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Abstract Five hundred and thirteen cases of gastric citMP-1 gene deletion with few exceptions. The results
cinoma were investigated for the presence of viral RNikdicate a lack of genetic differences among EBVs in
and the clinico-pathological data, geno-type, BamHIF rgastric carcinoma, normal population, LCLs of SCID
striction fragment polymorphism (RFLP) and specifimice and non-Hodgkin lymphomas. Some EBV infec-
LMP-1 30 bp gene deletion were also examined. EBYisns in gastric carcinomas may be transient, especially
detected in lymphocytes in 20 normal gastric mucosainthe submucosal invasion group.

lymphoma cell lines (LCLs) maintained in severe com-

bined immunodeficiency (SCID) mice and 18 non-Hod&ey words Gastric carcinoma - Epstein-Barr virus -

kin's lymphomas were compared with those in the gaSncogenes

tric carcinoma cases. Thirty-three cases (6.4%) were

demonstrated to be positive for EBV by means of EBER-

1 RNA in situ hybridization. Clinico-pathological datdntroduction

showed no statistically significant difference in histolog-

ical grading, location of cancer and status of vessel akal apparently close relation between the Epstein-Barr
lymphatic invasion between the EBV-positive and -negarus (EBV) and the development of gastric carcinoma
tive groups, although the former significantly predomias been found. A particularly high incidence in specific
nated in the submucosal invasion group (submucosaltyses of lesions, such as the lympho-epithelioma-like
mucosal P=0.021; submucosal vs advanced cancgastric carcinoma (LEGC), has been reported [15, 21],
P=0.033). Some of these data were different from coramd the presence of virus in all carcinoma cells and of
sponding data in earlier reports. In cases that were evahonoclonality has been demonstrated by examination of
ated by molecular biology, type A, wild-type F an&BV-terminal repeats and taken as evidence of a causal
LMP-1 gene deletion predominated except one in 21 nole [6, 10, 22]. However, EBV detection in some lesions
formative cases, one in 24 and two in 16, respectivdhas also been regarded as a passenger phenomenon on
EBVs detected in lymphocytes in normal gastric mucoghe basis of investigation of early cancers found together
LCLs in SCID mice and non-Hodgkin's lymphoma werwith LEGC [20]. While it has been demonstrated that
also predominantly affected by type A, wild-type F ar@BV is present in about 10% of common type gastric
carcinomas [14], leading to the speculation that it might

Y. Takano () - M. Saegusa - T. Mikami - I. Okayasu be playing a part as an oncovirus in this situation [23],
Department of Pathology, Kitasato University School of Medicin¢here is no definitive support for this hypothesis.
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strict 30-bp sequence deletion within tHeed of the la- ence of EBV and B lymphocyte surface markers and activation of
tent membrane protein-1 (LMP-1), resulting in the ap!l latent gene expression were proven and the cells had been

. : : . intained over ten generations in SCID mice.
sence of ten amino acids (amino acids 343-352) frgPﬁEighteen cases of EBV-associated non-Hodgkin lymphoma

the cytoplasmic domain [5]. were selected on the basis of EBER-1 RNA in situ hybridization
Transfectants of these isolates have been found tordsalts from among 135 cases of nodal and extranodal non-Hodg-

aggressive when inoculated into severe combined |mrhl[jL Iymphomas treated at the Kitasato University Hospital from

» ; ; 89 to 1996. All specimens examined were 10% formalin-fixed
nodeficiency (SCID) mice, and the presence of this defg paraffin-embedded.

tion may be associated with more aggressive behavioUfrhe EBV RNA ISH studies were performed using a digoxige-
in tumours [2]. nin-conjugated oligonucleotide probe complimentary to a portion

EBV genomes from undifferentiated nasopharyngeilthe EBER-1 gene. Sections 4 um thick on slides coated with
carcinoma (NPC) biopsies obtained from Southern Cﬁp_ly-l_-lysme were routinely deparaffinized, dehydrated and predi-

. . ... gested with 3 pg/ml proteinase K (Sigma, USA) and then hybrid-
nese patients have been shown to contain an additi for 2 h in a 37° C incubator. Anti-digoxigenin antibody—alka-

BamHI restriction site in the BamHI F region (‘f’ vari-ine phosphatase (x100 dilution, Boehringer Mannheim, Germany)

ant) [9]. Since this variant is rarely detected in spontanes employed with a NBT/BCIP kit (DAKO, Denmark) for detec-

ous lymphoblastoid cell lines from healthy Southeff#n of EBER-1 signals. Counterstaining was with 0.3% methyl-

Chinese and North American donors, the f variant %fen solution. EBV-positive non-Hodgkin’s lymphoma specimens
P

. . . . re applied as positive controls.
EBV may be implicated in the pathogenesis of N Genomic DNA was extracted from microdissected carcinoma

[1]. cells, normal gastric mucosa including EBER-1-positive lympho-
A large series of gastric carcinoma cases was exﬁ{es and lymphoma cells on 10-pm sections cut from formalin-

; ; ; ; : ; xed and paraffin-embedded tissues using a standard protocol.
ined to investigate the role of EBV in gastric carcinogeft="5 A aliquots (50 ng to 1 pg) were amplified in 50 pl of reac-

esis. Comparison with EBER-1-positive reactive lyMinn mixture containing 1 umol/l of each primer, 200 pmol/l dATP,
phocytes in normal gastric mucosa, EBV-positive lynd€TP, dGTP and dTTP, 10 mmol/l Tris HCI (pH 8.8), 1.5 mmol/l
phoma cell lines maintained in SCID mice and noMgCly 50 mmol/l KCI, 0.1% Triton X-100 and 1 U of Taq poly-
Hodgkin lymphomas as well as in the clarified model gferase (Takara, Japan), and overlaid with mineal oil, PCR ampli-

- d I d Ication was performed in a Program Temp Control System PC800
EBV oncogenicity were made to allow us to draw COYxSTEC, Japan). The primer combination used, cycle parameters

clusions. for PCR amplification, and product sizes of the different regions
of EBV are described in Table 1.

To perform an analysis of RFLP of the BamHIF, amplified
PCR DNA was purified by phenol/chloroform extraction followed
by ethanol precipitation. DNA pellets were resuspended in 50 pl of
distilled water, and 5-pl aliquots were digested with 20 U BamHI
Five hundred and thirteen consecutive gastric carcinoma cagasriction enzyme (Boehringer Mannheim Germany).
were selected from the patients’ files of the Kitasato University The amplified products and digested PCR products were elec-
Hospital and the Cancer Institute Hospital for the period frotrophoresed in 2.0% soft agar gels (NuSieve 3:1, Takara) at 100 V
1994 to 1995. All specimens were obtained by surgical resectifor, 40 min. After gels were denatured, neutralized and Southern
routinely fixed in 10% formalin and embedded in paraffin. Histdslot transferred onto nylon membranes (Hybon N+, Amersham,
pathological diagnosis was made by means of the modified clag#), hybridization was performed using 10 pmol/ml of digoxyge-
fication described elsewhere [19]. nin-labelled oligonucleotide probes against the respective samples

Twenty cases in which lymphocytes in nonneoplastic gastuigth DIG Easy Hyb (Boehringer Mannheim) at 42-58° C for 12 h.
mucosa were sporadically positive for EBER-1 were selected frétfter washing the membranes with 2xSSC, 0.1% SDS and
among EBV-negative gastric cancer cases. EBVs detected in tt®4eSSC, 0.1% SDS at 42° C to 58° C, luminescence was detected
cases were thought to be consistent with those of the normal papith X-ray films (Fuji RX-U, Japan) employing a Dig luminescent
lation. detection kit for nucleic acids (Boehringer Mannheim).

Seven lymphoma cell lines (LCLs) established by injection of Statistically significant differences were analysed using the
human lymphoma cells into SCID mice were kindly provided kiylann-Whitney U-test and the Chi-quare test (Statview J4.5 soft-
Professor Shigeo Mori and Dr. Mami Shiota, Department of Raare, Power Mackintosh 7600/120). The level of significance was
thology, Institute of Medical Science, Tokyo University. The preset atP<0.05.

Materials and methods

Table 1 Polymerase chain re-

action (PCR) primer combina- Targets Primer and probe PCR PCR products
tions and probes for Southern Sequence conditions size (bp)
blot hybridization yt wild
type é’e| deleted t)%e“ EBV geno-type 5AGGCTGCCCACCCTGAGGAT-3 940C 60 s type A=168
’ ! (type A or B) B-GCCACCTGGCAGCCCTAAAG-3 5600C 60 s x45  type B=184
Probe 720C 120 s
5-GTTGCCGCCAGGTGGCAGC-3
BamHIF 5-CAACTGCCACAGACCCCATT-3 940C 30 s Uncut=222
RFLP B8-GGCAATGGGACGTCTTGTAA-3 520C 60 s x40 cut=126
Probe 720C 90 s
5'-GCTAAGCCAGGATAATCAGG-3
LMP-1 gene 5CGGAGGAGGTGGAAAACAAA-3 940C 60 s wt=161
deletion 5-GTGGGGGTCGTCATCATCTC-3 610C 60 s x50 del=131
Probe 720C 60 s

5'-GGCGGGCCCTGGTCACCTCC-3
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group with cancer invasion limited to the submucosa, the
number of EBV-positive cases was significantly larger

Thirty-three of 513 gastric carcinomas (6.4%) wef8an for the other group®0.021 and=0.033). EBV-

proven to be positive for EBV by means of EBER-ROsitive carcinomas did not occur in any particular loca-
RNA ISH. When a case was positive, all carcinoma celi@ns: Vessel and lymphatic invasion did not differ be-
demonstrated EBER-1 positivity regardless of the his%feen the EBV-positive and EBV-negative groups. No

Results

logical type and grade of cancer invasion (Figs. 1, 8jfferences were noted with regard to lymph node metas-
Clinico-pathological data for the total and the EBV posiaS!s- _ _ o
tive gastric carcinomas are summarized in Table 2. Thel@Ple 3 summarizes details for the 33 EBV-positive

age distribution was similar between EBV-positive arfiStric carcinoma cases. There were two cases of LEGC,

EB\V-negative groups. There was a male predominarﬂf@“ped together with the poorly differentiated adeno-

in the EBV-positive cases, but no statistically significafgAfcinomas. Twenty cases were type A and one was type
difference was noted, gastric carcinomas being generdjlyF19: 3); 23 were wild type F and one was an f variant
flg. 4). Fourteen demonstrated a characteristic LMP-1

more frequent in males. EBV-positive cases demonst . . .
ed no histological specificity, although well-differentiatdene deletion and two were wild type LMP-1 (Fig. 5). In

ed adenocarcinoma cases were relatively few compaf@g€ 13, EBV polymorphism was B type and f variant,

with moderately and poorly differentiated lesions. In tf!d the LMP-1 gene deletion was lacking. A detailed
search in this case revealed no specific findings, such as

an immunocompromised state.

Sixteen cases of 20 normal gastric mucosa with
EBER-1 positive lymphocytes were informative. Fifteen
cases were type A and one was type B. All cases were
wild type F. Fourteen cases showed LMP-1 gene deletion
but one case did not. In non-Hodgkin lymphomas and
LCLs of SCID mice, 16 of 18 and 6 of 7 were type A, 16

Table 2 Clinico-pathological details of the gastric carcinomisls (
male,F female,well diff. well differentiatedMod. diff. moderately
differentiated,Poorly diff. poorly differentiated,m.m. limited to
within the mucosas.m.invasion of the mucosal muscle but not the
proper musclem.p.invasion of the proper muscle but no penetra-
tion, s.s.invasion through the proper muscle but not reaching the
serosas. invasion of the seros:)

. L . . . . Total gastric EBV(+) gastric
Fig. 1 EBER-1 in situ hybridization (ISH) in a well-differentiated carcinomas carcinomas

adenocarcinoma. EBER-1 signals are located in the nuclei of can- o
cer cells showing duct formation in association with dense small (513 cases) (33 cases, 6.4%)
lymphocyte infiltration. x20}

Age 60.95 60.27
M:F 367:146 28:5
Histology
Well diff. 132 5 (3.8%)
Mod. diff. 113 9 (8.0%)
Poorly. diff. 268 19 (7.1%)
Depth
m.m. 129 5(3.9) %
s.m. 111 13 (11.79
m.p. 49 2 (4.1%) Kk
S.S., S. 224 13 (5.8%
Location
Cardia 66 7 (10.6%)
Body 254 17 (6.7%)
Antrum 193 9 (4.7%)
Vessel
invasion
(+) 207 15 (7.2%)
: : ) 117 13 (11.1%)
27 b ; Lymphatic

invasion

Fig. 2 EBER-1 ISH in poorly differentiated adenocarcinomg) 179 11 (6.1%)

EBER-1 signals are present in the nuclei of cancer cells, distribut) 145 17(11.7%)

ed diffusely with micro-tubular formation, surrounded by dense
lymphoid stroma. x2C3 * P=0.021; ** P=0.03%
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Table 3 Summarized details of EBV-positive gastric carcinoma
(Mod. moderately,Poor. poorly, Well well differentiated, LEGC
lympho-epithelioma-like gastric carcinon:a)

EBNA2
Case Histological Cancer EBV BamHIF LMP-1 gene
no. type depth type RFLP deletion
1 Mod. m. A wt + - OO g™ . =
2 Poor. S. A wt + *e . 188LD
3 Mod. s.m. A wt + . B
4 Poor. S. A ND ND Case 1 23 4567 8 91011 1213 14 15
5 Mod. S. ND ND ND
6 Mod. s.m. A wt ND 3
7 Poor. S. A wt ND
8 Poor. s.m. A ND +
9 Poor. s.m. A wt +
10 LEGC m.p. A ND ND
11 Mod. s.m. A wt +
12 Poor. S. A wt ND BamHI"E" RFLP
13 Well m. B fvariant wt
14 Poor. s.m. A wt +
15 Poor. S. ND ND + - “ —222bp
16 Mod. m.p. ND ND ND e - - ‘
17 Mod. s.m. A wi + —125bp
18 Mod. m. ND wt ND
19 - Well s.m. A wt * Case 123456789101112131415
20 Well s.m. ND wt ND
21 Mod. s.m. A wt +
22 Poor. S. A wt + 4
23 Well m.p. ND wit ND
24 Poor. S. ND wt ND
25 LEGC S. A ND ND
26 Poor. s.m. ND wt ND
27 Mod. s.m. A wt + LMP 1
28 Well m ND ND ND
29 Poor. S. A wt wt .
30 Mod. m. A wit + '
31 Poor. sm.  ND  ND ND - o ’ L sk
32 Poor. S ND wt ND
33 Poor. S ND wt ND

Case 1 23456789 10111213 1415

Table 4 EBV genotype, BamHIF RFLP and LMP-1 gene deletion
of lymphocytes in normal gastric mucosa, lymphoma cell lines of
SCID (severe combined immunodeficiency) mice and non-Hodg-

kin lymphoma::

EBV BamHIF LMP1 gene
type RFLP deletion
A/B fIF QUG
Lymphocytes in normal 15/1 0/16 141
gastric mucosa
Lymphomas of 6/0 0/6 6/0
SCID mouse
Non-Hodgkin 16/0 0/16 16/0
lymphomas

Fig. 3 Results of Southern blot hybridization of PCR products af-
ter amplification with primers for the EBNA-2 gene to determine
the EBV genotype. In case 13, a single band 184 bp in length con-
sistent with type B is found. All other cases evaluated show 168-
bp products consistent with type: A

Fig. 4 Results of Southern blot hybridization of PCR products af-
ter amplification with primers and digestion with the BamHI re-
striction enzyme for BamHIF RFLP. In case 13, a 126-bp band is
seen, consistent with the f variant. All other cases evaluated dem-
onstrate 222-bp uncut products consistent with the wild type

Fig. 5 Results of Southern blot hybridization of PCR products af-
ter amplification with primers for the LMP-1 gene; 131-bp prod-
ucts characteristic for'3nd LMP-1 deletion are visible in all
cases evaluated except cas+ 13

and 6 were wild type F, and 16 and 6 showed LMP-1

gene deletion (Table 4).

Discussion

found to be positive in the present study by means of
EBER-1 RNA ISH is thus in line with previous findings.
Age, male-to-female ratio, histological grading of malig-
nancy, location of cancer, vessel and lymphatic invasion,
and lymph node metastasis were not linked with EBV

Investigation of a large series of Japanese gastric capasitivity. The only associations of note were the high
nomas revealed that in 6.2% of gastric carcinomas lateridence in the submucosal invasion group. This differs
EBV infection was present [14]. The 6.4% of casdéwom earlier reports [14] and may have been caused by
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the presence of transient EBV infection. It has been veas also detected at a relatively high incidence (30%) in
ported that EBV sometimes disappears completely hiralthy Chinese donors [9]. No specific viral function
EBV-positive Burkitt lymphoma cell lines owing to losdias been attributed to BamHIF, although several open
of EBV plasmids [16]. Whereas this is not observed ieading frames have been identified [7], so that this vari-
lymphoblastic cell lines immortalized by EBV infectionation may be only a marker of a particular strain of EBV.
EBV plasmids were found to be omitted in 2—4% of cells While Chen et al. described a greater oncogenic po-
per generation in an EBV-positive Burkitt lymphoma celéntial of the type A virus with the LMP-1 gene deletion
line [16]. It is possible that EBV is maintained in tumoun Brazilian Burkitt's lymphomas [2], this is clearly not
cells when it is needed for proliferation, but can be laste case for Japanese, Chinese and Taiwanese; there is a
when this is not the case [8, 16]. In our experience, f@igh incidence of this deletion even in healthy carriers.
established EBV-positive gastric carcinoma cell line lo&n investigation into the role of LMP-1 gene deletion in
EBV completely after a 2-year period of maintenandenerican patients with posttransplantation lymphopro-
(data not shown). The other difference from the earliderative disorder (PT-LPD) revealed that EBV infection
report was that the described predominance of cancerdoeurs with either wild or deleted LMP-1 type EBV and
calization in the middle to upper portion of the stomadwes not change thereafter [12]. It was concluded that the
[23] was not noted in the present study. We could rinfection was an early event, with transformation in-
find any infectious route of EBV to gastric mucosa, as ttuced regardless of the type. It seems likely that LMP-1
earlier reports [15, 23]. It was proposed that EBV can igene deletion is one of the factors in EBV oncogenesis,
fect gastric epithelium without any necessity for EBV rdut this single mutation might only act in concert with
ceptor mediation. Thus, IgA antibody against EBV virather oncogenic factors.
capsid antigen binds with EBV patrticles derived from B
lymphocytes and is taken up by epithelial cells with trAgknowledgements This work was supported by the Research
help of a secretory component [18]. Moreover, other ind for Digestive Molecular Biology and the Vehicle Racing
. ommemorative Foundation.

searchers have reported that recombinant EBV could be
infected in human gastric cell lines and proposed that
this was mediated via a new receptor different fro
CD21 [24] Réferences
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