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1. General background 

1.1 Malignant and premalignant oral lesions 
1.1.1 Oral Cancer  
Oral cancer is usually defined as a neoplastic disorder in the oral cavity, 
which includes the following areas: lip, buccal mucosa, lower and upper 
alveolar ridges, retromolar gingiva, oropharynx, floor of the mouth, hard 
palate, and the anterior two thirds of the tongue (1). 

Squamous cell carcinoma (SCC) is by far the most common epithelial 
malignancy in the oral cavity. SCCs and their variants constitute over 90% 
of oral malignancies. The continuum of SCC progresses from individual 
epithelial cell changes (atypia), to a generalized disturbance of the epithe-
lium (dysplasia), then to carcinoma in situ, and finally to invasive SCC (2). 
Some tumors have an apparent “precancerous” state, often preceded by pre-
cancerous lesions such as leukoplakia, erythroplakia, lichen planus, and 
submucous fibrosis. 

The terms “precancer,” “precursor lesions,” “premalignant,” “intraepithe-
lial neoplasia,” and “potentially malignant” have been used in the interna-
tional literature to broadly describe clinical presentations that may have the 
potential to become cancer. They all convey the a priori assumption that 
there is uniformity in how individual patients and tissues behave. The termi-
nology ought to reflect our best understanding of carcinogenesis in the oral 
mucosa, and to aspire to engender consistency in use. The latest WHO mo-
nograph on head and neck tumors uses the term “epithelial precursor le-
sions” (3). 

Experience has taught us that certain cellular and tissue alterations are as-
sociated with malignancy and premalignancy. Altered cells appear more 
primitive than normal, and these changes are presumed to exemplify imma-
ture or inappropriate differentiation, although pathologists typically refer to 
them as dysplasia or atypia. A key alteration of dysplastic epithelial cells is 
variation in the shape of the cells and nuclei. This pleomorphism is unusual 
outside of cancers and precancers. Premature production of keratin below the 
surface layer is another important alteration, but is much more commonly 
seen in oral carcinomas than in oral premalignancies. 

The detected risk of malignant transformation varies depending on 
whether one considers the presence of epithelial dysplasia, and there is need 
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for molecular markers to identify lesions with definite potential for malig-
nant transformation. Oral epithelial dysplasia is subdivided into three prog-
nostically significant categories: mild (grade I), moderate (grade II), and 
severe (grade III). Investigation has found that 20–35% of severely dysplas-
tic lesions develop to carcinoma (4).  

Over 90% of OSCCs are preceded by a preexisting potentially malignant 
lesions (5). Although some primary tumors can be treated, many patients will 
develop second primary tumors, suggesting multifocal tumor development. 
Two major etiological factors in oral cavity SCC are social habits of tobacco 
use and alcohol consumption (6-7). 

According to an International Agency for Research on Cancer report 
(GLOBOCAN 2008) (8), oral cancer is the tenth most common cancer for 
men and fourteenth for both sexes in the world in terms of number of cases, 
accounting for approximately 480,000 new cases and mortality of 275,000 per 
year. In Sweden, the incidence of oral cancer is 869 and the mortality is 256 
per year. In Sudan the incidence of oral cancer is 1547 and the mortality is 929 
per year. In India the incidence of oral cancer is 118,424 and the mortality is 
89,411 per year. Oral cancer in India is among the five most frequent cancers 
after cervical and breast cancer; among the oral tumors, 90% are SCC, which 
arises in the mucosal lining. This high incidence of oral cancers in India is due 
to the widespread habits of tobacco chewing and smoking (9-10). 

In Sweden and other western countries, the prevalence of oral cancer is 
higher for men than women, probably because men consume more alcohol 
and tobacco than do women (11). Rates in men are high in Western Europe 
(11.3 per 100,000), Southern Europe (9.2 per 100,000), South Asia (12.7 per 
100,000), and southern Africa (11.1 per 100,000). In females, incidence is 
relatively high in southern Asia (8.3 per 100,000) (12). The etiology of epi-
thelial cancer of the head and neck is considered to be a multifactorial, se-
quential process that starts with premalignant lesions, such as oral  leu-
koplaika and oral lichen planus , and then progresses through mild, 
moderate, and severe degrees of dysplasia to carcinoma in situ and, finally, 
to invasive SCC (2). 

Four groups of genes are involved in the multiple genetic events of ma-
lignant cell transformation: oncogenes, tumor-suppressor genes, DNA repair 
genes, and DNA sequences that control apoptosis. The normal function of 
the p53 tumor-suppressor gene, located on the short arm of chromosome 17, 
is that of “guardian of the genome” (13). Damage to DNA is associated with 
nuclear accumulation of the p53 protein, presumably inducing growth arrest 
for repair or the induction of apoptotic cell death (14). Mutation in the p53 
gene is frequently found in human cancer, and in 40–50% of SCC of the 
head and neck (15). These mutations likely result from carcinogen-induced 
DNA damage (16). Elevated p53 expression has been reported in patients 
having head and neck SCC and a history of heavy smoking (17) and heavy 
alcohol use (18) . 
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Of the 615,000 new cases of head and neck SCC reported worldwide in year 
2000, fully 300,000 were occurred primarily in the oral cavity (19). In Af-
rica, Sudan has a particularly high incidence of OSCC (11.60 for males and 
6.91 for females) (20). OSCC has been found to demonstrate a non-uniform 
pattern of distribution, both geographically and demographically, an alarm-
ing number of cases occurring in developing countries (21). This observation 
might reflect environmental, cultural, and/or habitual factors influencing the 
prevalence of this disease (22-23). The incidence is increasing, and when 
comparing the incidence of various cancer forms in adults in the western 
world today, oropharyngeal cancer ranks sixth. In some developing coun-
tries, almost 50% of patients in oncology departments suffer from cancer in 
the oral cavity, largely attributable to exposure to carcinogens, such as to-
bacco (24). 

OSCC predominately affects individuals of low socioeconomic status. 
This distribution is usually associated with tobacco use, heavy alcohol con-
sumption, dietary deficiencies, and infections (25). 

The broad ethnic and climatic diversity of Sudan makes it in many ways a 
microcosm of Africa. Sudan is experiencing a burgeoning cancer epidemic 
that carries many challenges characteristic of developing countries. These 
include a high incidence of advanced, difficult-to-treat disease at presenta-
tion, and a high cancer burden related to infectious diseases. To address this 
problem, Sudan has instituted a comprehensive national cancer control pro-
gram focused on prevention, early detection, improved treatment, and pallia-
tive care (26). 

1.1.2 Oral sub-mucosa fibrosis (OSMF) 
Oral submucous fibrosis (OSMF) is a chronic potentially malignant disorder 
characterized by fibrosis of the lining mucosa of the upper digestive tract 
involving the oral cavity, oropharynx, and frequently the upper third of the 
esophagus. This is a chronic disease of the oral mucosa characterized, except 
in early forms, by inflammation and progressive fibrosis of the lamina pro-
pria and deeper connective tissues, followed by stiffening of an otherwise 
yielding mucosa resulting in difficulty in opening the mouth (27). Different 
populations may display different sites of involvement in the mouth. 

In 1952, Schwartz (28) described five Indian women from Kenya with a 
condition of the oral mucosa involving the palate and the pillars of the face, 
which he called “atrophica idiopathica mucosa oris”; it was later termed 
OSMF by Joshi in 1953 (29). It is generally accepted today that areca nut 
(betel) quid plays a major role in the etiology of OSMF (30). This by now 
well-recognized oral precancerous condition, observed predominantly in the 
populations of India and in Southeast Asia, has been reported worldwide, for 
example, in Kenya, China, the UK, Saudi Arabia, and other parts of the 
world where Asians are migrating (31). Thus, the migration of endemic betel 



 14 

quid chewers has made oral submucous fibrosis a public health issue in 
many parts of the world (32). 

Although Cox et al. demonstrated in a review article that nutritional defi-
ciencies and immunological processes may play a part in OSMF pathogene-
sis, the available epidemiological evidence indicates that chewing betel quid 
is a important risk factor (33). The prevalence of OSMF ranges from 0.2–
1.2% in India (34). Over the years, the incidence of OSMF has increased in 
India, especially among the younger generation (2). 

1.1.3 Oral leukoplakia (OL) 
Oral leukoplakia (OL) is a prevalent lesion of the oral mucosa with prema-
lignant potential occurring worldwide. OL presents a white patch or plaque 
that cannot be rubbed off and cannot be characterized as a clinical entity; 
therefore, a process of exclusion establishes the diagnosis of the disease. The 
term leukoplakia implies only the clinical feature of a persistent, adherent 
white plaque; the term is therefore reserved for idiopathic lesions when in-
vestigation fails to reveal any cause. The term has absolutely no histologic 
connotation, although, inevitably, some form of disturbance of the surface 
epithelium is characteristic. Followup studies suggest that cancer is more 
likely to occur in individuals with idiopathic leukoplakia than in individuals 
without this condition, so idiopathic leukoplakia is considered a premalig-
nant lesion. The etiology of most cases of OL is unknown (i.e., idiopathic); 
in other cases, the initiation of the condition may depend on extrinsic local 
factors and/or intrinsic predisposing factors. Factors most frequently blamed 
for the development of idiopathic leukoplakia include tobacco use, alcohol 
consumption, chronic irritation, candidiasis, vitamin deficiency, endocrine 
disturbances, and possibly a virus (35). The dose response relationship be-
tween tobacco and oral leukoplakia has been assessed in several studies (36). 
IARC claims in a 2004 report that all forms of tobacco use are major risk 
factors for oral leukoplakia, and a high frequency of leukoplakia is observed 
in populations with a high prevalence of tobacco use habits, particularly 
chewing, such as those in South and Southeast Asia (37). 

According to well-documented epidemiologic data for populations in 
Sweden, China, Japan, Malaysia, the USA, the UK, the Netherlands, and 
Germany, over the last thirty years, the prevalence of oral leukoplakia varies 
between 1.1% and 11.7%, with a mean of 2.9% (38-44). However, a system-
atic review found the pooled estimate of prevalence of leukoplakia to be 
2.6% globally, finding no difference between geographical areas or between 
younger and older adults (45).  

In India, smoking habits display a varying association with locally preva-
lent tobacco habits, i.e., chewing, smoking, and mixed habits (e.g., chewing 
betel quid and bidi smoking). All habits were associated with the onset of 
oral leukoplakia, and the prevalence was considerably higher among the 
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tobacco-using groups than nonusers (46). In a case–control study from 
Kenya (36), the highest relative risk of leukoplakia was for smoking both 
unprocessed tobacco and cigarettes (47). 

Oral hairy leukoplakia (OHL) is a permissive EBV infection with abun-
dant viral replication in the squamous epithelial cells of the lateral tongue 
border (48). OHL often develops in patients infected with the human immu-
nodeficiency virus (HIV) and in people with other significant immunodefi-
ciencies. OHL is a hyperproliferative lesion characterized histologically by 
intracellular edema, epithelial acanthosis, lack of inflammatory infiltrate, and 
hyperkeratosis. However, viral proteins characteristic of latent infection have 
also been detected in OHL lesions. There is a novel state of EBV infection 
with concurrent expression of replicative and latent proteins. It is probable 
that both replicative and latent proteins contribute to development and in-
duce many of the histologic features of OHL, such as acanthosis and hyper-
proliferation (49). 

1.1.4 Oral lichen planus (OLP) 
Lichen planus is a chronic inflammatory mucocutaneous condition that usu-
ally affects the skin, genitalia, and oral mucous membranes (50); its exact 
etiology is not known. Oral lichen planus (OLP) is aTcell-mediated autoim-
mune disease, but its cause is unknown in most cases. The increased produc-
tion of TH1 cytokines is a key and early event in LP; it is genetically in-
duced, and genetic polymorphism of cytokines seems to govern whether 
lesions develop in the mouth alone or in the mouth and skin. Activated T 
cells are then attracted and migrate towards the oral epithelium, further at-
tracted by intercellular adhesion molecules, by the upregulation of epithelial 
basement membrane extracellular matrix proteins (including collagen types 
IV and VII, laminin and integrins), and possibly by CXCR3 and CCR5 sig-
naling pathways (51). Furthermore, there is evidence of a risk of malignant 
transformation in OLP, although the degree of risk is controversial (52).  

Several prospective studies (53-54)  have reported OLP as having an in-
creased potential for malignant development. Three studies, one of a Swed-
ish population, using strict diagnostic criteria have demonstrated a signifi-
cant risk of the malignant transformation of OLP to SCC (55-57). The 
reported transformation rates vary from 0% to 9%. If OLP underwent a ma-
lignant transformation, then OLP would be the major source of oral cancer in 
many parts of the world (58). It is reasonable to believe that the prevalence 
of OLP varies between different parts of the world (59).  
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1.2 Viruses 
1.2.1 Human papillomavirus (HPV) 
The first evidence of the link between papillomavirus infection and cancer 
originated from studies of cancer induction by the cottontail rabbit papillo-
mavirus in domestic rabbits and the subsequent elegant studies performed by 
Peyton Rous and his associates (60) on synergistic effects between these 
infectious carcinogens and chemical factors. The molecular analysis of 
papillomaviruses got off to a slow start. The viruses were first visualized 
with an electron microscope in 1949, and their circular double-stranded 
DNA genome was demonstrated in 1963 (61). The first evidence of biologi-
cal functions of a member of this virus group originated from studies of bo-
vine papillomaviruses (BPV). This virus was able to induce urinary bladder 
tumors in cattle, and found to be tumorigenic after inoculation into newborn 
hamsters, and transformed calf and murine cells in tissue culture (60). In 
humans, a detailed analysis of potentially oncogenic papillomaviruses began 
in the early 1970s, with the work of Stefania Jablonska in Warsaw, who 
considered a rare hereditary papillomatosis, epidermodysplasia verruci-
formis “as a model in studies of papillomaviruses in oncogenesis” (60). In 
1983, it was first suggested (62) that HPV might be the agent involved in the 
development of at least certain types of oral SCCs (63), and in 2007, the 
WHO stated that HPV was a cause of oral cancers (64). 

Molecular biology 
The papillomaviruses, which replicate in the nucleus of squamous epithelial 
cells, belong to the papovavirus group, and are small, non-enveloped DNA 
viruses of a symmetrical icosahedral shape. Papillomavirus particles (52–55 
nm in diameter) consist of a single molecule of double-stranded, circular 
DNA with approximately 8000 bp, contained in a capsid (spherical protein 
coat) composed of 72 capsomeres (repeating subunits of the capsid) (65). In 
a virus, only the genome is present, with no cellular machinery for replicat-
ing the genome or manufacturing the capsid. The host cell must supply the 
necessary ingredients for the assembly of the viral components. Thus, a HPV 
virus reproduces by first adhering to and penetrating an epithelial cell. Fol-
lowing insertion into the intercellular medium, the virus loses its capsid. The 
viral genome entering the nucleus produces the enzyme necessary to cut up 
the host DNA (the viral DNA is protected through a modification of its 
DNA). The remaining viral genes, having the capacity to code the cell’s 
structure and produce proteins, promote the cell’s replication of the virus’s 
own DNA, and all of the components that are part of the virus. These then 
assemble, giving origin to the capsid, tail, tail fibers, nucleic acid, and neces-
sary enzymes, which together form, intracellularly, new duplicate viruses. In 
the last step, one of the viral genes directs the cell’s lysosome to release con-
tents that digest the cell wall. The new viruses are then released, free to in-
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fect other cells. When cellular death does not occur, chronic infection can 
probably succeed (66). HPV are a very large and heterogenous group of 
DNA viruses of which more than 100 types have already been identified. 
Based on the clinical behavior of HPV infections, the viruses can be grouped 
into high-risk (HR) and low-risk (LR) HPV types. HR-HPVs are associated 
with lesions that have a propensity to undergo carcinogenesis, and these 
viruses include types 16, 18, 31, 33, 35, 39, 45, and 52. These types are 
known to play an important role in epithelial carcinomas of the oral cavity 
and uterine cervix (67). HR-HPV-16 and HR-HPV-18 were declared human 
carcinogens by the International Agency for Research on Cancer (68) 

Epidemiology 
Näsman et al. (69) demonstrated a parallel increase in the incidence of ton-
sillar cancer and the proportion of HPV-positive tonsillar cancer in the 
Stockholm area, this proportion being 23% in 1970, 68% in 2002, and 93% 
in 2007. Chaturvedi et al. (70) demonstrated that the proportion of OSCCs 
that are potentially HPV-related increased in the USA from 1973 to 2004. 
Pintos et al. (71) provided evidence supporting a strong causal association 
between HPV infection and tonsil-related cancers in Stockholm and Mont-
real. The higher increase in the incidence of HPV-associated oropharyneal 
cancer (OPC) is also seen in developed countries, such as Sweden (69), Fin-
land (72), and Czech Republic (73). In the USA, there is currently a growing 
incidence of HPV-associated OPC, perhaps  due to changing sexual behavi-
ors (70). In a systematic review of the detection of HPV-DNA in squamous-
cell carcinoma of the head and neck, Kreimer et al. (74) found the preva-
lence of HPV to be only 24% in oral and 36% in OPC, which limits the pro-
portion of cases attributable to this virus. Tonsil and OPC increased in male 
predominance between 1975 and 2004, despite reductions in smoking (75), 
and the estimated proportion of oral and oropharyngeal SCC attributable to 
HPV infection is 35%. Over 90% of HPV-positive oral cancers are HPV-16 
positive (76).  

Infection 
Infection with the human papillomavirus is an important co-factor in the 
development of oral carcinomas. Initially, HPV infects undifferentiated pro-
liferative basal cells, which are capable of dividing (77). Once inside the 
host cell, viral DNA localizes into the nucleus and establishes itself as an 
episome with a low copy number (some 10–200 copies per cell). At this 
stage, the viral proteins E1, E2, E6, and E7 transcribed from the early pro-
moter are expressed at a low level (78). After cell division, the daughter cells 
retaining the viral genome are pushed towards the suprabasal regions and 
begin to differentiate. This triggers a coordinated transcriptional cascade of 
the viral genome. Viral proteins, mainly E6 and E7, may disturb the normal 
terminal differentiation by stimulating cellular proliferation and DNA syn-
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thesis by interfering with and inhibiting several cell cycle regulators to allow 
high-level amplification of the viral genome to at least 1000 copies/cell (79). 
The interactions of viral E6 and E7 proteins with p53 and pRB (80) are the 
best characterized interactions so far. The p53 protein, as a tumor suppres-
sor, has a highly conserved role as “guardian of the genome,” and is central 
to cellular anti-cancer mechanisms (81). The tumor suppressor p53 can dic-
tate cellular fate by initiating cell cycle arrest, promoting DNA repair, trig-
gering apoptosis, and inducing growth arrest/senescence. Thus a direct muta-
tion can alter or inactivate p53, and interactions with the oncogene products 
of oncogenic viruses (e.g., HPV) can also cause aberrations in p53 regulation 
(82). The late differentiation-dependent promoter is activated towards the 
epithelial surface, and the levels of viral proteins necessary for productive 
replication (i.e., E1, E2, E4, and E5) increase. After the onset of genome 
amplification, the capsid proteins L1 and L2 accumulate in mature epithelial 
cells. The assembly of infectious virions takes place in terminally differenti-
ated cells of the upper epithelial layers, and the virions are shed to the envi-
ronment as the cells are lost through desquamation. 

HPV infection precedes the development of HPV-positive OSCC (62, 
64). A prospective study has found that increased OPC risk was observed 
more than 15 years after HPV exposure  (64). Immuno suppression seems to 
be an increased risk factor for HPV-positive OSCC (62). Although evidence 
suggests that HPV-positive OSCC is the main cause of OSCC in nonsmokers 
and nondrinkers, the degree to which tobacco and/or alcohol use may help 
increase the risk of HPV-positive OSCC is unclear (62) and men generally 
have a higher incidence of oral HPV infection than do women (64).  

Human papillomavirus infection remains a prominent concern in both the 
research and medical fields. Sellors et al. (83) have clearly demonstrated that 
infection of the cervical epithelium with specific high-risk types of HPV 
plays a fundamental role in the development of cervical cancer, by causing 
precursor lesions and maintaining malignant growth. zur Hausen (84) dem-
onstrated that HPV-16 plays the dominant role, followed by HPV-18. Of the 
numerous HPV viruses, HPV-16 is the type usually found in precancerous 
and cancerous lesions, followed by HPV-18. In fact, HPV-16 and HPV-18, 
along with 11 other virus types, are responsible for 90% of HPV infections 
(60). The state of the virus (i.e., whether it is maintained as an episome and 
not integrated, or is integrated into the host genome) seems to play an impor-
tant role as well. During the normal HPV life cycle, viral DNA is maintained 
episomally in the nucleus of the affected cell, a state predominantly associ-
ated with “low-risk” HPV types such as HPV-6 and -11. A “hit and run” 
theory of HPV in oral carcinogenesis has also been proposed, suggesting that 
continual HPV presence is unnecessary for OSCC development (85). HPV-
16 and -18 are major risk factors for cervical adenocarcinoma (86); this pat-
tern differs from that of OSCC, as HR-HPV vary widely. 
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1.2.2 Epstein-Barr virus (EBV) 
The Epstein-Barr virus (EBV), unlike other members of the human herpes 
virus family, was the first human tumor virus identified (87). EBV was ini-
tially seen by electron microscopy in lymphatic tissue culture cells derived 
from Burkitt’s lymphoma (88). Three other developments occurred in the 
late 1960s and early 1970s: a biological function of EBV infections was first 
identified in 1967 and 1968 (89), when these viral groups each revealed im-
mortalizing activity of EBV-producing lethally X-irradiated Burkitt’s lym-
phoma cells for human lymphocyte preparations in co-cultivation experi-
ments or of cell-free filtrates from an EBV-producing leukemic cell line. zur 
Hausen and Schulte-Holthausen (1970) demonstrated the persistence of 
EBV-DNA in a “virus-free” cell line, Raji, of Burkitt’s lymphoma origin. 
Shortly thereafter, the same group demonstrated the presence of EBV-DNA 
in biopsies from Burkitt’s lymphoma and from nasopharyngeal carcinomas 
(90). Three years later, it was demonstrated that EBV persists not only in 
cells of lymphatic origin, but also in epithelial nasopharyngeal carcinoma 
cells (91). Viral DNA persistence in Burkitt’s lymphomas was soon con-
firmed by Nonoyama and Pagano (1973), and in epithelial cells of naso-
pharyngeal carcinomas by Klein et al. (92). 

Molecular Biology  
Two EBV subtypes have been identified, i.e., EBV-1 and EBV-2, differing 
in the genes coding for nuclear proteins EBNA-LP, 2,-3B, and -3C, with 
differences in the predicted amino acid sequence of between 28% and 47% 
(93). 

The human herpes virus family consists of three subfamilies, i.e., alpha, 
beta, and gamma. EBV belongs to the gamma subfamily, which is split into 
two genera, lymphocryptovirus and rhadinovirus. EBV is the prototype for 
the lymphocryptovirus because it latently infects B-lymphocytes (94). Like 
other herpes viruses, EBV has a toroid-shaped protein core, wrapped with 
DNA; a nucleocapsid with 162 capsomeres; a protein tegument between the 
nucleocapsid and the envelope; and an outer envelope with external glyco-
protein spikes. The EBV stores its genome in the form of a linear, double-
stranded, 172 kbp DNA molecule (95). In vivo, the infection is restricted to 
two target cells, the oro-nasopharyngeal or the salivary gland epithelium and 
B-cell lymphocytes (96). 

Epidemiology  
EBV is one of the most common and widespread human viruses, infecting 
over 95% of people worldwide. Most healthy carriers are infected during 
childhood without any clinical symptoms. If the primary infection is delayed 
until adolescence or young adulthood, approximately 50% acquire infectious 
mononucleosis, a benign, self-limiting disease characterized by fever, sore 
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throat, tonsillitis, lymphadenopathy, and benign lymphoproliferation in pe-
ripheral blood. After acute infection with or without symptoms, latent EBV 
infection will persist lifelong. The high global prevalence of this infection 
has caused substantial problems in explaining its role in malignant diseases, 
specifically in view of the wide variation in geographic endemicity of some 
EBV-linked cancers (97). EBV infects individuals in all societies (98), even 
individuals in the most remote and isolated tribes, such as those in the Mela-
nesian islands (99) and the Amazonian plateau (100). EBV infection takes 
place at a much lower age in primitive than in industrial societies, where 
there are significant differences in infection between socioeconomic classes 
(101). In Uganda (Africa), for example, all children under three years of age 
have been infected by EBV, whereas in Singapore (Asia), only 20% of chil-
dren are EBV infected at that age (101). There are, however, geographic 
and/or racial differences in the type of EBV-associated disease that affects 
the population; for example, Chinese in Hong Kong and Singapore have a 
high incidence of nasopharyngeal carcinoma; Malays and Indo–Pakistanis 
have a low risk of nasopharyngeal carcinoma and Burkitt’s lymphoma; and 
Ugandans have a high prevalence of infectious mononucleosis (101).  

The virus has also been recognized as an important pathogen in individu-
als lacking cellular immunity because of genetic defects, immune suppres-
sion for organ transplantation, or loss of immune function due to HIV infec-
tion. In immune-suppressed patients, EBV causes a variety of proliferative 
disorders including AIDS-associated immunoblastic lymphomas, oral hairy 
leukoplakia, and an unusual tumor of muscle origin (leiomyosarcoma) in 
children with AIDS or those who are under immune suppression after liver 
transplantation (102). However, other factors may be important: specific 
failure of immune recognition, stimulation of B-cell proliferation by other 
infections or antigens, and/or acquisition of secondary genetic aberrations or 
mutations (103). 

Infection 
EBV has the ability to establish a latent infection, which means a silent state 
of viral infection characterized by the low expression of viral genes and mi-
nimal cytopathic effects or production of infectious virus. Epstein-Barr virus 
has been identified as the causative agent of infectious mononucleosis (104), 
a self-limiting lymphoproliferative disease, developing as the consequence 
of hyperproliferation of EBV-containing B cells and reactive T-cell re-
sponse. The primary infection frequently occurs in the first years of life (99) 
and is often not noticed by the infected person. In young adults raised in a 
hygienically protected environment, primary EBV infection more often leads 
to sometimes severe symptoms of infectious mononucleosis. EBV enters the 
host through the oropharynx and is believed to initially infect either squam-
ous epithelial cells or resting B cells at or near the surface of the tonsillar 
epithelia or other lymphoid organs in Waldeyer’s ring. Thus, EBV has de-
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veloped a way to simultaneously access both B cells and squamous epithelial 
cells of the oropharynx. However, B cells are currently considered necessary 
and sufficient for EBV infection, while epithelial cells may be seen as help-
ful enhancers for transferring the virus to others, and for establishing latency 
in B cells (105). If an EBV-infected memory B cell differentiates to a plasma 
cell, the virus is released for further infectious spread (106). In most cases, 
transmission occurs orally via the saliva, leading to the original name of 
infectious mononucleosis, college or kissing disease (Hoagland 1955). EBV 
infection has been linked to several human malignancies, including B-cell 
lymphomas in immunocompromised patients, the endemic form of Burkitt’s 
lymphoma, nasopharyngeal cancer, a subset of Hodgkin’s lymphoma, nasal 
natural killer (NK)/T-cell lymphomas, and approximately 10% of gastric 
cancers (97). Although EBV was initially recognized as a B-lymphotropic 
virus, it has recently become clear that the virus can infect epithelial cells as 
well, probably depending on the production of specific glycoproteins, i.e., 
gHgL (107) or gp 110 (108).  

EBV gene products synthesized in latent infections are of particular inter-
est in relation to the oncogenic properties of this virus. A number of gene 
products have been characterized that are expressed in specific tumors or in 
nontransformed, latently infected cells. Some of these share structural and 
functional homologies with cellular gene products, or interfere with the func-
tion of the latter. The nuclear EBNA-1 protein is consistently expressed; this 
is a sequence-specific DNA-binding phosphoprotein that plays a central role 
in the episomal maintenance of the EBV genome and is required for its DNA 
replication (109). EBV infects two types of target cells: epithelial cells in the 
oro/nasopharynx and/or salivary gland, and the B-lymphocytes (96). EBV is 
also suspected of infecting cervical epithelial cells (110). EBV is associated 
with infectious mononucleosis and oral hairy leukoplakia (non-malignant 
disorders) (111) and with Burkitt’s lymphoma and nasopharyngeal carci-
noma (NPC), both of which are malignant disorders (90). EBV has been 
found in normal oral epithelium and in oral squamous cell carcinoma (112).  

1.2.3 Herpes simplex virus type 1 (HSV-1) 
Herpes simplex virus infections are very common and affect a high percent-
age of all human populations. In 1962, Schneweiss identified two serotypes, 
subsequently confirmed by Nahmoas and Dowdle (1968). Whereas HSV-1 is 
found predominantly in oropharyngeal infections, HSV-2 has a strong predi-
lection for anogenital sites. Both types of viruses cause a large range of clini-
cal symptoms. Their molecular biology and some clinical aspects of herpetic 
infections have been described extensively elsewhere (Roizman 1996). 

Additional experimental studies, however, seemed to support a possible 
role of HSV in human cancers. These originated in part from reports of 
HSV-DNA or RNA persistence in cervical cancer cells: in 1972, Frenkel et 
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al. and in 1973, Roizman and Frenkel, identified a fragment of HSV-2 in one 
cervical cancer biopsy and also analyzed transcripts of this DNA (97). The 
clinical manifestations of oral herpetic infections have been known for 250 
years, though the causative agent was not identified as a herpes virus until 
the twentieth century.  

Molecular biology 
Herpes simplex actually belongs to a family of eight related viruses, includ-
ing herpes simplex virus types 1 (HSV-1) and 2 (HSV-2), varicella-zoster 
virus, Epstein-Barr virus, and cytomegalovirus. All of these organisms are 
double-stranded DNA viruses that affect the skin, mucous membranes, and, 
less frequently, the esophagus and brain. 

Like all herpes viruses, herpes simplex virus (HSV) type1 (HSV-1) and 
the closely related HSV type 2 (HSV-2) have enveloped, spherical virions. 
The genome of HSV-1 is densely packaged in a liquid-crystalline, phage-like 
manner in a 100-nm icosahedral capsid (113). Herpes simplex virus type 1 
(HSV-1) is an important pathogen that causes a variety of clinical manifesta-
tions in humans. It has the ability to remain latent in host neurons for life, 
and can reactivate to cause lesions at or near the site of initial infection. One 
of the major features of HSV infection is the ability of the virus to remain 
latent in the sensory ganglia. Following HSV infection, viral replication oc-
curs in the oral or genital mucosa and the virus enters sensory nerve endings 
innervating the mucosal membranes. Reactivation from the latent state re-
sults in productive infection that ultimately leads to the lytic (productive) 
destruction of distal epithelial cells. During the lytic cycle of the virus in 
cultured cells, regulation of HSV-1 replication occurs mainly at the tran-
scriptional level and involves the coordination of three phases of gene ex-
pression. This process involves condensation of the chromatin on the lytic 
gene promoters followed by inactivation (114-115). The activation from the 
latent state can be triggered by external stimulus and results in axonal trans-
portation of the virus back to the epithelium, leading to either clinical lesions 
or subclinical shedding. 

Epidemiology 
Herpes simplex virus type 1 (HSV-1) infects 40–80% of people worldwide 
and can cause potentially fatal meningoencephalitis in adults or disseminated 
infection in neonates, in addition to common mucocutaneous disease. After 
inoculation of the skin or mucous membrane, HSV-1 is transported along 
sensory axons in a retrograde direction to the neuronal cell body, where it 
establishes lifelong latent infection. Periodic reactivation results in HSV-1 
being transported in an anterograde direction to nerve terminals, where it 
causes recurrent clinical disease or asymptomatic viral shedding (116). In-
fection with herpes simplex viruses (HSV) is very common worldwide. In 
European countries, the estimated prevalence of HSV-1, determined by 
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means of antibody measurements, varies between 60% and 90% in the gen-
eral population (117). 

Since many people are infected with HSV without clinically overt symp-
toms, most epidemiological studies are based on serological data. As HSV-2 
has a tropism for genital mucosa, HSV-2 antibodies are considered to reflect 
genital infection, while HSV-1 antibodies can be associated with both oral 
and genital infection. In a study from the USA investigating genital isolates 
collected from college students, it was noted that HSV-1 accounted for 78% 
of all genital isolates in 2001, versus 31% of the isolates in 1993 (118). In 
addition, in the USA, the prevalence of HSV-1 infection tends to increase in 
a roughly linear fashion with increasing age, the greatest rate of acquisition 
occurring during childhood and adolescence (119). The prevalence of HSV-
1 exceeds 40% by age 15 years and rises to 60–90% in older adults. Recent 
data from several European countries indicate that the prevalence of HSV-1 
infection dropped from 34% to 24% among 10–14-year-olds in the 1999s 
(120). For many adolescents and adults in Europe and the USA, sexual activ-
ity is the means of initial exposure, resulting in an increase in genital herpes 
infections caused by HSV-1. A Swedish study found that 6% of such infec-
tions were due to HSV-1, while 94% of recurrent genital herpes were found 
to be due to HSV-2 (121).  

Infection 
HSV skin infections are usually located in the labial, genital, or anorectal 
areas. Of the two serotypes, HSV-1 infection is primarily pharyngeal and 
HSV-2 infection is primarily genital, though HSV-1 has been found in geni-
tal lesions and HSV-2 in oral lesions. Facial herpes may also affect the trige-
minal ganglion, while genital herpes can involve the sacral ganglion perma-
nently infect their target cells. Herpes simplex infection generally occurs in 
two phases: the initial, primary infection, followed by secondary, recurrent 
disease at the same site. In the first phase, the virus spreads by close person-
to-person contact with lesions or mucosal secretions (e.g., saliva or cervical 
discharge) as well as via respiratory droplets. Contrary to previous belief, the 
virus can be transmitted during asymptomatic periods, although the risk of 
transmission is higher during symptomatic reactivation. Once the virus is 
transmitted, incubation takes 2–10 days; the virus then spreads to regional 
lymph nodes, causing tender lymphadenopathy (122). Though HSV-1 infec-
tions are frequently asymptomatic, they can produce a variety of signs and 
symptoms. These include oral or perioral lesions, ocular infections, congeni-
tal skin lesions, genital skin or mucous membrane lesions, and serious sys-
temic illnesses such as encephalitis and neonatal disease. Infection transmis-
sion occurs worldwide, equally between the sexes, and without seasonal 
variation. In the USA, there are estimated to be approximately 500,000 pri-
mary infections per annum (123). While infection is life-long, it is rarely 
fatal in the immunocompetent host, producing either asymptomatic or mild 
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clinical disease. HSV-1, one of eight closely related human herpes viruses, is 
among the most common infectious agents in humans (124). In a study of 
hamsters, Stich et al. (125) demonstrated that snuff significantly enhanced 
herpes simplex virus–associated development of microinvasive SCC in 
cheek pouch epithelium.  In a study of rats, Larsson et al. (126)  demon-
strated that HSV-1 and snuff interact in the development of malignant le-
sions, and Hirsch et al. (127) demonstrated that the incidence of malignant 
tumors was significantly higher in rats exposed to snuff and HSV/snuff than 
in control animals. 

1.3 Tobacco habits 
The International Agency for Research on Cancer (IARC) confirmed that 
smoking various forms of tobacco (e.g., cigarettes, cigars, and pipes) is car-
cinogenic to humans. Other forms of tobacco, known as smokeless tobacco 
(ST), are also reported to be associated with an increased risk of developing 
OSCC. ST products contain a large array of carcinogens, although the actual 
number found is smaller than in cigarette smoke (128).  

There are two main types of ST: chewing tobacco and snuff. Chewing to-
bacco in the form of loose leaf, cut, or shredded tobacco is universally avail-
able. Snuff for oral application, “dipping,” or sucking is dry or  moist and is 
commercially available as loose or as  portion bag-packed products. Some 
regulations exist regarding sales and distribution. Finely powdered tobacco 
marketed as dry snuff is used nasally by a few population groups. World-
wide, various names are used to denote ST products: plug, gutkha, khiwam, 
khaini, iq'milk, zarda, naswar, nass, chimo, toombak, shamma, gudhaku, gul, 
mishri, maras, and moist snus. 

Smokeless tobacco is used in different forms in different parts of the 
world and approximately 150 million people use it worldwide (129). All 
smokeless tobacco products contain nicotine, a potent addictive substance.  

Tobacco contains high levels of tobacco-specific nitrosamines (TSNAs), 
which are the major carcinogens in the several forms of smokeless tobacco 
used around the world. Studies in India, Pakistan, and Sudan have reported 
large increases in the risk of oral cancer related to the use of various smoke-
less tobacco products (129).  

Benzo[a]pyrene and other polycyclic aromatic carcinogens (PAHs) are the 
most important carcinogenic agents in cigarette smoke; in unburnt tobacco, 
however, nitrosamines are the strongest carcinogens (130). The metabolites of 
nitrosamines, particularly nitrosonornicotine (NNN) and 4-(methylnitrosamine)-
1-(3-pyridyl)-1-butane (NNK), are found locally in the saliva of ST users and 
in their body fluids. These agents are known to cause toxic effects, particularly 
cancer (130) and other cellular and DNA changes, either at the local placement 
sites or indirectly and systemically. Epidemiological evidence of a signifi-
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cantly increased risk of oral cancer in ST users was recently reviewed (128). 
Even ST products that are claimed to be low in nitrosamines likely raise the 
risk of oral cancer among users by up to 30% (131). 

1.3.1 Snuff 
Among the high-income countries, Sweden has the highest per capita con-
sumption of smokeless tobacco, predominantly in the form of oral moist 
snuff. Swedish snuff (snus) contains lower levels of some harmful sub-
stances, for example, nitrosamines, than do many brands available in North 
America and some low-income countries (132). Hirsch et al. (133) reported 
eight oral cancer cases among Swedish snuff dippers: seven of these were 
elderly males who had used snuff for longer than 20 years (an additional four 
cancers cases have been documented; personal communication, Dr. Hirsch). 
Their cancers developed at exactly the location where the snuff was placed, 
mostly on the upper vestibulum, and all were pathologically confirmed as 
SCCs. Zatterstrom et al. (134) described another case of well-differentiated 
oral carcinoma in a 90-year-old Swedish man who had been a habitual snuff-
dipper for 70 years.  In a population-based prospective study, Rossaar et al. 
provided suggestive evidence that snus-related risks cannot be lightly ig-
nored, evidence inconsistent with claims that the use of Scandinavian moist 
snus is without demonstrable risk (135). In a study of the interactive effect of 
Swedish snuff and Sudanese toombak on human oral cells, Costea el al. 
demonstrated that toombak has greater potential to induce abnormal devel-
opment of normal mucosa than does Swedish snuff (136). In a population-
based case–control study in southern Sweden, Rosenquist et al. (137) dem-
onstrated that both tobacco smoking and alcohol consumption are risk fac-
tors for oral and oropharyngeal SCC, and that using Swedish moist snuff had 
no effect on the risk.  

1.3.2 Betel quid 
Betel quid/areca nut use has long been common in South and Southeast Asia 
and the Asia Pacific region and is common among migrant communities in 
Africa, Europe, and North America. Because of its ancient history, its use is 
socially acceptable throughout society, including by women and, quite often, 
children. Areca nut (usually incorporated into betel quid) is the fourth most 
common psychoactive substance in the world, after caffeine, alcohol, and 
nicotine, being used by several hundred million people. 

In its most basic form, betel quid is a combination of betel leaf, areca nut, 
and slaked lime (aqueous calcium hydroxide paste). A major change in betel 
quid/areca nut use occurred in India when an industrially manufactured mix-
ture of areca nut, lime, a catechin-containing substance, sandalwood fra-
grance, and tobacco was introduced to the market in small aluminum foil 
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sachets. This product was termed gutka, while the same product without 
tobacco was termed pan masala. It is now well accepted that the use of areca 
nut causes oral submucous fibrosis (OSMF) (138). According to IARC, there 
is evidence of the carcinogenic risk of chewing betel quid with or without 
tobacco (128). 

When betel is chewed, it produces mild psychoactive and cholinergic ef-
fects. It prompts copious production of a blood-red saliva that can stain oral 
structures. After years of chewing, the teeth may become red-brown to near-
ly black. Betel use is associated with oral leukoplakia, submucous fibrosis, 
and SCC (139). 

1.3.3 Toombak 
In Sudan, smokeless tobacco (ST) is usually used in a form of oral dipping 
tobacco, locally called toombak, that was introduced over 400 years ago 
(140). Toombak is not chewed but dipped and retained between the gums 
and the lips, cheeks, or floor of the mouth, and sucked slowly for approxi-
mately 10–15 min (141). 

The tobacco used for manufacturing toombak is Nicotiana rustica, and the 
fermented ground powder is mixed with an aqueous sodium bicarbonate 
solution. The resulting product is processed into a loose moist form with a 
strong aroma, and its use is widespread in the country; popular brands of 
toombak are Saute’, El-sanf, Wad Amari, and Sultan El-kaif (141). Sudanese 
snuff or toombak differs from the types of snuff used in Scandinavia and the 
USA in terms of tobacco species, fermentation, aging, manufacturing meth-
ods, pH, moisture, and nitrosamine content (141). 

The factors of toombak believed to have significant adverse health conse-
quences, particularly in terms of addiction and oral cancer development, are 
its pH and high levels of tobacco-specific nitrosamines (TSNAs) (141). 
Toombak has a pH range of 8–11, with a moisture content of 6–60%, nico-
tine content of 8–102 mg/g dry weight, and TSNA contents in micrograms, 
i.e., Ń-nitrosonornicotine (NNN), 420–1550 µg/g; 4-(methyl-nitrosamine)-1-
(3-pyridyl)-1-butanone (NNK), 620–7870 µg/g; N-nitrosoanatabine (NAT) 
20–290 µg/g (140). TSNAs, particularly NNN and NNK are found in the 
saliva and body fluids of toombak dippers (141-143). Compared with snuff 
from Sweden and the USA, toombak contains 100-fold higher levels of 
TSNAs (130).  

Toombak dippers develop a clinically and histologically characteristic le-
sion at the site of dipping. Researchers have demonstrated that the use of 
toombak plays a significant role in the etiology of oral SCCs, the tobacco-
specific nitrosamines present in toombak possibly acting as principal car-
cinogens (140, 144-145). In addition to play a major role in the etiology of 
oral cancer  toombak  is suspected to be associated with neoplasm of salivary 
glands (20, 146-147). 
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2. Aims of the study 

There is clear evidence that viruses can cause malignant cell transformation, 
including oral cancer. Exposure to the lifestyle factors tobacco and alcohol 
are also closely related to the transition of normal tissue to malignancy. This 
series of studies investigates the prevalence of the virus infection and to-
bacco exposure risk factors, with a special focus on HPV, EBV, and HSV-1 
and various non-smoked tobacco-using habits. We compared tissue samples 
from the two countries, India and Sudan, from two continents having docu-
mented high incidence of intra oral cancer, with specimens from Sweden, 
with its known low incidence of oral cancer. Each region has, in addition to 
smoking, unique non-smoked tobacco habits with documented carcinogenic 
effects. These countries also typify areas of low and high socioeconomic 
living conditions with their expected impact on disease development. 

The specific aims of the included studies are: 

I To develop and optimize a rapid, reliable technique for DNA extrac-
tion from archival paraffin-embedded biopsies that would minimize 
contamination risk and the loss of biopsy material and that would 
produce adequate DNA for PCR analysis. 

II To study the presence of human papillomavirus (HPV) in a Swedish 
population with varying oral lesions.     

III To study the prevalence of viral (i.e., HPV, HSV, and EBV) infec-
tions in patients from India diagnosed with OSMF and OSCC.   

IV To study the prevalence of viral (i.e., HPV, EBV, and HSV) infec-
tions in Sudanese dippers of N-nitrosamine-rich toombak.  
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3. Materials and methods 

3.1 Population, patients, and sample collection 

Study I 
The objective of this paper was to elaborate and optimize a method for DNA 
extraction from archival tissue biopsies. The results were not analyzed with 
regard to the patients’ previous inferred tobacco-use history, lesions, or dis-
eases. Archival formaldehyde-fixed and paraffin-embedded biopsies of 24 
oral cancers, 10 colon cancers, two breast cancers, 10 normal interstitial 
mucosa, and six anal warts were obtained from the Department of Pathology, 
Sahlgrenska University Hospital/Östra (Gothenburg, Sweden) and the De-
partment of Oral and Maxillofacial  Surgery, University of Uppsala (Upp-
sala, Sweden). Distilled water, fresh colon cancer biopsies, extracts of cul-
tured HeLa cells, and housekeeper gene β-actin were used as controls. 

Study II 
This study of virus prevalence in various oral lesions was performed on a 
Swedish cohort of patients. The study included 53 patients (33 men and 20 
women, mean age 62.0 ± 15.2 years), of whom 24 had oral SCC (18 men 
and 6 women, mean age 66.8 ± 16.8 years), seven had oral leukoplakia, one 
of which was dysplastic (5 men and 2 women, mean age 60.4 ± 14.3 years), 
and 22 had OLP (10 men and 12 women, mean age 57.3 ± 12.7 years). All 
patients were asked to complete a questionnaire that focused on their to-
bacco- and alcohol-use habits over the last five years. The control group 
consisted of 12 patients (6 men and 6 women, mean age 56.8 ± 14.6 years), 
attending the same clinics, with clinically healthy oral mucosa, no or only 
moderate alcohol consumption, and no tobacco-use habits. All patients were 
referred to the Department of Oral & Maxillofacial Surgery, Faculty of 
Odontology, Sahlgrenska Academy at Gothenburg University (Gothenburg, 
Sweden) and the Department of Surgical Sciences, Oral & Maxillofacial 
Surgery, University Hospital (Uppsala, Sweden). The specimens were fixed 
in 4% neutral buffered formalin solution, embedded in paraffin. 

Study III 
This prevalence study of HPV, EBV, and HSV in patients with OSMF and 
OSCC from India was performed using paraffin-embedded biopsies.The 
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study was conducted in 12 OSMF patients and 62 OSCC patients, all from 
Allahabad in northern India. The patients were interviewed regarding their 
oral habits, such as betel chewing, smokeless tobacco use, tobacco smoking, 
and years of usage.The material was obtained from patients after obtaining 
informed consent and in accordance with the Helsinki Declaration.  

Study IV 
This study obtained paraffin-embedded biopsies for study of HPV, EBV, and 
HSV infections in Sudanese toombak dippers. The study subjects were re-
cruited from three groups. The first group consisted of healthy toombak us-
ers (n = 150) and  healthy non-toombak-using (n = 25) citizens of Khartoum, 
Sudan, with clinically healthy oral mucosa who volunteered to participate. 
The second group consisted of biopsies from toombak users (n = 25) and 
non-toombak users (n = 6) with dysplasia. The third group of study subjects 
consisted of biopsies from oral cancer patients in Sudan who were toombak 
users (n = 145) and non-toombak users (n =72). Groups 2 and 3 were re-
ferred to the Oral Surgery Department of the Khartoum Teaching Dental 
Hospital (Khartoum, Sudan), where biopsies were obtained and later made 
available from the Department of Oral Pathology of the same dental hospital. 
The material was collected in connection with interviews regarding tobacco-
use habits and in connection with consultations regarding oral health prob-
lems. The material was obtained from patients after obtaining informed con-
sent and in accordance with the Helsinki Declaration.  

Table 1. Patient characteristics, tobacco-use habits, and diagnoses (studies II-IV)  

 Sweden India Sudan 

 N N N 
Total number of samples 65 74 423 
Female 26 15 94 
Male 39 59 329 
Age (year mean ± SD) 62.0 ± 15.2 49.4 ± 12.5 53.9 ± 12.9 
Tobacco-use  51 74 320 
Diagnosis    
OSCC 24 62 217 
OSMF - 12 - 
OL 7 - - 
OLP 22 - - 
Dysplasia - - 31 
Clinical healthy 12 - 175 
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The methods used in this work are described in detail in the studies I–IV.  

3.2 Cell and biopsy processing 
The cells from the biopsy brushes were suspended in tubes containing 10% 
phosphate-buffered saline (PBS). The participants subsequently gargled with 
saline, and the suspension obtained was added to the same tube, which was 
centrifuged twice at 1000 rpm for 5 min; the supernatant was collected and 
frozen at –70°C until used for DNA extraction. 

Surgical biopsies were obtained under local or general anesthesia. The bi-
opsy specimens were fixed in 4% neutral buffered formalin solution and then 
embedded in paraffin. The material was obtained from patients after obtain-
ing informed consent and in accordance with the Helsinki Declaration. 

3.3 DNA extraction 
Several factors affect the results of DNA analysis and PCR form paraffin-
embedded specimens; type of fixative is known to be the most important 
such factor (148). There are five central components of a PCR: oligonucleo-
tide primers, DNA polymerase, reaction buffer (including MgCl2), dNTP, 
and target DNA. Except for the target DNA, all other components are avail-
able from commercial suppliers (149). Template DNA provides the source of 
DNA to be amplified. As template DNA is the only reaction component that 
can be supplied by the individual user, it has been identified as a major 
source of variability in many PCR applications. The quality, quantity, and 
purity of target DNA can all influence the reaction results (149). 

Molecular studies of fresh tissues may be quite easy to perform, since 
good-quality DNA or RNA can usually be extracted from them. DNA ob-
tained from old material, however, is often impure and of low molecular 
weight; it may contain many single-strand nicks and breaks, making it difficult 
to analyze. Furthermore, the available tissue biopsies are often very small. The 
most frequently used method to preserve human tissue is fixation in formalin, 
followed by paraffin embedding. Paraffin (wax) is made from petroleum 
products and consists mainly of carbon hydrates with a molecular formula of 
C20H40. These carbon hydrates are dissolvable in benzene, xylene, chloroform, 
and ether but not in water, acetone, or ethanol. Paraffin is colorless or white, 
having a density of 0.90 g/L and a melting point of 50–57°C (150). Since par-
affin interferes with subsequent PCR, thorough dewaxing is mandatory.  

In study I, the incubation time for proteinase K was brief, only 15 min, 
but sufficient for our PCR applications. We specifically developed a method 
to extract DNA from small amounts of tissue. Extraction of DNA from 
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small, limited quantities of tissue can be unreliable, produce poor yields, and 
become excessively contaminated with external DNA. 

In study I, we applied our knowledge of DNA extraction to improve and 
optimize extraction from paraffin-embedded tissues. A QIAquick spin col-
umn (QIAGEN GmbH, Germany) was put into a 1.5-mL eppendorf tube 
(Fig. 1). A 5-µm wide of the paraffin-embedded biopsy was put into the 
column, 250 µL of xylene was added, and the tube was put into a 60°C water 
bath for 5 min. The tube was centrifuged for 30 s at 12800 × g and the col-
umn was moved into a new tube; 250 µL of 99.5% ethanol was added, and 
the tube was centrifuged for 30 s at 12800 × g, after which 50 µL of acetone 
was added, drop by drop, and the tube was centrifuged again for 30 s at 
12800 × g. The column was moved into a new tube, 200 µL of digestion 
buffer (50 mM Tris, pH 8.5; 1.0 mM EDTA; 0.5% Tween 20) and 2 µL of 
proteinase K were added, and the tube was put into a 55°C water bath for 15 
min. The tube was then centrifuged for 5 s at 12,800 × g to transfer the DNA 
solution to the tube, and the column was subsequently discarded. The tube 
was heated to 95°C for 7 min to inactivate the proteinase K. The extracted 
DNA was pooled and finally stored at –20°C.  

To maximize the amount of DNA extracted from the sample, this last step 
can be repeated a second time, as follows: The column is put into a new tube 
with 150 µL of digestion buffer and 1 µL of proteinase K; the tube is then 
put into a 55°C water bath for 10 min, after which it is centrifuged for 5 s at 
12800 × g. The DNA solution is then in the new tube and the column can be 
discarded. The tube is finally heated again to 95°C for 7 min to inactivate the 
proteinase K.  
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3.4 PCR assay: single, semi-nested, and nested   
The polymerase chain reaction (PCR) assay is a technique that offers several 
advantages over other methods. It requires only a small quantity of biologi-
cal material and can detect the viral presence in “early” infections. PCR de-
tection of HPV, EBV, and HSV is highly sensitive and specific, and can 
supplement the detection of clinical manifestations of virus-associated oral 
lesions (151). 

The PCR assay was optimized for several parameters, such as the anneal-
ing temperatures of primer pairs, primer concentration, MgCl2 concentration, 
Taq polymerase concentration, and number of cycles for first- and second-
round PCR, to obtain best results with HPV-DNA, EBV-DNA, and HSV-
DNA. 

In principle, each physical and chemical component of PCR can be modi-
fied to produce a potential increase in yield, specificity, or sensitivity; these 
factors, however, are not independent of each other (152). 

In clinical studies, PCR techniques using either consensus primers or 
type-specific primers have been employed to elucidate the importance of the 
various HPV genotypes. 

The amplification of the 450-bp fragment of HPV-DNA included in the 
open reading frame of the L1 region was performed using degenerate prim-
ers, namely, MY09 and MY11, which cover a broad spectrum of HPV types. 
The primer pair MY9 and MY11 is most frequently used for amplification 
strategies in clinical samples (153), and  the most widely used HPV-DNA 
consensus primers for both genital and oral samples, and have been used to 
discover the most common types of HPV in oral mucosa (i.e., types 6, 11, 
16, and 18) (154).  

The choice of primer annealing temperature is probably the most critical 
factor in designing a high-specificity PCR. If the temperature is too high, no 
annealing occurs, but if it is too low, nonspecific annealing will increase 
dramatically (152, 155).   

For most assays, the optimum amount of Taq DNA polymerase is 0.5–2.5 
units. Increased enzyme concentrations sometimes lead to decreased speci-
ficity (152). Nested and semi-nested PCRs often quite successfully reduce or 
eliminate unwanted products while dramatically increasing sensitivity (156). 
An initial set of primers straddling the DNA segment of interest is first am-
plified under standard conditions. Spurious products are frequently primed 
with one or both primers and contain irrelevant sequences internally. An 
aliquot of the reaction product mixture is then subjected to an additional 
round of amplification using primers complementary to the sequences inter-
nal to the first set of primers. Only the legitimate product should be ampli-
fied in this second round. This approach is often successful, even if the de-
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sired product is initially below the level of detection by ethidium bromide 
staining and in the presence of visible spurious bands. Thus, semi-nested 
PCR, in which a second primer is internal to only one end of the target seg-
ment, can be equally effective (157). To check the quality of DNA samples, 
a 254-bp sequence of housekeeper gene β-globin was amplified as an inter-
nal control. 

Table 2. Primer sequences used in the semi-nested and nested PCR techniques to 
detect EBV-DNA, HSV-DNA, HPV-DNA, HR-HPV-16, and HR-HPV-18. 

 Target 
gene 

Product 
size (bp) 

primer sequence 

EBV EBNA-1 209 EBV-1  5’ATC GTG GTC AAG GAG GTT CC 3’ 
     EBV-2  5’ACT CAA TGG TGT AAG ACG AC 3’ 
     EBV-3  5’AAG GAG GGT GGT TTC GAA AC 3’ 
     EBV-4  5’AGA CAA TGC ACT CCC TTA GC 3’ 
HSV D 142 HSV-1  5’TGC TCC TAC AAC AAG TC 3’ 
     HSV-2  5’CGG TGC TCC AGG ATA AA 3’ 
     HSV-3  5’ATC CGA ACG CAG CCC CGC TG 3’ 
     HSV-4  5’ TCT CCG TCC AGT CGT TTA TCT TC 3’ 
HPV L-1 450 MY-11 5’GCM CAG GGW CAT AAY AAT GG 3’ 
     MY-9    5’ CGT CCM ARR GGA WAC TGA T3’ 
     M = A + C, R = A + G, W = A + T, Y = C 
HR-HPV-16 E6 120 5’TCA AAA GCC ACT GTG TCC TG 3’ 
     5’ CGT GTT CTT GAT GAT CTG CA 3’ 
HR-HPV-18 E6 100 5’ACCTAATGAAAAACGACGA3’ 
     5’ CGT CGT TGG AGT CGT TCC TG 3’ 
HPV probes GP1/GP2   5’ CTGTGGTAGATACCACWCGCAGTA3’ 
     5’ CCTGTTGTTGATACTACACACGCAGTAC3’ 
TS   221 5’ CCAACGTCACACAACCATGTGGTC3’ 
     5’ GGAGTTGACCAACTGCAAAGAGTG 3’ 
β-actin-1   254 5’ GTGCTTTGATGGAAGTTGAGGTAG 3’ 
β-actin-2     5’ GAGCGGGAAATCGTGCGTGACATT 3’ 

3.5 Sequencing 
DNA sequencing based on separating fluorescently labeled DNA fragments 
is a tremendous tool for understanding diseases, gene regulation, and meta-
bolic pathway reconstruction. The advent of automated high-throughput 
DNA sequencing methods has greatly enabled genome sequencing strate-
gies, culminating in determination of the entire human genome (158).  

In studies III and IV, PCR products from HSV, EBV, and HPV were se-
quenced with fluorescent dye-labeled dideoxynucleotides and cycle sequenc-
ing methods using the BigDye Terminator Cycle Sequencing Kit (PE Ap-
plied Biosystems,USA). Sequencing products were purified of 
unincorporated dye-labeled dideoxynucleotides by processing them through 
Centri-Sep spin columns (PE Applied Biosystems). Sequence analysis was 
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automatically performed on the ABI PRISM™ 310 Genetic Analyzer and 
ABI PRISM ®377 DNA Sequencer (PE Applied Biosystems). For DNA 
versus DNA comparison, the Basic Local Alignment Search Tool (BLAST; 
http://blast.ncbi.nlm.nih.gov/Blast.cgi) program is typically used to find 
identical sequence regions in a database. We used this database to find the 
homology of the HPV-, EBV-, and HSV-positive PCR products, and found 
100% homology. 

3.6 Southern blot hybridization 
Southern blot hybridization (SBH) has been used in diagnosing many human 
diseases at the molecular level. Nucleic acid hybridization is a process in 
which complementary single strands of nucleic acids combine to form a 
stable double-stranded nucleic acid molecule. 

In study II, SBH with labeled HPV probes was used to detect specific 
HPV-DNA sequences and confirm the HPV-DNA PCR results obtained with 
the HPV consensus primers. 

The main disadvantages of SBH compared with PCR are low sensitivity, 
large amounts of cellular DNA required, and greater expense (159). How-
ever, despite these drawbacks, SBH is useful for confirming PCR results, 
especially in the case of paraffin-embedded tissue samples, in which back-
ground amplification bands may preclude interpretation of data from 
ethidium bromide staining (160).  
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4. Statisics 

In study II, the Chi-square test was used to investigate the difference in HPV 
prevalence between controls and tobacco and/or alcohol users, and a re-
peated-measure ANOVA was used to compare continuous tobacco-use and 
alcohol-use data. 

In studies III and IV, the Chi-square test was used to evaluate statistically 
significant differences in the genotypic frequency of HPV, EBV, and HSV 
viral infections in the studied populations. Since the studied populations and 
tissue procurement methods were not standardized between the studied 
groups, we have refrained from statistically analyzing the differences be-
tween these populations and patient groups. The Statistical Package for the 
Social Sciences (SPSS for Windows, version16.0; SPSS Inc., USA) was 
used for statistically analyzing the clinical variables. 

In all analyses, the p-values were considered significantly different if p < 
0.05. For description of the data, mean values and 95% confidence intervals 
(CI) were calculated. 
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5. Results 

5.1 Development of DNA extraction method (study I) 
All analyzed biopsies were positive for housekeeping gene β-actin and the 
thymidylate synthase (TS) gene after DNA isolation with one round of pro-
teinase K digestion. TS and β-actin genes were successfully amplified from 
the oldest biopsy in the study, a 36-year old breast cancer biopsy. PCR with 
HPV consensus primers revealed an HPV prevalence in oral biopsies, con-
sistent with previously published results. PCR assays on the six anal papil-
lomas were positive for TS, β-actin, and HPV. DNA extraction was per-
formed three times for each biopsy, and the amount of DNA increased as 
measured spectrophotometrically. The second extraction increased the 
amount of harvested DNA by a mean of 41.7 ± 21.2% (± standard devia-
tion), and the third extraction resulted in an average 5.0 ± 3.7% increase in 
harvested DNA. When a skilled laboratory technician executed the described 
DNA extraction method, 10 samples could be conveniently processed simul-
taneously, and the first round of extraction was completed within 25 min. 
When three rounds of DNA extraction were used, the procedure required 50 
min. When samples from the 24 OSCC biopsies were extracted, using the 
presented method, the average DNA concentration was 228.8 ±120.8 µg/mL, 
comparable to DNA extractions using the classical method (161), with an 
average DNA yield of 232.7 ± 120.0 µg/mL. 

 
Figure 2. Nusieve agarose gel (3%) electrophoresis of HPV-DNA PCR products. 
Columns 1, 2, and 4 show positive samples, columns 3 and 5 negative samples, col-
umn 6 molecular the weight marker (fast Ruler, DNA ladder, Middle range, fermen-
tas), column 7 the positive control: Hela cell lines (ATCC no. CCL 2), and Column 8 
the negative control: PCR reaction mix without DNA. 
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5.2 HPV prevalence in oral lesions (studies II–IV) 
In study II, 11 of the 53 (20.8%) patients were HPV positive, with 6 of 22 
(27.3%) OLP patients being HPV positive, as well as 2 of 7 (29.6%) LP 
patients, and 3 of 24 (12.5%) OSCC patients. The differences in HPV preva-
lence between the OSCC, OLP, and LP subgroups were not statistically sig-
nificant. All 12 control patients were HPV negative. The PCR results using 
HPV consensus primers were confirmed by subsequent southern blot hy-
bridization with consensus probes. 

In study III, HPV-DNA was detected in 11 of 12 (91%) of OSMF sam-
ples, versus in 15 of 62 (24%) OSCC samples. These differences were statis-
tically significant for HPV (p = 0.00002).  

In study IV, HPV-DNA was detected in 60 (40%) of the brush biopsies 
from the toombak users, 17 (68%) of the samples from nonusers, 39 (27%) 
of the biopsies from oral cancer lesions in toombak users, and 15 (21%) of 
the samples from nonusers. HPV was not detected in any sample exhibiting 
dysplasia. 

5.3 EBV-prevalence in oral lesions (studies III and IV) 
In study III, EBV-DNA was detected in 3 of 12 (25%) OSMF samples ver-
sus 18 of 62 (29%) OSCC samples. 

In study IV, EBV was detected in 97 (65%) of the brush biopsies from 
toombak users, 21 (84%) of the samples from nonusers, 8 (32%) of the biop-
sies from toombak users with dysplasia, 4 (67%) of samples from nonusers, 
53 (37%) of the biopsies from toombak users with oral cancer lesions, and 
16 (22%) of samples from nonusers. The differences between groups in 
terms of tobacco exposure and virus prevalence are not comparable, as the 
groups were not random samples of the population, but recruited from dif-
ferent patient groups. 

5.4 HSV prevalence in oral lesions (studies III and IV) 
In study III, HSV-DNA was found in 1 of 12 (8%) OSMF samples versus 3 
of 62 (5%) OSCC samples. These differences were not statistically signifi-
cant for HSV (p = 0.515). 

In study IV, HSV-DNA was detected in 44 (29%) of the brush biopsies 
from toombak users, 6 (24%) of the samples from nonusers, 2 (8%) of the 
biopsies from  toombak users with dysplasia, 1(17%) of the samples from 
nonusers with dysplasia, 15 (10%) of the biopsies from oral cancer lesions in 
toombak users, and 5(7%) of the samples from nonusers. The difference 
between groups in terms of tobacco exposure and virus prevalence is not 
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comparable, as the groups were not random samples of the population, but 
recruited from different patient groups.  

Analyses indicated no significant difference in the frequency of HPV or 
HSV, while the prevalence of EBV was significantly higher in toombak-
using OSCC patients. We also compared the distribution of HPV, HSV, and 
EBV prevalence in groups I and II. No statistically significant differences in 
virus prevalence were found in patients with dysplasia. In patients with clin-
ically normal oral mucosa (based on brush biopsies), we found a signifi-
cantly increased prevalence of HPV and EBV in non-toombak users, 
whereas prevalence of HSV did not differ.           

5.5 The prevalence of viruses in various populations 
(studies II-IV) 
The prevalence of HPV, EBV, and HSV in Sweden, India, and Sudan are 
summarized in fig. 3, which presents the results (%) of studies II–IV. 
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Figure 3. The presence (%) of HPV-DNA, HSV-DNA, and EBV-DNA in oral tissue 
from three populations from Sweden, India, and Sudan.                     
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5.6 HPV typing (studies II and III) 
In study II, 6 samples were positive for HPV-18, 3 for HPV-16, and 3 for 
HPV-6/11; the 3 samples positive for HPV-16 were also positive for HPV-
6/11. Two of the samples, found to be positive with the consensus primers, 
were found to be negative with all three type-specific primers. Of the 3 
HPV-positive OSCC samples, 1 was positive for HPV-18 and 1 for HPV-16 
and -6/11;1 sample was negative for all type-specific primers. Of the 6 HPV-
positive OLP samples, 5 were positive for HPV-18, but 1 was negative for 
all type specific primers. The 2 HPV-positive leukoplakias were positive for 
both HPV-16 and -6/11.  

In study III, the frequency of HPV-16 DNA was 50% (6/12) in the OSMF 
and 11% (7/62) in the OSCC samples, while the frequency of HPV-18 DNA 
was 17% (2/12) in the OSMF and 5% (3/62) in the OSCC samples. 

5.7 Coexistence (studies III and IV) 
In study III, HPV and EBV coexisted in 17% (2/12) of the OSMF group and 
13% (8/62) of the cancer group.  

In study IV, more than one virus was detected in 45% (68/150) of the 
brush biopsy samples from toombak users, 68% (17/25) of the samples from 
nonusers, 16% (23/145) of the samples from  toombak users with OSCC, and 
11% (8/72) of the samples from nonusers with OSCC (see Table 3). 

Table 3. Distribution of coexistence of viral infections in brush biopsies from 
healthy oral mucosa and OSCC patients from Sudan and in OSMF and OSCC pa-
tients from India. 

 Sudan India 

 Healthy OSCC OSMF OSCC 
Tobacco habits Yes No Yes No Yes Yes 
Samples (N) 150 25 145 72 12 62 
Viral DNA (%)       
HPV+EBV+HSV 9 4 2 3 0 0 
HPV + HSV 1 8 2 0 0 0 
HPV + EBV 25 48 10 7 17 13 
HSV + EBV 11 8 2 1 0 0 
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6. General discussion 

Cancer of the oral cavity is the 10th  most frequent cancer for men and 14th 
for both sexes world wide (8) and is increasing. This is partly ascribed 
infection with human papillomavirus (HPV), particularly type 16 and 18 
which is increasing in those diagnosed with malignancy and they do not 
present the traditional risk factors. This new and rapidly growing younger 
group where males slightly outnumber females is infected with the same 
type of virus responsible for most cervical cancers. Oral cancer in this group 
tends to develop in the Waldeyer's tonsillar ring. Recent data suggest that the 
disease from this particular etiology have some slight survival advantage. 
However, survival rates for oropharyngeal cancer (OPC) is poor although it 
varies widely depending on the original location, and the extent of the dis-
ease. The use of tobacco is common and the use of non smoked tobacco is 
growing popularity due to intensive marketing word wide. This together with 
the fact that more people are infected with the sexually transmitted virus 
means that the health care providers face a new and difficult situation in 
preventive medicine. Therefore more studies are needed in order to clarify 
the different aspects of virus involvement.  

 

The health of the oral mucosa is affected by the general health of the indi-
vidual and the nutritional status plus factors such as exposure to microorgan-
isms, chemical, thermal, and mechanical agents. This is summarized by 
Bundgaard et al. (162) and Rosenquist et al. (163) who underlined that oral 
cancer is a lifestyle-related disease to a great extent and demonstrated a clear 
relationship between marital  status, inadequate dental situation not accept-
able oral hygiene and oral  cancer .  

In this thesis exposure to viral infection in relation to tobacco consump-
tion has been studied in three different cohorts of patients with regard to oral 
cancer and premalignant lesions. Genetic susceptibility and socioeconomic 
status were not similar for the samples and the difference in results between 
the three populations investigated may be related to these and other factors.  

Geographic/regional variations in the prevalence of pre-cancer and cancer  
support the opinion that the socio-cultural  lifestyles of a population play an 
important role in the etiology and pathogenesis of oral cancers (164). Dietary 
habits are an important expression of socioeconomic status or life style. Cur-
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rent reviews of studies conducted in the last two decades had presented evi-
dence towards the possible protective effects of some nutrients (165-166). 
Many studies have found that high fruit and vegetable intake was associated 
with significantly decreased risk of oral cancer (167-169). An accumulation 
of evidence suggests that vitamin A, C and E and carotenoid (in particular 
beta-carotene) may decrease the incidence of epithelial cancer (170). Other 
protective roles of micronutrients are modulation of carcinogen metabolism 
which affects cell transformation and cell differentiation. They may also 
inhibit cell proliferation, oncogene expression, immune function and inhibi-
tion of endogenous carcinogen formation. These factors are also relevant in 
tobacco users. Pamuk et al. (171) has  shown that tobacco users  have lower 
plasma concentrations of carotenoids and beta-carotene than non tobacco 
habitués. Body mass index has also been related to OSCC both as a risk fac-
tor for and a marker of the disease. It has also been reported that the relation 
between BMI and oral cancers differ between tobacco users and non tobacco 
users (172-173). Numerous studies have been published on the prevalence of 
oral cancer in different countries and populations within countries but the 
influence of exogenous factors compared to familial and genetic factors is 
not fully elucidated (174). 

Exposure to life style factors as a cause of oral cancer is well accepted 
and investigated. Part of the life style is exposure to infectious agents and its 
etiological role in tumor development is also convincing [for review see zur 
Hausen  (60) ]. Virus as a cause of cancer has attracted particular interest for 
specific tumors for example cervical cancer. A parallel explanation for oral 
malignancies has been put forward. However the importance of virus in head 
and neck cancer is less well established although constantly more data is 
evolving (175). Specifically the possible interaction between virus, smoke-
less tobacco and other exogenous factors in the development of oral cancer 
is still not clarified although it has been shown that tobacco interact with the 
virus replicative cycle from attachment to host cell to DNA formation, and 
suggested that this plays a part in malignant cell transformation [ for review 
see Larsson (176)]. It has been suggested that virus may represent an alterna-
tive pathway in carcinogenesis in the absence of tobacco and alcohol habits, 
and without any obvious predisposing genetic defect (177). 

It is evident that the role of viral infection, the specific identification of 
tissues that harbour these viruses and the way virus persist in normal and 
tumour tissues are not fully elucidated (178).   

The studies presented in paper II-IV have focused on identification of viral 
genome in healthy oral mucosa, possibly premalignant lesions and OSCC.  

There are clear limitations in our material when investigating the preva-
lence of HPV, EBV and HSV. The patients with oral lesions were selected 
among patients with clinical symptoms and the control patients in paper IV 
constitutes a selected cohort of citizens in the city of Khartoum and we do 
not have knowledge about the patient’s socioeconomic status, nutritional 
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status, previous health history nor family relations. The patient groups from 
Sweden, Sudan and India also differ in lifestyle and live under different so-
cioeconomic conditions. It has previously been pointed out in a population-
based case-control study from southern Sweden  that poor oral hygiene and 
inadequate dental status are independent risk factors for OSCC and OPC , 
irrespective of tobacco and alcohol consumption  (163). The use of different 
methods for sample collection, use of paraffin embedded tissues and brush 
biopsies also influence the possibility of comparing virus prevalence in the 
three studies (II-IV). This makes it ambiguous to consider the results repre-
sentative for the total situation in these three countries but the results indi-
cate differences in the prevalence of HPV, EBV and HSV in oral lesions and 
normal oral mucosa. In Sweden, population registers and cancer registers 
covering the whole population are available. This makes Sweden well suited 
for studies with a case – control design. Collection of materials from popula-
tion-based registers lowers the risk of selection bias. On the other hand 
population register are also extremely insufficient with regard to information 
on relevant health history of affected patients. 

 

To study virus prevalence in tumor tissue the development of PCR was a 
major improvement. Initially the method required DNA samples of high 
quality i.e. fresh tissue samples. Following the development of molecular 
biology during the last decade’s extraction methods for DNA from archival 
material has evolved. The most frequently used method to preserve human 
tissue is fixation in formalin, followed by paraffin-embedding. This treat-
ment and storage of DNA might affect its stability (164). Previously avail-
able techniques to extract DNA from paraffin-embedded tissues were time-
consuming and often resulted  in fragmented DNA, which is difficult to ana-
lyze with PCR (179). The initial paper in this thesis presents an improved 
method for DNA extraction. The ambition was also to speed up the method 
for extraction of DNA. The previous methods required overnight procedures 
for the DNA extraction and the risk for contamination DNA was relative 
extensive (180-181). The elaborated method was also reliable for extraction 
of  DNA from “old” biopsies. The human thymidylate synthase (TS) gene 
and the “housekeeping gene” β-actin were successfully amplified from the 
oldest biopsy, a 36-year old breast cancer biopsy. DNA extraction was fast 
and smooth, taking less than 30 minutes and multiple biopsies can conven-
iently be processed simultaneously. The risk of DNA fragmentation caused 
by rough extraction procedures was reduced. Maximum length of DNA 
fragment to be amplified was 450 bp with the HPV consensus primers 
MY09/MY 11 but amplification of DNA as long as 959 bp is possible (182). 
The extraction is performed in a microporous spin-column (QIA quickTM 
column-QIAGEN), originally designed to purify amplified PCR product  
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from agarose gels which reduces the risk for contamination and the risk for 
loss of material related to use of pellet-supernatant procedures (181). The 
results reveal that the quality of DNA extracted with the presented method is 
acceptable for most PCR procedures and that material from a 5-µm section 
and one 15-min round of digestion is sufficient for most PCR applications. 
High  DNA quality and DNA content is important for the rate of detection of 
viral infection with PCR based methods which today are widely used also in 
the clinical setting (151, 153, 183-186) . 

Biopsies were obtained with the brush biopsy technique or the traditional 
scalpel biopsy technique which is considered the reliable method for diag-
nosing oral mucosal lesions preceded of a thorough clinical examination 
(187). The oral brush biopsy was developed to detect potentially malignant 
or malignant changes of the epithelium (188). The goal of the brush biopsy 
is to provide a highly sensitive and specific technique that is faster, less in-
vasive, simpler to perform and less painful than a scalpel or punch biopsy. It 
is perhaps more suitable when doing field studies since less equipment and 
resources are needed. However the cells from the brushes have to centri-
fuged, collected and frozen until used for DNA extraction. It must be taken 
in to consideration the possibility of false negative and positive rate for the 
brush biopsies that might affected our result. Brush tissue biopsies were col-
lected from healthy volunteer toombak users (n = 150) and non-users (n = 
25) in Khartoum as part of a screening of healthy subjects. Potter et al. (189)  
reported a false negative rate of at least 3.5%. When the technique, is used as 
a screening test a comparison with other screening tests, such as breast or 
prostate cancer should be made. It seems then that the sensitivity is suffi-
cient, while directed toward clinically obvious pathologic changes, the re-
quirement for accuracy is much higher. Kujan et al. (190-191) concluded 
that “no robust evidence exists” to suggest that brush biopsy for screening of 
OSCC or potentially malignant lesions is either beneficial or harmful.  

 

Presented data (figure 3) indicate that HPV is more prevalent in the poten-
tially malignant lesions in India, OSMF (91%) and Sweden, OL + OLP 
(28%) than in OSCC in India (24%) and in Sweden (12.5%). In healthy 
samples from Sudanese non tobacco users more HPV infection was seen 
(68%) than in premalignant lesions in Sweden (28.6%, 27.3 %) and in the 
healthy Sweden samples (0%) while DNA was note detected at all in prema-
lignant lesions from Sudan (0%).  The prevalence of HPV in Sudanese brush 
biopsies from healthy toombak users was 40% and whereas no HPV was 
found in biopsies from Swedish snuff dippers with normal mucosa. There 
are several possible explanations. As mentioned earlier brush biopsies as 
used in study IV  is associated with false positive as well as negative diagno-
sis but is unclear to what extent (189). The OSCC patients were older in all 
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three populations compared to the clinically healthy or the precancerous 
groups and secular variation over time in the incidence of viral infection may 
affect the prevalence. It is also possible that it is due to the inhibition of virus 
replication  of smokeless tobacco as shown previously for HSV by Hirsch et 
al. (127). This is also supported by Salah et al. (144) that could not detect 
HPV genome in biopsies from Sudanese toombak dippers. In addition Hilmi 
et al.(192) in the international congress i Khartoum 2008, suggested that  
smokeless tobacco might have an antiviral effect that may inhibit HPV infec-
tions. The absence of HPV in biopsies from Swedish snuff-dippers and the 
lower prevalence of HPV in brush biopsies from toombak users in Sudan 
may also support such a conclusion. A previous study by Zhang et al.(68) 
have shown that HPV infection is a common event in the normal oral mu-
cosa but their results are based on both tobacco and non tobacco users. We 
do not know “true prevalence” of HPV in Sweden, India and Sudan. Further 
studies with regard to possible antiviral effect against HPV of snuff, toom-
bak and other substances in tobacco and the impact of this mechanism in the 
development of oral premalignant lesions and OSCC are necessary.  

TSNA in both smoked and smokeless tobacco are implicated as DNA-
damaging agents in the aerodigestive tract and exposure to TSNAs most 
probably damages DNA also in HPV induced malignancies, but the extent of 
DNA damage in cellular and viral DNA in these malignancies is unclear 
(193). This issue is complex and not yet clarified. 

Even if we don’t know the exact role of HPV infection in the develop-
ment of oral cancer, it is a major risk factor particularly in tumors that in-
volve the lymphatic tissue in the lingual and palatine tonsils within the oro-
pharynx (69, 194). In biopsies from Indian patients with the premalignant 
lesion OSMF we see a high prevalence of HPV (91%) and of these 55% 
were of  the high risk HPV-16 type. Näsman et al. (175)  have recently re-
ported that HPV and particularly HPV16, play an important role for the in-
creased incidence of tonsillar cancer. More than 90% of all tonsil cancer in 
the Stockholm area is HPV-positive and the prevalence of HPV in cancer 
tissue has increased during the last 40 years. Result from these studies in 
Stockholm also indicates a better prognosis for the HPV positive tumors 
which imply other mechanisms for tumor development than in tumors that 
are not related to HPV infection. Experimental and epidemiological data also 
support the concept that disturbed the immunoregulation in combination 
with HPV infection contribute to increased risk for cervical cancer (60). It is 
possible that these circumstances may be relevant for the high prevalence of 
HPV in OSMF. Another possible contributing factor is that microlesions in 
the surface epithelium in OSMF patients allow the virus to penetrate and 
DNA to integrate into the genome of the cells in the spinous and basal cell 
layers. This is supported by the fact that HPV 16 immortalized keratinocytes 
do not exhibit any tumorigenic activity in nude mice unless previously ex-
posed to tobacco-specific carcinogens or other chemicals (195). In addition 
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we know that smoking and alcohol are documented etiological factors for 
tonsillar cancer and betel quid for OSMF. Even if it has been postulated that 
tobacco chemicals may have an antiviral effect on HPV as well as DNA 
damaging effect also on the viral genome other mechanisms may be related 
to the high prevalence of HPV in cancers and premalignat lesions. It is pos-
sible that tobacco chemicals promote HPV infections in these patients. Ac-
cording to a recent publication from IARC cervical cancer is one of the most 
frequent cancers in Sudan and it is very closely related to HPV infection (8). 
These data support the high prevalence of HPV also in healthy non toombak 
using Sudanese.  

 

The prevalence of HSV-1 in the OSCC patients in Sudan was twice that of 
India but low in both groups. No significant differences were seen compar-
ing malignant and premalignat samples. Hirsch et al. (127) previously sug-
gested that recurrent HSV-1 infection in association with snuff exposure is 
involved in the development of OSCC, but this could not be substantiated 
interpreting the data from the present studies. Observing the data from Sudan 
it was evident that prevalence of HSV was almost three times in brush biop-
sies from healthy Sudanes as in OSCC tissue biopsies. This result was unex-
pected as previous reports from our  group in a animal study that  have dem-
onstrated that antibody titers against HSV were significantly higher in the 
cancer patients (126). In a report by Nahmias et al. (196) over 40,000 sera 
were investigated from five continents, showing that HSV–serology is a 
marker for both socioeconomic status and sexual behavior. It was found that 
the HSV-1 seroprevalence among adults, in selected population, was up to 
85 % in Africa and Latin America. The spread was related to lower socio-
economic standard. In a review by Smith et al. (119) the HSV-1 seropreva-
lence was also found to be high worldwide and increased in a roughly linear 
fashion with age. In most countries the majority was infected during child-
hood and adolescence. It has also noted that antibodies against HSV-1 were 
more common in the black than in the white population. With regard to these 
finding and our knowledge about HSV latency and reactivation, the low 
prevalence of HSV is intriguing. A putative antiviral effect of toombak is not 
a plausible explanation for this as the prevalence of HSVDNA was even 
lower in non toombak users.  

 

The overall prevalence of EBV is high in Sudan compared to Sweden. It is 
not surprising that the EBV prevalence is high in Sudan considering that 
more than 90 % of the population has been infected in many countries on the 
continent. There is also the well known association between EBV and Bur-
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kitt´s B-cell lymphoma (197). In addition chronic infection with EBV is 
involved in the development of  hepatocellular carcinoma and nasopharyn-
geal carcinoma (198). The role of EBV infection in OSCC and oral prema-
lignant lesions have been studied previously with somewhat contradictory 
results. In a previous study by Sand et al.(199) biopsies from Swedish pa-
tients with OSCC and oral lichen planus (OLP) patients had an increased 
prevalence of EBVcompared with what was found in healthy oral mucosa. In 
snuff-induced lesions no increased EBV positivity was found. Neither smok-
ing, alcohol consumption nor increased age seems to increase EBV infection 
(199). The study by Sand et al. was performed with the same PCR technique 
that was used in the paper II and IV but with other primers (199-200). Prae-
torius et al.(201) studied the presence  of EBV in 24 snuff-induced lesions in 
a Danish population with the less sensitive in situ hybridization technique, 
and reported no EBV- positive specimens. Horiuchi et al. (202) found EBV 
in 5.3% of oral leukoplakias and increased EBV positivity in dysplastic le-
sions. They propose three possible explanations: 
1. EBV infection may be involved in the carcinogenesis of oral squamous 

cell epithelium. 
2. EBV easily infects squamous cell carcinoma cells. 
3. EBV exists coincidentally in cancer cells with no  biological role.  

 
Cruz et al. (203) found 77.8% EBV positivity in premalignant lesions and 

increased EBV positivity in OSCC when compared with clinically normal 
oral mucosa. D'Costa et al. (204) detected EBV in 25 of 103 (25%) OSCC, 
13 of 100 (13%) oral lesions, 3 of 76 (4%) clinically normal mucosa samples 
and 10 of 141 (7%) peripheral blood cells (PBC).The results indicate the 
same trend as we see and that EBV may contribute as one of the multiple 
factors in oral cancers, in a certain proportion of Indian patients.   

The Swedish data presented in paper II is coherent with these earlier re-
ports whereas the data from Sudan in paper IV are contradictory. The preva-
lence of virus in brush biopsies from the normal mucosa was extremely high 
with lower values in the dysplastic lesions and even lower in OSCC patients. 
There was no significant difference with regard to toombak use or not. The 
results are interesting and further studies are necessary regarding the impor-
tance of EBV infection in OSCC. 

 

In the studies from Sudan and India, co-infection with two or three viruses 
and co-existence were observed. The highest prevalence was found in pa-
tients with normal mucosa who were infected with both EBV and HPV and 
to a lesser extent with HPV and HSV. Co-infection with all three viruses, 
HPV, EBV and HSV was also found but in less than 10% of these individu-
als. In the biopsies from India only co-infection with EBV and HSV was 
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seen. The most probable explanation for this co-infection is that it reflects 
the prevalence of the individual viruses but other mechanisms with pathoge-
netic importance can not be ruled out (205-206). A another  study by Tung et 
al. (207) reported the  co-existence of EBV and "high risk" HPV-16 or HPV-
18 infection and that this may be an important factor in the pathogenesis of 
nasopharyngeal carcinoma. In a study carried out in Lebanon, combined 
HPV+HSV-1 infection were associated with a greater risk of developing 
cervical carcinoma than infection with only one of these viruses  (208-209). 
Currently, the role of high-risk HPV and EBV co-infections in human oral 
cancers, particularly nasopharyngeal carcinomas, remain uncertain because 
of the limited number of investigations (207). 
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Summary 

Tobacco habits, alcohol consumption and virus infections are considered to 
be the main risk factors of oral cancer. Especially HR HPV is in focus as the 
major cause of the increase in oral cancer incidence in western countries.   

Based on a solid international network, potentially malignant as well as 
malignant specimens were collected from three different countries from 
three different continents, India (Asia), Sudan (Africa), and Sweden 
(Europe).  

India and Sudan have a high incidence of oral cancer ascribed the non 
smoked tobacco habits, betel quid chewing and the snuff dipping habit called 
toombak. The use of snuff is common in Sweden and snuff induced lesion do 
develop in to cancer.  

The most important part of this work is the opportunity to investigate 
three different populations, representing less privileged and privileged popu-
lations, exposed to three different types of non smoked tobacco habits. 

We developed a rapid and reliable protocol for DNA extraction to handle 
archival material or fresh paraffin imbedded specimens; both can be used in 
a wider outreach for oral health research. This eliminates some technical 
problems associated with handling of biopsies in connection with health 
research directed towards remote communities.  

In Sweden, we examined the possible etiological role of HPV, tobacco 
and alcohol in oral lesions but found no evidence that the oncogenic types of 
HPV16-18 together with tobacco/alcohol consumption take part in malignant 
cell transformation.  

An association between HPV infections and development of oral lesions 
was demonstrated but the pathogenic influence of HPV infection was not 
clarified.  

These data from Sweden constituted an important base for comparison of 
the possible role of viruses and tobacco in malignant cell transformation 
investigating samples from India and Sudan.  

Interesting we observed higher incidence of virus infection in potentially 
malignant than in malignant lesions, approximately 29 % in leukoplakias and 
lichen planus in Sweden, and in Sudan 40% of the toombak users and par-
ticularly high yields (91%) of HPV DNA in oral submucous fibrosis 
(OSMF) from India.   
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Notable is that we could neither in India nor in Sudan or Sweden, find any 
evidence that tobacco exposure and presence of virus DNA jointly increased 
the incidence of malignancies. 

In Sweden 13% were HPV positive of the most alcohol and tobacco ex-
posed cancer patients while in India and Sudan oral cancer patients with 
tobacco habits were infected in approximately 25%.  

We do not know the impact of these viruses for development of OSCC 
which has been suggested in previous studies based on serologic data. It has 
been suggested that tobacco chemicals may have an antiviral effect and it is 
possible that virus interact with other oncogenic factors in the development 
of OSCC. It might be speculated that the difference in composition of the 
tobacco products used and the practice of the habit is an important factor. 
Previous studies have also reported HPV prevalence rates in oral cancer 
varying from 0-100%  and  this broad variation in HPV detection rate may 
be explained by the different methods used for HPV detection (153, 210-
211). This emphasizes the importance of methodological development and 
the superior sensitivity of PCR based methods for virus detection. It is how-
ever important that the DNA quality is adequate and uniform when PCR 
technology is applied. With the presented method for DNA extraction varia-
tion can be minimized which increase the reliability of the presented preva-
lence data. 

The high prevalence of HPV DNA in India in OSMF also indicates that 
ethnicity may play a role alone or in combination with the betel quid habit 
that paws the rode for virus infection.  

It is not obvious that tobacco and viruses interact in the development of 
oral cancer. It might be two different pathways involved; development of 
malignancies induced by tobacco specific carcinogens in a classical multi-
step process and a virus induced transformation in the lymphatic tissues intra 
orally. 

One key issue to further study is the effect of tobacco mutagens on the vi-
rus propagation, and the effects on the regulating proteins controlling the 
process of morphologic transformation of the target tissue in the oral cavity. 
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Summary in Swedish  

Humant papillomvirus (HPV), Epstein-Barr virus (EBV) och Herpes virus 
typ1(HSV-1) i munhålan är orsaken till en hög morbiditet  över hela världen. 
Man tror att de flesta orala skivepitelcancrar utvecklas som en flerstegs pro-
cess genom kumulativa genetiska förändringar i munslemhinnans epitelcel-
ler. HPV, EBV och HSV DNA-integration i det humana genomet är sanno-
likt associerat med uttryck av onkogener och nedreglering av 
tumörsupressorgener i ett tidigt stadium av skivepitelcancer. En ökad inci-
dens av skivepitelcancer i en population orsakas till stor del av populationens 
tobaksvanor som är en känd riskfaktor. Olika typer av virus är sedan tidigare 
associerade med vissa typer av maligna tumörer. HPV´s, EBV´s och HSV´s 
carcinogena effekter i humant epitel är välkända sedan tidigare.  

Oral cancer är enligt WHO den 10:e vanligaste cancern i världen för men 
och den 14:e för både könen. Incidensen av oral cancer uppvisar en stor lo-
kal variation och ökar i vissa delar av världen. Flerstegsmodellen av carci-
nogenes är vida accepterad och innebär en stegvis förändring från premalig-
na lesioner till metastaserande cancer.  

Oral leukoplaki (OL), oral lichen planus (OLP) och oral submukös fibros 
(OSMF) anses vara precancerösa förändringar och är av särskilt intresse. 
Baserat på antagandet att virus och tobak orsakar malign celltransformation, 
inklusive oral cancer, undersökte vi virusprevalensen tillsammans med to-
baksexposition. Vi undersökte specifikt HPV, EBV, samt HSV-1 i patienter 
med förekommande tobaksbruk, på fr.a. icke rökande patienter. 

Vi tog vävnadsprover på patienter i två länder från olika kontinenter med 
dokumenterat hög incidens av oral cancer, Indien och Sudan. Dessa jämför-
des med vävnadsprover från Sverige som har en dokumenterat låg incidens 
av oral cancer. Varje region har sina egna, utöver rökning, unika tobaksva-
nor med dokumenterad cancereffekt. Dessa regioner har också områden med 
såväl låga som höga socioekonomiska levnadsförhållanden med sin förvän-
tade påverkan på sjukdomsutvecklingen. 

Den studerade populationen bestod av såväl tobaksanvändare som icke 
tobaksanvändare. Dessa bestod av patienter med oral skivepitelcancer (Indi-
en, Sudan och Sverige), OSMF (Indien), OLP (Sverige) och OL med och 
utan dysplasi, och snusinducerade lesioner (Sverige och Sudan). Vi utveck-
lade även en smidig metod för DNA-extraktion från gamla formalin-fixerade 
parafininbäddade biopsier. Detta gjorde att vi inte var begränsade till färska 
biopsier. Vi använde oss dessutom av s.k. ”brush biopsies” från Sudan. Vi-
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rusprevalensen undersöktes med PCR/DNA-sekvensering och Southern blot 
hybridisering.  

Vi fann att såväl HPV som EBV prevalensen var högst hos biopsierna 
från normal vävnad och att prevalensen minskar i dysplastiska och maligna 
lesioner. Det faktum att virusprevalensen minskar ju mer den neoplastiska 
utvecklingen fortskrider, kräver vidare studier. Dock var de svenska proven 
ett undantag där HPV prevalensen i oral cancer var högre än i frisk vävnad. 
Även skillnaden mellan HPV prevalensen i OSMF (91%) och oral cancer 
(24%) är slående och mekanismerna bakom detta bör utredas vidare.  
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