
Abstract Nasal natural killer (NK)/T-cell lymphoma

is a peculiar lymphoma with an unique immunophe-

notype. Etiologically, the authors previously first

demonstrated the presence of Epstein–Barr virus

(EBV) genomes and their products in this lymphoma

(Lancet 1990; 335). It is suggested that some of

sequence variations such as a 30-bp deletion and

multiple base substitutions and as amino acid changes

at HLA-A2 restricted CTL epitopes were associated

with an increase in tumorigenicity and with a decrease

in immune recognition. In this study, we determined

full-length of LMP1 sequence isolated from 7 patients

with nasal NK/T-cell lymphoma using polymerase

chain reaction (PCR) method and compared the se-

quences with those referred to previous reports. In the

carboxyl-terminal site, all 7 patients showed 4 copies of

the 11 amino acids repeat (codon 254–302) and 30-bp

deletion corresponding to codon 343–352 of the B95-8

strain. Within the NF-kB-activating domains, all 7

patients showed amino acid changes at codon 189 (Gln

to Pro), 192 (Ser to Thr) and 212 (Gly to Ser) on either

site of the PXQXT (codon 204–208) motif. In the

major HLA-A2 restricted T-cell epitope sequence

YLLEMLWRL (codon 125–133), all 7 patients showed

amino acid changes at codon 126 (Leu to Phe) and 129

(Met to Ile). In the epitopes ALLVLYSFA (codon

51–59), VLFIFGCLL (codon 110–118) and WLLL-

FLAIL (codon 173–181), several patients showed

novel amino acid changes at codon 59 (Ala to Gly), 110

(Val to Leu) and 174 (Leu to Ile), respectively. Al-

though it is still not clear what the most specific and

biologic variation of LMP1 gene in nasal NK/T-cell

lymphoma is, the sequence data may be valuable on

the study for pathogenesis of nasal NK/T-cell lym-

phoma and EBV molecular epidemiology.
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Introduction

Nasal natural killer (NK)/T-cell lymphoma, previously

called lethal midline granuloma [1], shows peculiar

clinical and histological features characterized by a

poor prognosis and progressive necrotic lesions with

tumor and inflammatory cell infiltrations in the nasal

cavity, nasopharynx, and palate [2–4]. Histologic fea-

tures of the disease, displayed by angiocentric and

polymorphous lymphoreticular infiltrates, have been

called polymorphic reticulosis [5]. Recent articles sug-

gest that this lymphoma may be derived from NK- or

cdT-cell lineage, which express the NK-cell marker,

CD56 [3, 6–8]. With regard to etiologic factors, the

authors first demonstrated Epstein–Barr virus (EBV)

genetic DNA and EBV-oncogenic proteins [9]. After

that, a large number of the articles were published for

association of EBV with this disease. Clonotypic EBV

genome has been detected in this lymphoma, suggest-

ing that EBV may play a role in the lymphomagenesis

[3, 10]. Same as nasopharyngeal carcinoma (NPC) and

Hodgkin’s disease, the overall pattern of EBV latent
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gene expression in nasal NK/T cell lymphoma is of

latency II with transcription of Qp-initiated EBV

nuclear antigen (EBNA)-1, latent membrane protein

(LMP)-1, -2A and -2B, untranslated EBV-encoded

small RNAs (EBERs) and a transcript containing the

BamHI-A rightward open reading frame (BARF0)

[3, 10–12].

LMP1 is an integral membrane protein with 6

transmembranous domains that consist of a 63-kDa

protein of 386 amino acids and three regions including

the amino terminus (codon 1–24), transmembrane re-

gion (codon 25–186), and carboxyl terminus (codon

187–386) [13]. It co-localizes in patches in the plasma

membranes of EBV-transformed B-lymphoblastoid

cell lines [13]. The sequence in the terminus–terminus

influences cell growth, differentiation and apoptosis by

interacting with the tumor necrosis factor receptor-

associated signaling factors and the NF-kB family of

transcriptional regulators [14–16]. A number of gene

mutation analyses in the terminus–terminus sequence

of the LMP1 gene has been performed in several EBV-

associated malignancies NPC, Hodgkin’s disease, and

gastric carcinoma [17–22]. In isolates from such EBV-

associated malignancies, a 30-bp deletion (nt 168,

287–168, 256) corresponding to 10 amino acid deletion

(aa 346–355), loss of XhoI site in amino terminus, and

multiple base substitutions in the coding region were

reported [13, 17–21, 23, 24].

Transmembrane domains of LMP1 contain major

HLA-A2 restricted epitopes of cytotoxic T-cells

(CTL). Recently, Duraiswamy et al. [25] reported

seven LMP1 sequences encoding CTL epitope from

healthy virus carriers. They found no difference in the

sequence variations between isolates from NPC and

spontaneous EBV-transformed lymphoblastoid cell

lines (LCLs). On the other hand, Edwards et al. [26]

performed sequence analysis of the full-length LMP1

variants from NPC lines and detected amino acid

changes in many of the known and computer-predicted

HLA-restricted epitopes with changes in key positions

in multiple, potential epitopes for the specific HLA of

the patients. Lin et al. [20] found amino acid change at

126 (Leu to Phe) in NPC at statistically significant rate

91% (20 of 22 samples) as compared to 67% (12 of 18

samples) of normal nasopharyngeal specimens, and

that the 129 (Met to Ile) was observed in all samples

regardless of whether they were NPC or control. They

also demonstrated that the changes in this epitope

sequence (codon 125–133) between NPC and normal

nasopharyngeal specimens, including mutation and

deletion, were statistically significant. These amino

acid substitutions at key positions in the LMP1 epi-

topes may result in a reduced CTL response in NPC.

There are a number of reports regarding full-length

of LMP1 sequence from NPC. Several novel variants

of LMP1 sequence are detected in NPC [20, 23, 24].

With regard to nasal NK/T-cell lymphoma, there were

several reports of LMP1 sequence regarding 30-bp

deletion and pleomorphism within the carboxyl-ter-

minus from Japan, Hong Kong, Taiwan, Korea and

Malaysia [11, 27–30], but there was no information

regarding full-length of LMP1 sequence. In this study,

we determined full-length of LMP1 sequence isolated

from 7 patients with nasal NK/T-cell lymphoma and

compared the sequences with those referred to previ-

ous reports. The purpose of this study was to investi-

gate whether certain sequence variations of LMP1

strains are associated with this lymphoma through

reduced immune recognition and also through differ-

ences in molecular and biologic properties.

Materials and methods

Patients

The study group consisted of 7 Japanese patients

(2 females and 5 males) with nasal NK/T-cell lym-

phoma. Age of patients ranged from 36 to 74 years

with median age of 42 years. All patients fulfilled the

diagnosis criteria of nasal NK/T-cell lymphoma fol-

lowing morphological, phenotypical and clinical char-

acteristics described by Jaffe [4]. Histological findings

corresponded to that of polymorphic reticulosis or

angiocentric lymphoma: diffuse infiltrates of pleomor-

phic large lymphoid cells and atypical small lymphoid

cells with a number of inflammatory cells, ischemic

necrosis, and angiocentric and/or angioinvasive lesions.

Phenotypically, NK cell marker CD56 with pan-T cell

makers CD43 was determined in lymphoma cells from

all patients. The primary sites involved nasal and/or

midline tissues. EBER-1 was detected in lymphoma

cells from all patients by in situ hybridization [3].

Polymerase chain reaction (PCR)

Total DNA extracted from fresh frozen material of

diagnostic biopsies from all cases by using QIAamp

DNA mini kit (QIAGEN K.K., Tokyo, Japan). DNA

samples (1.0 ll) was diluted into 100 ll of a solution

containing deoxynucleotides triphosphate (dNTP),

1.5 mM MgCl2, 500 nM each primers, 0.625 U Taq

DNA polymerase (Promega, Madison, WI), and PCR

reaction buffer provided by the manufacture. The

DNA samples were then subjected to 35 cycles of

PCR in a thermal cycler. Each cycle consisted of
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denaturation for 1 min at 94�C, annealing for 45 s at

45�C, and extension for 1 min at 72�C. Full details of

the sequences and genome coordinates of primers are

given in Table 1. For DNA amplification of LMP1

gene, a pair of primer (1S and 1E) was used. The PCR

products were purified by a commercial kit (QIAquick

PCR purification kit; QIAGEN K.K.) and then

analyzed by electrophoresis through 3% agarose gel.

DNA sequencing

Determination of LMP1 gene sequence was achieved

using a fluorescent-based dideoxy sequencing method

according to a BigDye Terminator Cycle Sequencing

Ready Reaction Kit (Perkin–Elmer) and an automated

DNA sequencing system (ABI 310; Applied Biosys-

tems) using four primers, 1S, 1MS, 1ME and 1E

(Table 1). The sequences of the PCR-amplified prod-

ucts were compared with the prototype B95-8 strain

(EMBL database) [31] and classified based on multiple

alignment program CLUSTAL W [32]. All sequence

reactions were performed on 2 independent PCR

procedures.

Results

General sequence characteristics of the LMP1 gene

from nasal NK/T-cell lymphoma

Nucleotide substitutions were determined with refer-

ence to B95-8 prototype LMP1 sequence. The results

are summarized in Table 2. In total, 52 nucleotide

substitutions were identified in 49 codons of LMP1

sequences encoding whole region isolated from 7

patients with nasal NK/T-cell lymphoma, resulting in

32 amino acid changes. Of these 52 nucleotide substi-

tutions, forty were common in all 7 patients, resulting

in 22 amino acid changes; 3 amino acid changes (codon

3, 13 and 17) were in N-terminus cytoplasmic domain,

12 (codon 25, 46, 82, 84, 85, 106, 122, 126, 129, 144, 150

and 151) were in transmembrane domains and 7

(codon 189, 192, 212, 309, 334, 338 and 366) were in

C-terminal cytoplasmic domain. The remaining 12

nucleotide substitutions were varied among patients,

resulted in 10 amino acid changes; 5 amino acid

changes were in transmembrane domains (codon

59, 69, 110, 174 and 178) and the other 5 were in

C-terminal cytoplasmic domains (codon 322, 326, 328,

329 and 335). Aside from amino acid changes at codon

322, in which 2 and 3 nucleotide substitutions were

detected among 7 patients, all were single-nucleotide

substitutions. When compared 7 isolates of LMP1 se-

quences from each patient, two identical sequences

(patients 1 and 2, patients 4 and 5) were found,

resulting in 5 different strains according to sequence

variations.

Sequence alternations in the XhoI polymorphic site

A unique polymorphism in an XhoI restriction site in

exon 1 of the LMP-1 coding region of the B95-8 strain

was detected previously in EBV isolated from Chinese

and Taiwanese NPC [23, 24]. The same change G to T

at position 169425 in codon 17, which results in the loss

of the XhoI cut site, was present consistently in all 7

patients.

Sequence alternations in the carboxyl-terminus site

In the NF-kB-activating region CTAR-1 (codon 194–

232) [33], the amino acid change at codon 212 (Gly to

Ser) was observed in all 7 patients. In the NF-kB-

activating region CTAR-2 (codon 351–386) [33], a

30-bp deletion at codon 346–355 corresponding to 10

amino acids deletion and amino acid change at codon

366 (Ser to Thr) was detected in all patients. In the

CTAR-3 domain (codon 275–330) [34], the deletion of

5 amino acids was observed at codons 275–280,

resulting in 4 repeats of 11-amino acids at codons 254–

302 in all 7 patients. The amino acid changes at codon

309 (Ser to Asn), 322 (Gln to Asn) and 326 (Glu to

Gln), were found in all, 6 (86%) and 3 (43%) of 7

patients, respectively. In addition, the amino acid

Table 1 The sequences and coordinates of PCR primers

Transcript Primersa Sequence (5¢-3¢) B95-8 genomic coordinates

LMP1 1S (s) CTTTCCTCAACTGCCTTGCT 169514–169495
1MS (s) ATTATTGCTCTCTATCTACAACAA 168858–168835
1ME (as) TCATCACTGTGTCGTTGTCC 168740–168759
1E (as) TCCCAGTAAATGGAGGGAGAGTCA 168091–168114

a The sense (s) or antisense (as) orientation is indicated in brackets
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change at codon 322 (Gln to Thr), 328 (Glu to Asp)

and 329 (Asn to His) were detected in each one

patient. In the other sites of CTAR regions, the amino

acid changes at codon 189 (Gln to Pro), 192 (Ser to

Thr) and 335 (Gly to Asp) were found in all and 2

(29%) of 7 patients, respectively.

Table 2 Comparison of the LMP1 sequences and amino acid substitutions in the nasal NK/T cell lymphoma from Japan

Exon 1 (codon 1-90) Exon 2
N-cytoplasmic domain Transmembrane domains

(Codon 1-24) (Codon 25-186)
aa no. 3 13 17 25 32 38 41 46 51 59 63 65 67 69 82 84 85 93 106

His Arg Arg Leu Leu Phe Tyr Asp Ala Ala Ile Ile Leu Ile Ala Cys Ile Leu Phe
CAC CGA CGA CTA CTC TTT TAC GAC GCC GCT ATA ATA TTG ATC GCC TGT ATA CTG TTC

Patient no.
1 Arg Pro Leu Ile Trp Gly Val Gly Gly Leu Tyr

.G. .C. .T. A.. ..G ..C t.. A.. ..G .G. ..T ..C C.C G.. .G. G.. C.. ..A .A.
2 Arg Pro Leu Ile Trp Gly Val Gly Gly Leu Tyr

.G. .C. .T. A.. ..G ..C t.. A.. ..G .G. ..T ..C C.C G.. .G. G.. C.. ..A .A.
3 Arg Pro Leu Ile Trp Gly Gly Leu Tyr

.G. .C. .T. A.. ..G ..C t.. A.. ..G ..T ..C C.C .G. G.. C.. ..A .A.
4 Arg Pro Leu Ile Trp Gly Gly Leu Tyr

.G. .C. .T. A.. ..G ..C t.. A.. ..G ..T ..C C.C .G. G.. C.. ..A .A.
5 Arg Pro Leu Ile Trp Gly Gly Leu Tyr

.G. .C. .T. A.. ..G ..C t.. A.. ..G ..T ..C C.C .G. G.. C.. ..A .A.
6 Arg Pro Leu Ile Trp Gly Gly Leu Tyr

.G. .C. .T. A.. ..G ..C t.. A.. ..G ..T ..C C.C .G. G.. C.. ..A .A.
7 Arg Pro Leu Ile Trp Gly Gly Leu Tyr

.G. .C. .T. A.. ..G ..C t.. A.. ..G ..T ..C C.C .G. G.. C.. ..A .A.
169467 169437 169425 169402 169379 169361 169352 169339 169322 169299 169286 169280 169276 169270 169230 169225 169222 169118 169080

169274

Transmembrane domains
(Codon 25-186)

aa no. 110 114 115 122 126 129 132 144 150 151 154 174 178 179 186 189 192 209 212
Val Phe Gly Ile Leu Met Arg Phe Asp Leu Leu leu Leu Ala Tyr Gln Ser Asp Gly

GTG TTC GGG ATC TTA ATG GAC TTC GAC CTC CTC CTC CTG GCG TAC CAA AGT GAT GGC
Patient no.

1 Leu Leu Phe Ile Ile Ala Ile Pro Thr Ser
C.. ..T ..C C.. ..C ..T .G. A.. .C. A.. ..T ..C ..T .C. .C. ..C A..

2 Leu Leu Phe Ile Ile Ala Ile Pro Thr Ser
C.. ..T ..C C.. ..C ..T .G. A.. .C. A.. ..T ..C ..T .C. .C. ..C A..

3 Leu Phe Ile Ile Ala Ile Pro Thr Ser
..T ..C C.. ..C ..T .G. A.. .C. A.. ..T ..C ..T .C. .C. ..C A..

4 Leu Phe Ile Ile Ala Ile Met Pro Thr Ser
..T ..C C.. ..C ..T .G. A.. .C. A.. ..T A.. ..C ..T .C. .C. ..C A..

5 Leu Phe Ile Ile Ala Ile Met Pro Thr Ser
..T ..C C.. ..C ..T .G. A.. .C. A.. ..T A.. ..C ..T .C. .C. ..C A..

6 Leu Phe Ile Ile Ala Ile Met Pro Thr Ser
..T ..C C.. ..C ..T .G. A.. .C. A.. ..T A.. ..C ..T .C. .C. ..C A..

7 Leu Phe Ile Ile Ala Ile Ile Met Pro Thr Ser
..T ..C C.. ..C ..T .G. A.. .C. A.. ..T A.. A.. ..C ..T .C. .C. ..C A..

Position 169069 169055 169052 168957 168943 168934 168925 168891 168872 168870 168859 168801 168789 168784 168763 168755 168746 168694 168687

aa no. 230 250----298 276-280 309 322 326 328 329 334 335 338 342 346-355 366
Gly 4.5 repeats Ser Gln Glu Glu Asn Gln Gly Leu Gly Ser

GGA AGC CAA GAG GAA AAC CAG GGC TTG GGA TCT
Patient no.

1 4 repeats deletion Asn Asn Gln Arg Ser deletion Thr
..G .A. A.T C.. .G. .C. ..T A..

2 4 repeats deletion Asn Asn Gln Arg Ser deletion Thr
..G .A. A.T C.. .G. .C. ..T A..

3 4 repeats deletion Asn Asn Gln Arg Ser deletion Thr
..G .A. A.T C.. .G. .C. ..T A..

4 4 repeats deletion Asn Asn Arg Asp Ser deletion Thr
..G .A. A.T .G. .A. .C. ..T A..

5 4 repeats deletion Asn Asn Arg Asp Ser deletion Thr
..G .A. A.T .G. .A. .C. ..T A..

6 4 repeats deletion Asn Asn His Arg Ser deletion Thr
..G .A. A.T C.. .G. .C. ..T A..

7 4 repeats deletion Asn Thr Asp Arg Ser deletion Thr
..G .A. ACT ..C .G. .C. ..T A..

168631 148495-168481 168395 168357 168345 168337 168336 168320 168317 168309 168295 168285-168256 168225

168356

168355

C-cytoplasmic domain
(Codon 187 till end)

B95-8

Position

C-cytoplasmic domain
(Codon 187 till end)

B95-8

Exon 3 (codon 119 till end)

B95-8

Position

(codon 90-119) Exon 3 (codon 119 till end)
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Sequence alternations in the HLA A2-restricted

epitopes

Nucleotide and deduced amino acid sequences of the

HLA A2-restricted epitopes (codon 32–181) within

LMP1 that were previously reported were compared to

those of the B95-8 strain (Table 3) [20, 25, 26, 35]. There

was no amino acid change on the epitopes

LLLALLFWL (codon 32–40), LLLIALWNL (codon

92–100), ILLIIALYLQQNWWTL (codon 152–167)

and LLVDLLWLL (codon 167–175), in all 7 patients. In

the epitope YLLEMLWRL (codon 125–133) that was

identified as the major HLA-A2 restricted CTL epitope

[36], two amino acid changes Leu to Phe and Met to Ile

were found at codon 126 and 129, respectively in all 7

patients. Similarly, all 7 patients had amino acid changes

Ala to Gly at codon 59 in the epitope VLYSFALML

(codon 54–62), Ile to Leu at codon 122, Leu to Phe at

126 and Met to Ile at 129 in the epitopes LVLGIWIYL

(codon 118–126) and YLLEMLWRL (codon 125–133).

Two patients (patient 1 and 2) had amino acid changes

Ala to Gly at codon 59 in the epitope ALLVLYSFA

(codon 51–59) and Val to Leu at codon 110 in the epi-

tope VLFIFGCLL (codon 110–118). In the epitope

WLLLFLAIL (codon 173–181), four patients (patient

4, 5, 6 and 7) had amino acid changes Leu to Met at

codon 178 and only patient 7 had another amino acid

change Leu to Ile at codon 174.

Discussion

It is very interesting whether EBV-carrying malignan-

cies are infected with particularly oncogenic EBV

strains. Widespread prevalence of LMP-1 sequence

variations, particularly the XhoI polymorphism [20, 23,

24] and the 30-bp deletion [18, 37, 38], indicates that

they cannot be used as simple markers for oncogenic

viruses that are related to particular forms of EBV-

associated tumors. It is necessary to analyze sequence

variations in other parts of LMP1, especially in regions

that are related to its biological function and to CTL

epitopes. It is not clear which changes in such regions

are associated with the XhoI polymorphism or the 30-

bp deletion. Therefore, it is important to analyze the

full-length of LMP1 sequence. There is a number of

reports regarding full-length of LMP1 sequence from

NPC. Several novel variants of LMP1 sequence are

detected in NPC [20, 23, 24]. With regard to nasal NK/

T-cell lymphoma, there were several reports of LMP1

sequence regarding 30-bp deletion and pleomorphism

within the carboxyl-terminus [11, 27–30], but there was

no information regarding full-length of LMP1 se-

quence. This is first report to analyze the full-length of

LMP1 sequence in nasal NK/T-cell lymphoma, partic-

ularly focusing on known functional domains and the

HLA A2-restricted epitopes. The paper presents new

information for the variations of LMP1 gene on nasal

NK/T-cell lymphoma in Japan.

In the XhoI restriction site, all patients with nasal

NK/T-cell lymphoma showed nucleotide change G to T

at 169425 resulting in the loss of the XhoI cut site. Such

XhoI polymorphism was previously demonstrated in

Chinese and Taiwanese NPC [23, 24]. Recently, Lin

et al. [20] demonstrated that the loss of the XhoI cut

site was detected in 21 (96%) of 22 NPC samples, but

was 12 (67%) of 18 normal nasopharyngeal tissues

from Taiwan. These data suggest that the LMP1 strain

with loss of the XhoI cut site may be selected in nasal

NK/T-cell lymphoma as well as NPC.

Table 3 Sequence variations in the HLA-A2 restricted epitopes of LMP1 from 7 patients with nasal NK/T-cell lymphoma from Japan

Positiona Epitope Variant epitopesc Patient no. Reference no.b

32–40 LLLALLFWL 20
51–59 ALLVLYSFA ALLVLYSFG 1, 2 25, 26
54–62 VLYSFALML VLYSFGLML 1, 2, 3, 4, 5, 6, 7 20, 25
92–100 LLLIALWNL 20, 26

110–118 VLFIFGCLL LLFIFGCLL 1, 2 20, 26
118–126 LVLGIWIYL LVLGLWIYF 1, 2, 3, 4, 5, 6, 7 26
125–133 YLLEMLWRL YFLEILWRL 1, 2, 3, 4, 5, 6, 7 20, 25, 26
152–160 ILLIIALYL 20, 26
159–167 YLQQNWWTL 20, 25, 26
167–175 LLVDLLWLL 20, 26
173–181 WLLLFLAIL WLLLFMAIL 4, 5, 6 20

WILLFMAIL 7

a The position corresponds to the B95-8 amino acid sequence of LMP1
b The sequence of the epitopes are referred to the references
c The amino acid changes in the variant epitopes found in 7 patients are expressed as bold characters with underline
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Previous reports have shown the presence of a

varying copy of an 11 amino acids repeat between co-

don 254 and 302 in the terminal domain of LMP-1. In

this study, we found that all patients with nasal NK/T-

cell lymphomas showed 4 copies of the repeated se-

quences. In Chinese population including NPC and

normal nasopharyngeal tissues, the number of re-

peated sequence varies from 3 to 7 and do not correlate

with disease status [20]. It is possible that the identical

copy number found in nasal NK/T-cell lymphoma may

be specific for the disease. Further information

regarding the copy number of normal Japanese popu-

lation and of nasal NK/T-cell lymphoma from the other

geographic area will be necessary.

Within the two NF-kB-activating domains, two crit-

ical motifs have been identified that bind the tumor

necrosis receptor-associated factors TRAF and

TRADD. The PXQXT motif at codon 204–208, which

directly binds the TRAFs 1, 2, 3, and 5 [14] and induces

epidermal growth factor receptor expression [16], was

unchanged in all patients with nasal NK/T-cell lym-

phoma. The PXQXS motif at codon 379–383, which

binds the TRADD adapter protein, was conserved also

in all patients. The mutations of sequence in these

motifs impair both TRAF-binding and NF-kB-activat-

ing functions [15]. The conservation of sequence in

these motifs suggest that the EBV strains from nasal

NK/T-cell lymphoma may have a LMP1 function for

TRAF signaling, as similar to isolates from NPC [19,

20]. On the other hand, sequence changes on either site

of the PXQXT motif were observed at codon 189 (Gln

to Pro), 192 (Ser to Thr) and 212 (Gly to Ser) in all

isolates from nasal NK/T-cell lymphoma. These amino

acid changes are reported to be more frequently in NPC

than in normal pharyngeal tissues [20]. It is possible that

amino acid changes around these critical motifs may

enhance the LMP1 functions for TRAF-binding and/or

NF-kB-activation and may play a role for tumorigenesis

in nasal NK/T-cell lymphoma and NPC.

A deletion variant of LMP1 gene (del-LMP1) cor-

responding to codon 343–352 of the B95-8 strain was

detected in lymphoma tissues from all patients with

nasal NK/T-cell lymphoma. Suzumiya et al. [27] iden-

tified also del-LMP1 strain in all 14 nasal NK/T-cell

lymphomas from Japan. Besides from Japan, a high

prevalence rate of del-LMP1 strain in nasal NK/T-cell

lymphoma was reported also from Hong Kong 91%

(21 of 23 patients) [11], Taiwan 86% (19 of 22 patients)

[28], Korea 92% (12 of 13 patients) [29] and Malaysia

100% (19 of 19 patients) [30]. Initially, a high preva-

lence rate of del-LMP1 strain was shown in NPC and

lymphomas from eastern Asia [17, 18] and in EBV-

related gastric cancer from Japan [22]. In this endemic

area including Japan, normal population showed a

relative high prevalence of the deletion variant [17, 18,

22, 39]. On the other hand, wild-LMP1 strain was more

prominent than del-LMP1 variants in European

Hodgkin’s disease and in African and New Guinean

Burkitt’s lymphoma [40, 41], corresponding to the

relative high prevalence of the wild-LMP1 strain in the

normal population. On the basis of these findings, some

investigators suggested that the high prevalence of the

del-LMP1 strain represents a geographic or race-asso-

ciated polymorphism rather than disease-associated

polymorphism [41, 42]. However, most majority of

previous reports regarding LMP1 sequence employed

spontaneously established lymphoblastoid cell lines

(LCLs) from healthy EBV-carries as a source of nor-

mal populations [17, 18, 40–42]. LMP1 variants have

been shown to differ among the blood, throat washes

and tumor tissue in NPC and Hodgkin’s disease [19, 43,

44]. The use of LCLs may be inherent bias of the assay

in selecting for the dominant or more transforming

virus strains.

Recently, some studies reported a significantly

higher association of the del-LMP1 strain in NPC,

Hodgkin’s lymphoma and nasal NK/T-cell lymphoma

when compared to normal tissue samples [26, 45–47].

Kim and Peh [45] reported significantly higher preva-

lence of the del-LMP1 strain in malignant lymphomas

(91%) as compared with reactive lymphoid tissue

[60%]. Tan et al. [46] reported that the del-LMP1

strain was associated with 84% of NPC, whereas the

strain was carried in only 8% of the normal postnasal

space biopsies. Recently, using a heteroduplex-tracking

assay (HTA) that can distinguish all of the LMP1

variants, Edwards et al. [26] analyzed differences on

EBV strains between NPC samples and the matching

blood samples of same patients from both southern

China where NPC is endemic and northern China

where NPC is not endemic. They found that the del-

LMP1 strain (Ch1 strain) is most frequently detected in

the NPC samples from the both regions and the B95-8

strain is also prevalent in peripheral blood samples

from southern China. In the majority of samples from

this region, a single different strain was detected in the

NPC and peripheral blood samples, whereas multiple

LMP1 variants were detected in the peripheral blood

samples from northern China [26]. These data sug-

gested that the single del-LMP1 strain (Ch1 strain) was

specifically selected within NPC among various LMP1

variants. With regard to nasal NK/T-cell lymphoma,

Chiang et al. [47] reported that the del-LMP1 strain

was found in 91% of tumor tissues of patients with

nasal NK/T-cell lymphomas and 63% in normal nasal

tissues from healthy donor in Taiwan. Although we did

52 Virus Genes (2007) 34:47–54
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not analyze LMP1 variants in the normal nasal tissues

or peripheral blood from Japanese population, the

prevalence of del-LMP1 strain in Japan is reported to

be 74% (14 of 19) of healthy and nonmalignant EBV-

associated diseases [39] and 84% (15 of 18) of throat

washings from healthy adults [22]. In nasal NK/T-cell

lymphoma from Japan, it was 100% (all of 7 in our

series and all of 14 in series of Suzumiya [27]). It is

suggested, on the basis of the data, that the del-LMP1

strain may be selected within tumors and play a role for

lymphomagenesis in nasal NK/T-cell lymphoma.

A number of HLA-restricted CTL epitopes has

been identified or predicted in LMP1. Recently, sev-

eral reports showed that several amino acid changes of

HLA A2-restricted CTL epitopes within LMP1 se-

quence were detected in not only NPC specimens but

also control samples [20, 25, 26]. Among these epi-

topes, the sequence YLLEMLWRL (codon 125–133)

was the major HLA-A2 restricted CTL epitope se-

quence divergence. In this study, all isolates from nasal

NK/T-cell lymphoma showed amino acid changes at

codon 126 (Leu to Phe) and 129 (Met to Ile) in this

sequence. Lin et al. [20] found that the same amino

acid change at codon 126 (Leu to Phe) was detected in

NPC at statistically significant rate 91% (20 of 22

samples) as compared to 67% (12 of 18 samples) of

normal nasopharyngeal specimens, and that the amino

acid change at codon 129 (Met to Ile) was observed in

all samples regardless of whether they were NPC or

control. They also demonstrated that the changes in

this epitope sequence (codon 125–133) between NPC

and normal nasopharyngeal specimens, including

mutation and deletion, were statistically significant.

Antigenic analysis indicated that this variant sequence

(YFLEILWRL) was not only poorly recognized by

epitope-specific CTL but also showed significant loss in

HLA A2 binding compared to the B95-8 sequence [25].

Pandya and Walling [48] showed that the amino acid

change at codon 129 (Met to Ile) increased the LMP1

half-life in epithelial cells. It is likely that the variant

sequence at codon 125–133 (YFLEILWRL) may be

selected in nasal NK/T-cell lymphoma as well as NPC

and may play important roles in reduced recognition of

CTL and/or in lymphomagenesis.

Aside from the epitope YLLEMLWRL (codon 125–

133), several amino acid changes of HLA A2-restrcted

CTL epitopes were observed in several patients. The

LMP1 sequences from 4 patients contained amino acid

change at 178 (Leu to Met) in the epitope WLLL-

FLAIL (codon 173–181). Since the same amino acid

was observed equally in NPC (59%) and control

specimens (50%) [20], the amino acid change at codon

178 (Leu to Met) is not likely selected in nasal NK/T-

cell lymphoma. On the other hand, the remaining 3

amino acid changes at codon 59 (Ala to Gly), 110 (Val

to Leu) and 174 (Leu to Ile) in the epitope ALL-

VLYSFA (codon 51–59), VLFIFGCLL (codon 110–

118) and WLLLFLAIL (codon 173–181) respectively

were not reported previously. It is possible that these

novel amino acid changes may be selected in a part of

nasal NK/T-cell lymphomas.

In summary, we first reported the full length of

LMP1 sequence from nasal NK/T-cell lymphoma. In

the XhoI restriction site, all 7 patients showed nucle-

otide change G to T at 169425 resulting in the loss of

the XhoI cut site. In the terminal–terminal site, all 7

patients showed 4 copies of the 11 amino acids repeat

(codon 254–302) and 30-bp deletion corresponding to

codon 343–352 of the B95-8 strain. Within the NF-kB-

activating domains, all 7 patients showed amino acid

changes at codon 189 (Gln to Pro), 192 (Ser to Thr)

and 212 (Gly to Ser) on either site of the PXQXT

(codon 204–208) motif. In the major HLA-A2

restricted T-cell epitope sequence YLLEMLWRL

(codon 125–133), all 7 patients showed amino acid

changes at codon 126 (Leu to Phe) and 129 (Met to

Ile). In the epitopes ALLVLYSFA (codon 51–59),

VLFIFGCLL (codon 110–118) and WLLLFLAIL

(codon 173–181), several patients showed novel amino

acid changes at codon 59 (Ala to Gly), 110 (Val to Leu)

and 174 (Leu to Ile), respectively. Since control and

biological analyses could not be performed, it is still

not clear what the most specific and biologic variation

of LMP1 gene in nasal NK/T-cell lymphoma is. How-

ever, our present data provide new information for the

variations of LMP1 gene on nasal NK/T-cell lymphoma

in Japan and may be valuable on the study for patho-

genesis of the lymphoma and EBV molecular epide-

miology. Further comparative studies including either

the healthy tissue of the same patient or from different

healthy donors and biological analyses of such LMP1

variants will be necessary.
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