Epstein-Barr Virus (EBV) Polymorphisms in
Japanese Patients with EBV-associated
Hematological Diseases
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Epstein-Barr 7 1 )V ABAEREIZBIT 5
7 AN ADBEFLRNIET AR

SRRFEFEEFRNEREME (EIE /LR —H0%)
®ROF B F

Epstein-Barr 7 1 V2 EBV) IZEFBRANE CIZBGLTE Y, @RGSO RECRERS T4, EBVAIRRYIZER &
LCMEMBEFCEBY) »2SERICBBLTRIBZEEIZOSNTVED, BIE S FRICTY VSERFF2I 0 - 55—
(natural killer, NK) #ifiZe &'B " > WERUA DB~ BREE RO DEHASMONTETWE, S50, MEREARERE
(hemophagocytic syndrome, HPS) < &% &h14: EBV &4 /E (chronic active EBV infection, CAEBV) ’i’ﬁﬂﬁ]ﬂﬁﬁi Y F VIR,
B % COEMREDOBERLHERBIZEBVEENEE LTV AZ ERHELMICE22h 5. 20O L) REBVEEERD
FRRED LRI, EBVERGAEIMIIG OB R AR 02 R, Bk EBV B8t o 8o, EBV
MEFIEEEFEROEROBES 2SRE SN TE Y, EBVEREMIEES (atent membrane protein, LMP)-1, EBV Y5 R1#%
M (EBV determined nuclear antigens, EBNA)-1, EBNA-2, EBNA-4 (3B) 7 & EBVEIEE H DG A+ 5 — THl
2 & B IEGMRRICREE S 2, MBEEEFEEEIH L TR MRS ER SN TS, K Tld, EBVBIMM SR
DFE % HHT 572012, HPS, CAEBV, {Z¥:MEBME (infectious mononucleosis, IM) %44 & 4" 4 H 7 A ERV B i 7
HEL) TS N/ZEBVIZEWT, LMP-1, EBNA-1, EBNA-2, EBNA-4 (3B) O#{ZTF£E % PCREE%: Vv CTHRE L 7.
EBVREEMMEER L D 98 L2 EBVOREHIZ T Q)T (91%, 30/33), LMP-1130bp /K% (78%, 29/37), EBNA-1IE/Y
) RERE (76%, 25/33) TH Y, EBVELEAKBRCBEAEMMRSER CINS3o0BRETFEROEEICEAELERI
BDOONLGro7z. —7, EBNAAOBERITHHES N7 36ERIB 76 (19%) 1238 b/, BRI s a2 % &, Billa
’F&;{"L’CV‘Z) EBVTIZ2361 26 (9%) \WERL D, NKAMIZEGEL TWA8F T, &< ERFBADLN D -7,

WL, THIRBICERG: L TWAEBVTIZ50% (5/10) & BmEIZERAMM SN, ZO/KE,S, THI~OEBVEL %
ﬁ") CAEBV’%JE%J%@’J 2 & H—IBICIZEBNAA B RS LW A ATREM AR S 72, EBNA4 2850 & L7z EBVE
EEHBRETFERIE) WELEELOBTEEWSNITE20I2, 5BOE 6252 RHAPLETH S,

Key words Epstein-Barr virus, EBV determined nuclear antigens-4, chronic active EBV infection,
hemophagocytic syndrome, T cell

Epstein-Barr 7 1 )V A2 (Epstein-Barr virus, EBV) 131964 412 PIE R R A AN »/ SHEERE Tt 208 HEPTH
Epstein 502k 0, P7UA0NBIZERTBEN—F Y > Mo D E VAL 2B 59 % SLAM B % 1 (SLAM-associated
PIEHSR OB M L Y D THRIN Ty ARy protein, SAP) BEFAERYB LU/ =7 + ) VEETFERDIZ
ANVATH B, %, EBVIZMGERIE L~ 09 kged, B L AEBVHERMBEEO RIBIZL A Z L HEENTW5E, &5
YONERIZERE Y U, AR R Y R BE T F ORI AE WINSORBIZIMZ, N—=Fy Mo ExRiGo L L, S
T 559 EBVHIEES D KBS XM R DB L ELL PERED, R U270 HEOY, REREHEITRET L
NBH, JAME % 5 LG MA%HE (infectious mononucleosis, WG, T) /BRI MR E Y Y, FFa T - % T
IM) Z3EL, £OKEFIECHBRE LT L CFIZEHRIEE — (natural killer, NK) ffath 1% "2 &0 £ { DM B O
T2, L L—#OER TIXEBVESRII LY, MEkE LS FERERCTBEIZ BT B EBVOMEAVRIEE N TV B
# (hemophagocytic syndrome, HPS) @ L 3 7 &M B Al <018 WH EBV SR Y4 B MK [ 2 % BHINLL 1J1K, IhHm
PGB EBVIE 325 (chronic active Epstein-Barr virus EBVEdE T IZEVTIE, THIAR'™, NKM ™% &0 Bl
infection, CAEBV) O & ) @M M % £ B L mEETEL, & DSt oA AgI ) > 8sk o<, Bk L2 @gmm® Pe e
REBEEETAZE DAL ENHOENEroT WS, F72 T& A OHIBLPUT Y 4 W AR TFOFEEDEER S, X5 (k%
EAF, EBVERSC & 0 BIEMME & B3 5 Xl ) o/ gl SR BUT B KD & IR PIRMI I R 1% P Rz Ml 0~

FR124E 7 A 25 HZfE, FR124E9 H 6 ASH

Abbreviations : Ala, alanine; CAEBYV, chronic active Epstein-Barr virus infection; EBNA, Epstein-Barr virus
determined nuclear antigens; EBV, Epstein-Barr virus; HLA, human leukocyte antigen; HPS, hemophagocytic
syndrome; IM, infectious mononucleosis; LCL, lymphoblastoid cell line; Leu, leucine; LMP, latent membrane protein;
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EBVEg DO W R & i, EBVIREMIOSHM & BRR
FREE OEERIRIEIN TS,

EBVOEE~OEBRBERERIE, YA VARG TREDN Y
— LD ERERREER T ~ IICHESN B Y, EBVIER
R B #ilatE (lymphoblastoid cell line, LCL) < EBV &
HFEIRY > /3ETIE, #IETH % EBVIFRNZEANE (EBV
determined nuclear antigens, EBNA)-1, -2, -3, 4, 5, -6 LK
FKEPE TH 5 EBVEREMIIEZE A (atent membrane protein,
LMP)-1, -2A, 2B D& 59O EBVERET T X THBE
L, BRI eHmshs, Jhizidl, N—Fv by ¥
NEXCERZ ETIRERL TW5EBVEEFIZEBNA-L E
LMP-2A0 &, LIEGESAE, THREEEY Y&, SI%F R
TIZEBNA-1, LMP-1, LMP2» 53R L, N Z B RS
#I, TiICoEEN3. 29 LABREEEROZME, T4
HHEBVEEREF OB LY, EBVIATEEOREL
B, BHREELBETTWAEEZ LA TN DD,

4, EBVASEED SR SATICERBRELET 27200
Hilg L LT ko & A 2 #ETFRIFMHLAC, EBVEREETFH
BOERIZL > TRHEELLDREIC L B, Bkt ikh, &
PO BN E OIS L T B EEEE, T4bHEBV
BAOEIZTERENEBORBEFERI LTV 5 kIR
e X TvrA,. EBNA2IZEBVIC & 5 BEHMBEORIEILIZB
THLNEE £ TEETCH Y, BamH IRIBRBERA O
U24%EH, <75 EBNA2D CHIMGICBIT A IHERF|DE VN IC
IYVEBVIRIHEDR, 3 LSIXABEBRIZGEELD,
fE4 OEBVELEEBIZOVWTHRE EN TV AP, LMP-1ik
F v MR b R SSALT AT DD L
PHLNTWAENY, ZOLMP-1OER!, FT3 CERED3I0
WA REHPE ) IMPLARERO S ALICEE TH 5 HE
AR ENT VBB F/-EBV ST X 3 FOBH LR
IZBS LEBNARILMP1O 7O E—% — IR LTI N —
& LTE EBNA 1O CRMODLEEIC & 2 EBVEE! & £HEHEE
DHBOLMFENTVAD M, KL ICETEMBESHEARE
(major histocompatibility complex, MHC) 7 7 A 1D—2T&H 5
HLA-A1L$ 5 A0 B B E v THR AL O REAEHBAL & 72 5 EBNA4 D
FRICLD, HIAALEEMREESTHROZEZ RN T
VAT R ENT BB,

AWFgeTld, IM, EBVEMHPS, CAEBVX EBV @M
) v8fE, M IZDOWTLMP-1, EBNA-1, EBNA-2, EBNA-
LOBETFHREZRNTT S L THARICBIT 2 EBVIER % 34
L, E5122N5NEBVEE  EBVEEREDENE
X UEBVBEAZ RIS & O BEIC D EMEF N 7o,

WRELUVFE

I. EEMmiak

FHEQ BRI Dm0, EBVIEEMAIkkE: L TEBVEL
< —Ety bR BIS.S, & MoN—Fy N1 SHEEE
MRk Daudi, Jijoye, & bZEMEERIE) >/ SRR RAMaE
IM9, LCL, &M /3R o NKAIREMRYTNLO, NKHE
4 1 97 B 3 NK M NK-TS %, EBVEEM:Mfakke LT »

I

BE) > SIEERYE 009 SRR AR Moltd & Rl va7z. B95.81L
BERENBESE > 5 —/NER KAMELELD, YINIOKE
K7 A N ABFGEAT RIS E R R M IR SdE L ) £
NENEE 2272, F2IM9RHREHIERY F—F - 1)
— ANV Y (HE), DaudildHALk2 - INESESEFZEH -
MRS (UE), Moltd \XBLEMER S — N7 - filg
#8147 (30k), Jijoyeld, American Type Culture Collection
(USA) DHBEALZ:. LCLIZA > 74 —A Far&y b 357
EFANSY VAR ERIL L D, 742V f8=2
(Ficoll-Hypaque) I E M E I THAEERE 58 L, PBSICT
SEPEH LBy VRN E oy MECL D OEEL TH
B#ifa iz, EBVIRER & L TBOS.8MlfakknEE LIE+F M2,
10 % JEMAL 7 L J5 R M# (fetal calf serum), 25mM HEPES,
2X10 P M2ANMH S LS ) — ), 0.3mg/ml 7 L% 3,
200U/ml =% ¥ G, 10mg/ml¥ >~ %<4 i % &1 RPMI
16405534 (Gibco Laboratories, Grand Island, USA) (2T, 5%
COy, 3TCOEMGTTAEBMULERILBL LA, 10 74—
L FarEer bR EERREEENHEREDARRS L UH
A ERE L TV A HMRRES 2 WIZIMABR L Y 5HEL
7RI B ML & B95.8 Ei% % RN 3 IC BRI B L HSE T
A5k o 72 BEMLCL (spontaneous LCL, sLCL) %, EBV
BEE NK M R L ) £ > & — 0 1 F 2 24K G
BRNKTS 2 #3772,

I. BRER#R{E

AvT7r—HFarty bOBLNZIM 334, HPS 114,
CAEBV 1341, B/ »73iE86l, Bilfk ) o/ AR
1BIDEr 665 F xS L L, BE L DIRIL /2RI A 500 L
721) Y SER, RWMBLUBHE Y SHELZY LoSERT A PR
Y URER, 857 4 OBREEBIERE Hv (FD.

I, E&mpE, wkMEmY) LN, Y1 P XECERPSD

DNA#H

SERIL Y 88k, SEEIE S X ORI DNAME I S
PAEF Y S AEPIZLNITFo. b, L5 X 10°E
) CEIBEE 200 LICE R L, I vibT bU T ABHR
[7.4M Nal, 16mM EDTA, 32mM Tris-HCl (pH8.0), #'V) 2 — 4"~
40pg/ml] 25041, 30%N-F A NF LI JEEF MY T A
BHS Al B INA CHEER, S5CTIHoMERLA. BT,
AV 7OENT N T— V4501 EMABIEL, SRR 155 M
&%, 15000rpm, 154-M, 4CTEL L, F0OBEEERE,
33% 4 VT RELT LIT—N400u], 35%4 Y FRELT LI
— V750, 1T 2 [EIEHE L ¥R, 1 X TrisEDTA#EH K [10mM
Tris-HCI (pHS.0), 1mM EDTA (pH8.0)] 50112 L7z, A1
b AE EEARD S ODNAF X, EARIKO Fiza o b
Y AR EFNENSO LT OO, 37TCOEIRMEAIC 1057
MBS, v/ 7O0Fa—7ICEIL, D ERoEIzEL
THIE L 7=, DNAMEE I 260nm DI IERE % MG LA L7,

V. /857 1 a8 » 5 O DNAY

N5 7 4 AT 5um OE S IR L 7280 H 3 M
L Takara DEXPAT (F i, HE) % 05mlimL, 100CTI10
SIS, 12,000rpm, 105, 4°CT#L L, DNAZYEMR

MHC, major histocompatibility complex; NK, natural killer; PBL, peripheral bldod lymphocytes; Pro, proline; PTLD,
post transplantation lymphoproliferative disease; sLCL, spontaneous lymphoblastoid cell line; SSP, sequence specific

polymerase chain reaction; Thr, threonine; Val, valine
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LTV B KR % 157,

V. PCREIC & 5 EBV OB{=F S B O

EBV OMETFEEIZ OV TERETFREN T/ v -2 Hn
72PCRIBEICTHBIT L7z, FHLAT T4 v —DEERYET
== v 7R, PCREMDY A A% E2\I7RT. Wz b
“WELTR=F T FrEHEHLL. IhAOoDTT 4 v—id7
Fa vy BAE (R ICAHREF L. il L72DNA 0.2, ¢
PERIE LT, %%0.4/11\/{@%70‘7 47—, %—200/11\/[ D4FE
#0) ANTP, PCREGHRE [10mM Tris-HCl, pH8.3, 50mM
KCl, 2.0mM MgCly], Taq DNARY * 5 —+ (Perkin-Elmer
Cetus, Norwalk, USA) 1.25 AL 2%, @&50u1TPCREAT
o7, K, GeneAmpTM PCR System 9600-R % Fiv>, 94T,

Table 1. Summary of patients and samples

Disease Type of‘samples No. of samples
M Cytospin 11
PBL 22
HPS Cytospin 3
PBL
CAEBV Paraffin
Cytospin 3
PBL 9
Leukemia/Lymphoma Paraffin 3
Cytospin
PBL 3
PTLD Cytospin 1
Total 66

IM, infectious mononucleosis; HPS, hemophagocytic syndrome;
CAEBYVY, chronic active EBV infection; PTLD, post
transplantation lymphoproliferative disease; PBL, peripheral
blood lymphocytes.

Table 2. Oligonucleotide Primers Used in PCR Analysis

5SMOMBMEED#E, 95T, 30M %M, 52~58T, 30%
DT == 7, 12T, 30BOMERIE% 35~ 454 7 VAT
o, R THh, 10001KED ¥ 4 71 kB &K
[0.25%70ET =/ —NTh— 025%FTLYyI7 /=),
15% 7 4« 3—V400] %A, 10x1%15~20%T7Ha—24%
) (H14-Takara, Eil&) EKBL, =F V7 h 707 P
ik, BARBHERE (FF ANV IA—F—, 7FaY)
FTHEL.

V. EBNA-1, EBNA-4#/5FDIEEEFORE

EBNA-1#{%T, EBNA4BRTFIZOWTIEPCREEIZ & VI
i L7 DNAWTH 2 AVWIEERMN 2 HE L7, PCREWE
2.0% 7 AU —ASMZikEI L, QlAquick Gel Extraction Kit
GET7Hy, BE) T Lz ox@E & L, DNA Cycle
Sequencing Kit (Perkin-Elmer Applied Biosystems Division) %
AWTY =y Ty A% To72, V=7 TV ATIAv—L
LTHEPCRTIAv—% 20T FMH L7, XI5k CATALYST
Turbo 800 (Perkin-Elmer Applied Biosystems Division) % i
L, 96°C, 208, 50°C, 30%, 60°C, 40DH A 7% 25/
MOEL, KRR THRIZTY J — Vi TEIN L 7 SUGEY
% ABI PRISM 310 Genetic Analyzer (Perkin-Elmer Applied
Biosystems Division) =TT % ff4T L 72,

WI. EBVEEHMBEFORE

FREMS B VITERHE Y O LR mBEERE 7 Vvt Ly
£ 4VFF L7 VB (fluorescein isothiocyanate, FITC) 1%
WILCD4E/ 7 u—F ik, HLCD8E/ 71—+ Lk
Pi CD16 €/ 7 1 —+ V4fifk, $iCD20E / 7 10—+ Hifk (F —
Ve NZHNTATY AT 47X, KK, i TCR-y & Hifk
(Becton Dickinson, San Jose, USA) (2 CHeft 7=, Mg
$RAVE: & EPICS Elite (H BH, HE) & FVCHEE L 7-45g DY
YOSERARED A A Y VEREER L, EBV-encoded small
RNA-1 77— 7 (Yatoron) % L b EARATNA 7Y ¥4
¥ — 3~k (in situ hybridization) 2 & V) EBVI&4:ila % |7l
EL7.

V. HLA-AEDRE

DNA® HLA-A BEO@®REIX, ¥ — 7T v ARMNPCRIL

Gene Oligonucleotide Sequence Ta (C) Product size (bp)
EBNA-2 (U2 region)

5 5'-TTCACCAATACATGAACC-3' 57 type I; 378

3 5" TGGCAAAGTGCTGAAAGCAA-3' type I1; 483
LMP-1

5 5'-GCGACTCTGCTGGAAATGAT-3' 52 Prototype; 260

3 5-GACATGGTAATGCCTAGAAG-3' 30 bp-deletion type; 230
EBNA-1-C terminal

5 5'-GAAATTTGAGAACATTGCAGAAGG-3' 58 214

3 5'-GGGTCCAGGGGCCATTCCAAA-3' .
EBNA-4

5 5'-GAGGAGGAAGACAAGAGTGG-3' 58 230

3 5-GATTCAGGCGTGGCTCTTGG-3'
Beta actin

5 5'-TGGACTTCGAGCAAGAGATG-3' 56 415

3 5-GATCTTCATTGTGCTGGGTG-3'

Ta, annealing temperatufe.
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(sequence specific PCR, SSP) 12 & > T2 72, ZDSSPHEICIE,
Dynal SSP Kit (XY ¥ A, ®E) &£Hwvi. FIE#ETE, 1057
DIBEDY 4 7L kEBEHREEMATL0p1%22.0%7 O —
AFWAZHREI L, TF VY AT O Fifficsg s R
B L THEL /.

& £

I. IMP-1: &EFNEE

LMP-1 BIEF O EH S BERRKITHICHETH o /2. BIS.8
B L, BRHESTEHOWEENHS LEELNTVWAIMP1C
R 30bp KRLEE, IR T LD, PCREYOREDEL
LTKEITE 2., SHEMBkTOBRE T, B95.8, LCL,
Daudi, Jijoye TiZB95.8EEITH 1, sLCL, IM-9, YINI10,
NK-TS Cid 30bp K ELEI T o 72, WRBREDOKE TIE, M

M1 2 3 4 5 6

ENFEBVIZ37HI B 2060 (78 %) 230bp RERTH 5 72
(#3). BEBEIHENT L TH CAEBVIZB W THEAN R 250
2% 5 b DD 30bp KEMIZ62—100% % H©, EHRIZL
AEVIZBEDONLE D o7 (F83). EBVHEEEL TWBET) v 8
B 2R B & BRIILIZERE L T\ 5 EBV Tld 30bp K 4k
MAT86 %, THINGIZREG LTV AEBVTI390%, NKHINLL kR
Y LTV ABITIZ62%A30bp KT TH ) (34), =% NKH
TG 2 A e W T o 72, BIS.SIRAY & 30bp KT AR
BT AERIEEO o 7.

I. EBNA-2 8z FDHH

BamH 1HIBRET A @ U2 481K, 3 7%d b EBNA2#ETFO Ck
WICBRELLET T 47— %AW PCRIEIC & BT I2TEBY
FI@HEETIBEICSETE L™, Mtk <idB5.8, LCL,
sLCL, IM-9, YIN10, NK-TS#%I (A)#, Jijoye!d I (B)H!,

8 9 10 1112 M

:: 260 bp
230 bp

<— 415bp

Fig.1. PCR analysis of LMP-1 gene. DNA isolated from cell line or lymphocytes from patients were amplified with primers specific for
LMP-1 gene (upper panel) or 3-actin (lower panel) and PCR products were electrophoresed on 3% agarose gels. Specific bands were
visualized by ethidium bromide staining. Each arrow indicates a PCR product size. M, size marker; Lane 1, B95.8; Lane 2, LCL; Lane 3,
spontaneous LCL; Lane 4, Daudi; Lane 5, IM-9; Lane 6, Jijoye; Lane 7, Molt-4; Lane 8, YIN10; Lane 9, NK-TS; Lane 10, CAEBV; Lane 11,

CAEBYV; Lane 12, H;0.

Table 3. Distribution of LMP-1 subtypes in different diseases
LMP-1

Disease
Prototype (%) 30 bp-deletion type (%)

Reactive LNs 0 O 1 (100)
1Y 2(13) 13 (87)
HPS 1(20) 4 (80)
CAEBV 3(38) 5 (62)
Leukemia/Lymphoma 2(29) 5 (71)
PTLD 0 (0) 1 (100)
Total 8(22) 29 (78)

IM, infectious mononucleosis; HPS, hemophagocytic syndrome;
PTLD, post transplantation lymphoproliferative disease.

4 5 86 7

Table 4. Distribution of LMP-1 subtypes in different cell

populations
Type of LMP-1
infected cells Prototype (%) 30 bp-deletion type (%)
B cell 3(14) 18 (86)
T cell 1(10) 9(90)
NK cel! 3(38) 5(62)
Unknown 1 (50) 1 (50
Total 8 (20) 33 (80)
8 9 10 1112 M
‘ ol 4— 1t
378 bp
. @— 415bp

Fig. 2. EBV typing of virus-infected cell lines and samples from HPS patients. DNA was extracted from the cells or cytospins and
subjected to PCR amplification for EBNA2 (U2region) with appropriate primers designed to discriminate between type A (378bp) and
type B (483bp) EBV. M, size marker; Lane 1, B95.8; Lane 2, LCL; Lane 3, spontaneous LCL; Lane 4, Daudi; Lane 5, IM-9; Lane 6, Jijoye;
Lane 7, Molt-4; Lane 8, YIN10; Lane 9, NK-TS; Lane 10, HPS; Lane 11, HPS; Lane 12: H,0.
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Daudi TIEPCREMIIED S hah o7z (M2). EEFRRETHEANT
TEETH » 722 EBV33 B 304, 91%4° 1 WETH o7z (3&5).
&l EBVEE TH 5 IM TiE, 15819260 13%), SHEERE
EBV E&eiE O HPS Tld 3R 141 (33%) AT B)EITH o720
15t L, CAEBVSHIRHIM - U > /SE6HICIIE£TH I (AR
THH I@EEBVIZRE SN Lh ol Fiz, £V 3EkS
EicBVTH T QBRIKEHEHD, BREMBITEICLST,
IO Y OE[IZERD Hhzh o7z (K6).

. EBNA-1;#fzFNEE

EBNA-1:EEF CHRBD T N 4664 5 527 £ TOEEEF I
L B8 EEAEE LT, EBVIZ487TER O I FUizfto TS5

Table 5. Distribution of EBV types in different diseases

EBYV type
Disease I(A) (%) I (B) (%)
M 13 (87) 2(13)
HPS 2 (67) 1(33)
CAEBV 8 (100) 0 )
Leukemia/Lymphoma 6 (100) 0 (0)
PTLD 1 (100) 0 (O
Total 30 91) 39

Type of EBV was determined by PCR amplification for EBNA2
(U2 region) with appropriate primers designed to discriminate
between type I (A) and type II (B) EBV. IM, infectious
mononucleosis; HPS, hemophagocytic syndrome; PTLD, post
transplantation lymphoproliferative disease.

CDOEH, TAobbENTHALET T =Y EH (prototype-
alanine, P-Ala), A L7 = Y [RHE (prototype-threonine, P-Thr),
BRI AT THBN) »ERE (variantvaline, V-Val), 717
v % RR (variant-proline, V-Pro), T4 ¥ YRR (variant-
leucine, V-Leu) (2548 S h 54949,

MR B W TIEBIS.SEAEBVHETH 5 LCLATP-Ala,
Daudi #*P-Thr, Jijoye, IM-9%%V-Leu, YTN10, NK-TS, sLCL
AEVVal Th o 72, BRMIEIZBVTIE, P-Ala, P-Thr, V-Val,
V-Leu® 4 >DEIHRD HN7zd5, V-ProldfBdah -7 (K3).
AT B Td o 72 33 P-Ala 2356 (15%), P-ThrAs14l
(3%), V-Leu#2%l (6%), VValA»<258) (76%) Th-o7z (E7).

Table 6. Distribution of EBV type in different cell populations

Type of EBV type

infected cells 1(A) (%) I (B) (%)
B cell 16 (89) 2 (1)
T cell 8 (100) 0 O
NK cell 7 (100) 0 (O
Unknown 1 (50) 1 (50)
Total 32 (9D 39

Type of EBV was determined by PCR amplification for EBNA2
(U2 region) with appropriate primers designed to discriminate
between type I (A) and type II (B) EBV.

Table 7. Distribution of EBNA-1 carboxy-terminal subtypes in different disease

EBNA-1 carboxy-terminal subtypes

Disease P-Ala (%) P-Thr (%) V-Leu (%) V-Val (%)
M 1 (8 0 (0) 2 (15) 10 (77)
HPS 337 1(13) 0 (0) 4 (50)
CAEBV 1(14) 0 (0) 0 © 6 (86)
Leukemia/Lymphoma 0 (0) 0 (0) 0 (0 4(100)
PTLD 0 (0) 0 (O 0 ©) 1 (100)
Total 5(15) 1 3 2 (6) 25 (76)

EBNA-1 carboxy-terminal variations is classified according to the amino acid at codon
487. 1M, infectious mononucleosis; HPS, hemophagocytic syndrome; PTLD, post
transplantation lymphoproliferative disease.

Table 8. Distribution of EBNA-1 carboxy-terminal subtypes in different cell populations

Type of ‘ EBNA-1 carboxy terminal subtypes
infected cells P-Ala (%) P-Thr (%) V-Leu (%) V-Val (%)
B cell 210 0 0 2(11) 15 (78)
T cell 1(13) 0 O (O (V)] 787
NK cell 2(29) 0 O 0 O 5(7)
Unknown - 0 (@ 1 (50) 0 () 1(50)
Total 5(13) 1 (3) 2 (6) 28 (78)

EBNA-1 carboxy-terminal variations is classified according to the amino acid at codon
487.
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Codon 487
AGG AG AGC TCT TARACCT T

atSP o1 7e

SAGGEG AGAGTTCT TAAAGCCT T
1 ) o : T 7T0

P-Thr ;

v-val

Fig.3. Examples of sequencing data representing part of the
carboxy terminus of EBNA-1. Minus strands of the PCR
products are shown. Arrows indicate the mutation at codon
487.

Codon 399

GEGATUTY TGAC COAAAGT CA GATGCAA AA
[ B0 o

Prototype

Codon399 Asp—rSer
IM9 Codon400 Val—*Leu
Codon4l7 Val—Leu
Codon424 Lys—Arg

CAEBV Codon4l7 val—Ile
HPS | Codon420 Phe—Leu
IM Codon424 Lys—Thr
Lymphoma

CAEBV Codon424 Lys—Gln

Codon406 Asp—*Glu

CREBV Codond4l7 val—Leu

TEGTT GTTT GAC CGAMAGY CAGAT GEAAAA
7 g0

TT AAC CGAAAGTOAGASECARAN
i ! B0 g

H

FREREZ W B O MBAT TIZ V-Val 2 IM I BT 77 %, CAEBVT
86%, B - Bk Y ETI00% L KEME G729,
HPS 23\ TP-Ala3%l, P-Thr1fl% 8, V-VaDlt®Ase2
B EmAH o 7z, F—EFIOMIEH S P-Ala & V-Val, V-Leu
L V-Valx # N FNHPS24I, IM2BIA LRt Shi-. EBVE
Y] O SERSEBICRE L72AS, E0N Y EFEICBTY
V-Val HERL TH o 72 (K8).

V. EBNA-4 ®IZFNDBH

MFaBE T OME TIE, LCL, Jijoye, Daudi, YTN10, NK-
TS, sLCLiZ&TBI.8HEETH - 7205, IM-9i3 7 N 399,
400, 417, 424 D4 HPTICENEN Alah b Ser, Valh 5 Ley,
Val? 5 Leu, Lysh b Arg ~DERMIED 5N (K4). i
TETH o BFEBREIFIFT7H 19%) KERIBoOLI
(9. EBNA4BIEFICERNFRH LN DIXIM24], HPS1
#l, CAEBV3HI, THIMMWEME) 7 E16ITH o7z (M4).
IM2BITOERIZVTNRD T F 424 DLys 5 Thr ~OZER
THot. THEICESE L TW/zHPSTIZ I F¥ 420D Phe
& Leu, CAEBVHITIZFhZha F 424 DLys» 5 Gln, 3
Fra17oValpblle, E5IZEVDOIFITIZI N 4060
Asp7 5 Gluk I F 417D Val 5 Leu ~DEENREIZR
BN, CAEBVHILIZER® LNz F 406 D Asp» 6 Glu
ADERLIF 424 D Lys b GIn~NDERIE, THETO
WMEIZLRVWH LWERTH o7, THIEY Y EFTEDLN
ERIIMBAIERILIF 424D Lys 5 Thr ~NOERTH
o7 (H4).

BBRIEWZ L2, EBNA4EETFOERIE, THRICERREL
TWaEBVIOFIH5H (50%) THRoHLI, BRgIZERELT

408 416 424

AT AGTAACTGACTTTAG T GTAAT CAAG
120 L 130 40

llmumlH.ulmu

ATAATAACT GACTTTAGT AGTAATCAAG!
120 140

ATAGTAACTGBACCTTAG TGTAAT CAAG
1z0 1 14

ATAGTAACTGACTTTAGT GTAAT CAC G
g ag

Fig.4. Sequence analysis of 399-408 and 416-424 residues of EBNA4. Corresponding nucleotides of prototype B95.8 are shown at the top.
Arrows indicate the site of point mutation. IM, infectious mononucleosis; HPS, hemophagocytic syndrome; CAEBV, chronic active EBV

infection.
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Table 10. Distribution of EBNA-4 variants in epitopes 399-408

and 416-424 of HLA-A11 restricted EBNA-4 epitopes in and 416-424 of HLA-AIl1 restricted EBNA-4 epitopes in
different diseases different cell populations
EBNA-4 Type of EBNA-4

Disease Prototype (%) Variant (%) infected cells Prototype (%) Variant (%)
M 16 (89) 2 (11) B cell 21 9D 2 9
HPS 1 (50) 1 (50) T cell 5 (50) 5(50)
CAEBV 7 (70) 3 (30) NK cell 8 (100) 0
Leukemia/Lymphoma 4 (80) 1 (20) Total 34 (83) 707
PTLD 1 (100) 0 (O
Total 32 (9D 7 (19)

IM, infectious mononucleosis; HPS, hemophagocytic syndrome;

PTLD, post transplantation lymphoproliferative disease.

EBV of EBNA-4 mutation was found

Table 11. HLA-A locus genotype of patients that
Disease Type of infected cells

M B

M B

HPS T (CD8)

CAEBV* T (CD4, CD8)

CAEBV* T(TCRy o)

CAEBV** T (CD4)

Lymphoma T (CD4)

Mutation of EBNA-4 HLA-A locus genotype

Codon 424 AAG—ACG (Lys—Thr) A26/26
Codon 424 AAG—ACG (Lys—Thr) A26/26
Codon 420 TTT—CTT (Phe—Leu) A31/66
Codon 424 AAG—CAG (Lys—GlIn) Al11/31
Codon 406 GAT—GAG (Asp—Glu) A26/31
Codon 417 GTA—TTA (Val—Leu)

Codon 417 GTA—ATA (Val—lle) A 2/26
Codon 424 AAG—ACG (Lys—Thr)

A 224

*  With malignant transformation to T cell type lymphoma.
** With TCR rearrangement without morphologicaily malignant change.

V% EBV23BIrH 241 (9%), NK#ila~E4: L Tv>2% EBV8HBIH
Ho»ICEETH -7z (10). CAEBV
|4 TABBSHETH

0% (0%) LitEL,
EZDOWTDORMRE TS & NKn‘-fHHdJi’@%ME'

A,

EBV 236 £ O SREMHE % e TRREGE LT 572012,
A NVABEETORBARIRT S Z L1258 ) BB

12T AT ENFMEIN T FzAE 5 RGPS LA

o725, THIKLEEHB)IE 46U 351 (75 %) PERMTH - 1, FRBI AN, BBV FEAOERI L > TRERH O
THIRYHI0 5 B CDABHETHINE & CD8 Byt THH O Ml SRAEIT E B, MR AL, IR ) B RSB
HERE I EBV IR % @0 72 141 &, THINLE 4Ky 0 ST A § B T REPE AT S LTy 5 P9I - DS80,

JLIZEBV e i 72 141 Tld & b IZTHIRaMEY ‘/A’Hitl%ﬁ‘
L, CD4 st THINIZ EBV Y% o 7258 % 161 b RIRAYIC
EHofRERO N2V 00, TS ’fwmm’#mm

ROLNTVD (EI1D).
V. EBNA-4 BEFICERSBO 5 N EG
ABETEDEETE

HITEH

EBNA-4B{%T-0 2 F » 399408, 416-424 |[ZAERDED LN
DWW, SSPIZ &Y HLA-Ai%{L"%JﬂW):ﬁfr—F‘L%

72 THREBIC
B L7 (£11). HLA-ALLIE 760 14 (14%) |
N, HAAIBIT 2 HLAALLBHERO 17% % L1
Thoi.

L 75) ‘}J

% =

TR

£ 1) EBVO 11
Lol

JER/AE 2NN

LMP-11& 5 v b fgEAEEA0
LD EDMSNTVERT,

a5 bl %

v S AALT B s
LMP-1? C #3557 30bp K12
BIRPEATES T BT et S AL T LB W,
12 LMP-1 C A i 0> 30bp 2 2 (& B 5 it
1A- HTHD tfréﬂi" b4 (WO

& X e
FOEHFIZOVTUE A 4
-f*lulm-mff (&, BOS.BEIMIBRA Y L TV 544

13D T 7 BT AIET & = 72 37 rf 2941 (78 %) #A%30bp
KERRTH Y, EBV,r‘ﬁ-!‘:ﬁtcumﬂlﬁﬁ’{’ﬁnnﬁ\'hﬁﬂ?‘L LAETEIE
nroiz,

2B BIEEERT OE

TiE, k7717,

(NP

BamH 1R EEFWT T 0 U238, ¥ 7% b5 EBNA-2 O C A
2 N5 EBV o #iHl O AT
Za—-FITOLEHEATIZI BEIE C,

196445127 7 ) A s =%y b 2o ERICRR S TR,
EBVIABAOL FAAYA LA L LTHEE SN TE . 1980
FRBAD S T4 2R EMERE & EBV & 0 B ATER &
NB LoD, REKCARHADESE W,

N=F oy b)) LN [ERLMEA SO HEE N2 EBV @40 %43 T (B) &Y
THAILPREENDY, S5k FREREY AV AH#EI
AT F V) PRI GCTHRIE S EBVIOBIH 561 T (B)E!
EBVCHo7=Z &b, HEREIRETIZ N B)EEBVAHED T
BELBRY AVAL L B HESRRENTREPD, L
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WZBWTIZTHEMSY ¥ BTSN /ZEBVO 1941
R8I I (ABTRRKSLT 7)) h LIZELD, IMRBEEAD
LR ENAEBV & b LTI B)MOMEEEIIEETIEES
(W, THEBVORMERIIVLLIAREEDLET VT
KBLWTRIHEN TV AL, BEATORITL IG)E®
EBVIZ 1 (AR O EBV & g LI EERIE I AE N Z L AR
EN? EEMIZIIRMEBVOEBVHEER~DOMEIIHSL
PTREV. BEAIBTLRETH T Q)MA90%LL % &
O, FREOMEE Do EBESNTWE VS, SEORK
HTL I AP EMTHY, EBNA2E M L 5 EBVEE
DB OENIIBIFARFTHHL 2 LEEIRD SN Z
AN

EBNA-1i3, #REBEEERICHBRECHH O 5 EBVEERE
ZBWTREIFRO LN LE—DEATHY, EBVFITIAIFN
OEM L HFRIZEELTVWEEEZLATWVEW D 20 C
FIIL S IZE A, EBNA-1OD CEMICBIT AR & L REHR
BOBEELRE XA TSP, 19964F (2 Bhatia & 1%, &%
A28 DFERIMY » NBRE =% v M) YRR 36 MR &
)5S M7= EBVIZDOWTEBNA-1D CEKBN I N 4667 5
527 £ TOEEES & HAT L, BO5.8RE & Ik L 745 R, 487
FHD I F2fE-> T, P-Ala, P-Thr, V-Pro, V-Leu?® 483§
DOEBVERANHEATAZ LERM L, T2V IADN—Fy
b )y RIERETIR 126 1L BIASV-Leu T o 7z & s L“Z),

BIMEE ADRMILY /38R, CIREN PR & SIETERE,

—ﬁe/ R S oSTEMERA O EBVIZDWTHRE L7 R R, i@?t
ZVVaPEET A2 L # R L. EBNA1® CREGICHBIT
AEHIZOWTIE, E®EAORMMIZEKBESRL T2 EBV
WERRNEMCREELET, RE:ORABETOALRDL
B, & 52 V-Lew LB ADKMILA S I3 sy, ~—
Fo b)) YETIEEER (12600116 ICHREB s L)
ENTw3, F7:, RRFEEL BB TIIERIZV-Val iRl &

NBDS, KRMA» S RBRHE I WO &L,
EBNA-1 ERIATR %G ZHIEADOEBV O L3 2 CEERE

ST A REMARENTWAY, Ui L, EBVEESH &
Jiﬂul’f:" ) Y SHLREC BT A R E T V-Val % V-Leu DT
BIBUT2EENENEVI NS, Bt ~OBE5 13 5w
EEZLNDO. BRAOBE, RILHERGE) > 7 kO @7
THEFIHFVValTH B L@ Eh®, 4H, FEEsh@E
DEMBRERETHLIMIZBWTL77%AVValTH ), EBV
IR ER % D DHPSR CAEBV L LI L TH BV EFEDH H M
otz £ EBVEREGSMRERI W TN HE DR
FEEME WS EDE, IHHOHERIZBI L RERCHKEICE
BROVVa O ERIIKREL 2L, HRREDEBVER % £
DFEFBL TWSIREEATRIE S Nz

AA 2381 2 EBNAABIZFEREZ L OHEIZOWTIZF R
ERIGHY v NE BRI OV TRT S, £428%, 25%IC
EBNAAZEREDSFEENTWEM, L Lk, EFEEARLD
SN OEBVREEBICBIT ATEXMER D26 2. 4H
ORE T O SN2 TDOEBVIZBIT % EBNA4A DRI
s L I LR R IRV TH o 72, BRI~ CREALER
BERPSSBELIEBVICBIT BN TH S Z L Rt REEDN
B Z LA b LERRENIE LV, BREREETSIM2S
SEES N EBVEEIAHKRRIZBIT 2 EBVZ TR L T W
et hiE, BREOEBVIIBIT A EBNAALROMEE b FE

Eis

BRSNS,

EBViZ, EBVEEFHIHEBEHINMHC 7 7 A1 L EE&HKEE
B L CHIB R ISR SN A 2 &2 X ) MECHHE MM EE
T CDSIBHETHIRLIZ R S, 7 A b ARSI G L s h
TMIABEMTH IR SN L EZ 5N 5%, EBNA4D
2 ¥ 399-408, 416-424 DERALIE, MHCZ S A1D—D2TH %
HLA-ALL R MBS EETHIC R E NS 2 & 0 %
JaFOEBRTRENTHE N O HLA-AIL ZHDFEEIC
EBNA-4 (2R % ¥ 5 72 EBVAUE G4 5 & HLA-ALL H 5 Al
FafgEM THINIC X B HEA) F (BfEE 9", REZEBVE
PgE D L IREMIEEREAN L DR &) KBRS X n
TR Chy 5%, FAUL, TV, HEIZ
\} % EBV [ A% © EBNA-A S8 % 28 EBIZ B L 7298,
ZORN, HLAAU DB TH o 203280 B E b o L #
L7, AEOBREERET D EBNA4AIZEROBD b 74
M HLA-ALL B 14 (14%) A TH-72Z &5, EBVH
B ORFEE IC EBNA4A B 2 E S 5 HLA-ALL # S a5
EWTHRZ N 2 EREEOBRE P ERWICERET 2 Wik
BEWEELLENSE, LA LEDS, HETTHLNERST
V7%V EBNAA #3838+ 5 MHC 7 5 A I HUBE DR 5 Wl e
WAH Y, SHRORFPULELEILNS.

KEFETIEE) v SROWIZBIFAEBVEREEFAZEL,
EBNA4 % &t 7 4 VA RETFEROEE LN L7z LMP,
EBNA-2 U24#%° EBNA-10 CEM 2517 5 £ RIIZIZ EBVIERY:
SO X AR D XD bk Do 7225, EBNA4OD
AT CRE OBMB~OEBV RS L E 2 515 IMISHIT
261 11%), BiilaekTix23fIF 26 %) ICBETERZ
B0z L, THIR 108156 (50%) 12 EBNA4 DZER)
Bobhl, —FEFEEEZSNANKMBE~OBREFTE
EBNAAZERIZE - - R SRS, SHOER» S THL
NK#lg & Tid EBV RS % flf ¢ 2 588 2\ By i
ICHEA D B ETREMEASRIZE & N7, F 72, CAEBVOHTTH
kg 4504 346112 EBNAA RO b /-2%, Zor2flid
BREIICT ) S ECRBATL, 585 1HIC BV T ERRIICE
R RIZ VD OO THIZFRREFOFERARDLNT
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BEHTHEBVOERLA~OEE DT D RESND.

HPS % CAEBV 2B\ Tid, BREBET 5 IM P REEERER
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NK#Ig~ B4 7 EBVE R R D b, ZFORREL OBLEN
RBENBEAUW Z k) BE L THES NKMEE~ND
EBV OB e i 12 D W TR 2 A% . EBNAA4&IE
FERAHT S EBVA TSI ERRET 2 HAICOV
TAEOFETIRHESL A TIRZWD, BEZTELOREL
WCEBV O RLEMASER S0, SAPEZFERIC L 5 XEHME
U SRR ERE YR — 7 2+ ) VBT ERIC X A RREML
EREAN Y v SO X S 1 BRI R R 0 B

IZhZ, EBVEREEOSHEFHETAERFOVEDELT
ERVE GO BENMEET 22 L VBESNT A, BONE
EBV B R IZTF OIS & - THHED & 2 » EBV HEO#
EFEREFHEML L OMEEIREL » Tk, LALSED
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Hea T THIBL RS & NKHIIBRE B0 3517 2 EBNAA L &R E
HTAEBVOEHEDRL Y, & IZCAEBVEER bR AIER]
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Abstract

Epstein-Barr virus (EBV) is prevalent among adult population and persists in latent forms throughout life. Although the
primary infection of EBV is principally restricted to B lymphocytes among hematopoietic cells, it has been recognized
recently that T lymphocytes or natural killer (NK) cells can be the targets of EBV infection in rare occasions. In addition,
increasing numbers of illness are now known to be associated with this particular herpes virus, such as hemophagocytic
syndrome (HPS), chronic active EBV infection (CAEBYV) and various malignant neoplasms, including nasopharyngeal
carcinoma, Hodgkin’s disease and gastric carcinoma. It has been suggested by studying these diseases that the cellular targets
of viral infection, the modes of the latency of viruses, abnormalites in host T cell regulatory responses and the mutation in
EBV-associated genes greatly modify the pathogenesis of EBV-related illnesses. Mutations in EBV-associated genes of latent
membrane protein (LMP)-1, EBV-associated nuclear antigen (EBNA)-1, EBNA-2 and EBNA-4 serve as the targets of host
killer T lymphocyte recognition and any alteration in these protein structure may significantly attenuates the cytotoxic
responses. To elucidate the pathogenesis of these EBV-related diseases, mutations in LMP-1, EBNA-1, EBNA-2 and EBNA-
4 were examined. The variations in EBV isolates from Japanese patients with EBV-associated diseases including HPS,
CAEBYV and IM were evaluated using PCR method. The carboxy terminal deletion in LMP-1 and type I (A) subtype were
recognized in 78% (29/37) and 91% (30/33) of whole EBV isolates, respectively. Sequence analysis of EBNA-1 revealed the
dominance of valine-variant form as a whole (76%, 25/33). Frequencies of these mutations or variations were compared
among different disease categories or among different target cell populations. There was no significant differences in
frequencies of LMP-1 deletion, EBV subtype or EBNA-1 variations. On the other hand, EBNA-4 mutations were detected in
19% (7/36) of total cases and high prevalence of mutations (50%, 5/10) were detected in cases with EBV-infected T
lymphocytes, but the mutations were infrequent among EBV isolates from B lymphocytes (9%, 2/23) or NK cells from
CAEBV (0%, 0/8). These results suggested that EBNA-4 mutations play certain roles, at least partly, in the pathogenesis of
CAEBYV with abnormal proliferation of EBV-infected T lymphocytes. Further studies are necessary to delineate the
mechanism of altered immune responses associated with EBNA-4 mutations.




