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Detection and Subtyping of Epstein-Barr Virus in Gastrointestinal
Adenocarcinomas and Malignant Lymphomas

Young Sik Kim, M.D.*, Seol Hee Park, Ph.D. and Insun Kim, M.D.

Department of Pathology, Inha* and Korea University College of Medicine, Ansan, Korea

Epstein-Barr virus (EBV) has been linked to a spectrum of neoplastic conditions, including Burkitt's
lymphoma, nasopharyngeal carcinoma, Hodgkin's disease, lymphoepithelioma-like carcinomas
and malignant lymphomas in immunocompromised state. To determine the prevalence and the
subtype of EBV in gatrointestinal malignancies, fifty cases of adenocarcinomas and seventeen
cases of malignant lymphomas were analyzed by EBERs in situ hybridization and polymerase
chain reaction using primers for EBNA-1, EBNA-2A and EBNA-2B, on the paraffin sections.
In addition, immunohistochemical stain for p53 protein was performed to investigate the potential
role of EBY infection on tumor suppressor gene, p33, during tumorigenesis. EBER was detected
in 6 of 26 gastric adenocarcinomas, 2 of 24 colon adenocarcinomas, and 8 of 17 malignant
lymphomas. EBER was more prevalent in malignant lymphoma arising in the intestine (6/6)
than in the stomach (2/11), and was detected in both B and T cell phenotypes. EBNA-1 was
positive in 11 of 16 EBER positive cases and the subtyping was possible in 8; both type |
and 2 were detected in gastric cancers, whereas only type 2 was found in intestinal neoplasms.
In adenocarcinomas the high rate of p53 protein overexpression was found in both EBER pos-
itive (8/8) and negative cases (32/42), whereas the positive rate was higher in EBER positive
cases (7/8) than in EBER negative cases (4/9) of malignant lymphomas. From the results, it
can be concluded that EBV infection and the p53 tumor suppressor gene are independently
associated in a significant portion of the gastrointestinal malignancies, but the mechanism of
action remains to be elucidated. (Korean J Pathol 1997; 31: 847 ~861)
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M =

Epstein-Barr  vlo]2] (EBV)& 1964vde]] 22 g
Epsteins' ol 2]l 4] Burkiug] = e 4] sjekst g =
Rl polla] M=} Sol3H o2 herpes-like virus par-
lice® Fwato s Boka Pk AAo| o
HEvk 1 o] =2 u|9l59hF (nasopharyngeal carci-
noma), Hodgkin®t, wh3 TH % g =5 e|iEaok 5
obEZ  (lymphomatoid  granulomatosis) 9 =k o] 4]
Fhafolla] dbaltsls Q] ESalA) Aol edibe] ¢l
A A%el A gb¥SRE (infectious mononucleo-
sis) 2} Stk =k el (oral hairy leukoplakia)ef] 4] =
Hglan Qzielolzln gl Hitol: F4, €l
A4, o, AFAR, Y, A 59 AZYAFTF o
% (lymphoepithelioma-like carcinoma)ol] 4] %= EBV 2]
FHa wdlE #elagla", o7l EBVIH =
Ao Fek bEE Al Bl ofilojglel| 4] HEal u)
b ok st wleba] BBV ofuha, 6y
S, SAEEA At ofsld of ] §lEEAA
A3 v oldel, GHA FoflldE f19) <lalz
A zhgabAu ddbe] a2y &= gk

H4AFN HA4e 49 HJE=EF FAEFE Eu4E
TR R ol gl jlEGEEe ghEe]l EBVEL
Aol gl Ao oheyF] AP, Mol Fl
gk xS Jgre] glar, R kvt ohokdk g)dek
Foll4 % EBV DNA~ at#sichs ®arzp gled”
Tllell = HHdghEel 7H WA der B2 9
FUdlxE EAtsta obF ele] it A7 vju])
Hdelcl EBV #| clullzle] EBNA 2, 3A, 3B, 3C
2] DNA d714d9] Heo|F AR F71A =
ooz Pislisel™, o] FbA ofdE wleld
& AR drME Ae] W ogleldet B flEF
T WEA = 45 Aol7} gicka kg, &
vl 2h fslelld = AS (EBV-1)e] Edlat o} a]z)e|
A= dh 2 BY (EBV-2)0] v @ #lon Hay
of gkt ey 2T gqtel] ol2m oSl R 5
7HA eldle] o EAlsh=Aes MatwelA] SFepy
of FAol F% gadol W & A AL A4
shal ghep=

gHd, A qbFola 7h £s] FodwWe]E Kol
= Y ofAGHA QA ps3 AL simian
virus 40, adenovirus, papilloma virns53 23 A%l

of 43X el ez e Hade
EBV®S] Z Epsicin-Barr  virus  replication  activator
(BZLF1)2} EBNA-57} ofM& ps3x} =3y zgsia
4% Aggvhs Bax gle]4™, EBVE] gl
Hell4) Fok A {FHA29 psizie] eldtde] oy
=5 glch

2 ogdTgel A= EBVEE dibdoe] FEEm g9l
AddFE 2 A30 GYYEFE ddeg olE
F47 EBVERS] b s skl o delrl Ty
ol+12] EBV o}¥ <F4& zA%o w4 wetat r
D 4le] =2 A% EBV7F Bl dls) o]- A%
obd Fdt el gl oAt sl =
EBVEL ok efallg=tgl ps3zte] ol @Y HRE
szl stalch qh, ofake] H9F EBV
Aol Rarslol glx] pkx|qk EBVIE A2 digle)
fredsbs dbel#l izt ehdul ol A7} Foke
= Es] A ok whA passenger nlolE]AglAE sh
el el dldell EA#E .

ol & f# 919k oiate] HshES) bR E T4
EBV-encoded small RNA (EBER)el| tldt £z
o| &5t in site hybrdization YWHH 3} DNA S¢H A4
oA 2H8h-Z- (polymerase chain reaction)& o] B&}ad viral
DNAE F4slsn EBVrL glelsl ojells ERVE] %
717 ol¥E o= ol Sl elugic. =
G, gl kel ps3 AR Al dlgh He=
HEE g o)gshe] p53 FHA} AR mpulE
¥ EBY whzte] oty §95 Helslaad shgdct

M2 ¥ oy
L HPI=

19914 2815 1994 12497bA) weldidta =
helldl ghebw flel A 19 dite] HskERl oh4d®
LFog AAeo] gk <52 2|apda] v
2} HERE 45 f2 sole|l=5 AHES o, o
2] HAAgF 2600, AT 2449, ST o
Al ZE 17 S Adelsigdch ehdPEEo A=
2of|2] SlAlE H3] == e] Edbsglch g]4gbE
o WHO el sbel Altatbeia, o 263 £
FAE FHE i fEe] gke] Hal Fok
HEHG gn, 5AHez FoklEFe| I o
7 FElgh wWaaE e, S5 AR 4
Aol FAlFE SR gIESL 2 Fo| e g4lel
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F WAE HE4uEg ETE EdelA 1068
alf| oz LA dide] dekEE e
whe} AlEatel o, epdRIEE S ez 9
A Hapel] Fsle] BYI TY opAgl=Fos
frsbedrt.

2. ey

1) Epstein-Barr virus encoded RNA (EBERs)H| [
T in situ hybridization 8-

() 7|7 % A% a2l =5 |5 121°C60 4
1527 aqbE v F 95% ethanol®= ¥F o} 3%
H:Ooell 104230 ghate] Eebel vlzletes 0%
diethylpyrocarbonate/distilled water (DEPC/DW) 2 9]
t}. DEPCDWE 2§55 gt dFsle] DEPCT)
0.1% HEF b5y FE Sk 5 44 =%
d¥lzle] Eo RNARMELY 25 F glon®
A8 ofue} g4 YEHE wd F3HE A adl
sle] Apgaledch mEF ARESlRE v wHE R
2lalo] Hebsla RNAAE Alonb Ap&albelch

(2) 8 e

O ZEX@@o| st E 4~5 um FAR 9
Hel =231 HHEG Iysineod Hald® el sFekel=
of Sabagch =23 HHE xyleneo 2 G3jubyl 4
7 % 09%%} 95% ecthanolel] Z}#F sEH o g
#} Mg AN o, S 8 Sdbel =
ulal £ 0.1% DEPC/DWEelel| @7} kel

@ MELESE 2ist HAYa| Hibe] & sl
gl £ & proteinase K (10 ggmljel] 37Toll4 20~304"
7k ¥h24]7] % 0.1% DEPC/DW £Ho s AHabed
t}. 95%2} 99% ethanolel] = o g s A3
A ebg w7l Gl T

@ MEYHE. DAKOA2] FITCE 375! EBERse||
i & oligonucleotide probe 1~2 ®#ME-§ Hejregl
coverslip2 & &30 37°C humidified chambersfl4] 24|
7 k22 zZich 0.1% Triton X-1002 353 0.05M
Tris k<ol 1413F F9b ©7F o coverslipo]
ol X =5 ahulct

W HE nH v|Se]Hel whi-S Aasly] Hul
o 20% A E7IEHAE SR8 e 10333 E
7} 2 F, 3% bovine serum albumin®} 0.1% Triton
X-100-8 358 005M Tris $hEajo g 100u)] =] 4
& &h-FITC/Akaline phosphatase A]oF-& H-Eofl4 30
B whealzgich 0.1% Triton X-1008 §-5% 005

#aat ghEelld EBY 57 9 ofel 93 <5 849

M Tris $tFjoz A% F Bzt == #4
Axafa] ubesl=s sbi= alkaline substrate $h3<l
MgCL%F NaClE §Hf-3 pH 9090 Tris 3h3ed)ofl4

Wb v AlZeh w2 g nitroblue tetrazo-
lium (NBT)5-bromo-4-chloro-3-indolylphosphate (BCIP)
7} a4 alkaline substrate S 2 #ll&L 7] flsbe] =71
& levamisole (1 pliml @] =3} Eo)2 slkaline sub-
strate 2hEcfo 7 S0ul # 4)dEle] TbE Boie| 304
~ 1A ZHgek HEE-A1F] & 0.0% Triton X-1005 4
# 0.05M Tris 2ol o 2 a2jalelch Ethyl greene
2 307 iz g4 Al F BEE Fol 3%
o 23letel WAk

2) Epstein-Barr virus nuclear antigen (EBNAJH
CH#t polymerase chain reaction:

(1) TaE E0j EFOIM DNA F& shebn o
S5 7 5 um FollE 27 obEg E 15 ml
tubeel] W2 o}S shelElg sl 23 xylene |
ml 7ht 5 5i-Eeb RIgE obE 12,000 rpma s
THIE HaFel S ek olgl #hEE 33 wbewt
et FepollghE 1 ml g2 Fhsla 5E7F kA g
¥ 187 94 Rels sk o4 oldl AL 3
# wbsabedel S3ES AMARE] $d el A
SHH A RE WAl Gnome kit (Biol0l, CA,
USA) 5 cell suspension solution 0.9 ml 7Fsfa %
3%t . RNAse 25 15 7kl 3 E80T F cell
lysis/denaturing solution 50 plE- 7}gF % 55°Cef] 15~
3057wk sbedcl ohA] proease 125 plE hela
# glabe ol Proteinase K 200 pe S sFgh 3£ 55°C
of| 4] 2447k wbx]ebgcl. Gnome kitF saltout mix-
wre 250 wlE 7hel 10559 & Sefld wbA|g F
057 94 B2 che 4FAL 15 ml wheol &
et ¢ wheel] 2 ml TE buffer?} 8§ ml el g2
& 7helar —20°Cel|4] 14 7hEek wkEEL o158
1500 rpme 2 4Ll S of 43HE g 4
2ol 4] 28 s w4 DNA pellers el 100 ul TE
buffer® =9l ¥ 2 & 2sled 0.D.F SHza o}
A= - 20°Ce Eaksle] emplaie DNAZE A8
it

(2) EBV2| =X &2 018 EFE S prim-
er MEH;

(1) EBNA-1 (Epstein-Barr virus nuclear antigen-1).
EBNA-12 ul® o 2 wel5ebEa) Burkin 7] =%
ol 4 FEalst= uvlolt]A MEflon o] FHAES
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o] fale] Ux2 e EBVE FEA4 {75 Hashgl
o} A4-8% primer2] 7] 9L chE# At

() EBNA-2 (Epstcin-Barr virus nuclear antigen-2).
EBV EBNA-22] §47 o129l U2 od=g] o7]4]
o zlelel] whe} A 1@ A 2YPew FTa¥ 5 9
th. mpeba] U2 «ddeila] g7 Ade| ol E Aol
wEAleg WERH LEE o|fale] consensus pri-
mer® EBNA-2E8 #eolsla o] elodoll4 of7|2] H
tog elale] A7l AelE olfule] SHE type-
specific primerg o] &3e] ofy F5E &hsld

2+ 2+9] primery th3F b

@ B -globin

(3) Polymerase chain reaction; “H%l& A|2¥&] 7|«
of4 zhzhe] = el DNAYF & A #
elel7] Hale] BE 4|Ed| Ealsts #-globin F-#
Aped] o3t primers o] B¥F FEIES ddNbAE
A) & shgl e}

A-globine] #¢l%¥] 7aloll4 EBNA-1, EBNA-ZA,
EBNA-2B, EBNA-common (M2 chEha Hw 5 &)

el gt FEEAANE ASsieldl Eppen-
dorf tbesl] 10x dANTP 2 mM, 10x PCR buffer, 15
mM MgCl;, Taq polymerase 1 unit/25 ul2] PCR -5
aff & ylal 200~500 ng template DNA®} 2 o5t
A ALR primers 747} sheho] HEA o uhgel
& 25 ples shglch FRAEL gEe 233 A5
o 95°C 55-7F denatration®t 3£ 94°Cela] 13-z
denaturation, 55°Coll4] 157} annealing, 72°Cel| 4 15-
ZF extensiong 353 EEEE 3 op|ube)| 72°Cel| 4 5
71 extensionE &)ich o] R HE 5% diz=
= BOS-8 cell lined ] 18] FAUIZZ, Jijoye cell
lined 2| 28 dddl=2 Afsgc S4dd=z==
emplate DNAE 7hsl#] 953 b5 A-Es3ic

(4 PCR ¢HES| &0l glo|dl Ftia db5ihE
4 20 pg cthidium bromider} 352 1.2% agarose
geloll loading dye2} ¥ 10 w4 ZH2} loading%l ¥
100 volted]4] 20~25%-7F #7] o549 o5 UV
rransilluminator & band & #el&l il polaroid 4% 7] 2
gt il

-

EBMNA-I Sequence Amplification size
Sense F-TCGA-TAA-CCA-TGG-ACG-AGG-AC-3° 138 bp
Antizense S -CTT-CAA-GTT-GCA-TTG-GCT-GC-3°

EBMNA-2 Sequence Base positionsiamplification size)

For general PCR(EBNA-2 common)
Sense
Antisense

For type l-specific PCRIEBNA-2 1ype 1)
Sense
Antisense

For type 2-specific PCR{EBNA-2 type 2)

5-AGG-GAT-GCC-TGG-ACA-CAA-GA-Y
5TOGT-GCT-GOT-GCT-GCT-GGT-GGT-3

S-AGG-GAT-GCC-TGG-ACA-CAA-GA-3
5-TTG-TGA-CAG-AGG-TOGA-CAA-AT-Y

1814~ 1834
2334 ~2415(602 bp)

1814~ 1834
2041 ~2061(248 bp)

Sense 5 -AGG-GAT-GCC-TGG-ACA-CAA-GA-3 1814~ 1834
Antisense 5-TTG-AAG-AGT-ATG-TCC-TAA-GG-3 2003 ~ 21 13(300bp)
A-globin Sequence Amplification size

For amplifiability of extracted DNA
Sense
Antisense

5-CAA-CTT-CAT-CCA-CGT-TCA-CC-¥
F-CAA-GAG-CCA-AGG-ACA-GUT-AC-Y

268 bp
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3) p53 FEA AHEO| CHE HYE= &S 4

() =5 Hal; 10%F4d =gl ady 4
el whiew shebyl Eoifl SHoZRE 4 um
Y2 AHE uhSo] ps3 SAA gl o ol
o == sbe 45 Alefelglc)

2) ex B, A-EE ps3ell i3t fA A=
Fell4 whEeldl ka4 &l (Clone DO7, Signet,
USA)Z4 op sl Faitlelde] =% gy +
U FAZ 10 A H3te] A8y

(3) Ol BHdl 2 B, o] ghal] g =H &M=
DAKOAL2] Labelled streptavidin biotin kit 2}-8-5}o]
3, 3-diaminobenzdine tetrachloride (DAB) 5 #l4#}elc).

) S W spolal dHE Selo] = Xiapba)
# 56°C Ngtrlell Helsla dajelal g @ad =
Forel Bgdel. Cirmae buffere]] Sele]=2 Yo
microwave ovensl|4] 35-3F 33 FelFE 0.05% sap-
onin Fefow ggeld 3087 H22sgic} 3%
T aeio 2 30~4083F el ppaiss)
45 oA A7 b2 0.05M Tris buffer (pH 7.6)2
2 AXsin FYd "U3yog 247H5g v SelF A
T oub-E dalAlzEich U dalE vhela —4Coll
4] 244) 7k wbS- A FH ) Biotingl ZgE o2 &)
2027 24173t Al# g F swepravidin-horseradish
peroxidase-§-H-& 7hala 1SE7F ke ek H.O0.2
At 3.3-diaminobenzdine tetrachloride (DAB)8-<4 4|
A 2~205-7F wb A e}, Harris hematoxylin® 2 15
270 ol ala g ¥ Eglalgic

(5) S &5 U SH M2, $o #Ho]Hg o)
shed pSacha] widle] el Ao oas wg
5 HA4so] 4000)E 1070 Alokell 4] 200070 2] Fak
HEF F4 AZe] HEES H3sle] HY o
Aol ghEl AL S4. 10% vkelw (+), 10%e]
& 0% olstelwd (4 +), S1% eldelm (4 + +)E
Sla, HEFEHoR (++) o4 TS o4 dhe
o8 Dgsda”

A Heles Fd ZEadel SASE o] £ule]
EBV7} &8 FS70 HUEEA gL TgForm
vHrel zhzhe] psiell iyt i A3 okye] g5
7t SAEH R Ae|7t AdeAE AR Hal
vl 25 B4 72 slulel Fisher's exact tesi S
Al e e}

143 kol EBV £ 9 ofslel it o7 851
A o}

L fHE U AMBEISHAM EBV YHED}
ol 2R

A 2602] H45HFF oolloll 4] EBER-10]] o
B in situ hybridizationol] 4] 23% 2] EBV ok 58 4
Fvl (Table 1, Fig. 1). 942 HEeoil4 k4 i
+ & HYed F2 dual Wi E 23 g
ol zhabAl d4=lglc) EBV k4ol HgbE @a)e)
vhe| = 344%E 6147tA 2 WP sodle|ga Yt
7b 4ol 272 o)Al W H 3= §EEof
2of|, MFell 2o, FEE-dl5el] 1o, Aol 1o
&2 cpefglch

EBV k4 f144E 6l =28 {38 2
., e 55 H¥igle] 24|, mEEEA e
Hade] 16, #EHHe] 24|, zelm Y|4 ES
(signet-ring cell typejo] lafldel e} Sef2] #Ha
Holld = B5 S4dolgdch gl 2 Feo] 43 7
EaE|EeFs  (lymphoepithelioid type) & 100d]5  3ej)
(33%)edl 4] ebdelala 1 o4 A =r} ofE ahale
ouvf, bE FHelM e o5 2 HEube] ok yb
55 Hach 9 Hadehd odF HEedE &
T+ wdeldch $HH, FHEAL Sl 2w
EBVE] 54 9 o} {LFi= EBERe| k49l 63
Seilel] {7k EBNA-1ol] £#3} ZXe| ¥ g]la, EBNA-
240 S5 A%l 262 A 1o REEgo

Tahle 1. Positivity for EBER-1 in gastrointestinal adeno-
carcinoma and malignant [ymphoma

Mo of cases Nu.c;fmﬁ[;uw

Stomach

Adenocarcinoma 26 B 23%)

Malignamt lyvmphoma 11 2 18%)
lleum

Malignant lymphoma 1 L100%)
Colon

Adenocarcinoma 24 2(8.3%)

Malignant lymphoma 5 S(100%)

Total 67 16(23.9%)
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Fig. 1. EBER-1 in sitw hybridization in gastroinesting] neoplasms. Dark ERER-1 hyhridizalion signals are scen in
the nuclel of tumor cells. A Well differentismied wasiric adenocarcinoma, B Tytnphoepimelioma-like gasmic adeno
carcinoma, € Adenocarcinoma of colon, T Malignant [ymphoma of colon, T cell wepe (4, B ¥ 1O, Oy = 200, ARC
method)

Ti

W, masE e s ARl = EBNA- 0 & P FT 7 dlHel (Table 3
1Bl ledlof]al gkalein]d EBY 329 o2 S5F]

N Y 2. CHE MpfE U UM TERNAM EBY o8
Tl (Table 2, Fig. 2

: 0 =

A EAT OFY ARE USIFAN Y £ "

e | Flej s ladal 2ofie)| 4] CODRsel] ol in k] sk delE 44 5% diAa s A
sitw hybridizations]] 94} 8125 WEi T5F vlgkd #holl 4] 4l alak 2ef]oll 4] EBERse] tlEF in sim hy-

e = olgr), 19 B Alidfaldm, Laqz] o]l bridizaon® TRMA-I  pritnerss o 41 kR o
B TAEHelgul T AL TS elell A g kgl dlEl 83%e] EBY gES Hm e
ol fv} vl ofE ubi-5 Hglch SSebda sl j. o 2ef] R4 FERNA-l=f] of 3 S8 EL odaREd
db2 el @3 FERYS] %3 9 o)l¥ £4%1- EBER s S34 L Ko o] ool EBNA-2Be
akdlel 2o]-F 1odlell2IRE EBNA-L=l] 5317 Fafel FHA FE5E Hold EBY & 23 ok L5 0
gl it ERNA-Zo - TR R Ee| vk chobdy o alalvth (Table 4. Fig. 2).
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Table 2. Subtypes of EBV in EBER-1 positive gastric adenocarcinoma

No. of cases ~ EBER-1  EBNA.I EBNA-2
type 1: type 2
Gasiric  Adenocarcinoma( W HO)
Tubular, WD 5 1 1 01
Tubular, MD 5 2 1 0:0
FD [§] 2 2 20
Mucinous 5 1] 0 0:0
Signet ring cell 5 1 1 0:0
Total 26 f 5 21
Gastric Adenocarcinoma
Non-LEC 16 3 3 01
LEC 10 i 2 2:0
LEC: Lymphoepithelioma-like carcinoma, WD: Well-differentiated, MD: Moderately differentiated, PD: Poorly
differentiated
EBNA-1
I 3
138
bp ==

Fig. 2. PCR detection and subtyping of EBV in gaswrointestinal neoplasms,

i1 5 = b el el Tear b= ol M s o I

PCR amplifications using primer EBNA-1,

EBNA-ZA and EBNA-2B were performed. Products were analysed by gel electrophoresis and ethidium bromide
stwining. Lanes indicate as follows, Lane 7: malignant lymphoma of colon [EBNA-1 (), EBNA-2A (—), EBNA-2B
(+1], Lane 2 [EBNA-1 (-1, EBNA-2A {—) EBNA-2B ()], Lane 4 [EBNA-1 (+1, EBNA-2A (+). EBNA-2B
{1, Lane 5 [EBNA- | (+), EBNA-2A (—), EBNA-2B {+)]: gastric adenocarcinoma, Lane 3: nasopharyngeal carci-
noma [EBNA-1 (+), EBNA-2A (—), EBNA-2B (+)], Lane [ +): B95-8 cell line, Lane | — }: no DNA, Lane 5 100bp

DMA ladder.

4, sl whAgh ot 2 149 o= o)
el iyt Y EF Solli= EBERsoll oj#h in
sitw hybridizationel] 25 <k4dele]s] 100%2] EBV
FHEE AR o]F el vlax Frmom o
A "bE-S Hgich EBVe| kel 6e) 25 ol
A i Egelgla, kel wbad (o] F T
Jele B HlE¥e]|x 1dl= T 4 Eslo)gich v}z
2elle HlE#o] AYEA FE Feilo|gie}l. EBNA-|
off it Fihi4a odsfuh-Solly EBERe)] akalel g

-

adlF 4ellol4] ok4lo|gi, EBNA-2Bel ofl#ll4]% EBER
B4 edllF 3ellell 4 ok & Yo EBV 4l 28l
£ EAarElgld. ey EBNA-2Ae] djgt Sl
A2 BE olloll4] S4o|gich (Table 3),

3. EBERsO| CH# in situ hybridizationZ} DNA
SEHEA 4 HE0 28 EBV DNA S5
k2| xo|

 dqtell A%l #F 674] F 1600 4| EBERso]|
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Table 3. Subtypes of EBV in EBER-1 positive malignant lymphoma of gastrointestinal tract

No. of Cases EBER-1 EBNA-1 E'BH‘“'E
type 1o type 2

Stomach

B cell 7 | 0 0-:0

T cell 3 | | 0-0

non T.non B | ] 0 0:0
HNeum

B cell | | 1 01
Colon _

B e2ll 2 2 | 0:1

T cell | 0 01

non T, non B 2 2 1 0:1

Tatal 17 & 4 0-:4

Table 4. Subtypes of EBY in EBER-1 positive colonic adenocarcinoma
No. of Cases EBER-1 EBNA-1 GENA-2
type 1: type 2

Colonic Adenocarcinoma

WD & 0 0

MDD [ [ 1 | o

P> 4 0 0

Mucinous 4 4 1 o0

Total 24 2 2 0:1

WD Well-differentiated, MD: Moderately differentiated, PD: Poorly differentiated

th&b in site hybridizationsd] oAl WES-E Woi
230% 2] oA ES Hew, o|d whal] EBV DNAo]
chat Sghid dsfubSfellA s LiolellA] FA A}
ZELS Po] 164%2] oF4ES Helch vt EBV
DNA=] dlgt Fabiia odsubS-Hella] ebda B
a5 3ol EBNA-lel| ofgh E3h3i4 ol 2fjulb-Sof
L g#HA ZEo| ¥]gl#ut EBNA-2AS} EBNA-2B
oAl FHA FHe] wA] ofokar, o]} i i
o] SR EF 2¢flell4]= EBNA-loll a4l &4
ozl e} EBNA-2Bol| thgh F3ti4A dsiulgols
sk o]t (Table 3).

4. EBV 204 BN A ps3 LS IO] AR A
(Table 5, Fig. 3, 4)

Edio]d psackufell ¥ wiez3| 52 o Aol

A oigte] saa deEE FUdMEe] w3
# odaukEE Bl vl ofARIESE AgE
ulall eFalA] s d=ela FokAlaist Ease] gle
AdaEst el HEolA Fddeld p53 U
& Aldtshsdl ofE gl ARl R5F FdellA e
FgMEe] #e ofde] 52| gk HEH] 4
2l ASE s FUT ps3gky b Eell4 g
AolE Kol HE o] qkyl Z-= 13«7} 2lick
2 AFolla] EBVel] 442 6ol p53 chule]
g sl =288 G4 BF ckiog oAl
ol A 100%e] WEES Hgich olel yhl] EBVe
49 20all= 2<lel] ] A ofde] 5 A gk e
ofl 4= A FRAEFT 10% vglel4] dfeoz <
dufofy ps3 qbdl feo] 85% 2 EBVel| okygql gl
391 75Kl ps3 Wb Fe] YRk (p value= 0.585),



Adsl 91 2905 A7 ol BBY $3 U olael| Tik AT 355

Tabhle 5. Eapressiom rate of p53 prowein in gasirointesinal neoplasms

FBER-1 pogitive LOLR-1 neogative

3 (= (r4) D+ mw(R) i=r Y Ny =) raed%) pevaluc

Adcnocarcinoma
Stomach 0 (3 | ) (10RO ) 2 I 2 15 (85.05% ) (385
Colom 0 1] i 2 {105 5] 1 A 12 (B8.2%) 0,554
Malignamt Lymphoma
Stomach §] O 0 LA (10K 3 1] I 3 (EEN L .0ER
Colon 1 ] 1 4 (B335

Staiinyg weore: () 0% of p53 positive cells, (13106, (¢ ¢ ) 10~5300, [+ — +)p=50%
Poglive expression rate: cxpression fate ol cases with more thani - 1)
Fisher's exact lest: (p-valuc-<<0, 1)

o

T
wiETd

§rEE ]
o
|

e TNy

3?:53 A

Fig. 3. lmmunohisimchemical stains Tor p53 protein, Most wmor cells show diffuse hrown nuclear staining. A: EBY
positive gastric adenccarcinoma, B: EBVoregative gastric adenocarcinoma, C: EBY megalive sdenocarcinoma of colon,
Tr: EBV positive malignant lymphoma of eolom, (A: ¥ 100, B, T»; 200, C: >4, ARC method)
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P53 [ EBER-1(+}  EZ1 EBER-1(—)

1001 — -

. _
L =

60~ S o

Positive rate(S:)
o
]
L

St Ad  Colen Ad St ML Colon ML
Fisher's exact test ML, p value=0088 (<0.1)

Fig. 4. p53 expression rate according to umor [ypes.
EBV positive malignat lymphomas reveal higher express-
ion rate of mutant p53 than EBV negative ones (St Stom-
ach, Ad: Adenocarcinoma, ML: Malignant lymphoma).

oizke] Aekgolla] EBVel] o4l 2edlely 2
00%e} 98% R ps53 wiof==bel of Yol PkdE
Hgls EBV FA4% HYES EBV R HeEe
3 w2 68.2%2] WlEE-E LieERc (p value=0.554).
A ow wiake] dghEeA] EBV #HE §Fel o
p53g] we §52] 2ol TARH 2 glct
(Fisher's exact test, a =0.05).

el 4] wbagdl oG TEL EBVel G430 2o
ol 4] B pSdell FebdE Hedd 100%e] HHEE
B, EBVel| S419] ofHd7EFHFE 444%2] W
W g5 vebdck #Ha leum)d E3HEF o
ohM B L FL gol] 25 EBVe| ko |oE 4
gl#tar SelflellA] pS3ell ekdem sl4s|o] 833%2
ps3 YHE &S Hgch 3 9 EHaE Fgke digke
et g ZF=ll4 EBY HE Hell o p53s] B3
59 Zel= FAEHHoR =)o)z 21} (Fisher's

exact test, a=0.1, p value=0.08).
i &

2 ogditelld s daptes EBVA F ksl
MEA Fo HENA obH §hEF el
= HEAAE et #o|stoll4] EBERs in situ
hybridization$- o] 8-sle] #elsla obd 23 H4EE
el Fekoll4] EBNA-1, EBNA-2AS} EBNA- 2BS
o] falo] ofa] AEHst b FHE e B

edqtel] A% in siw hybridizaton2] $E7F 3
EBERY: EBVE] 4% 7e]A] HlEg 1077474 Sol
shA| oko] Z7lsl= RNAF EBER-13 EBER-22 &
Aak=wl ZHzt 1652F 169 nucleotide 2 #-E Zol &
7HAl et EBER: #lEuloll4 La ghefdzt Hghs}e]
ShdE 22 =5 YAdsr] aifel EEuigl oA
H ekl Fof =FoAE vlud <ddFHen £
Afgtel. 4t EBERE #ghe g o] Fsled ribonucleo-
protein= 2 FAl#}7] W Fell EBER in situ hybridi-
zationof| A Y L HE2] sulo] ko4 o
el AE Y ¢ Aok 9 EE HEA g
o] EBERS] 7|52 of=#tx <ha{z]z] ghksbzigh,
EBV 7ol gd3on §83pA 485a g™

EBV: #Hagh 842 FHAEE o] Fol3l s
g & 5% FHXE ol5F 11712 FHRA} A%
et gele]l glew ofA] olF 117] fA AR
EBNA-1, EBNA-2, EBNA-3 (3A), EBNA-5 (LP),
EBNA-6 (3C)2} LMP (Latent membrane protein, LMP-1)
e 67 FHA S5 AEE FelA] g 5y
Ag 5 QUES shed Had §FHAZ s
EBNA-1 o322 DNAS| 53 <J7] gl 7gs)
+ thejE R wpe|®A42] latent replication origin®]
oriP2] TGGATAGCATATGCTATCCA <7 A<l
ZAgrsled 2 EBVE 5 FHE #AA7E o
5 s Aoz 9w Hch =3 ohE EBNA gy
AEE FHHAAHY 55 AEe] 73 S46e
Aledsis o gt k. o] EBNA-1- Burkitt ] EF,
v 215 §hF, Hodgkind, 123544 g5« =25
W= §FYd vlella ghAde|ct. EBNA-2&=
DNAgZE AeskA v 9F2 AA 97 (mascrip-
Hon factor) 2 LMP-1 ## 78} EBNA §#H3H52] &
Az} (promoten) 5 2 EA] A A 5] EolH]| E o] 4
HA U E =Asls Aleg g e w3k on2y,
CD23, c-fgr55 T2 B fl=2] 4ast =34 g
28 HE §FHAEES STk gl LMP-1
+ MEHE ¥l fdEA HY RHAE
Egd s W3 e, 3 |2 programmed cell
death®] apoptosis5- 2 #ll&a, CD237  imtercellular
adhesion molecule?! ICAM-1, LFA-17} LFA-352 &
A ek gk ®arba] 493 EBY #7344
EF MAE Held 7lak Fad §HxE= EBNA-2%}
LMP-1& & ™",

TebaA daighgd ATe] HAellM 5% DNA
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471 MHE Fohli= A e EBVe
5 #d4 gd FA%: EBNA-1S primers EBV
& AMeddta EBV A 133 A 28] xe]el
EBNA-2F encoding &)= U2edoo] 7] 4o 2}
ol & o|85te] 242} 2] primerd Az oL, TEH
A ddiSE o] E4 fFHA SHE Aot
A F55 e ar2 404 B8 5 gle)
4| EBVE| o}y 157} 7hsaic)”

Flell4 w83t AetkE 260fof el EBERs A=4] 7}
T ol B3 in sine hybridizations A 8% 23} 6o
A ok 23 A&7} BEEelH 23%2] EBYV ok
8 Hiled o]2 & o]3he] Shibata?l WeissE o]
AR fHEFS] EBV S4E 16% (22/138)2F 9
Hol TokunagaS™e] K sl 69% (69/999)H c} &
o EBV oA &3 vl o]2|d Hil: olnlx
Boagellds o ol 7 A, Sl HeE ol
A5 EBV b Eo] £ zles oAl gl=ia)
FF AdFel 1w0eE g oz pro] EE gl
mf ol abar Azhgich

EBV of4el §]45HE 6cl2] =283 488 9
W, gEe FEE FEgbe] 24, mER-HA L
el a4, AEEEe] 26, re|m vz s £
o] leflgct zE{u} Seflg] HoHHel e BEF 24
ojgich B alof| 4= 26a]2] 94 obEfol= Lo}
HEGS F9el @S BET Has Zulgh ghalbs
Ay ETold YxgsFe grtog B
g 10odl7F Egds]e] glisdl 1% 3eflell4] EBVEA
= Hgleh $ell4 EBVE ¢ghd e 229 g
A, =, FHA2 ol 2 gEAaEed oE
ell nt Mamejgl o} H2olli= Shibaa S
of fEA Ffe] fle F¥eAE EBVEL daba
= Hastelch B ooty glESE A Fe| gl
Wt obdel dAlels vz M EH 6T EBV
7t #lElar ol &=t 2 W zabe} 2l
i Aade|vt webd 92 HRFTollM= = thA
el TAgle] EBVS) eddtxl: 218 o 4= glar,
EBVEFAH Rl bellF 3o7t JIZF Hfo] B {3
ot} HEZAEFS bFeleld oldl el o
dlts] EBVeF b4 & zhe A8 #9918 o= glsich

AdE2] FAL 4 vhdoll 2] EBV o}
& 5ol A in site hybridizationol] ekA o Ald
& HEE 6T 4cdlellMut EBV o}y {7} vhs
slgict ok et A g ASE B, 8y

23k ehFoll A EBV 54 o ofyell 24t o7 857

#3149k 1ol H = EBNA-12} EBNA-2 primere]]
el =5 fral#h %o s]z]gleta, EBER 9F4]¢]
WEA| A EY $ 492 EBNA-loll Wa] §47 ==
o| =glz]lul EBNA-2A%} EBNA-2Bo] 24 £ 72
Kol o} & 78 + glzld obd 257 s
B ddlE A B Jdolm e @ TAkwFaky
1o, ey FPEATEokE 102} =24
# 1ddl5 3qlloll4] EBNA-17} EBNA-2A¢]] §$#z} =
Zo| Hoj4 4 1Heow Rl aela R}
F& 44 1oflell4] EBNA-13+ EBNA- 2Bel| &3
A FFHo] Heol A 28 e g REsgdc) weld], 9
Askelld= Al 13 EBVZE A 28 W o ghe] A
#E= AE 2 5 glgdel o8l Aabye $4iekEa
5 2]=re] ol Haprl glold wislr|] W57
Wk o)=e] Sixbey 50| A7bg Aol wled =le) 31
Zh2] Eleleila g el HAab= Al 13 4 23e)
He] AR HER PJEFHUD F olFE F4)o] 7
I ASE Aoz Barslgick ghde], 23 Yo
KunimotoS " & 71744k Adels} clekgt des) siw
A9 #habe] e}l g o] E4F dtel|l4= EBV 4] |
ol Hall ol4e] 20~4%2 1~6%2] a3 28 W}
W4 woa Easea F5% A" A9e 94
b apgeh o] Hal= EBVE] elile] e# e
2 Zelzt qlehz AE o 5 vk B oo An
AAGFTeNA= A 1% EBVAE M| 28 Wil glhel
Hislgln H 285 ool waHEgdc 2ehd
5 FdE 9 ol gigld) RickinsonEH2 A 1
& EBV7L 4l 28 N} Fu) Ao 3 4E
= Al A S Raaglsd), ol Hel
A §ldghElA A1Ee] o] FEEcE A4
0% We8 EFE EBV 4 ET olEe] S14d%Ee
el FHgel ] EBVE] f34Y o B Alabsbe wp
7t 2ok a2y § o dFdg FeEgr R Ha
AdgFTolA EBVA #4gFe] BAg £ ad=l
Aol ofdel el FAo| Feigcls AAe 2o
ah7] flehAe elel Y F o) W et} o]
ol #el & Feo|ct.

N2 opdRI=Fodl4 EBV FHES 2l 1S
2¢] (18%)E HebF2] wimsl wvls] =2 ¢gten
loll s T HEFHe|givl. wiefa|el shajelly A
hH gl ZFo] obd FeilA g%t A ehdgE
Foll4 EBVE] ddgkgel Bk g ol HEd
=ale] OuoS™ e 5500|1% 3ol (5.5%)0ll4] EBV ckal
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g stk el 339 HuiEYe] $)ell4
MblEE bR EE ol«dlF 11ed] (18%)<l4] EBER
ok 4 S Yozl 16F 997t B Al E&o|4ln
uvpe]A] 267} T HZHe|glcka $ic) £ B 4L
& AR vivkd A EFe|Ra A efel] u]aH
4 Heog kAl mucosa-associated lymphoid tissue
(MALT)HZ 3t o= ggieta 3ok sufell 4= of

=Y) 28ell% Bolle] FAE (29%)% Karshelisul
o5 28ellE T MEH 1¢lall4 s EBY 4 & B
stalek. BE As T 81255 38 B 2%+
ehe] EBV2] AZEd] 3]sl Ha$ CD21 E#bE #f
Z5 gl7] ¢ton, H &S T XI5 EBV DNAE
iransfection 2] 7] EBVE] replication 2 §-2) & ™, T
HETs EBVE] S5 A2t opd Zles el
ol 1988vd ol JonesS U2 3of|2] EBVEF wdiiy T
MEE g5 Basiddad fvlaAs el
T 2ellell A 2] Fok Al EeA Y T WEFele §
= CD21 22 7hAla glgdcks gl o|Ed F
e HAapel B oot HaE wlas] Ry A4 o
A4 e HodAg 25l vl Sde] kR EF
|4 EBV 4 gel ot & A& ¢ 5 9. B
ME" Sab epdet T M EHeH 2 EBVAL &5
= AE #Helwlzich

FlellA wragt epdgl g o] ol it EBER
of ekalal 2o|F lelell 4= EBNA-1¢ {32 Z5
o] z|glev} 2¢] RFoll4] EBNA-2A, EBNA-2Bef|
S EAE AHuble| fHA FXe| =2 ghoby
ofd F4rE ¥ 4 el eolsidtE A3l ek
Zolgl =3Feo4 2] DNA ool e] b3t & w4
ol DNAZ] EHa]felz]= ¢ = gled) olq sk
7% gl 25

k2] 4lgbd 24u|F 2olofl4] EBERs in situ hy-
bridizationsl] <f¥t ok4d w35 H<elon} EBNA-1E
primer 2 o] &%t T A odsfubSefs] 24 =5
FrHap Fe] wlo] 8.3%2 EBV 4 E& Hulch
g]an lc-ﬂﬂrllﬂ EBV # 28 o2 RE=¢lch oy
g A Shiie|e] et Ae] gleld wlm ¥
7 AR djge] dedFeld e 9] HokFrols
#He wlgznk EBVFL HaEgicks AAle] =28
Har) gk 4zl

i #AHE EEE dizke] MR EF 6ollel A
W5 EBV7E #EElglar 1F 4eilefl4] EBV A2
o8 BFsgich Fueld ol 5] ol 2w

Hadel] wbAgE b4 §lEE 9ellF 1o (11%)elA
EBER| <F4de|gla dlge] ofdilZE BollF 3¢
(38%)el| 4] EBV 4 E Hel oPHR=ZES .if_f-;r
g 1454)2) PEZAA Ags ddozyg ngH
dqtell wEw R RIEE T2l 21ed] (29.2% )04
EBV <kd & Hels o]F #28] EBVZ} dliftielyl
cpal Woataledck A oA R EL 100 F AT
A mbAgl T H|32E e flEE ldef|4] EBERe|
bl a3t AEE Welw A 2¥ew s
olgigt Hay B oy Hujel dAx)s Azeg
A 13e] Al 28 EBVMEYL &5 AEe F4 59
o] #4 wiod A+ g} HE wiojo] o)4he] gl
i+ Hodgkinflell4]3= A 2% EBV7} 2 HEEHR
WAk Rl Z=Fell= A 18 EBVZL @& Helet
— BhEgh olga wbdie] #Hijelo B gl ek
HAHEE 2 3 15 EBVZL & 28EBVEL} ©
o sl wbdel]l oiabe] elAR EEdaE F2
A 23] EBV7E FAE=ct. o|#ldt ko] whir#]
EBV2] offe| FWal= A7« wel =2yt
gl old Helrt 9= epdwl ghes] A
82 ezt QlAE b AP o] 9E gt
Y g spetar PzhEc

Nakne] Hdokgal ofAlgd Z4olld EBV A3
il glel diyte] gl Felld s FEAEA ol o
Ste| in siw hybridization®c} 2 3Ee gle] &
wijoltln HoE slgzlet Febid ol yhi
o 213k EBV FH 3 #1abite] el E3) s
+ HEAHAE dHor FHEH 5 Ydenz o
Z}# &2 EBERs in sitw hybridization® &2 22} H 4}
= s Ae| vighE et B elfoll e 285H F
A ddffdb-gol g1 EAA i Ydsked ol
¥evkgl nd =hebdl Fof =242 DNAFES]
olfF, 55 DNAZ] HHx} Teg FHEL E4
oA S3e el Fleldhcln AzhE )

p33 FokelAd w7k seddie]= dias), #sh
s EUE o] UM FUdlY B 5 U
7hak Ed FH AR o] et of2FhA] RIglel 9
4 opfldyl ps3 FH e Foidels §F o4 FF
w dalEtAlE R AL FoF bl Flofgicia @
2 gl EBV 18t FokEol4 EBVE H# 2} A
=0 p53 FAAbe] Ealdelsbe] A3 3AlE
Heogvhel ebr] sl EBVEL T s ¢hEat The s
Z| ke FoE Ihe] SdHe|dy ps3 chelle]
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FEE v|2slgich ol Ay, g4 HetE 4
4R LZell 4 EBVF} k49l F<ko] EBVIL HE
Al g Fokell vl ps3 wHSo] ghend,
EBVZ} 3E% HghEE dl=3dl vl LAy e
2 frelgt AeolE Heo|A gisic) #H, 23] o
Tl B, EF9 Log" vl FehE 380l el 4]
B elellA] pS39] S¢iwelE WY 4 gigdcla
Aavaled . 1994y Edward S8 Burkitt @) =29}
EBVE bRl 55 dido g 4 odell4] Burkin
HESE pi3 Eaddelr} fabs|ql|ub o)
dhapella] abaigh gjitite] B 4| EY obdg = Eo
A psie] SelHe|E Kol gstoha i o
ofli= ofqE ps3 chufFe] EBVE] #HE ghedell4
AE |2 AT = HEE Hdm e
transcriptional activator$] EBV 2 b3 (BZLF-1)7}
chef ko] AR 4% FEE a4 HE B
712 wlol s SaAlE zHIetm Peidc) ob 4
H ps3 thelAe| lyiic viral origin (ori-Lyns] =a3)
Sslell =3 Agwsle] Z A e EBV A A E
HAallsbe], whl e Z ghedd 2 saaia] ey 2)H
= UhE A gAY of Yl ps3e] il oaAlv)
& olHslo 2 yhalell Flelgcln kel alufa
EBVFY FU43 ps3 FHAe] Sqdwie|s] =3
A A PAl Hubsla esle opAlEl ps3 chwy
A3t EBVE] BZLF-1312] 4% =g file] 43
slar gleh elidh el Hab= 2 elfell4] EBVYL
A& A HdFn EBV g4l 4ghEale
=qdie]d ps3 i Wl Fo] FAEHoR §9
i Aeld HelAl gd Hell vlFeo] £ A7 Ax
8} ol HE YA sz Adoletm & F gk
2lup Boodqt AR flasel HghEe] psis] E
diielgl Fylsbein A= §1E5d ki
HAate] debE EBV I f%9l 48 gle)
p538] FdwolE &3 Fukdle 9Eog 4
A5 T obdel pSachufel] gt uwiedz= glel of 4
v p53 fAALe] Fodwolv) whEA] AxslA] gk
wifolel. wheba] EBVEFY Faksl Soluwio|d psi
o] A3t dAlE drelell Reh glel psigael|
gt 7l E4HE Ay das) gle

= =

g3ele] FgolA e 44E W oH4

22l obEoll4) EBV £ u obslel] s o7 859

ELelly EBVE A4S ulslr] g 2eel2]
HAgEFe} Nelle] ot =F, 24d)2] ofzbdghs
3} 6olle] k4R =ES QAT dido ¢l EBV
= T8 bkl Eel| ==E o] &gl EBV
encoded RNA (EBERs)ol| o2t in sitw hybridizationS-
A8 ok, vlelElze] o8l Rl $lel
EBNA-1, EBNA-2A 5] EBNA-2Bo| ¥l £%lis
A QbS5 Alsislalcl. =4k EBVE] §Hz 45
o gb 4 A2l psie] 4E DAE el
ol p53 chefiel] ot W z== 8 oS Alelelo
chfah 28 dabE g

1) HehEF2 §145 260 F 6ollelld EBVZL H3
o] djgdehe] 240]] F 2alell4 Bl EBV kA&
o & Wigl, obdd RlEFo A= A (g6l 4] <
Aol 83 ey Bt Eaich

2) EBV of3 s|alelld = A1y A28le] HaE
Hala, A4 9 digedl 4= A2k HaEEgl

3) Ak qbEell4 EBVES #HE3ltul: EBERs
in situ hybridizationo] F§Fa A o] vb2 7 aguc)
vl gl fJage] EAlvh obd BERE s
T A oA wkE S gl A eluledol ot

4) Sagt dshFeld = EBV gkddod e} ps3 gl
wio] g Aelell= Aelrl glglon) ety
oll4]= EBV o4 qbgell4] psaghef gl go] =ghc}

ol de] HHog FIoles whasi= gzbae
A4E3 AP ZF o] YRdlA = EBVF} wel 7
Hell BHedgl 5 glohe 7bsAdS Al A, ulag B
fet otEo] H3el wil EBV ofdle] e|r} gli=
ez Azgsh) welelwfaztel psizl EBVE
PAE v§ 738 dar) glokn g4
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