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SUMMARY

There is increasing interest in the relationship between bacteria and the
different stages of cancer development, yet the association of bacteria with cancer of
the oral cavity has yet to be adequately examined.

The main objective of this thesis was to characterise the bacteria present
within oral squamous cell carcinoma (OSCC) tissue by a combination of standard
culture and molecular techniques.

Portions of tissue were harvested at the time of surgery from deep within the
tumour mass using fresh blades for each cut. Whenever possible, “superficial”
portions from the mucosa overlying the tumour and non-tumourous control
specimens from at least 5 cm away from the primary tumour site were also obtained.
Twenty deep tissue specimens, 19 corresponding superficial tissues and 12 control
tissues were studied. Surface contamination was successfully eliminated by
immersion in Betadine® and washing with PBS.

Viable microorganisms were isolated by culturing aseptically macerated
specimens on non-selective media under both aerobic and anaerobic conditions.
Concurrently, PCR using Bacteria-specific universal primers was undertaken on
DNA extracted from the specimens. The products were singularised by TA cloning.
All isolates, cultivated and cloned, were identified to species-level by sequence
analysis of the 16S rRNA gene. Different species were detected by the culture and
the culture-independent techniques, highlighting the importance of a combined
approach. Both methods revealed the presence of a diversity of species within both
tumourous and non-tumourous tissue, including some putatively novel taxa.

Denaturing gradient gel electrophoresis (DGGE) of amplified 16S rRNA
gene fragments was used to generate profiles of the bacterial populations within
each tissue specimen. Differences in the banding patterns provided evidence that
the composition of the microflora is significantly different in OSCC than in non-
tumourous tissue.

The hypothesis that bacteria are present within OSCC tissue was further
supported by performing in situ hybridisation on sections from one of the specimens
with a fluorescently-labeled oligonucleotide probe, designed to bind to all Bacteria.

This work has demonstrated for the first time the existence of viable bacteria
within OSCC tumour tissue. A diversity of bacterial species was detected and a
degree of restriction in comparison to control sites demonstrated. The significance
of these bacteria within the tumour tissue warrants further study.
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INTRODUCTION



1.1 Oral Cancer

1.1.1 Incidence of Oral Cancer

Oral cancer is estimated to be the sixth most common malignant
neoplasm in the world (Sugerman et al, 1995; Zakrzewska, 1999). This
corresponds to 3 percent of cancers in males and 2 percent in females worldwide
(Kujan et al, 2005). It is particularly prevalent in developing countries, such as
on the Indian subcontinent where up to 30 — 40 percent of all malignancies are
located within the oral cavity (Cawson & Odell, 1998; Llewellyn ef al, 2001).

In the UK., approximately 1 — 4 percent of all malignancies are oral
cancers (Rodrigues ef al, 1998), representing around 2000 — 3500 new cases per
annum (Hindle et al., 2000; Llewellyn et al, 2001; Zakrzewska, 1999).

There is evidence that the incidence of cancer of the oral cavity is
increasing in many parts of the world, including the U.K. (Hindle et al., 2000;
Llewellyn et al., 2001; Macfarlane et al., 1996). Traditionally, oral cancer has
been a disease predominantly affecting men in their sixth or seventh decade
(Llewellyn et al, 2004). In young adults the disease remains relatively
uncommon, with only about 0.4 — 6 percent of cases occurring in patients under
45 years old worldwide (Annertz et al, 2002; Llewellyn et al, 2003; Mathew
Iype et al, 2004; Oliver et al, 2000). Whilst the highest incidence is still seen in
patients aged 50 years or over (Llewellyn et al, 2001), there is, however, strong
evidence that the incidence in the under 45 age group is on the increase
(Popovtzer et al, 2004; Shiboski et al, 2005). Also, in recent years, the

difference between male and female patient numbers has reduced dramatically,



and there has been a noteworthy increase in incidence in women under 45 years
old (Hyde & Hopper, 1999; Worrall, 1995).

Oral cancer has one of the lowest survival rates of all malignant
neoplasms, worldwide (Kujan et al, 2005). The five-year survival rate for oral
cancer is 65 percent of patients with tumours of the smallest clinical stage (T1),
and only 16 percent of those of T4 stage (Hyde & Hopper, 1999). Survival rates
also worsen with increasing age. For instance, for carcinoma of the tongue in
the U.S., a 10-year increase in the age of the patient was associated with an 18
percent increase in risk of death (Davidson et al, 2001). The average all-stage
survival is approximately 50 percent (Kujan et al, 2005), putting the disease on a
par with carcinoma of the cervix and malignant melanoma in terms of annual

mortality figures (Hyde & Hopper, 1999).

1.1.2 Presentation of Oral Cancer
Many different types of tumour or lesion, benign, premalignant or
malignant, can present in the oral cavity. Some of the key conditions associated

with oral cancer are described here in greater detail.

1.1.2.1 Premalignant lesions

Premalignant lesions are defined as any type of lesion in which the
incidence of malignant change is greater than in normal tissues (Dimitroulis &
Avery, 1998). It is thought that most malignancies in the oral cavity are
preceded by a visible change in the mucosa, normally presenting as red or white
patches (Mignogna et al, 2004b). One of the most important markers of

potential malignant change is the presence of epithelial dysplasia, the



histopathological description of epithelium in which features of cellular atypica
are present (Dimitroulis & Avery, 1998). Oral lesions with epithelial dysplasia
develop into carcinoma more often than those without (Reibel, 2003). Severe
dysplasia appears to signify at least double the risk of cancer compared to mild
dysplasia (Scully et al, 2003). However, not all oral cancers go through a
recognisable premalignant stage and not all premalignant lesions in the mouth
become malignant. Similarly, not all precursor lesions are associated with
epithelial dysplasia, and not all dysplasias will develop into malignancies
(Reibel, 2003; Zakrzewska, 1999).

The best-known precursor lesion is oral leukoplakia, a clinical term
describing a white patch with no obvious cause and which cannot be wiped off
(Auluck, 2004; Cawson, 1969; Neville & Day, 2002; Sapp et al, 1997; van der
Waal et al, 1997) (see Figure 1.1). The overall lifetime rate of malignant
transformation for such lesions is an estimated 4 — 6 percent, although this may
be higher at certain high-risk sites. For leukoplakias on the floor of the mouth,
when coupled with smoking and/or alcohol, the rate may be up to 40 percent
(Hyde & Hopper, 1999).

Erythroplakia is the clinical term describing predominantly red lesions
that cannot be characterised clinically or pathologically as being due to any other
| condition (Dimitroulis & Avery, 1998; Hyde & Hopper, 1999) (see Figure 1.2).
It is a relatively rare condition, with an estimated range of prevalence between
0.02 and 0.83 percent. Oral erythroplakia has a high rate of malignant

transformation, generally varying between 14 and 50 percent (Reichart &

Philipsen, 2005).



Figure 1.1 Oral leukoplakia

(A) Localised leukoplakia affecting the soft palate (reproduced from
Langlais & Miller, 1998), (B) Localised leukoplakia affecting the lower alveolar
ridge; (C) Extenstve leukoplakia affecting the ventral surface of the tongue and
the floor of the mouth (B — C reproduced from Lamey & Lewis, 1997).

A




Figure 1.2 Oral erythroplakia

(A) Mucosal “speckled” erythroplakia with a leukoplakic border; (B)
Erythroplakia involving the sublingual caruncle; (C) Erythroplakia affecting the
floor of the mouth, which was later found to be SCC (all images reproduced
from Langlais & Miller, 1998).

A




Figure 1.3  Other oral premalignant lesions

(A) Oral submucous fibrosis affecting the lip and soft palate, which has
produced an intense paleness; (B) Widespread oral lichen planus displaying
sharply defined white striae, which involves the buccal mucosa; (C) Oral lichen
planus affecting the dorsum of the tongue and displaying plaque-like lesions (All
images reproduced from Cawson et al, 1994).

A




Other existing pan-oral conditions that may confer an increased risk of
oral cancer development include oral submucous fibrosis and lichen planus.
Oral submucous fibrosis (OSF) (see Figure 1.3) is a progressive disease in which
the oral mucosa becomes gradually firmer, paler and stiffer, fibrous bands form
and mouth opening is reduced. In OSF, the epithelium is atrophic, with
dysplasia in 13 percent of cases. Atrophy and dysplasia are both signs of pre-
malignancy (Dimitroulis & Avery, 1998; Hyde & Hopper, 1999; Sapp et al,
1997).

Lichen planus is a relatively common, chronic inflammatory disease that
affects mucosal and cutaneous tissue (see Figure 1.3). Oral lichen planus (OLP)
is more prevalent than the cutaneous form, and is generally more persistent and
more resistant to treatment (Edwards & Kelsch, 2002). The cause of OLP is
unknown, as is the mechanism by which OLP in some patients develop into
OSCC (Rodstrém et al, 2004). The rate of malignant transformation is
approximately 0.5 — 2 percent over a 5-year period (Dimitroulis & Avery, 1998;

Larsson & Warfvinge, 2003).

1.1.2.2 Malignancies found in the oral cavity

Most types of malignant tumour that are found in and around the human
oral cavity are also found in other parts of the body (Dimitroulis & Avery,
1998). Melanomas (Gu et z;l, 2003), salivary gland carcinomas (Toida et al,
2005), and both soft- and hard-tissue sarcomas (Bennett et al, 2000; do
Nascimento Souza et al, 2005; Yamaguchi et al, 2004) are occasionally seen in
the oral cavity, but by far the most common oral malignancy is squamous cell

carcinoma arising from the oral mucosal membrane. Squamous cell carcinoma



(SCC) accounts for 90-95% of oral malignancies (Daley & Darling, 2003;
Johnson, 2001) and so, in the clinic and in the literature, the term ‘oral cancer’ is

often used synonymously with oral SCC (Dimitroulis & Avery, 1998).

1.1.2.3 Oral squamous cell carcinoma (OSCC)

Carcinoma can present anywhere within the oral cavity (see Figure 1.4).
However, the tongue is the most common site of OSCC with 25 — 40 percent of
all cases occurring there (Chen & Myers, 2001; Gorsky et al, 2004; Neville &
Day, 2002). Approximately 60 — 70 percent of cancers are found on the lateral
border of the tongue, the floor of the mouth or the mandibular alveolus. This
horseshoe-shaped area of the oral mucosa is at the greatest risk of cancer
development, theoretically because it can act as a sump in which carcinogens
can pool (Hyde & Hopper, 1999; Neville & Day, 2002; Sapp et al, 1997). As
well as in the oral cavity proper, SCCs can develop on the lip vermilion and the
oropharynx (Neville & Day, 2002).

Carcinomas appear similar to leukoplakias or erythroplakias in their
earliest stages, namely as painless red, speckled or white patches. This
similarity in appearance results from the processes of keratinisation and
epithelial atrophy and do not necessarily indicate that malignancy has developed
in a pre-existing lesion (Cawson & Odell, 1998). Generally, squamous cell
carcinoma can be characteﬁze;l as either exophytic, ulcerative or a combination
of both. Ulcerative lesions are generally more common than the exophytic type,

and can infiltrate the tissue deeply.



Figure 1.2  Oral squamous cell carcinoma

(A) Early SCC forming near the labial commissure; (B) Advanced
ulcerative SCC, in which bony involvement was evident radiographically (A — B
reproduced from Lamey & Lewis, 1997); (C) Ulcerative SCC affecting the lip;
(D) Ulcerative SCC involving the floor of the mouth (E) Ulcerative SCC of the
tongue (F) Exophytic SCC of the tongue (C — F reproduced from Langlais &
Miller, 1998).
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They can present as red or greyish ulcers with heaped up edges that rapidly
undergo central necrosis. Exophytic lesions are rarer, sloWer-growing and less
infiltrative. The appearance of exophytic tumours is often “frond-like” on the
surface, and‘the tissue is friable and bleeds easily (Chen & Myers, 2001; Hyde &
Hopper, 1999).

SCC is diagnosed by the histopathological examination of a
representative biopsy of the cancerous tissue. In all SCCs, invasion into the
underlying connective tissue is apparent. There is also an inherent risk that the
malignant cells will erode the lymphatic and blood vessel walls and be
transported to distant sites. This potential to metastasise is correlated with the
histological variation or degree of differentiation of the tumour. Tumours
containing comparatively normal, mature-looking cells and considerable
amounts of keratin are described as being well-differentiated. Moderately-
differentiated tumours produce little or no keratin yet still contain cells that are
recognisable as being stratified squamous. Poorly differentiated SCCs produce
no keratin and bear little resemblance to normal stratified squamous epithelium.
The less differentiated the tumour, the more cellular abnormalities are present,
and the greater the lack of normal architectural patterns. The degree of
differentiation seems to be an important factor in determining the growth rate of
the tumour and, generally, pqorly differentiated carcinomas will infiltrate more
widely and at an earlier stage, are more likely to metastasise, and carry a poorer
prognosis (Cawson & Odell, 1998; Dimitroulis & Avery, 1998; Sapp er al,

1997).

11



Clinically, OSCC are described using the TNM staging system (see
Table 1.1), which takes into account the staging of the prirhary tumour (T), the
neck and condition of the lymph nodes (N), and an assessment for distant
metastases (M). However, this system does not take into account the depth of
invasion of the primary tumour and so is not always a suitable indicator of the
prognosis for individual patients. Nevertheless, TNM classification remains the
standard method of describing cancers and comparing the outcomes after

treatment (Patel et al, 2003).

1.1.2.4 Tumour biology

Oral tumours, as with tumours found elsewhere in the human body, are a
mass of clonogenic cells and supporting tissues such as connective tissues, blood
vessels and nerves (Dimitroulis & Avery, 1998). Most known tumours,
including human oral tumours, have a hypoxic and acidic microenvironment
(Raghunand et al, 2003; Svastova et al, 2004). In head and neck squamous cell
carcinomas, in vitro and in vivo, the expression of transcription factors such as
VEGF and HIF-1o is increased under such hypoxic conditions, stimulating
angiogenesis and promoting the development of solid tumours (Kyzas et al,
2005; Mohamed et al, 2004).

The tumour is typically surrounded by an abnormal stroma composed of
fibroblast, vascular and local immune cells (Lewis et al, 2004; Mignogna et al,
2004a; Reichert et al, 2002). Cytokines and growth factors surround the
neoplasia, influencing gene expression and the growth, death and differentiation

of the cells. The cellular and protein milieu constituting a local tumour
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Table 1.1

Clinical staging used in TNM classification of OSCC tumours

The clinical stagings used for the TNM classification of squamous cell
carcinoma in the oral cavity. Tumours are assessed according to the staging of
the primary tumour and the presence or absence of metastases. The information
below is reproduced from Patel et al (2003).

Primary tumour (T)
TX Primary tumour cannot be assessed
TO No evidence of primary tumour
Tis Carcinoma in situ
Tl Tumour 2 cm or less in greatest dimension
T2 Tumour more than 2 cm but not more than 4 cm in greatest dimension
T3 Tumour more than 4 cm in greatest dimension
T4 (lip) Tumour invades adjacent structures, e.g. through cortical bone, inferior alveolar
nerve, floor of mouth, skin of face
T4 (oral cavity) Tumour invades adjacent structures, e.g. through cortical bone, into deep
(extrinsic) muscle of tongue, maxillary sinus, skin.
Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension
N2a Metastasis in a single ipsilateral lymph node more than 3 cm but not more than 6
cm in greatest dimension
N2b Metastasis in multiple ipsilateral lymph nodes, none more than 6 ¢m in greatest
dimension
N2c Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in
greatest dimension
N3 Metastasis in a lymph node more than 6 cm in greatest dimension
Distant metastases (M)
MX Presence of distant metastases cannot be assessed
MO No distant metastases
Ml Distant metastases

Stage grouping of oral cancer

Stage I
Stage 11
Stage I

Stage IV

TINOMO
T2NOMO

T3INOMO
T3NIMO
T1-3N2MO0

Any T, N3, MO
Any T, Any N, M1
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microenvironment actively affects oral cavity tumour progression and the

process of carcinogenesis (Knezevic et al, 2001; Mignogna et al, 2004a).

1.1.3 Actiology of Oral Cancer

Oral cancer is a multifactorial disease where no single clearly
recognisable cause has been found (Dimitroulis & Avery, 1998). Although
several social habits and conditions have been associated with an increased risk
of developing oral cancer, the precise role of any of the individual risk factors
remains poorly understood. The major clinical risk factors are described here in

further detail.

1.1.3.1 Tobacco

Tobacco use is the leading preventable cause of premature death
worldwide (Warnakulasuriya et al, 2005). The predominant form of tobacco use
in the West is smoking, either as factory-made cigarettes or as loose tobacco in
pipes or hand-made cigarettes. Smoking is estimated to be the cause of 40 — 45
percent of all cancer deaths in industrialised countries, and 85 percent of oral
cancer deaths (Johnson, 2001). However, a great deal of the world’s tobacco is
consumed without combus;ion, and all forms of tobacco use represent risk
factors for oral cancer, not just smoking (Sham et al, 2003). There are two main
types of smokeless tobacco, namely chewing tobacco and nasal snuff. In these
cases, rather than via inhalation, the tobacco products are placed in the oral or
nasal cavity where nicotine can be absorbed through the mucous membranes to

obtain the pharmacological effect (Warnakulasuriya, 2004).
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Over 300 carcinogenic chemicals have been identified in tobacco smoke
or in the water-soluble components that will leach into saliva (Johnson, 2001).
These carcinogens include metals and metal compounds, radio-isotopes, N-
nitrosamines‘, aromatic amines, aldehydes, phenolic compounds, volatile
hydrocarbons, and polynuclear aromatic hydrocarbons (PAH), which are contact
carcinogens. PAHs include benzo-(a)pyrene, a powerful carcinogen which is
metabolised by P450 isoenzymes, creating derivatives that can react with DNA
to form adducts and initiate carcinogenesis.

Following the first exposure to tobacco, a delay of several decades is
usually apparent before oral malignancies develop. Genetic polymorphisms may
explain why some people are seemingly more susceptible to the carcinogenic

effects of tobacco than others (Warnakulasuriya et al, 2005).

1.1.3.2 Alcohol consumption

Alcohol has long since been considered an important risk factor for oral
cancer, despite the fact that, when examined in both animal studies and in vitro,
pure ethanol shows no carcinogenic effects (Dimitroulis & Avery, 1998;
Homann et al, 1997). Nevertheless, there is evidence that all forms of alcoholic
drink are hazardous if heavily consumed, which would seem to suggest that it is
the ethanol itself that is the aetiological factor (Johnson, 2001). The precise
mechanism by which alcohoi contributes to carcinogenesis remains unknown
and its specific effects are difficult to see epidemiologically as most heavy
drinkers are also tobacco users. It has been observed, however, that alcohol has
a synergistic effect with tobacco and increases the risk of oral SCC super-

multicatively (Hindle et al, 2000; Johnson, 2001; Lissowska et al, 2003). The
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risk for smokers who are heavy drinkers is 6 to 15 times greater than that for
non-smokers and non-drinkers (Reichart, 2001).

Several possible mechanisms have been suggested. For example, chronic
consumption of alcohol may increase the permeability of the epithelium for
tobacco-derived carcinogens (Ogden, 2005; Poschl & Seitz, 2004). In an in vitro
model, short-term exposure to 15 percent ethanol appeared to increase the
permeability of the oral mucosa to tritiated water and also facilitated the passage
of larger molecules such as albumin (Howie et al, 2001).

While ethanol is not itself carcinogenic, acetaldehyde, the first metabolite
of ethanol, is carcinogenic in both animal models and in vitro. Acetaldehyde has
been shown to produce mutagenic effects, such as DNA adducts, DNA cross-
linking, aneuploidy, or chromosomal aberrations (Homann et al, 1997; Pdschl &
Seitz, 2004). In humans, ethanol is converted to acetaldehyde by the enzymatic
action of alcohol dehydrogenase (ADH) and eliminated by aldehyde
dehydrogenase (ALDH). Further evidence of the role of acetaldehyde as the
agent of alcohol-related carcinogenesis comes from studies of genetic
polymorphisms. For instance, individuals carrying a heterozygous mutation of
the gene encoding ALDH2 are at an increased risk of developing mucosal
lesions and cancer of the upper aerodigestive tract (Muto et al, 2002; Péschl &

Seitz, 2004).

1.1.3.3 Areca nut in betel vine

The areca nut seed is used as the basic ingredient of several chewing
products, used by approximately 200 — 400 million people throughout the world,

especially in the Indo-Asian and Chinese populations (Warnakulasuriya, 2002).
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Areca nut is often wrapped with tobacco in the leaf of the betel vine to form a
quid for chewing. Slaked lime is also an ingredient in these betel quids, and is
included to enhance the pharmacological effects by lowering the pH and
accelerating the release of alkaloids from both the nut and the tobacco (Johnson,
2001).

That areca nut is most often chewed simultaneously with tobacco has
complicated many studies to specifically see if betel quid chewing is an
independent risk factor for oral cancer. Some evidence exists, however, to
suggest that areca nut is separately correlated with an increased risk. Areca nut
use has been positively associated with the development of precursor lesions
such as oral submucous fibrosis, leukoplakia and verrucous lesions (Jacob et al,

2004; Shiu & Chen, 2004; Yang et al, 2005).

1.1.3.4 Viruses

Human papillomavirus (HPV) has been shown to be an important
aetiological factor in cervical carcinogenesis (Motoyama et al, 2004), but its
possible role in cancer of the oral cavity is still just hypothetical. DNA from the
high-risk HPV types 16 and 18 has been detected in oral carcinomas and
potentially malignant oral lesions, although its prevalence in such tissues varies
considerably between reports (Giovannelli et al, 2002; Ha et al, 2002; Ha &
Califano, 2004; Miller et al, 1\994). The finding that oral keratinocytes can be
immortalised with HPVs in vitro supports this circumstantial evidence of an
association (Oda et al, 1996). However, the same HPVs have been found in
normal oral mucosae and there is only slight evidence of HPV DNA being

integrated into the host genome and of oncogene expression in OSCC. It has
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been suggested, therefore, that HPVs contribute to only a small subset of oral
cancers at most, and that they possibly only act in synergy with other
carcinogens, such as alcohol, tobacco and betel quid (Ha & Califano, 2004;

Sugerman & Shillitoe, 1997).

1.1.3.5 Fungal infections

Species of Candida are members of the oral microflora and are generally
regarded as being commensals. However, they are capable of causing a range of
opportunistic infections, referred to as candidoses, which are especially
important in elderly, debilitated or immuno-compromised patients (Williams et
al, 2001). Infection with Candida has been associated with malignant
development in the oral cavity ever since it was found to cause candidal oral
leukoplakias (Cawson, 1969; Sitheeque & Samaranayake, 2003) and correlate
with oral epithelial dysplasia (McCullough et al, 2002). Candidal leukoplakia
was observed in rats when their tongues were artificially inoculated with
Candida. Long-term infection of the rat tongue resulted in hyperplasia and
dysplasia of the epithelium (Sitheeque & Samaranayake, 2003). That epithelial
dysplasia can improve following elimination of Candida from infected tissue
also supports the idea of a causal link (Williams et al, 2001).

Candida-infected leukoplakias appear to have a higher rate of malignant
transformation than other typés (Reibel, 2003). Chronic hyperplastic candidosis,
a form of candidosis characterised by hyphal invasion of the oral epithelium, is
estimated to develop into a neoplasm in up to 10 percent of cases (Bartie et al,
2004). The exact role of Candida in malignant change is uncertain. However,

nitrosamine compounds produced by Candida species may directly, or in concert
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with other carcinogens, activate specific proto-oncogenes and thus initiate the
development of a malignant lesion. N-nitroso-benzylmethylamine (NBMA) is a
compound able to induce carcinoma of the oesophagus and the oral cavity in the
rat (Fong et al, 1986). When strains of Candida were isolated from leukoplakia
lesions and from normal mucosa, and then assessed for nitrosation potential,
those with a relatively high potential for producing NBMA from salivary
precursor molecules were comparatively more frequently isolated from lesions

with more advanced precancerous changes (Krogh, 1990).

1.1.3.6 Intrinsic factors

Inherited genetic factors can increase people’s susceptibilities to the
effects of various chemical carcinogens. For instance, as mentioned previously,
heterogeneity in the gene for ALDH appears to make a person more vulnerable
to carcinogenic alcohol metabolites (Muto et al, 2002; P6éschl & Seitz, 2004).
Recent studies have looked at genetic polymorphisms of specific carcinogen-
metabolising enzymes (Chen & Myers, 2001). For example, enzymes in the
cytochrome P450 (CYP) superfamily catalyse the oxidative metabolism of most
endogenous and exogenous chemicals (Liu et al, 2005). Similarly, glutathione
S-transferase (GST) enzymes are responsible for the detoxification of several
metabolic intermediates, such as those that arise from the metabolism of tobacco
carcinogens. Genetic polymofphisms in the gene encoding these enzymes, such
as the CYP1A1 and GSTM1-null genotypes, may predispose the lung and oral
cavity of smokers to an even higher risk of DNA damage or carcinogenesis

(Drummond et al, 2005; Liu et al, 2005; Sham et al, 2003; Sikdar et al, 2004).
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1.1.3.7 Diet

The protective role against cancer of a healthy diet has been well-
documented. Eating fruit, vegetables and fibre-rich food have all been shown to
reduce the risk of developing cancers of the upper aerodigestive tract, including
oral cancer (Rajkumar et al, 2003). Among fruit and vegetables the strongest
protection seems to come from citrus fruits and tomatoes. More specifically,
protection seems to come from antioxidants, such as vitamins A, C and E, which
can scavenge the free radicals that could potentially damage cells (Calhoun et al,
1989; Lissowska et al, 2003; McLaughlin et al, 1988; Reichart, 2001).

The relationship between oral cancer and diets high in meat, either fresh
or processed, is unclear. There is conflicting evidence from various studies,
some showing a positive association (Rajkumar et al, 2003), and others showing

an apparently protective effect (Lissowska et al, 2003).

1.1.3.8 Poor oral hygiene

Clinicians have long noticed an association between poor oral hygiene,
poor dental status and oral cancer. Unfortunately, hard evidence of a correlation
is difficult to come by as issues of socio-economic background, tobacco use,
alcohol consumption, nutrition and other associates of cancer risk usually
confound these factors (Johnson, 2001). Nevertheless, a few epidemiological
studies have suggested that the number of teeth lost was an indicator of
increased oral cancer risk (Lissowska et al, 2003). Furthermore, a lower risk
was associated with increased teeth brushing and greater frequency of dental
check-ups (Lissowska et al, 2003; Moreno-L6pez, 2000; Velly er al, 1998).

Additionally, at least one preliminary study has suggested an association
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between periodontal disease and the presence of precancerous and neoplastic
oral lesions. In an analysis of 13,798 subjects aged 20 years and older, clinical
attachment loss was measured as a representation of the severity of periodontal
disease and éompared against three separate variables: the presence or absence
of either a tumour, a precancerous lesion or another soft-tissue lesion in the oral
cavity. Descriptive statistics suggested associations between periodontal disease

and the risk for precancerous lesions and tumours (Tezal et al, 2005).

1.1.4 Carcinogenesis in the Oral Cavity

Research into the precise mechanisms that comprise the pathogenesis of
OSCC suggests that cancer results from genetic damage, presumably caused by
exogenous carcinogens. Damage to the DNA can lead to mutation, which can
bring about a loss of function or aberrant expression of oncogenes and tumour-
suppressor genes. An accumulation of dysregulated tumour-suppressor genes
may release a stem cell from the normal cell cycle, allowing it to proliferate and
prevent it from being killed by programmed cell death (Sugerman et al, 1995;
Williams et al, 2000). Important tumour-suppressor genes linked to oral
tumourigenesis include p53, pI6 or cyclin dependent kinase inhibitor 2/multiple
tumour suppressor gene 1 (CDKN2/MTSI), fas, and the retinoblastoma (Rb)
tumour suppressor gene (Nakahara et al, 2000; Pande et al, 1998; Tsai et al,
2001; Williams, 2000; Xu et al, 1998). For example, the reduced expression of
fas seems to inhibit apoptosis of a malignant cell (Sugerman et al, 1995), while
the deactivation of Rb seems to contribute to the hyperproliferation of oral
keratinocytes (Niwa et al, 2001). Patholdgically, the overexpression of p33 in

oral carcinoma, particularly in combination with high proliferative activity,

21



appears to be an important indicator of poor prognosis (Girod et al, 1998;
Nylander et al, 2000). In the majority of cases where p53 is overexpressed the
gene contains a mutation that seemingly causes a loss of function of the P53
protein, a]tering its ability to effect apoptosis (Whyte et al, 2002).

Other key markers of oral carcinogenesis include the up-regulation of
genes associated with inflammatory mediators such as cyclooxygenase (COX)-2
and tumour necrosis factor (TNF)-0, which is mediated at the molecular level
through the activation of nuclear factor (NF)-kB (Fujiki et al, 2004; Wang,

2005).

1.1.S Management Strategies for Patients with Oral Cancer

Patients with oral cancer require treatment from experienced physicians
familiar with the ablative, reconstructive and rehabilitative principles intimately
associated with the disease. Modern management places the onus on surgical
skills, which embrace both tumour excision and functional reconstruction.
Adjunctive radiotherapy is commonly required. In some cases it acts as the
primary treatment. The rehabilitation of the patients involves a number of
different specialties including cancer specialty nurses, dieticians, speech
therapists, palliative physicians, physiologists, and care from family members as
well as the primary medical and nursing teams in the hospital environment
(Hyde & Hopper, 1999; Spencer et al, 2002). All this puts a heavy financial
burden upon health authorities. However, there is a growing collection of
evidence that these modern techniques have irﬁproved the quality of life
experiences of those patients undergoing such treatment (Hammerlid & Taft,

2001; Hassanein et al., 2001; Rogers et al., 2001).
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1.2 Bacteria and Cancer

1.2.1 The Presence of Bacteria Within Human Tumours

The bresence of bacteria in human tumours has been recognised for more
than 70 years. Since 1931, there have been countless reports of large numbers of
viable bacteria having been found in various types of malignant tumour excised
from patients (Broxmeyer, 2004; Cantwell & Kelso, 1981; Wainwright, 1999).
More recently, using bacteria labelled with light-emitting proteins, several
species have been shown to successfully survive and propagate within solid
tumours in animal models (Yu et al, 2004). Strains of Escherichia coli, Listeria
monocytogenes, Salmonella typhimurium, and Vibrio cholerae were all
intravenously injected into live mice and seen, in real time, to enter the tumour
tissues and replicate within them. Furthermore, the survival of the bacteria was
site-specific; despite the bacteria becoming well-distributed throughout the
animals in the first few minutes following injection, within less than a week the
labelled bacteria were replicating only inside the tumour tissue. Such selectivity
was presumably because any bacteria were effectively shielded from the host
immune system while within the solid tumour (Yu et al, 2004). It has been
suggested that this “tumour-finding” ability of the bacteria may offer new
methods to detect cancer and to deliver gene therapy treatments specifically to
tumour locations (Lemmon et él, 1997; Yu et al, 2004).

The possible significances of bacteria living within malignant or
premalignant tumours are unclear. Nevertheless, it is of interest to know what
microorganisms are carried by cancer patients as the possibility of infection is an

important consideration. Patients undergoing treatment for cancer often have
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impaired cellular immunity and so are particularly vulnerable to opportunistic
infections, including septicaemia, pulmonary infection and infection of the
central nervous system (Klastersky & Aoun, 2004).

More recently, bacteria have been implicated as having possible roles in
different aspects of cancer development. If bacteria are suspected of being
capable of causing cancer, then it is surely necessary to identify those species

that can be found within tumours.

1.2.2 The Role of Bacteria in the Development of Cancer

Carcinogenesis is a multi-step process (Lax & Thomas, 2002; Warren et
al, 1993) and hence there are many stages at which the development of cancer
can be promoted or inhibited. Considerable evidence exists to suggest that there
are several species of bacteria capable of encouraging the initiation, promotion
or progression of human malignancies. Some examples of how bacteria may be

associated with carcinogenesis in humans are described below.

1.2.2.1 Epidemiology of bacterial infections and cancer

Much of the evidence linking specific species of bacteria to
carcinogenesis is epidemiological in nature. Perhaps the most famous example
is that of the common pathogenic bacterium Helicobacter pylori and its
association with gastric cancer\. Gastric cancer arises when the normal mucosa
develops into gastritis, which can then lead to atrophy, intestinal metaplasia,
dysplasia, and adenocarcinoma. Infection with H. pylori was found to correlate
with the incidence of gastritis, indicating its involvement in the initiation and

promotion of gastric adenocarcinoma in a subset of patients. This hypothesis
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was subsequently supported by numerous clinical and animal studies and, in
1994, H. pylori became the first species of bacteria to be recognised by the
World Health Organization International Agency for Research on Cancer
(IARC) as a definite cause of cancer in humans (Bjérkholm et al, 2003; Peek &
Blaser, 2002).

Since then an increasing number of possible associations between
different types of bacteria and cancer have been reported. For instance, a prior
cervical infection with Chlamydia trachomatis has been associated with an
increased risk for the development of invasive cervical cancer (Wallin et al,
2002). Chlamydophila (formerly Chlamydia) pneumoniae infections have been
linked with both malignant lymphoma and male lung cancer patients (Anttila et
al, 1998; Kocazeybek, 2003). Patients with Streptococcus bovis-caused
infectious endocarditis seemingly have a greater risk of developing colonic
carcinoma (Ellmerich et al, 2000; Waisberg & Matheus, 2002). In addition,
there is a significantly increased risk of developing carcinoma of the gallbladder

in patients infected with Salmonella typhi (Dutta et al, 2000; Shukla et al, 2000).

1.2.2.2 Infection, inflammation and carcinogenesis

A critical discovery from recent molecular investigations into
carcinogenesis has been the importance of inflammation to the entire process.
The inflammatory microenvir(;nment surrounding the tumour is now known to
actively participate in the induction, selection and expansion of neoplastic cells
(Mignogna et al, 2004a). These findings have led to a better understanding of
the observed links between several chronic inflammatory disorders and the

development of cancer. At the clinical level several such associations have been
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known for a long time. For example, inflammation appears to increase the risk
of cancer at many different body sites, including the pancreas (Whitcomb,
2004), stomach (Zavros et al, 2004), colon (Itzkowitz & Yio, 2004), liver
(Rogers & Fox, 2004), bladder (Rosin et al, 1994), prostate (Palapattu et al,
2004) and ovaries (Ness & Cottreau, 1999). Epithelial inflammation is also a
factor in oral carcinogenesis, and it is thought that inflammation is the
mechanism that links the use of smokeless tobacco products and areca nut
extract to an increased risk of cancer (Jeng ef al, 2003; Vishwanatha et al, 2003).

Inflammation can have several effects on cancer. Acute inflammation
has been said to counteract cancer, while, on the other hand, chronic
inflammation has been seen to promote cancer development (Philip et al, 2004).
Whereas acute inflammation is characterised mainly by vascular changes,
chronic inflammation is recognised as a process of tissue repair and destruction
and by the damaged tissue becoming infused with mononuclear cells such as
lymphocytes, plasma cells and macrophages. Chronic inflammation is often as
such from the outset, but may also develop from an acute inflammatory response
if the causal agent persists. Any persistent stimulus of the immune system,
including chemical irritants such as asbestos and silica or an infection by a viral
or bacterial pathogen, is capable of causing chronic inflammation that can often
last for years (Christen et al, 1999; Macarthur et al, 2004).

Once activated, macrobhages release into the vicinity of the inflamed
tissue a great number of bioactive molecules, which form part of the body’s
defence against injury and invasion. Such inflammatory mediators include
enzymes, complement proteins, coagulation factors, growth factors, cytokines,

reactive metabolites of oxygen and nitric oxide. In the short term these mediator
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macromolecules and oxidants offer protection by destroying invading pathogens,
but their continuing presence can also be harmful to the host. Cytokines and
growth factors can have the knock-on effects of inhibiting apoptosis and
enhancing cell proliferation, both of which, can promote mutation and
carcinogenesis (see section 1.2.2.3) (Christen et al, 1999; Coussens & Werb,
2002; Macarthur et al, 2004).

Reactive oxygen metabolism is an important aspect of inflammation-
related carcinogenesis. The activation of phagocytes results in the induction of
key enzymes such as NADPH oxidase and nitric oxide synthase (NOS), which
then catalyse the production of large amounts of oxygen metabolites, including
superoxide radicals (O;”), hydrogen peroxide (H,O,) and nitric oxide (NO)
(Conner & Grisham, 1996; Maeda & Akaike, 1998; Ohshima et al, 2003). Such
reactive molecules can cause damage to a number of biological macromolecules,
for instance DNA-strand breakage, alteration of the structure of lipids and the
nitration of proteins and nucleotides. Damage on this level is not only cytotoxic
but can cause DNA mutation, and can potentially turn a benign tumour into a
malignant one (Okada, 2002). Accumulation of such mutations can promote the
development of invasive tumours and carcinogenesis, especially if the DNA
damage affects key oncogenes such as the p53 tumour suppressor gene or the
endogenous DNA repair systems (Christen et al, 1999; Itzkowitz & Yio, 2004;
Jaiswal et al, 2001; Maeda & ;Akaike, 1998). Reactive oxygen metabolites also
appear to upregulate the production of pro-inflammatory enzymes and cytokines,
thereby promoting a cycle of inflammatory mediators and amplifying the

inflammation response (Conner & Grisham, 1996).
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One of the most prominent mediators of inflammation is the
cyclooxygenase pathway. Cyclooxygenase is a rate-limiting enzyme in the
biosynthesis of prostaglandins and thromboxanes, a reaction that also generates
reactive oxygen species. Prostaglandins are important for the initiation,
promotion and progression of carcinogenesis, and can also suppress the immune
action responsible for killing the malignant cancer cells (Jeng et al, 2003). In
humans it is found in two isoforms, namely COX-1 and COX-2. Whereas the
gene for COX-1 is expressed ubiquitously, COX-2 is normally undetectable in
most tissues but is inducible by a variety of stimuli including mitogens, growth
factors and cytokines (Hussain et al, 2003; Pathak et al, 2005). COX-2 is up-
regulated in inflamed tissues (Morton & Dongari-Bagtzoglou, 2001) and also in
most cancers of the body sites (Hussain et al, 2003). Increased expression of
COX-2 is also observed in cancer and premalignant lesions of the oral cavity
(Wang, 2005). Recent studies have demonstrated that overexpression of COX-2
is sufficient to induce breast tumours in transgenic mice, providing more
evidence that inflammation can act as a promoter of cancer development (Liu et
al, 2001).

Further evidence of the significance of inflammation during the
progression of carcinogenesis comes from the observation that the use of anti-
inflammatory drugs can reduce the likelihood of developing cancer. For
instance, long-term use of aspirin and nonsteroidal anti-inflammatory drugs
(NSAIDs) appears to reduce the risk of colon cancer by 40-50% (Coussens &
Werb, 2002). NSAIDs and other inhibitors of cyclooxygenase provide a

possible opportunity for anti-cancer therapy (Evans & Kargman, 2004).
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Recent estimates indicate that inflammation related to chronic infection
is responsible for 21% of new cancers in the developing world and 9% in the
developed world (Christen et al, 1999). This figure includes infection with
viruses, e.g.~ hepatitis B and C viruses causing liver cancer (Rogers & Fox,
2004), and parasitic infection by organisms like schistosomes or liver flukes
(Christen et al, 1999), as well as bacterial infection such as is seen in
Helicobacter pylori-related gastric cancer.

The most recent research indicates that it is the mechanisms of chronic
inflammation that are responsible for the observed link between H. pylori and
carcinogenesis. Infections with H. pylori, especially with strains positive for the
cagA virulence factor, predictably cause an inflammatory response, which
includes the induction of COX-2 expression (Sun et al, 2004) and the invasion
of the local tissue by neutrophils and phagocytes, accompanied by the
production of proinflammatory cytokines (Bjorkholm et al, 2003; Peek &
Blaser, 2002). Peptides from H. pylori have also been shown to induce the
activation of NADPH oxidase and produce oxygen radicals (Betten et al, 2001).

Other bacteria can also cause inflammation in the stomach and so may
also play a role in gastric carcinogenesis. Infection of the stomach with
Acinetobacter Ilwoffi, for example, can also result in chronic gastritis
independently of H. pylori (Rathinavelu et al, 2003).

Several other associations between certain bacteria and cancers are based
on inflammatory mechanisms. For instance, it has been suggested that
Propionibacterium acnes infection may possibly be linked with the development
of prostate cancer. Propionibacterium acnes was positively associated with a

higher degree of prostatic inflammation, a condition which has in turn been
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implicated with carcinogenesis (Cohen et al, 2005). Propionibacterium acnes is
known to stimulate the production of inflammatory mediators (Graham et al,
2004; Nagy et al, 2005).

The induction of inflammation may also explain the observed links
between infections with Chlamydophila pneumoniae and Streptococcus bovis
and an increased risk of lung and colon cancer, respectively. Chlamydophila
pneumoniae can infect human lung epithelial cells and induce the expression of
pro-inflammatory cytokines, including IL-8, IFN-y and TNF-o (Yang et al,
2003). Similarly, Str. bovis releases proteins that are able to stimulate intestinal
cells to produce inflammatory mediators such as IL-8 and PGE,. This has also
been seen to promote the progression of preneoplastic lesions in the colonic
mucosa of rats (Ellmerich et al, 2000; Biarc et al, 2004).

The multitudes of bacteria that reside in the human oral cavity do so
without necessarily causing inflammation. However, as our knowledge of
periodontal disease shows, given the correct circumstances some species of oral
bacteria can initiate inflammation in their host (Delima et al, 2002; Tlaskalova-
Hogenova et al, 2004). For example, Porphyromonas gingivalis can induce
COX-2 expression (Kuramitsu et al, 2002) and bring about an increased
production of proinflammatory mediators such as tumour necrosis factor alpha
and cytokines including interleukins 6, 8 and 1B (Andrian et al, 2004).
Likewise, the periodontopathic species Eikenella corrodens is able to stimulate
human oral epithelial cells to produce various mediators including interleukins 6
and 8, and prostaglandin E2, seemingly via the secretion of soluble proteins
(Yumoto et al, 2001). In addition, periodontitis patients testing positive for

salivary Streptococcus anginosus also exhibit significantly higher levels of 8-
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hydroxy-deoxyguanosine (8-OHdG). 8-OHdG is a product of oxidative DNA
damage, arising from photodynamic action or the actions of singlet oxygen or
hydroxyl radicals, and is a commonly used marker for evaluating inflammation
and oxidati\;e damage. Increases in 8-OHdG levels have previously been

associated with human pre-malignant lesions and cancerous tissues (Sugano et

al, 2003).

1.2.2.3 Cellular microbiology and cancer

The relatively-new discipline of cellular microbiology focuses on the
myriad of interactions between bacteria and the cells of their host. It is these
interactions, or disruptions of the normal two-way communications, that can
cause bacterial diseases (Henderson, 2002). Several species of bacteria been
discovered to directly interfere with eukaryotic cellular signalling in a way that
is characteristic of tumour promoters (Lax & Thomas, 2002). Examples of these

are discussed in more detail below.

1.2.23.1 Increased proliferation of eukaryotic cells

Cellular proliferation has a pivotal role in carcinogenesis. Mutations in
DNA regularly arise from exposure to exogenous or endogenous mutagens.
Hyperproliferation simultaneously reduces the time available to repair any of
these mutations and also increases the risk of spontaneous mutation due to errors
in DNA replication. The likelihood that mutations get transmitted into the next
generation is thereby significantly increased (Butterworth & Goldsworthy,

1991).
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Several, phylogenetically unrelated species of bacteria are known to
increase the proliferation of eukaryotic cells, directly via the secretion of
virulence factors. For instance, Pasteurella multocida, a commensal of the
digestive an;i respiratory tracts of many warm-blooded animals, releases a
protein referred to as PMT (Pasteurella multocida toxin). This toxin shows a
high degree of homology to proteins secreted by other species of bacteria such as
the cytotoxic necrotising factor (CNF) from Escherichia coli (Pullinger et al,
2001). PMT has been described as the most potent eukaryotic mitogen ever
reported (Henderson et al, 1998). It is the main virulence factor in the porcine
disease atrophic rhinitis and can induce the proliferation of quiescent cells at
picomolar concentrations. Human growth factors, such as platelet derived
growth factor (PDGF), require more than 300 times the concentration of PMT to
achieve the same level of effect (Lax & Grigoriadis, 2001). In addition, PMT
displays anti-apoptotic action (see section 1.2.2.3.2).

Bartonella henselae, formerly known as Rochalimaea henselae, is a
Gram-negative rod responsible for zoonotic infections in animals as well as
humans. Bartonella species are more famous in humans as the cbause of cat-
scratch fever and can induce the proliferation and migration of vascular
endothelial cells via the release of soluble protein factors. As a result large
vasoproliferative tumours, termed bacillary angiomatosis, develop (Dehio, 1999;
Maeno et al, 1999).

It is thought that one of the mechanisms by which Helicobacter pylori is
able to cause. gastric cancer is by over-stimulating the proliferation of the gastric

epithelium. This pathogen induces its host to over-produce gastrin, a hormone
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which increases epithelial cell propagation, promoting tumourigenesis (Peek &
Blaser, 2002).

As well as Helicobacter pylori colonisation, several other bacterial
infections aré known to cause hyperplasia in the gastrointestinal epithelium of
mammals. Lawsonia intracellularis is the causative agent of proliferative
enteropathy, prevalent in pigs, and has been implicated in the aetiology of
ulcerative colitis in humans (McCluskey et al, 2002). Citrobacter rodentium is a
naturally occurring pathogen of laboratory rats and has been shown to be
capable of inducing the proliferation and promotion of colonic adenomas
initiated by chemical carcinogens in epithelial cell populations. Although not
itself a pathogen of humans C. rodentium has a hyperproliferative effect similar
to that seen in human inflammatory bowel diseases, which are known to lead to
a higher risk of colorectal cancer (Higgins et al, 1999; Luperchio & Schauer,
2001; Newman et al, 2001). However, unlike H. pylori, both L. intracellularis
and C. rodentium infect intestinal epithelia with only a minimal, if any,
inflammatory response (Lax & Thomas, 2002). This would seem to indicate that
bacterial infection-mediated hyperproliferation is not just a by-product of
inflammation and is an independent factor in cancer promotion.

It appears that common members of the oral cavity microflora can also
promote the proliferation of host cells. Porphyromonas gingivalis, a notorious
pathogen associated with periodontal disease, contains proteins and
lipopolysaccharides on its outer surface that have been shown to stimulate
human fibroblasts to proliferate in vitro (Mihara et al, 1993; Putnins et al, 2002;

Takemura ef al, 1998).

33



1.2.2.3.2  Suppression of programmed cell death

Apoptosis, or programmed cell death, is the méchanism by which
multicellular organisms dispose of damaged and atypical cells in response to
physiologica{l and pathologic stresses. When a cell is transformed and becomes
such that homeostasis and the intricate system of cell signalling is disrupted,
apoptosis can be triggered, destroying the cell and preventing it from developing
into a malignant tumour. Thus, any agent that can impede apoptosis promotes
the atypical build-up of cancerous cells (Dixon et al, 1997; Lowe & Lin, 2000).
There have been several examples of bacteria suppressing apoptosis and
potentially promoting carcinogenesis in this way.

Escherichia coli releases a range of virulence factors. One of these,
cytotoxic necrotizing factor type 1 (CNF1), prevents apoptosis in epithelial cells
ostensibly by activating a cascade of cell signalling involving the Rho GTP-
binding protein (Rippere-Lampe et al, 2001). This has the ultimate affect of
promoting the expression of anti-apoptotic members of the Bcl-2 gene family
(Fiorentini et al, 1998).

Chlamydophila pneumoniae-infected epithelial cells are resistant to
apoptosis induced by chemicals or death receptors. This is thought to be due in
part to its ability to induce the expression of IL-10, which can down-regulate the
expression of major histocompatibility complex class I molecules (Yang et al,
2003).

Species of Mycoplasma such as M. fermentans and M. penetrans have
been shown to prevent apoptosis in vitro. Cultures of the murine myeloid cell
line 32D ordinarily undergo apoptosis upon withdrawal of interleukin 3 (IL-3)

from the culture medium. However, this phenomenon does not occur when 32D
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is cultured in the presence of either live or heat-killed Mycoplasma cells.
Furthermore, when infected with live Mycoplasma for periéds of 4 to 5 weeks,
32D cells underwent malignant transformation, after which they required neither
IL-3 supplements nor Mycoplasma to survive (Feng et al, 1999). M. fermentans
has also been shown to inhibit apoptosis in a human cell line, the
myelomonocytic U937 cell line, by affecting the TNF-o signalling pathway
(Gerlic et al, 2004). A number of mycoplasmal species, including M.
Jfermentans, have been detected as members of the normal oral microflora in
saliva, on the mucosal surfaces and in plaque (Chingbingyong & Hughes, 1996;
Paster et al., 2001; Shibata et al, 1999). However, at the time of writing, there is
no evidence to link Mycoplasma-related suppression of apoptosis with

carcinogenesis of the oral cavity.

1.2.2.4 The activation of carcinogens via bacterial metabolism

The majority of known chemical carcinogens need to be metabolised
before they are able to interact with cellular macromolecules and initiate
carcinogenesis in humans. This process of activation can potentially be
performed by the hosts’ own cells, via the action of xenobiotic-metabolising
enzymes (Raunio et al, 1995), or by local bacterial species.

Laboratory and epidemiological studies have indicated an association
between colon cancer and the bacteria that reside within the human intestinal
tract, and it has been suggested that this relationship may depend on such a
mechanism (Gorbach & Goldin, 1990). Heterocyclic aromatic amines (HAs)
and other pro-carcinogenic chemicals, which are found in common foodstuffs

such as cooked meats and fish, are frequently ingested. Much work on the
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effects of different dietary mixtures on the health of laboratory animals has
implicated HAs as initiators of carcinogenesis and shown them to be capable of
producing tumours at multiple organ sites (Felton et al, 1997; Knasmiiller et al,
2001). Furtl;ermore, studies have indicated that intestinal bacteria have a strong
impact on the genotoxicity of at least one of these carcinogenic HAs: DNA
damage caused by the HA chemical 2-amino-3-methylimidazo[4,5,f]quinoline
(IQ) was 3 to 5-fold greater in rats containing a natural microflora as opposed to
germ-free specimens (Kassie et al, 2001). It should be noted however, that this
effect is dependent on the species comprising the microflora of the individual.
For example, whereas Bacteroides fragilis can cause a distinct increase in
mutagenicity in the presence of HAs, lactobacilli species result in a decrease
(Knasmiiller et al, 2001).

Similarly, non-carcinogenic ethanol can be converted into the
carcinogenic derivative acetaldehyde. This reaction can be catalysed by alcohol
dehydrogenase enzymes in the epithelium (Homann et al, 1997; P6schl & Seitz,
2004), and also by microorganisms. Gram-positive aerobic bacteria, Neisseria
species and yeasts have all been seen to produce acetaldehyde, increasing the
risk of cancer of the aerodigestive tract (Homann et al, 2000; Muto et al, 2000;

Salaspuro, 2003).

1.3 The Oral Microflora and Carcinogenesis in the Oral Cavity

1.3.1 Microorganisms Associated with Head and Neck Cancer
The oral cavity has a diverse natural microflora, which for the most part

exists harmoniously with its host. An estimated 500 — 600 bacterial species
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reside on the oral surfaces of humans (de Lillo et al, 2004; Paster et al, 2002),
making the oral cavity an obvious target for bacteria-induced pathogenesis.
Considering that poor oral hygiene and periodontitis may be independent risk
factors for héad and neck cancer (Lissowska et al, 2003; Moreno-Lépez et al,
2000; Tezal et al, 2005; Velly et al, 1998), it is perhaps especially surprising to
realise that the relationship between oral bacteria and the development of cancer
has not yet been extensively investigated.

Several reports have observed that significant numbers of patients with
intraoral cancer have had “abnormal” bacterial flora, containing noticeable
numbers of potential pathogens, both before and after treatment (Buckley et al,
1998; Gill & Rice, 1975; Rice & Gill, 1976). Furthermore, at least one study has
observed that oral cancer patients who maintain a normal flora have a better
prognosis than those who do not (Rice & Weimert, 1978). Since these original
observations, only a few investigations into the relationship between oral cancer
patients, or patients with a high risk of developing oral cancer, and their intraoral

microflora have been reported. The findings of these studies are described

below.

1.3.1.1 Changes in oral microflora associated with cancer risk factors

The observation that current smokers were about four times more likely
to have periodontitis than non-smokers (Johnson & Slach, 2001) has prompted
the theory that tobacco use may alter the levels of certain pathogenic bacteria.
The idea of periodontal pathogens being a possible link between smoking and
the aetiology of oral cancer is further supported by the apparent correlation

between the occurrences of periodontitis and oral neoplasms (Tezal et al, 2005).
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However, different studies into the composition of the subgingival microflora in
smoking and non-smoking periodontitis patients report conﬁicting findings. For
instance, in some groups of patients statistically higher risks of infection with
such pathogénic species as Treponema denticola, Tannerella forsythensis
(formerly Bacteroides forsythus), Prevotella intermedia, Porphyromonas
gingivalis, Peptostreptococcus micros, Fusobacterium nucleatum, Eikenella
corrodens, Campylobacter rectus and Actinobacillus actinomycetemcomitans
were found in smokers than non-smokers (Shiloah et al, 2000; van Winkelhoff et
al, 2001). Yet, in other, molecular-based comparisons of the prevalence of these
species plus Prevotella nigrescens, Selenomonas noxia and Streptococcus
intermedius, no significant differences were found between smoking and non-
smoking cohorts (Apatzidou et al, 2005; Darby et al, 2000; Natto et al, 2005).
Recent evidence suggests that, rather than the presence or absence of specific
microorganisms, it is the host response to bacterial challenge that determines
susceptibility to periodontitis (Van Dyke & Sheilesh, 2005).

Nevertheless, there is some evidence that cigarette smoking can lead to
the selective growth of more carcinogenic strains, if not species, of bacteria. For
example, in one study all but a few oral strains of Staphylococcus aureus did not
grow in the presence of cigarette-smoke condensates. At least one of these tar-
resistant isolates was found to be able to induce inflammatory mediators, such as
TNF-a, in vitro (Fujiki et al, 2004). The increased production of TNF-a is an
important part of inflammation and has been heavily implicated in oral
carcinogenesis (Jeng et al, 2003), suggesting that the tar-resistant S. aureus may

be carcinogenic. The reasons behind any possible correlation between
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Additionally, PCR has been used to detect Streptococcus mitis and
Treponema denticola in esophageal carcinoma tissues. These species were
found in 60 out of 69 (87%) and 27 out of 69 (39%) such specimens,
respectively, possibly indicating their preferential infection of cancerous tissues

(Narikiyo et al, 2004).

1.3.2 Bacteria from the Oral Cavity Implicated in Carcinogenesis
Comparatively little research has been done to specifically investigate

how bacteria in the oral cavity may promote carcinogenesis. However, two

theoretical mechanisms have been putatively studied in vitro and are worthy of

note. These are described below.

1.3.2.1 Salivary microbes as a source of acetaldehyde

Heavy consumption of alcohol is an important risk factor for cancers of
the upper gastrointestinal tract, including oral carcinoma. As mentioned
previously, ethanol by itself is not carcinogenic but can be converted to the
carcinogenic derivative acetaldehyde by the action of ADH enzymes in the
epithelium (Homann et al, 1997; Péschl & Seitz, 2004). Following ingestion of
alcohol, acetaldehyde may also be formed in high concentrations in saliva by the
action of the oral microflora. To date primarily Gram-positive aerobic bacteria
and yeasts have been associated with acetaldehyde production (Homann er al,
2000; Salaspuro, 2003). Additionally, Neisseria species, traditionally regarded
as non-pathogenic residents of the oral cavity, have been reported to exhibit
extremely high levels of ADH activity and produce significant amounts of

acetaldehyde in the presence of ethanol (Muto et al, 2000). Moreover, salivary
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analysis shows that increases in microbial acetaldehyde production correlate
with smoking and heavy alcohol consumption. This discoVery is of particular
interest given its obvious links with the known risk factors for oral cancer as it
offers a feasible mechanism for the pathogenesis of alcohol and tobacco-related
carcinogenesis. Despite these implications, higher acetaldehyde production,
microbial-based or otherwise, has not been demonstrated in patients with oral

cancer (Homann et al, 2000).

1.3.2.2 Oral streptococci as a cause of inflammation

Species of Streptococcus isolated from carcinoma tissues (see section
'1.3.1.3) have been found to be capable of promoting an inflammatory response.
S. anginosus and S. mitis were observed to induce the production of
inflammatory cytokines in human esophageal epithelial cell lines (Narikiyo et al,
2004). Similarly, supernatants from cultures of S. anginosus strain NCTC 10713
contained an antigen which was found to induce nitric oxide synthesis as well as
produce inflammatory cytokines in murine peritoneal exudate cells (Sasaki et al,
2001). Periodontitis patients whose saliva tested PCR-positive for S. anginosus
have also been found to exhibit significantly higher levels of 8-hydroxy-
deoxyguanosine (8-OHdG), a commonly used marker for evaluating
inflammatory cell infiltration ar\1d oxidative DNA damage, than patients negative
for the bacterium. Although the salivary levels of Str. anginosus were relatively
low, there was a correlation between the level of Str. anginosus and 8-OHdG
(Sugano et al, 2003). It has been hypothesised that Str. anginosus in particular
may play a significant role in many cases of esophageal cancer by causing

inflammation and promoting the carcinogenic process (see section 1.2.2.2).
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Eradication of these streptococci may decrease the risk of recurrence of

oesophageal cancer (Narikiyo et al, 2004).

14 Aipls;

In summary, oral cancer is a lethal disease with an increasing incidence
that cannot be wholly explained by the traditional risk factors. There is
increasing interest in the relationship between bacteria and the different stages of
cancer development, yet the association of bacteria with cancer of the oral cavity
has yet to be adequately examined. To date there have only been a few
investigations into the microflora present within oral neoplasms and these have
been screening for specific species. Therefore, with this is mind, the broad
objectives of the work in this thesis were:

@) To design protocols with which any microorganisms present
within tissue from oral cancers could be detected. In order to
theoretically detect all species present, a combination of
culture and molecular approaches were to be used.

(ii) To identify any bacterial isolates to species-level, wherever
possible, in order to facilitate the observation of trends and
correlations.

(iii) To similarly characterise the bacteria within both tumourous
and non-tumourous tissue, so as to enable comparison
between the microbiota in both cancerous and ‘normal’

mucosa.
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CHAPTER TWO

CULTIVATION OF THE MICROFLORA FROM WITHIN

TISSUE FROM ORAL SQUAMOUS CELL CARCINOMA
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2.1 Introduction

It has been demonsﬁated that the microflora associaited with the surface
of intra-oral squamous cell carcinomas (SCC) differs in comparison to control
sites. Veill;mella, Fusobacterium, Prevotella, Porphyromonas, Actinomyces,
Clostridium, Haemophilus, Enterobacteriaceae, Streptococcus and Candida
species have all been cultured in increased numbers from the biofilms present at
the SCC tumour sites (Nagy et al, 1998). It has been suggested that these
changes in the surface microflora may be important when considering the risk of
local and systemic infections, which may complicate the morbidity of the
patient. However, at the time of writing, no attempts to culture the
microorganisms present within such oral tumours have been previously reported.
Since the development of solid culture media in the 19th century,
microorganisms have routinely been isolated from human disease sites and
physically separated into pure subcultures (Wade, 2002). In the last 150 years
the nutritional and physiological requirements of thousands of species have been
elucidated and replicated in vitro. Most of these microbes have been extensively
characterised as a consequence of being able to cultivate them, allowing
relationships between microbes and diseases to be recognised. In addition, the
cultivation of microorganisms has allowed the development of other, now
commonplace, medical diagno§tic techniques and non-cultural assays (Wilson et
al, 1997). Although much research now uses culture-independent techniques,
cultural isolation remains a vital part of current detection and identification
protocols.

Correctly identifying microbial isolates is an important practice in

clinical microbiology. Knowing the correct desvignation of microorganisms
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associated with both the health and disease states of the body can give valuable
insight into the aetiological agents of infectious diseaseé (Clarridge, 2004).
Tradition;'ellly, prokaryotic organisms have been characterised, classified and
identified by\ such classic taxonomic methods as morphology and carbon source
utilisation (Kolbert & Persing, 1999). However, these conventional methods can
sometimes fall short when used to identify clinical isolates of bacterial
pathogens. Atypical isolates, organisms with little or no unique metabolic
reactivity, or strains that exhibit unusual phenotypic profiles may not be
accurately identified (Drancourt et al, 2004; Kiratisin et al, 2003; Kolbert &
Persing, 1999). As a way of overcoming this, an increasing number of
diagnostic laboratories are using 16S ribosomal RNA (rRNA) gene sequence
analysis as the preferred method of isolate identification.

Sequencing the small subunit (16S) rRNA gene is a ubiquitous method
for identifying bacteria and, for many years, has been used by bacterial
taxonomists to assess the relative positions of different organisms in the
evolutionary order (Kolbert & Persing, 1999; Patel, 2001). Several features of
the 16S gene make it a useful target for both clinical identification and
phylogenetic analysis. Firstly, as 16S rRNA is a critical component of cell
function, the gene has been well-conserved throughout evolution and is present
in all bacteria. Secondly, the gene is composed of both constant and variable
regions. Whilst the variable regions are known to contain enough interspecies
polymorphisms to be distinctive, the constant regions are sufficiently conserved
between species to provide ideal targets for universal oligonucleotide primers.
Finally, at approximately 1500 base pairs (bp) in length, the 16S rRNA gene is

both long enough to contain adequate sequence information to be statistically
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significant and short enough to make sequencing a fairly straightforward
process. In fact, there is enough sequence variability in.the first 500 bp to
differentiate between most species and so, for practical reasons, most
identiﬁcatior;s are made using 500 bp sequences (Clarridge, 2004; Lane et al,
1985; Patel, 2001; Wade, 2002). |

The 16S TRNA gene sequence data has been ascertained for a large
number of strains. At the time of writing there are around 100,000 16S rRNA
gene sequences available in public databanks (Cole et al, 2005; Clarridge, 2004),
meaning there are many reference sequences to compare the sequence of an
unknown strain against. With the introduction of rapid and relatively low-cost
DNA amplification and sequencing technologies, this method is likely to
become the principal method for routine identification of microorganisms in

clinical laboratories (Kiratisin et al, 2003; Kolbert & Persing, 1999).

22  Aims

The aim of this study was to determine whether viable microorganisms
are present within tumourous and non-tumourous tissue from patients with oral
squamous cell carcinoma (OSCC). Any organisms cultivated were identified as
closely to species-level as possible using current 165 rRNA gene sequence

analysis methodologies.
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2.3 Materials and Methods

2.3.1 Acquisition of tissue specimens

Ethiéal approval for the study was granted by the South Wales LREC
and subjects agreed to participate by informed consent. All tumours were
removed surgically and, under the same aseptic conditions, specimens from the
resected tumour were harvested. The technique involved the surgeon
rescrubbing and placing the specimen on a separate sterile surface. With a new
blade for each cut, a 1 cm® specimen was removed without compromising the
pathological margins. This specimen was further divided into a ‘deep tissue’
specimen (consisting entirely of tissue from within the tumour mass) and a
‘superficial’ specimen (consisting of tissue from within and from the surface of
the tumour). Whenever possible, a control specimen consisting of non-
tumourous tissue harvested at least 5 cm away from the primary tumour site was
also obtained. Details of patients from whom tissue was harvested are shown in
Table 2.1. . There were 16 male and 4 females patients with an average age of
66.9 (£ 12.7).

Specimens were aseptically transferred to the laboratory in separate vials
of reduced transport media (RTM), used to maintain the viability of any bacterial
cells present. RTM comprised of tryptone (1% w/v, Oxoid), yeast extract (0.5%
w/v, Oxoid), glucose (0.1% w/v, BDH Ltd.), cysteine hydrochloride (0.1% w/v,
BDH Ltd.), sodium hydroxide (50 mM, Sigma), and horse serum (2% v/v, TCS

Ltd.), and was sterilised by filtration using a 0.2 um filter.
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Table 2.1

Details of patients from whom tissue specimens were acquired

in this study

Some details of the OSCC patients from which specimens were obtained.
The type of specimen, i.e. comprising of either just tumourous (“deep tumour”),
tumour and overlying mucosal (“superficial™), or entirely non-tumourous tissue,
successfully -harvested and surface decontaminated from each patient is also
shown. Tumours were classified clinically using the TNM system, details of
which can be seen in Table 1.1.

Specimens obtained

Tumour classification

Age at
Patient No. | Sex :il:rn;e‘:;‘

(years) n?'::zgr Superficial tunz)(:::-;us T N M

1 M 54 R ; : - : :
2 M 56 N . : - 1 :
3 M 66 N " - - - :
4 F 95 + . ) : ; :
5 F 72 N . - A - :
6 M 7 R ; : . - :
7 M 48 + i ) 5 - -
8 F 56 N . - - - :
9 M 86 + + _ ) , -
10 M 81 + . " ; . :
1 M 65 + . N - - :
12 M 64 N . - ; - :
13 M 63 N . " - ] :
14 M 54 + . N ; ; :
15 M 71 . . ; - - :
16 F 80 + N : 5 l -
17 M 78 N N ; ] - -
- - ® * " + 2 1 0
19 M 59 N . : ; - -
20 M 70 . . N - - -
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2.3.2 Surface decontamination of specimens

All subsequent handling of the specimens was perfbrmed using aseptic
technique on surfaces cleaned with hycolin phenolic disinfectant (2% v/v,
Bilaurand Lélbs Ltd., Bridlington, UK). Tissue specimens of all types were
placed in Betadine® antiseptic solution (Seton Healthcare Group plc., Oldham,
UK) for approximately 3 min to disinfect the surface. This was followed by
vortexing the tissues in multiple 500 pl aliquots of phosphate buffered saline
(PBS) to remove any bacteria on the tissue surface. Final washes were retained
in order to determine whether surface decontamination was successful. This was
ascertained by analysing the washes by the culture and PCR methods described
below (sections 2.3.3 and 2.35 respectively).

Specimens were aseptically bisected. Half was placed in Tris-EDTA
(TE) buffer and stored at -80°C for molecular analysis (see Chapter 3). The

remainder was subjected to immediate cultural analysis.

2.3.3 Cultural isolation of microflora

Tissue specimens were aseptically macerated with disposable scalpels,
vortexed for 30 s in PBS (500 pul), and the neat suspensions used to make tenfold
(10" and one-hundredfold (10?) dilutions. Neat suspensions, dilutions and
final PBS washes of the specimens (see above) (50 pl) were each spread onto
Blood Agar (BA), Fastidious Anaerobe Agar (FAA), and Sabouraud’s agar
(Sab) (Lab M™, International Diagnostics Group plc, Bury, UK; BA and FAA
supplemented with 5% defibrinated sheep blood, TCS Biosciences Ltd.,
Buckingham, UK) (see Figure 2.1). BA and Sab plates were incubated

aerobically at 37°C for approximately 48 h. FAA plates were incubated in an
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anaerobic environment (10% v/v CO,, 20% v/v H,, 70% v/v N,) at 36 — 37°C for
approximately 96 h. |

Following incubation, all agar plates were examined for microbial
growth. Ali distinct colony types were sub-cultured to purity using the same
conditions as before. Purity of the sub-cultures was determined by macroscopic
examination of colonies and microscopic examination of the bacteria after
standard Gram staining. To Gram stain isolates a wet film of bacteria was fixed
by heat onto a glass slide and stained with 1% (w/v) crystal violet (Sigma; 2
min). Slides were rinsed with tap water and stained with 1 x Lugol’s iodine (see
Appendix II; 1 min). After another flushing with tap water, slides were rinsed
with pure acetone (Fisher, Loughborough, UK; approx. 20 s) and washed with
water again. This was followed by counterstaining with 1 x Carbol fuchsin
Appendix II; 1 min) and a final washing with tap water. Stained cells were
examined under oil immersion with 100 x objective lens magnification. Gram-
positive organisms appeared blue and Gram-negative were red.

Pure isolates were cryogenically stored at -80°C using Microbank™

cryovials (Pro-lab Diagnostics, Neston, Wirral, UK).

2.3.4 Identification of Candida isolates

Isolates suspected of ‘\being yeasts on the basis of colony and cell
appearance were subcultured onto CHROMagar™ Candida (M-Tech
Diagnostics Ltd., Warrington, UK). After growth for 48 h at 37°C, isolates of
Candida albicans, Candida tropicalis and Candida krusei could be distinguished
from other yeasts by their distinctive colouration (Beighton er al, 1995) (see

Figure 2.2).
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Figure 2.1 Primary microbial growth plates

Microbial growth plates resulting from the serial dilution of a suspension
of a macerated tissue specimen, in this example the deep tumour specimen from
patient 14. Neat suspensions and dilutions (10" and 10%) were cultured on
Blood Agar and Sabouraud’s agar for aerobic growth, and Fastidious Anaerobic
Agar for anaerobic growth. Isolates were picked from each distinct colony type
and subcultured (see section 2.3.3).

10° 107! 102

FAA
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Figure 2.2  Growth of Candida isolates on a CHROMagar plate

An example of a CHROMagar growth plate showing the various
colours that different species of Candida can appear. As in the manufacturer’s
instructions, C. albicans can be identified by its characteristic green colouration,
C. tropicalis produces a dark blue colour, and C. krusei appears pink (Odds &
Bernaerts, 1994).
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2.3.5 Amplification of 16S rRNA genes from bacterial isolates

DNA was extracted from suspensions of each pure rﬁicrobial isolate (1 —
5 colonies in 1 ml PBS) using a Gentra Puregene® DNA isolation kit (Flowgen,
Nottingham, UK) and following the “DNA Purification From 1 ml Gram-
positive Bacteria Culture Medium” protocol (see Appendix IV). The protocol
worked efficiently with Gram-positive, Gram-negative and yeast isolates. On
average, this method gave stock DNA extracts of approximately 200pg/ml.

16S rRNA genes were PCR amplified using the 27F/1492R primer pair
(0.5 uM of each; oligonucleotides synthesised by Invitrogen Ltd., Paisley, UK),
both of which target all known members of the domain Bacteria (Dymock et al,
1996) and were also found to amplify the corresponding 23S rRNA gene
sequence in eukaryotic Saccharomyces species (for primer sequences see
Appendix I). PCR was performed in a total volume of 50 pl and used 1.5 U of
Taqg DNA polymerase, 200 pM of each deoxynucleotide, and the working
concentration of the appropriate magnesium-free buffer (Promega, Southampton,
UK). Additionally, 2.0 mM of MgCl, (Promega) was used, with 5 pul of DNA
extract as template. A touchdown protocol was used whereby, in the first cycle,
denaturation was performed at 94°C for 6 min, primer annealing was performed
at 65°C for 1 min, and extension was performed at 72°C for 2min. In subsequent
cycles denaturation was performed for 1min and the annealing temperature was
decreased by 2°C each cycle for 11 cycles, after which 25 cycles were carried
out under the same conditions. In the final cycle, extension was performed for
12 min. PCR was carried out using a PTC-200 thermal cycler (MJ Research

Ltd., GRI, Braintree, UK).
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The PCR products were purified by precipitation and washing with
ethanol. Firstly, 15 pl of 5 M NaCl (Sigma-Aldrich, Steinheim, Germany) and
15 pl of 40% polyethylene glycol (Mol. Wt. 8000; Sigma) was added to each
PCR reaction volume. This was centrifuged (16,000 g, 15 min), and the
supernatant aspirated and replaced with 200 pul 70% ethanol (v/v; Fisher
Scientific, Loughborough, UK). Centrifugation, aspiration and ethanol washing
steps were repeated. Following another centrifugation step the PCR products
were dried, either in a vacuum (approx. 30 min) or under a fume hood
(EDF1200, Envair, Rossendale, UK) (overnight), and re-suspended with

nuclease-free water (30 pl). Products could then be stored at -20°C as necessary.

2.3.6 Sequencing of 16S rRNA gene isolates

PCR products were efficiently sequenced using ABI Prism BigDye
terminator cycle sequencing ready reaction kits (Applied Biosystems,
Warrington, UK). A total reaction volume of 20 ul was used and contained the
working concentrations of BigDye Sequencing Buffer and Ready Reaction
Premix (Applied Biosystems), 0.5 uM of an oligonucleotide primer (see below;
synthesised by Invitrogen), and 6 pl of purified PCR product (approx. 5 ~ 20
ng). Reactions were performed in a PTC-200 thermal cycler (MJ Research Ltd.)
and comprised of 1 min of denaturation at 94°C followed by 30 cycles of
denaturation at 94°C (15 s), annealing at 50°C (30 s) and extension at 60°C (5
min).

Extension products were purified, firstly by precipitating via the addition
of 1 pl sodium acetate (3 M; Sigma) and 1 pl EDTA (0.5 M; Sigma), followed

by 80 pl chilled absolute ethanol, to each reaction mix. The supernatant was
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aspirated following centrifugation (16,000 g, 15 min), and replaced with chilled
70% ethanol (200 pl). This was repeated and after a finai centrifugation and
drying under vacuum, products were re-suspended in formamide (30 pl) and run
on an automated DNA sequencer (ABI PRISM 3100 Genetic Analyser; Applied
Biosystems). This produced chromatograms that gave reliable sequences of at
least 500 nucleotides length that could be compared to sequences in the public
databases (see section 2.3.7). An example of a sequencing gel chromatogram is
shown in Appendix V.

For all isolates sequencing was performed using the universal primer
357F (Lane, 1991). For sequences where it was impossible to obtain a
conclusive identification, namely from those isolates suspected of being novel
sequences or from unnamed organisms, PCR products were further sequenced

using the 27F and 1492R primers to give a sequence of at least 1200 nucleotides

in length.

2.3.7 Identification of bacterial isolates by 16S rRNA gene sequence
analysis

Sequences obtained in this study were identified by comparison to the
GenBank DNA sequence database (Benson et al, 2004) using the FASTA

sequence homology search program (http://www.ebi.ac.uk/services/index.html;

Pearson, 1990).

A >99% homology to the 16S rRNA gene sequence of the type strain, or
other suitable reference strain, was the criterion used to identify an isolate to the
species level. Where more than one reference species exhibited >99% sequence

homology, the match with the greatest homology was taken as the identity,
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wherever the sequence was shown to be reproducible and reliable. If there were
no significant matches to known reference strains the identity of the isolate was

based upon the results of the indiscriminate GenBank search.

2.3.8 Statistical analysis of species isolated

The comparatively low number of specimens and isolates precluded the
use of most statistical analyses. With that in mind the incidences of the species
isolated in each tissue specimen type were expressed as percentages and
analysed, in total and grouped by familial association, using the ANOVA
technique (Altman & Bland, 1996). Additionally, the significance of the varying
occurrences of each phylotype in the different types of tissue was tested using a
two-sided Fisher’s exact test. Two-sided p-values, as opposed to one-sided (or
one-tailed), were used as neither a positive or negative association between
phylotypes and the tissue types could be assumed. The results are generally
more accurate with this method when analyzing relatively small total sample

sizes than with a chi-squared test (Agresti, 1992).

2.3  Results
Bacteria were isolated from all specimens; 20 deep tissue tumour
specimens, 19 corresponding superficial specimens and the non-tumourous
control tissues, which were obtained from 12 of the 20 patients.
- The species identities are summarised in Table 2.2. The results of PCR

and both aerobic and prolonged anaerobic culture of surface washings were
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routinely negative, indicating that the chosen surface decontamination method
was successful. |

Taxa isolated in this study are shown according to specimen in Table 2.3.
On average 6 isolates were cultured from each specimen giving a total of 90
distinct species or phylotypes, representing a wide range of bacteria and
including several seemingly novel taxa. The isolates were mostly bacterial, but
also included isolates of Candida albicans from 3 patients and a single isolate of
a Saccharomyces species. A greater number of different taxa were isolated from
the superficial samples (n=78, from 19 samples) in comparison to the deep
tissues (n=54, from 20 samples). For all patients studied, the superficial tissues
yielded exactly the same isolates as the corresponding deep tissue specimens
plus, in most cases, additional species. Thirty-eight different taxa were isolated
from the 12 non-tumourous control samples.

Nucleotide accession numbers for the 16S rRNA gene sequences of the
un-named isolates, obtained in this study and deposited with GenBank, are also
given in Table 2.2. In addition, the most commonly isolated taxa are
summarised separately in Table 2.5.

The results of the Fisher’s exact tests are shown in Table 2.2 and the
analysis of variance tests performed on the groups of isolates are shown in Table
2.4. All but four of the differences were not statistically significant (p > 0.05).

Single factor ANOVA was also performed using the proportions of all 90
species found in the different specimen types. A significant difference was
observed when comparing the proportions of isolates from the 3 tissue categories
(p-value = 0.016). Breaking this down, significance was observed between the

tumourous and superficial spécimens (p = 0.0007), but not between tumourous
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and non-tumourous tissues, or between superficial and non-tumourous (p =

0.203, p = 0.159 respectively).
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Table 2.2 Microorganisms cultivated from tissue specimens, grouped according to phylum

Multiple names are given wherever partial 16S rRNA gene sequences from isolates exhibited a significant (>99%) match to more than
one species. Accession numbers for all type or reference strains used in the identification of the bacterial isolates are shown. Where the 16S
rRNA gene sequence was novel or homologous only to a phylotype from an unrecognized species the accession numbers of the appropriate
GenBank entries are given below. The significances of the differences in occurrence of each taxon between the various tissue types were
calculated by 2-sided Fisher’s exact test.

No. of tissue specimens cultured from Significance 0»” difference in occurrence
(2-sided p-values)
Tumour and Between deep Between
- Species - Deep tumour overlying ﬂ:”oﬂﬂwzm wﬂﬂﬁ“. MMM@ tumour and superficial
mucosa control superficial non- and non-
(n=20) (“Superficial”) .. P tumourous tumourous
- n=12) tissues . .
(n=19) tissues tissues
Proteobacteria
Acinetobacter lwoffi; X81665 1 1 1.000 1.000 1.000
Citrobacter koseri; AF025372 1 1 1.000 1.000 1.000
Eikenella corrodens; AF320620 1 1 1.000 1.000 1.000
Moraxella osloensis; AY730714 2 1.000 0.133 0.142
Neisseria elongata; 1L06171/AJ247252 1 0.487 1.000 1.000
Neisseria perflava; AJ239295 / N. subflava; AJ239291 1 1 1.000 1.000 1.000
Pseudomonas aeruginosa; Z76672 1 1 1.000 1.000 1.000
Pseudomonas monteilii, AF064458 1 1.000 0.375 0.387
Serratia marcescens subsp. sakuensis; AB061685 1 1 1 1.000 1.000 1.000
Unknown Moraxella-like sp.' 1 0.487 1.000 1.000
Actinobacteria

Actinomyces graevenitzii; AJ540309 1 1.000 0.375 0.387
Actinomyces odontolyticus; AJ234040 1 2 0.487 0.540 0.543
Actinomyces viscosus; X82453 1 1.000 0.375 0.387
Atopobium parvulum;, AF292372 1 2 3 0.605 0.136 0.350
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Atopobium rimae; AF292371
Bifidobacterium longum; M58739/M84781
Bifidobacterium sp. (oral strain H6-M4 phylotype) >
Brachybacterium rhamnosum; AJ415376
Corynebacterium singulare; Y 10999
Corynebacterium striatum; X84442
Corynebacterium tuberculostearicum; AJ438050
Dermabacter hominis;, X76728
Dietzia psychralcaliphila; AB049630
Gordonia sputi; X80634
Micrococcus luteus; AJ536198
Micrococcus lylae; X80750
Olsenella uli; AY005814
Propionibacterium acnes; AB042288
Propionibacterium avidum; AJ003055
Propionibacterium granulosum; AJ003057
Rothia amarae; AY043359
Rothia mucilaginosa, X87758
Scardovia genosp. C1*
Streptomyces aureus; AY094368 / S. mlumoxzwmm_.xonﬁw AJ399488
Unknown Corynebacterium-like sp. phylotype i
Unknown Corynebacterium-like sp. phylotype ii’
Unknown Georgenia-like sp.®
Unknown Olsenella-like sp.’

Firmicutes
Bacillus licheniformis; X68416
Bacillus mycoides; AB021192 / B. weihenstephanensis; AB021199
Bacillus psychrodurans; AJ277983
Dialister invisus, AY 162469
Dialister pneumosintes; X82500
‘Enterococcus faecalis; AB012212
Eubacterium yurii subsp. yurii; L34629
Exiguobacterium oxidotolerans; AB105164

[
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1.000
1.000
0.231
1.000
1.000
0.487
0.661
1.000
0.487
0.487
1.000
1.000
0.487
0.741
1.000
0.487
0.487
1.000
1.000
0.487
0.487
1.000
1.000
0.487

1.000
1.000
1.000
0.487
1.000
0.487
0.487
1.000

0.375
0.375
1.000
0.375
1.000
1.000
1.000
1.000
1.000
1.000
0.130
1.000
1.000
0.288
1.000
1.000
1.000
0.540
1.000
1.000
1.000
1.000
1.000
0.375

1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.516

0.387
0.387
0.510
0.387
1.000
1.000
1.000
1.000
1.000
1.000
0.059
1.000
1.000
0.710
1.000
1.000
1.000
0.543
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.510




Finegoldia magna; AF542227

Gemella haemolysans; 1.14326

Gemella morbillorum; 114327

Granulicatella adiacens; D50540

Lactobacillus casei; D86517 / L. zeae; D86516

Lactobacillus crispatus; Y17362

Lactobacillus fermentum,; M58819/AB017345

Lactobacillus gasseri; AF519171

Lactobacillus rhamnosus; AF243146

Lactobacillus salivarius subsp. salivarius; AF089108

Megasphaera micronuciformis, AF473834

Mogibacterium neglectum; AB037875

Peptostreptococcus micros; AY323523

Selenomonas dianae; AF287801 ‘

Selenomonas sputigena;, AF287793

Solobacterium moorei; AY044916

Staphylococcus aureus subsp. anaerobius; D83355

Staphylococcus capitis subsp. urealyticus; AB009937 /
S. caprae; Y12593 / S. epidermidis; D83363

Staphylococcus cohnii subsp. cohnii; D83361

Staphylococcus hominis subsp. hominis; X66101

Staphylococcus saprophyticus; 137602

Staphylococcus warneri; L37603

Streptococcus agalactiae; AB002479

Streptococcus anginosus;, AF145245

Streptococcus constellatus; AF104676

Streptococcus cristatus; AY 104676

Streptococcus gordonii; AY485606

Streptococcus mitis; AY485601 / Str. oralis;AY485602

Streptococcus parasanguinis; AY485605

Streptococcus salivarius; AY 188352

Streptococcus sp. (oral strain T4-E3 phylotype) ®

Unknown Gram-positive anaerobic coccoid sp.’
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0.605
0.231
1.000
0.451
1.000
1.000
1.000
1.000
1.000
0.487
0.487
1.000
1.000
0.487
0.487
1.000
1.000

0.235

1.000
1.000
1.000
0.661
1.000
0.182
0.407
1.000
1.000
0.235
0.273
0.661
0.487
1.000

1.000
1.000
1.000
0.647
1.000
1.000
1.000
1.000
1.000
1.000
0.375
1.000
1.000
1.000
1.000
0.375
0.516

0.620

1.000
1.000
1.000
1.000
1.000
1.000
0.620
1.000
1.000
0.073
0.116
0.338
1.000
0.375

1.000
0.510
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.387
0.510

0.676

1.000
1.000
1.000
1.000
1.000
0.624
1.000
1.000
1.000
0.447
0.705
0.653
1.000
0.387




Veillonella atypica; AF439641 1 1 0.487 0.375 1.000

Veillonella dispar;, AF439639 1 . | 3 1.000 0.136 0.272

Veillonella parvula; X84005 2 2 1.000 0.516 0.510
Bacteroidetes

Prevotella intermedia; X73965 1 0.487 1.000 1.000

Prevotella melaninogenica; AY323525 2 3 0.661 0.516 - 0.265

Prevotella veroralis, AY836507 2 1.000 0.133 0.142

Prevotella sp. (oral clone BE073 phylotype) 10 1 1 2 1.000 0.540 0.543

Unknown Capnocytophaga-like sp."! 1 0.487 1.000 1.000
Fusobacteria

Fusobacterium naviforme; AJ006965 1 3 0.342 1.000 0.265

Fusobacterium nucleatum subsp. nucleatum; AJ133496 1 2 1 0.605 1.000 1.000
YEASTS .

Candida albicans 2 3 1 0.661 1.000 1.000

Saccharomyces sp. 1 1.000 0.375 0.387
Total number of taxa: 58 78 38

! Novel Moraxella sp. isolate S12-08; AY880059. Closest sequence homology to Moraxella osloensis; AY 730714 (94.1% match).

2 Unknown Bifidobacterium sp.; AY880048, AY880049. Also homologous to oral strain H6-M4 phylotype (AF385524) and the proposed species “Bifidobacterium
urinalis,” which does not currently have standing in nomenclature (strains CCUG 26938 and CCUG 344441, AJ278694 and AJ278695 respectively).

3 Scardovia sp. isolate; AY880045. Sequence match to Scardovia genomospecies C1 (AY278626).

* Novel Corynebacterium sp. isolate S18-03; AY880057. Closest sequence homology to Corynebacterium suicordis; AJ504424 (98.1% match).

3 Novel Corynebacterium sp. isolate T13-01; AY880058. Closest sequence homology to Corynebacterium appendicis; AJ314919 (95.0% match).

® Novel Georgenia sp. isolate T04-04; AY880044. Closest sequence homology to Georgenia muralis; X94155 (96.7% match).

7 Novel Olsenella sp. isolates S13-10, N13-17; AY880047, AY880046. Closest sequence homology to Olsenella profusa; AF292374 (98.1% match).

8 Unknown Streptococcus sp. isolates S16-08, S16-11; AY880050, AY880051. Sequence match to oral strain T4-E3 phylotype (AF385526).

® Novel bacterium isolate N14-24; AY880043. Closest sequence homology to Clostridium sp. BN II; X75909 (86.6% match).

' Unknown Prevotella sp. isolates N12-20, N19-22, N19-31, T05-04; AY880052 — AY880055 respectively. Sequence match to oral clone BE073 phylotype (AF385551).
' Novel Capnocytophaga sp. isolate S12-14; AY880056. Closest sequence homology to Capnocytophaga ochracea; U41350 (95.3% match).
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Table 2.3

Results have been aligned to compare the species found in each specimen type.

A summary of the microorganisms cultured from tissue specimens, grouped according to patient

'

Lactobacillus casei/zeae
Lactobacilus crispatus
Lactobacillus fermentum
Staphylococcus aureus
Staphylococcus cohnii
Staphylococcus saprophyticus
Streptococcus agalactiae

Enterococcus faecalis
Finegoldia magna
Lactobacillus casei/zeae
Lactobacilus crispatus
Lactobacillus fermentum
Staphylococcus aureus
Staphylococcus cohnii
Staphylococcus saprophyticus
Streptococcus agalactiae
Veillonella atypica

Specimen | Species from deep tumour tissue Species from “superficial” tissue Species from non-tumourous tissue
1 Actinomyces odontolyticus n/a
Lactobacillus gasseri Lactobacillus gasseri
Prevotella melaninogenica Prevotella melaninogenica
Propionibacterium acnes Propionibacterium acnes
Propionibacterium avidum Propionibacterium avidum
Propionibacterium granulosum
Pseudomonas aeruginosa Pseudomonas aeruginosa
Scardovia genosp. C1° Scardovia genosp. C1°
Streptococcus anginosus
2 Granulicatella adiacens n/a
Micrococcus luteus Micrococcus luteus
Propionibacterium acnes Propionibacterium acnes
Rothia mucilaginosa Rothia mucilaginosa
Streptococcus parasanguinis Streptococcus parasanguinis
3 Corynebacterium striatum n/a
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Acinetobacter lwoffi Acinetobacter lwoffi n/a
Corynebacterium tuberculostearicum Corynebacterium tuberculostearicum
Dermabacter hominis Dermabacter hominis
Dietzia psychroalcaliphila
Exiguobacterium oxidotolerans Exiguobacterium oxidotolerans
Gordonia sputi
Micrococcus luteus Micrococcus luteus
Micrococcus lylae Micrococcus lylae
Propionibacterium acnes Propionibacterium acnes
Staphylococcus capitis/caprae/epidermidis Staphylococcus capitis/caprae/epidermidis
Unknown Georgenia-like sp.® Unknown Georgenia-like sp.®
Citrobacter koseri . Citrobacter koseri n/a
Fusobacterium naviforme Fusobacterium naviforme
Prevotella melaninogenica Prevotella melaninogenica
Prevotella sp. (oral clone BE073 phylotype)*® Prevotella sp. (oral clone BEO73 phylotype)'®
Granulicatella adiacens Granulicatella adiacens n/a
Peptostreptococcus micros Peptostreptococcus micros
Staphylococcus capitis/caprae/epidermidis
Streptococcus constellatus Streptococcus constellatus
Streptococcus gordonii Streptococcus gordonii
Streptococcus parasanguinis Streptococcus parasanguinis
Corynebacterium singulare n/a n/a

Propionibacterium acnes
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8 Actinomyces graevenitzii
Corynebacterium tuberculostearicum
Fusobacterium naviforme
Fusobacterium nucleatum subsp. nucleatum Fusobacterium nucleatum subsp. nucleatum
Micrococcus luteus Micrococcus luteus '
Peptostreptococcus micros Peptostreptococcus micros
Prevotella veroralis
Propionibacterium acnes
Staphylococcus warneri Staphylococcus warneri Staphylococcus warneri
Streptococcus constellatus
Streptococcus salivarius Streptococcus salivarius Streptococcus salivarius
p Veillonella dispar
9 Bacillus psychrodurans Bacillus psychrodurans n/a
Propionibacterium acnes Propionibacterium acnes
10 Propionibacterium acnes Propionibacterium acnes Propionibacterium acnes
Rothia amarae
Staphylococcus capitis/caprae/epidermidis
Staphylococcus warneri
11 Bacillus licheniformis Bacillus licheniformis

Lactobacillus fermentum
Lactobacillus gasseri

Staphylococcus aureus

Lactobacillus fermentum
Lactobacillus gasseri

Staphylococcus aureus
Staphylococcus capitis/caprae/epidermidis

Corynebacterium tuberculostearicum
Lactobacillus fermentum
Lactobacillus gasseri

Moraxella osloensis

Saccharomyces sp.

Staphylococcus capitis/caprae/epidermidis
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12

Bacillus mycoides/weihenstephanensis

Exiguobacterium oxidotolerans

Bacillus mycoides/weihenstephanensis
Eubacterium yurii subsp. schtitka
Exiguobacterium oxidotolerans
Gemella haemolysans

Neisseria elongata
Prevotella melaninogenica

Selenomonas dianae

Selenomonas sputigena
Streptococcus mitis/oralis
Streptococcus parasanguinis
Unknown Capnocytophaga-like sp."'
Unknown Moraxella-like sp.!

‘

Megasphaera micronuciformis

Prevotella sp. (oral clone BE073 phylotype)'®
Rothia mucilaginosa

Streptococcus mitis/oralis
Streptococcus parasanguinis

Veillonella dispar

13

Corynebacterium tuberculostearicum

Staphylococcus hominis
Streptococcus cristatus

Unknown Corynebacterium-like sp. phylotype ii®

Atopobium parvulum

Bifidobacterium sp. (oral strain H6-M4 phylotype)?

Corynebacterium tuberculostearicum

Dialister invisus

Olsenella uli

Prevotella intermedia

Propionibacterium acnes

Staphylococcus hominis

Streptococcus anginosus

Streptococcus cristatus

Streptomyces aureus/griseorubiginosus
Unknown Corynebacterium-like sp. phylotype ii’

Atopobium parvulum
Atopobium rimae

Propionibacterium acnes

Unknown Olsenella-like sp.’

Unknown Olsenella-like sp.”
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14

Atopobium parvulum

Eikenella corrodens

Granulicatella adiacens
Lactobacillus rhamnosus
Mogibacterium neglectum
Peptostreptococcus micros

Serratia marcescens subsp. sakuensis

Streptococcus constellatus

-

Atopobium parvulum

Eikenella corrodens
Granulicatella adiacens
Lactobacillus rhamnosus
Mogibacterium neglectum
Peptostreptococcus micros
Serratia marcescens subsp. sakuensis

Streptococcus constellatus

Actinomyces odontolyticus
Atopobium parvulum
Bifidobacterium longum

Lactobacillus rhamnosus

Peptostreptococcus micros

Serratia marcescens subsp. sakuensis
Staphylococcus capitis/caprae/epidermidis
Streptococcus constellatus

Unknown Gram-positive anaerobic coccoid sp.’

Veillonella parvula Veillonella parvula
15 Dialister pneumosintes Dialister pneumosintes
Fusobacterium naviforme
Fusobacterium nucleatum subsp. nucleatum Fusobacterium nucleatum subsp. nucleatum
Gemella morbillorum Gemella morbillorum Gemella morbillorum
Granulicatella adiacens
Micrococcus luteus
Peptostreptococcus micros Peptostreptococcus micros Peptostreptococcus micros
Solobacterium moorei
Streptococcus anginosus
Streptococcus constellatus Streptococcus constellatus
Streptococcus mitis/oralis Streptococcus mitis/oralis
16 Gemella haemolysans

Micrococcus luteus

Streptococcus salivarius

Granulicatella adiacens
Micrococcus luteus

Streptococcus mitis/oralis

Streptococcus parasanguinis

Streptococcus salivarius

Streptococcus sp. (oral strain T4-E3 phylotype)®

Granulicatella adiacens

Propionibacterium acnes
Streptococcus mitis/oralis
Streptococcus parasanguinis
Streptococcus salivarius
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17 Granulicatella adiacens Granulicatella adiacens Granulicatella adiacens
Micrococcus luteus Micrococcus luteus
Propionibacterium acnes Propionibacterium acnes
Pseudomonas monteilii
Staphylococcus aureus Staphylococcus aureus ‘
Streptococcus mitis/oralis Streptococcus mitis/oralis Streptococcus mitis/oralis
Streptococcus parasanguinis Streptococcus parasanguinis Streptococcus parasanguinis
Veillonella dispar Veillonella dispar
18 Atopobium parvulum
Bifidobacterium sp. (oral strain H6-M4 phylotype)®
Brachybacterium rhamnosum
Lactobacillus gasseri Lactobacillus gasseri
Lactobacillus salivarius subsp. salivarius
Moraxella osloensis
Streptococcus parasanguinis
Streptococcus salivarius Streptococcus salivarius
Unknown Corynebacterium-like sp. phylotype i*
Veillonella atypica
19 Actinomyces odontolyticus
Actinomyces viscosus
Finegoldia magna Finegoldia magna Finegoldia magna

Streptococcus anginosus
Streptococcus mitis/oralis

Veillonella parvula

Megasphaera micronuciformis

Streptococcus anginosus
Streptococcus mitis/oralis
Streptococcus parasanguinis

Veillonella parvula

Prevotella sp. (oral clone BEO73 phylotype)'
Prevotella veroralis

Propionibacterium acnes

Rothia mucilaginosa

Staphylococcus capitis/caprae/epidermidis
Streptococcus anginosus

Streptococcus mitis/oralis

Streptococcus parasanguinis

Veillonella dispar
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20 Neisseria perflava/subflava Neisseria perflava/subflava none
Staphylococcus capitis/caprae/epidermidis

! Novel Moraxella sp. isolate S12-08; AY880059 ‘

2 Unknown Bifidobacterium sp.; AY880048, AY880049. Also homologous to oral strain H6-M4 phylotype (AF385524) and the proposed species “Bifidobacterium
urinalis,” which does not currently have standing in nomenclature (strains CCUG 26938 and CCUG 344441, AJ278694 and AJ278695 respectively).

* Scardovia sp. isolate; AY880045. Sequence match to Scardovia genomospecies C1 (AY278626).

4 Novel Corynebacterium sp. isolate S18-03; AY880057.

3 Novel Corynebacterium sp. isolate T13-01; AY880058.

¢ Novel Georgenia sp. isolate T04-04; AY880044.

" Novel Olsenella sp. isolates S13-10, N13-17; AY880047, AY880046

¥ Unknown Streptococcus sp. isolates S16-08, S16-11; AY880050, AY880051. Sequence match to oral strain T4-E3 phylotype (AF385526).

® Novel bacterium isolate N14-24; AY880043.

' Unknown Prevotella sp. isolates N12-20, N19-22, N19-31, T05-04; AY880052 — AY880055 respectively. Sequence match to oral clone BE073 phylotype (AF385551).
"' Novel Caprocytophaga sp. isolate S12-14; AY880056.
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Table 2.4 Frequencies of the various taxa isolated from the 3 different tissue specimen types, analysed by ANOVA.
Isolates were grouped into families and the differences in proportion analysed by ANOVA. ‘ND’ indicates a p-value result could not be

determined by this method. Significant results (p < 0.05) are shown in blue.

Family of taxa isolated Taxa Proportion of tissue specimens isolated P-values
from (%)
Tumour Non- Superficial Difference Difference
tumourous between tumour & between
non-tumourous superficial and
tissues non-tumourous

tissues

Acidaminococcaceae D. invisus 0.00 0.00 5.26 0.439 0.827
D. pneumosintes 5.00 0.00 5.26
M. micronuciformis 0.00 8.33 5.26
S. dianae 0.00 0.00 5.26
S. sputigena 0.00 0.00 5.26
V. atypica 0.00 8.33 5.26
V. dispar 5.00 25.00 5.26
V. parvula 10.00 0.00 10.53

Actinomycetaceae A. graevenitzii 0.00 8.33 0.00 0.016 0.046
A. odontolyticus 0.00 16.67 5.26
A. viscosus 0.00 8.33 0.00

Bacteriaceae B. licheniformis 5.00 0.00 5.26 0.002 0.002
B. mycoides / weihenstephanensis 5.00 0.00 5.26
B. psychrodurans 5.00 0.00 5.26
E. oxidotolerans 10.00 0.00 10.53

Bifidobacteriaceae B. longum 0.00 833 0.00 0.749 0.579
Bifidobacterium sp. strain H6-M4 0.00 0.00 10.53
Scardovia genosp. C1 5.00 0.00 5.26

Coriobacteriaceae A. parvulum 5.00 25.00 10.53 0.140 0.398
A. rimae 0.00 8.33 0.00
O. uli 0.00 0.00 5.26
Unknown Oisenella sp. 0.00 8.33 5.26
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Corynebacteriaceae

Dermabacteriaceae
Enterobacteriaceae
Eubacteriaceae
Fusobacteriaceae

Lactobacillaceae

Micrococcaceae

Moraxellaceae

Neisseriaceae

Peptostreptococcaceae

Propionibacteriaceae

Prevotellaceae

C. singulare

C. striatum

C. tuberculostearicum
Unknown Corynebacterium type I
Unknown Corynebacterium type 11
B. rhamnosum

D. hominis

C. koseri

S. marcescens

E. yurii

M. neglectum

F. naviforme

F. nucleatum

L. casei/ zeae

L. crispatus

L. fermentum

L. gasseri

L. rhamnosus

L. salivarius

M. luteus

M. blae

R. amarae

R. mucilaginosa

A. lwoffi

M. osloensis
Unknown Moraxella sp.
E. corrodens

N. elongata

N. perflava / subflava
F. magna

P. micros

Unknown GPAC sp.
P. acnes

P. avidum
P.granulosum

P. intermedia

P. melaninogenica

5.00
0.00
10.00
0.00
5.00
0.00
5.00
5.00
5.00
0.00
5.00
5.00
5.00

5.00

10.00
15.00
5.00

0.00
25.00
5.00

0.00

5.00

5.00

0.00

0.00

5.00

0.00

5.00

5.00
20.00
0.00
30.00
5.00

0.00

0.00

10.00

0.00
0.00
8.33
0.00
0.00
8.33
0.00
0.00
8.33
0.00
0.00
0.00
8.33
0.00
0.00
8.33
8.33
8.33
0.00
0.00
0.00
0.00
16.67
0.00
16.67
0.00
0.00
0.00
0.00
8.33
16.67
8.33
50.00
0.00
0.00
0.00
0.00

0.00
5.26
15.79
5.26
5.26

5.26
5.26
5.26
5.26
5.26
15.79
10.53
5.26
5.26
10.53
15.79
5.26
5.26
31.58
5.26
5.26
5.26
5.26
0.00
5.26
5.26
5.26
5.26
10.53
21.05
0.00
36.84
5.26
5.26
5.26
15.79

0.379

0.764
0.860
0.423
0.860

0.395

0.533

0.539

0.116

0.696

0.806

0.426

0.168

0.785

0.817

0.210

0.180

0.362

0.743

0.934

0.967

0.774
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Pseudomonadaceae

Staphylococcaceae

Streptococcaceae

Yeasts

P. veroralis
Prevotella sp. BEO73
P. aeruginosa

P. monteilii

G. haemolysins

G. morbillorum

S. aureus

S. capitis / caprae / epidermidis
S. cohnii

S. hominis

S. saprophyticus

S. warmeri

S. agalactiae

S. anginosus

S. constellatus

S. cristatus

S. gordonii

S. mitis / oralis

S. parasanguinis

S. salivarius
Streptococcus sp. T4-E3
C. albicans
Saccharonyces sp.

0.00

5.00
0.00
0.00
5.00
10.00
10.00
5.00
5.00
5.00
10.00
5.00
5.00
10.00
5.00
5.00
10.00
15.00
10.00
0.00
10.00
0.00

16.67
16.67
0.00
8.33
0.00
8.33
0.00
16.67
0.00
0.00
0.00
8.33
0.00
8.33
16.67
0.00
0.00
41.67
41.67
25.00
0.00
8.33
8.33

0.00
5.26
5.26
0.00
10.53
5.26
10.53
26.32
5.26
5.26
5.26
15.79
5.26
21.05
21.05
5.26
5.26
26.32
31.58
15.79
5.26
15.79
0.00

0.764

0.428

0.227

0.574

0.785

0.086

0.955

0.961
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Table 2.5 The taxa most commonly isolated from the tissue specimens by cultivation
The species detected within samples from at least 20% of the patients are listed below. The relative proportions of the different tissue
sample types that were positive for each species are also shown. ‘

Patients Proportion of tissue mwv%_am positive for taxa
Taxa isolated from (%) Non
(n=20) Deep tumour Superficial UMOUTOUS
Granulicatella adiacens 6 15 26.32 25
Micrococcus luteus 6 25 31.58 0
Peptostreptococcus micros 4 20 21.05 16.67
Propionibacterium acnes 11 30 36.84 50
Staphylococcus capitis/caprae/epidermidis 7 10 26.32 16.67
Streptococcus anginosus 4 5 21.05 8.33
Streptococcus constellatus 4 10 21.05 16.67
Streptococcus mitis/oralis 5 10 26.32 41.67
Streptococcus parasanguinis 6 15 31.58 41.67
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2S5 Discussion

At the time of writing, and to our best knowledge, this is the only time
that viable bacteria have been isolated from within oral squamous cell carcinoma
tissue. Immersion in Betadine® and PBS washing of the specimens was used to
successfully eliminate any viable bacteria on the surface that may have been
present due to salivary or instrument contamination during surgery.

Cultural analysis remains a valuable tool for establishing the presence of
live bacteria in clinical samples, but it is important to be aware of the limitations
of the technique. In this study, as in common clinical practice, agar plates were
examined and each of the different colony types seen were sub-cultured for
purity and identified by 16 rRNA gene sequencing. For a fully comprehensive
study every colony grown would have had to have been picked, sub-cultured and
identified, which, unfortunately, was impractical in this case. Therefore,
although every care was taken to avoid it, there exists the possibility that some
culturable species were missed from each specimen. The risk of overlooking the
presence of some species is particularly apparent for those organisms with very
similar looking macroscopic colony appearance. For instance some a-
haemolytic Gram-positive cocci, such as various species of Streptococcus,
Enterococcus, Staphylococcus and Aerococcus, have been observed to have
similar appearances (Zhang et al, 2000).

Partial sequencing of the 16S rRNA gene proved to be a suitably
effective method for the identification of the bacterial isolates. The Bacteria-
specific primers used were degenerate enough to work on every strain examined.

As seen in previous studies (Drancourt et al, 2004; Kiratisin et al, 2003), this
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technique was able to identify several unusual bacteria, ie. bacteria not
previously or only infrequently isolated from clinical samples. Such species are
not well characterised and so would have been very difficult to identify by
phenotypic means. For example, the Gram-positive, rod-shaped bacterium
Mogibacterium neglectum, isolated from the tumourous and “superficial”
specimens from one patient, was first described only recently and is inert in most
conventional biochemical tests. This species would have been difficult, if not
impossible, to distinguish from other Mogibacterium species or asaccharolytic
Eubacterium species without DNA sequence analysis (Nakazawa et al, 2002).
As seen in other investigations, for most isolates a single 500 bp
sequence, derived using the universal sequencing primer 357F, is optimal for
species-level identification (Clarridge, 2004; Munson et al, 2004). However, 6
taxa seen in this study showed equal homology to more than one species type
strain, and so their identity could not be so precise. Species for which this
region of the 16S rRNA gene was insufficiently discriminatory to allow
distinction between the type strains include Bacillus mycoides and B.
weihenstephanensis, Lactobacillus casei and L. zeae, Neisseria perflava and N.
subflava, Streptococcus mitis and Str. oralis, Streptomyces aureus and S.
griseorubiginosus, and Staphylococcus caprae, S. epidermidis and S. capitis
subsp. urealyticus. With the exception of the Streptomyces strains, the particular
similarity of the 16S gene sequences from these species has been reported
previously (Lechner et al, 1998; Kawamura et al, 1995; Mori et al, 1997,
Munson et al, 2004; Poyart et al, 2001; Spratt, 2004). For the purposes of this
investigation, this level of identification was sufficient. = Nevertheless,

sequencing of the entire 16S rRNA gene could probably be applied successfully
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to further identify these isolates, should the precise species designation of these
isolates be needed for future investigations. Alternatively, PCR amplification
and sequence analysis of other genes could also be used, such as the RNA
polymerase beta subunit gene (rpoB) for identifying Bacillus species
(Blackwood et al, 2004), or the manganese-dependent superoxide dismutase
(sodA) gene for both Streptococcus and Staphylococcus isolates (Poyart et al,
1998, 2001). These methods are potentially informative, but were not used here
as they are not as well-established as standard 16S rRNA sequencing and little
sequence data is available in the public databases.

The successful identification of isolates is limited by the accuracy of the
sequence generated. However, the technology for producing and reading such
sequences has become so precise that with a robust protocol, such as was used
here, errors on