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Association of Epstein—Barr Virus (EBV) with Malignancy of the
Nasopharynx in Lagos, Nigeria
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Background: Nasopharyngeal cancer is a rare cancer worldwide. It is now found to be increasing in incidence in Nigeria, though the incidence
is lower when compared to countries in the Mediterranean basin, North Africa and Southeast Asia. This cancer is frequently associated with
Epstein-Barr virus (EBV), but no previous study was done in this centre to document the association. Aim and Objectives: To assess the
EBV status in Nigerian patients with nasopharyngeal cancer by using Latent membrane protein — 1 immunohistochemistry. ( LMP-11HC).
Materials and Methods: Thirty-five (35) out of Seventy-five (75) histologically-confirmed cases of nasopharyngeal malignancy (NPM) seen
in the Department of Anatomic and Molecular Pathology of Lagos University Teaching Hospital, Lagos between January 2003 and December
2012 were available for EBV study using LMP-1 IHC. Results: EBV LMP-1 IHC was positive in thirty (86%) out of the thirty-five cases
studied and these consisted of, 14 cases of undifferentiated carcinoma (WHO type 3), 5 cases of non-Hodgkin lymphoma and 2 cases of
adenocarcinoma. Also seven out of eleven cases of differentiated non-keratinizing squamous cell carcinoma (WHO type 2) were EBV positive
and two of the three cases of keratinizing squamous cell carcinoma (WHO type 1) were EBV positive. Conclusion: This study has shown that

nasopharyngeal malignancy in our centre is highly associated with EBV latency as detected by LMP-1 immunohistochemistry
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INTRODUCTION

Epstein—Barr virus (EBV) was first discovered by electron
microscopy of cells cultured from Burkitt’s lymphoma
tissue by Epstein, Achong, and Barr.'! EBV infection is
known to infect over 90% of the world population with most
infection latent and subclinical.’) However, in virtually all
cases of nasopharyngeal carcinoma (NPC) from endemic
region, elevated antibody titers against EBV viral capsid
antigen, IgA and early antigen, latent viral nuclear antigens
1 and 2 (EBNA-1 and EBNA-2), and neutralizing antibodies
to EBV-specific DNAse in the patient serum have been
documented.® The elevated antibody titers tend to precede
tumor development by several years and correlate well with
tumor burden, remission, and recurrence.’! EBV DNA has also
been found in the tumor tissue as well.l¥

Despite the important role played by EBV in the pathogenesis
of NPC, only a small percentage of those infected develop
cancer which tends to suggest that other environmental,
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genetic, and dietary factors are critical to eventual development
of NPC.B!

Studies in the literature show that the EBV infection in
nasopharyngeal epithelial cells happen before clonal
expansion of the tumor cells’ population.’ Studies in normal
nasopharyngeal tissues and on biopsies of premalignant tissues
show the presence of genetic alterations at an early stage of
carcinogenesis, indicating that the stable infection of EBV
epithelial cells requires a changed cell environment.!”

NPC is amalignant tumor which arises from the epithelial surface
of the nasopharynx, and the World Health Organization (WHO)
has classified this into three types.[® Type 1 is the keratinizing
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squamous cell carcinoma (KSCC). It is the most common type
seen in the older age group and does not show high association
with EBV, but it is commonly associated with human
papillomavirus and cigarette smoking.” The others are Type 2,
non-KSCC and Type 3, undifferentiated carcinoma. Type 2
and 3 are frequently associated with EBV and commonly
found in the endemic areas.!'” Other malignant tumors that
can arise from different components of the nasopharynx are
adenocarcinoma, adenoid cystic carcinoma, mucoepidermoid
carcinoma, lymphoma, plasmacytoma, melanoma, and even
sarcomas.'!!

NPC has a multifactorial etiology including virology,
environmental, genetic, and dietary components and incidence
varies greatly with geographic location, age, and race.[">!3 It
is endemic in Southeast China and is one of the predominant
tumors seen in people of Southern China with documented
rate of 10—150 cases per 100,000 populations per year.'* The
malignancy has an intermediate incidence rate of 5-9 cases
per 100,000 population per year in inhabitants of Northern
China, the Mediterranean basin (southern Italy, Greece,
Turkey, Israel, and North Africa), and in persons of southern
Chinese heritage who were born in the West (Australia,
Hawaii, and California).l'*!> The tumor, earlier thought to be
rare in Nigeria, is now found to be increasing in incidence,
and most of the patients diagnosed with NPC in Nigeria have
WHO Type 2 or 3 histology and are at the advanced stage.['*!7]

EBV is a member of the herpes family and has been implicated
in the pathogenesis of NPC and several other human
cancers, mainly Lymphoma.l'! EBV infects B lymphocytes
and epithelial cells of the nasopharynx using complement
receptor CD21 to attach to and infect the cells. Infection
of B cells is latent, but the B cells latently infected with
EBYV are immortalized and acquire the ability to propagate
indefinitely.['!

The molecular basis of infected cells’ proliferation involves two
EBYV genes, the first gene is latent membrane protein-1 (LMP-1),
an oncogene that autonomously activates the NF-kB and JAK/
STAT signaling pathways and promotes proliferation and
immortalization of EBV infected cells.!''! LMP-1 also prevents
apoptosis by activating Bcl-2, an antiapoptotic protein, thus
EBV uses autonomous activation of normal signaling pathway
to expand the pool of latently infected cells.!'!)

The other gene is the EBNA-2. This gene transactivates
several host genes including cyclin D and the src family of
proto-oncogenes.[''! Reports have shown detection of EBV
LMP-1 in the tissue by immunohistochemistry (IHC) but with
reduced sensitivity when compared to in situ hybridization in
detecting nuclear EBV-encoded RNA (EBER); however, LMP-1
immunohistochemical expression depends on the concentration
of LMP-1 protein in the cytoplasm of the tumor cells.!']

In addition, EBV genome contains a viral cytokine, vIL-10,
derived from the host genome. This viral cytokine can prevent
macrophages and monocytes from activating T-cells and is

required for EBV-dependent transformation of B cells and
epithelial cells.!'!

Aim

The aim of the study was to assess the EBV status in Nigerian
patients with nasopharyngeal cancer using LMP-1 THC.

MareriaLs AND METHODS

Paraffin-embedded tissue blocks of 35 histologically diagnosed
cases of nasopharyngeal malignancy (NPM) seen over a
period of 10 years at the Anatomic and Molecular Pathology
Department of Lagos University Teaching Hospital, Lagos,
between January 1, 2003 and December 31, 2012 were
retrieved from the archives.

Relevant information such as age, hospital number, laboratory
number, and clinical detail were extracted from the departmental
cancer registry and from patient’s folders.

Fresh sections from the tissue blocks were taken in situations
where the original slides were not found or had been damaged.

Immunohistochemical studies for EBV LMP-I were done using
an anti-EBV LMP-1 antibody solution at 1/20 dilution (Santa
Cruz Biotechnology, Inc., Heidelberg). A case of mixed
cellularity type of Hodgkin’s lymphoma was used as a positive
control for the EBV LMP-1.

The slides were viewed under the light microscope with
complete brown membrane and brown granular cytoplasmic
staining interpreted as positive for EBV LMP-1, while bluish
staining of the cytoplasm and membrane was interpreted
as negative for EBV LMP-1. Furthermore, nuclear and
paranuclear brown dot staining was interpreted as false
positive. Photomicrographs of some of the classical slides
were taken, scanned, and presented. Data were presented in
simple figures and charts.

ResuLts

Out of the 75 cases of NPM recorded during the study period,
35 cases were available for EBV LMP-1 study which composed
of 28 cases of NPC, 5 cases of nasopharyngeal non-Hodgkin’s
lymphoma, and 2 cases of nasopharyngeal adenocarcinoma.
The NPC consisted of 14 cases of undifferentiated carcinoma
(WHO Type 3), 11 cases of differentiated non-KSCC (WHO
Type 2), and 3 cases of KSCC (WHO Type 1).

Figure 1 shows the result of the EBV studies. LMP-1 IHC was
positive in thirty (86%) of the samples and five (14%) of the
cases were negative.

According to histological types, all the 14 (100%) cases of
undifferentiated carcinoma (WHO Type 3), 2 cases (100%)
of adenocarcinoma, and 5 cases (100%) of non-Hodgkin’s
lymphoma that were studied for EBV were all positive. Seven
of 11 (64%) cases of differentiated non-KSCC (WHO Type 2)
were EBV positive and 2 of 3 (67%) cases of KSCC (WHO
Type 1) were EBV positive.
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Figure 1: The association of different histologic types of nasopharyngeal
cancer with Epstein—Barr virus

Figure 3: Photomicrograph showing Epstein—Barr virus latent membrane
protein-1 positive immunohistochemistry staining in World Health
Organization Type 3 undifferentiated carcinoma, showing strong brown
cytoplasmic staining, x400

Figures 2-5 show representative photomicrographs of
histologic types of NPM (H and E) and the EBV LMP-1 THC
staining.

Discussion

This study shows that NPC accounted for the majority (80%)
of NPM seen in this center and that the undifferentiated type
predominates, constituting 50% of NPC. Furthermore, the
study shows high EBV positivity (86%) in the tumor cells of
patients with NPM; this finding confirms the general trend
of NPM and association of EBV with NPC. The association
between EBV with NPC has been well documented with
studies from Southeast Asia, Israel, Spain, and Italy.!'8]
However, no previous study has been done in Nigeria to detect
EBYV in tumor cells of patient with NPC.

This study demonstrates that LMP-1 IHC can be used to detect
the presence of latent EBV in the tumor cells as 30 (86%)
of 35 cases analyzed for EBV LMP-I by IHC were positive.
This high detection rate of EBV antigen using EBV LMP-1
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Figure 2: Photomicrograph of the World Health Organization Type 3
undifferentiated nasopharyngeal carcinoma (H and E, x400). This shows
diffuse sheets of large epithelial cells with oval, round vesicular nuclei,
prominent nucleoli admixed with lymphocytic inflammatory cells
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Figure 4: Photomicrograph of World Health Organization Type 1
keratinizing squamous cell carcinoma showing nests of malignant
squamous cells with individual cell keratinization as well as keratin pearl
formation (H and E, x400)

immunochemistry shows that EBV LMP-1 is present in
high concentration in the cytoplasm of the tumor cells of the
patients seen in this study. This contrasts the finding in Israel
and some other areas that showed low cellular expression of
LMP-1 in NPC.I'*¥1 Tt is documented that the expression of
EBV LMP-1 antigen proportionally depends on its cytoplasmic
concentration.["¥! Therefore, this study tends to support the
findings of other studies that EBY LMP-1 IHC could be as
reliable as other techniques such as PCR and FISH techniques
which have been proved to be sensitive but more expensive.?”!

The positivity of all the 14 (100%) cases of undifferentiated
carcinoma and most of the cases 7/11 (64%) of differentiated
NPC for EBV is in consonance with the reports in the literature
and more importantly in the endemic areas where this variant
is the most common and mainly associated with EBV.!!
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Figure 5: Photomicrograph showing Epstein—Barr virus latent membrane
protein-1 negative immunohistochemistry staining in World Health
Organization Type 1 keratinizing squamous cell carcinoma. It shows no
cytoplasmic staining of Epstein—Barr virus latent membrane protein 1 in
the malignant squamous cells at x400 magnification

Seven out of 11 (64%) of differentiated nonkeratinizing
NPC (Type 2) and 2 out of 3 (67%) of keratinizing
NPC (Type 1) were positive for EBV by EBV LMP-1 THC,
respectively. This means that, of the five cases of NPC that
were EBV negative, four belong to Type 2 histology while
the remaining one is of Type 1 histology. Although there was
a tendency for a greater proportion of patients with squamous
carcinoma to be EBV negative (Type | vs. Type 2, 3, and
others), the findings in this study may probably be due to
smaller number of cases studied as it is well reported that the
Type 1 histology is less associated with EBV.I!)

Although the number of cases of NPC seen in this study may be
small to determine the statistical significance of the association
of Type 1 and Type 2 histology with EBV, the findings of this
study show that, even in low incidence area of NPC, EBV
seems to be frequently positive. This might be an additional
fact to the general view that EBV is almost always positive in
areas endemic for NPC, EBV is often positive in intermediate
incidence areas, whereas EBV is positive in only a proportion
of cases in low incidence areas.?!

As it is well reported that the Type 1 histology is less associated
with EBV,[") the 67% positivity of Type I histology for EBV
might be due to small number of cases of NPC in this study
or due to presence of less differentiated cells (basal cells)
within the tumor or large number of the viral particles within
the cytoplasm of the tumor cells. Literature has shown that
the nuclear signals of EBER are usually confined to the less
differentiated cells (basal cells) and that the KSCC Type 1
tends to carry lower copy numbers of EBV compared with
nonkeratinizing carcinomas and this explains the better
detection of the virus on in situ hybridization than by
EBV-LMP [HC.>%! Moreover, in general, patients with KSCC
have lower or negative IgA titers against EBV compared with
nonkeratinizing carcinomas.!!

All cases of lymphomas in this study are non-Hodgkin’s
lymphoma and are all positive for EBV; this is consistent with
the fact that EBV can latently infect lymphoid cells causing
carcinogenic transformation of these cells.['!

The fact that nasopharyngeal adenocarcinoma is extremely
rare is attested to by the finding of only two cases in this
study.?¥ However, the positivity of the two cases for EBV
is not consistent with finding in the literature that there is
no association with EBV, but this is in keeping with a report
of other studies that detected the virus in all types of NPC
exhibiting glandular differentiation.*’!

Although the frequency of NPC has a distinct distribution
in ethnical and geographic terms,!'*!* this study supports
the findings that whatever the environment, EBV plays a
significant role in the etiology of NPC.['%13]

CoNncLusioN

NPC as well as other primary malignancies of the nasopharynx
are associated with EBV and that EBV LMP-1 [HC is a reliable
method to demonstrate the presence of the infection. Further
studies to corroborate this finding can be carried out by FISH
and PCR techniques
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