
Abstract. Epstein-Barr virus (EBV)-associated nasopharyngeal
carcinoma (NPC) is endemic to Guilin, China, but not
Fukuoka, Japan. To examine whether the NPC in these two
cities are distinct in their association with EBV, we analyzed
the histology and EBV genotypes in 163 NPC from Guilin,
52 NPC from Fukuoka and non-cancerous control naso-
pharyngeal tissues (n=22 each) by in situ hybridization and
PCR. The proportion of EBV-positive NPC from Guilin (95%)
was higher than that of Fukuoka (55%, p<0.001), and higher in
NPC versus control tissues in Guilin (95 vs. 46%) and Fukuoka
(55 vs. 32%). Histopathologically, non-keratinizing carcinoma
and the undifferentiated subtype (NKC-U) were predominant
in Guilin (84%), while the proportion of keratinizing squamous
cell carcinoma (KSCC, 38%) was similar to NKC-U (42%) in
Fukuoka. EBV-positivity was higher in NKC-U than KSCC in
the two cities. EBV genotype A was highly prevalent in Guilin
and Fukuoka. However, the BamHI f variant was predominant
in Guilin (79%), whereas all the identified types were the F
prototype in Fukuoka. The genetic structure and biological
functions of the EBV strain associated with endemic NPC in
Guilin were probably different from those of Fukuoka. The
genetic differences between Guilin and Fukuoka may mirror
the differences in histology and patient profiles.

Introduction

Nasopharyngeal carcinoma (NPC) is a common cancer in
Southern China, especially in the Guangdong and Guangxi
regions, where the incidence is ~30-50/100,000, but is rare in

European and North American countries (incidence <1/
100,000) (1), indicating a distinct geographical and racial
distribution. The incidence of NPC is also low in Japan (2).
The etiology of NPC is poorly understood but is probably
multifactorial, including the interplay of genetic susceptibility,
infection with Epstein-Barr virus (EBV) and environmental
factors (dietary and non-dietary). It seems that genetic factors
significantly increase the risk of NPC, but the almost constant
association of EBV with NPC, irrespective of ethnic back-
ground, indicates a probable oncogenic role for EBV in the
pathogenesis of NPC (1).

EBV can establish latent infection and is maintained in a
life-long carrier state. Two methods have proven effective for
localizing the EBV latent gene product in formalin-fixed
tissues: 1) the immunohistochemical detection of the EBV
latent membrane protein (3,4) and 2) detection of small non-
polyadenylated EBV-encoded RNAs (EBER) by non-isotopic
in situ hybridization (5-9). EBV can be classified as types A
(or 1) and B (or 2), and are distinguishable by their genetic
polymorphism in the EBV nuclear antigen (EBNA)-2, -3, -4
and -6 with distinct DNA sequences and protein antigenic
variations (10-12). The different EBV strains may affect the
transformation ability or cytotoxic immune responses leading
to different human diseases. Genotype A is more efficient
than B in immortalizing B-cell growth, while genotype B has
a stronger lytic ability (13-16). Although EBV is ubiquitous
in health populations throughout the world, the incidence of
different EBV genotype-associated tumors shows considerable
geographic variation. The type A strain is predominant in
tumor tissues from Europe, Japan and North America,
whereas genotype B has been found mainly in Central Africa
and New Guinea (15,17). Type A EBV is also prevalent in
health-seropositive individuals in Southern China and the
Hong Kong area (18,19). An analysis of genotypic differences
using restriction fragment length polymorphism (RFLP) has
shown more than two EBV genotypes (20,21). Previous
studies have identified a genetic variant of EBV with an extra
BamHI site in the BamHI F region (f variant). The f variant
appears to be much more frequent in the NPC patients (86%)
of Southern China than healthy Chinese individuals (8%),
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suggesting that the f variant may be tumor-associated (20,
22-24).

In view of the above information, the present study was
designed to delineate differences in EBV genotypes involved
in NPC in the two neighboring countries of China and Japan,
using NPC biopsy specimens from Guilin Medical College
Hospital, China and Fukuoka University Hospital, Japan.
Based on these differences, we then determined the relation-
ship between the EBV genotype and histopathological features
of NPC.

Materials and methods

Clinical samples. One hundred and sixty-three and 52 NPC
biopsy specimens were collected from case files from the
Department of Pathology, Guilin Medical College in China
and the Department of Pathology, Fukuoka University Hospital
in Japan, respectively, during the period 1980-2006. The
tissue samples from Guilin were from 125 males and 38
females, ranging in age from 16 to 78 (median 44.5) years,
while those from Fukuoka were from 41 males and 11
females, ranging in age from 32 to 92 (median 66.5) years.
The specimens were fixed routinely in 10% formalin and
processed into paraffin blocks for histopathological exami-
nation. Tissue sections were cut 4 μm thick and stained with
hematoxylin and eosin (H&E). Histopathologically, NPC was
classified into keratinizing squamous cell carcinoma (KSCC),
non-keratinizing carcinoma-differentiated subtype (NKC-D),
undifferentiated subtype (NKC-U) and basaloid squamous cell
carcinoma (BSCC), based on the WHO classification of NPC
(25). Nasopharyngeal tissues from 22 Chinese and 22 Japanese
non-neoplastic cases were used as controls.

In situ hybridization for latent EBV infection. In situ hybridi-
zation for EBER was performed to confirm the presence of
EBV in 217 NPC specimens. Sections (4 μm) from paraffin-
embedded blocks were deparaffinized, re-hydrated and
predigested with proteinase K. The hybridization solution
containing fluorescein isothiocyanate (FITC)-labeled EBV
oligonucleotide probe (EBER PNA probe, Dako, Glostrup,
Denmark) was applied for 90 min at 55˚C. A Dako ISH
detection kit (code no. S2450) including rabbit F(ab')2 anti-
FITC antibody, Envision reagent and 3,3'-diaminobenzidine
(Sigma Chemical Co., St. Louis, MO) were used to visualize

the hybridization products. The brown signals appearing
within the nucleus were recognized as EBER-positive.

Sample DNA preparation. DNA was successfully extracted
from the paraffin blocks of 156 Chinese and 29 Japanese
EBER-positive NPC cases, using the method previously
described (8). Briefly, 3-4 10 μm-thick tissue sections from
each case were placed in a sterile 1.5-ml tube, deparaffinized
and digested at 55˚C for 20 h with 200 μg/ml proteinase K
(Wako, Osaka, Japan) in 200 μl of 1X polymerase chain
reaction (PCR) buffer (Roche, Mannheim, Germany).
Digestion was terminated by inactivating proteinase K at
96˚C for 10 min. Cell debris were colleted by centrifugation
at 10,000 rpm for 5 min. The supernatant was transferred into
a new tube and used directly for PCR.

Analysis of the EBNA-2 subtype. The successful DNA
extraction for PCR from paraffin sections was confirmed in
each case using primer pairs designed for the ß-globin gene
(PC03 and PC04) (Table I) (6). Cases with positive ß-globin
PCR products were analyzed to detect EBV subtypes. The
identification of the EBV genotypes A and B was carried out
by determining the 3' sequence divergence of the EBNA-2
gene by the HotStar PCR method as previously described (8),
with some modifications. One common sense primer and two
different anti-sense primers were used for amplification of the
177-bp EBNA-2A and -2B fragments (Table I) (26). Ampli-
fication was performed with 5 μl of DNA extracts (10 ng/μl)
from tissue samples, in a 50 μl reaction mixture containing
3 mM MgCl2, 0.2 mM dNPTs mix (Invitrogen, Carlsbad, CA),
0.5 μM of each primer, 2.5 units of HotStarTaq DNA
polymerase (Qiagen, Hilden, Germany) and standard PCR
buffer (Qiagen). Amplification was performed first with a
cycle of 95˚C for 15 min to activate the HotStarTaq DNA
polymerase, then continued with 40 cycles of denaturation at
94˚C for 1 min, annealing at 55˚C for 1 min and extension at
72˚C for 1 min, with the last extension at 72˚C for 5 min.
Non-template control, consisting of master mix only, in a
similar volume as the reaction mixture was included in each
run of the PCR (GeneAmp® PCR system 9700, Applied
Biosystems, Foster City, CA). PCR products were analyzed
by electrophoresis in a 2% agarose gel. After completion of
electrophoresis, the gels were photographed under the UV
light transilluminator. Lymphoma with EBNA-2A subtype was
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Table I. The primers used.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Genome region Primers Primer sequences 5'-3' PCR product (bp) References
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
ß-globin gene PC03 ACA CAA CTG TGT TCA CTA GC 123 Borisch et al (1993) (6)

PC04 CAA CTT CAT CCA CGT TCA CC
EBNA-2A 2AB-s CTA TCT TGC GTT ACA TGG GGG ACA 177 Borisch et al (1992) (26)

2A-as GGG AGT GGT GGG GGC ACC CCC
EBNA-2B 2AB-s CTA TCT TGC GTT ACA TGG GGG ACA 177 Borisch et al (1992) (26)

2B-as TGG GGC GGT GCG GGT GCCCCA
BamHI-F F1 TCC CAC CTG TTA CCA CAT TC 198 Henry et al (2001) (27)

F2 GGC AAT GGG ACG TCT TGT AA
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1413-1420  8/5/08  14:37  Page 1414



used as a positive control. In addition, PCR products from
several representative NPC cases with the EBNA-2A or-2B
subtype were subjected to sequence analysis as described
below. Once the sequence of each subtype was confirmed,
the cases were used as controls.

BamHI F and f variant analysis. The analysis of the EBV
geno-types F and f was based on the presence of an extra
restriction enzyme site at the BamHI-F fragment region of the
EBV genome. PCR was performed using primers designed
from the BamHI-F region (BamHI-F1 and -F2, Table I) (27).
PCR was performed as described above (8,21). After the PCR,
10 μl PCR products were digested with 0.5 μl of 50 U/μl
BamHI restriction enzyme (Promega, Madison, WI) at 37˚C
for 3 h. The products were analyzed for the extra BamHI-F
site by electrophoresis using a 3% agarose gel stained with
ethidium bromide. The PCR product size of 198 bp was
considered as genotype F, whereas the presence of the
restriction site, which resulted in two bands of 127 and 71 bp,
indicated genotype f.

Sequence analysis of EBNA-2 DNA and BamHI F and f
variants. To confirm the DNA sequences of EBNA-2A and
-2B subtypes and BamHI F and f variants, the PCR products
from representative NPC cases with each subtype/variant were
purified using a QiAquick PCR purification kit (Qiagen). Direct
sequencing of PCR products was performed using Applied
Biosystems 3730 DNA analyzer (Applied Biosystems).

Statistical analysis. Statistical analysis was performed using
the Chi-square test. A value of P<0.05 was considered
statistically significant.

Results

NPC cases. Table II provides a summary of NPC patients
from Guilin, China and Fukuoka, Japan. The Japanese NPC
patients were 22 years older than the Chinese. Males were
predominant in the two groups. As for the histopathological
types, NKC-U was much more frequent in Guilin (84.2%) than
in Fukuoka (41.5%), but KSCC was much less frequent in
Guilin (6.7%) than in Fukuoka (43.4%). No marked difference
in NKC-D between the two districts existed.

EBER in NPC specimens detected by in situ hybridization.
Table III summarizes the results of EBER in situ hybridi-
zation in association with the clinicopathological features of
Guilin-Chinese and Fukuoka-Japanese NPC cases. EBER-
positive signals were detected in the carcinoma cell nuclei of
all histological types (Fig. 1). However, NKC-U (97.1% in
Guilin and 76.2% in Fukuoka) showed higher positive rates
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Table II. Summary of NPC cases from Guilin and Fukuoka.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Guilin (n=163) Fukuoka (n=52) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Ages (years), range (median) 16-78 (44.5) 32-92 (66.5)
Gender (M/F) 3.3:1 3.5:1
Histological type

Keratinizing squamous cell carcinoma 11 (6.7%) 21 (40.4%) <0.0001
Non-keratinizing carcinoma-differentiated subtype 15 (9.2%) 10 (19.2%) NS
Non-keratinizing carcinoma-undifferentiated subtype 137 (84.0%) 21 (40.4%) <0.01

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NS, not significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. EBER in situ hybridization. EBER-positive carcinoma cells in (A
and B) keratinizing squamous cell carcinoma, (C and D) non-keratinizing
carcinoma-differentiated type and (E and F) non-keratinizing carcinoma-
undifferentiated type. (G and H) Non-neoplastic nasopharyngeal tissue
containing EBER-positive lymphocytes (H&E staining: A, C, E and G and
EBER in situ hybridization: B, D, F and H).
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compared with KSCC (72.7% in Guilin and 47.6% in Fukuoka)
in the Chinese and Japanese cases (Table III). The positive
rate in NKC-D was much higher in Guilin (100%) than
Fukuoka (14.3%). Moreover, the positive rates were higher in
the Chinese cases in all histological types. Lymphocytes in
non-neoplastic nasopharyngeal tissue also showed EBER-
positive signals in the two groups (Fig. 1G-H), and these
positive rates in non-neoplastic tissues were not significantly
different between Chinese and Japanese cases [10/22 (45.5%)
in Guilin vs. 7/22 (31.8%) in Fukuoka].

EBV EBNA-2 subtype analysis. A subsequent genotypic
analysis of EBV was carried out in 184 EBV-positive NPC
specimens. Twenty-six and 135 cases from Fukuoka and
Guilin, respectively, showed the successful amplification of
ß-globin by PCR. The other cases that did not show any ß-
globin bands (3 and 20 cases from Fukuoka and Guilin,
respectively) were judged to have poorly preserved DNA and
were excluded from further analysis. Positive EBNA-2
products were found by PCR in 12 out of 26 cases (46.2%) and
45 out of 135 cases (33.3%) from Fukuoka and Guilin,
respectively (Fig. 2 and Tables IV and V). Seven of the
positive cases from Guilin showed evidence of dual infection
by types A and B of EBV (5 NKC-U, 1 NKC-U and 1 KSCC
cases). Two NPC biopsies contained EBV DNA of type B, one
from Guilin and the other from Fukuoka (in both NKC-U
cases), whereas all the other amplifiable cases were infected
with EBV type A virus (28 NKC-U, 6 NKC-D and 3 KSCC
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Table III. Summary of clinicopathological features and results of EBER in situ hybridization in Guilin, Chinese and Fukuoka,
Japanese NPC cases.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

EBER (Guilin) EBER (Fukuoka)
––––––––––––––––––– –––––––––––––––––––

Cases + - P-value Cases + - P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NPC 163 155 (95.1) 8 (4.9) 52 29 (55.8) 23 (44.2)

Gender

Male 125 119 (95.2) 6 (4.8) NS 41 22 (53.7) 19 (46.3) NS

Female 38 36 (94.7) 2 (5.3) 11 7 (63.6) 4 (36.4)

Age (years)

<50 109 103 (94.5) 6 (5.5) NS 9 5 (55.6) 4 (44.4) NS

50-70 54 52 (96.3) 2 (3.7) 23 16 (69.6) 7 (30.4)

≥70 1 1 (100) 0 (0) 20 8 (40.0) 12 (60.0)

WHO type

KSCC 11 8 (72.7) 3 (27.3) NS 21 10 (47.6) 11 (52.4) NS

NKC-D 15 15 (100) 0 (0) 10 3 (30.0) 7 (70.0)

NKC-U 137 132 (97.1) 5 (3.6) <0.05 21 16 (76.2) 5 (23.8) <0.05

Neck mass

Yes 62 58 (93.5) 4 (6.5) 14 7 (50.0) 7 (50.0)

No 101 97 (96.0) 4 (4.0) NS 38 22 (57.9) 16 (42.1) NS
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
KSCC, keratinizing squamous cell carcinoma; NKC, non-keratinizing carcinoma; -D, differentiated subtype; -U, undifferentiated subtype and
NS, not significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. PCR typing of EBV genomes associated with NPC in two
representative cases from Fukuoka and seven representative cases from
Guilin. DNA samples prepared from NPC specimens were subjected to PCR
amplification using EBV type-2 consensus primers. DNA from lymphoma
with EBV (type 2A) was used as a control. All NPC cases show presence
of the type 2A product (177 bp), except for NPC1 and NPC37 cases
(EBNA-2A). Four cases (NPC1, NPC35, NPC37 and NPC42) show the
type 2B product (177 bp), while all the other cases are negative. The human
ß-globin gene provided amplification products of 123 bp. Marker, 100 bp
DNA ladder; LM, lymphoma; NPC, nasopharyngeal carcinoma (numbers
indicate case numbers) and NT, non-template control.
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from Guilin and 7 KSCC and 4 NKC-U from Fukuoka) (Fig. 2
and Tables IV and V).

Analysis of BamHI F and f variants. Further attempts to
identify the variability in viral genotypes between Chinese and
Japanese NPC cases were based on polymorphism in the
BamHI F region of EBV DNA. The PCR amplified product of
the prototype BamHI F fragment is 198 bp in size. Cleavage
with the BamHI restriction enzyme yields two fragments of
127 and 71 bp for the f variant. The results of the BamHI F
analysis are shown in Fig. 3 and Tables IV and V. Amplifi-
cation of the BamHI F region was successful in four Japanese
(4/26) and 24 Chinese (24/135) NPC cases. The Japanese NPC
cases showed an EBV B95.8-like wild-type F configuration
(27) (one case infected with EBV type B and three cases
infected with EBV type A). Five Chinese NPC cases (5/24,
21%) showed a type F configuration (one case infected with

EBV types A and B and four cases infected with EBV type A)
and f variant was detected in 19 other Chinese cases (19/24,
79%; four cases infected with EBV types A and B and 15 cases
infected with EBV type A). Histological types included 3
NKC-U and 2 NKC-D for the type F prototype, and 14
NKC-U, 2 NKC-D and 3 KSCC for the type f variant.

Sequence analysis of EBNA-2 DNA and BamHI F and f
variants. The DNA sequences of EBNA-2A and -2B subtypes
and the BamHI F prototype and f variant were confirmed by
direct sequencing of the PCR products from representative
NPC cases with each subtype/variant [case no. 1 (Fukuoka),
no. 2 (Fukuoka), no. 56 (Guilin) and no. 46 (Guilin) for
EBNA-2A, EBNA-2B, F and f, respectively] (data not shown).

Discussion

In this study, we found similarities as well as differences
between Guilin, China and Fukuoka, Japan with reference to
EBV infection and NPC. In both China and Japan, the EBER-
positive rate was significantly higher in NPC tissues than non-
neoplastic nasopharyngeal tissues (95 vs. 46% in Guilin and
55 vs. 32% in Fukuoka), suggesting the oncogenic contribution
of EBV in NPC in the two localities. However, there were
also differences between the two populations: 1) The EBER-
positive rate among NPC was much higher in Guilin than
Fukuoka (95 vs. 55%), although it was not different in non-
neoplastic tissue (46 vs. 32%). 2) NPC developed in younger
generations in Guilin compared with NPC patients in Fukuoka
(mean age: 45.5 vs. 66.5). 3) The histological composition of
NPC was quite different: NKC-U was predominant in Guilin
(84%), while as much KSCC as NKC-U was found in Fukuoka
(38 and 42%, respectively). EBER positivity was higher in
NKC-U than KSCC in the two populations. In Fukuoka, there
were more EBV non-associated KSCC cases compared with
China. These findings suggest possible differences in NPC-
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Table IV. Summary of clinical and histopathological features, results of EBER in situ hybridization and EBV genetic subtypes
in Fukuoka, Japanese NPC cases.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Case Age (years) Gender Histology EBER EBNA-2 subtype BamHI F/f
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 76 Male NKC-U + B F
2 76 Male KSCC + A F
3 57 Female KSCC + A ND
4 61 Male NKC-U + A ND
5 50 Female NKC-U + A ND
6 64 Male KSCC + A ND
7 62 Male KSCC + A F
8 52 Male KSCC + A ND
9 82 Female KSCC + A ND

10 74 Male NKC-U + A ND
11 60 Female NKC-U + A ND
12 68 Female KSCC + A F
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
KSCC, keratinizing squamous cell carcinoma; NKC, non-keratinizing carcinoma; -D, differentiated subtype; -U, undifferentiated subtype and
ND, not detected.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. Differentiation of EBV genotypes F and f after restriction
fragment length polymorphism with restriction endonuclease BamHI in four
representative cases. Cases 1 (Guilin, no. 56) and 4 (Guilin, no. 46): genotype
F in the tumor biopsies of patients with NPC. Cases 2 (Guilin, no. 57) and 3
(Fukuoka, no. 1): genotype f in the tumor biopsies of patients with NPC. U,
untreated with BamHI; T, treated with BamHI and M, 50 pb DNA ladder.
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Table V. Summary of clinicopathological features, results of EBER in situ hybridization and EBV genetic subtypes in Guilin,
Chinese NPC cases.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Case Age (years) Gender Histology EBER EBNA-2 subtype BamHI F/f
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
13 34 Male NKC-U + A ND
14 44 Female NKC-U + A F
15 63 Female NKC-U + A ND
16 63 Male NKC-U + A f
17 37 Male NKC-D + A f
18 38 Female KSCC + A ND
19 55 Male NKC-U + A f
20 50 Male NKC-U + A ND
21 68 Male NKC-U + A ND
22 57 Female NKC-U + A ND
23 45 Female NKC-U + A ND
24 48 Male NKC-U + A ND
25 47 Female NKC-U + A ND
26 40 Male NKC-D + A ND
27 41 Male NKC-U + A f
28 36 Male NKC-U + A ND
29 26 Male NKC-U + A ND
30 39 Male NKC-U + A ND
31 36 Male NKC-U + A ND
32 36 Female NKC-U + A ND
33 56 Male NKC-U + A f
34 41 Female NKC-D + A ND
35 40 Male NKC-U + A, B f
36 56 Male NKC-U + A f
37 53 Male NKC-U + B ND
38 44 Male NKC-U + A f
39 50 Male NKC-U + A, B ND
40 38 Male KSCC + A, B f
41 42 Male NKC-D + A, B f
42 78 Female NKC-U + A, B F
43 42 Male NKC-U + A F
44 61 Male NKC-U + A F
45 52 Male NKC-U + A, B ND
46 31 Male NKC-U + A f
47 53 Male NKC-U + A f
48 40 Male NKC-U + A ND
49 40 Male KSCC + A f
50 53 Male NKC-D + A F
51 72 Male NKC-D + A ND
52 43 Male NKC-U + A f
53 30 Male NKC-U + A f
54 41 Male NKC-U + A, B f
55 34 Male KSCC + A f
56 56 Male NKC-D + A F
57 33 Male NKC-U + A f
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
KSCC, keratinizing squamous cell carcinoma; NKC, non-keratinizing carcinoma; -D, differentiated subtype; -U, undifferentiated subtype and
ND, not detected.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1413-1420  8/5/08  14:37  Page 1418



associated EBV genetics or in co-factors involved in NPC
tumorigenesis between Guilin, China and Fukuoka, Japan.
NPC develops in a shorter period after EBV infection in China
versus Japan since most children in China and Japan are
seroconverted against EBV within 1 year of age (28). This
finding also supports the above conclusion.

Despite the limited number of geographically-oriented
studies concerning viral genomics in patients with NPC, the
specific EBV genotypes are believed to be determined
geographically (29). Studies indicate that EBV type A is
highly predominant in Japanese NPC in the general Japanese
population, but that type B variant is quite rare (15,30,31).
Similarly, a Chinese study that involved the genotyping of
EBV carried out in 25 NPC cases from Guangdong, Southern
China, demonstrated a predominance of the type A virus with
only one case of the type B virus being found (18). In this
regard, a study in Taiwan showed that 84% of NPC were
infected with type A virus, while ~17% were twice as infected
with type A and B viruses (32). Furthermore, the genotype of
EBV could be different based on the disease and organ
involved, since a higher incidence of type B EBV has been
reported in Japanese nasal T-cell lymphoma patients (33). As
with other studies in Japan and China mentioned above, our
study showed that most Guilin (37/45) and Fukuoka (11/12)
cases were infected with type A virus, whereas type B DNA
was identified only in one case in each group. Moreover, seven
(7/45) cases from Guilin showed dual infection by EBV type
A and B viruses. In this context, Sixbey et al (12) were the
first group to report EBV coinfection in immunocompetent
hosts by demonstrating the two types of EBV by PCR in throat
washings from 9% of healthy viral carriers. Thus, coinfection
occurs in immunocompetent and immunocompromised
patients (32,34-36). Due to EBV polymorphisms, the specific
immune response induced after the primary infection does
not confer absolute protection against other existing EBV
genotypes and thus distinct genotypes can sequentially infect
different cell types in an individual (27).

EBV has various genetic polymorphisms due to repetitive
sequence and allelic sequence divergences, resulting in
extensive RFLP (23,31). BamHI F and f variants are based on
this RFLP. Several lines of evidence indicate the strong biased
association of the f variant with NPC in Southern China. In
Hong Kong, the high frequency of the f variant in NPC (24/28,
86%) and its rarity in peripheral T-cell lymphoma and
lymphoblastoid cell lines were demonstrated (20,32). In
Southern China, the f variant was shown at a much higher
frequency not only in overt NPC patients but also in indivi-
duals at a high risk for developing NPC versus healthy
individuals (23). Moreover, it was reported that at five years
after radiotherapy, the majority of people in remission for
NPC no longer harbored the f variant in their oropharynx (23),
suggesting a conversion or replacement of the f genotype by
the prototype F virus. However, the frequency of the f variant
in the peripheral circulation of healthy individuals was
reported to be low (18.9%) after PCR analysis of throat
washings (23). These findings suggest a close association of
the f variant with NPC oncogenesis and differential tumori-
genesis of different EBV strains. Unlike Asia, the f variant was
not present in NPC tissues from North Africa (29), an area
intermediate for NPC occurrence, indicating that the f

polymorphism is not an indispensable prerequisite for NPC
development. Thus, it may be that a geographical and genetic
association with the EBV genotypes has a key role in the
development of different types of EBV-associated
malignancies. The f variant was reported to be predominant
in NPC patients from South China, Taiwan and Hong Kong
(19,20,22,32), while genotype F prevails in the USA and
Africa (30,37). The F and f genotypes are found in Europe and
Malaysia (27,29,30,38). Few studies exist on the genotypes in
Japan. The predominance of the F prototype in NPC was
shown in patients from Wakayama, a Midwest city of Japan
(31). In patients with oral SCC, type A EBV with the F
genotype was dominant in Kitakyushu and Kumamoto, cities
located in the western area of Japan, while type B EBV with
the F genotype was mostly found in Okinawa, the southern-
most city of Japan (38). In our study, all successfully analyzed
cases from Fukuoka, a city in the western part of Japan,
demonstrated the prototype F, while those from Guilin,
located in Southern China, showed the predominance of the f
variant over the F prototype (79 vs. 21%), a rate lower than
that of the f variant as reported by Lung et al (20,23). The
different distribution of the f variant in NPC may explain the
different tumorigenesis. This may be one of the reasons why
the incidence of NPC was lower compared with different
rates of histological types and the older onset age of patients
from Fukuoka, Japan, compared with Guilin, China. The
geographical distribution of specific EBV genotypes may
result from the link between the genetic disposition of the
human population and specific EBV genotypes.

In conclusion, the findings of this study add support to the
notion that Chinese and Japanese NPC may be distinct in its
development. The genetic structure and biological functions of
the EBV strain associated with endemic NPC in Guilin may be
different compared with that associated with NPC in Fukuoka,
and probably explains the differences in the histologal and
patient profiles.
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