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ORIGINAL ARTICLE

Detection of Epstein-Barr virus DNA by polymerase chain
reaction in surgical specimens of patients with squamous cell
carcinoma of the larynx and vocal cord nodules

Skuamoz hiicreli larenks kanseri ve vokal kord nodiillii hastalarin cerrahi doku
orneklerinde polimeraz zincir reaksiyonuyla Epstein-Barr virtisii DNA’s1 arastirmasi

Uzeyir GOK, M.D.,' Aykut OZDARENDELI,” M.D., Erol KELES, M.D.,’
Yasemin BULUT, M.D.,” Bengii COBANOCLU, MD.

Objectives: We investigated the incidence of Epstein-
Barr virus (EBV) infection in surgical specimens of squa-
mous cell carcinoma of the larynx and vocal cord nodules.

Patients and Methods: Formalin-fixed, paraffin-embedded
tissue samples randomly selected from 22 patients with squa-
mous cell carcinoma of the larynx (20 males, 2 females; mean
age 52 years) and from 17 patients with vocal cord nodules
(14 males, 3 females; mean age 38 years) were examined by
the polymerase chain reaction. The patients were assessed in
terms of localization of the disease, smoking habits, duration
of smoking, and the presence or absence of EBV DNA.

Results : Twenty-one patients with laryngeal carcinoma and
nine patients with vocal cord nodules were smokers.
Polymerase chain reaction showed EBV DNA in 11 patients
(50%) with laryngeal carcinoma and in seven patients
(41.2%) with vocal cord nodules. No significant differences
were found with respect to EBV DNA positivity, smoking
habits, smoking period, the number of cigarettes consumed
daily, localization of disease, and tumor stage (p>0.05).

Conclusion: Epstein-Barr virus does not seem to be
directly associated with the pathogenesis of laryngeal
squamous cell carcinoma, but its role in the etiology of
laryngeal proliferative diseases needs more elucidation.
Key Words: Carcinoma, squamous cell/virology; DNA, neoplasm;
DNA, viral; Herpesvirus 4, human/isolation & purification; laryngeal
neoplasms/immunology; polymerase chain reaction/methods; vocal
cords/immunology.

Amag: Larenjeal skuaméz hicreli karsinom ve vokal kord
nodullerine ait cerrahi érneklerde Ebstein-Barr virusu
arastinidi.

Hastalar ve Yontemler: Rastgele se¢im ydntemiyle sku-
amdz hlcreli larenks kanseri olan 22 hastanin (20 erkek,
2 kadin; ort. yas 52) ve vokal kord noduli olan 17 hasta-
nin (14 erkek, 3 kadin; ort. yas 38) formalin ve parafinde
bekletilen cerrahi doku drnekleri polimeraz zincir reaksiyo-
nu yontemiyle incelendi. Olgular, hastaligin yerlesim yeri,
sigara igme aliskanhgi, siresi ve miktari ve EBV DNA
varligi agisindan degerlendirildi.

Bulgular: Larenks kanserli olgularin 21’inde, vokal kord
nodulli olgularin dokuzunda sigara icme dykisu vardi.
Polimeraz zincir reaksiyonu ile, kanserli olgularin 11’inde
(%50), vokal kord nodulli olgularin yedisinde (%41.2)
EBV-DNA pozitifligi saptandi. Gruplar iginde EBV-DNA
varligi, sigara icme aliskanhgi, siresi, bir glinde tiiketilen
sigara sayisli, hastaligin yerlesimi ve timér evresi baki-
mindan anlamli farkliik gérilmedi (p>0.05).

Sonug: Bulgularimiz, larenjeal skuaméz hiicreli karsinom
patogenezi ile EBV arasinda dogrudan iliski olmadigini
gOstermektedir; ama larengeal proliferatif hastaliklarin et-
yolojisindeki roll daha fazla arastirma gerektirmektedir.
Anahtar Sézclikler: Karsinom, skuamdz hicreli/viroloji; DNA, ne-
oplazi; DNA, viral; Herpesvirus 4, insan/izolasyon ve purifikasyon;
larenks neoplazileri/immunoloji; polimeraz zincir reaksiyonu/yén-
tem; vokal kord/immunoloji.
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Laryngeal carcinoma accounts for 25% to 40% of
all head and neck malignancies. The role of many
factors, especially tobacco use and alcohol con-
sumption has been the subject of research for laryn-
geal carcinoma.” It is known that certain viruses
have oncogenic potential. The relationship between
laryngeal carcinoma and viruses has recently
received considerable interest.”

Epstein-Barr virus (EBV), which is a member of
Herpesviridae family, is a double-stranded DNA
virus. Nearly all individuals in underdeveloped
countries get infected by EBV during childhood.
However, infection-related symptoms generally
remain unnoticed as they are mild. It is estimated
that EBV affects 80% to 90% of adult population in
the world."”

Epstein-Barr virus is transmitted through saliva
and pharyngeal epithelial cells, and B-lymphocytes
are a natural site of infection in humans. The
oropharynx is the site of primary infection and even-
tual propagation of EBV, including replication, cell
lysis, and sequential cycles of virion oscillation. It
has been shown that the parotid and oropharyngeal
epithelial cells harbor EBV, providing convenient
circumstances for replication of the virus.” Infection
of B-lymphocytes enables the virus to spread to local
tissues, distant lymphoid tissues, and to other
epithelial cells. Epstein-Barr virus is the only herpes
virus that has the ability to change and transform B-
lymphocytes into a state of continuous prolifera-
tion.” Transformation of B-lymphocytes results in
an immune response with the development of anti-
EBV B-lymphocytes.” So far, there has been growing
evidence indicating a close relationship between
EBV infection and many diseases including non-
endemic Burkitt’s lymphoma, nasopharyngeal carci-
noma, Hodgkin’s lymphoma, peripheral T-cell lym-
phoma, gastric epithelioma and esophageal ulcer,
oral leukoplakia, and anti-EBV antibody associated
with the acquired immunodeficiency syndrome.”**”

In this study, we investigated the incidence of
EBV infection in surgical specimens of squamous
cell carcinoma of the larynx and vocal cord nodules.

PATIENTS AND METHODS

The study included formalin-fixed, paraffin-
embedded tissue blocks randomly selected from
patients who underwent surgery for squamous cell
carcinoma of the larynx (22 patients; 20 males, 2
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females; mean age 52 years) and vocal cord nodules
(17 patients; 14 males, 3 females; mean age 38 years).

The patients were assessed in terms of localiza-
tion and stage of tumors, smoking habits, duration
of smoking, and EBV positivity in tumor tissues. The
classification and staging of laryngeal tumors were
made according to the AJCC 1992 (American Joint
Committee on Cancer) criteria.

All samples of squamous cell carcinoma of the
larynx and vocal cord nodules were analyzed in two
groups depending on the presence or absence of
EBV DNA.

A nominal scale was used to evaluate smoking
habit (yes-1, no-2), tumor localization (supraglottic -
1, glottic - 2), and nodule localization (right vocal
cord - 1, left vocal cord - 2). Comparisons were made
with the chi-square test. Mann-Whitney U-test was
used for comparisons of phase, smoking period, and
the number of cigarettes consumed daily. A p value
of less than 0.05 was considered significant.

Three or four sections of 5 pm thickness were cut
from each paraffin block, deparaffinized with the
use of xylene, and then rehydrated with alcohol.

Extraction of DNA was made as described in the
literature.” Briefly, the tissues were first treated with
500 pl of digestion buffer [10 mM Tris-HCI (pH 7.4),
100 mM NaCl, 25 mM disodium EDTA (ethylenedi-
aminetetraacetate), and 0.5% sodium dodecyl sul-
fate] in 10 pl proteinase K stock solution (200 pg/ml
final concentration) and were then incubated
overnight at 37 °C. Phenol/chloroform extraction
was carried out twice. Precipitation of the DNA
yield from the aqueous phase was obtained by
adding 0.25 volume of 8 M ammonium acetate and
an equal volume of isoproponal. Glycogen (10
mg/ml) was also used to increase the DNA yield.
After incubation at -20 °C for an hour, the DNA was
recovered by centrifugation at 14.000 rpm for 12
minutes. The DNA pellet was rinsed with 70%
ethanol and resuspended in 10 pl sterile water. The
DNA template was stored at -20 °C until assayed.

Polymerase chain reaction (PCR) was employed
to detect EBV DNA with the following primer sets:
gpl (5" GGC TGG TGT CAC CTC TGT TA 3’) and
gp2 (5" CCT TAG GAG GAA CAA GTC CC 3). The
reaction mixture contained 1.5 pg of the template
DNA, 1.25 mM each of four deoxyribonucleoside
triphosphates (dATP, dCTP, dTTP, and dGTP), 50
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pmole of each primer, Taq buffer, and 1.5 U of Taq
polymerase (Promega Corporation, Madison,
Wisconsin, USA). The amplification was performed
for a total of 45 cycles, which included denaturation
at 95 °C for 1 min, annealing at 60 °C for 1 min, and
elongation at 72 °C for 1 min. Positive controls con-
sisted of EBV-positive Raji cells. Negative controls
included the reaction mixture with sterile water
added in place of the the template DNA. The PCR
products were then analyzed on 2% agarose gel
(Seakem GTG, FMC Bioproducts, Rockland, ME,
USA) stained with ethidium bromide for ultraviolet
visualization (Fig. 1).

RESULTS

In the laryngeal carcinoma group, all the patients
but one were smokers. Smoking period ranged from
36 to 540 months (mean 351.4+120.24 months), with
20 to 40 cigarettes daily (mean 23.8+8.04 cigarettes).

Squamous cell carcinoma of the larynx arose
from supraglottis in 10 cases (45.5%) and glottis in

Fig. 1 - Polymerase chain reaction (PCR) products in agarose
gel electrophoresis. Lane 1- PCR control, a band of 259
bp amplified from HBV DNA. Lane 2,4- PCR negative
control with no template DNA. Lane 3,5,6- PCR with
primer 1 and primer 2. Lane 6- PCR positive control, a
band of 239 bp amplified from the EBV-positive cell line.
M-100 bp ladder.
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12 cases (54.6%), with tumor stages II, III, and IV in
two, 12, and six patients, respectively.

Polymerase chain reaction analysis showed EBV
DNA in 11 patients (50%) with laryngeal carcinoma,
whose tumors were supraglottic in five patients
(50%), and glottic in six patients (50%). The tumor
stage was I in one patient (50%), III in six patients
(50%), and IV in four patients (66.7%). All these
patients were smokers, with a smoking period rang-
ing from 360 to 540 months (mean 405.8+73.93
months), and a daily consumption of 20 to 40 ciga-
rettes (mean 23.6+8.09 cigarettes).

Of seventeen patients with vocal cord nodules, nine
patients were smokers. Smoking period ranged from
60 to 420 months (mean 190.6+106.05 months), with 10
to 20 cigarettes daily (mean 16.6+5.00 cigarettes).

Polymerase chain reaction analysis showed EBV
DNA in seven patients (41.2%) with vocal cord nod-
ules, involving the right vocal cord in four patients
(57.1%) and the left vocal cord in three patients
(42.9%). Of these seven patients, three (42.9%) were
smokers, with a smoking period ranging from 156 to
420 months (mean 252.3+145.98 months), and a
daily consumption of 10 to 20 cigarettes (mean
16.6+5.77 cigarettes).

Statistical analyses showed no significant differ-
ences with respect to EBV DNA positivity, smoking
habits, smoking period, the number of cigarettes
consumed daily, localization of disease, and tumor
stage (p>0.05).

DISCUSSION

Cancer has a genetic basis at cell level, with many
cancers emerging from a single cell. The relationship
between cancer and viruses is that viral genes direct-
ly affect tumor growth through their effect on cellu-
lar genes responsible for growth control.”

Epstein-Barr virus is a member of human herpes
virus family and causes infectious mononucleosis."”
Data from several studies suggest that EBV is
involved in the development or progression of squa-
mous cell carcinoma of the nasopharynx, oral cavity,
larynx, and esophagus, as well as in gastric epithe-
lioma and Hodgkin’s lymphoma.""™ In addition, it
has also been implicated in the etiologies of the
African type Burkitt’s lymphoma, thymic carcinoma
and Sjogren’s syndrome."*""

The relationship between laryngeal cancers and
EBV has been of interest to many authors. Kiaris et
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al."" used PCR analysis and detected EBV in nine
(33%) of 27 cases with squamous cell carcinoma of
the larynx; however, they found no association with
disease stage, histological differentiation, and nodes
at pathology. Brichacek et al.”"* found EBV DNA in
three of five patients with supraglottic laryngeal car-
cinoma, and in six of seven cancers of palatine tonsil
with the help of in situ hybridization method. Shu et
al.” detected EBV in 80 of 102 cases with head-neck
cancers (53 nasopharynx, 49 other sites) with the use
of PCR and Southern blot hybridization. On the
other hand, Khabie et al."” reported that PCR analy-
sis showed no relationship between tonsil squamous
cell carcinoma and EBV DNA expression. In our
study, although PCR analysis revealed EBV DNA in
half of the cases with laryngeal squamous cell carci-
noma, no significant differences were found with
regard to EBV positivity, localization, stage, smok-
ing period and the number of cigarettes consumed
daily.

It should be noted that the PCR technique does
not allow to determine the exact settlement of the
virus in the tissues and that the possibility of lym-
phocytes in the tissue cannot be excluded as the
source of EBV positivity. In addition, no information
is obtained regarding the layer of squamous epithe-
lia on which EBV DNA is recovered."

Vocal cord nodules are benign mucosal lesions
of the larynx most frequently seen in young
women and young boys. They develop as a result
of hyperfunction in voice formation, the major fac-
tors of which include shouting, talking in noisy
envirmment, and chronic coughs. People who are
engaged in using their voice in louder intensity
and for long durations on professional grounds
(singers, teachers, phone operators, etc.) are more
likely to have vocal cord nodules. However, not all
people performing such activities suffer from
vocal cord nodules, suggesting other factors
including those of physiological, medical, and psy-
chological."”*"

In this study, surgical specimens of patients with
vocal cord nodules were initially accepted as con-
trols. Interestingly, EBV DNA was found positive in
seven patients (41.2%) in this group, though the dif-
ference did not reach significance in terms of the
presence of EBV DNA, nodule location, smoking
habit, smoking period, and the number of cigarettes
consumed.
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In conclusion, detection of EBV DNA in 50% and
41.2% of patients with squamous cell carcinoma of
the larynx and vocal cord nodules, respectively, may
suggest a causal relationship between EBV and the
development of laryngeal proliferative diseases.

REFERENCES

1. Rafferty MA, Fenton JE, Jones AS. The history, aetiolo-
gy and epidemiology of laryngeal carcinoma. Clin
Otolaryngol 2001;26:442-6.

2. Lennette ET. Epstein-Barr virus. In: Muray PR, Baron
EJ, Pfaller MA, Tenover FC, Yolken RH, editors.
Manual of clinical microbiology. 6th ed. Washington
DC: ASM Press; 1995. p. 905-10.

3. Miller G. Epstein-Barr virus. In: Fields BN, Knipe DM,
editors. Virology. 1st ed. New York: Raven Press; 1990.
p- 1921-58.

4. Clark DR, Young LS, Proops DW. Epstein-Barr virus
and epithelial cells: implications for the otolaryngolo-
gist. ] Otolaryngol 1988;17:1-3.

5. Straus SE, Cohen JI, Tosato G, Meier J. NIH conference.
Epstein-Barr virus infections: biology, pathogenesis,
and management. Ann Intern Med 1993;118:45-58.

6. Shu CH, Chang YS, Liang CL, Liu ST, Lin CZ, Chang
P. Distribution of type A and type B EBV in normal
individuals and patients with head and neck carcino-
mas in Taiwan. ] Virol Methods 1992;38:123-30.

7. Brichacek B, Hirsch I, Sibl O, Vilikusova E, Vonka V.
Association of some supraglottic laryngeal carcinomas
with EB virus. Int ] Cancer 1983;32:193-7.

8. Shimizu H, Burns CJ. Extraction of nucleic acids: sam-
ple preparation from paraffin-embedded tissues. In:
Innis MA, editor. PCR strategies: key concepts for
PCR. San Diego: Academic Press; 1990. p. 32-8.

9. Golusinski W, Olofsson J, Szmeja Z, Biczysko W,

Krygier-Stojalowska A, Kulczynski B. A comprehen-

sive analysis of selected diagnostic methods with

respect to their usefulness in evaluating the biology of
neoplastic cells in patients with laryngeal cancer. Eur

Arch Otorhinolaryngol 1999;256:306-11.

Henle W, Henle GE, Horwitz CA. Epstein-Barr virus

specific diagnostic tests in infectious mononucleosis.

Hum Pathol 1974;5:551-65.

Kiaris H, Ergazaki M, Segas J, Spandidos DA. Detection

of Epstein-Barr virus genome in squamous cell carcino-

mas of the larynx. Int ] Biol Markers 1995;10:211-5.

Callaghan DJ, Conner BR, Strauss M. Epstein-Barr

virus antibody titers in cancer of the head and neck.

Arch Otolaryngol 1983;109:781-4.

Murono S, Yoshizaki T, Tanaka S, Takeshita H, Park

CS, Furukawa M. Detection of Epstein-Barr virus in

nasopharyngeal carcinoma by in situ hybridization

and polymerase chain reaction. Laryngoscope 1997;

107:523-6.

Mariette X, Gozlan ], Clerc D, Bisson M, Morinet F.

Detection of Epstein-Barr virus DNA by in situ

hybridization and polymerase chain reaction in sali-

vary gland biopsy specimens from patients with

Sjogren's syndrome. Am ] Med 1991;90:286-94.

Leyvraz S, Henle W, Chahinian AP, Perlmann C, Klein

10.

11.

12.

13.

14.

15.



Detection of Epstein-Barr virus DNA in surgical specimens of patients with squamous cell carcinoma of the larynx and vocal cord nodules

16.

17.

G, Gordon RE, et al. Association of Epstein-Barr virus
with thymic carcinoma. N Engl ] Med 1985;312:1296-9.
Brichacek B, Hirsch I, Sibl O, Vilikusova E, Vonka V.
Presence of Epstein-Barr virus DNA in carcinomas of
the palatine tonsil. ] Natl Cancer Inst 1984;72:809-15.
Khabie N, Savva A, Kasperbauer JL, McGovern R,
Gostout B, Strome SE. Epstein-Barr virus DNA is not
increased in tonsillar carcinoma. Laryngoscope 2001;
111:811-4.

138

18.

19.

20.

Bulut F, Saydam L, Oncel S, Kalcioglu MT, Aydin A,
Kizilay A, ve ark. Bas-boyun epidermoid kanseri ile
Epstein-Barr viriisii arasindaki iliski. KBB Klinikleri
2001;3:12-6.

Carlin MF, Saniga RD, Dennis N. Relationship
between academic placement and perception of abuse
of the voice. Percept Mot Skills 1990;71:299-304.

Kay NJ. Vocal nodules in children-aetiology and man-
agement. ] Laryngol Otol 1982;96:731-6.



