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Abstract Background. The Epstein—Barr virus (EBV)
is consistently detected in patients with nasopharyngeal
carcinoma. To determine whether EBV infection is an ear-
ly, initiating event in the development of this malignant tu-
mor, we screened nasopharyngeal-biopsy samples, most
of which were archival, for preinvasive lesions, including
dysplasia and carcinoma in situ. Preinvasive lesions were
found in 11 samples, which were tested for the presence
of EBV.

Methods. EBYV infection was detected with in situ hy-
bridization for EBV-encoded RNAs (EBERs) and by im-
munohistochemical staining for latent membrane protein
1 (LMP-1). The larger samples were also tested for the
EBV genome with the use of Southern blotting. The ex-
pression of specific EBV RNAs was determined by the
amplification of complementary DNA with the polymerase
chain reaction.

Results. Evidence of EBV infection was detected in all
11 tissue samples with dysplasia or carcinoma in situ.
EBERs were identified in all eight samples tested, and

HE Epstein—Barr virus (EBV) is an important fac-

tor in the development of nasopharyngeal carcino-
ma, an epithelial cancer."? Nasopharyngeal carcinoma
is rare in North American and European whites, with
an age-adjusted incidence of 1 case per 100,000 popu-
lation. In contrast, it is among the most common can-
cers in southern China and parts of southeast Asia.
An age-adjusted incidence of 26 cases per 100,000 has
been reported among males in Hong Kong. Genetic
and environmental factors appear to contribute to the
elevated risk of nasopharyngeal carcinoma among the
Chinese. Patients with nasopharyngeal carcinoma have
elevated titers of IgA antibodies to EBV replicative an-
tigens, including the viral capsid antigen. These anti-
bodies, which frequently precede the appearance of the
tumor, serve as a prognostic indicator of remission and
relapse.!

Regardless of whether a patient with nasopharyn-
geal carcinoma lives in an area of endemic or sporadic
incidence, all the tumor cells contain EBV DNA.3* The
EBV infection is latent, and the viral DNA is a clonal
episome. The clonality of EBV DNA in nasopharyngeal
carcinoma arises from the clonal expansion of a single
EBV-infected cell.’ If EBV infected a fully formed neo-
plastic lesion, one would expect to detect an occasional
cell that lacked EBV or a polyclonal EBV infection.

Premalignant and preinvasive neoplastic lesions of
the nasopharynx in patients in whom nasopharyngeal
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LMP-1 was detected in all six of the tested samples. Six
of the seven samples tested for the EBV termini con-
tained clonal EBV DNA. Transcription of the latent EBV
gene products, EBV nuclear antigen 1, LMP-1, LMP-2A,
and the BamHI-A fragment, was detected in most of the
samples. Viral proteins characteristic of lytic lesions were
not detected.

Conclusions. Preinvasive lesions of the nasopharynx
are infected with EBV. The EBV DNA is clonal, indicating
that the lesions represent a focal cellular growth that
arose from a single EBV-infected cell and that EBV infec-
tion is an early, possibly initiating event in the develop-
ment of nasopharyngeal carcinoma. Preinvasive lesions
contain EBV RNAs that are characteristic of latent infec-
tion but not the viral proteins that are characteristic of Iytic
infection. The detection of the EBV-transforming gene,
LMP-1, in all the neoplastic cells suggests that its expres-
sion is essential for preinvasive epithelial proliferations
associated with nasopharyngeal carcinoma. (N Engl J Med
1995;333:693-8.)

carcinoma eventually develops are poorly documented
and rare.®® To determine whether EBV infection is an
early, possibly etiologic event in the evolution of na-
sopharyngeal carcinoma, we screened a large number
of nasopharyngeal-biopsy samples for early malignant
changes, including dysplasia and carcinoma in situ.
Eleven samples were identified and analyzed for the
presence of EBV.

METHODS

Tissue Samples

Most of the biopsy samples we analyzed were from an archive of
nasopharyngeal-biopsy samples at the University of Malaya in Kuala
Lumpur, Malaysia. Samples were examined microscopically for the
presence of dysplastic or preinvasive nasopharyngeal mucosal le-
sions. Carcinoma in situ, as distinguished from dysplasia, was docu-
mented if the normal epithelial cells in the topmost layers of the tis-
sue were absent.

A total of 5326 biopsy samples were screened. Invasive carcinoma,
nasopharyngeal carcinoma, and various grades of dysplasia or carci-
noma in situ were detected in 1811 samples, 56 (3 percent) of which
contained preinvasive mucosal lesions with adjacent invasive cancer.
In 11 samples (0.6 percent) there was dysplasia or carcinoma in situ
without adjacent invasive carcinoma. Tissue was available from 8 of
these 11 samples for studies of EBV. Ciancer was diagnosed at follow-
up examinations within 12 months after the tissue samples had been
obtained in five of the eight patients whose samples were evaluated
for the presence of EBV.

Three additional samples of dysplastic nasopharyngeal mucosa
without concomitant carcinoma (samples 3, 6, and 9) were obtained
at the Tumor Institute of Sun Yat Sen University in Guangzhou, Chi-
na; DNA and RNA were extracted from these samples and analyzed
with molecular probes. Thus, 11 samples of dysplasia or carcinoma
in situ — 8 from Malaysia and 3 from China — were analyzed for
the presence of EBV.

Because of heightened awareness of nasopharyngeal carcinoma
among Malaysian Chinese people, nasopharyngeal biopsies are per-
formed in many possibly symptomatic patients. From a collection of
tissue samples obtained from such patients, 60 samples of normal na-
sopharyngeal tissue, identified in the screening, served as controls.
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These samples of normal epithelium were obtained from patients in
the ear, nose, and throat clinic who had been followed for two years
without evidence of cancer.

In Situ Hybridization of EBV-Encoded RNA

Formalin-fixed, paraffin-embedded tissue was placed on slides pre-
treated with 1X Denhardt’s solution (0.02 percent Ficoll, 0.02 per-
cent polyvinylpyrrolidone, and 0.02 percent bovine serum albumin)
and 1 percent poly-L-lysine or 2 percent organosilane. The tissue sec-
tions were deparaffinized, rehydrated, and hybridized to a fluoresce-
in-conjugated oligonucleotide probe, obtained commercially, which
consists of a mixture of the two EBV-encoded RNAs, EBER-1 and
EBER-2 (Dako, Carpinteria, Calif.). Hybridization was detected by
incubation with rabbit antifluorescein antibody tagged with alkaline
phosphatase, followed by reaction with the substrate 5-bromo-4-chlo-
ro-3-indoyl phosphate and the colorimetric indicator nitroblue tetra-
zolium.

Immunohistochemical Identification of Latent Membrane
Protein 1

Latent membrane protein 1 (LMP-1) was identified with the use of
a pool of commercially available mouse monoclonal antibodies (CS1
through CS4) and a standard immunoperoxidase staining procedure
(Dako). The C15 tumor, an EBV-positive nasopharyngeal carcinoma
passaged in nude mice, and previously identified, unambiguous ex-
amples of nasopharyngeal carcinoma were used as positive con-
trols.!” The specificity of the staining was confirmed by the use of
EBV-negative squamous-cell carcinomas of the skin and the EBV-
negative cell line HeLa as negative controls and by the use of staining
without the anti-LMP-1 antibody.

Assessment of EBV Clonality

Sufficient tissue was available for molecular analysis of EBV in
four samples from the University of Malaya and three from Sun Yat
Sen University. DNA from the tumors and dilutions of DNA from the
Raji lymphoid cell line, representing 1, 5, and 50 copies of episomal
DNA, were digested with BamHI and analyzed by Southern blotting.
The blots were hybridized with probes representing the left end
(EcoRI-T) or the right end (XhoI-a) of the EBV genome, as described
previously.®

Analysis of EBV Transcription by the Polymerase Chain
Reaction

To test for the expression of EBV genes, RNA obtained from the
seven larger tissue samples was used to prepare complementary DNA
(cDNA). Equal aliquots of RNA were processed with reverse trans-
criptase or, as a negative control, without reverse transcriptase. The
individual EBV messenger RNAs (mRNAs) were identified by the
amplification of ¢cDNA with 20-base oligonucleotide primers that
span a splice specific for each mRNA, as previously described."! Con-
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trols containing all the polymerase-chain-reaction (PCR) reagents
and water instead of template were included for all reactions. The
PCR products were resolved by agarose-gel electrophoresis and
transferred to nitrocellulose, followed by hybridization to **P—end-
labeled oligonucleotide probes.

RESULTS
In Situ Detection of EBV

The preinvasive lesions were analyzed for transcripts
of EBV genes and for EBV proteins by means of in situ
hybridization and immunohistochemical staining. The
small nuclear EBERs are the most abundant RNAs in
latently infected cells; approximately 1 million copies
per cell are consistently detected in tissue samples
from patients with nasopharyngeal carcinoma.'>® The
EBERs are not expressed in oral hairy leukoplakia, a
permissive EBV infection, and are thus excellent diag-
nostic markers of a latent EBV infection.'*!> We detect-
ed EBERSs in all eight tested samples with dysplasia or
carcinoma in situ (Table 1). Of the 56 samples that
contained concomitant preinvasive and invasive lesions,
22 were analyzed for the expression of EBERs. The
EBERs were readily detected throughout the invasive
and preinvasive areas of the samples (data not shown).
The results of EBER hybridization were negative in the
60 samples of normal nasopharyngeal tissue, confirm-
ing the results of a recent study.'®

A tissue sample with carcinoma in situ (sample 7) is
shown in Figure 1A. The immature atypical cells were
characterized by an increased nuclear size, prominent
nucleoli with occasional mitotic figures, and an absence
of terminal differentiation in the upper layers toward
the luminal surface. The basement membrane was in-
tact, and lymphoid stroma was absent from the under-
lying fibrovascular stroma. EBERs were present in all
the immature cells in the lesion but not in the underly-
ing stroma (Fig. 1B). EBERs were also found in a tissue
sample (sample 10) with severe dysplasia of the na-
sopharyngeal mucosa. The dysplasia showed evidence
of differentiation in the uppermost layers of the epithe-
lium (Fig. 1C); EBERs were detected in most cells, in-
cluding some of the differentiated cells (Fig. 1D).

LMP-1 is the only EBV protein with transforming

Table 1. Data on EBV Infection in 11 Samples of Preinvasive Lesions from Patients with Nasopharyngeal Carcinoma.*

EBV DNA
SAMPLE No. HisToLoGIC FINDING CLONALITY REVERSE-TRANSCRIPTASE PCR TESTS EBER LMP-1
BamHI-A
EBNA-1 LMP-1 LMP-2 FRAGMENT EBNA-2 ZEBRA

1 Carcinoma in situ ND ND ND ND ND ND ND Yes ND
2 Severe dysplasia ND ND ND ND ND ND ND Yes ND
3 Mild dysplasia Yes No Yes Yes No No No ND ND
4 Severe dysplasia No Yes Yes Yes ND ND ND Yes Yes
5 Carcinoma in situ Yes Yes Yes Yes Yes No No Yes Yes
6 Mild dysplasia Yes Yes Yes Yes Yes No No ND ND
7 Carcinoma in situ ND ND ND ND ND ND ND Yes Yes
8 Carcinoma in situ ND ND ND ND ND ND ND Yes Yes
9 Moderate dysplasia Yes Yes Yes No No No No ND ND
10 Severe dysplasia Yes Yes Yes Yes ND ND ND Yes Yes
11 Carcinoma in situ Yes Yes Yes Yes Yes No No Yes Yes

*PCR denotes the polymerase chain reaction, EBER EBV-encoded RNA, LMP-1 latent membrane protein 1, EBNA-1 EBV nuclear antigen 1, LMP-2 latent membrane
protein 2, EBNA-2 EBV nuclear antigen 2, ZEBRA the EBV replication activator BamHI-Z, and ND test not done.
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properties in rodent cell lines and is essential for im-
mortalization of B lymphocytes in vitro."”®® This pro-
tein has been detected in approximately 60 percent of
tissue samples from patients with nasopharyngeal car-
cinoma.'®?® With immunohistochemical staining, we
found LMP-1 in all cells in all six of the tested samples
(Table 1).

In one tissue sample with carcinoma in situ and in
one with dysplasia, coexpression of EBERs and LMP-1
was found in most of the cells in the abnormal epithe-
lium. In a low-power microscopical view of the sample
with carcinoma in situ (sample 5), the positive EBER
hybridization was confined to the abnormal mucosa;
occasional macrophages in the subepithelial lymphoid
stroma stained weakly because of endogenous perox-
ide activity (Fig. 2A). In the same section, strong stain-
ing for LMP-1 was found only in the epithelial cells
(Fig. 2B).

In a sample with severe dysplasia (sample 4), EBERs

EBV IN PREINVASIVE LESIONS RELATED TO NASOPHARYNGEAL CARCINOMA 695

were detected in the majority of cells, with some of the
abnormal cells apparently negative for the expression
of EBER (Fig. 2C). A similar result has been reported
in tissue from patients with nasopharyngeal carcino-
ma.?! However, all the cells within this focus stained
positively for LMP-1 (Fig. 2D). The degree of staining
was particularly intense in the superficial layers of the
epithelium. In contrast, the infiltrating lymphocytes,
marked by clear cytoplasm and dark, condensed nuclei,
did not express EBERs (Fig. 2D). Our studies revealed
LMP-1 in all the samples with preinvasive neoplasia
and in all the dysplastic cells, even when EBERs were
not detected.

Clonality of EBV in Preinvasive Neoplasia

In cells latently infected by EBV, the viral genome is
an episome formed by circularization of the linear EBV
genome that is present in viral particles. Restriction-
enzyme fragments of the termini of the circular episo-

Figure 1. Histologic Features of Preinvasive Neoplasia of the Nasopharynx and Detection of EBV-Encoded RNA (EBER).

Panel A shows a polypoid mucosal lesion of the nasopharynx with carcinoma in situ (sample 7). The normal respiratory tract mucosa
has been completely replaced by abnormal cells marked by a lack of differentiation, large nuclei with the loss of nuclear polarity, an
increased ratio of cellular nuclei to cytoplasm, and prominent nucleoli. The basement membrane is intact, and the underlying stroma
is composed of loose fibrovascular tissue and occasional inflammatory cells. There is no evidence of tumor invasion. (Hematoxylin
and eosin, X630.) Panel B shows the same lesion with dark-brown nuclear staining, indicating the abundant expression of EBER
within all nuclei of all cells throughout the full thickness of the epithelial layer (X630). Panel C shows a mucosal lesion with severe
dysplasia (sample 10), characterized by hypercellularity and an increased thickness of the mucosal epithelium, with the preexisting
epithelial cells replaced by abnormal cells throughout most of the epithelium. There is some squamous maturation of proliferating cells
in the topmost layers. The fragmentation of the epithelial layers is an effect of tissue processing. (Hematoxylin and eosin, X1260.)
Panel D shows in situ hybridization of EBER throughout this severely dysplastic lesion. EBERs were also detected in most of the
superficial, maturing epithelial cells but not in the underlying lymphoid cells (X1260).
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Figure 2. EBV-Encoded RNA (EBER) and Latent Membrane Protein 1 (LMP-1) in Tissue Samples from Patients with Preinvasive Na-
sopharyngeal Neoplasias.

In Panel A, which shows a tissue sample from a patient with carcinoma in situ (sample 5), the overlying atypical epithelial cells are
positive for EBER. Much of the superficial mucosa is eroded. EBERs are not present in the underlying lymphoid stroma (X1260).
Panel B shows the same sample with brown immunostaining for LMP-1 in the overlying epithelium, which is intense in the superficial
layers. LMP-1 is not present in the lymphoid cells of the submucosa, although there is occasional weak staining of macrophages be-
cause of endogenous peroxidase activity (X630). Panel C shows a sample with severe dysplasia (sample 4). EBERs are present, in
varying intensity, within the nuclei of most of the epithelial cells (X2500). Panel D shows variably intense brown staining for LMP-1 in
all the cells from sample 4. The intensity of the stain increases near the luminal surface. The occasional infiltrating small lymphocytes
within the epithelial layer, with dark nuclei and clear cytoplasm, are negative for LMP-1 (X1260).

mal DNA can be detected by probes from both ends of
the linear genome.” In a monoclonal infection, the
fused termini yield a single restriction-enzyme frag-
ment, whereas multiple fused fragments suggest a pol-
yclonal infection. Smaller fragments that do not hybrid-
ize to both probes represent linear genomes produced
by viral replication.’

EBV clonality was evaluated in four samples of tis-
sue with nasopharyngeal carcinoma from the Univer-
sity of Malaya and in three samples of tissue with
dysplastic nasopharyngeal mucosa from Sun Yat Sen
University. A single EBV terminal restriction-enzyme
fragment was detected in three of the four samples
from Malaysia, which were also positive for EBER and
LMP-1 expression (Table 1 and Fig. 3), and in all three
samples from China. In sample 6, smaller fragments
that might have represented linear DNA were detected,
in addition to a single fused terminal fragment (Fig. 3).
The presence of linear EBV DNA in this sample was
probably due to viral replication in a small percentage
of the cells. The absence of detectable EBV DNA in one

(sample 4) that was positive for EBER and LMP-1 may
have been due to an absence of abnormal cells in the
portion of the sample that was processed for DNA
analysis.

Analysis of EBV Expression

Latently infected lymphocytes and nasopharyngeal-
carcinoma cells express a specific subgroup of EBV
genes. Lymphoid cell lines express six EBV nuclear
antigens, EBNA-1 through EBNA-6, and two integral
membrane proteins, LMP-1 and LMP-2. In nasopharyn-
geal carcinoma, EBNA-1, LMP-1, LMP-2, and transcrip-
tion from the BamHI-A fragment of the EBV genome are
detected.?*?” We used PCR with complementary DNAs
to detect the distinctive RNAs corresponding to the
EBNA-1, EBNA-2, LMP-1, and LMP-2 transcripts; Bam-
HI-A transcription; and a replicative gene product, the
EBV replication activator BamHI-Z (ZEBRA).%

Table 1 summarizes the results of these studies.
Most of the preinvasive neoplastic lesions contained
the characteristic RNAs of nasopharyngeal carcinoma
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Figure 3. Detection of EBV DNA in Five Samples of Tissue with Preinvasive Neoplasia (Samples 3, 5, 6, 9, and 11).
Southern blots prepared with DNA from tissue with atypical hyperplasia, dysplasia, and carcinoma in situ, digested with BamHI, and
dilutions of Raji-cell DNA representing approximately 50 copies, 5 copies, and 1 copy of EBV per cell (R50, R5, and R1, respectively)
were hybridized to a single-stranded RNA probe representing the Xhol-a fragment. A single restriction-enzyme fragment was detected
in most samples, indicating the presence of clonal, episomal EBV DNA. Sample 6 had additional, smaller fragments that probably

represented linear DNA.

— that is, EBNA-1, LMP-1, LMP-2, the BamHI-A frag-
ment, and the EBER RNAs (Table 1). Transcripts en-
coding EBNA-2, which is typically present with latent
infection in lymphocytes, or ZEBRA, which distinguish-
es the earliest stage of lytic infection, were not detected
in any of the samples assayed (Table 1). Therefore, the
pattern of expression of viral genes in the preinvasive
samples was identical to that in the samples with na-
sopharyngeal carcinoma.

Di1sCcUSSION

The results of this study strengthen the evidence
that EBV is critical to the pathogenesis of nasopharyn-
geal carcinoma. The data demonstrate latent EBV in-
fection of all the cells in all 11 samples of preinvasive
lesions. The presence of a single clonal form of EBV in
these lesions suggests that nasopharyngeal dysplasia or
carcinoma in situ is a focus of EBV-induced cellular
proliferation and that EBV infection precedes the ac-
quisition of invasiveness by these tumors.

Rare cases of nasopharyngeal mucosal dysplasia
have been detected by nasopharyngoscopy during in-
tensive screening programs in Guangdong province,
China.’ The lesions were marked by a thickening of the
epithelial layer, with a loss of normal stratification, ab-
normal morphologic features, and pleomorphic nuclei.’
However, these samples were not analyzed for EBV in-
fection. In another study, EBV DNA was detected by in
situ hybridization in only some cells in a few samples of
tissue with carcinoma in situ.? This finding suggests
that EBV infection occurred after the initial neoplastic

event. However, we found evidence of EBV infection in
all samples of preinvasive lesions, with the use of sev-
eral methods. In situ hybridization is considerably more
sensitive for the detection of EBER than for the detec-
tion of EBV DNA, because, when expressed, EBERs
are present at very high levels. In addition, LMP-1 was
detected in all abnormal cells, even in some that were
negative for EBER, indicating that the lesions were ho-
mogeneously infected.

Analysis of the EBV genomic termini and the ex-
pression of viral genes revealed that the preinvasive le-
sions contained predominantly latent infections and
expressed the same EBV genes as those expressed in
nasopharyngeal carcinoma. EBNA-2, which is essential
for the in vitro transformation of lymphocytes, has been
detected in patients with transplantation lymphoma
and in those with leiomyomas.’*3! The absence of the
expression of EBNA-2 in the preinvasive neoplasias is
consistent with its absence in nasopharyngeal carcino-
ma and indicates that EBNA-2 is not required for al-
tered epithelial growth.'** The absence of the expres-
sion of ZEBRA confirms the latent infection of these
lesions by EBV.

Evidence of viral replication has been detected in
oropharyngeal epithelial cells during primary or reacti-
vated infection with EBV.*? Sporadic reactivation is
probably the result of reintroduction of the virus into
epithelium from lymphocytes.*® Normally, this type of
reactivation would lead to viral replication and cytoly-
sis. In nasopharyngeal carcinoma, however, the cas-
cade of viral replication does not proceed. Instead, la-
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tent EBV genes are expressed, which probably induce
the infected cells to proliferate, thus forming a preinva-
sive lesion. The rare detection of preinvasive neoplasia
(in 11 of the 1811 samples, or 0.6 percent) and prein-
vasive neoplasia with nasopharyngeal carcinoma (in 56
of the 1811 samples, or 3 percent) and the progression
to nasopharyngeal carcinoma within one year in five
cases suggest that EBV-induced clonal proliferation
can progress rapidly to cancer.

The consistent expression of specific viral genes and
the detection of LMP-1 in all cells in the preinvasive le-
sions suggest that certain EBV gene products contrib-
ute to the abnormal proliferation of the cells. The devel-
opment of latent infection, rather than lytic infection,
in oropharyngeal cells and critical virus-transforming
functions may be the rare events that lead to the devel-
opment of nasopharyngeal carcinoma. The develop-
ment of latent infection in a nasopharyngeal epithelial
cell may be influenced by the way in which the virus en-
ters the cell or by the presence of a preexisting abnor-
mality, perhaps caused by genetic or environmental fac-
tors.>*3* Genetic changes such as mutations of the p53,
retinoblastoma, or ras genes have not been detected in
nasopharyngeal carcinoma,®?® but other genetic chang-
es may develop while the tumor is growing and contrib-
ute to its progression and metastasis.

We are indebted to Drs. Jian-Jing Chen and Bao Xiang Ou for
providing tissue samples and to Drs. D. Walling, H.S. Earp, and
E. Liu for reviewing the manuscript.
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