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Background: Nasopharyngeal carcinoma (NPC) is frequently associated with Epstein-Barr virus (EBV). The
incidence of NPC in Western countries is lower than in the Far East, and EBV latency in NPC is less
prevalent. Israel, as a part of the Mediterranean area, is one of the countries with an intermediate risk for
NPC.
Methods: Immunohistochemistry (IHC) for latent membrane protein 1 (LMP-1) and in situ hybridisation
(ISH) for EBV encoded RNA (EBER) were used to evaluate the prevalence and possible prognostic value of
EBV latency among Israeli patients with NPC. Forty five patients with different NPC histologies were
studied.
Results: LMP-1 IHC was positive in six samples only, all with undifferentiated histology. EBER ISH was
positive in 40 of the 45 samples. According to histological type, three of five patients with squamous cell
carcinoma were EBV positive and 37 of 40 non-keratinising and undifferentiated carcinoma cases were
positive. Although EBV was more prevalent in patients with non-squamous carcinoma, the difference was
not significant, probably because of the small number of patients with keratinising carcinoma. With regard
to the clinical categories and survival, no significant difference could be detected between patients who
were positive or negative for EBER ISH. No association was found between EBV latency and patient sex,
age, origin, stage, or survival.
Conclusions: NPC in Israel is highly associated with EBV latency as detected by EBER ISH. LMP-1 IHC is
considerably less sensitive in detecting EBV latency in NPC among the same patient group.

T
he Epstein-Barr virus (EBV) was discovered 38 years ago
by electron microscopy of cells cultured from Burkitt’s
lymphoma tissue by Epstein, Achong, and Barr.1 Six

years later, in 1970, EBV DNA was detected in tissues from
patients with nasopharyngeal carcinoma (NPC).2 NPC is an
aggressive tumour that originates within the postnasal space.
It has been classified by the World Health Organisation
(WHO) into three types: squamous cell carcinoma (type 1),
non-keratinising carcinoma (type 2), and undifferentiated
carcinoma (type 3). Tumours of types 2 and 3 are clearly
associated with EBV, whereas virus involvement in NPC type
1 is more controversial.3 The staging of NPC according to the
American Joint Committee of Cancer (AJCC)4 is well known
to have important prognostic value.5 The tumour has a
multifactorial aetiology, including virological, environmental,
and genetic components. Incidence varies greatly with
geographical location, age, and race. NPC occurs mainly in
Southeast Asia and is one of the predominant tumours in the
population as a whole in Southern China. In these areas, the
incidence may reach 80 cases/100 000 population each year.6

Intermediate incidence is noted in Israel, along with other
countries in the Mediterranean basin (North Africa, southern
Italy, Greece, Turkey).5 Most of the patients diagnosed with
NPC in Israel have WHO type 2 or 3 histology and advanced
stage.7 8

Only two viral proteins are known to be expressed in NPC,
the EBV nuclear antigen 1 and the latent membrane protein 1
(LMP-1).9 LMP-1 of EBV is thought to be a viral oncogene on
the basis of its transforming capability; it is associated with
cellular phenotypic modifications of EBV infected B cells,
inducing the expression of activation markers and adhesion
molecules.10 In situ hybridisation (ISH) techniques that
target viral DNA or mRNA are of limited use in NPC because
low genomic copy numbers and low mRNA transcription in
latent infections make the procedure technically demanding.
Conversely, the abundant expression of nuclear EBV encoded

RNAs (EBERs) in latently infected cells makes them ideal
targets for ISH. The use of digoxigenin labelled antisense
EBER1 transcript probes in formalin fixed, paraffin wax
embedded specimens has demonstrated abundant expression
of EBER1 in primary NPC and metastatic NPC.11

‘‘The abundant expression of nuclear Epstein-Barr virus
encoded RNAs in latently infected cells makes them ideal
targets for in situ hybridisation’’

Our study was performed to assess EBV status in Israeli
patients with NPC, using LMP-1 immunohistochemistry
(IHC) and EBER ISH. We also attempted to correlate the
results with the clinical data.

PATIENTS AND METHODS
Patients
We obtained paraffin wax embedded blocks of NPC from 45
patients treated in the department of oncology at Rambam
Medical Centre in Haifa, Israel, between 1971 and 1997, from
the archives of the department of pathology in the same
medical centre. Follow up records for a minimum period of
four years after completion of treatment or until diagnosis of
recurrence were required. All tissue sections were available
for LMP-1 IHC and for EBER ISH. The latest disease status
was known for 43 patients only (follow up on two patients
was not found). Treatment consisted of irradiation only or
combined irradiation and chemotherapy. The patients’
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hospital charts and the national tumour registry records were
reviewed to determine clinical stage, distant and nodal
metastatic status, and survival. Clinical stage was determined
according to the AJCC criteria,4 but complete clinical stage
was found for only 33 patients. Data regarding recurrences
were missing in some charts and, therefore, were not
included in the statistical analysis. Statistical analysis of
survival was performed for alive without disease (all with
follow up of more than five years), dead of disease, and dead
without disease.

Immunohistochemistry
The tissue sections were dewaxed in xylene twice for 10
minutes each, then rehydrated in graded alcohols and rinsed
in tap water. Before immunostaining for LMP-1, slides were
microwaved at 92 C̊ for 15 minutes in EDTA buffer (pH = 8)
(Zymed Laboratory, San Francisco, California, USA), fol-
lowed by cooling for 20 minutes at room temperature. The
samples were stained in the Ventana immunostainer
(NexES), according to the manufacturer’s instructions. A
monoclonal antibody to LMP-1 (Dako, Glostrup, Denmark)
was used at a dilution of 1/20. A case of Burkitt’s lymphoma
was used as a positive control for LMP-1 and the negative
control comprised substituting the primary antibody with
normal rabbit serum.

ISH for latent EBV infection
ISH was performed using the EBV probe ISH kit (Novocastra
Labs, Newcastle upon Tyne, UK) according to the manufac-
turer’s instructions. Briefly, after the sections were dewaxed,
dehydrated, and predigested with proteinase K, hybridisation
solution containing the fluorescein conjugated EBV (EBER)
nucleic acid probe was applied. After application of alkaline
phosphatase conjugated antibody to fluorescein isothiocya-
nate, BCIP/NBT (bromochloroindolylphosphate/nitroblue tet-
razolium chloride) was applied as the chromogen. Slides
were then lightly counterstained with haematoxylin. Dark
brown nuclear staining identified a positive hybridisation
signal. Each specimen was scored for EBER as 0 (negative), 1
(, 10% of tumour nuclei EBER positive), 2 (10–50%
positive), or 3 (. 50% positive). Positive control slides were
supplied by the manufacturer (Hodgkin disease). A negative
control was run for each specimen by replacing the EBV
probe with a negative control probe.

Statistical analysis
Data were analysed using SPSS 11.0 software. The x2 test was
used to compare categorical variables between two groups
and the t test to compare means of continuous variables.
Kaplan–Meier survival analysis was performed to compare
EBER positive and negative patients.

RESULTS
The median age at diagnosis of the 45 patients (34 males, 11
females) studied was 45 years (mean, 42; range, 10–76). All
the patients without evidence of disease at the end of
treatment had more than four years of follow up. The
maximum period of follow up was 21 years, whereas the
median follow up was five years for the entire group and 10
years for the patients who were still alive. Table 1 shows the
demographic details and tumour characteristics. Most
patients (23 of 37) with known staging were in stage IV.
The most common histology was undifferentiated carcinoma
(30 of 45). Median survival time for the entire group was 11.5
years.

Table 2 shows the results of the EBV studies. LMP-1 IHC
was positive in six samples only and all had type 3 histology
(fig 1).

EBER ISH was positive in 40 of the 45 samples (fig 2).
According to histological type, three of five patients with
squamous cell carcinoma were EBV positive and 37 of 40
with non-keratinising and undifferentiated carcinoma were
EBV positive. Although there was a tendency for a greater
proportion of patients with non-squamous carcinoma to be

Table 1 Patient demographics and tumour
characteristics

Characteristic No. of patients (%)

Sex
Male 34 (75)
Female 11 (25)

Ethnic origin
Jewish 35 (77)
Arabic 10 (23)

Age at diagnosis
(21 9 (20)
22–59 29 (64)
>60 7 (16)

WHO type
1 (squamous) 5 (11)
2 (non-keratinising) 10 (22)
3 (undifferentiated) 30 (67)

Stage
1 1 (2)
2 4 (9)
3 8 (18)
4a 9 (20)
4b 5 (11)
4c 6 (13)
Unknown 12 (27)

WHO, World Health Organisation.

Table 2 Results of Epstein-Barr virus (EBV) studies

EBV status No. of patients (%)

LMP-1
Negative 39 (87)
Positive 6 (13)

EBER*
0 5 (11)
1 (1–10%) 0
2 (10–50%) 2 (4)
3 (>50%) 38 (85)

*Percentage of positively stained cells in each specimen.
EBER, nuclear EBV encoded RNA; LMP-1, latent membrane protein 1.

Figure 1 Cytoplasmic staining of Epstein-Barr virus latent membrane
protein 1 by immunohistochemistry in several cells; original
magnification, 6350.
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EBV positive, the results were not significant (squamous
carcinoma (type 1) v non-squamous (types 2 and 3),
p = 0.087), probably because of the small number of
patients with squamous histology. Among those patients
who were EBV positive, almost all (38 of 40) had . 50%
tumour nuclei that were EBER positive. Of the two patients
with , 50% of tumour nuclei positive by EBER ISH, one had
type 1 histology and one type 2 histology. No significant
differences were detected between patients who were positive
and negative for EBER ISH with regard to clinical category
and survival.

DISCUSSION
Our study confirms the general association of EBV with NPC
and demonstrates that EBER in situ hybridisation detects the
presence of latent EBV in tumour tissue in most cases. LMP-1
immunohistochemical expression depends on the concentra-
tion of the LMP-1 protein in the cytoplasm of the tumour
cells. In contrast, EBER ISH relies on the natural biological
amplification of the target sequence, resulting in numerous
EBER transcripts. Our results show that EBER ISH is much
more sensitive for detecting latent EBV infection in NPC
samples. Although one of the three positive EBER squamous
carcinomas in our study showed staining of less than 50% of
cells, this finding is not sufficient to conclude that squamous

carcinomas have a lower percentage of positive EBER cells
than non-squamous NPCs, as suggested by other studies.12

There were five cases of NPC where EBV was not detected
by EBER ISH. Two of these cases had WHO type 1 histology
and the other three had WHO type 3 histology. EBER ISH is
more sensitive than the polymerase chain reaction for
detecting EBV latency in tissues,13 and enables the localisa-
tion of the EBV signal in the tumour cells.

‘‘Although there has been serological evidence of Epstein-
Barr virus (EBV) antibodies in patients with nasopharyn-
geal carcinoma (NPC) in Israel, no previous study has
detected EBV in tumour tissue in Israeli patients with NPC’’

The association between EBV and NPC has been well
documented. Most studies are from Southeast Asia,12 14 but
two small recent studies from the Mediterranean basin found
an association between EBV latency and NPC. The Spanish
trial studied 30 specimens from patients with NPC, 29 of
which were positive by EBER ISH, but only 13 were positive
by LMP-1 IHC.15 The Italian study found that 16 of 24
samples of non-keratinising (types 2 and 3) NPC were
positive by EBER ISH.16 The results of our present study in an
Israeli population, in which 40 of 45 patients were positive by
EBER ISH, are similar to these last two studies, although only
six of our 45 patients were positive for LMP-1 IHC. This low
incidence of LMP-1 in NPC has also been reported by others.17

Although there has been serological evidence of EBV
antibodies in patients with NPC in Israel,18 19 no previous
study has detected EBV in tumour tissue in Israeli patients
with NPC.

The group of five patients negative for EBV is probably too
small to determine prognostic differences between the two
groups. Other studies with larger numbers of patients
negative for EBV found no prognostic value for EBV status.5

The only prognostic association between EBV status and
survival is the association with different histology. The
influence of histological type on outcome is not clear. In
general, Chinese studies have found no differences between
WHO type 1, 2, and 3 histologies, but cases of WHO type 1
histology are rare (, 5%).17 In series where both types are
well discriminated, patients with WHO type 1 histology do
worse in both local control and overall survival.20 In our
current study, only five of the 45 (11%) patients had
keratinising NPC. In a previous Israeli study of patients with
NPC,7 21% of patients had keratinising histology. In a review
article,17 type 1 histology was less than 1% in the Far East and
close to 25% in the West.

Clonal EBV genomes are found in the early preinvasive
dysplastic lesions or carcinoma in situ, indicating that EBV
infection precedes the development of malignant invasive
tumours.21 Our results indicate that all types of NPC among
the Israeli population are variants of an EBV associated
malignancy. This viral latency is a crucial phenomenon in the
development of NPC, in Israel, as in other parts of the world.

Figure 2 (A) Nests of undifferentiated nasopharyngeal carcinoma in
lymphoplasmocytic stroma. Tumour cells are strongly stained by in situ
hybridisation to detect nuclear Epstein-Barr virus encoded RNA (EBER);
original magnification, 680. (B) High magnification of nuclear staining
for EBER by in situ hybridisation; original magnification, 6350).

Take home messages

N In Israel, nasopharyngeal carcinoma (NPC) is highly
associated with Epstein-Barr virus (EBV) latent infec-
tion, as it is Southeast Asia

N EBV encoded RNA in situ hybridisation detected EBV in
40 of the 45 patients studied, whereas the detection of
latent membrane protein 1 by immunohistochemistry
was much less sensitive, detecting EBV in only six of the
45 NPC samples
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CONCLUSION
NPC in Israel is highly associated with EBV latency as
detected by EBER ISH. LMP-1 IHC is considerably less
sensitive in detecting EBV latency in NPC among the same
patient group.
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