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Epstein—Barr virus in head and neck
squamous cell carcinoma

AH. Kamel,' MA. El-Barawy,' M H. Hashish' and S.M. EI-Sheikh?
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ABSTRACT We compared 50 patients with head and neck squamous cell carcinomas (cases) and 45
matched healthy controls. Biopsy specimens were taken from tumours and normal tissue of the cases and
controls respeciively and serial paraffin embedded sections were processed to detect Epstein-Barr (EB)
vical antigen. We found EB viral proteins in 38% of cases and none in controls, which suggests a pasitive
correlation. Serum samples were also tested for the presence of EB virus IgG by ELISA for comparison with
immunohistochemical findings. Patients with positive immunohistochemical staining results had significantly
higher mean antibody titres compared with those with negative results. ELISA may be useful in determining
the etiology of head and neck cancers, but the results are not unequivocally reliable.

Le virus Epstein-Barr dans le cancer épidermoide de la téte et du cou

RESUME Naous avons comparé 50 palients alteints de carcinome épidermoide de 1a téle et du cou {cas) et
45 témoins appariés en bonne santé. Des prélévements biopsiques ont été effectués sur des {umeurs et du
tissu normal des cas et des Wmoains respeclivement, ¢t des coupes sériées incluses dans la paraffine ont
eté traitées pour détecter un antigéne du virus Epstein-Bar (EB). Nous avons trouvé des protéines du virus
EB chez 38 % des patients et aucune chez les tamoins, ce qui indique une corrélation positive. Nous avons
également recherche dans les échantillons de sérum la présence d’IgG anti-virus EB par ELISA pour
comparaison avec les résultats immunchistochimiques. Les patients dont les résultals de coloration
immunohistochimique étaient positifs présentaient des titres d'anticorps moyens significativement plus
€levés par rapport aux patients dont les résultats étaient négatifs. Le lest ELISA peut &fre ulile pour
déterminer ['éticlogie des cancers de la iéte et du cou, mais les résultats ne sont pas d'une fiabilité sans
équivogue.
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introduction

Head and neck cancer accounts for 5% of
all malignant tumours, of which 95% are
squamous cell carcinomas. Epstein-Barr
virus (EBV) associated tumours tend to
ocecur in the head and neck region, as the
oropharyngeal epithelium is the main site of
EBV proliferation after infection, EBV has
been associated with a wide spectrum of
malignant disease.

Patients with cancer often feel as
though they have been invaded by an
external force, yet the malignancies have
arisen from their own tissues by a series of
genetic alterations [/]. It is generally ac-
cepted that cancers have a multifactorial
etiology with environmental and/or genetic
risk factors playing a part. Increasingly,
there is evidence that cancer may have an
infectious etiology at least in part or in
some cases [2].

Viruses are at the forefront of a large
effort devoted Lo understanding the mecha-
nisms of tumourigenesis-discovering how
normal cells are transformed into cancer
cells [3.4]. Both RNA-containing and
DNA-containing viruses can cause various
types of neoplasm in animals and humans
[5]. The oncogenic DNA viruses are clas-
sified within several groups that include
some herpes viruses [4]. EBYV, a ubiquitous
human herpes virus, is a member of the
Gammaherpesvirinae subfamily. Antibodies
to certain EBV-specific antigens are detec-
table in a large percentage of the general
population [6]. The virus is commonly
transmitted by infected saliva. Airborne or
bloodborne transmissions are not important
routes of infection [7]. EBV primary infec-
tion is usually asymptomatic or causes
infectious mononucleosis [5,8]. EBV in-
fects and replicates in oropharyngeal epi-
thelial cells with the shedding of virus
particles into the saliva and then infects B-
cells where it persists in a latent state [9].

EBV has been linked to several malig-
nant diseases, the most common of which
are Burkitt lymphoma and nasopharyngeal
carcinoma [3]. It has also been associated
with other types of malignancies including
Hodgkin disease, T-cell lymphomas, B-cell
lymphomas, leiomyosarcoma and oral
hairy leukoplakia in AIDS patients [10,/1).
Several studies have provided evidence of
the role of EBV as an etiologic agent of
cervical cancer and breast cancer [/2-/4].
It has also been detected in other epithelial
cancers in the head and neck region inc-
luding carcinoma of the palatine tonsil,
supraglottic laryngeal carcinoma and sali-
vary gland cancer [/5].

The diagnosis of EBV infection in head
and neck cancers is based on antigen
demonstration in tissue biopsies using
several methods including immunohisto-
chemical staining [/6]. Serologic assays
may aid in early diagnosis of occult cancers
16].

The aim of our investigation was (o
detect EBV in head and neck squamous cell
carcinomas by studying the presence of
EBV antibodies in serum and titres; by
demonstrating the presence of EBV antigen
in tissue biopsy specimens; and by compa-
ring the significance of EBV antibody titre
in serum with EBV antigen detection in
tissue biopsy specimens.

Methods

We studied 50 cases with head and neck
squamous cell carcinomas and 45 normal
healthy individuals, matching the control
group to the cases for age and sex. Biopsy
specimens were taken from all cancer
cases under general anaesthesia. Controls
were patients admitted to the Departments
of Maxillofacial Surgery and Periodon-
tology for correction and restoration of
mandible/maxilla itraumatic fractures,
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craniofacial plastic surgery, or treatment of
tempromandibular joint ankylosis.

Biopsies of normal tissue were taken
from the safety margin of the tumour tissue
for the cases and from the control group
matching for site, age and sex. Half of each
tissue section from each case was formalin
fixed, paraffin embedded and stained with
haematoxylin and eosin to be screened by
means of light microscope for diagnosis.
Serial paraffin sections were processed to
detect the EB viral antigen using the labelled
streptavidin-biotin immunoperoxidase stai-
ning method (LAB Vision, Fremont, Cali-
fornia, United States of America).

For serological study, venous blood
(3 mL) was collected from each case and
control. All serum samples were tested for
the detection of EBV IgG by enzyme-iinked
immunosorbent assay (ELISA) (Meridian
Diagnostic Incorporated, Cincinatti, Ohio,
USA) to compare the results with the im-
munchistochemical findings.

Consent was taken {rom all controls
before procedures.

Results

Of the 50 cases of squamous cell carci-
noma, the immunohistochemical staining
results for 19 (38%) were immunoreactive.
Anti-EBV staining in all of the normal
control sections was negative. EBV IgG
was detected in 41 (82%) of the 50 cases
of squamous cell carcinoma and in 42
(93.3%) of the 45 normal controls using
ELISA. The EBV mean antibody titre in
patients with head and neck squamous cell
carcinoma was slightly elevated when
compared with healthy controls although
the difference was not statistically signi-
ficant (P = 0.2115) (Table 1).

There was no statistically significant
association between EBV antibody titre and
age (Table 1) or sex (Table 2) of head and

neck squamous cell carcinoma patients
(P > 0.05). Comparing the ELISA results
with the immunohistochemical staining
results, we found that the sensitivity of the
ELISA was [00%, the specificity 29%, the
positive predictive value 46.3%, the
negative predictive value 100% and the
accuracy 56% (Table 3),

The mean antibody titre was signi-
ficantly higher in patients with positive EBV
immunohistochemical staining results than
in those with negative results (Table 4).

Poorly differentiated tumours had the
highest mean antibody titre (Table 5). Ne-
vertheless, there was no significant as-
sociatton between the grade of the tumour
and EBV antibody titre (P = 0.7139),

In terms of tumour site, patients with
parotid tumours had the highest mean
antibody titre, followed by those with
tumours on the sinonasal area, the tongue,
the buccal mucosa and the alveolar mucosa
(Table 6). However, the association be-
tween the site of the tumour and
antibody titre was not significantly
associated (P = 0.5782).

Discussion

In our study, 19 of the 50 (38%) patients
with squamous cell carcinoma were posi-
tive for anti-EBV antibody using labelled
streptavidin-biotin immunoperoxidase
staining. This was similar to an earlier
study that found that 35% of squamous cell
carcinoma cases were infected with EBV
{17). Similarly, EBV DNA has been repor-
ted in 33.3% of invasive squamous cell
carcinomas as well as a positivity rate
higher in malignant lesions than in benign
ones, suggesting that EBV has a role in
carcinogenesis [/8]. However, sometimes
it may exist in cancer cells as a passenger.
Horiuchi et al. [/8], Van Rensburg et al.
{19] and Cruzet al. [20] noted a relatively
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Table 1 Comparison of Epstein-Sarr virus antibody titres of head and neck squamous cell
carcinoma cases and controls by age
Age Total Negative ELISA Positive ELISA P-value®
group <2 =2 28 =32
(years) No. % No. % No. % No % No. % Meants
<20
Cases 2 40 o 00 0 00 1 500 500 525153.0 Not
Control 1 22 ] 0.0 0 0.0 1 1000 0 00 19.0:£000 vaid
20-39
Cases 15 300 3 200 1 6.7 g 600 2 133 191258 05710
Control 14 314 0 00 4 286 7 500 214 2461253
40-59
Cases 22 440 4 182 7 318 4 182 7 38 303366 09660
Conttol 23 511 13.0 86 11 478 304 3071294
260
Cases 11 220 2 182 3 273 1 4 5 455 3591371 0439
Contral 7 158 0 0.0 1 143 5 T4 143 236:x21.2
Total
Cases 50 100.0 9 180 11 220 15 300 15 300 2011341 02115
Control 45 100.0 3 67 7 156 24 533 11 244 275:263

*pMann-Whitnay test.

For cases: y¢ = 14.753, P = 0.088; for controis: x; = 7.181, P = 0.618.

s = standard deviation.

higher percentage using polymerase chain
reaction (PCR), observing EBV in 100% of
oral squamous cell carcinomas; the
difference was most likely a reflection of
the high sensitivity of PCR.

In contrast to our study, D’Costa et al.
detected EBV in only 25% of oral squa-
mous cell carcinomas in a group of Indian
patients [2/]. These differences in EBV
prevalence may reflect inherent variations
in the clinicopathology and molecular pa-
thology of Indian oral cancer associated
with the habit of chewing tobacco as
compared with oral cancer associated with
tobacco smoking and alcohol habits in
other geographical areas.

Comparing ELISA and immunohisto-
chemical staining results in our study, 19
(38%) of the patients were immunoreactive
using the immunohistochemical staining
method and 41 (82%) were positive using
ELISA. Anti-EBV staining in the control
sections revealed negative results, whereas
42 (93.3%) of controls were positive with
ELISA. ELISA thus gave more false posi-
tive results. In other words, not every case
testing positive for EBV antibody was
accompanied by a positive result for EBV
antigen in tumour tissues.

Similarly, Kottaridis et al. found that
patients with nasopharyngeal carcinoma,
patients with other carcinomas and cont-
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Table 2 Comparison of Epstein—Barr virus antibody titres of head and neck squamous cell

carcinoma cases and controls by sex

Sex Total Negative ELISA Positive ELISA P-value®
<2 22 =8 =32
No. % No. % No. % No % No. % Meants
Male
Cases 28 56.0 5 179 214 g 321 8 286 2841341 0984
Control 25 556 2 8.0 6 240 10 400 7 280 285129.1
Female
Cases 22 440 4 182 5 227 6 273 318 30.0+349 08676
Control 20 444 1 50 1 50 14 700 4 200 26.1£23.0
Tolal
Cases 50 100 g 180 11 220 15 300 15 300 29.1+34.1
Control 45 100 3 6.7 7 156 24 533 11 244 275+26.3

*Mann-Whitney test.

For cases: y? = 0.151, P = 0.9851; for controls: x? = 4.89, P = 0.179.

s 3
= standard deviafion.

rols were 91.3%, 57.7% and 35.5%
69.2% sera positive for anti-viral capsid
antigen (anti-VCA) respectively [22]. Sera
positivity for anti-VCA was significantly
higher in patients with nasopharyngeal
carcinoma but was not significant in pa-
tients with other carcinomas. Antibodies to
EBV observed in nasopharyngeal carci-
noma and other neoplastic conditions could
be accepted as evidence supporting the role
of EBV infection in the etiology of cancer,
but did not necessarily implicate EBV as an
etiologic agent in human neoplasms.

Linde reported that 98% of healthy
Swedish blood donors were EBV sero-
positive, adding that the specificity of the
ELISA in detecting [gG anti-EBV antibodies
for monitoring of nasopharyngeal carci-
noma was not 100% [23]. This might be
explained by the fact that EBV is a ubiqui-
tous human herpes virus that persists for
life following childhood infection.

Table 3 Immunohistochemistry for Epstein—
Barr virus antigen detection and ELISA for
Epstein—Barr virus antibody detection for
head and neck squamous cell carcinoma
cases

ELISA Immunohistochemical staining
Positive  Negative Tetal
No. % No. % No. %
Positive 19 463 22 537 41 82
Negalive 0 00 9 1000 9 18
Total 19 380 31 620 50 100

ELISA sensifivity = 100%; specificity = 29%;
positive predictive value = 46%,; negative predictive
value = 100%; accuracy = 56%.

Conclusion

Antibodies to certain EBV-antigens can be
detected in a large percentage of the general
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Table 4 Comparison of the 41 positive ELISA for Epstein—Barr virus antibody titre detection for
head and neck squamous cell carcinoma cases and their imémunohistechemistry stains for

Epstein-Barr virus antigen detection

immunohisto- ELISA positive cases (n=41) Total P-value®
chemical staining >2 =8 > 32

No. % No. % No. % Meants No. %
Positive 3 18 6 36 10 526 472+366 19 463 0.0359
Negative 8 364 9 409 5 227 2471308 22 537
Total 11 268 15 366 15 366 41 1000

*Mann-Whitney test.
s = standard deviation.

Table 5 Comparison of ELISA and immunohistochemical staining test results with head and

neck squamous cell carcinoma cases by grade

Grade of squamous EBV Negative ELISA Positive ELISA
cell carcinoma positive® <2 =2 =8 =32
No. % No. % No % No. % No. % Meants

Welt differentiated (n =24} 8 333 3 125 6 250 8 333 7 292 2B11338
Moderately differentiated

{n=19) 7 388 4 210 4 211 7 368 4 211 2284287
Poorly differentiated (n=7) 4 57.1 286 1 143 00 4 571 494+450
Fotal (n= 50) 19 380 180 11 220 15 300 15 300 29.1+341

» By immunohistochemical staining.
Kruskal-Wallis test, P-value = 0.7139.
x: =132, P = 0.5165.

5 = standard deviation.

population. The detection of these anti-
bodies indicates antigenic stimulation with
the virus, although their presence in sus-
pected cases cannot be used definitively for
the diagnosis of occult head and neck
cancers.

We found significantly higher mean
antibody titres in patients with positive EBV
immunohistochemical staining compared
with those with negative results. This
suggests that serologic assay (ELISA) may

be useful in confirming the etiologic agent
of head and neck cancers but it is not
definitive. Demonstration of antigen in
tissue biopsies remains essential for con-
firmation of the diagnosis.

That viral proteins were present in 38%
of head and neck squamous cell carcinoma
tissues and in none of the control spe-
cimens suggests a direct relationship bet-
ween EBV and this type of cancer.
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Table 6 ELISA and immunohistochemical staining results of head and neck squamous cell
carcinoma cases by tumour site

Tumour site Total EBV
{n=50} positive® Negative ELISA Positive ELISA
<2 22 28 2z 32
No. % No. % No. % No. % No. % No. % Meants

Tongue 11 22 7 636 © 900 0 0o 7 636 4 364 36.9:!:35.0.
Retromolar

area B 16 0 00 0 00 4 500 250 2 250 29.3+38.1
Lip 12 3 500 1t 167 3 500 0.0 333 20.2+399
Palate 6 12 167 3 500 1 167 16.7 16.7 17.5+356
Alveolar

mucosa 5 10 3 600 1 200 0 0o 2 400 2 400 3521324
Floor of mouth 5 10 0 00 3 800 0 00 2 400 0 00 841075
Buccal

muUcosa 4 8 2 50 0 00 2 500 0 00 2 500 3671385
Sinonasal area 2 4 1 50 0 00 1 500 0O 00 1 5H0.0 3831477
Larynx 2 4 1 500 1 500 0 00 1 500 0 00 831005
Parotid tumour 1 2 1 1000 0 00 C g0 0 00 1 1000 S0.0+00.0
Total 50 100 19 380 9 180 t1 20 15 300 15 300 29.11344
*By immunohistochemical staining
Kruskal-Wallis test P-value = 0.5782.
2= 1571, P = 0.073.
s = standard deviation.
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