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Abstract
Head and neck cancers constitute the sixth most common malignant tumours worldwide, and are one of the majors problems 
of global public health. In the oral cavity there are several types of oral cancers, but around 90% are squamous cell carcinoma. 
Many different risk factors play a role in the etiology of head and neck cancer. The aim of this study is presentation from the 
aspect of molecular, viral and bacterial infection. Knowledge about all factors which influence the development of these 
malignances is essential for diagnostics and successful treatment.
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INTRODUCTION

Head and neck cancers constitute the sixth most common 
malignant tumours worldwide [1, 2]. Each year, 650,000 new 
cases occur resulting in almost 350,000 cancer deaths. These 
malignancies arise from the epithelium of the nasal and oral 
cavity, paranasal sinus, pharynx and larynx. Oral cancer, 
a subtype of head and neck cancer, is any cancerous tissue 
growth located in the oral cavity. There are several types of 
oral cancers, but around 90% are squamous cell carcinoma. 
Oral carcinogenesis is a multistep process modulated by 
endogenous and environmental factors.

Epidemiology. Oral squamous cell carcinoma (OSCC) is 
one of the most common malignancies leading to death 
among head and neck squamous cell carcinoma (HNSCC) 
worldwide.

An estimated 400,000 new cases of cancer of the lip and 
oral cavity and pharynx were diagnosed across the world in 
2008 (3% of the total) [3].

In developed countries, the incidence affects 6.9 males and 
2.4 females, and mortality – 2.3 males and 0.6 females [4], 
whereas in developing countries the incidence is 4.6 males 
and 2.6 females, and mortality – 2.7 males and 1.5 females. 
Relative survival rates are five years (%) for OSCC among 
individuals aged 15 and older in the USA (60.8) and Europe: 
53.6 in England, 45.9 – Denmark, 40.3 – Austria, 36.7 – 
Poland, 41.5 – Belgium, and 60.7% in Germany. Oral SCC 
more frequently affects males than females (M:F = 1.5:1). Oral 
cancer incidence is strongly related to age. The probability of 
developing oral SCC increases with the period of exposure to 
risk factors, and increasing age adds a further dimension of 
age-related mutagenic and epigenetic changes. In the USA, 
the median age of diagnosis of oral SCC is 62 years. However, 
the incidence of oral SCC in persons under 45 yeasrs of age 
is increasing. The European incidence rates of lip and oral 
cavity cancer in 2008 is presented in Table 1.

In Poland, malignant tumors are the second cause of death, 
after cardiovascular diseases, and in 2010 accounted for 

26% of deaths in males and 23% in females [5]. In Poland in 
2010, 2,709 men were diagnosed with lip, mouth or throat 
cancer, and 1,763 died. Cancers of the lip, oral cavity and 
throat account for 9.84% of all cancers in males and 1.4% in 
females. Oral cancer is second to cancer of the larynx among 
malignant tumours of the head and neck.

Table 1. Lip and Oral Cavity Cancer – European Age – standardized 
incidence rates per 100,000; EU 27 countries [4]

COUNTRY MALE FEMALE

Hungary 22.3 4.9

Spain 15.3 3.8

Slovakia 15.8 3

Portugal 13.4 3

Luxembourg 12.6 3.7

France (Metropolitan) 11.3 4.8

Belgium 11.3 4.1

Estonia 10.6 4.3

Denmark 9.8 5

Lithuania 11.6 2.4

Romania 12.6 1.2

Slovenia 10.2 3.1

EU-27 9.7 3.4

The Netherlands 8 5.1

Czech Republic 9.2 3.7

Poland 10.2 2.2

Malta 8.9 3.5

Bulgaria 9.3 2.3

Germany 8.1 3.1

Italy 8.1 3.1

Finland 6.8 4

Ireland 7.7 3

Sweden 6.2 4.1

UK 6.8 3.4

Australia 7 2.9

Latvia 7.9 1.8

Cyprus 3.3 2.3

Greece 3.4 2
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Lifestyle risk factors. The effect of some etiological factors 
is well established in the literature, such as consumption of 
tobacco and alcohol, poor oral hygiene and inapriopriate 
dietary habits [6, 7]. However, approximately 15–20% of all 
oral cancer cases occur in patients without the traditional 
risk factors, reflecting in numerous cases of OSCC in non-
smokers and non-alcohol drinkers.

Head and neck cancers are correlated with a combination 
of cigarette smoking and alcohol drinking. The link between 
cancer and smoking was first reported in the 1950s by 
Wynder et al. [8]. Consumption of tobacco (smoking and 
chewing) is a important risk factor for head and neck cancer. 
The most susceptible organ to the effects of tobacco smoking 
is the larynx. In the absence of tobacco use, the association 
between alcohol consumption and the risk of head and neck 
cancer is weak, stronger only for laryngeal and pharyngeal 
cancer, it is apparent only at high doses. Alcohol and tobacco 
consumption together have a synergistic effect.

Inapropriate dietary habits, such as low fruit and vegetable 
intake, are risk factors for head and neck cancer. There 
are various micronutrients with known antioxidant and 
anticarcinogenic properties, among them: vitamins C and 
E, flavonoids, phytosterols, folates, as well as dietary fibres, 
which play a role in reducing the risk of cancers of the upper 
aerodigestive tract [11]. It is estimated that there is an overall 
49% reduction in oral cancer risk for each portion of fruit 
eaten per day and overall a 50% reduction for vegetable 
consumption. The most important in protection against 
cancer are 4 botanical groups of fruits and vegetables: 
Leguminosae (beans and peas), Rosaceae (apples, strawberries, 
peaches, nectarines), Solanaceae (tomatoes and peppers) and 
Umbelliferae (carrots) [12, 13].

HPV (Human papilloma virus) infection can spread during 
sexual contacts; therefore, sexual behaviours are associated 
with the head and neck cancer [14].

Some authors suggest an association between marijuana 
and cannabis smoking, head and neck cancers and 
oral premalignant lesions, but the carcinogenicity of 
tetrahydrocannabinol is still not clear [15].

Oncogenes and tumour suppressor genes. An oncogene is 
a kind of abnormal gene that predisposes cells to develop 
into cancers. Their correct version (proto-oncogenes) are 
commonly found in human genetic material and perform 
the functions necessary to maintain the integrity of tissues 
and organs. Among other things, they control cell division 
and differentiation processes and also regulate their 
suicidal death (apoptosis). Mutated proto-oncogenes are 
over-expressed, and thereby stimulate cell proliferation. 
This leads to tumour formation and cancer development. 
Protooncogenes have no transcriptional activity of their own, 
but may change in the active oncogenes by mutations (caused 
by carcinogens) or by interaction of viruses. The occurrence 
of DNA damage and expression of the oncogenes lead to 
initiation of expression of the suppressor genes, which are 
antagonistic to the oncogenes [16].

In 1971, Knudson [17] presented a theory according to 
which the beginning the process of carcinogenesis requires the 
simultaneous occurrence of mutations in the proto-oncogene 
and tumour suppressor gene. The coincidence activating 
proto-oncogene mutations and mutations blocking the 
activity of the tumour suppressor gene, according to Knudson 
and called the theory of two events, is now the canon for 

explaining the molecular basis of the carcinogenesis process. 
Oncogenes represent a class of genes of diverse tumour activity 
in various tumour types. In the case of oral cancer, the family 
of oncogenes activation of Ras (H-, K-, N-ras), c-myc, erbB-1/
EGFR, D1 and FHIT PRAD-1/cyclin is recognized. This list 
is not definitive and there are ongoing studies to identify 
further oncogenes that may play a role in cancers of the head 
and neck, or in the various stages of the disease. The products 
of expression of oncogenes are activated oncoprotein which 
are responsible for the initiation of malignant transformation. 
Oncoprotein causes the cells remaining in the resting phase 
of the cell cycle to start division for the proliferation of cells; 
therefore, identifies this group of growth factors and proteins 
responsible for the regulation of the cell cycle.

An important role in OSCC is played by external growth 
factors [18], including such factors as: epidermal (EGF), 
fibroblast (FGV), tumour growth factor alpha (TGF-alfa) 
and platelet derived growth factor (PDGF). Some of these 
factors are frequently over-expressed in oral cancers. The over-
expression of the EGFR is often accompanied by the synthesis 
of its ligands TGF-alfa and EGF. The interaction between 
these receptors and its ligands initiates a cascade of events.

Oral Cancer Over-expressed 1 (ORAOV1) is a candidate 
protooncogene in a variety of human squamous cell 
carcinomas (SCCs) [19]. ORAOV1 has been identified at 
chromosomal band 11q13, and was supposed to be a primary 
driving force behind 11q13 gene amplification, and regarded 
as a candidate oncogene with a role in the development and 
progression of various human SCCs. In subsequent years, 
however, several clinical studies showed that the expression 
level of ORAOV1 was tightly correlated with prognosis-
related clinicopathological parameters and clinical grades in 
several SCCs, such as oesophageal squamous cell carcinoma 
and oral squamous cell carcinoma (OSCC) [20]. Further 
functional studies showed that ORAOV1 may have an 
important role in the tumour genesis of OSCC by taking part 
in the regulation of cell growth and tumour angiogenesis. 
It is therefore suggested that ORAOV1 may be a valuable 
biological marker in SCCs.

Chromosomal band 11q13 is one of the most frequently 
amplified regions in OSCC. Using positional candidate gene 
analysis, Oral Cancer Over-expressed 1 (ORAOV1), also 
called Tumor Amplified and Over-expressed Sequence 1 
(TAOS1), was identified within this region, and is presumed 
to be a candidate oncogene in OSCC. ORAOV1 amplification 
is significantly associated with larger tumour size, lymph 
node metastasis, poor histological differentiation and 
advanced clinical stage of OSCC. All these findings suggest 
an oncogenic potential of ORAOV1 in OSCC, and therefore 
a possible molecular marker in diagnosis, prognosis and 
treatments of OSCC. ORAOV1 can be targeted for therapeutic 
manipulation in treating OSCC [21, 22].

CCND1 gene located on chromosome 11. CCND1 gene is 
a member of the cyclin G1 family responsible for inducing 
cyclin D1 expression. Rearragemant and overexpression of 
CCND1 gene are consistent feathers of tumors. The correlation 
between its over-expression and tumour cell progression 
of many cancers, including those located in the head and 
neck, has been well-documented. Chromosomal locus in 
tumours in which this gene is located is amplified, as shown 
by classical cytogenetics research, and were further confirmed 
by fluorescence in situ hybridization (FISH), and comparative 
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genomic hybridization (CGH). Amplification of CCND1 locus 
causes excessive production of cyclin D1. It plays an important 
role in the mechanism of the formation of miRNA regulation 
(the function of miRNAs appears to be in gene regulation). As 
a result, this leads to an increase in the rate of cell proliferation, 
include epithelial, from which the majority of oral cancers 
originate. It has been shown that amplification of the 11q13 
region is a poor prognosis for patients with squamous cell 
carcinoma of the larynx. Interestingly, according to the 
mapping results of chromosome 11q13, the distance between 
CCND1 and ORAOV1 is less than 12 kb [22].

Another oncogenes associated with cancer of the oral cavity 
are TAOS1 and EMS1 [23]. These genes were equated as two 
important target oncogenes for driving 11q13 amplification, 
and their contributions to oral carcinogenesis. Researchers 
have investigated amplifications of TAOS1 and EMS1 
genes and their relations to clinicopathological variables 
in premalignant lesions (leukoplakias) and primary OSCC. 
TAOS1 amplification, beginning from mild-dysplastic 
epithelia, occurred in 33.3% of leukoplakias and 51.5% of 
OSCC. EMS1 amplification, beginning from moderate-
dysplastic epithelia, occurred in 20% of leukoplakias and 
57.6% of OSCC. Both gene amplifications were significantly 
related to different stages of oral carcinogenesis (p<0.05). Both 
TAOS1 and EMS1 amplifications were significantly associated 
with tumour grading and staging. The test results suggested 
potential roles in oral carcinogenesis, and that TAOS1 might 
be involved earlier than EMS1. Both genes might be candidate 
biomarkers for diagnosis and prognosis in OSCC.

On the other hand, in the human genome there are 
suppressor genes of neoplastic transformation (antioncogenes). 
Their purpose is to stop the metamorphosis by checking 
cells, inhibiting cell proliferative cycle, and eliminating 
those that contain the mutated DNA by apoptosis. This is a 
process of programmed cell death, generally characterized 
by distinct morphological characteristics and energy-
dependent biochemical mechanisms. The many different 
types of apoptotic pathways contain a multitude of different 
biochemical components, many of them not yet understood. 
This complicated process requires the interaction of 
regulatory proteins. They are essential to the initiation of this 
process, encoded by tumour suppressor genes. The next stage 
is the activation of enzymes of the ICE family (interleukin-1-
beta-converting enzyme), called caspases, the activation of 
which depends inter alia on protein Bcl-2 [24].

In cancer of the larynx and pharynx a certain regularity 
can be observed, a good prognosis, the possibility of limited 
larynx resection during the operation, and a positive 
response to chemo-and radiotherapy are associated with 
low expression of the protein Bcl-xl, while a poor prognosis 
with a high expression of the protein. Insufficiency apoptosis 
is most commonly associated with negative mutations of 
the p53 gene [25]. Among the best known antioncogenes 
hindering the development of cancers of the oral cavity, 
are included p53, p16 and Rb1. In humans, the p53 gene is 
located on the short arm of chromosome 17 (17p13), and 
normally operates as a tumour suppressor gene (wild type 
p53). The p53 gene product is a short half-life protein, TP53, 
synthesized in the cytoplasm, and senescent cells contain 
trace amounts of the protein. The level of p53 mRNA and 
p53 protein levels reach a peak just before the onset of DNA 
replication, which is the interfacial G1/S cell cycle. TP53 has 

a region locating the nucleus (nuclear localization signals), 
through which it passes to the nucleus at the beginning 
of the S phase and briefly accumulates in it. This protein 
has many mechanisms with an anticancer function, and 
plays a role in apoptosis, genomic stability, and inhibition of 
angiogenesis. P53 gene mutation is one of the most common 
genetic changes recognized in laryngeal cancer cells, also 
mutations in head and neck cancer are more frequent than 
in other cancers. In the case of p53, the primary mechanism 
responsible for blocking the expression is a gene mutation. 
Part mutation causes an unstable or non-functional protein, 
unable to inhibit the proliferation adopted by the cell [26]. The 
situation is different issue inactivation of tumor suppressor 
genes p16 and Rb. The latest results of cytogenetic studies 
show that inactivation of the p16 gene is regulated by the 
epigenetic principle. Hypermethylation of the promoter the 
p16 gene leading to a lack of its transcriptional activity. In 
contrast, inhibition of the Rb gene (13q14 chromosomal 
location) is the result of deletion or microdeletion of the 
whole or part of the long arm of chromosome 14 [27].

Oncogenic viruses. The role of viruses in the development of 
oral squoamous cell carcinoma has been proposed in many 
studies [28, 29, 30]. The most frequently studied are Human 
papilloma virus (HPV), Epstein-Barr virus (EBV) and Herpes 
Simplex virus type 1 (HSV-1).

An original observation and hypothesis that implicated 
HPV as a risk factor in a subset of oral cancers was presented 
by Syrjanen et al. in 1983 [31]. Since then, several studies have 
focused on HPV detection in oral cancer, but the results have 
been controversial. A recent study by Syrjänen [32] showed 
a strong association between the presence of HPV DNA – 
specifically HPV16 and OSCC. This meta-analysis showed 
that HPV significantly increases the risk for OSCC, compared 
with controls (OR 3.98; 95% CI: 2.62–6.02).

HPVs specifically target the undifferentiated proliferative 
basal cells of epithelial mucosa. HPV proteins, especially 
the oncoproteins E6 and E7 of the high risk HPVs (HR-
HPVs), interact with different degrees of affinity with host 
cell proteins to disturb the normal epithelial differentiation 
and apoptosis by stimulating cellular proliferation, DNA 
synthesis and inhibition of cell cycle regulators [33].

Data provided in the literature suggest that the role of 
EBV in OSCC may vary according to geographical regions. 
The prevalence of EBV in oral samples varies widely in 
different studies. Most south-east Asian studies found a 
high prevalence of EBV and concluded an etiological role 
of EBV in OSCC. In an Egyptian population this was also 
supported by immunohistochemical detection of LMP-
1, the EBV antigen associated with transforming activity 
[34]. North American studies, as well as West and North-
European studies, regularly report lower prevalences of EBV, 
and conclude that the etiological role of EBV is doubtful in 
OSCC. Jalouli et al. [35, 36] studied formalin-fixed paraffin-
embedded tissue samples obtained from patients with oral 
cancers. These findings illustrate that the prevalence of HSV, 
HPV and EBV infections is common and may influence of 
oral cancer development. Liu et al. [37] demonstrated the 
frequent presence of HHV-6 in oral squamous cell carcinoma. 
The authors suggested that HHV-6 possibly play a role in the 
pathogenesis of oral squamous cell carcinoma.

Researchers have suggested the possible involvement of 
HCV in diseases outside the liver and oral cavity exposed to 
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HCV viruses. Gandolfo et al. [38] found a very high prevalence 
of anti-HCV antibodies in patients with oral lichen planus. 
Other authors suggest that HCV may be involved in the 
development of SCC and oral lichen planus [39].

Bacterial infections. Bacterial infections have been linked 
to malignancies. Several mechanisms for possible bacterial 
association in carcinogenesis may include chronic infection 
by evasion of immune system and immune suppression, 
induction of chronic inflammation, direct or indirect 
interference with eukaryotic cell cycle and signaling pathways, 
or via metabolism of potential carcinogenic substances.

Pushalkar et. al [40] studied oral microbiota in tumour 
and non-tumour tissues of patients with oral squamous 
cell carcinoma, and indicated that from a total of 1,200 
sequences characterized, 80 bacterial species/phylotypes 
were detected representing six phyla: Firmicutes, 
Bacteroidetes, Proteobacteria, Fusobacteria, Actinobacteria 
and uncultivated TM7. The following bacterial species were 
observed: Streptococcus sp., Peptostreptococcus stomatis, 
Streptococcus salivarius, Streptococcus gordonii, Gemella 
haemolysans, Gemella morbillorum, Johnsonella ignava and 
Streptococcus parasanguinis. Porphyromonas gingivalis and 
Fusobacterium nucleatum have attributes consistent with 
a role in cancer development and progression [41]. Both P. 
gingivalis and F. nucleatum establish chronic infections that 
involve intracellular persistence within epithelial cells, can 
spread systemically and cause extra-oral infections. The 
detection of P. gingivalis or F. nucleatum in precancerous 
lesions could be used as a poor prognosis indicator. Improved 
oral hygiene and treatment of periodontitis may be useful in 
limiting the development or spread of cancer. J. ignava can be 
a predicted new pathogen, not detected in earlier studies, and 
known to be associated with gingivitis and periodontitis [42]. 
Bolz et al. [43] isolated the most different bacteria groups in 
the biofilms of OSCC patients. The highest resistance rate to 
common antibiotics in maxillofacial surgery was detected in 
biofilms of OSCC patients. Anand et al. [44], in a pilot study, 
suggest a possible association of H. pylori and increased risk 
of oral cancer.

Epigenetic changes. Epigenetics is the most rapidly 
expanding field in the biological science in recent years. 
Epigenetic instability is a change in the expression of 
genes, not directly linked with the DNA sequence. In 1942, 
Waddington defined the term of epigenetics as ‘the branch 
of biology that studies the causal interactions between genes 
and their products, which bring the phenotype into being’. 
Currently, there are two main epigenetic changes: DNA 
methylation (hypo-or hyper-methylation) and chromatin 
remodeling, involving changes within the histone proteins. 
This effect can be reversed by treatment with an appropriate 
chemical substances, unlike the genetic changes that are 
irreversible [45].

Hypomethylation is typically associated with over-
expression of oncogenes, and hypermethylation inhibits 
the transcription of the tumour suppressor gene. Methylation 
occurs primarily during the S phase of the cell cycle and is 
based on the covalent attachment of methyl groups (-CH3) to 
the nitrogenous nucleobases (around CpG dinucleotide). In 
the human genome, approximately 70% of CpG islands have a 
methyl group attached to the cytosine. However, this process 
does not occur in areas essential for the basic processes of 
the cell. This includes the CpG island located at the 5 ‘ends 
of the promoter regions of genes. In the case of neoplastic 
transformation, it is noticeable by an abnormal methylation 
global genome hypomethylation and hypermethylation of 
the promoter specific for the tumour suppressor genes. DNA 

Table 2. The most common genes silenced by promoter methylation [49]

Gene Locus Function Alterations

ABO 9q34 Blood group antigen Hypermethilation

APC 5q21 Signal transduction Hypermethilation

ATM 11q22-q23 Tumor suppressor Hypermethilation

C/EBPα 19q13 Tumor suppressor Hypermethilation

CDKN2A 9p21 Cell cycle LOH, hyper methilation

CRABP2 1q21 Nuclear transcriptional 
regulator

Hypermethilation

DAPK 9q Apoptosis Hypermethilation

DCC 18q21 Tumor suppressor Hypermethilation

DKK3 11p Transcriptional regulator Hypermethilation

E-cadherin 16q22 Signal transduction Hypermethilation

EDNRB 13q22 Signal transduction Hypermethilation

GSTP1 11q13 Detoxification of 
carcinogens

Hypermethilation

H3K4 1q21.2 Histone Hypermethilation

HIN1 12p13 Tumour suppressor Hypermethilation

Hmlh1 3p21 DNA repair Hypermethilation

LHX6 9q33 Transcriptional regulator Hypermethilation

MGMT 10q26 DNA repair Hypermethilation

MINT family / / Hypermethilation

miR137 1p21.3 Tumour suppressor Hypermethilation

miR193a 17q11.2 Tumour suppressor Hypermethilation

MX1 21q22 / Hypermethilation

p14 9p21 Apoptosis LOH, hyper methilation

p15 9p21 Cell cycle LOH, deletion, mutation, 
hypermethilation

p16 9p21 Cell cycle LOH, mutation, deletion, 
hypermethilation

p53 17p13 Tumour suppressor Mutation, 
hypermethilation

p73 1p36 Apoptosis Hypermethilation

PTEN 10q23 Tumor suppressor Hypermethilation

RARB2 17q21 Nuclear transcriptional 
Regulator

Hypermethilation

RASSF-1 3p21 Apoptosis Hypermethilation

Rb 13q14 Tumour suppressor Hypermethilation, 
mutation

RUNX3 1p36 Transcriptional regulator Hypermethilation

SFRP1 8p11.21 Transcriptional regulator Hypometilation

SFRP1–2–
4–5

8p11.21 4q31.3 
7p14.1 10q24.1

Transcriptional regulator Hypermethilation

TCF21 6q23-q24 epithelial-mesenchymal 
interactions

Hypermethilation

THBS1 15q15 cell-to-cell and cell-to-
matrix interactions

Hypermethilation

TIMP3 22q12 epithelial-mesenchymal 
interactions

Hypermethilation

WIF1 12q14 Transcriptional regulator Hypermethilation

σ-14–3–3 1p36 Signal transduction Hypermethilation
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methylation is catalysed by a family of DNA methyltransferase 
enzymes (DNMTs) [46].

Another disorder leading to epigenetic regulation of gene 
expression observed in cancer cells is the modification 
of histone proteins. Histone proteins may undergo post-
translational modification which consists in the addition 
of various supplementary molecules or functional groups 
(such as methyl, acetyl, phosphate, protein, ubiquitin) to 
the amino acids: lysine and arginine. The effect of post-
translational modifications of histones to the degree 
chromatin condensation and gene expression depend not 
only on the type of modification (methylation, acetylation, 
phosphorylation, etc.), but is also determined by the location of 
this modification on the histones protein. This process affects 
the condensation or relaxation of the chromatin structure. 
DNA becomes more or less accessible to transcription factors 
and polymerases, which results in a decrease or increase in 
the level of gene expression [47].

The knowledge of the epigenetics of cancers may the 
development of several inhibitors of DNA methyltransferase 
successfully used in the therapy. Jithesh et  al. [48] have 
reported an association between ‘CIMP- high’ and worse 
prognosis. These data suggest that the application of epigenetic 
biomarkers may be available for the further development of 
OSCC therapy [48]. Hypermethylation, and the consequent 
silencing of several tumour suppressor genes of more than 
40 genes, has been identified in OSCC (Tab. 3). The genes 
found hypermethylated in OSCC cover a wide range of 
cellular processes, including cell cycle control (p16, p15), 
apoptosis (p14, DAPK, p73 and RASSF1A), Wnt signalling 
(APC, WIF1, RUNX3), cell-cell adhesion (E-cadherin), and 
DNA-repair (MGMT and hMLH1) [49].

CONCLUSIONS

Head and neck cancers are one of the major problems of 
public health worldwide. Knowledge about all factors which 
influence the development of these malignances is essential 
for diagnostics and successful treatment. Further studies to 
determine the role of viral and bacterial infections, genetic 
and epigenetic changes and their possible interactions are 
under consideration.
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