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Epstein Barr virus (EBV) ﬁuﬁ;ﬁﬁuwﬂmams
AAMELNABIRANTIFMBIAAATAUIN cell culture
ﬁiﬁmn Burkitt's lymphoma tissue Lﬁa 36 ﬂ‘?;
wi lusvezsiosnwui BBV Wudiwng lumaiia
156 infectious mononucleosis (IM) auszannud
A.61. 1970 3aBxfimsmsrany EBV-DNA 91niwad

TR N nasopharynx wavsioa il @ et 1980
wud1 EVB Suvuwilumsiia non-Hodgkin's lym-
phoma %J T cell wae B cell lymphoma T
Hodgkin's disease ¢ oral hairy leukoplakia lu
Athe AIDS (a9 1)

@519 1 Natural history of EBV

Early 1900° EBV was recognized from cell
culture of Burkitt's lymphoma

1968 EBV was known to cause IM

1970 EBV DNA was detected in
nasopharyngeal cell CA

1980 EBV was recognized on the

oncogenesis of NHL - (T and B),
Hodgkin's disease, Cancers
and oral hairy leukoplakia

in AIDS

1o¥uduatiy 3 woeRmeu 2543 uacIARaW 10 woeimen 2543
Faamsdwnsuatuiada ¢ wiy ouane fBiuna lsmewnaife-

EVT DUUNWIETIN 6 L'U(HW[UW\IW nva. 10400

Structure and viral protein

EBV duinoglunsens herpes virus lowd
virus genome Fafudwulsznauiidyiqeiin
(encase) 8t/lu nucleocapsid WavgNRBNSBLNIL
viral envelop %ﬂlﬂ% glycoprotein 350 (gp 350)

mglantes EBV whg B lymphocytes s
auloe gp 350 %aagj‘uu viral envelope WMER
MU receptor (CD21 YD) C3d complement) WAL
q B lymphocyte loenéf HLA complex class II
molecule hwshandytelumsnwdn wsadene
(Uit 1)

EBV genome &uﬂimaué’w linear DNA
molecule encodes 100 viral proteins sy
viral protein ﬁﬁmumﬁwﬁryhﬁ"aq host immune
response WAy WHAGMSENSLLEIad in-
fected lymphoid cell w%amxﬁu infected lym-
phoid cell Wiadeudiulasnnaunanenu lymphoma
dsarldnameiolyl
Immune response to EBV and viral protein’

i BBV infection Reduaziinmssmas
ABUT B cell Uat T cell B cell Awthitlums
4 antibody 6@ virus W30 T cell Homaeey
Tumstmia virus aehason  laerda activated
EBV-infected B blast dsaufumsviats EBV T
ad ey

aehalsfiony Wi T cell azanansaywing
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EBV genome (encodes 100 viral protein)

v

Viral envelop — gp 350

;51]'7! 1 EBV infected B cell

idn EBV leduenls virus felensnsnessiaogy
1 B cell lémanatyl soiilasendena ndaetiosiu
Fremauothe  nalnduilsda mavwinfiaes
EBV protein Twrnueisl viral replication Sl

immune response 98J host Tumsany virus

donly viral protein ¢lanam loun EBV
nuclear antigen-1 (EBNA-1) EBV-RNA
protein-1 (BARF-1,BCRF-1) Wa¥ laten
membrane protein 2 (LMP-2)

Twmnsesariuda £ EBV proteins viane)
F@YWS over growth 983 EBV in-
fectedB cell 1 ¥UEBNA-2, EBNA-3, LMP-
1, viral RNA protein (BHRF) 1 uay
EBV encode RNA (EBER) laenaneise)
i (9197 2 uay gﬁﬁ'l 2)

M3 express EBV protein i uanehs
enadnsnuaaslsefiiioain EBV whiif
dmsnlueeendu 3wl namde
EBNA-1 protein ‘:"ma:: express SLuISﬂYI_ﬁ
1 u Burkitt's lymphoma Y expres-
sion 789 EBER ifistw T CA nasophar-
ynx, Hodgkin's disease (HD), peripheral
T celllymphoma a¢WU expression 284
LMP-1 wat LMP-2 isiiuain EBNA-1
uaz EBER&MIM B-lymphoproliferative

receptor (CD21 or C,d complement)

nuasea et

disorders L@¥ infectious mononucleosis
B lymphocyte ; ; a
WU expression 784 protein MNAYINTUA
dw3ulu healthy carrier auWy expres-
sion 989 LMP-2 wa EBER (m514% 3)
WMEas EBV wmsiialsadoidauaz
[
59
EBV Siunumlumsfiouge fwuiaude
infectious mononucleosis, virus associ-
ated hemophagocytic syndrome §1%3U
Umnmad EBV slamsiiassiSariuiioain protein
aiiefaalag EBV proteins wanikdioyiviind
FINNUANNAAUNGYNY immune UAY genetic 284
host AN cell proliferation BeNssNINE 39
° Ya [~ [ z ;4 d‘d v 1 v A
yRmsnaedunssanle mqnan‘hmﬂﬂa

A B
Maintenance of Prevention of B-cell proliferat

EBV Episome Reactivation ?
From latency Up-regulation of B-cell

I Protein

|

Retain EBV in Cells B cell prolferation

/ \ | T

IFN & IFN Y ‘ Apoptosis

EBNA = EBV nuclear antigen; BARF, BCRF, BHRF = EBV - RNA protein

EBEB = EBV encode; RNA, LMP = latent membrane protein

§JJ17| 2 Selected EBV proteins, role on maintenance of la-
tent viral infection (A) and evasion of host immune re-

sponse inducing infected B cell proliferation (B)
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@919% 2 Selected EBV proteins, role on maintenance of latent viral infection and host immune

response inducing infected EBV-B cell proliferation

Proteins Function Result

1) EBNA-1 NAMILDUFNLUDY virus protein Zale EBV escapse from killing by cytotoxic
davsmeudrazgninasla cytotoxic T T cell
cell

2) LMP-2 Blocking thyrosine kinase pathway —  Prevent B cell reactivation latently
decreased cell proliferation

3) BARF-1 ‘ Block receptor of CSF-1 at macrophage,
resulting in inhibition of interferon-
Ol synthesis

— Retain of EBV in cell

4) BCRF-1 Acting like IL-10 — inhibit IFN-Y syn-
thesis _

5) EBNA-2 Stimulate LMP-2 Prevent B cell reactivation latently
Stimulate LMP-1 Leading to inhibition = Increased cell growth
of apoptosis

6) EBNA-3 Upregulation of B cell proliferation Increased cell proliferation

7) LMP-1 Act as oncogene, induce a signaling Increased cell proliferation
response in B cell

8) BHRF-1 Inhibit apoptosis Increased cell proliferation

9) EBER Inhibit apoptosis Increased cell proliferation

EBNA = Eptein Barr virus nuclear antigen; LMP = latent membrane protein,

EBER = EBV encode RNA (non-protein); BHRF, BARF = EBV RNA protein

Nssslafieineuazngmaadudnslagia U7 10 atfufl 3 nanguas-fiueneu 2543
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@151 3 Expression 984 selected EBV latent gene GLuIiﬂ@hdf]l

Pattern of EBNA-1 EBNA-2 EBNA-3 LMP-1 LMP-2 EBER Disease
Latency

Type 1 + - - - - + Burkitt’s lymphoma

Type 2 + - - + + + Nasopharyngeal carcinoma,
Hodgkin's disease, peri-
pheral T cell lymphoma

Type 3 + + + + + + Lymphoproliferativ disease,
X-linked lymphoproliferative
disease, infectious
mononuclcosis

Other + - - - + + Healthy carrier

\PREIVANE + UEPIT gene express UITAGIT; LATBIMINE - WFAYT gene W express Mlsagana

+ 9193 exptess w3n lifi o7

ENON nasopharynx La¢ malignant lymphoma
(mm‘?i 4)
EB virus associated infection

Infectious mononucleosis

Primary infection 284 EBV Lﬁ@ﬁ epithelial
cells 1310k nasopharynx ~ EBV Q] replication
T4 epithelial cell sasnazdimsynas epithelial
cells  EBV S1wamanniiaanain epithelial cells
figrnanefiazglasid resting B cell i resting
B cells gnglan wfnmAeiadimausiaens
shnaeidu activated EBV B blast w38 EBV
transformed immunoblast hszuzﬁ%ﬁ viral
protein maﬁﬁmﬁ expression elML‘ﬁﬂﬁ VI,ﬁLLﬁ' LMP-
1, EBNA1-3 uay EBER protein nduﬁﬁqwé
ﬂitéju B cells proliferation Glﬁﬂmmﬂu blasts 418
siomsgnaneles cytotoxic T cells & LMP-
2 ilpfu ¢ express ?'”Tdslmz&lz B-blast I8¢ resting
memory B cells ﬁl?m%ﬂa&lﬁusiﬁmﬁ latently in-

fected resting memory B cell gn activate low

vinus Wsswihafifinsiiaige EBV protein 11961
ANILEUMIAA cytotoxic T cell Uaz NK cell 300
fu ¥ infected EBV B-blast uay EBV gn
yaelaseadsnan § immune reaction {ie
DENITULSY 39N inflammatory cytokines ¥l
&Eﬂwﬁmmﬂaa infectious mononucleosis e
i nemde iiligo siaaniindeda 3 ulcer 7 tonsi
LAY oropharyx éule & liver impairment LaLa1?
fuhaladneRld nswAsulamadoawy leuko-
cytosis Way transformed lymphocytes \udwiu
3N 8198 anemia WAy thrombocytopenia 393
¢t o B blast grvinensllivae Tanasdhgsrey
Ay (gﬂﬁ 3 4)

athalsfio B cell vshuazligninay e
amé’mna%ﬂu resting stage express w1y LMP-
2 protein pehaden hiiafautawsuorlu B cell &
na'n‘l&'%u%a’h latently infected resting memory
B cel Mwszurdnandihelsifiomns lunsdif

immune 989 host AaAAINALA reactivation 289
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99N 4 Epstein Barr virus associated with

2
diseases’

I Clinical syndrome associated with EBV in-
fection
Infectious mononucleosis
Viral associated hemophagocytic
syndrome
Chronic active EBV syndrome

X-link lymphoproliferative disease

II Malignancy associated with EBV
Non RE : nasopharyngeal CA, gastric CA
RE malignancy
B cell lymphoma :
Burkitt's lymphoma : endemic
(100%) and sporadic (30%)
AIDS-related lymphoma
Post-transplanted
lymphoproliferative disorder
T cell lymphoma
Pleomorphic T cell lymphoma
(36%)
Lennert's lymphoma (71%)
Anigoimmunoblastic lymphoma
(85%)
Primary nasal NK cell lymphoma
(90%)
Hodgkin's disease
Incidence of EBV associated high
grade lymphoma > low grade

lymphoma (13% vs <5%)

EBV-infected B cell sl Y lsl expression UaN
LMP-1 \#aadl proliferation \u B blast LaEgN
vnaelae cytotoxic T + NK cell e1m3nay sub-
side 18n lunseifiiu persistent infection Al
matess uauihedh carier Yt virus aan
AT secretion vu shagn s s (31 3,
4)

Hemophagocytic syndrome3'4 ﬁs’g’sw mm‘l’ﬂu
71 1978 law Risdall uavADAY n&jumms&ﬂ‘sznau
g Wluseer 7-14 Yu waas fidy shala desnh
mﬁaﬂm cytopenia La¢ severe liver impairment,
coagulopathy Gluswm‘;?wmmmzﬁ multiorgan
failure 14 renal failure, ARDS L@z M NaNDd
fulwgidiheninflaurinssudie multiorgan failure
ﬂﬂ\lﬂﬁﬁﬂﬁtﬁm hemophagocytic syndrome i@
NN MIUNTVENESH89 EB virus 590157 ¥ wams
ﬂi‘céju T lymphocyte Q¢ macrophage ﬁmwélj\‘i
inflammatory cytokine \fuduausnn Huwa v
wm%amwn.ﬁm%ﬂuaﬁmwinq § phagocytosis
mamﬁmﬁam%&gnﬁuﬁﬂ@u macrophage ¥ Wifia
cytopenia Tseiitilimmesnmiawy whidmenu
v["iﬁmﬂ% intravenous immunoglobulin, etopo-
side UM 1lewad® M3l antivirus Seuanlsiler
Taglawavalsl

Chronic active EBV infection Hanmmusdety
do fomsBuhewwdiu 6 Wau Tududs] pri-
mary EBV infection €1393WU abnormal EBV
anitbody titers \Huamm fiwendanmiioting
619 ©) 1% pneumonitis, hepatitis, bone marrow
hypoplasia, uveitis 338MUNIGTIANY EBV anti-
gen or EBV DNA 1% tissue WAL virus-specific
antibody titer gIxIN
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Primy Intevtion Persistent Infection
Saliva L r
EBV—y@ N -~ i
AR ]
Oropharynx .
TTYF o rs
jj‘\x{,u.» A,
Epithelium ——-y4, Lo i A e
FBOR e OT
A - LR

Lytic
EBV-infected
B cell

Lymphoid
tissue and )
peripheral el LMP-1
blood : »

% o £y
b

i,
PRI

E.A.‘ g N
| ) |
Cytotoxic Natural

Tcell killer cell

; RESH oy

Lytic T et
EBV-infected i

EBV-infected

B cell B-cell blast )

Latently infected,
resting memory
B cells

@ Reactivated
EBV-infected
| B cell
Cytotoxic

T cell

§ﬂﬁ 3 UEAIMIARTE289 EBV Tuou u primary infection (infectious mononucleosis) WaY persistent

infection (chronic active EBV syndrome)'

X-linked lymphoproliferative disease
dulsaiugnesn wuamziheme dodaida
EBV W&9slamaquuss L‘Wiw\laimm‘mﬂ’JUQN
munsnssenas vis 16 fuhefidulseilide
fa%a BBV avnmuif fatal infectious mono-
nucleosis (57%) U1 malignant lymphoma (24%)
\f acquired hypogammaglobulinemia (29%) 2%
Avany EBV DNA luetasiismensanm Tsedl
femwiRaningi gene U X-chromosome &9 en-
codes protein Ut surface 9849 T cell  gene 61

NN signaling lymphocyte activation

(Anaanan Cohen JL. N Eng J Med 2000;343:481-92)

molecules (SLAM) ansAaun@siananayi inavin
w923 (interaction) 499 T uag B cell 3oy
Taulidansnsmasinga virus 16¢
EBV virus associated malignant lymphoma
EBV i«”’um’mwu‘lu malignant lymphoma ﬁd
Hodgkin's disease (HD) W&t Non Hodgkin's lym-
phoma (NHL) %mu1ﬁ%o T ua¢ B cell lymphoma
Mé’ﬂgmﬁﬂﬁumguiw EBV fuvumlumendrindia
989 NHL l#un msesawy EBV genome 1w
monoclonal proliferative T cell’ qﬁﬁmstﬂ‘naa

EBV fith Wifie non-Hodgkin's lymphoma (NHL)
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Acute EBV Infection (IM) in Normal Host

B-lymphocyte

autocrine

Encoding EBNA-2, LMP-1

EBV Transformaed Immunoblast{EBNA 2-6, LMP1, LMP2

\l_,i

HLA-class | AG)

T Cytotoxic —Y» Mimmunoblastic proliferation —® Express IM Symptoms

IM Subsided

Few EBV Imortalised Resting B Cells remain
[ Express only EBNA1, LMP2 ]

Escape from T Cell rejection

‘gﬂ‘ﬁ 4 EBV infection causing infectious monocucleosis in immunocompetent Host”

Shunnehatlumaafinees NHL ffneemling
sl T cel’”® Tummrumitodinmlugihs NHL
520 T\t WU EBV 4 T cell lymphoma 31% L&e
4 B lymphoma tex 7%° dodumnanaiiauas
T cell lymphoma WAL primary nasal lym-
phoma fi&m@a N EBV annils 90%’ |u angio-
immunoblast lymphoma 85% Linnert 71% Lae
pleomorphic T cell lymphoma 36% & WwIn
lymphoblastic lymphoma, K1 lymphoma L&Y
mycosis jungoides \IN'WULaUB MIANIIR_NLY EBV
n T NHL thasdfomanennsoilsafian waniisn
flomayuusadl disseminated disease iduasmay
810

MASNHILAEMENSIN

gifdimsnieey EBV 4ovnlWifin B cell malig-

nant lymphoma ﬁuﬁwumns‘i 3 %1i@ A8 endemic
Burkitt's lymphoma (BL) (100%) W% post-trans-
planted lymphoproliferative disorders waclu
AIDS-related lymphoma sluﬂwﬁummsma%ma
nalnmsiialsaan EBV danan el

MA@ Burkitt's lymphoma (BL)"" &w3u BL
i 2 7ln @p endemic BL (EBL) Sewany EBV
100% w0afftheviovsia d sporadic BL (SBL)
A379WA BBV 30% Winiu nalnmsifin EBL uay
SBL Adnenasiu nanfa resting B cell 4951 EBV
fladhatjgnnsziules msfiaie b¥sdmnantu

' |
a 1aa

flagAifl EBV qnaat itu lwawBm wids ms

Y

a A Y ¢ o Quva A
GIG\L‘E@‘m‘mﬂ%ﬂ’lﬁﬂid“ﬂﬂﬂNﬂﬁLﬂﬂEJ‘HLL‘IJﬁG‘ZJQG

o X ) o
resting B cell {in?u JMINad cytokines fiaandl

nssslafieineuazgmanduinilafio T 10 atfufl 3 nangan-fuenau 2543
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cell proliferate mn%u EBV “édagﬂu DNA #
UVmWYﬂuﬂTSﬂ{LﬁLﬁ@ﬂ'ﬁLﬂa‘HuLLﬂa\'ﬂ‘ﬂad chromo-
some NaM@8 3 break 989 chromosome 11
FUNUY 8q24 %@Lﬂuﬁa@m c-myc gene Wiy
chromosome 14q32 %@Lﬂuﬁ'aajmm heavy chain
284 Ig gene fnswAaitussg gene 2 67 WA
fimasnda protooncogene c-myc QnNsEeul
ﬁidwmiﬂ%‘u Y‘iﬂﬁﬁmimxﬁu (rearrangement) Ig
gene %&agjﬁﬂ‘lﬂ YWt proliferation 289 B cell u
et SNC ethesnnang B cell 498! proliferation
NN EBV Iuszumitflu resting B cell ‘%@hj express
Ag vliaestomsgnindalas T cell diosnil ma-
lignant transformation fiman/Aeiamas gene
SW] M ﬁéﬂﬁmﬁa p53 a4 tumor suppres-
sor gene awngthenfia BL 4u (3071 5) naln
mafin BL 910 EBV Siiushatharasnalnwasan

EBV 9affUMsnszsiu protooncogene Uathanaly

G . 4 i b ow .
Wuheuef gene woiavauaenlusiuiugh
ITE RN malignant lymphoma 1ot
UnLwead EBV Zavi WiAia post-transplanted
lymphoproliferative disorder (PTLD)™ fuiilud)
Ufuwnnn 10 T SnsnubinSasnimy
NPT o4 oa
mn‘luwuﬂ’m‘n M3U kidney transplantation (F9e
N EBV ﬁagﬁlu transplant organ) INMSFNLN
WU EBV g B lymphocyte Nseduld B lym-
phocyte Wizl immunoblasts Fsp3azgn
Mialae T cytotoxic usln host v transplan-
tation ileEy immunosuppressive drug u
NNNLAZEe3 Y WAeesAaUNfvasszUL
immune oeiaw1e T lymphocyte  avi/Auwiilu
T cytotoxic W1#  msida EBV infected
. A& ° MY o Lal 1w
immunoblasts 3anszvnlle ilsimsutisfens
67049 EBV infected immuno-blasts aehgsnae
Y polyclonal proliferation sioanUfuwiiu mono-

clonal proliferation TusemiemawAsasmas
polyclonal {4 monoclonal fvmzﬁmﬂﬂﬁwuﬁm
3 gene devel bififlalénanly W
monoclonal proliferation Ml malignant trans-
formation &N ‘Qﬂ%ﬁ’rjﬂLﬁﬂLﬂu immunoblastic
lymphoma 0 dwsunalnmsifie lymphoma Tu
X-linked lymphoproli-feration disorders LLaxslu
AIDS-related lymphoma' %@ﬁmﬂu iImmuno-
blasts primary CNS lymphoma fidlaauiunly
Twihuaadientiu (gﬂﬁ 6) lumaadiin Usingnsnt
fhewlaludilon PTLD Fetaumiuauwi T cel
deficiency Sumumanéylumsiie malignant
lymphoma fa slmvu.mwﬂwummﬂ“n maum
LMG@GIG]%% DN GaEN Immunosuppressive ‘Yl
VLG]TUBQQmﬂﬂ{]’JWWGNuWLWﬁaGQUﬂG 1S BORIARPYIN
PTLD wisl siilmmadlonyaenudafiosin i T
cells proliferation MAT0E9 T cytotoxic 163
@u90MAA premalignant immunoblasts 16 34
¥nlWe1ms subsides T

EBV Immortalised Resting B Cell

Chronic Infection Immune Stimulation
Cytokine de-regulation

Increased Resting B Cell Proliferation

(Escape from T cytotoxic Rejection)
Genetic Accident

Translocation of Chromosome
1(8:14), t(2:8), 1(8:22)

Protooncogene C-myc (8q24) Activation
Increased Proliferation of B Cell (SNC)
Automonous Growing B Cell
Malignant Transformation

l Mutation of p53 (30% of cases)
Burkitt's Lymphoma

gﬂﬁ 5 Pathogenesis of Burkitt's lymphoma,

showing interaction of EBV and protooncogene
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Estein Barr Virus
Infected

B lymphocyte

Transforming B Immunoblast
No cytotoxic T cell due to
Immunoincompetentcy i.e.
post-transplant, AIDS
X-linked lymphoproliferative disease

More growing of EBV-Infected Immunoblast

Polyclonal Proliferation (post-transplant)
Genetic event ?

Monoclonal Proliferation
Malignant Transformation
Immunoblastic Lymphoma

‘E!Jﬁ 6 Pathogenesis of malignant lymphoma in
PTLD, AIDS and X-link lymphoporliferative dis-
ease, showing interaction of EBV and T cell

immunodeficiency

MmN’

Infectious mononucleosis'®"’ E‘l’d\laiﬁmﬁﬂm
@z M3l acyclovir avtaenamaasyidiulazes
¥ usl acyclovir bitawanenaguissesems
43Aean immune response 184 host a3
acyclovir \lﬁwaasluimﬁﬁ oral hairy leukoplakia
wa b Wivnemnesing! relapse 16 ms 1 corticos-
teroid EILAAIMI UALISENELT orophar-
ynx UL I sy Tetsauneld cor-
ticosteroid_Aprlaffinmmsumandauguse u
upper airway obstruction, acute hemolytic ane-
mia fMIsnINFaumain lauaseaseg
EBV post-transplanted lymphoproliferative dis-
orders (PTLD)**

mMs3n EBV-PTLD %uagjﬁm::umaﬂiﬂ Tu
sesBadn Touewelusesdt  twumour 1w

polyclonal M3¥g@EN immunosuppressive %ﬁwa

Al tumour gulvae Tunefiiowensanm
e n Tussumadinemns msseusEmde
mahdioazlanas amsumsle acyclovir leka
waeliansnsoyiane EBV episome Fotowsulu
cel l6f M3l interferon-alpha ﬂé’ﬂmm‘lﬁﬂﬁwa
fulszanns 60% laefougy luvae ™

m¥¥néne  immunotherapy o3
WAt Ao

1. M3 anti CD20 (rituximab) [$Had 54%%

2. msly donor lymphocytes infusion \15 W&
snniseanns 90%7 aehelsfiens usefdu PTLD
N bone marrow transplantation mi‘lﬁf donor
lymphocyte infusion ldWawne EBV ag
contaminate AN donor lymphocyte”

3. Mstesiu lymphoproliferative disorders
N transplantation Anenun mﬂ% EBV-spe-
cific cytotoxic cells a0 incidence N 15%
Whe 0% 1%@1.]38‘17;1’11 organ transplantation %d
¢5u EBV a1n organ &4 host m3l4 antiviral
drug 4 acyclovir Hoatuaclinas

4. Vaccine st flusswnadinm Sumalifah
awlonad uaitiorgu sl
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