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INTRODUCTION

The oral and laryngeal cancers represent a sepiobiéc health problem in Hungary;
in Europe, Hungary tops the morbidity list regagdiboth oral and laryngeal cancer. In
addition, Hungary is ranked first in Europe regagdmortality of oral tumours in case of both
sexes and laryngeal cancer mortality Hungary issg¢@mong women and forth among men.
Despite the developed diagnostic and therapeutiompnities as well as modern surgical
techniques, the prognosis of oral cancer is unfealda. Its major known risk factors are
alcohol and tobacco consumption; however, somaestuchve reported oral cancer in patients
without exposure to these risk factors. This fastjgests the role of additional factors
involved in carcinogenesis.

The Epstein-Barr virus (EBV) infection is assoathteith lymphoid- (Burkitt's
lymphoma) and epithelial tumours (nasopharyngeaiimama; oral squamous cell carcinoma,
OSCC), however, the direct casual relationship betwthe virus and the development of
tumours is controversial. The frequency of EBV garaccording to the geographic regions.
In our present study, we determined the prevalaicEBV in patients with OSCC and
premalignant lesions (oral leukoplakia, OL; orahkn planus, OLP) in an Eastern Hungarian
population. To determine the possible etiologie il EBV we also collected a sample of the
apparently healthy mucosa of the patients and bkereed data were compared with a healthy
control group.

Besides the external factors, changes of the eellelgulatory process may play a role
in the development of head and neck cancer. Thé®plahd p16** tumour suppressor
genes localized on short arm of chromosome 9p2l kag factors in preventing
carcinogenesis. Inactivation of these genes waliestun a number of malignant lesions. In
the second part of our study, our aim was to exarthe frequency of genetic changes and
promoter methylation of p£4"~ and p1&'** tumour suppressor genes in patients with head

and neck cancer in an Eastern Hungarian population.



REVIEW OF THE LITERATURE
Head and neck cancers

Cancers of the head and neck are the sixth mestmom malignancy in the world
with approximately 500 000 new cases and 350 O@Qhdeannually. Oral cancers are the
largest group of head and neck cancers and thedeay cancer is the second most common
cancer of head and neck region. According to epidlegical studies, in Europe, Hungary
tops both the morbidity and mortality lists regagihead and neck cancer. According studies,
mortality due to head and neck cancers increasadynive-fold between 1975 and 2007 in
Hungary. Despite the fact that the diagnostic dretapeutic opportunities were improved
over the past decade, prognosis of oral cancerinsmmfavourable; in Hungary, the five-
year survival rate of oral cancer is less than 50Be aetiology of oral malignant tumours is
complex; the known risk factors are tobacco andhat consumption both in oral- and in
laryngeal squamous cell cancer. However, othepofachay play a role in the development of
cancers, such as dietary habits, betel chewingetgepredisposition, poor dental status or
fungal infection (Candida). Oncogenic viruses, saslhe presence of human papillomavirus
(HPV) or Epstein-Barr virus (EBV) may also conttieuto the tumour formation. The
etiologic role of these viruses in tumourgenesisti controversial. In addition to these
external factors, changes in the retinoblastoma) @l p53 pathway may play a role in the

carcinogenesis.

Oral premalignant lesions

Premalignant lesions are defined as pathologicdthred tissue conditions, in which
malignant lesion is more likely to develop thanitsnapparently, healthy tissue. In addition,
precancerous conditions are also known. Precans@anuditions are defined as a generalized
condition of the individual (anaemia, diabetes mel hepatitis C virus infection, bone
marrow transplantation, stress) which is associatétd a significantly increased risk of
cancer. The oral leukoplakia (OL) is a premaligniaston, but oral lichen planus (OLP) is
classified currently as precancerous condition.

In the development of OL, many chemical and meidahriactors may participate,
such as smoking, alcohol consumption, spicy fopdsy dental condition or denture related

to irritation. In addition, Candida infection cae bssociated to some types of OL and may



contribute to the malignant transformation. Fumheare, the role of various viral factors is
possible in the pathogenesis, such as HPV or EB¥. rble of EBV was studied mainly in
HIV (human immunodeficiency virus) infected patentvith oral hairy leukoplakia.
According to our knowledge, data on EBV prevalemcether forms of OL are not available
in the literature.

The precise aetiology of OLP is unknown, but ire ttecent years, the role of
autoimmune response and psychological factors &éas postulated. Current data suggest that
OLP is a T-cell-mediated autoimmune disease in Wwhigtocytotoxic CD8+ T cells trigger
the apoptosis of oral epithelial cells. There ayma factors, which predispose to malignant
transformation, such as diabetes mellitus, hepafltior Candida infection, tobacco and
alcohol consumption, poor oral hygiene and stabusaddition, the HPV and EBV may
contribute to the malignant transformation, but Wl origin of the disease has not been

demonstrated yet.

Epstein-Barr virus

Epstein- Barr virus (EBV; human herpesvirus 4)ohgk to theHerpesviridae family,
Gammaherpesvirinae subfamily and Lymphocryptovgesus, has a 175 kbp long, double-
stranded DNA genome that encode nearly 100 genB¥. genome is surrounded by an
icosahedral protein capsid. A protein tegument besveen the capsid and the envelope.
Mature virions with capsid are approximately 1208 nm in diameter. EBV is a common,
ubiquitous virus; nearly 90% of the population heeo infected during their life.
Seroepidemiologic studies suggest that primaryctida occurs in childhood in developing
countries due to poor hygiene. EBV is transmitteminf host to host via oral contact with
saliva or via sexual intercourse. Initial infectimthought to occur mainly in the oral and
nasopharyngeal mucosa. In vivo, EBV can infect Bghocytes as well as oropharyngeal
and cervical epithelial cells. After the infectiof epithelial cells, B-cell infection occurs in
the surrounding lymphoid tissues. Like other hevpases, EBYV life cycle consists of a lytic
and a latent phase. The lytic phase is charactebygeactive virus production, which causes
lysis of the host cell. After the primer infectidatent infection develops in a small number of
resting B-lymphocytes (1-50 cellsPLB-lymphocytes). EBV may reactivate and returnhie t
lytic cycle to infect new B cells. However, thesghsequent reactivations do not produce
symptoms in healthy individuals.



Little information is available about the earlytracellular processes after primary
infection, i.e. about the processes during the bation period lasting 4-6 week before
appearance of symptoms. First the immediate eaglyeg are expressed, which encode
transcriptional activators and involve in the regun of early gene expression and the
promoter activation of the host cell. Early genesagle replication proteins (e.g. viral DNA
polymerase) and regulate the viral DNA replicatibate genes encode structural antigens
(viral capsid antigen, VCA).

Latency is the state of persistent viral infectwithout active virus production. In
contrast to the Iytic replication, viral DNA repditon during the latent phase occurs via the
host DNA polymerase. There is a limited expressib&BV nuclear antigen (EBNA), latent
membrane protein (LMP) gene product, and EBV endd@idAs (EBER).These include six
EBNAs (EBNA-1, -2, -3A, -3B, -3C. —-LP), three LMREMP-1, -2A, -2B), two EBERS
(EBER1, EBER2) and transcripts of BamHI region. @bterization of different promoter
usage and gene expression patterns in differenlirees revealed that there are three different
latency programs. Only EBNA-1 and the EBERs areresged in type | latency, which is
seen in Burkitt's lymphoma. EBNA-1, LMP-1 and -2dathe EBERS are expressed in type Il
latency, which is observed in nasopharyngeal cancay Hodgkin disease and peripheral T-
cell lymphoma. Type Il latency program, in whicH af the latency gene products are
expressed, is often detected during acute infestiouononucleosis or in some

lymphoproliferative diseases.

EBV-associated diseases

Primary EBV infection occurring early childhoodusually asymptomatic or, in case
of young adults, infectious mononucleosis (MI) cdevelop. Mononucleosis is an acute
disease; most common symptoms are fever, soretthrmhswollen lymph nodes. Chronic
active EBV infection (CAEBV) is a rare, prolongehéss, which affects various organs
(pneumonia, hepatitis, haematological changes). EBMction is associated with the
development of different lymphoid tumours, suchBaskitt's lymphoma, Hodgkin's disease
and lymphoproliferative diseases of immunocompreuwhis individuals (X-linked
lymphoproliferative disorders, transplantation- ardiDS-related lymphoproliferative
disorders). In addition, EBV may be responsible tfeg development of epithelial cancers;
EBV may have a role in nasopharyngeal carcinomstrigacancer, salivary gland or breast

carcinoma as well as in the development of OSC@Grigizhg to head and neck cancer and in
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some oral premalignant lesion (OL, OLP). The presesf EBV in oral samples varies widely
in different studies therefore the etiological rofeEBV is doubtful in OSCC.

Cell cycleand regulation

The different phases of cell cycle are regulatgdcdmplex regulatory systems and
check points. Different proto-oncogenes, cyclinglggent kinases (CDK), transcription
factors, DNA repair genes as well as tumour sugoregenes participate in the regulation of
cell cycle. Tumour suppressor genes are agonistelbfeplication. Their role is to check the
cell cycle and to arrest replication and inducepapsis in case of gene damage. Loss of their
function, which requires inactivation of both adle] leads to uncontrolled cell cycle
regulation, continuous cell division and malignamansformation. Development of malignant
disease is a multi-step process, in which abemsatad tumour suppressor genes and a number
of genetic changes in cell cycle regulatory genay participate. The most important ways
affected in the development of malignant tumouesthe retinoblastoma (RB / p16INK4a /
cyclin) and the p53 (p53 / p14ARF / MDM2) pathways.

The p14*FF and p16'™“* tumour suppressor genes

The INK4A/ARF gene on chromosome 9p21 encodesstwaturally distinct tumour
suppressor proteins, the pT4 and p16"**. The protein p18<** is encoded by exonal
exon 2 and exon 3, while pi¥ is encoded by exonpllocated approximately 20 kb
upstream of p16 exormland exon 2 and 3. The two proteins have diffepeotnoter and use
the second exon with alternative reading framess tthe two proteins have no physical
homology. Both proteins function as tumour suppresand arrest G1-S transition of the cell
cycle, but through different pathways. The P18 is a cyclin-dependent kinase inhibitor and
inhibits cyclin D-CDK4/6 complex, thus prevents kyphosphorylation of pRb. The gt
protein can inhibit the cell cycle through the p&&hway. The p?%F interacts physically
with MDM-2 and stabilizes the p53 tumour suppregsotein in the nucleus by blocking its
cytoplasmic transport and MDM-2-mediated degradatio this manner, both p4# and
p16"**A plays an indirect role in inhibition of G1 to @usition in the cell cycle. Genetic and
epigenetic alterations of tumour suppressor ganelsiding p14~" and p1é*%**, were found
to contribute to carcinogenesis in various typesasfcer, such as lung carcinoma, colorectal
tumour, melanoma and breast cancer as well aséla@dacinoma. Aberrations of p¥4 and

p16M**A genes and gene products are one of the most dtaliezations regarding head and



neck cancers. Inactivating mechanism of these geneside deletion, polymorphism,
mutation, loss of heterozygosity or promoter methgh. Considering, that head and neck
cancers are a heterogeneous group regarding thealogy, histology and prognosis; it is
possible that the frequency of the different atiers in the tumour suppressor genes is also
variable by tumour type. Studying the epigenetafifgr of head and neck cancer may provide
possibilities to detect new biomarkers, which ma&phfor early diagnosis and therapy of
disease.

Aims

Data provided in the literature suggest that trevglence and the aetiologic role of
EBV in OSCC may vary according to geographical aagi In some population (e.g.
Japanese, Chinese, South Africans), EBV may plagleain OSCC, in contrast, in other
populations (North American, North European) thie lie less probable. To our knowledge,
prevalence of EBV in Hungarian population with OS®@&s not been studied yet. As
alterations in cellular processes are also involuedthe development of tumours, the

aberrations of tumour suppressor genes were alstiedtin specimens obtained from head

and neck cancers.

* We collected data on the prevalence of EBV DNA atignts with OSCC, OLP and
OL in an Eastern Hungarian population. To studygbssible etiologic role of EBV,
we took a sample from the apparently healthy muobéshe patients and the obtained
data were compared with a healthy control group.

« We examined the frequency of genetic and epigengiromoter methylation)
alterations of p1" and p16™** tumour suppressor genes in patients with head and
neck cancer with known virological (HPV and EBVatsis in an Eastern Hungarian

population.



PATIENTSAND METHODS

Study groups

All patients enrolled in the study attended thep&&ment of Dentoalveolar and
Maxillofacial Surgery or the Department of Periottdagy, Faculty of Dentistry, as well as
the Clinic of Otorhinolaryngology and Head and N&ekgery, at the University of Debrecen,
Hungary, during 2003-2007. Sixty-five patients wWiisCC (51 men, 14 women; mean age:
54.4 yrs; age-range 25-80 yrs), 116 patients witl® @9 men, 87 women; mean age: 55.0
yrs; age-range 23-79 yrs) and 44 patients with O rien, 30 women; mean age: 56.3 yrs;
age-range 29-91 yrs) were enrolled. Fresh tissoplss were obtained from the central part
of the tumours during operation. The apparentlylthgamucosa of the patient was also
sampled by means of cytobrush. The age-matchedot@roup consisted of 69 individuals
without a history of oral disease or malignancythwa healthy oral mucosa (16 men, 52
women; mean age: 52.5 yrs; age-range: 22-77 yh®sd individuals attended the Faculty of
Dentistry for regular oral screening. Exfoliateccbal epithelial cells were collected from the
controls using cytobrush. To assess complicatiea-furvival (without recurrence, growth of
new tumour or metastasis), patients were followedatter surgical intervention, the mean
follow-up time was 31 months (range: 1.6-60 montBgta were also collected on exposure
to known risk factors (smoking, alcohol consumpti@md pathological characteristics of
tumours.

In another project, we determined the frequencygeasfetic and epigenetic alterations
of p14*F and p16™“** tumour suppressor genes in 65 patients with heddnack cancer.
Thirty-seven patients with OSCC (28 men, nine wopme@an age: 54.5 yrs, age-range: 39-80
yrs) and 28 patients with laryngeal squamous @alter (LSCC) (27 men, one woman; mean
age: 56.8 yrs; age-range: 43-71 yrs) were enrafidtead and neck cancer group. Data were
compared with 68 healthy, age-matched control idd@&ls.

I mmunohistochemistry

Latent membrane protein (LMP-1) of Epstein-Barrusirwas detected by using
immunohistochemistry performed with the Dako-Cyttiora LSAB+ System AP Kit (Dako

Denmark, Glostrup, Denmark), using monoclonal margéodies against LMP-1, according
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to the manufacturer’'s recommendations. A paraffilbedded lymph node preparation from a
patient with EBV-positive Hodgkin’s disease was duses a positive control, while lymph
node sections from EBV-negative Hodgkin’s diseasgex] as negative controls.

PCR and SSCP

After DNA isolation, we performed PCR amplificatioof the f-gobin gene using
pCO3 and pCO4 primers to confirm the quality of Dl&A. For EBV detection, we used a
nested PCR, amplifying a 97 bp region of the iraerapeat of th8amH1-W fragment of the
EBV genome. Exon deletions of g4 and p18"“** tumour suppressor genes were analysed
by means of PCR assays and primers describedre@her et al, 1999; Chen et al, 2000;
Nagy et al, 2003) Changes (single nucleotide pohpmisms, point mutation) of tumour

suppressor genes were detected by SSCP analyses.

Sequencing

Fragments with electrophoretic mobility differéram the wild type were analysed by
direct sequencing to confirm and characterize titere of the alteration. After amplification
of the exons, PCR product was purified and sequensing the BigDye Terminator Kit
(Applied Biosystems, Foster City, CA, USA) in an IAB100-Avant Genetic Analyser.
Resulting sequences were compared to the GenBéaremee sequence (Accession number:
NG007485).

Methylation-specific PCR (MSP)

Methylated and unmethylated promoter was distsiggd by sodium-bisulphite
modification. Modified DNA was purified on Wizardl€an-Up System (Promega, Madison,
WI, USA) according to the protocol provided by theanufacturer. Promoter
hypermethylation of the pf4™ and p16"“* genes was determined by methylation-specific
PCR.

Statistical analysis

Statistical comparison of EBV prevalence datafaeguency of genetic differences or
epigenetic alterations was performed using chi#sguwnd Fisher's exact tests. Logistic
regression was used to analyze the association ebatwEBYV carriage and patient

characteristics (gender, age) as well as the dlirdppearance of OLP. Tumour-free survival
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of OSCC patients was analyzed using Kaplan-Meist. ®ll tests were carried out with a
confidence interval (CI) of 95% using SPSS 15.0Mfbndows software.

11



RESULTS

EBYV prevalence data

The prevalence of EBV DNA was 19.1% (13/68) in tbetrol group. In patients with
OSCC, OL and OLP, the carriage rates in the legiere 73.8% (48/65), 29.5% (13/44) and
46.6% (54/116), respectively. In the apparentlyithganucosa of the patient, EBV positivity
was 66.2% (43/65), 22.7% (10/44) and 31.9% (37/X06)YOSCC, OL and OLP patients,
respectively.

We studied the EBV carriage rate of apparentlylthgamucosa of the patients
depending on EBV positivity of the lesions. Whertigrats were divided according to the
presence or absence of EBV DNA in their lesionsyalence rates in the apparently healthy
mucosa of patients with EBV-positive vs. EBV-negatiesion were 34/48 (70.8%) vs. 9/17
(52.9%, 5/13 (38.5%) vs. 5/31 (16.1%), and 29/53{%) vs. 8/62 (12.9%) for OSCC, OL
and OLP patients, respectively.

When patients with OLP were divided into EA-OLFPo&@ve and atrophic) group and
non-EA-OLP (plaque-like and reticular) group acaogdto the clinical appearance of the
OLP, the two subgroups showed comparable EBV peecals, both in the lesion and on the
healthy mucosa. The EBV positivity of non-EA-OLRJaBA-OLP lesions was 45.6% (26/57)
and 47.5% (28/59). The prevalence of EBV DNA was3%3(19/57) and 30.5% (18/59) in
the healthy mucosa of non-EA-OLP and EA-OLP, respely.

Statistical analysis of EBV prevalence data

The prevalence of EBV in the lesion, as well aglenapparently healthy mucosa of
patients with OSCC, was significantly higher thaevalence in the controls or in the other
two groups of patients. The lesion of patients vithP carried EBV DNA more frequently
than controls and OL. Regarding only patients wHBV-negative lesions, only OSCC
patients showed significantly different EBV careagte in their healthy mucosa compared to
the control group and two premalignant lesion geowgpowever, in OSCC patients carrying
EBV DNA in their lesions, EBV carriage rate of ttepparently healthy mucosa was

significantly higher than the prevalence of EBVciontrols and in patients with OL. In OLP
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patients with EBV positive lesions, EBV prevalengas also significantly higher in the

apparently healthy mucosa than in control individua

I mmunohistochemistry

The lymph node of the Hodgkin’s disease patieptsi(ive control) were consistently
strongly positive for EBV LMP-1, but none of the OS patients with EBV positive tumour
(n=48) tested, or the lymph nodes from EBV-negatieelgkin’s disease patients, were found
to be LMP-1 positive.

Analysis of the association of EBV with clinicopathological data

Epstein-Barr virus positive and EBV negative OS@&ients did not statistically
differ in patient characteristics (age, gender) axgosure to risk factors (smoking and
alcohol consumption) or clinical data (localizati@MNM stage, histological grade) of tumour.
The presence of EBV in the lesion or in the applreamealthy mucosa was not found to
influence survival, and did not increase the rip@or outcome. In OSCC patients, higher T
stage of the tumour significantly reduces the tunfoee survival of the patients (p=0.011).
Additionally, the higher T stage (p=0.010) and wwoiarable tumour localisation (p=0.013)
decrease the tumour free survival among OSCC patveith EBV positive lesion.

In case of patients with OL, younger age (undelis) was a risk factor associated
with EBV carriage in the lesion (p=0.047). In patge with OLP, EBV infection appeared
more frequently in men than in women (p=0.02), thiet age was not significantly associated
with EBV carriage. Furthermore, EBV virus carriagid not influence the risk of

unfavourable clinical appearance (EA-OLP).

Analysis of genetic and epigenetic changes of tumour suppressor genes

We detected one or more exon deletion in four robrmdividuals, one showed pl6
exon Tn deletion, another one exhibited lack of the p16ne2 amplimer. Two individuals
had deletion in two exons, one in pl6 exenahd 2, another one in pl4 exop dnd p16
exon 3. Out of the OSCC patients (n=37), only oagept showed lack of pl16 exom,1
amplification of all other exons was successfullihother patients. In patients with LSCC,

B4A was observed in 21

deletion of at least one of the three exons (exgr2land 3) of pl
cases (75.0%), while 10 cases (35.7%) showed pb# @& deletion. Ten of 28 LSCC
samples showed deletion in PT4 exon B, 19 in exon &, nine in exon 2 and only two

samples in exon 3 of pT¥**. Regarding inactivation by exon deletion, p14 \estivated
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in three controls, none of the OSCC and 14 of tBE€C patients. Tumour suppressor gene
pl6 was inactivated in four controls, one OSCC ahdLSCC patients. Both genes were
found in inactive state in three controls, nonéhef OSCC and thirteen of the LSCC patients.
This corresponds to a significantly different distition of deletions in LSCC as compared to
the controls or to OSCC patients (p<0.001 in batmgarisons).

The SSCP alterations confirmed the presence of mwdations, a homozygous
T24610A nucleotide change in the non-coding reg@bmpl6 exon & and a heterozygous
C24702A change in the coding region of pl6 exanldading to an Alal3Asp amino acid
change. We identified three polymorphisms, G285%g&ferozygous polymorphism affecting
exon 2 was detected in three patients and one atofithis polymorphism corresponds to
alanine/threonine variants at codon 140. The G28608ymorphism was detected in the
non-coding region of exon 2 in four patients andvagls heterozygously. The third
polymorphism G31292C was found in the non-codingiae of exon 3, it was found in
homozygous and heterozygous forms in six and sepatients, respectively. This
polymorphism corresponds to the C540G polymorplasthe mRNA level.

Study of promoter methylation of p14ARF and p161 NK4A tumour suppressor genes

Examination of the pI¥" promoter methylation patterns was successful lo6&
controls, for 30 of 37 OSCC and for all 28 LSCC p#ms. In case of the pl6 promoter
success rates were all controls, 29 of 37 for O%G€ 21 of 28 for LSCC patients. Neither
pl4 nor pl6 promoter was found to be completelyhylated in samples obtained from
healthy individuals. However, two and three induats showed partial methylation of pl14
and pl6 promoters, respectively; i.e. the pl4 d@edptl6 promoters were unmethylated in
97.1% (66/68) and 95.6% (65/68) of the controlspeetively.

In OSCC tumour samples, p14 promoter was unme#g/dully functional) in 86.7%
(26/30) of the patients. Complete and partial matign was found in one and three patients,
respectively. The p16 promoter was unmethylate@Pivh (20/29) of patients, while complete
and partial methylation was detected in three axgatients. Unmethylated promoters were
significantly less frequent in case of pl6 promdier0.001) as compared to the control
group. In case of the p14, unmethylated promotengwess frequent in OSCC group as well,
as compared to the control, but this was not sizdity significant (p=0.069).

In case of LSCC, the p14 promoter was unmethylaie8b.7% (24/28) of patients.

Completely and partial methylation of p14 was dietgan one and three tumour samples,
14



respectively. The pl6 promoter was unmethylated6r2% (16/21) of the patients, five
patients showed partial methylation of the promatemplete promoter methylation was not
found. Regarding the methylation status of the pl&ia differ significantly from healthy
controls (p=0.016), but in case of the p14 promatethylation we did not found significant
difference (p=0.058). Between the methylation staifithe two patient groups there was no
statistically significant difference in any comysams.

Combining the two patient groups to a group of head neck cancer patients,
unmethylated promoter was significantly less freque case of both p14 and p16 (p=0.043
and p=0.001, respectively) compared to the cogalip.

Effect of genetic and epigenetic changes of the tumour suppressor genesto the tumour free
survival

Mean tumour-free survival time was 870 (93-180aysdand 951 (167-2988) days for
OSCC and LSCC patients, respectively. Exon delstioncase of LSCC and p16 promoter
methylation in case of OSCC were associated wittrgrotumour free survival, but neither
differences were statistically significant (p=0.0%hd 0.108 in LSCC and OSCC,

respectively).

DISCUSSION

Out of the many potential aetiological factors uefhcing the development of OSCC,
smoking and alcohol consumption are recognizechaswo most important, however, the
tumour may develop in patients who do not smokerork alcohol. This fact suggests the
existence of additional important factors, whickoaihcrease the risk of tumourgenesis. These
may include betel chewing, dietary habits, poor bsgiene, chronic periodontal diseases,
fungal infections and infections with oncogenic uges (HPV, EBV). Besides these
exogenous factors, endogenous predisposition msy hé important. The two tumour
suppressor pathways most commonly implicated ingmaht tumours are the retinoblastoma
and the p53 pathways. In head and neck maligngrbtiesnost frequently examined tumour
suppressor genes and proteins are théPiahd p16'** involved in these pathways.

Though the role of EBV is established in some nmaig tumours, the role as an
aetiological agent in OSCC or in premalignant lesiof the oral cavity is debatable. Authors

reporting low EBV prevalence conclude that EBV has or only a minor role in the
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development of oral cancer; a group from Northemrope did not find EBV in the examined
epithelial head and neck tumours, a Japanese dgooag only seven EBV positive among 46
OSCC tissue samples.

Our workgroup found a high prevalence of EBV DNA.@%; 48/65) in the tumour
tissue samples from OSCC, which was significanifjhér than that found in the controls or
in samples from precancerous oral lesions. Thisgeace is comparable to the findings of
those studies which presume an etiological rol&BY in development of OSCC. Japanese
studies demonstrated a >70% prevalence in OSCGaimples originated in a region where
the EBV-associated nasopharyngeal cancer is prav&hers, depending on the sensitivity
of the PCR assays used, found 50-100% positivity. fErther investigation of the role of
EBV, we examined the expression of the viral proteitMP-1 by means of
immunohistochemistry, but the LMP-1 protein was detmonstrable in any EBV-positive
tumour tissue. Similar findings were also reporeadier by a group, which found EBV DNA
in the majority of their patients, but the LMP-lof®@in was never detected. Another group
examined several viral transcripts and proteinsHEEBEBNA-1, EBNA-2, LMP-1, LMP-2,
BHRF-1, BARFO transcripts, EBNA-1, LMP-1 and ZEBRWoteins), but none of them were
found in any samples. They concluded that the wvas inactive transcriptionally, therefore
it did not have any role in the process of oracirargenesis. The local immunosuppression
caused by the tumour may lead to higher virus o, but this does not represent causal
relationship with the disease.

To assess the role of EBV in OSCC more preciselywmrking group was the first to
compare the presence of EBV in the healthy mucds@SCC patients as well as in the
lesions and healthy mucosa of patients with pregnaht oral lesions. In OSCC patients, the
prevalence in the tumour samples and in the mueasa comparable (73.8% vs. 66.2%,
respectively). When the patients were divided iBBV positive and negative groups, the
EBV carriage in the healthy mucosa in the patiaoiug with EBV negative tumour was
significantly higher than in the controls and wawsikar to the prevalence of patients with
EBV positive tumours in their healthy mucosa. Thuesence of EBV DNA is not only
characteristic of the tumour lesion but it is admndant in the healthy mucosa, and is rather
the consequence of the immunocompromised statugcéadby the tumour and may be a
general characteristic of the malignant diseasés &ksumption is supported by the earlier
findings of the workgroup with another tumour virdgiman papillomavirus (HPV). HPV

prevalence in the healthy mucosa of OSCC patienth WPV-negative tumour was
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comparable to that found in the control group ars wignificantly lower than that found in
the healthy mucosa of patients with HPV-positivedwrr. In this case, it was concluded that
presence of HPV is linked to the malignant leseupporting the aetiological role of HPV. In
contrast, EBV prevalence is high both in the tumtssue and in the healthy mucosa
regardless of the EBV status of the tumour, whigfgests that the aetiological role of the
virus is improbable and its high prevalence is aseguence of the tumour-related
immunological changes. High virus prevalence intthreour tissue may also be explained by
the infiltration of the tumour by EBV-positive lyrhpcytes and macrophages, as well as by
the putative increased susceptibility of keratirtesyto EBV caused by the immunological
alterations, which may in turn lead to appeararficth® virus in the healthy mucosa of the
tumour patients.

EBV prevalence data derived from investigation k#npalignant lesions also seem to
support the abovementioned. In the lesions of thB @atient group the prevalence of EBV
was close to 50%, while it was significantly lowarOL lesions. Compared to the healthy
controls, OLP lesions were significantly more fregtly EBV positive (similar to OSCC
lesions), while the prevalence in OL was compardbleéhat seen in healthy individuals.
Similar findings, i.e. significantly higher EBV pralence in OSCC and OLP than in controls,
were reported earlier.

This difference between the two oral precanceras@y be explained by their
different pathogenesis. OLP is a chronic inflamoratof the oral mucosa, most probably
caused by a T-cell mediated autoimmune processrp@auction of certain cytokines,
mainly INFy and TNFe leads to apoptosis of the epithelial cells, whishriggered by
activated CD8+ cells. It is thus conceivable thHa¢ fautoimmune processes and altered
cytokine profile in OLP provides a microenvironmesmtich may favour reactivation and
shedding of EBV. In contrast, OL is mediated maibjymechanical or chemical irritation,
and the immunological changes, which may aid EB&slng, are not characteristic to OL.
Nevertheless, the etiological role of EBV in thehmgenesis of OSCC cannot be ruled out
altogether, as it may contribute to carcinogenessome of the tumours. It is hard to prove
the etiological role, as the results availablelaased by the fact that most studies, including
the present, investigate small populations, whrehnat sufficient to draw firm conclusions.

Anomalies of the p?&" and p18“** genes coded in the INK6A/ARF locus located
in the short arm chromosome 9 have been observedlitiple tumour types. Inactivation of
the p14"" and p18™** tumour suppressor genes is mediated by deletiartation or
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promoter methylation. The prevalence of these ivaithg events varies between different
studies, in a paper summarizing several studiesrtegrequencies of methylation of the
p14™RF promoter between 14% and 34%, while promoter &"P1* was methylated in 5-
68% of the samples.

Exon deletion was found in only one OSCC samplecsifig the p18“** gene (exon
1a), but in LSCC exon deletion may be important inetion mechanism in case of both
genes, as exon deletion in pfaand p18™** was significantly more frequent in LSCC than
in controls or in OSCC. Exon deletion in p16 magoahffect survival in LSCC, however, the
survival difference was not statistically signifnta(p=0.054). An earlier report found
p16N**A deletion in 68.6% of 140 LSCC tissue samples; sy found significantly poorer
tumour-free survival in patients with deletion.

Interestingly, deletions affecting either genesenaso found in healthy controls. This
may indicate that these healthy individuals hawgenetic predisposition to development of
malignancies, but the lack of amplimers indicagomgbable deletions may also be caused by
less important genetic alterations (polymorphismstations or small deletions) affecting the
primer binding site.

Mutations seem to play a minor role in tumourgesiesnly two mutations were
detected both in the OSCC group. Both affected gd® In, one was found in the coding,
the other in the non-coding region. The detectdginporphisms were identical to previously
described polymorphisms; some of these were imgkitan the development of certain
tumours.

Similarly to our data, a paper reports three martegtiin 32 oral and maxillofacial
squamous cell cancer samples; these affected#16exon Ir and exon 2. Two further
groups found similarly low mutation rates and cadeld that mutations may not play an
important role in tumourgenesis. In our presentdtgroups, the polymorphisms affecting
p16M**A seem to be unimportant as all were heterozygous.

Based on the methylation-specific PCR, promotetgiation in case of the pT§*
gene may represent an important mechanism of irsictn, while in case of p£4~ promoter
methylation may be less important. Similarly to tlesults of two other groups, several
samples showed partial methylation, i.e. signalratteristic both to methylated and
unmethylated promoters were found simultaneoushys Thay result not only from partial
methylation of the promoter, but also from histatad heterogeneity of the tumour tissue. As

the methylation specific PCRs are very sensitivenesmall amounts of normal tissue with
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unmethylated promoter may trigger the unmethylaigdal. Present data show significantly
higher frequency of hypermethylation of the 8" promoter in OSCC and LSCC than in
the healthy controls, and survival analysis reweégeorer tumour-free survival in patients
with hypermethylated p1¥“* promoter, though this was not statistically simaifit
(p=0.108). Others reported more frequent hyperntatiop of the p16¥** promoter in oral
epithelial dysplasias, where the risk of maligniahsformation was higher. Based on these
findings, hypermethylation of the p¥6** promoter seems to be a promising biomarker in
assessment of risk of malignant transformation ial a@ysplasia. Methylation was also
detected in case of the g4 promoter, but statistical difference was foundyonl case of
OSCC. We can conclude that the hypermethylatiornthef critical CpG islands of the
promoters of tumour suppressor gene may be imgootamoderately important inactivation
mechanism in head and neck as well as in othercanc

The presented data draw attention to the differemtahe importance of the genetic
alterations and in the frequency of hypermethytatibthe p14%F and p16™** promoters in
case of head and neck cancer. Exon mutations seedne tunimportant both in oral and
laryngeal cancer. In OSCC, promoter methylatiompeewlly in case of the pf&**
promoter, proved to be the most frequent amonggieetic and epigenetic alterations
investigated, while in LSCC promoter methylatiord aaxon deletion may be important in
gene inactivation. These alterations were deteatedhe healthy population with low
frequencies. Though the effect of the genetic gridemetic alterations on survival was not
significant statistically, they are close to thmaiti of significance. Therefore, more accurate

assessment of these issues warrants investigdtlarger cohorts.
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SUMMARY

In Europe, Hungary ranks first in both the mortyidind mortality lists regarding head
and neck cancer, and the mortality due to heachankl tumours increased nearly five-fold in
the past 35-40 years. Despite the development ajndistic and therapeutic options, the
prognosis of oral cancers is unfavourable. Moreothex various environmental and cellular
processes underlying in the background of the deweént of tumours are not exactly
known. To our knowledge, published information ba EBV prevalence of oral tumours and
premalignant lesions or the aberrations of f14and p18““** genes in head and neck
cancers in the Hungarian population is not avaglabl

Studies suggest that EBV contributes to the dewetnt and/or progression of OSCC.
However, it is probable, that the role of EBV difdoy geographical region, population and
tumour type. In our study, we examined the presesicdEBV in oral squamous cell
carcinoma, premalignant oral lesions (oral leukkiplaOL, oral lichen planus, OLP) and
healthy individuals as a control group. In ordeimestigate the aetiological role of the virus
in more detail, exfoliated cell samples from app#yehealthy mucosa were also examined in
case of all patients. Examining the EBV positivdly the lesions, patients suffering from
OSCC and OLP carried more EBV DNA in their samglesn controls. However, when we
examined the apparently healthy mucosa of the Ofaents, the tumour tissue and the
apparently healthy mucosa showed comparable EBVajgece rates. These data suggests
that the EBV prevalence is not associated withlésens itself, but rather with the general
immunological status of the patients. The alterachunological process as the consequence
of the malignancy may activate the B-lymphocyted #me high virus presence in tumour
tissue, surrounding tissue and the saliva may ebated to the infiltration by B-
lymphocytes.

The frequencies of the genetic and epigeneticagioms of p14%F and p16™**
tumour suppressor genes were examined in patiatitshe@ad and neck cancer (OSCC and
LSCC). According to our data, p¥ and p18"** tumour suppressor gene mutations and
polymorphisms seem to be infrequent and consequemiimportant events in Hungarian
population with head and neck cancer. However, é¢ken deletions may be important
inactivation mechanism for both genes in LSCC. Edeletions in case of LSCC may lead to

poorer tumour free survival. Examination of the Inyédtion status of the tumour suppressor
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promoters, more frequent methylation of the' %6 promoter was found both in OSCC and
in LSCC group than in healthy individuals. Nevel#iss, altogether we detected lower
promoter methylation rate then earlier studies. @ata suggest that in head and neck cancer
methylation status affecting the pl®” promoter seems to be a moderately important
inactivation mechanism, while less important inecas p14~F. Genetic and epigenetic
alterations of tumour suppressor genes during mageinesis may vary according to tumour
types, geographical regions and therefore dietsmypking and cultural habits as well as

depends on the differences in the environmentakbd@nsuffered by the population.
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