natl Acad
Sci U 8 A 91: 7568-7572.

Kis LL, Gerasimcik N, Salamon D, Persson EK, Nagy N, et al. (2011) STAT6
signaling pathway activated by the cytokines IL-4 and IL-13 induces expression
of the Epstein-Barr virus-encoded protein LMP-1 in absence of EBNA-2:
implications for the type II EBV latent gene expression in Hodgkin lymphoma.
Blood 117: 165-174.

Kis LL, Salamon D, Persson EK, Nagy N, Scheeren FA, et al. (2010) 1L-21
imposes a type II EBV gene expression on type III and type I B cells by the
repression of C- and activation of LMP-1-promoter. Proc Natl Acad Sci U S A
107: 872-877.

Kis LL, Takahara M, Nagy N, Klein G, Klein E (2006) IL-10 can induce the
expression of EBV-encoded latent membrane protein-1 (LMP-1) in the absence
of EBNA-2 in B lymphocytes and in Burkitt lymphoma- and NK lymphoma-
derived cell lines. Blood 107: 2928-2935.

Konforte D, Simard N, Paige CJ (2008) Interleukin-21 regulates expression of
key Epstein-Barr virus oncoproteins, EBNA2 and LMPI, in infected human B
cells. Virology 374: 100-113.

Chen H, Lee JM, Zong Y, Borowitz M, Ng MH, et al. (2001) Linkage between
STAT regulation and Epstein-Barr virus gene expression in tumors. J Virol 75:
2929-2937.

Chen H, Hutt-Fletcher L, Cao L, Hayward SD (2003) A positive autoregulatory
loop of LMP1 expression and STAT activation in epithelial cells latently infected
with Epstein-Barr virus. J Virol 77: 4139-4148.

Schoof N, von Bonin F, Trumper L, Kube D (2009) HSP90 is essential for Jak-
STAT signaling in classical Hodgkin lymphoma cells. Cell Commun Signal 7:
17.

Takahara M, Kis LL, Nagy N, Liu A, Harabuchi Y, et al. (2006) Concomitant
increase of LMP1 and CD25 (IL-2-receptor alpha) expression induced by IL-10
in the EBV-positive NK lines SNK6 and KAI3. Int J Cancer 119: 2775-2783.
Zhou J, Zhang J, Lichtenheld MG, Meadows GG (2002) A role for NF-kappa B
activation in perforin expression of NK cells upon IL-2 receptor signaling.
J Immunol 169: 1319-1325.

Rakitina TV, Vasilevskaya IA, O’Dwyer PJ (2003) Additive interaction of
oxaliplatin and 17-allylamino-17-demethoxygeldanamycin in colon cancer cell
lines results from inhibition of nuclear factor kappaB signaling. Cancer Res 63:
8600-8605.

Wang X, Ju W, Renouard J, Aden J, Belinsky SA, et al. (2006) 17-allylamino-17-
demethoxygeldanamycin synergistically potentiates tumor necrosis factor-
induced lung cancer cell death by blocking the nuclear factor-kappaB pathway.
Cancer Res 66: 1089-1095.

Waltzer L, Logeat F, Brou C, Israel A, Sergeant A, et al. (1994) The human
J kappa recombination signal sequence binding protein (RBP-J kappa) targets
the Epstein-Barr virus EBNAZ2 protein to its DNA responsive elements. EMBO J
13: 5633-5638.

Sjoblom A, Jansson A, Yang W, Lain S, Nilsson T, et al. (1995) PU box-binding
transcription factors and a POU domain protein cooperate in the Epstein-Barr
virus (EBV) nuclear antigen 2-induced transactivation of the EBV latent
membrane protein 1 promoter. J] Gen Virol 76 (Pt 11): 2679-2692.

Sjoblom A, Nerstedt A, Jansson A, Rymo L (1995) Domains of the Epstein-Barr
virus nuclear antigen 2 (EBNA2) involved in the transactivation of the latent
membrane protein 1 and the EBNA Cp promoters. ] Gen Virol 76 (Pr 11):
2669-2678.

Okawa Y, Hideshima T, Steed P, Vallet S, Hall S, et al. (2009) SNX-2112, a
selective Hsp90 inhibitor, potently inhibits tumor cell growth, angiogenesis, and
osteoclastogenesis in multiple myeloma and other hematologic tmors by
abrogating signaling via Akt and ERK. Blood 113: 846-855.

Morceau F, Buck I, Dicate M, Diederich M (2008) Radicicol-mediated
inhibition of Ber-Abl in K562 cells induced p38-MAPK dependent erythroid
differentiation and PU.1 down-regulation. Biofactors 34: 313-329.

May 2013 | Volume 8 | Issue 5 | €63566



e EB 1 L AR —Z DS LIRAE

SIS EIYE EBV B 9iE (CAEBV) &

l/ 3 b ﬂ'( g JégzL.c\
—EBV B T, NK Y v 3sB855E (EBV-T/NK-LPDs)

%)rikx?"

- SIEEEME EBV BUMEE (chronic active Epstein-Barr virus infection | CAEBV) &, H#)Id4A EBV
HFESEICEDLBOMERER, THOSEE,. FEER UV/EEBRLENSRTD
&/u (‘” bf*ﬁm < ;nh o

- FORT EBY BEBERS T HULENKHIET. A DoO—7 LB EHHE, REIC
RELBET 2 DDER, BERNEE. SGHBEE SiU By BEIEEREY N
HBEECADUT, EBVIBET, NK UL/ UBTESE (EBV-positive T or NK-cell lymphoprolif-
erative diseases . EBV-T/NK-LPDs) & L, U CRIEE S U TRDESEENTNTVS,
x%?%%mtﬁ"ﬁ‘&ia?ﬁiﬁ%c

BOBZNTEDA )bmﬁf&@-dﬂ@t ~TT, NK ﬁﬁ@k}%ﬁ@% L, BEREICEDONFD
{HHEMF BN T LR,

- EBV-T/NK-LPDs (DE2ERICIZ, EMIMEPO EBV-DNA TEEIRE & FRY BEVEROBEREN
PETH D

CEBV-T/NK-LPDs D& L 13, BREE SLOBUEOSVESRDET, BLUImEE:E
FERBEREL, BUYVCABIEINEWSEGIRETEES.

- ME—-ORAEETERENRERRECHS.

JESEIRAS T B8 X LT Virelizier 52X D
1978 AR DB 2 Y AL L 2
IM &#Z 5N Tw72h%, 1988 %12 Jones HiZ L
Y TS EBY A9 L, Do - biliE
5 LT AERSH LI EAMEs Y, #
% OBELEROBESEE 2008 F(C L&n”f“‘ﬂ’”

BB S O%E

MR A BBV B AE (chronic active Epstein-
Barr virus infection : CAEBV) & 4&, (R«

A (nfectious mononucieosis + IMY o B4

R A SR AR R R

SRR BERE (T 113-8519 W RS 1-5-45]  Awras Ayako




’3%% EB DA IR BEE

WHO @) ”/Nﬁﬁ’u‘fﬁ T3 T Mg
TR s Y.
NK #8 ~7 BR A,

S PEIE g O &

A N e &
9 MR E (hydroa
3] B EUE (hyper-
sensitivity to mosquito bites), % L CEBV B4
MERE MY v/ VEBERE (EBV-positive hemo-
phagocytic lymphohistiocytosis) iE EBV 3T, NK
MBS L o~ A RIgiE T D, i
) SEERRIES 5% X CAEBV L L & 9 2%
BELEBIEHS, ISR —DODOKBHT L
L., EBV BT, NK ) > 73855 (EBV-positive
T or NK-cell lymphoproliferative diseases :
EBV-T/NK-LPDs) & L THi—F AREF L EN
TwiY,

‘§ 5142,
LHEY

vacciniforme-like eruption),

CAERV &9
B HIZDOWT

CAEBV oy R IM B SR AEIR AR
?T'LEBV %n/’th.f? Mﬁiswﬁmﬁ' 26( N

:l)L s

Lﬁ\‘)\/, mﬂi@ £91 C’&LBV 03@‘ ¥ EBV ®
THLLENK fif~nSd, FRo0s0—
FURBEEROLFNLY, BUREELITD
BT LR E B L6, EBV-T/
NK-LPDs &t WH M L L URB2HDE T LH
mEANTVEY,

—%, IM &Pk ERPEYBBETL Y

OBH DB, SHIERETE, BMEBIZERBV AT
B L, BRI BIM Ry v SEE
OEMNMNER L EIRESRTVWEY, 3T

CAEBV ¥ LT3 AP, 2oL 4 IM
DEAFEEINTOLHEENS D, IM OB
DARA 2 M3, ERELBERR S VCA-TgM Uik

MEDPOHMBEEOFREBEILTHE, IMOD
B OFEHRBRY 5, FLVWBEOLS, b
OEHIIFFCEETH S

Zofeic. CAEBV & L *c%& RE VAR ROINES

—85—

B

BHAIZ EBV OBE*BHLLDLH 5, HH
DOWEINTELCAEBVIEZI DY 4 TH %
My YTy CifER E T, NK AR
YRGB ERL, T, NK MRS 52
bOLEBRoEELEZLNDY,

o XSz, fEsk CAFBV su/!%:’fc‘il ‘5’1‘“:
ENTEFEMRIRCE 3
PEENR T LHREESD 5, /"‘& oie b‘rI’w

BIL TS 5 2 LAY, FLFNOHBEEEG -
HIZLBETH S,
KEEClL, EBV-T/NK-LPDs, ¥4 H EBV

OB T L L i NKHg & s s,
DU —F B A R EBIIDOWT RS,

R

EBV-T/NK-LPDs D#EIX 2 b TEILTE
bo EMELBEIIAWETHLHN, CAEBV L LT
OEEHEICL B L, T TO2005~2009F D Hr
HMEBERETIFE L TIEIZ28.8ATH o7 ik

hpe BTTARIF AR H21-EA-—AR-004 (18
HEME BBV B 0 SERE RN & BB ET kR I
TAE] BEFELY), /-, EF HARED
AW A THE D, HBRIC 2000 £1013 50% W LA
AT, iz 800 d H ot HRE
Wh SEEMLD LA, FECITHEEI S H |
K ERT I TIREVPERFLTWE, Tk
b BRI 5 D OBENLEESEE L
HEEZ LN T b,

¥

.AJ-&

FIERR & RRE

EBV ' B#llg 2 A% L. BB EL &
LlMesitTwab, LdL, ERVATH ﬁt@ﬂf@
?z%ftk%rw- LTS EIPRERShTWE
. EBV i, /153 THE 20 BELL oo B A @D 90% A%
B g FITC él<§)*)s\h7‘ YA B AT
be THEL, FEIDLI BRI ENTTIN

AR & TR A3 A9



AB—E D ST
DI

EBV Mk
F )

Ll b
Bl
5 0%, B,Kw" kwﬁ:fém L AREFN T T T A

¢G(J%dﬂ NEK Ml ~53 L EBV 2%k L
mé IR ENT A, 72 IMO&
A BBV A% T e NK ‘hﬁ‘
EAWMEYENTEY, B '
EZBith,

F7: EBV #5T, NK iz
53 BB IR ARG T 4 O & AN B & A
Te o T & fzy BB THIARIS in vitro T EBV
%@we{&t,m# £
PR 11 e A NP i AV AR U A
a8Fe, MU LHilin
MBI g 88 4 & doxorubicin 2
PV AL SR,
EBV-T/NK-LPDs B3H

5 18 R s
vitro T EBV % NK
& B TR

S hil, DT

activatiol’rindured cvndme dfsammase(AID) &

"XH) (JL /fiq );‘ijl ﬁ’\j [N

EHETHY, BRI BY 2505 IJU/U/m

S L v,
SR h <
H?éi&,‘-;*@);bkjé IR LT

/vxx4/a@uﬂmwnw
AID SO HiT#E

%fi‘aviw*).

%\J

[
e
{;

CNK fiE Cid (=
Al o LR
7z e B EBV-T/NK-
hw% L & PG
L1, —‘;U""i EBV-T/ \}\_ LPDS o HiAd
P NE/T S ) o RERE 7 7 Lo &7 NK#
B ot EAGEIR Lol o, Fodie BN
FTwas Y,

PLEAR#BETH & EBV L
3T, NK ,.—,maﬁ;;‘,%mjﬁm@
n, ZOZEsb Y,

BIEERE BBV BERYE(C

P EHITH b

EBV-T/NK-LPDs @&
PRI

SEEcE RS B O RS SERV-T/NK-
IPDq OJE-@EM?K%“C“% he DED, LR
”jmﬂl/uq’“}\9‘ \_2:7.;)‘/'[\"—"5\?23“1& Z

1 wEm
ok b BOERIRMTHL, FOM £5

UoosHIENE, BFEER SERTIEAS N
N

e

TRALL, FNITHED bﬁiﬁfﬁﬁi%}a’i&f;’q Tk
X REIBLEEEHTAEELH B, LoTHE
FEHACERNE, BEIWRROME I I L
/A A

— W B T LSRR B 5,
D=0 (e P AT i B

DEED IR, %ﬁvg"? wb@%ﬂ
LSBT Tdh B F S N #1
7 Bt TR & 5% L C iR “Z>o |« }\X‘/*‘/’?
ﬁw%&&ﬂmﬁfghg\ﬁxwwmmwﬁu
IBPREEEEZONT V5, BRIl
FEIERE I 22 v, T, Eﬁjﬁ:bléﬁfsé}ifm:. %E
FERKI T ARV ET T & H Y, R
Whbilh, TS ORI NES - EAEm
%, BRI 2 2 R 2 E N B
ZEER,

ol oifigeic L » ¢

TRIFADA Y 5 —1 4 %26,

EBV-T/NK-LPDs f##
TNF-a, 1~

5’“73;133“'"""'&5:“0) SAEVET A Mo A BRE
DWEFLTHWAZEPSHL PR Tnd, I
LA Rl iﬂ‘i?’“"lﬂ WAL L, RAEDHE

B&zbidhp, vo7a77-
BRERFET ST EERD

RS C, Mk
ST S B



B EB R DS R

i

| RREASEBEONES SUREES
i
! MAPEBVIUSBORE {

! T
e | =i | [ et | EBvELEREELL |

r 7 . |

[ VCA-lgM Bt | | VCA-lgG>640f, EA-IgG>160f8 | | VCA-lgG<B40fE, EA-IEG<160f5
(BRELT) (BRELT)

l

| SRR <ERDEREELEEL |

) !

| sime (EmSU<EEEER EBV-DNARBRE |

~

| >10253E—/ugDNA | | < 10?0E—/ugDNA |

BRERDEE \ BEICRBRE
CRIEMBITS L < GBREAT)
THR. NKERADRRERD

| EBV-T/NK-LPDs2# |
;@;EBV%%T NKUJA%E%@%@?Dm9v b&a@4»x@%ﬁm”A“

(2B IR AE A AT 50 MEDLE U 7% AR o T
RO LT L D B E Y BE AP TWLTWA W, TNHOEEYS,
ER. OBPEE. ML Loy S FH#E EBV-T/NK-LPDs ERO @G BT ET R
Borth o RE W OW BE FEBL BuwlIENINL.
PERBMEL Y, o0 LREFENL L YE
%, EBV-T/NK-LPDs ;ifiﬁiaffz FRHA DI LG

%< T, F 10 PEEBPEIIZ LY, Ef/;' %ﬁ

Lo THBESOATOBRREEEETCH L 2 LD :

Fu EBV-T/NK-LPDs OBWIES Tida v, &
IR I E s, X012 EORN 5O 108 F %o O TIE, ABITIREEIED & B IG

(508 ORIt BERREAS 5 HTU%  TOFHIE 207 A £ B 72, 200
DEAPERBBERETHRELC0DY 85 REE, REOBREAERCT L. WRBHAH
(o EFRIOF R, RS Hk  BTHEIENERLND,

WOIEHIO 15 4 250 7% T dy o 7200 B RIEBOBH D260 7 0 —F ¢ — b 2 BIR
L. 8BLLETHE 27% LK B, . BTOMRCHERED T

6 5 0 20 BEEL L OB ABIOIIT TS, 21 s,

RHII 2 BI% B 12 B0 (5T%) P LT Y B

WAL EEEERAS R 9H



1 mtrigs

Al v
fr6, F9EBV B
Ik EREREY B, EBV-T/NK- LPDD Tk,
VCA-IgG @ & & 45, EA-TgC P2 8 7R
T LS -, FLEBNA FUIFREEXND L <
BT EESNLIWFRGTlEL v, FLVCA-TgM
HEBEEHEL, IMERATE2Z EEEET

2 5 JUZ DNA B
TR D IM ARV 8 L0 6 IRICER
mmeBV®DN%§%L“?%%BV®NAE
A . &mb L IZBEERSECOMELIT
%o EBV-T/NK-LPDs Tit EBV BgeHIgA KA
ez a7z, 10750 ¥ -/ ugDNA BLE
BRI, RIS mw%rt%@w
2013 ﬁfﬁfﬁ‘f ’fﬁ.‘%%;& B 7’35 Lo B OESH
Tunvd,
7§<7h"5 LT b,B\' 73“1"‘ i Tw T, FBV—T /

NK-LPDs D8I { e 2 8, FEEMA I
EBV f"k’}&é’ BORE, 2Eh, &0y 700
INERAY FBV‘T&%‘:','C‘:‘?me"(l,,m)ﬁﬁ h B

Uﬁm Z’itt L THML D L < i NK i) &
EAD o MR % VT in sity hybridization
{in situ hybridization of Epstein-Barr virus-
encoded mRNA{(EBER)) & g B & 4T v
EBV B Ao o BB 2 Mg 5 B, I >~
78ER e BAWZ GV, FREROEBV-DNA & %
AT 5, BHIEIIERERECOWIT L 25, @ik
@ X542, EBV-T/NK-LPDs Tt EBV B#E
HTHLCENKH#BTHY 20MHEE LT
B b,

EBV-T/NK-LPDs O F 3R T,

e AN

2013. 9

BIEERNE EBV B (CAEBV, sabn ‘C*?“ R

TTLBUHIEE SN W EBIENERY & 5, K
B, REL, BEoOZOOWE TR t&‘>
WEOaY PO EEHNE LEERITY. £
FELCH LT, prednisolone, cyclosporine A,
VP-16 OPFHEENS S - & %» L fFbhTsY,
FEROBIBNCE G TH B ¥, —I7C, BRESEEM
ki LES ﬁ/dJQML“’ﬁf{)‘ iz ahTni
Vg

UL, @SR oF it EHE s
TEY. KE L0 108 Gl TIE, BT
D 15 4EETERL60.6% Th o 7o OWx L, #RIETT
BT 25.7% EBHEASEBIIEFERITEro
721, B 51, 2010 A S KRR RS
[ v 5 - OB R BRI L, B
JERRABI A T o 7 BE TR C)O%LA Lo 34
BRI EREL L, miifi%v* b

GORERBITORMBIEORIT oL, EHE
$zﬁﬁ?§fiﬁ‘*5irlf E O IIE B BTSN S

LHREOMENLETH S,

BbYIZ

CAEBRV t#iis s N CEABEEOR L, EBV
AT, NK i @se L, 2ol sss o
FRAIBIE L T2 5D0%, BILEBVEET
NK D & 11— F 0 2 80 % & 5 W S HE,
M BB & &b C EBV-T/NK-LPDs &
L, —2O#EEE LTHH L, $81k i
W7zl T D DB RO, BAMAE S IRES
7 OTHRBIIEYND D00, & LICFMRR
BPLETH DL, EBV-T/NK-LPDs O 471,
EBV 2L 2% T, NK BB OBIHO AL &
4 EBV By ]’& T, NK i ]‘“ijfﬁkmc‘: WA BT TN =D
FESr, SHIIHREERBIIL 2l ES, A
ﬁ%@mkum#7V7®W%‘K%ﬁ§ﬂ%&
B E v,




O R — T (R ASERIE

(31

8

R
~

10

} Virelizier JL, Lenoir G, Gri

fei?

foory

11 C ¢ Persistent
Epstein-Barr virus infecten in a child with hyper.
gammaglobulinaemia and muneblaste proliferation
associated with a selective defect in immune inter-
feron secretion. Lancet 2 @ 231-234. 1978

Jones JE, Shurin 8§, Abramoewsky C. et al® T-cell lym-
phomas containing Epstein-Barr viral DNA in
patients with chronic Epstein-Barr virug infections. N
Engl ] Med 318 © 733-741. 1988
Quintanifla-Martinez L, Kimura H, Jaffe ES 1 EBV-
positive T~cell lymphoproliferative disorders of child-
hood, IARC Press, Lyon, 2008, p278

Kimura H, Ito Y, Kawabe 8, ef al” Epstein-Barr virus
(EBV}-associated T/NK lymphoproliferative dis-
eages in non-imimunoecomprorised hosts © prospective
analysis of 108 cases. Blood 119 673-686, 2012

He HL, Wang MC, Huang WT ¢ Infectivus mononucle-
osis mimicking malignant T-rell lymphoma in the
nasopharynx . a case report and review of the litera-
ture, Int J Clin Exp Pathol 6 ¢ 105~109, 2013

Cohen JI, Jaffe BS, Dale JK. et al : Characterization
and treatment of chronie active Epstein-Barr virus
disease * a 28-year experience in the United States.
Blood 117 : B835-5849, 2011

Fischer E, Delibrias C, Kazatchking MD © Expréssion
of CR2{the C3dg/ERV receptor. CD21} on normal
human peripheral blood T lymphocytes. ] Immunol
146 @ 865-869, 1991

Tabiasce | Vercellone A, Meggetto F, et al © Acquisi-
tion of viral receptor by NX cells through immuno-
logical synapse. J Immunel 170 : 5993-5998, 2003
Anagnostopoulos I, Hummel M, Kreschel C, et al:
Morphology, immunophenotype, and distribution of
latently andsor productively Epstein-Barr virus-
infected cells in acute infectious mononucleosis
implications for the interindividual infection route of
Epstein-Barr virus. Biood 85 © 744-750, 1995

Isobe Y, Sugimoto K, Matsuuara 1, et al © Epstein-Bary
virus renders the infected natural killer cell line, NKL
resistant to doxorubicin-induced apoptosis. Br J Can-

Lt
12;

—
=

15

16)

cer 99 1816-1823, 2008

3 Nakamura M, Iwata 5, Kimura H, et al ? Elevated

expression of activation-induced cytidine deaminase
in T and NK cells from patients with chronic active
Epstein-Barr virus infection. Eur ] Dermatol 21 :
7R0~782. 2011

Ohshima K. Kimura H, Yoshino T, et al © Proposed
categorization of pathological states of EBV-associ-
ated T/natural killer-celi lymphoproliferative disor-
der (LPD) in children and voung adults : overlap with
chronic active EBV infection and infantile fubminant
EBV T-LPD. Pathol Int 58 @ 209-217, 2008

3 Lay JD, Tsao CJ. Chen JY, et al  Upregulation of

turpor necrosis factor-alpha gene by Epstein-Barr
virug and activation of macrophages in Epstein-Bary
virus—infected T cells in the pathogenesis of hemo-
phagocytic syndrome. | Clin Invest 100 © 1969-1979,
1997

3 Aral A, Imadome K Watanabe Y. et al @ Clinical fea-

tures of adult-onset chronic active Epstein-Barr
virus infection | a retrospective analysis. Int [ Hema-
tol 93 © 602~608, 2011

Kimura H. Hoshino Y. Kanegane H, et af - Clinical and
virologic characterigtics of chronic active Epstein-
Barr virus infection. Blood 98 © 280~286. 2001
Koyama M, Takeshita Y. Sakara A. et al @ Cytotoxic
chemotherapy successiully induces durable complete
remission in 2 patients with mosquite allergy result-
ing from Epstein-Barr virus-associated T-/natural
killer cell lymphoproliferative disease. Int ] Hematol
82 1 437440, 2005

Kimura H, Morishima T, Kanegane H, et al* Prognos-
tic factors for chronic active Epstein-Barr virug
mfection. ] Infect Dis 187 @ 527-533, 2003

Kawa K, Sawada A, Sato M. et al : Excellent outcome
of allogeneic hematopoietic SCT with reduced-inten-
sity conditioning for the treatment of chronic active
EBV infection. Bone Marrow Transplant 46 @ 77-83,
2011

BABEAEFERERBEIS



Current Studies on Chronic Active Epstein-Barr virus Infection in Japan

Running title: Chronic Active EBV Infection

1geyoshi Fujiwara, MD, PhD', Hiroshi Kimura, MD, PhD?, Ken-ichi Imadome, PhD', Ayako Arai,
MD, PhD’, Eiichi Kodama, MD, PhD*, Tomohiro Morio, MD, PhD’, Norio Shimizu, PhD®, and

hi Wakiguchi, MD, PhD’.

lDé‘partment of Infectious Diseases, National Research Institute for Child Health and Development,

okyo; 2Depaﬁment of Virology, Nagoya University Graduate School of Medicine, Nagoya;
*Department of Hematology, Graduate School of Medical and Dental Sciences, Tokyo Medical and
ental University, Tokyo; 4Department of Internal Medicine/Division of Emerging Infectious
Diseases, Tohoku University Graduate School of Medicine, Sendai; *Department of Developmental
B vzlogy and Pediatrics, Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental
Versity, Tokyo; 6Department of Virology, Division of Medical Science, Medical Research
Institute, Tokyo Medical and Dental University, Tokyo; 'Department of Pediatrics, Kochi Medical

ool, Kochi University, Kochi.

Correspondence: Shigeyoshi Fujiwara, MD, PhD, Department of Infectious Diseases, National

Research Institute for Child Health and Development, 2-10-1 Okura, Setagaya-ku, Tokyo 157-8535,
Phone: +81-3-3417-2457. Fax: +81-3-3417-2419. Email: fujiwara-s@ncchd.go.jp

mber of text pages, 24; number of words, 3,906; number of reference pages, 9; number of tables,

0; umber of figures, 2; number of pages for figure legends, 1.

 article has been accepted for publication and undergone full peer review but has not been through the
copyediting, typesetting, pagination and proofreading process, which may lead to differences between this

iieréion and the Version of Record. Please cite this article as doi: 10.1111/ped.12314

1
This article is protected by copyright. All rights reserved.



Epstein-Barr virus (EBV) infection is usually asymptomatic and persists lifelong. Although
infected B cells have a potential of unlimited proliferation, they are effectively removed by

virus-specific cytotoxic T cells and EBV-associated lymphoproliferative disease develops only

munocompromised hosts. Rarely, however, individuals without apparent immunodeficiency
develop chronic EBV infection with persistent infectious mononucleosis-like symptoms. These
patients exhibit high EBV DNA load in the peripheral blood and systemic clonal expansion of
"EBV-infected T cells or natural killer (NK) cells. Their prognosis is poor with life-threatening
iplications includinghemophagocyticlymphohistiocytosis, organ failure, and malignant

lymphomas. The term chronic active EBV infection (CAEBV) is now generally used for this

se. Geographical distribution of CAEBV is markedly uneven and most cases have been
orted from Japan and other East Asian countries. Here wesummarize our current

standing of CAEBV and describe recent progress of CAEBV research in Japan.

words: Epstein-Barr  virus, chronic active EBV infection, EBV-associated
sagocyticlymphohistiocytosis, hypersensitivity to mosquito bites, hydroavacciniforme,

H

V-associated T/NK-cell lymphoproliferative disease, mouse model, flow-cytometric in situ
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:%;oduction

Epstein-Barr virus (EBV) was discovered in cultured cells of Burkitt lymphoma as the first
human tumor virus'. Since then EBV was found associated with a number of malignancies,
including Hodgkin lymphoma, nasopharyngeal carcinoma, and gastric carcinoma’. In spite of
close association with these malignancies,EBV was shown to be a ubiquitousvirus infecting more
90% of adult population in the world_ENREF_2. EBV-associated malignancies thus
op in a restricted fraction of hosts through collective effects of various factors, including host
etic background and environmental factors, as well asfunctions of EBV genes. EBV infection

in humans is usually asymptomatic and persists lifelong as latent infection, although primary

ction later than adolescencefrequentlyresults in infectious mononucleosis (IM). IM is caused
transient proliferation of EBV-infected B cells accompanied by excessive responses of
EBYV-specific cytotoxic T cells (CTLs). The main target of EBV is B cells and epithelial cells, and

EBY has a unique biological activity to transform B cellsand establishimmortalized lymphoblastoid

1l lines. Since EBV-transformed cells express at least nine viral proteins including the highly
nic EBV nuclear antigens 3 (EBNA3s)and EBNA2 (the latency III type EBV gene

expression), they are readily removed by the virus-specific CTLs and the virus does not cause

lymphoproliferative disease in normal immunocompetent hosts’.  In immunocompromised hosts

‘transplant recipients and AIDS patients, however, EBV-transformed cells are not efficiently
gved and may cause EBV-associated B-cell lymphoproliferative disease (LPD).

Rare EBV-infected individuals without apparent immunodeficiency present with persistent or
recurring IM-like symptoms including fever, hepatosplenomegaly, lymphadenopathy, and liver

dysfunction, as well as high EBV DNA load in the peripheral blpod”. The term chronic active
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infection (CAEBYV) is now generally used to describe this disease. Patients with CAEBV

untered in Japan and other East Asian countries have poor prognosis and characterized by

8-11

al expansion of EBV-infected T cells or natural killer (NK) cells In contrast, a similar

disease with less morbidity and mortality has been reported from Western countries and it is usually

associated with proliferation of EBV-infected B cells”?. In this review, focused on CAEBV as an
EBV-associated T/NK-cell lymphoproliferative disease (EBV' T/NK-LPD), we summarize the

current understanding of the disease and describe our own recent workssubsidized by grants from

he%flinistry of Health Labour and Welfare of Japan.
Clinical characteristics of CAEBV and other EBV-associated T/NK-cell lymphoproliferative

As described above, IM-like symptoms are the main symptoms of CAEBV*’. Other
N"vcal manifestations include thrombocytopenia, anemia, pancytopenia, diarrhea, and uveitis.

pheral blood EBV DNA load regularly exceeds 10>° copies/pg DNA", High-level production

ik‘vht to play important roles in inflammatory symptoms of the disease'*'®. CAEBV can be
cf?&lﬁed into the T-cell and NK-cell types, depending on which lymphocyte subset is mainly
ected with EBV. A survey of Japanese CAEBV patients revealed that the T-cell type is
sociated with less favorable prognosis than the NK-cell type'” '*_ENREF_16. CAEBV was
uded in the 2008 WHO classification of lymphomas as the systemic EBV' T-cell
» Tymphoproliferative disease of childhood".

Although the clinical course of CAEBV is chronic, patients often develop fatal complications

as multi-organ failure,disseminated intravascular coagulopathy (DIC), digestive tract
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L;/gfér/perforation, coronary artery aneurysms, and malignant lymphomas, as well as EBV-associated
eiiigophagocyticlymphohistiocytosis (EBV-HLH). HLH is a hyperinflammatory condition
ca:' ed by overproduction of cytokines by excessively activated T cells and macrophages.
Clinical ~ characteristics of HLH include fever, hepatosplenomegaly, pancytopenia,
hy rtriglyceridemia, DIC, and liver dysfunction”’. EBV-HLH usually occurs following primary
EBV infection and is itself characterized by clonal proliferation of EBV-infected T or NK
ceiljS(most often CD8 ™ T cells)*" . EBV-HLH can also occur in association with X-linked
ymphoproliferative disease (XLP) and XIAP deficiency®.

Patients with CAEBV may have characteristic cutaneous complications, namely
hypérsensitivity to mosquito bites (HMB) and hydroavacciniforme (HV), that are themselves
ctEBV™ T/NK-LPDs characterized by clonal proliferation of EBV-infected T or NK cells.
th HMB and HV can occur independently or in association with CAEBV. HYV is a childhood
sensitivity disorder, characterized by necrotic vesiculopapules on sun-exposed areas™. EBV
A levels are elevated in patients’ peripheral blood and histochemical analysis of skin lesions
Salsinﬁltration of T cells expressing the EBV-encoded small RNA (EBER)2 S.Although most

HYV resolve by early adult life, cases overlapping with CAEBV may eventually develop

BY positive malignant lymphoma that was included in the 2008 WHO classification of lymphoma

the hydroavacciniforme-like lymphomalg’

’6 ENREF_26_ENREF_19_ENREF_19_ENREF_19_ENREF_19_ENREF_27. HMB is

c ';éxacterized by severe local skin reactions to mosquito bites including erythematous swelling with
ullae, necrotic ulcerations, and depressed scars®’. These local reactions may be accompanied by
general symptoms such as high fever, lymphadenopathy, and liver dysfunction.Most HMB cases

E ‘have EBV infection in NK cells in skin lesions and peripheral blood® **. HMB cases without

5
This article is protected by copyright. All rights reserved.



mic symptoms may eventually develop CAEBV?.
pective clinicopathologic analyses of CAEBV and other EBV™ T/NK-LPDs
CAEBYV, EBV-HLH, HMB, and HV are thus distinct but overlapping entities categorized as

* T/NK-LPDs. Higher incidence of these diseases in East Asian countries and their

es of HV) were analyzed. The results showed that the clinical profile of EBV" T/NK-LPD is

osely linked with the lineage of EBV-infected cells. More than half (53%) of EBV-HLH

patients had EBV in the CD8" T-cellsubset, in contrast to the low incidence of EBV infection in this

et in the other EBV" T/NK-LPDs. Most patients (89%) of HMB had EBV-infected NK cells,

hereas majority (75%) of patients with HV had EBV-infected y8T cells. In a median follow-up
d of 46 months, 47 patients (44%) died of severe organ complications and 13 (12%) developed
lymphoma or leukemia. The age of onset >8years and liver dysfunction were risk factors for
aortality and transplanted patients had better prognosis. Patients with CD4 " T-cell infection had
rvival as compared with those with NK-cell infection. Because shorter time from onset
matopoietic stem cell transplantation (HSCT) and inactive disease at HSCT were associated
with longer survival, earlier HSCT in good condition was considered preferable. Among the 108
nts enrolled, four patients developed aggressive NK-cell leukemia (ANKL) and six patients

oped extranodal NK/T-cell lymphoma (ENKL). It is thus conceivable that a certain fraction

BV*** ENREF_34.

haracteristics of adult CAEBV cases
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CAEBY has been described mainly as a disease of children and young adults; the mean age of
t was estimated to be 11.3 years'”_ENREF_25. Recently, however, increasing number of
t patients fulfilling the criteria of CAEBV_ENREF_34are reported. This may be a true

increase in the incidence of adult-onset CAEBV or reflect improved recognition of this disease by

physicians. Arai and others reviewed 23 cases of adult-onset CAEBV and described their
characteristics® _ENREF_34. In 87% of adult cases, T cells were infected with EBV, whereas in
childhood-onset cases, theT- and NK-cell types were equally frequent. Adult-onset cases
ared rapidly progressive and more aggressive, although the number of patients analyzed was
limited. Further investigation with larger number of patients is required to elucidate the

characteristics of adulthood CAEBYV and its relation to the childhood counterpart.

urrence of CAEBYV with EBV-infected, donor-derived T cells following HSCT

The relative prevalenceof CAEBYV in East Asia and natives of Central and South America
ies a genetic background for its pathogenesis. Recently HLA-A*26, an MHC class I allele
ively common in East Asia, was found to be associated with an increased risk for EBV"
K-LPD¥_ENREF_37. Although possible involvement of EBV strains with increased
ty to induce T/NK-celllymphoproliferation cannot be formally denied, it is highly unlikely
because outbreaks and familial transmission of CAEBV havenot been reported. Arai and others
ported an intriguing case of CAEBV who experienced a relapse after bone marrow
plantation®. A 35 year-old female patient with CAEBV of the CD8 type had HSCTfrom an
unrelated male donor following myeloablative preconditioning with total body irradiation. The
rologic HLA types of the patient and the donor were identical, whereasthe DNA typeswere
different in two HLA-DR alleles.Although the peripheral blood EBV DNA was undetectable at one

moﬁth after HSCT and remained so for nearly twelve months, her EBV DNA load increased again
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4 reached 1.0 X 10° copies/ug DNA. EBV was found primarily in CD8" T cells again.

ever, her EBV-infected cells had now an XY karyotype,clearly indicating their donor origin.

encing analysis of the variable region of the EBV-encoded LMP1 gene showed that the virus
S a}n infecting CD8" T cells were different before and after BMT, suggesting that her repeated
epi%Odes of CAEBV were not caused by a rare EBV strain with an unusual biological activity. If

we do not suppose that these two consecutive episodes of CAEBV in a single patient occurred just

y chance, these findings may suggest that she has a certain genetic background that exerts its

irect effectson cellular lineages unrelated to hematopoietic stem cells.

]

Pathophysiclogy of CAEBV

21 andthe mechanism of their infection with EBV is not clear. Transfer of CD21 from B cells

= ;%@y—induced expression of CD40 and its engagement by CD40L may have a role in the survival of
)

=
i
§¢

cted T and NK cells of CAEBVpatients®. Since EBV-positive T or NK cells have been
ionally found in the tonsil and peripheral blood of IM patients, ectopic EBV infection in T or
k cells does not necessarily lead to the development of CAEBV**!, Although EBV-infected T
NK cells inCAEBV patients and cell lines derived from them do not express the most
nunodominant EBNA3s and EBNA2, they express EBNA1, latent membrane protein 1 (LMP1)
d LMP2 (the latency II type EBV gene expression) that are frequently recognized by

EBV-specific CTLs> ***_ENREF_40 Hosts with normal immune functions are thus expected

ave the capacity to recognize EBV-infected T and NK cells. It is thus conceivable that patients
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w1th CAEBV have a certain defect in immunologic functions that causes inefficient
fgnitionand/or killing of EBV-infected latency II cells. Indeed, deficiency in cellular immune

res onses to EBV has been detected in patients with CAEBV*** The defect in T-cell responses to

LMP2A might be particularly relevant to this issue’’. Interestingly, a patient with clinical

manifestations similar to CAEBY, although the virus was found in his B cells, was shown to have

mutations in the gene encoding perforin, that has a critical role in granule-mediated killing of target
*°  None of other patients with CAEBYV, however, were shown to have a mutation in
perforin gene. Mutations of the genes responsible for XLP, XIAP deficiency, and familial
HLH (except for the type 2 that is caused by mutations of perforin) have not been reported for
pat;;nts with CAEBV’.
Clonal proliferation of EBV-infected T or NK cells in CAEBV and other EBV" T/NK-LPDs
plies that these diseases have amalignant nature. However, CAEBV is a chronic disease and
a::; ﬁ nts with clonal expansion of EBV-infected T or NK cells may stay in stable condition for years
without treatment'®. Overt malignant lymphoma occurs usually after a long course of disease.
ngrefore CAEBYV may represent, at least in its early phase,premalignant or smoldering phase of

_,\sfitive leukemia/lymphomas_ ENREF_46. Ohshima and others proposed a pathological

ca gorization of CAEBV into a continuous spectrum ranging from a smoldering phase to overt

lQl}kemia/lymphomaSO. Clonality of EBV-infected T or NK cells in CAEBV may not necessarily

_inidicate a malignant phenotype; acquisition of clonality might be a result of other selective

p écesses such as immune escape.
se xenograft models for EBY" T/NK-LPD
 Animal models for EBV" T/NK-LPD have not been available, rendering researches on their

*pathogenesis and therapy difficult.  Imadome and others transplanted peripheral blood
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nuclear cells (PBMC) isolated from patients with CAEBV and EBV-HLH to immunodeficient
of the NOD/Shi-scia’/IL~2Ry““"(NOG) strain, and successfully reproduced major features of

diseases including systemic monoclonal proliferation of EBV-infected T or NK cells and

hyﬁ rcytokinemia (Fig. 1)’!.  Although many features were common to CAEBV and EBV-HLH
medel mice, hemorrhagic lesionsin the abdominal and thoracic cavities and extreme
hypercytokinemia were unique to the latter model, indicating that these mouse models reflect the
ences in the pathophysiology of the original diseases. Importantly, these models revealed an
ntial role of CD4" T cells in the engraftment of EBV-infected T and NK cells. In vivo
getion of CD4" T cells following transplantation effectively prevented the engraftment of
EB;/-infected cellsof not only the CD4" lineage but also the CD8" and CDS36" lineages.
ermore, OKT-4 antibody given after engraftment was also effective to reduce EBV DNA load

the peripheral blood and major organs (Imadome and others, unpublished results). These

s suggest that therapeutic approaches targeting CD4" T cells may be possible.

iagnosis and monitoring of CAEBV

i u}d or relapsing symptoms of IM are the major cluetothe diagnosis of CAEBV. Although
ted serum antibody titers against EBV-encoded antigens are often found, this does not occur
always and normal titers of anti-EBV antibodies should not preclude the diagnosis of CAEBV’.
nostic criteria for CAEBV has been published””. Quantitation of peripheral blood EBV DNA
nost important for diagnosis and a finding of elevated value should be followed by identification
BV-infected T or NK cells. Quantitation of EBV DNA is however influenced by many factors
and the results can vary in different laboratories’>. Recently, therefore, an international standard

'V DNA sample for normalization became available fromthe National Institute for Biological
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ards and Controls, USA. Since CAEBYV is a chronic disease that may progress to overt

:ﬁ%}gnancy and early HSCT in a better clinical condition is recommended, precise monitoring of
ient’s clinical parameters is particularly important.

F lc;w-cytomelric in situ hybridization for identification of EBV-infected cells

Diagnosis of CAEBYV requires exact phenotypingof EBV-infected cells. This process has
been usually performed by immunobeads sorting of PBMC into lymphocyte subsets, followed by
& urement of EBV DNA in each subset by quantitative PCR. These processesarehowever
time-consuming and require specific skills. Kimura and others developed a new method termed
v-cytometric in situ hybridization (FISH) to phenotype EBV-infected cells (Fig. 2)53’ M They

utilized a fluorescently labeledpeptide nucleic acid (PNA) probe complementary to EBER and

ceeded in detecting EBER by flow cytometry. Following reaction with antibodies specific to
face markers, peripheral blood mononuclear cells were permeabilized and subjected to in situ
ridization with the PNA probe. EBER probes and surface-bound antibodies were then

ted simultaneously by flowcytometry. EBV-infected cells with a certain phenotype can be

RNA (miRNA) is a small non-coding RNA of 18-25 nucleotides and plays a critical role in
gulation of cellular proliferation, differentiation, and apoptosis through negatively regulating
mRNA translation®®. miRNAs are encoded not only by cells but also by viruses; EBV is actually
the first virus shown to encode miRNAs>. Two clusters of EBV-encoded miRNAs have been

idg;itiﬁed; miR-BHRFs and miR-BARTS®®. Kawano and others reported that plasma levels of
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-BART1-5p, 2-5p, 5, and 22 are significantly higher in patients with CAEBYV than in those with
and healthy controls®. Plasma miR-BART 2-5p, 4,7, 13, 15, and 22 levels were significantly
elevated in CAEBV patients with active disease than in those with inactive disease. miR-BART13

“evels could discriminate between patients with active disease and those with inactive disease with

E

a clear cut-off value. Similarly, plasma miR-BART2-5p and 15 levels could clearly discriminate
between patients with complete remission from others. Importantly, plasma EBV DNA levels did

not show any significant correlation with these clinical parameters. These results suggest that

chemotherapeutic, and immunomodulatory drugs, with only limited success. These regimens

“’”‘%%stimated to be 0.561 + 0.08661.Very recently, Kawa and colleagues reported an excellent
b ts of HSCT following non-destructive pretreatment (RIST)*2. Forl8 pediatric patients with
QQEBV who were treated with RIST, three-year event-free survival was 85.0+8.0% and three year
all survival rate was 95.044.9%. HSCT is thus the therapy of choice for CAEBV. However,
T is still accompanied by substantial risk and CAEBV patients have high risks for
trz: V splantation-related complicationsls. It is therefore desirable to develop novel thérapies that do

not ‘depend on HSCT. Preclinical studies of two candidate drugs for CAEBV have been carried

ecently and gave hopeful results.
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Be rtezomib, known as an inhibitor of 26S proteasome®, also has an inhibitory effect on the cellular
iscription factor NF-kB. Since the survival and proliferation of EBV-transformed B cells are
critically dependent on NF-kB activity, bortezomib has been shown to induce apoptosis in these

cell§64. Iwata and others investigated the effect of bortezomib on EBV-infected T-cell lines

including those derived from CAEBV®. Bortezomib induced apoptosis in all human T-cell

lymphoma cell lines examined whether or not they were infected with EBV. In
ad 'tion,bortezomib induced the expression of EBV lytic-cycle genes BZLF1 and gp350/220 as has

n reported for EBV-infected B-cell lines®®. Bortezomib also induced apoptosis specifically in

EBV-infected T- or NK-cells cultured ex vivo from patients with EBV T/NK-LPDs.

Valproic acid is a widely used anti-epileptic drug and is also known as a potent histone deacetylase
(HDAC) inhibitor. HDAC inhibitorshave potent anticancer activities with proven efficacy in
various human malignancies. Valproicacid induces lytic infection in EBV-infected

phoblastoid and gastric carcinoma cell lines and thereby potentiatethe effects of

chemotherapeutic agents both in vitro and in vivo®”_ENREF_19. Iwata and others examined the

8

sffect of valproic acid on EBV-infected T and NK-cell lines®®. They found that this agent induces

apo 515 in human EBV-infected T and NK cells. Use of the drug with the NF-«xB inhibitor

bdﬁezomib showed an additive effect. In contrast to the previous results with EBV-infected

B-cell lines, valproic acid did not induce lytic infection in the virus-infected T and NK-cell lines,
dicating that the apoptosis-inducing effect of valproic acid is not dependent on induction of EBV

cycle.

Perspective

‘Significant progress has been made in the research of many aspects of CAEBYV, including
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