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EBNA-1 Gene Sequences in Brazilian and American Patients
With Hodgkin’s Disease

By Karen L. Chang, Yuan-Yuan Chen, Wen-Gang Chen, Kazuhiko Hayashi, Carlos Bacchi, Maura Bacchi,
and Lawrence M. Weiss

We examined the types of Epstein-Barr virus-associated
nuclear antigen-1 (EBNA-1) gene carboxy (C)-terminal muta-
tions occurring in Hodgkin’s disease (HD) and reactive tis-
sues from two different geographic regions. Previously re-
ported EBNA-1 C-terminal region amino acid sequence
variants, based on the amino acid at codon 487, include
Prototype (P)-ala, which is found in the B95.8-derived proto-
type virus, P-thr, Variant (V)-leu, V-val, and V-pro. Using
polymerase chain reaction (PCR) to amplify portions of the
EBNA-1 gene, followed by DNA sequencing, we found a
single EBNA-1 gene sequence variant in each tissue, whether
reactive or neoplastic and whether from Brazil or the United
States. Variant EBNA-1 gene sequences were more common
in both neoplastic and non-neoplastic tissues from different
geographic areas than the so-called prototype sequence. In
the 17 Brazilian HD cases, 4 cases had P-thr variants and 13
had V-leu variants. In the six reactive tissues from Brazil, one

had a P-ala variant, two had P-thr variants, and three had
V-leu variants. In the 12 American HD cases, 2 had P-ala
variants, 6 had P-thr variants, and 4 had V-leu variants. The
11 American reactive tissues included 2 P-ala variants, 5
P-thr variants, and 4 V-leu variants. In both countries, there
were similar variant EBNA-1 sequences present in normal
tissues and HD cases. Compared with the P-ala and P-thr
cases, the V-leu cases were more likely to have the 30-bp
latent membrane protein 1 (LMP1) gene deletion (P = 0.0075).
In addition, cases of HD with the V-leu were statistically
associated with a substitution of asparagine for glutamine at
codon 322 of the C-terminal portion of the LMP1 gene. Our
results suggest that any variation in EBNA-1 gene sequence
is caused by a polymorphism present in pre-existing viral
strains in the underlying population, and not a mutation
occurring during oncogenesis.

© 1999 by The American Society of Hematology.

HE EPSTEIN-BARR VIRUS (EBV) is associated with a deletion may not be relevant in the pathogenesis of EBV-
number of malignancies, including Hodgkin's disease associated HD, at least in immunocompetent patients.
(HD), non-Hodgkin’s lymphomas, and nasopharyngeal carci- Immunohistochemical studies have detected EBNA-1 protein
nomal An association between EBV and HD had long beenin cases of EBV-associated H® Initial molecular studies of
suspected from early epidemiological and serological stidies. EBNA-1 reported the prototype EBNA-1 gene to be extremely
Demonstration of EBV genomic DNA in HD was first reported rare in malignant tissued.In contrast, unique variant EBNA-1
in 19872 Subsequent in situ hybridization studies localized thegene sequences have been found in different malignancies,
virus to the Reed-Sternberg cells and variants, which are thguggesting that some EBNA-1 subtypes may play a role in
presumed neoplastic component of HE:*2 Approximately  tumorigenesig! Furthermore, investigators have also reported
40% to 50% of cases of classical HD occurring inimmunocom-the presence of both prototype and variant EBNA-1 gene
petent individuals are EBV-associated. In EBV-positive HD sequences in oral secretions and peripheral blood cells from
cases, the EBV is found in nearly all of the Reed'sternberg']orma| patients‘ with an EBNA-1 subtype pattern and fre-
cells, regardless of methodology. quency different than those reported in various malignari€ies.
In an effort to elucidate the pathogenesis of these EBV-However, in a previous study of EBNA-1 gene sequences in
related HD cases, investigators have examined EBV genes Witaastric carcinoma, we found the prevalence of variant se-
oncogenic potential: latent membrane protein (LMP), EBV- quences in the tumor tissues to be similar to that of reactive

associated nuclear antigen-1 (EBNA-1), and EBNA-2. A de-{jsges, and also, that each tissue, whether benign or malignant,
leted LMP1 gene variant, initially thought to be important to the ,5pored a single EBNA-1 subtype.
pathogenesis of HD, has been reported in equal frequency in gacause there are no reported data on EBNA-1 gene dele-

cases of EBV-associated HD and normal tissues in differenfj; s in HD. we examined the different types of EBNA-1 gene
ethnic population$3® This observation suggests that this carboxy (C)-terminal mutations occurring in HD and non-HD

reactive tissues from patients living in two different geographic
regions. Our results show that (1) variant EBNA-1 gene
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Duarte, CA; Department of Pathology, Okayama University Medical SO-called prototype sequence; (2) similar variant EBNA-1
School, Okayama, Japan; and Department of Pathology, State Universequences are present in normal tissues and HD cases from
sity of Sao Paulo (UNESP), Botucatu, Brazil. Brazil, suggesting that any variation is a result of a polymor-
Submitted September 16, 1998; accepted February 23, 1999. phism and not a mutation; (3) the neoplastic tissues from the
Address reprint requests to Karen L. Chang, MD, Division of United States also have similar EBNA-1 gene sequences as
Pathology, City of Hope National Medical Center, 1500 E Duarte Rd, {neir reactive counterparts, and furthermore, are similar to those
Duarte, CA 91010-0269. ) ) . of the Brazilian tissues, showing that the different ethnic groups
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tisement”in accordance with 18 U.S.C. section 1734 solely to indicate EBNA-1 subtype is present in each tissue type, regardless of
this fact. geographic origin; and (5) the prevalence of the EBNA-1 gene

© 1999 by The American Society of Hematology. subtypes is statistically significantly different, depending on the
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presence or absence of a polymorphism at codon 322 of th Codon

C-terminal protion of the LMP1 gene. 487 492 499 500 502 SI1 520 524 525
Sequence

-ala GCT AGT GAC GAA ACT GGA CTA ACT GCC

MATERIALS AND METHODS
P:
Cases. We studied 29 cases of EBV-associated HD, including 17

cases from Brazil and 12 cases from the United States. We also studieP-ala" - -  GAA - - - - GIT -

17 reactive lymphoid tissues, including 6 Brazilian cases of eitherp'alam - - GAT - - - - ATT -

ymp Sues, incuding ; , Pala¥ - - GAA - - - - AIT -

normal tonsil or nonspecific tonsillitis, 3 American tonsillar cases of P-thr ACT TGT GAT - - - CIC ATT -

reactive hyperplasia, and 8 American HD cases in which the ReedP-thr' ACT TGT GAG - - - CIC AIT -
Sternber y(':aellg were negative for EBV Epstein-Barr virus—encodec®; {P*" ACT TGT GAT - ¥ - CIC AT GGC
9 9 P ~ V-leu CTT TGT GAG GAT AAT - CTC ATIT GGC

RNA (EBER), but rare small lymphocytes were EBER-positive. The y.leu" CTT TGT GAG GAT AAT AGA CTC ATT GGC
clinical aspects, histological features, EBV EBER data, the results of
LMP1 immunohistochemistry and gene deletion studies, and the EBV Fig 1. Detailed sequence data of the carboxy fragment of EBNA-1
type (Type A or B) have been previously reporiédhe EBNA-1 gene amplified from Brazilian and American EBV-associated Hodgkin’s
sequences of the American reactive lymphoid tissues have beeﬂisease and non-EBV-associated Hodgkin’s disease and reactive
previously reported? EBV serological data were not available for any tissues.
of the patients.

Polymerase chain reaction studies for the C-terminal of the EBNA-1(Prototype [P]-ala, with alanine at codon 487, is found in the
gene. The EBNA-1 genotype was analyzed by polymerase chainggs 8-derived virus; P-thr differs by the presence of threonine
reaction (PCR) amplification and subsequent sequence analysis of th@t codon 487). They identified three additional EBNA-1 vari-

C-termlnal region of EBNA_-l,_ which has_ been previously shown 0 4nts (V), termed V-pro, V-leu, and V-val, because of proline,
contain most of the substitutions seen in the reported variant subl-eucine or valine. respectively. at codon 487 instead of alanine
types?%2L.23For each case, genomic DNA was extracted from 5-pm !  resp Y, '

sections cut from formalin-fixed, paraffin-embedded tissue blocks, addition, we continue termlnol_ogy Usgd in our previous
using 0.2 mg/mL proteinase K digestion buffer overnight, followed by '€Port of EBNA-1 gene sequences in gastric carcinéa.
denaturation by boiling. PCR studies were performed with 2 pL of Using PCR to amplify fragments of the EBNA-1 gene,
extracted DNA in a 30-uL mixture containing 50 mmol/L KCI, 10 followed by gene sequencing, we identified EBNA-1 gene
mmol/L Tris buffer (pH 8.3), 50 umol/L of each deoxynucleotide sequence variants in all 17 cases of known EBV-positive HD
triphosphate, 2.5 mmol/L Mgg|l1 U of Tagpolymerase (Perkin Eimer,  from Brazil (Table 1). Each case contained only a single
Foster City, CA), and 20 pmol of each primer. Two 24-base oligonucleo-EBNA-1 gene sequence. None of the Brazilian cases had the
tide primers were used: Cl, BAAATTTGAGAACATTG-  prootype P-ala sequence. Three of the HD cases had a gene
CAGAAGG-3 and C2, 5>GGGTCCAGGGGCCATTCCAAA-S Af- sequence that resulted in the same amino acid sequence

ter an initial denaturation for 3 minutes at 95°C, 45 amplification cycles . .
were performed as follows: denaturing at 94°C for 30 seconds,.pUbIIShed by Gutierrez as P-r.The gene sequence was

annealing at 58°C for 30 seconds, and extension at 72°C for 40 secondkdent'cal to the P'Fhr sequence detected in clones of a single
Afinal extension at 72°C for 3 minutes completed the PCR amplifica-N@sal lymphoma in another report from the same grdup.
tion. The PCR setup and the post-PCR work were performed inCompared with the prototype P-ala EBNA-1 gene, the P-thr
separated laboratories to minimize the possibility of contamination. ~ sequence differed by three amino acid substitutions, at codons
PCR studies for the LMP1 gene deletion regiotsing genomic 487, 492, and 524, and two silent base changes at codons 499
DNA as extracted above, the C-terminal region of the LMP1 geneand 520. Another case had the same changes as P-thr, with an
deletion region was sequenced as above, using two 20-base oligonucleggditional point mutation at codon 525; we named this P-thr
tide primers: 5> GGAAATGATGGAGGCCCTCC-3and 3-GTAGCT-  Thjs variant sequence was also identified in a previous study of
TAGCTGAACTGGGC-3. For a small subset of samples in which the nasal lymphoma® Twelve of the Hodgkin's cases from Brazil

mmal PCR step ylelde_d no visible gel products, nested PCR. ampllflca-had an EBNA-1 gene sequence that differed from the prototype
tion was performed using the following two sets of 20-base oligonucleo-

tide primers: 5-CGGAAGAGGTGGAAAACAAA-3' and 5-GTGG- P-ala_ by eight codon changes, including seven amino acid
GGGTCGTCATCATCTC-3. The PCR conditions and amplification Substitutions at codons 487, 492, 499, 500, 502, 524, and 525,

strategies were identical to those listed above. and a silent mutation at codon 520. These 12 nonprototype cases
DNA sequencing. Thirty microliters of the PCR products were run had the same amino acid sequence as the V-leu variant

on a 2% agarose gel, and the product bands were cut out, purified usingreviously described by Gutierrez et?8knd furthermore, they

a Qiaex gel extraction kit (Qiagen, Hilden, Germany), and resuspended

in 30 L of water. The products were sequenced with an AmpliCycle

sequencing kit (Perkin Elmer), using the manufacturer’s recommended

conditions. The products of the sequencing reaction were then separated

Table 1. EBNA-1 Subtypes Identified in Cases of EBV-Positive
Hodgkin’s Disease and Reactive Lymphoid Tissues

by gel electrophoresis, dried, and exposed to film. The gel consisted of 7 EBNA-1 Subtype
mol/L urea and 8% polyacrylamide. P-ala & P-thr & V-leu &
Variants Variants Variants
RESULTS -
Brazilian

In this report, we use terminology introduced by Gutierrez et Hodgkin’s disease 0 4 13
al, who classified EBV into five subtypes, based on the EBNA-1 Reactive 1 2 3
amino acid sequence in the C-terminal regibithey named American
the EBNA-1 subtypes according to the amino acid at codon 487 ~ Hodgkin's disease 2 6 4
(Fig 1). Two closely related prototype strains were identified, To?;“""e f} 1? 23

named by their difference in the amino acid at codon 487
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had the same gene sequence identified as V-leu in the nasal Table 2. Frequency of LMP Gene Deletion Variant

lymphoma study of Gutierre¥?. The final Brazilian HD case and EBNA-1 Subtype

had an EBNA-1 gene sequence that was similar to V-leu, with LMP Gene Type

an additional point mutation at codon 511. We named this EBNA-1 Subtype Wild Type Deletion Variant

variant as V-lell This variant has not been previously de- p-ala 2 1

scribed. P-thr 12 5
The six reactive tissues from Brazil also each had a single Vleu 3 16

EBNA-1 gene sequence that differed from the P-ala prototype Total 24 22

gene sequence. One reactive tissue differed from the P-ala
prototype by two amino acid substitutions at codons 499 and

524, and we named th's as PiélaThls_ varlant_has "?"SO not  mas22 Four other reactive American tissues had the same P-thr
been previously described. Two reactive Brazilian tissues ha@]ene sequence that was identified in three cases of Brazilian
the P-thr EBNA-1 gene sequence. The V-leu EBNA-1 geneyp ang another patient had a different variant of P-thr, with
sequence was identified in the remaining three reactive Brazilio,r amino acid substitutions at codons 487. 492. 499. and 524

ian tissues. and a silent base change at codon 520, which we named as

Of the 12 cases of North American HD, only one case had thes_ihy This P-tht sequence was previously reported in a study
prototype P-ala gene sequence. Another case had an EBNAdf nasal lymphoma! Another four patients had the V-leu
gene sequence with two amino acid substitutions at codons 498equence.
and 524, which was named P-aldhis sequence was previ-  por 4]l of these tissues, the most frequent substitutions were

ously observed in our study of EBNA-1 gene sequences iNgentified at codons 499 and 524. Identical substitutions were
gastric carcinoma®. Six American HD cases had the P-thr {ong at both of these codons in all of the Brazilian and

amino acid sequence, and four others had the V-leu amino acidmerican tissues, whether reactive or malignant. Other fre-
sequence (Fig 2). _ _ ) _ quently substituted sites were codons 492 and 520. Both were
None of the 11 reactive American tissues contained thegrected with identical substitutions in the Brazilian and Ameri-
prototype P-ala gene sequence. Two of the reactive tissues eagh, tissues in equally high frequency. Codons 500, 502, and 525
had a different P-ala variant of the prototype sequence, includyere |ess frequent sites of mutation; these were seen in much
ing P-ald and P-ald, both of which were observed in our phigher frequency in the Brazilian tissues when compared with
previous study of EBNA-1 gene sequences in gastric carcinOghe american tissues. Again, all of the substitutions were
identical. Codon 511 was the site of mutation in a single
Brazilian HD case.
A C G T Table 2 shows the frequency of the LMP1 gene deletion with
_——— the different EBNA-1 gene sequence variants. Seventy-three
G

st percent of the cases previously shown to have the LMP1 gene
. — deletion variart® had the V-leu EBNA-1 subtype (16 of 22),
w— A whereas 67% of cases previously shown to have the nonmutated
' i —T*—>Gcodon 520 | \py gene had one of the prototype EBNA-1 gene sequence
T variants. This difference was statistically significatf .0075),

even when comparing the V-leu cases with P-ala and P-thr cases
separately® < .03).

Table 3 shows the EBV LMP1 deletion region polymor-
phisms for the 46 cases. The 2-bp change resulting in substitu-
tion of asparagine (Asn) for glutamine at codon 322 of the
C-terminal portion of the LMP1 gene was found to be statisti-
cally significant more frequently in tissues that had the V-leu
EBNA-1 subtype (14 of 21, 67%). Wildtype LMP1 was more
frequently identified in tissues with the P-thr EBNA-1 subtype;
this was statistically significant (10 of 13, 77%). Seven of 10

* (70%) Brazilian HD cases previously shown to have the V-leu
—> A codon 524 EBNA-1 subtype had the Asn amino acid substitution for
glutamine. In contrast, none of the four Brazilian HD cases
previously shown to have the P-thr EBNA-1 subtype had any
*——> C codon 525 LMP deletion region polymorphisms. This difference was
statistically significant® < 0.02). Furthermore, three of four
(75%) American HD cases that were previously shown to have
the V-leu EBNA-1 subtype also had the Asn amino acid
Fig2. Thisisa sequence gel of one of the cases of North American substitution at codon 322 of the Cjterminal portign of the LMP1
Hodgkin’s disease; this is the minus strand of the V-leu variant. This gene. In contrast, Onl)_/ one _Of SIX P_-th_r Ame_ncan HD Ca$63
shows a change from thymine to guanine at codon 520, from guanine (17%) had the Asn amino acid substitution, with the other five
to alanine at codon 524, and from guanine to cytosine at codon 525. P-thr cases consisting of three wildtype LMP1 cases and two

o000 0000
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Table 3. EBV LMP1 Gene Deletion Region Polymorphisms

LMP
Diag- EBNA-1  Gene
Case nosis  Subtype Deletion 322 325 326 327 328 333 334 335 337 338 342 344 348 349 351 352 354 355 356 361 366

CAA GAA GAG GTT GAA CAG CAG GGC CCT TTG GGA GGC CAT GAT GGC CAT GGC GGT GAT ACG TCT

B95.8 GIn Glu Glu Val Glu GIn GIn Gly Pro Leu Gly Gly His Asp Gly His Gly Gly Asp Thr Ser
1 BrHD V-leu Yes AAT — — — — — CGG — — TCG — AGC — — — — — — — — ACT
Asn Arg Ser Ser Thr

2 BrHD P-thr No — — — — — — — — = — — — — — — — — GAC — ACT
Thr

3 BrHD P-thr No - - = - - - t6G - — TG 66T — — — — CGT — TGT — ACA ACT
Arg Ser Arg Cys Thr

4  BrHD V-leu Yes AAT — — — — — CGG — — TCG GGT — — — — — — — — — ACT
Asn Arg Ser Thr

5 BrHD V-leu No - — — — GGA — — — — — GGT — CGT AAT AGC CGT — — — — ACT
Gly Arg Asn Ser Arg Thr

6 BrHD V-leu Yes AAT — — — — — CGG — — TCG GGT — — — — — — — — — ACT
Asn Arg Ser Thr

7 BrHD V-leu” No GAA — — — — — CGG — — TCG GGT — — — — — — — — ACA ACT
Glu Arg Ser Thr

8 BrHD V-leu Yes AAT — — — — — CGG — — TCG GGT — — — — — — — — — ACT
Asn Arg Ser Thr

9 BrHD V-leu No GM A — — — — — G — — TG GET — — — — CGT — — — ACA ACT
Glu Arg Ser Arg Thr

10 BrHD P-thr” No - - - - - - ¢t - — TG 66T — — —  — C6GT —  —  — ACA ACT
Arg Ser Arg Thr

11  BrHD V-leu No — — — — — — — — — — GGT — — — — — — — — — ACT
Thr

12 BrHD V-leu Ys AAT — — GAT — — CGG — — TCGGGT — — — — — — — — — ACT
Asn Asp Arg Ser Thr

13  BrHD V-leu Yes AAT — — — — — CGG — — TCG GGT — — — — — — — — — ACT
Asn Arg Ser Thr

14 BrHD V-leu No - - - - - - 6 - — TG G6GT — — — — CGT — — — ACA ACT
Arg Ser Arg Thr

15 BrHD V-leu Yes AAT — — — — — CGG — — TCG GGT — — — — — — — — ACA ACT
Asn Arg Ser Thr

16 BrHD P-thr Yes — — — GAT — — CGG — — TCG GGT — — — — — — — — ACA ACT
Asp Arg Ser Thr

17 BrHD V-leu No ? - - - - - - - - —- 66T - - - — Cc6GT — — — — ACT
Arg Thr

18 BrReact V-leu Yes AAT  — — — — — CGG — — TCG GGT — — — — — — — — — ACT
Asn Arg Ser Thr

19 BrReact V-leu Yes — — — — — — 66 — — TCG GCGT — — — - - — — — — ACT
Arg Ser Thr

20 BrReact P-alaV No — — - - = — - = = = - - = = = = = = = =
21 BrReact  P-thr No GM A — — — — — C6G — — TCG GGT — — GGT — CGT — — — ACA ACT
Glu Arg Ser Gly Arg Thr

22 BrReact V-leu Yes AAT  — — — — — CGG — TCT TCG GGT — — — —_- - — — — — ACT
Asn Arg Ser Ser Thr

23 BrReact P-thr No — — — — — — — - = = — — AAT — — AAT — — GAC — ACT
Asn Asn Thr

24  AmHD V-leu Yes AAT — — — — — CGG — — TCG GGT — — — — — — — — ACT
Asn Arg Ser Thr

25 AmHD P-thr No - - - - CcCMA — - - - - - — 6T - - - — — GAC — ACT
GIn Ala Thr

26 AmHD P-thr No — — — — CAA — — — —_ = — — GCT — — — — — GAC — ACT
GIn Ala Thr

27  AmHD P-thr No ¢cé - — — — — CG — — TCG GGT — — — — CGT AGC — AAT ACA ACT
His Arg Ser Arg Ser Asn Thr

28  AmHD P-thr Yes AAT — GAC — — — AGG AGC TCT TCG GGT — — — — — — — — — ACT
Asn Asp Ser Ser Ser Thr

29 AmHD V-leu Ys AMAT — — — — — CGG — — TCGGGT — — — — — — — — — ACT
Asn Arg Ser Thr

30 AmHD P-thr No - - - - - - - - - - - - - - - - — — GAC — ACT
Thr

31 AmHD P-thr No GAA — — — — — CGG — — TCG GGT — — — — CGT — — — ACA ACT
Glu Arg Ser Arg Thr

32 AmHD V-leu No — GAMG — — — — - - - — G6G6T - - - - - - — — — GCT
33 AmHD P-ala No - - — - - - — - - - - - - - - - - - — - -
34  AmHD V-leu Yes AAT — — — — — CGG — — — GGT — — — — — — — — — ACT
Asn Arg Thr

35 AmHD P-ala” No — — — — — — — — —_ = — — — — — — — — GAC — ACT
Thr

36 AmReact P-ala” No - - — - - - — - - - — - - - - - - - —_ - -
37 AmReact P-ala” Yes AAT — — — — — G — — TCG GCGT — — — - - — — — — ACT
Asn Arg Ser Thr

38 AmReact V-leu Yes AAT  — — — — — 66 — — TCG GCGT — — — - - — — — — ACT
Asn Arg Ser Thr

(Continued on following page
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Table 3. EBV LMP1 Gene Deletion Region Polymorphisms (Cont’d)

LMP
Diag- EBNA-1  Gene
Case nosis  Subtype Deletion 322 325 326 327 328 333 334 335 337 338 342 344 348 349 351 352 354 355 356 361 366

CAA GAA GAG GTT GAA CAG CAG GGC CCT TTG GGA GGC CAT GAT GGC CAT GGC GGT GAT ACG TCT

B95.8 GIn Glu Glu Val Glu GIn GIn Gly Pro Leu Gly Gly His Asp Gly His Gly Gly Asp Thr Ser

39 AmReact P-thr’ Yes AAT — — — — — 66 — — TCG GGT — — — — — — - - - -
Asn Arg Ser

40 AmReact V-leu Yes AT — — — — — CGG — — TCGGGT — — — — — — — — — ACT

Asn Arg Ser Thr

41  AmReact V-leu No — — — — — AGG CGG — — TCG GGT — — — — CGT — — — ACA ACT

Arg Arg Ser Arg Thr

42  AmReact P-thr Yes AAT — — — — — CGG — — TCG GGT — — — — — — — — — ACT

Asn Arg Ser Thr

43  AmReact P-thr No GM A — — — — — CGG GTC — TCG GGT — — GCT — CGT — — — ACA ACT

Glu Arg Val Ser Ala Arg Thr

44  AmReact P-thr No — — — — — — CGG — — TCG GGT — — — — — — TGT — ACA ACT

Arg Ser Cys Thr

45 Am React P-thr Yes AAT — — — — — ¢t — — TCG GGT — — — — — — —_- - — ACT

Asn Arg Ser Thr

46 AmReact V-leu Yes — — — — — — — - = = — - = = — — — - - - -

Abbreviations: Am HD, American Hodgkin’s disease; Am React, American reactive tissues; Br HD, Brazilian Hodgkin’s disease; Br React, Brazilian reactive tissues.

cases with a single base pair substitution. Four of the seveneservoirs, with analysis of amplified DNA from oral secretions
(57%) reactive cases (both countries) previously identified asind peripheral blood lymphocytes allowing for sampling of
V-leu also had the Asn amino acid substitution, in contrast toviral reservoirs containing both free and cell-associated virus,
three of five (60%) reactive P-thr cases having the wildtypewhereas amplified DNA from tissue samples contains only
LMP1 gene. In these reactive cases, the tendency for gell-associated EBV.
particular EBNA-1 subtype to have a specific LMP1 deletion Second, we found EBNA-1 gene sequences in reactive
region polymorphism was not statistically significant, perhapstissues that are similar to those in malignant tissues from the
because of the low numbers of cases. same ethnic population. This finding suggests that observed
As previously published, only four of the tissues had EBV variations in EBNA-1 gene sequences are a result of polymor-
Type B; the rest were Type BThree of the four Type B tissues phisms present in the resident EBV strain(s) in a population and
had the V-leu EBNA-1 gene sequence; the other had the"P-alanot caused by mutations occurring during pathogenesis. These
gene sequence. There was no statistically significant differenceesults differ from those of Bhatia et al, for whom one variant
in EBV Type A or Type B, when compared with the different subtype was seen only in Burkitt lymphoma cases and not in
EBNA-1 gene sequence variants. any samples of normal peripheral blood lymphocytes in two
different ethnic group3! These results also differ from Gutier-
DISCUSSION rez et al, who found different EBNA-1 sequence alterations in
EBNA-1 is a nuclear antigen that is essential for the Hong Kong nasopharyngeal carcinomas than those detected in
maintenance of the Epstein-Barr viral episome. It is also thenormal Hong Kong peripheral blood lymphocyfddowever,
only viral protein required for replication of the latent form of these results are similar to our previous study of gastric
EBV.2>26Relative to the C-terminal region of the Epstein-Barr carcinoma, in which the gene sequences in reactive and
prototype virus B95.8, several variants of the EBNA-1 genemalignant tissues were identical or similar in the same ethnic
sequence have been identiff@d227.28 These variants have population??In addition, in the study of Gutierrez et al, selected
been reported in non-Hodgkin’s lymphomas, nasopharyngeahormal oral secretions from Hong Kong patients contained
carcinomas, gastric carcinomas, and/or cell lines known to carrgimilar EBNA-1 amino acid sequences as the nasopharyngeal
monoclonal EBV, in equal frequency in Type | and Type Il EBV carcinoma tissue®.
strains. Third, the EBNA-1 gene sequences found in Brazilian
Our data on EBNA-1 gene sequences in HD and reactivepatients were similar to those found in American cases, showing
tissues from Brazilian and American patients differ from that EBNA-1 gene sequences can be preserved in ethnically
previously published EBNA-1 gene sequence data in nondiverse but geographically separated populations. Previous
Hodgkin's lymphomas and other malignancies in several waysstudies also found similarities in prevalence and type of LMP
First, we found a single variant EBNA-1 sequence in each of thegene deletions between these two geographically distinct popu-
reactive tissues, in contrast to the finding of multiple EBNA-1 lations?3
sequences in oral secretions and peripheral blood samples of Interestingly, the EBNA-1 gene subtype was shown to be
normal patients by Gutierrez et®&land also in contrast to the statistically significantly different, depending on whether the
finding of two clones of spontaneously derived EBV-containingtissue had the LMP1 gene deletion or not. In addition, the
B-cell lines, each with a different subtype, obtained from apresence of a specific LMP1 deletion region polymorphism was
single healthy individual by Wrightham et #@We hypothesize shown to be different depending on which EBNA-1 gene
that this difference may be because of site-specific EBVsubtype the patient harbored. This was shown to be statistically
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significantly different for the cases of Brazilian and American variant EBNA-1 gene sequences (P-ala variants, P-thr and
HD, and the trend was also observed in cases of reactive tissuegariants, and V-leu and variants), regardless of whether they
whose numbers are too small to approach statistical signifiwere from North or South America. This is similar to previous
cance. Although the mere presence of the LMP gene deletion istudies of cases of American and African Burkitt ymphomas, in
not indicative of a specific EBV strain, the sequence polymor-which the P-ala sequence was found in a small minority of
phisms in the C-terminus of the LMP1 gene, an area thatcases! This is also similar to the study of nasal lymphomas, in
incorporates the deletion region, have been previously shown tavhich all 39 tumors had at least one variant EBNA-1 gene
be a reliable sequence for strain identificat?®n. sequencé* In addition, one study reported nonprototypic

Similar to other tissue studies, we identified only a single EBNA-1 gene sequences in all seven Hong Kong nasopharyn-
EBNA subtype in each tumor, regardless of ethnic origin. Thisgeal carcinoma tissues, as well as in a nasopharyngeal carci-
is similar to previous studies of EBV-associated Burkitt lym- noma cell line and a B-lymphoblastoid cell lif&Furthermore,
phoma and nasopharyngeal carcinoma, in which the malignarthese results are similar to our previous study of EBNA-1 gene
tissues always contained a single EBNA-1 varf@it. How- sequences in gastric carcinomas, in which variant EBNA-1
ever, our observation is in marked contrast to a recent report thegequences were exclusively found in Japanese tumors and in
documented multiple EBNA-1 subtypes in 33 of 39 nasal88% of American carcinomé&3.In the current study, we found
lymphomasg In that study, the presence of prototype EBNA-1 only two EBNA-1 variants (P-tfirand V-led) exclusively in
in conjunction with one to two variant EBNA-1 gene sequencesmalignant tissues. However, our numbers are too low (each in a
was reported in all 33 nasal lymphomas. One could postulatélifferent case of Brazilian HD) to draw any significant conclu-
that this difference in the observed number of EBNA-1 subtypessions regarding these two EBNA-1 variants.
in tissue may also be site specific. One can easily imagine
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