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    Chapter 11   
 Oral Infection, Carcinogenesis and Cancer       

       Jukka     H.     Meurman      and     Antonio     Bascones-Martinez   

    Abstract     Recent research has shown statistical associations between dental infec-
tions and cancer in general but the role of oral microbiota in carcinogenesis is 
unclear. Oral micro-organisms up-regulate cytokines and other infl ammatory medi-
ators that affect the complex metabolic pathways and may thus indeed be involved 
in carcinogenesis. Microbial populations on mouth mucosa differ between healthy 
and malignant sites and certain oral bacterial species have been linked with malig-
nancies. Oral microbes also have carcinogenic metabolites, such as acetaldehyde 
produced from ethanol. In this chapter we briefl y review current knowledge about 
the interaction between oral microorganisms, oral infections and cancer. The focus 
is both on oral and ear-nose-throat cancer and malignancies in other organs.  
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          Introduction 

 The best known example of  infection  -associated malignancy is gastric  cancer   
caused by   Helicobacter pylori    infection (Herrera and Parsonnet  2009 ). In general, 
infection-driven infl ammations have been estimated to be involved in the pathogen-
esis of approximately 15–20 % of human tumours (Allavena et al.  2008 ). Hence, 
human microbiota may play a role in  carcinogenesis   (Chang and Parsonnet  2010 ). 
The worldwide incidence of cancer also attribute to infections caused by virus. 
These include hepatitis B virus ( HBV  ), hepatitis C virus ( HCV  ), human papilloma 
virus ( HPV  ), and  Epstein-Barr virus   ( EBV  ), human T-cell lymphotropic virus 
(HTLV-1) and Kaposi’s associated sarcoma virus ( KSHV  ), which have estimated to 
contribute to 10–15 % of the cancers worldwide (Butel  2000 ; Kuper et al.  2000 ; 
Martin and Gutkind  2008 ; Grinde and Olsen  2010 ; Rautava and Syrjänen  2012 ). No 
such fi gures exist for bacteria- or yeast-related malignancies. Nevertheless in this 
chapter the main focus is on  oral bacteria  l and yeast infections. 

 Infl ammation is indeed a key feature in many chronic diseases including  cancer   
(Coussens and Werb  2002 ; Mantovani et al.  2008 ). Investigations of gastrointestinal 
malignancies have shown that the large amount of cytokines and growth factors 
released during  infl ammation   may infl uence  carcinogenesis   (Fantini and Pallone 
 2008 ). Characteristic to infections and infl ammations linked to cancer is their high 
prevalence in populations and persistence in the host (Mergaurd et al.  1989 ). There 
may be a long latency between the initial  infection   and tumour appearance. An 
infected person in fact rarely develops cancer. However, this area of research is dif-
fi cult and the overall effect of human microbiome on carcinogenesis is not known. 
This also relates to  oral microbiota   and cancer. Nevertheless, infections that trigger 
infl ammatory reactions have been suggested as major preventable causes of cancer 
(Parsonnet  1999 ; Kuper et al.  2000 ; Hujoel et al.  2003 ). 

 Knowledge about human microbiome is rapidly increasing. Molecular tech-
niques have revealed its vast diversity but, at the same time, individual stability of 
micro-organisms residing on skin and mucosa has been observed (Turnbaugh et al. 
 2007 ; Fritz et al.  2013 ). Resident micro-organisms seem to play an important role in 
metabolism in general but it is not known how this diversity relates to function and 
to the rest of the genes of microbiota (Joyce and Gahan  2014 ). The gut microbiome 
is shared among family members but each person’s microbial community varies in 
the specifi c bacterial lineages with a comparable degree of co-variation. A wide 
array of shared microbial genes has been observed among individuals comprising 
an extensive, identifi able core microbiome at the gene level rather than at the micro-
bial lineage (Turnbaugh et al.  2009 ). Understanding this complex ecosystem will 
inevitably open new possibilities for diagnosis and prevention of diseases. 
Corresponding studies on  oral microbiota   are now on their way, too (Preza et al. 
 2009 ; Holgerson et al.  2013 ; Dimitrov and Hoeng  2013 ). But certain oral patho-
gens, such as the periodontal bacterium  Porphyromonas gingivalis , may neverthe-
less be responsible for many extra-oral manifestations thus emphasizing the need 
for also focusing to individual strains (Han and Wang  2013 ). 
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 Traditionally it has been thought that mouth mucosa (Fiscetti  2003 ), the tongue 
(Tachibana et al.  2006 ) and the pharynx (Brook  2005 ) harbour characteristic  bacte-
rial pathogen   s   causing  chronic infl ammation   and focal infections (Gendron et al. 
 2000 ). Many these infections derive from oral biofi lms commonly linked with den-
tal diseases, caries and periodontal disease (Desai et al.  1991 ; Komiyama et al. 
 1985 ; Scannapieco  1998 ). New research techniques have cast more light on the 
changes in  oral microbiota   in health and disease (Wade  2013 ). In particular our 
knowledge about the number of microbial species harbouring the oral cavity and 
their function has increased tremendously after introduction of new molecular tech-
niques (Kejser et al.  2008 ; Olsen et al.  2013 ). 

 The association between oral micro-organisms and  cancer   is a new observation 
(Meurman  2010 ). Interestingly this association may even be causal when consider-
ing oral and oesophageal cancer, namely mediated by acetaldehyde production of 
oral micro-organisms (Meurman and Uittamo  2008 ; Moazzez et al.  2011 ). This 
chapter briefl y outlines current knowledge about the role of  oral microbiota   in  car-
cinogenesis   with emphasis on  oral cancer  . Oral microbial changes caused by cancer 
treatment are also discussed.  

    Population Studies on the Association of Oral Infections 
with  Cancer   

 In a Swedish cohort of 1390 subjects followed-up for 24 years missing second 
molar in the right mandible (odds ratio OR 2.62 (95 % confi dence interval CI 1.18–
5.78) and age (OR 1.91 [CI 1.06–3.43]), appeared as the principle independent pre-
dictors signifi cantly associating with any type of  cancer   (Virtanen et al.  2014 ). In 
the analyses a number of explanatory factors had been taken into account. 
Furthermore, chronic periodontal disease associated statistically with breast cancer 
in women. Of the subjects with periodontal disease and any missing molars in the 
mandible, 5.5 % had breast cancer in comparison to 0.5 % of the subjects who had 
periodontal disease but no missing molars (P < 0.02). Female gender (OR 13.08) 
and missing any molar in the mandible (OR 2.36) were the explanatory variables for 
breast cancer in this cohort (Söder et al.  2011 ). The missing molars were used as 
proxy of long-lasting dental infections because commonly these teeth are extracted 
due to caries or periodontal disease. In the same cohort, death in cancer was more 
frequent among patients with poor oral hygiene than in those whose oral hygiene 
had been better. Dental plaque appeared to be a signifi cant independent predictor 
associated with 1.79 times the OR of death (Söder et al.  2012 ). 

 A 16-year follow-up study on 51,529 male health professionals in the US, 
showed that when compared with no periodontal disease, history of periodontitis 
was associated with increased pancreatic  cancer   risk (RR 1.64,CI 1.19–2.26; 
P = 0.002). The crude incidence rates were 61 % versus 25 % per 100,000 person- 
years, and among never smokers RR was 2.09 (CI 1.18–3.71; P = 0.01). The  baseline 
number of natural teeth and cumulative tooth loss during follow-up were not associ-
ated with pancreatic cancer in this study (Michaud et al.  2007 ). 
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 Periodontal disease in particular has been found to link statistically with  oral 
cancer  . From Taiwan from an insurance database of one million people, a study 
showed that in patients with periodontal disease the hazard ratio (HR) for oral  can-
cer   was 1.79 (CI 1.42–2.25) (Wen et al.  2013 ). A study from Germany showed a 
mean alveolar bone loss 4.3 mm in 178 oral cancer patients vs. 2.9 mm in their 123 
controls (P < 0.001) and the regression model resulted in OR 2.4 (CI 1.5–3.8) in this 
regard (Moergel et al.  2013 ). In this study a history of periodontal treatment was 
associated with signifi cantly reduced cancer risk (p < 0.001; OR 0.2, CI 0.1–0.5). 

 In the US the national health and nutrition study including13,798 subjects clini-
cal attachment loss (CAL) was related to the presence of tumour in the mouth (OR 
4.57, CI 2.25–9.30) and precancerous lesions in oral mucosa (OR 1.55, CI 1.06–
2.27), respectively (Tezal et al.  2005 ). Similarly, OR was 5.23 (CI 2.64–10.35) for 
each millimeter of alveolar bone loss vs. tongue  cancer   (Tezal et al.  2007 ). Another 
study by the same group on 266 cases with head and neck cancer and 207 controls 
showed OR 4.36 (CI 3.16–6.01) for each millimeter of alveolar bone loss after 
adjustment for age, gender, race/ethnicity, marital status, smoking status, alcohol 
use, and missing teeth. The association persisted in subjects who never used tobacco 
and alcohol. There was a signifi cant interaction between smoking and alveolar bone 
loss (P = 0.03). Patients with periodontitis were more likely to have poorly differen-
tiated  oral cancer   than those without periodontitis (32.8 % versus 11.5 %; P = 0.038) 
(Tezal et al.  2009 ).  HPV   infection   also seems to play a signifi cant role in these con-
nections (Tezal  2012 ). Interestingly, an inverse association between head and neck 
cancer and dental caries was observed in this US patient material (Tezal et al.  2013 ). 
This unexpected result was explained by interactions between the commensal 
microbiota, such as oral streptococci and the host which was thought to be impor-
tant for stimulating local mucosal and systemic immunity, tolerance and fi ne-tuning 
of T-cell receptor function, epithelial turnover, mucosal vascularity, and lymphoid 
tissue mass. 

 From national data from the US periodontitis was also associated with increased 
orodigestive  cancer   mortality (relative risks [RR] 2.28, CI 1.17–4.45) and the asso-
ciation seemed dependent on the increasing severity of periodontitis (P for trend 
0.01). Mortality was in excess for colorectal (RR 3.58, CI 1.15–11.16) and possibly 
for pancreatic cancer (RR 4.56, CI 0.93–22.29). Greater serum  P. gingivalis  IgG 
values tended to be associated with the increased orodigestive cancer mortality (P 
for trend 0.06). It also associated with mortality in subjects with no periodontal 
disease (RR 2.25,CI 1.23–4.14) (Ahn et al.  2012 ). Interestingly, practicing no regu-
lar oral hygiene also conferred OR 2.37 (CI 1.42–3.97) for oesophageal cancer 
when compared with those who undertook daily tooth brushing (Abnet et al.  2008 ). 

 A German population-based study on 4233 subjects with oral leukoplakia 
showed OR 1.7 (0.6–5.0), 3.3 (0.8–13.1) and 5.3 (1.2–22.7), respectively, for sec-
ond, third and fourth quartiles of CAL, respectively. For bleeding on probing the 
respective ORs were 2.0 (0.8–4.90), 2.9 (1.1–7.8) and 3.8 (1.5–9.8) (Meisel et al. 
 2012 ). Oral leukoplakia is regarded a potentially precancerous state. 

 Thus, the oral infections, especially periodontitis, have been clearly associated 
with  cancer   (Gondiykar et al.  2013 ).  
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    Bacteria, Oral  Cancer   and the Effect of Treatment on Oral 
Microbiota 

 Principally, the role of bacteria in  oral cancer   is not known (Rajeev et al.  2012 ). 
Microbial populations on mouth mucosa differ between healthy and malignant sites, 
however. For example,  Streptococcus anginosus  and  Treponema denticola  seem to 
associate with various upper gastrointestinal tract carcinomas and also syphilis has 
been mentioned to be associated with  cancer   (Narikiyo et al.  2004 ).  S. anginosus  in-
fection   might be implicated in the  carcinogenesis   of head and neck squamous cell 
carcinoma in general (Shiga et al.  2001 ).  S. anginosus  DNA has been detected in 
carcinoma tissue samples but not in lymphoma, rhabdomyosarcoma or leukoplakia 
samples. Dental plaque could be a dominant reservoir of this bacterium (Sasaki 
et al.  2005 ). Hooper et al. ( 2007 ) studied with molecular technique oral carcinoma 
specimens and observed 70 distinct taxa with 52 different phylotypes isolated from 
tumour tissues, and 37 taxa from within non-tumorous specimens. Differences 
between the composition of the microbiotas within the tumorous and non-tumorous 
mucosae were apparent, possibly indicating selective growth of bacteria within car-
cinoma tissue. Most taxa isolated from within the tumour tissue represented sac-
charolytic and aciduric species and studies were called for to investigate if these 
aspects have any link to carcinogenesis (Hooper et al.  2009 ). 

 Treatment of  cancer  , such as radiotherapy and chemotherapy, obviously modifi es 
oral microbial composition leading to a major imbalance of the ecosystem (Sixou 
et al.  1998 ; Pushalkar et al.  2012 ; Xu et al.  2014 ). For example, in a study from 
Sweden, the patients harboured enterococci in 38 % of mouth samples  vs.  none of 
the controls.  Lactobacillus  spp. were detected in 92 % of the subjects and the pro-
portion of these species was high compared with the controls. Mutans streptococci 
were also detected in high numbers; 31 % in the patients  vs.  23 % in controls 
(Almståhl et al.  2008 ). On the other hand in a study from China mutans streptococci 
were not isolated in radiotherapy patients while lactobacilli,  S. mitis  and  S. sali-
varius  were the predominant caries-related  oral bacteria   following radiotherapy 
(Tong et al.  2003 ). 

 Bacteria in gingival pockets in head- and neck-irradiated patients have also been 
investigated. A comprehensive study from Hong Kong showed that the major com-
ponents of subgingival microbiota appear similar to that of gingivitis sites in the 
normal population although among the radiotherapy patients bacterial or fungal 
species uncommon in normal subjects were also detected. These species included 
micro-organisms such as  Gemella ,  Peptostreptococcus, Staphylococcus, Stoma- 
tococcus, Streptococcus, Actinomyces, Eubacterium, Lactobacillus, Propioni- 
bacterium, Neisseria, Veillonella, Bacteroides, Campylobacter, Capnocytophaga, 
Fusobacterium, Kingella, Porphyromona s and  Prevotella . Also species of microbes 
that are characteristic to the normal microbiota of skin ( Peptostreptococcus prevotii  
and  Propionibacterium granulosum ) and gut ( Eubacterium aerofaciens, 
Fusobacterium mortiferum  and  Fusobacterium varium ) were detected in this mate-
rial (Leung et al.  1998 ). The new molecular techniques have revealed patterns of 
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microbial shifts providing data for better understanding the impact of  cancer   treat-
ment in this regard (Hu et al.  2013a ,  b ). However, it the practical importance of the 
bacterial diversity observed remains to be seen. 

 How permanent are the shifts in  oral microbiota   after treatment of  cancer   is 
another interesting question. Radiotherapy or cytostatic treatment caused changes 
in bacterial composition in oral microbiota need not be permanent. For example, in 
child allogenic bone marrow transplantation patients in the UK no differences were 
seen in the total anaerobic counts or in the proportion of the  S. oralis  group between 
baseline and the end of a 119-day study, or between patients and controls (Lucas 
et al.  1997 ). However, caries risk may still be increased in particular in paediatric 
patients surviving a malignant disease (Dens et al.  1996 ). Furthermore pathogens 
such as  Capnocytophaga  may pose a systemic risk in these patients and call for 
continuous attention in order to prevent bacteraemia and also to overcome problems 
of developing antibiotic resistance (Sixou et al.  1998 ). Risk for dental caries remains 
high after radiotherapy while periodontitis does not seem to pose corresponding 
problem (Al-Nawas and Grötz  2006 ). 

 In immunosuppressed patients treated with cytostatic drugs pathogenic and 
opportunistic micro-organisms colonizing the mouth may be dangerous. 
Enterobacteria and species such as  Pseudomonas, Neisseria , and  Veillonella  have 
been observed in oral samples from granulocytopenic patients with leukaemia 
(Peterson et al. 1990 ). It appears that the pre-treatment oral health status is important 
in this respect. For example, in a study on non-lymphocytic leukaemia patients in 
Baltimore periodontal disease status and attachment loss were positively correlated 
with increase in the proportional recovery of  Staphylococcus  sp. from supragingival 
sites and total yeasts from supra- and subgingival sites (Reynolds et al.  1989 ). The 
authors suggested that host factors such as periodontal disease may contribute to 
patterns of oral microbial changes during  cancer   chemotherapy. However, it should 
also be kept in mind that sampling site as such may infl uence the results and in  oral 
cancer   patients optimal sampling may be diffi cult (Rautemaa et al.  2006 ). 
Consequently, proper sampling technique for both conventional cultivation and 
novel molecular methods needs to be emphasized (Rusanen et al.  2009 ). Table  11.1  
gives examples of oral microbial strains which are often isolated from cancer 
patients.

  Table 11.1    Micro-organisms 
which are frequently detected 
in mouth samples from 
 cancer   patients.  

  Candida albicans  
 Enterococci 
 Lactobacilli 
 Viridans streptococci 
 Staphylococci 
 Enterobacteria ( Pseudomonas, Neisseria, 
Veillonella ) 
  Capnocytophaga  
 Fusobacteria 

J.H. Meurman and A. Bascones-Martinez



219

       Oral  Cancer   and Yeasts 

 Immunosuppression enhances the selection and outgrowth of yeasts in  oral micro-
biota   (Bensadoun et al.  2011 ). Hence  cancer   patients are at risk for invasive yeast 
infections and life-threatening candidemias (Pompej et al.  1993 ). For example, 
 Candida albicans  was found in 54 % of subjects who received radiotherapy to the 
head and neck in comparison to 15 % of controls (Almstål et al.  2008 ). Particularly 
non -albicans Candida  strains may become a problem since these yeasts often are 
resistant to commonly used antifungal drugs (Redding et al.  2004 ). Oral yeasts also 
convert ethanol to carcinogenic acetaldehyde, a mechanism which may play even 
causal role in the development of cancer (Nieminen et al.  2009 ). However, more 
studies are needed in this area. 

 Local antifungal fi rst-line therapy is recommended for  oral cancer   patients with 
mucosal  Candida  infections but severe systemic infections obviously call for intra-
venous medication.  

    Pathogenic Mechanisms in Oral  Infection  -Linked 
 Carcinogenesis   

  Infection   caused  infl ammation   may induce cellular proliferation, inhibit apoptosis, 
interfere with cellular signaling mechanisms, and act as tumor promoters (Lax and 
Thomas  2002 ). Up-regulation of cytokines and other infl ammatory mediators affect 
complex metabolic pathways. For example, the receptor for advanced glycation end 
products (RAGE), a multi-ligand receptor expressed on various cell membranes has 
been suggested to play a role also in  carcinogenesis  . RAGE is activated by ligands 
in a variety of cell types and tissues and may play a role in the oral  infection   – sys-
temic health associations (Katz et al.  2010 ). Oral infection may also directly refl ect 
in endothelial dysfunction (Janket et al.  2008 ). The cytokine reactions involved have 
been shown to play a role in the immune-related mechanisms of  cancer   develop-
ment (Sheu et al.  2008 ). Figure  11.1  shows the complex pathways thought a play a 
role in infection driven carcinogenesis.

   Another mechanism suggested is mediated via salivary factors. Poor oral health 
has been shown to associate with the genotoxic salivary activity. Bloching et al. 
( 2007 ) studied dental status and saliva of 100 subjects relating their oral health to 
in vitro salivary mutagenicity, using the   Salmonella    test, and observed a signifi cant 
association (p < 0.05) between high plaque index and high number of carious teeth 
with genotoxic activity in saliva. Hence the polymicrobial burden caused by oral 
biofi lms may also possess mutagenic interactions with saliva which may act as co- 
factors in  carcinogenesis  . These examples illustrate the complexity of tumour 
genesis. 

 Several bacteria and  Candida  strains in the mouth convert ethanol to carcino-
genic acetaldehyde thus explaining the epidemiological evidence between heavy 
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drinking, smoking and development of  cancer   (Homann et al.  2000a ,  b ). Both the 
commonly encountered oral streptococci and yeasts possess metabolic pathways for 
this conversion (Kurkivuori et al.  2007 ; Uittamo et al.  2009 ; Nieminen et al.  2009 ). 
Alcohol-related  carcinogenesis   is well-known and the enzymes involved have been 
characterized. Polymorphism in these genes may partly explain why subjects differ 
in their liability for the development of cancer; it may be a question about higher or 
lower metabolic activities involved in alcohol metabolism (Marichalar-Mendia 
et al.  2010 ). Nevertheless, there is a signifi cant dose-response relationship between 
intake frequency, duration and  oral cancer   risk (Cancela Mde et al.  2009 ). Similarly, 
smoking associates with cancer risk and smoking also causes an increase in salivary 
acetaldehyde concentrations thus adding to the risk related to alcohol (Morse et al. 
 2007 ). The effect of smoking and alcohol is synergistic (Salaspuro and Salaspuro 
 2004 ). Figure  11.2  depicts the ethanol acetaldehyde pathway.

   Infl ammation is a critical component of tumor progression (e.g., refl ux esopha-
gitis/esophageal  cancer  ; infl ammatory bowel disease/ colorectal cancer  ) (Coussens 
and Werb  2002 ). This can also happen in the oral environment, such as in the peri-
odontal pocket as a weak point for tumor invasion. Increasing evidence indicates 
that the  infl ammation   may result from persistent mucosal or epithelial cell colonization 
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  Fig. 11.1    The chronic  infection   and  infl ammation   activate the T lymphocytes and release proin-
fl ammatory cytokines leading to  DNA damage   increased cell division and uncontrolled 
proliferation.       
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by microorganisms. Persistent infl ammation leads to increased cellular turnover, 
especially in the epithelium, and provides selection pressure that results in the emer-
gence of cells that are at high risk for malignant transformation (Moss and Blaser 
 2005 ). Meisel et al. ( 2012 ) explained how chronic periodontitis may affect the 
pathogenesis of precancerous lesions by showing that chronic periodontitis was a 
risk factor for the development of leukoplakia predisposing for  oral cancer  . In peri-
odontitis, the infl ammatory response caused by bacteria colonizing periodontal 
pockets leads to signifi cant interleukin-8 ( IL-8  ) and  IL-6   mRNA levels induced in 
response to exposure to the bacteria (Yumoto et al.  1999 ). 

 Chronic  infl ammation   causes epithelial cells to secrete CXCL 9 and CXCL 10 
through the action of various infl ammatory mediators, including  TNF-α  ,  IL-6  , and 
IL-17, leading to eradication of antitumor immunity and accelerated tumor progres-
sion (Lin and Karin  2007 ). Tumor endothelial cells (ECs) secrete high levels of 
CXCL9 in all, and CXCL10 in most melanoma metastases (Amatschek et al.  2011 ). 
In the combination of the secretion of CXCL 9 and CXCL 10 with the recruitment 
of lymphocytes,  neutrophils   and  macrophages   which are sources of cytotoxic and 
genotoxic reactive nitrogen oxygen species (RNOS) the process of tumour genesis 
goes on. Genetic instability is a common feature of solid tumors and we and others 
have proposed that mutagenic RNOS generated by these tumor-infi ltrating cells are, 
in some measure, responsible for the accumulation of mutations associated with 
tumour progression (Haqqani et al.  2000 ) (Fig.  11.1 ). 

  IL-6   is a potent pleiotropic infl ammatory cytokine that is considered a key growth 
promoting and antiapoptotic factor (Lin and Karin  2007 ). Malignant transformation 
of oral epithelium would then be a consequence of the immune response due to 
 macrophage   and T-cell activation and cytokine release (e.g., IL-1,  IL-8  , and  TNF-α  ) 
(Mantovani et al.  2008 ). 

 Production of interleukin-8 ( IL-8  ) by oral epithelial cells can be expected to play 
a major role in the recruitment and activation of phagocytes at the infected site 
(Dongari-Bagtzoglou et al.  2003 ). IL-8 is a human CXC chemokine for  neutrophils   

Oral
microbiota

Micro-organisms
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Cancer

ADH = Alcoholdehydrogenase
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  Fig. 11.2    Microorganisms 
metabolize ethanol to 
acetaldehyde leading to 
 cancer  . The alcohol 
dehydrogenase (ADH) 
play a major role in the 
pathway.       
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and an angiogenic factor. This proinfl ammatory cytokine is expressed in many 
human tumors (Haqqani et al.  2000 ). 

  TNF-α   also appears to be essential for skin  carcinogenesis  , however, as geneti-
cally engineered mice defi cient in TNF-α were shown to be resistant to skin carci-
nogenesis (Moore et al.  1999 ). Oral infections and sepsis promote the degradation 
cascade of  IL-6  , TNF-α,  IL-8  , INF-Y, important cytokines causing  DNA damage   
This, in turn, causes impaired DNA repair and subsequent mutation; most carcino-
gens activate NF-κB and STAT3 pathways. These lines of evidence strongly support 
the hypothesis that carcinogen-induced NF-κB activation could lead carcinogenesis 
(Aggarwal et al.  2009 ). The key molecular link is provided by the inhibitor of 
NF-kB kinase/ NF-kB (IKK/NF-kB) signaling pathway, which is activated by many 
proinfl ammatory cytokines (Lin and Karin  2007 ) (Fig.  11.2 ). 

 P53 is known to be recruited in response to DNA damaging genotoxic stress and 
it plays an important role in maintaining the integrity of the genome. We therefore 
conclude that BP transcriptionally activates the human p53 gene through the induc-
tion of NF-κB activity (Pei et al.  1999 ). These mechanisms are anticipated to play a 
role in the mutations leading to  oral cancer  . Table  11.2  summarizes the principal 
mechanisms by which oral micro-organisms may enhance the development of 
 cancer  .

       Prevention of Oral Microbiota-Associated  Carcinogenesis   

 The simple answer to the question how to prevent  oral microbiota  -associated  carci-
nogenesis   would be avoidance of any infections and infl ammations in the mouth. 
This, however, is not possible in practice due to the complex nature of oral biofi lms. 
However, maintaining good level of oral hygiene can be anticipated to reduce  can-
cer   risk by the mechanisms here discussed. But there is only indirect evidence to 
support this (Abnet et al.  2008 ). 

 The nonessential amino acid cysteine which effectively binds acetaldehyde by 
forming a thiazole-carboxylic acid compound and thus eliminates the local carcino-
genic effect may be one means of future prevention of  oral cancer   (De Vries and De 
Flora  1993 ; Van Schouten et al. 2002 ; Salaspuro et al.  2002 ,  2006 ; Salaspuro  2007 ). 

  Table 11.2    Carcinogenic 
mechanisms where  oral 
microbiota   may play a role.  

 Induction of cell proliferation 
 Inhibition of apoptosis 
 Interference with signalling mechanisms 
 Tumor promoter activity 
 Up-regulation of cytokines and other 
infl ammatory mediators 
 Effect on cellular sugar metabolism 
 Enhancing mutagenic activity in saliva 
 Metabolizing ethanol to acetaldehyde 
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In an  animal model  , cysteine was shown to reduce metastases by inhibiting the 
gelatinolytic activity of matrix metalloproteinases (Morini et al.  1999 ). Here, how-
ever, clinical studies are called for fi nal conclusion. 

 Other chemicals studied in this respect are retinoids (King et al.  1982 ), anti- 
oxidant vitamins E and A, and carotenoids (Krisnky  1989 ; Tengerdy  1990 ), but 
there is no true scientifi c evidence. Liede et al. ( 1998a ,  b ) for example could not 
show any effect of beta-carotene on the prevalence of oral mucosal dysplasia in their 
7-year study on men. 

 Furthermore, many herbs and other natural remedies have been suggested to 
provide protection from  carcinogenesis  . These include garlic, cumin, cloves, cin-
namon, thyme, mustard, rosemary and green tea (Lai and Roy  2004 ; Taylor et al. 
 2005 ). The expected effect is thought to be mediated by phytochemicals of the 
plants, also tested in  animal model   s   (Miller et al.  2008 ). Here it is interesting to cite 
results from a study from Japan where in women the hazard ratios of  oral cancer   for 
green tea consumption of 1–2, 3–4, and 5 or more cups per day were 0.51 (CI 
0.10–2.68), 0.60 (CI 0.17–2.10), and 0.31 (CI 0.09–1.07), respectively, compared 
with those who daily drank less than one cup of green tea (p for trend was 0.08) (Ide 
et al.  2007 ). However, scientifi c evidence in general is weak of the topic and prop-
erly powered, controlled long-term studies are called for further conclusions. 

 Another future approach might be bacteriotherapy with probiotics, health benefi -
cial bacteria shown to inhibit mutagenicity and provide adjuvant effect by modula-
tion of cell-mediated immunity (Kumar et al.  2010 ). Probiotics may also help in 
preventing mucositis caused by  cancer   treatment, but scientifi c evidence still is very 
weak (Maria-Aggeliki et al.  2009 ).  

    Clinical Aspects of Controlling Oral Microbiota in  Cancer   
Patients 

 Maintaining proper oral hygiene during treatment of  cancer   is of utmost impor-
tance. Life-threatening complications may arise if this is neglected (Meurman et al. 
 1997 ). Systemic  infection   and sepsis remains the leading causes of morbidity and 
mortality in immunosuppressed patients. Therefore practical guidelines have been 
given for the oral health care of these patients (Meurman and Scully  2012 ). 

 Chlorhexidine-containing preparations have been the standard in controlling  oral 
microbiota   in patients with  cancer   and other malignancies (Meurman et al.  1997 ; 
Wahlin  1989 ). Chlorhexidine may also prevent oral mucositis during cancer chemo-
therapy (Sorensen et al.  2008 ). However, antifungal agents must be used when yeast 
infections need to be controlled (Madan et al.  2008 ). 

 Proper hands-on counseling of  cancer   patients is often needed. Nurses, dental 
hygienist and auxiliary personnel at the wards must all be advised of the importance 
of daily oral hygiene of cancer patients. Here the oral health care personnel is in a 
key position in advising both the patients and hospital personnel (Chandu et al. 
 2002 ; Meurman and Grönroos  2010 ). Electric toothbrush may be of help (Fjeld 
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et al.  2014 ). Particular attention must also be focused on daily hygiene of dental 
prostheses to avoid fungal infections of the mouth (Davies et al.  2006 ). Worthington 
et al. ( 2007 ) have reviewed the prevention of oral mucositis due to treatment of 
cancer based on Cochrane database. Table  11.3  gives some practical guidelines for 
maintaining good oral health in cancer patients.

       Conclusion 

 The mouth is a habitat of billions of micro-organisms. In  cancer   patients controlling 
 oral microbiota   is of utmost importance in order to avoid life-threatening systemic 
infections. Oral microbes may also have a role in  carcinogenesis   via a number of 
mechanisms. These include carcinogenic metabolites of  oral bacteria   and yeasts and 
 chronic infl ammation  -mediated pathogenic cascade reactions. Hospital personnel 
should be advised about the importance of the mouth, both as regards the quality of 
life of the patient and preventing hematogenic spread of infections of the mouth. 
Dentists and other oral health professionals have a key role in counseling nurses, 
auxiliary and the medical profession, in addition to providing oral health treatment 
to the patients.     
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