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Abstract. Epstein-Barr virus (EBV) is associated with nasopharyngeal carcinoma (NPC), one of
the highest incidence of tumors in Indonesia. EBV infection is ubiquitous around the world, but
NPC occurs with a remarkable geographic distribution. This phenomenon suggests that there are
subtypes of EBV, some of which may have greater tumorigenic potential. The latent membrane
protein 1 (LMP 1) gene encoded by EBV is tumorigenic due to its ability to transform rodent
fibroblast. It was originally shown that the LMP 1 gene from NPC of Chinese patients harbors
a deletion of 30-bp in the carboxyl terminal of the gene. However, the deletion is also present
in healthy control and in other EBV-positive tumors. We examined the polymorphism of LMP
1 in 56 tumor biopsies of Indonesian patients with NPC and identified low prevalence of the 30-
bp deletion of LMP 1. Sequence analysis showed unique mutations of LMP 1 which suggests
that strain-specific variations of EBV are found in Indonesia. The low frequency of 30-bp deletion
in the country with high prevalence of NPC indicates that the deletion may represent a geographic
polymorphism rather than a predisposing factor in the development of NPC.

INTRODUCTION

The human γ herpes virus Epstein-Barr
virus (EBV) is an oncogenic DNA virus asso-
ciated with nasopharyngeal carcinoma (NPC),
Burkit lymphoma, Hodgkin’s disease and infec-
tious mononucleosis (Kieff, 1996). NPC occurs
with a remarkable geographic pattern of inci-
dence. Although incidence is low in Europe and
North America, Japan and India, NPC is found
with high incidence in southern part of China,
Hong Kong, Alaska and Greenland (Muir, 1971;
De The, 1982; Lanier et al, 1980). The disease
has an intermediate incidence rate in northern
China, northern Africa (Altun et al, 1995; Muir
et al, 1987). In Indonesia, NPC is the 5th of
the most frequent cancers among males and

females; in 1999, it contributed about 5.78 %
of all cancers.

EBV can be classified into 2 major strains,
type A and type B, based on differences in
coding-region sequences in EBNA2, EBNA3A,
B, and C antigens and in EBER small
polyadenylated RNA sequences (Arrand et al,
1989; Rowe et al, 1989). Type C variants, which
lacks the Bam HI site between the Bam HI WI
and I region and type f variant, which has an
extra Bam HI site in the Bam HI fragment, have
been reported to be associated with NPC (Lung
et al, 1991).

LMP 1 is an integral type III membrane
protein of EBV. It contains 23 amino acids in
amino-terminal cytoplasmic domain, six hydro-
phobic transmembrane domains and 200 amino
acids in carboxyl terminal domain (Young et
al, 1988). LMP 1 was detected in at least 65%
of NPC biopsies (Young et al, 1988; Liebowitz,
1994). LMP 1, encoded by the EBV-BNLF1
gene, is the transforming protein of EBV, and
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induces B-lymphocyte and rodent fibroblast
transformation as well as tumor in nude mice
(Young, et al 1988; Liebowitz, 1994; Baichwal
and Sugden, 1988; Wilson et al, 1990). LMP1
induces activation of several B-cell antigens and
adhesion molecules, and protects infected cells
from apoptosis by up-regulation of the bcl-2
and A-20 genes (Kieff et al, 1996). It also
interacts with the TRAF signal transduction
pathway, resulting in the induction of EGFR
expression and activation of NF-κB, AP-1 and
JAK/STAT pathways (Hammarskjlold and
Simurda, 1992; Miller et al, 1995; Mosialos et
al, 1995; Kieser et al, 1997; Gires et al, 1999).

Attention has focused on a deleted variant
of LMP 1 that was originally identified in tumors
of Chinese patients with undifferentiated NPC
and is characterized by 30-bp deletion corre-
sponding to codon 343 to 352 of the B95-8
LMP 1, together with other hot spots of point
mutations (Chen et al, 1992; Hu et al, 1991;
Sandvej et al, 1994; Knecht et al, 1995). The
geographic distribution of this variant means
that the majority of Chinese NPC patients are
infected with EBV carrying the deleted-LMP 1
gene (Young et al, 1988). In addition, the two
prototype deleted-LMP 1 variants, Chinese
nasopharyngeal carcinoma (CAO) and 1510, are
widely accepted as being more oncogenic than
B95-8 gene in rodent fibroblast and a human
epithelial cell line (Chen et al, 1992; Hu et al,
1993; Zheng et al, 1994), although these results
have been questioned (Nicholson et al, 1997).

The incidence of different EBV-associated
tumors shows considerable geographical varia-
tions. The predominant EBV strain in China,
designated as China 1, is characterized by a
cluster of 13 nucleotide changes with respect
to the B95-8 prototype strain in the amino
terminal region of LMP 1 (Miller et al, 1994).
These include a point mutation resulting in the
loss of an Xho1 restriction site. The China1
strain is also distinguished by changes in the
carboxyl terminal region of LMP 1, most notably
the deletion of amino acids 343-352 (Chen et
al, 1992; Hu et al, 1991; Miller et al, 1994;
Abdel-Hamid et al, 1992). A related strain,
previously found in Alaskan isolates, shares 14

of the 15 amino terminal changes with China1,
including the Xho1 polymorphism, but at the
carboxyl terminus retains amino acids 343-352
and harbors 15 additional nucleotide changes
not found in China1 (Miller et al, 1994).

Our present study was undertaken to iso-
late the EBV gene of NPC patients from Malang,
Indonesia, and to investigate the incidence of
EBV, EBV typing, LMP 1 deletion and to
sequence parts of the LMP 1 gene to determine
whether additional specific base alterations were
present in the gene where EBV typing had not
been done.

MATERIALS AND METHODS

Patient tissue specimens

Fifty-six samples of NPC paraffin embed-
ded tissues were obtained from patients at
Department of Otolaryngology of the Syaiful
Anwar Hospital, Malang, Indonesia. Twenty 10
µm slices were collected in 1.5 ml eppendorf
tubes. Samples then were deparaffinized by 30
minutes incubation in 1 ml of xylene (Wako)
at room temperature. The pellet was collected
by centrifugation for 5 minutes, at 15,000 rpm
at 25ºC. After repeating twice, the pellet was
washed twice with 70% ethanol. The pellets
then were dried. A 400-500 µl aliquot of di-
gestion buffer (50 mM Tris (pH 8.5), 1 mM
EDTA, 0.5% Tween 20) containing 100 µg/ml
proteinase K (Boehringer Manheim) were added
to each tube. After 3 hours of incubation at 5ºC,
followed by incubation at 95ºC for 10 minutes,
samples were then extracted with phenol-chlo-
roform. DNA was precipitated with the addition
of 40 µl of sodium acetate and 1 ml of ethanol
then eppendorfs tubes were kept at -80ºC for
15 minutes. DNA was recovered by centrifu-
gation at 15,000 rpm for 15 minutes at 4ºC,
washed with 70% ethanol and suspended in 20
µl of Tris-EDTA buffer.

PCR studies for detection of EBV

A set of primers termed EBV-1 (5′-TCC
TCG TCC AGC AAG AAG AG 3′) and EBV-
2 (5′ CAA CTT GAG GCA GCC TAA TCC
3′) was used to amplify the EBV B-95-8 genome.
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The reaction was performed with 200-500 ng
of DNA in a 50 µl mixture containing 10 pmol
of each primer, 0.2 mM each of the 4 types
of deoxynucleotise triphosphate (Takara), and
2.5 units of Taq polymerase (Takara). After initial
denaturation at 94ºC for 5 minutes, 30 cycles
were performed as follows: 94ºC for 1 minute,
70ºC for 1 minute, and 72ºC for 1 minute. A
final 7 minutes at 72ºC completed the PCR
amplification. The amplification products were
electrophoresed in 3% agarose gel with 100-
bp marker and visualized by ethidium bromide
staining.

EBNA typing

Two 20-base oligonucleotide primers: flank-
ing a region of the EBNA-2 differing between
type A and type B EBV were used, as previ-
ously reported (5′-AGGCTGCCCACCC
TGAGGAT 3′) and 5′-GCCACCTGGCAGCCC
TAAAG 3′) (Lin et al, 1993). The reaction was
carried out as described above, but using 35
cycles with an annealing temperature of 56ºC.
Products were resolved on 8% polyacrylamide
gel and visualized by ethidium bromide stain-
ing. The expected amplification products of this
primer pairs were 168-bp for EBV type A and
184-bp for EBV type B.

LMP 1 deletion analysis

Genomic DNA from each sample was sub-
jected to PCR amplification using two 20-base
base oligonucleotide primers flanking the site
of the characteristic 30-bp deletion of LMP 1,
termed LMP 1-F (5′ CGG AAG AGG TGG
AAA ACA AA 3′) and LMP 1-R (5′ GTG GGG
GTC GTC ATC ATC TC-3′) as previously
published (Vasef et al, 1995). The reaction was
performed as described above, except that 30
cycles at annealing temperature of 61ºC were
employed. In samples that contained or were
missing the amino acids 343-352, PCR yielded
181-bp and 151-bp products, respectively. Pro-
ducts were resolved on 3% agarose gel and
visualized by ethidium bromide staining.

DNA sequencing

The DNA sequence corresponding to the
amino terminal portion of LMP 1 was deter-

mined first by amplifying 1.5 ng of genomic
DNA with the primer pairs of F3 (5′AAG GAA
CAA TGC CTG TCC GTG 3′) and R3 (5′TCT
GTC CAC TTG GAG CCC TTT G 3′) and of
F4 (5′GGG GCA AAG GGT GTA ATA CTT
ACTC 3′) and R4 (5′CAT CGT TAT GAG TGA
CTG GAC TGG 3′). PCR products were re-
solved on 3% agarose gel and visualized by
ethidium bromide staining. Amplification prod-
ucts of F3-R3, F4-R4, and LMP 1-F-LMP 1-
R primer pairs were excised from the gel. After
gel purification (QIAGEN), DNA was sub-
cloned into PT7 blue vector (Novagen, Madi-
son, WI). One clone from each isolate was
selected for sequencing. Sequences were deter-
mined using a Thermo Sequenase TM II dye
terminator cycle sequencing kit (Amersham Life
Science) with an automatic DNA sequencer (ABI
PrismTM 310 Genetic Analyzer, PE Applied
Biosystems).

RESULTS

Fifty-six specimens from patients with NPC
were examined and DNA of EBV was isolated.
The age of the patients and histological clas-
sification of NPC are shown in Table 1. The
ages of the patients ranged from 19 to 80 years
with median age of 46 years. The histological
type of undifferentiated carcinoma was identi-
fied in 87.5% of the specimens. We detected
EBV gene by PCR in 55 among 56 patients
samples, indicating that 98% of NPC we ex-
amined had an association with EBV (Fig 1).
To determine the EBV type, PCR amplification
of the EBNA2 gene was performed. All positive
samples showed EBV type A. Type B was not
identified in our samples, indicating that EBV
in Indonesian NPC was type A (Fig 3). LMP 1
gene was found by PCR in 100% of EBV-
positive samples. The 30-bp LMP 1 deletion
variant was identified in 25.5% of the speci-
mens, wild type undeleted in 60%, and both
the deletion and wild type undeleted LMP 1
gene in 14.5% (Fig 2). The EBV-negative sample
did not produce any DNA bands after PCR in
these three kinds of studies. The results of EBV
prevalence, EBV typing, and presence of LMP
1 deletion are shown in Table 2.
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Strain of EBV was determined by sequenc-
ing of the LMP 1 gene. In this region, variations
in the sequences spanning EBV genome posi-
tion 169352-169075 and position 168340-
168189 of the B95-8 prototype strain are shown
in Table 3 and Table 4. Alteration of amino acid
located in the transmembrane domain of TTG/
Leu to TTT/Phe at codon 67 was seen in 52
out of 55 specimens, GCC/Ala to GGC/Gly at
codon 82 in 51, TGT/Cys to GGT/Gly at codon
84 in 52, ATA/Ile to CTA/Leu at codon 85 in
55, ACA/Thr to CCA/Pro at codon 98 in 49,
ACA/Thr to AGA/Arg at codon 98 in 36 and
TCT/Ser to GCT/Ala at codon 104 in 51
samples. Silent mutations were identified in
codon 51 (GCC/Ala to GCG/Ala, 54/55
samples), condon 63 (ATA/Ile to ATT/Ile,  47/
55), condon 65 (ATA/Ile to ATC/Ile, 53/55) and

condon 67 (TTG/Leu to CTG/Leu, 54/55).
Mutations of amino acids located in the carboxy-
terminal of cytoplasmic domain were TTG/Leu
to TCG/Ser at codon 338, GGA/Gly to GGT/
Gly at codon 342 and TCT/Ser to ACT/Thr at
codon 366 (42/55 samples).

DISCUSSION

Histology of NPC is subclassified into three
major groups according to WHO proposal:
keratinizing squamous cell carcinoma, non-
keratinizing squamous cell carcinoma, and
undifferentiated NPC. It is widely known that
most studies in high risks area have found 90-
100% association of EBV with undifferentiated

Table 2
EBV presence, EBV type, and 30-bp LMP 1

deletion in NPC samples.

Number

EBV positive 55
EBV negative 1
EBV type A 55
EBV type B 0
LMP 1 30-bp deletion 14
LMP 1 30-bp non deletion 33
LMP 1 dual infection 8

Table 1
Patients classification according to sex, age

and histological type of NPC.

Patients number

Sex
Male 36
Female 20

Age (year)
≤30 8
>30 48

Histological type
Undifferentiated Ca 49
Differentiated Ca 6
Unclassified 1

Table 3
Sequence polymorphisms in patients samples
compared with EBV B95-8 region 168209-

168320.

Coordinate Base change aa change Frequency
in B95-8

168221 T>C NC 1/55
168222 T>C S>P 2/55
168225 T>A S>T 42/55
168238 G>A NC 2/55
168239 C>T T>M 2/55
168248 A>C H>P 13/55
168251 C>A P>Q 2/55
168255 G>A D>N 16/55
168258 G>A G>S 3/55
168264 G>A G>S 1/55
168265 T>G H>Q 1/55
168266 A>G H>R 2/55
168269 G>C G>A 1/55
168275 A>T D>V 1/55
168282 A>G S>G 15/55
168284 A>G H>R 4/55
168291 G>A G>S 1/55
168295 A>T NC 35/55
168308 T>C L>S 43/55
168309 T>C NC 30/55
168320 A>G Q>R 14/55
168327 G>C G>R 1/55
168329 G>A G>E 6/55
168330 G>C G>R 6/55

NC = no change
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Table 4
Sequence polymorphisms in patients samples
compaired with EBV B95-8 region 169096-

169328.

Coordinate Base aa change Frequency
in B95-8 change (codon)

169106 C>T NC (123) 35/55
169108 C>A L>I (123) 3/55
169116 T>C L>P (120) 7/55
169118 G>A NC (119) 14/55
169132 C>T P>S (115) 1/55
169136 T>C NC (113) 2/55
169138 C>A L>I (113) 1/55
169140 C>A P>H (112) 3/55
169147 C>A L>I (110) 1/55
169149 C>A A>E (109) 30/55
169157 C>G F>L (106) 2/55
169159 T>A F>I (106) 1/55
169162 T>C S>P (105) 1/55
169164 C>G S>C (104) 1/55
169165 T>G S>A (104) 51/55
169176 C>T P>L (100) 5/55
169182 C>G T>R (98) 36/55
169183 A>C T>P (98) 49/55
169190 T>C NC (95) 3/55
169194 C>T T>I (94) 1/55
169203 A>G K>R (91) 1/55
169209 T>C M>T (89) 1/55
169221 T>C I>T (85) 2/55
169222 A>C I>L (85) 55/55
169225 T>G C>G (84) 52/55
169226 T>C NC (83) 1/55
169230 C>G A>G (82) 51/55
169232 A>G NC (81) 1/55
169238 A>G NC (79) 1/55
169245 T>C L>P (77) 2/55
169247 T>C NC (76) 3/55
169265 T>C NC (70) 2/55
169269 T>C I>T (69) 1/55
169274 G>T L>F (67) 52/55
169276 T>C NC (67) 54/55
169279 A>G I>V (66) 4/55
169280 A>C NC (65) 53/55
169285 A>T I>F (64) 5/55
169286 A>T NC (63) 47/55
169288 A>C I>L (63) 3/55
169292 G>C M>I (61) 1/55
169294 A>C M>L (61) 2/55
169295 C>A NC (60) 31/55
169298 T>A NC (58) 1/55
169302 T>C F>S (58) 1/55
169306 T>G S>A (57) 32/55
169307 C>T NC (57) 1/55
169312 C>T L>F (56) 1/55
169318 C>T L>F (54) 2/55
169322 C>G NC (51) 54/55

NC = no change

Fig 1–EBV detection by PCR after electrophoresis in
3% agarose gel and visualization with ethidium
bromide. Lane 1 contains 100-bp molecular
mass marker. Lane 2 is a representative of EBV
positive case. Lane 3 is EBV negative case.
Lane 4 is positive control.

Fig 3–Polyacrylamide gel-electrophoresis of PCR
products from amplification of EBV types, visu-
alized by ethidium bromide staining. Type A
shows 168-bp and type B 184-bp fragment. All
55 samples (100%) were type A and no type B
was detected. Lane 1 contains 100-bp molecular
mass marker. Lane 2 is representative of type A.

 Fig 2–PCR products from PCR amplification of the
LMP 1 gene visualized by ethidium bromide
staining. The 30-bp deletion shows 151-bp,
fragment and undeleted type 181-bp. Lane 1
contains 100-bp molecular mass marker. Lanes
2 is representative of the undeleted case. Lane 3
is representative of the 30-bp deletion case.
Lane 4 shows both bands and is representative
of dual infection case.

form and a minor association with differenti-
ated form. While North American forms of NPC
demonstrate evidence of differentiation such as
keratinization, in Asia NPC is usually undiffer-
entiated and is often with a marked lymphocyte
infiltration (Young et al, 1988; Liebowitz, 1994).
There is a remarkable difference of age distri-
bution between African and Asian NPC. Whereas
in South East Asia there is only single peak

1 2 3 4

131 bp

1 2 3 4
181 bp
151 bp

1 2

168 bp
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of incidence occuring about the age of 50, in
North Africa an additional minor peak of in-
cidence appears between the ages of 10-20,
comprising about 15% of all NPC patients (Sbih-
Lammali et al, 1996; Stiller, 1994). In the present
study, the median age of NPC patients was 46
years old, with 14% being young patients. There
was a high frequency of undifferentiated car-
cinoma and 98% of the subjects had an asso-
ciation with EBV.

A characteristic 30-bp deletion at the 3′
end of the LMP gene was first identified in
NPC in China (Chen et al, 1992; Hu et al,
1991) and was shown to induce a more aggres-
sive transformation of epithelial cells (Hu et al,
1993), although Johnson et al (1998) later
demonstrated that the 30-bp deletion of EBV
LMP 1 is not the major effector of functional
differences between variant LMP 1 genes in
human lymphocytes, does not inhibit differen-
tiation and induces tumorigenicity of human
epithelial cells. Furthermore, it has been pro-
posed that the 30-bp deletion may occur as a
result of mispairing of the short repeats flank-
ing the deletion region during replication and
the surrounding region, including amino acids
343-352, may constitute a deletion hot spot
(Sandvej et al, 1994).  On the other hand, the
C-terminal 30-bp LMP 1 deletion variant has
been detected in healthy persons in the endemic
regions and can also be found in non endemic
areas within Asia (Itakura et al, 1996) and
Western countries (Sandvej et al, 1997) as well
as in various EBV-associated lymphoid tumors,
including 61% of Danish and 100% of Malay-
sian peripheral T-cell lymphoma (Sandvej et al,
1994), and 80% of Brazilian  Burkitt’s lym-
phoma (Chen et al, 1996). However, Alaskan
(Miller et al, 1994) and Russian strains are
undeleted, as is the B95-8 prototype strain (Hahn
et al, 2001). Therefore, it is still unclear whether
infection with 30-bp deletion type virus predis-
poses for the development of NPC. In this study,
we found that NPC in Indonesia, which has
high frequency of NPC, has a low prevalence
of 30-bp deleted-LMP 1.  Thus, judging from
the results of our study we do not support the
notion of an association of LMP 1 deletion with
the development of NPC.

In this study we sequenced the LMP 1
gene and identified several nucleotide alter-
ations, which may have an effect on the tu-
morigenic potential of EBV. Due to lack of
samples, we could not sequence the whole
LMP 1 gene. The transmembrane domain of
LMP 1 is capable of substituting for the ligand-
dependent activation of CD-40 and TNF-R2,
leading to constitutively activated receptor, and
the intact transmembrane domain is necessary
for efficient and stable oligomerization (Gires
et al, 1997). Therefore, the mutations we identi-
fied in codons 67, 82, 84, 85, 98 and 104,
which are located in the transmembrane do-
main, may affect the signaling cascade of NF-
κB activation by LMP 1.  The mutations of
codons 338, 342 and 366 located in the C-
terminal activating region 2 (CTAR2), which
appears to be the sole mediator of JNK-1 and
AP-1 activation by LMP 1 (Kieser et al, 1997;
1999; Eliopoulus and Young, 1998), and both
CTAR1 and 2 are necessary for full activation
of NF-κB and efficient B cell immortalization
(Kaye et al, 1995; Devergne et al, 1996; Izumi
et al, 1997). Those mutations may affect the
contribution of LMP 1’s ability to transform
cells and/or protect B cells from apoptosis in
the infection of EBV in NPC. Furthermore, we
have identified alterations in nucleotide 169165
(codon 104), 169182 (codon 98), 169183 (codon
98), and 169274 (codon 67), which have not
been reported in LMP 1 from China (Sung et
al, 1998), Alaska (Miller et al, 1994), Hong
Kong (Cheung et al, 1998) and Russia (Hahn
et al, 2001). These results indicated that spe-
cific substrains of EBV have been found in
Indonesia.

In summary, we reported that 98% of
Indonesian NPC has an association with EBV.
One hundred precent was EBV type A, and
there was a low frequency of the characteristic
30-bp deleted variant of LMP 1, indicating that
the deletion is not a predisposing factor for
development of NPC but reflects more the geo-
graphic subtypes. We furthermore identified
amino acid changes that were different from
those reported from other geographic regions,
suggesting the existence of specific substrains
in Indonesia.
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