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directly or indirectly, with eukaryotic cell 
cycle and signaling pathways, or by 
metabolism of potentially carcinogenic 
substances like acetaldehyde causing 
mutagenesis. Studies have shown 
diversity of isolated bacterial taxa 
between the oral cancer tissue specimens 
and the control, with Exiguobacterium 
oxidotolerans, Prevotella melani 
nogenica, Staphylococcus aureus and 
Veillonella parvula being specific for 
tumorogenic tissues. Most isolates are 
saccharolytic and acid tolerant. 
Streptococcus anginosus, commonly 
linked with esophageal and pharyngeal 
cancers, is not of significance in oral 
cancers. Similarly, significant salivary 
specificity is noted for three bacteria, 
namely, Capnocytophaga gingivalis, P. 
melaninogenica, and Streptococcus mitis 
in oral cancer patients, making these 
species salivary markers for the early 
detection of oral cancers and thus 
improving the survival rate significantly. 
Also, such high degree of bacterial 
specificity in oral cancers has provoked 
the designing of new treatment options 
for cancer prevention by way of vaccine 
delivery. However, for the success of 
these steps, a deeper exploration into this 
subject with a greater understanding is 

[2]warranted.

Introduction
Oral cancer is the sixth most common 
m a l i g n a n c y  w o r l d w i d e  a n d  i s  
particularly prevalent in developing 
countries, such as in Southeast Asia, 
where up to 40 percent of all 
malignancies are located within the oral 
cavity. More than 90% of cancers in the 
mouth are Squamous cell carcinomas 
(SCCs) originating from the oral mucosa. 
With an average all stage, 5-year survival 
rate for oral cancer of less than 50%, the 
annual mortality figures are comparable 
to those of carcinoma of the cervix and 
malignant melanoma. In the past, oral 
cancer predominantly affected men in 
their sixth or seventh decade. However, 
more recently the male-to-female ratio 
has reduced dramatically and there has 
been a striking increase in the number of 

[1]cases in those under the age of 45.

Biological Microflora
Despite the widening interest in the 
possible association between bacteria 
and different  s tages of  cancer  
development, our knowledge in its 
relation to oral cancers remains 
inadequate. Different bacteria have been 
proposed to induce carcinogenesis either 
t h r o u g h  i n d u c t i o n  o f  c h r o n i c  
inflammation or by interference, either 
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Interest in the possible relationships 
between bacteria and the different stages 
of cancer development has been 
increasing since the classification by the 
Wor ld  Hea l th  Organ iza t ion  o f  
Helicobacter pylori as a definite (Class 1) 
carcinogen. Various other bacterial 
infections have also been found to 
correlate with an increased risk of 
developing cancer, for instance, an 
increased risk of gallbladder carcinoma is 
associated with Salmonella typhi 
infection and there is a greater risk of 
d e v e l o p i n g  c o l o n  c a n c e r  i n  

[3]Streptococcus bovis-infected patients.

History: Associated Etiological 
Bacteria
Several discoveries in microbiological 

thliterature since 19  century have led its 
way to suggest that bacteria were 
implicated in all studies, and hence, the 
theory of bacterial infection leading to 
oral  cancer  was born.  Various 
epidemiological and laboratory based 
studies have shown number of bacterial 
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species to be associated with different 
cancers. Few such propositions that 
gained widespread interest were 

[4]following revelations.
1. Salmonella typhi and gallbladder 

cancer
2. Chlamydophila pneumoniae and lung 

cancer
3. Streptococcus bovis and colorectal 

cancer
4. E. coli, crohn's disease and colon 

cancer
[5]5. S. typhi and susceptible populations

Pathogenesis:
The pathogenesis of carcinogenesis due 
to bacteria can be attributed to two 
mechanisms viz: 
a) Chronic inflammatory mechanisms 
b) Role of Bacterial toxins

Bacteria and Oral Cancer
The association of bacteria with oral 
tumors is of increasing interest. In a study 
of intraoral carcinomas, Nagy et al. 
(1998) demonstrated a difference in the 
microflora associated with the surface of 
tumors in comparison to control sites. 
More recently, it has also been reported 
that patients with oral squamous cell 
carcinoma (OSCC) tend to possess 
significantly raised concentrations of 
certain bacteria in their saliva. In order to 
demonstrate a role for bacteria in the 
development of oral cancer, the first step 
must be to identify such organisms within 
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tumor specimens.  Fur thermore,  
sufficient attention must be given to the 
elimination from any tissues tested of the 
microbes that occur naturally on the 
surfaces of the tumors. In addition, 
salivary contamination of the sample 
must be prevented during subsequent 
handling. The presence of Streptococcus 
anginosus DNA in oropharyngeal tumors 
has been reported following studies using 
specific PCR primers. However, this 
molecular approach was limited to a 
single group of bacteria, and no 
inferences can be made regarding the 
viability and therefore potential activity 

[5]of the species detected.  To date there 
have been only a few investigations into 
the possible associations between 
bacterial species and oral carcinoma. In a 
study of intraoral carcinomas, Nagy et al. 
(1998) demonstrated increased numbers 
of certain members of the oral microbiota 
on the surface of tumors in comparison 
with control sites. More recently, it has 
been reported that patients with OSCC 
tend to possess significantly raised 
concentrations of certain bacteria in their 
saliva. This apparent alteration of the oral 
microbiota in cases of OSCC is of 
particular interest because of its potential 

[7]application as a diagnostic tool.

Bacterial tropism in oral cavity
Research has repeatedly shown that oral 
bacteria demonstrate specific tropisms 
toward different biological surfaces in 

the oral cavity such as the teeth, mucosa, 
and other bacteria. The reason for these 
shifts in bacterial colonization of cancer 
lesions is unclear. Mechanistic studies of 
bacterial attachment provide some 
insights, however. The non-shedding 
surfaces of the teeth offer a far different 
habitat than the continually shedding 

[8]surfaces of the oral mucosa.
Due to the repeated shedding of epithelial 
cells, there is less time for a complex 
biofilm to develop on soft tissue surfaces; 
thus, a premium is placed on potent 
mechanisms of adhesion. The differences 
in bacterial tropisms for specific oral sites 
suggest that different intra-oral surfaces 
and bacterial species have different 
receptors and adhesion molecules that 
dictate the colonization of different oral 

[9]surfaces.
It is now recognized that bacteria bind to 
and colonize mucosal surfaces in a highly 
selective manner via a "lock and key" 

[10]mechanism.  Adhesins on bacteria bind 
specifically to complementary receptors 

[11]on the mucosal surfaces of the host.  
These adhesins differ from species to 
species leading to specificity in 

[12]attachment to different surfaces.  
Studies have shown that even within 
genera, colonization patterns of 
individual species may differ markedly 
Streptococcus salivarius, for example, 
preferentially colonized the oral soft 
tissues and saliva compared to the teeth, 
while the reverse was true of  

a. Chronic inflammatory mechanisms involved in carcinogenesis:

Signaling

Pro-inflammatory cytokines and immunosuppressant cytokines

Chemokines

COX-2 and prostaglandins

iNOS

NO

NF-kB (The NF-kB/Rel family of proteins includes Crel,

RelA (p65), RelB, NF-kB1 (p50/100), NF-kB2 (p52/p100)

ErbB2 (a receptor strongly involved in carcinogenesis)

Sub categories

ILS: Pro-inflammatory (IL-1, IL-6, IL-8, IL-17); immunosuppressor (IL-10);

TNF-α plays dual role in carcinogenesis, usually it is tumor promoter

Four major groups: CXC, CC, XC, CX3C (primary function is to recruit

leucocytes at the site of inflammation)

An inducible form of cyclooxygenase, serves as interface between inflammation

and cancer.

Expression of iNOS is elevated in various precancerous lesions and carcinomas

Elevated in precancerous and cancerous lesions

One of the DNA binding proteins that are aberrantly activated in response to 

inflammatory stimuli leading to induction of transcription of various 

proinflammatory genes in tumor cells

Inflammation induces the expression

Role in inflammation assumed cancer

Over expressed in inflamed and hyperplastic, metaplastic tissues and adenocarcinoma; Induce

DNA damage; Pro-angiogenic molecule such as VEGF, VEGFR, IL-8, NO, ICAM-1 VCAM-1; 

Activation of pro-inflammatory signals mediated via JAK-STAT and NF-kB; Maintain inflammatory 

tumor microenvironment; Stimulate cell proliferation and inhibit apoptosis

Responsible for attraction to inflammatory and immune cells to tumor microenvironment; Promotion

of tumor cell migration, facilitation of invasion and metastasis; Stimulation of inflammatory angiogenesis

Causes promotion of : cellular proliferation, suppression of apoptosis, enhancement of invasiveness,

angiogenesis

Elevated in precancerous and cancerous lesions and cause: DNA damage by nitrosation/oxidative

pathways; Produce proinflammatory mediators like NO by catalyzing Arginin metabolism; Acts as a

downstream effector of NF-kB and inflammatory cytokines mediated signaling

Selects mutant p53 cells and contribute to tumorigenesis by upregulating VEGF; DNA damaged by

nitrosation of nucleotide bases

Enhances expression/production of proinflammatory mediators: Amplifies inflammation signal

transduction; Increased expression of anti-apoptotic protein; Help transformed cells to escape apoptosis

Binding of ErbB1 and ErbB2 to ligands results in prolong activation of intrinsic protein kinase

activity, leading to activation of a biochemical cascade responsible for mitogenic cell signal transduction

ILS: Interleukins; IL: Interleukin; TNF: Tumor necrosis factor; CC: Chemotactic cytokine; NF-kB: Nuclear factor-kB; VEGFR: Vascular endothelial growth factor receptor; iNOS: Inducible nitric oxide synthetase; NO: Nitric 
oxide; VCAM-1: Vascular cell adhesion molecule 1; ICAM-1: Inter-cellular adhesion molecule 1.



[13]Streptococcus sanguis.

Diagnostic Modalities
Oral squamous cell carcinoma (OSCC) is 
one of the most common epithelial 
mal ignancies  wi th  s ignif icance 
morbidity and mortality. In spite of 
diagnostic and therapeutic advances over 
the decades, the disease still remains a 
challenge for medical professionals with 
the five year survival rate being 30%-

[14]50%.  An understanding of the 
molecular mechanisms involved in 
OSCC is helpful in providing a more 
complete picture of the ways in which 
tumor arise and advance and a rationale 

[15]for novel strategies of cancer detection.  
The oral cavity is particularly conducive 
to such strategies, given the ease with 
which saliva and exfoliated cells can be 

[16]collected.  Tumor cells inhabit or 
produce biochemical substances referred 
to as tumor markers. These can be normal 
endogenous products that are produced at 
a greater rate in cancer cells or the 
products of newly switched on genes that 

[17]remain quiescent in the normal cells.  
Tumor marker may be present as 
intracellular substances in tissues or as 
released substances in circulating body 
fluids such as serum, urine, cerebrospinal 
fluid (CSF) and saliva. Until recently, 
analysis for tumor markers were carried 
out in fluids other than saliva such as 

[18]CSF, blood and urine.  With recent 
diagnostic technological advances 
however, the role of saliva as a tool for 
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diagnosis has advanced exponentially. 
The source of information is largely 
derived from the variety of DNA's, 
RNA's and proteins present in the saliva. 
Salivary DNA represents the genetic 
information of the hosting human body, 
the oral microbiota and the infecting 
DNA-viruses. Salivary RNA provides 
information on the transcription rates of 
the host genes and those of oral 
microbiota. Salivary proteins represent 
genetic information and help to 
understand the translational regulation of 

[17]the host body and the oral microbiota.  
In addition, saliva is also useful in 
detection of other markers such as cell 
cycle markers (p16, p53 etc), growth 
factors (epidermal growth factor, 
transforming growth factor etc), cell 
s u r f a c e  m a r k e r s ,  o x i d a n t  a n d  

[19]antioxidants among others.

Technologies for saliva based diagnosis
1. Proteomics
The proteome represents the complete set 
of proteins encoded by genome and 
proteomics is the study of the proteome 
that investigates the cellular levels of all 

the isoforms and post translational 
modifications of proteins that are 
encoded by the genome of the cell under a 

[20]given set of circumstances.
Protein biomarkers in saliva are being 
analyzed both individually and as a panel 
of markers to aid in early detection of oral 
cancer and in implementing appropriate 

[21]therapeutic regime

2. Transcriptomics
Salivary transcriptome diagnostics 
constitutes a novel clinical approach 
where a large panel of human RNAs can 
be readily detected in saliva. The large 
panel of human mRNA is determined by 
the use of microarray technology and 
a f t e r  p r o f i l i n g ,  v a l i d a t i o n  o f  
transcriptome biomarkers is done by 
quantitative real time PCR. Sometimes 
multiplex reverse transcriptase PCR are 
used to overcome problems with 
quantitative real time PCR. Microarray 
technologies have the advantage of 
s i m u l t a n e o u s l y  d e t e c t i n g  a n d  
quantifying the expression of large 
number of genes health and disease. The 
technology involves the use of robotic 

b. Role of Bacterial toxins in Carcinogenesis

Toxin

Potential genotoxins

CDT (three subunits: CdtB is a functional unit, while

CdtA and CdtC serve as accessory units for delivery

into target cells)

Cytolethal distending toxin B

Colibactin

Potential pro-carcinogenic toxins

Pasturella multocida toxin

CagA

Vacuolating cytotoxin A

Bacteroides fragilis toxin

Cytotoxic necrotizing factor-1

Cycle inhibiting factor

MAP

VEGF

Source

Haemophilus ducreyi, Helicobacter hepaticus, Salmonella typhi.

Actinobacillus actinomycetemcomitans

Salmonella typhi

Escherichia coli

Pasturella multocida

Helicobacter pylori

Helicobacter pylori

Bacteroides fragilis

Escherichia coli, Shigella dysenteriae, Campylobacter jejuni and Salmonella

typhi, Helicobacter hepaticus, Actinobacillus actinomycetemcomitans

Escherichia coli

Citrobacter rodentium

Bartonella species

Activity and outcome

DNAase; DNA damage and cell cycle inhibitor

DNAase activity, genotoxic by creating DNA lesions

Mechanism unknown

Modifies Gq proliferation

Binds to SHP2 and c- Met cells scattering

Upregulation of VEGF expression (seems to depend on the activation of EGFR, MAP kinase and

COX-2 mediated)

Cleaves E- cadherin proliferation

Modifies Rho family proteins, inflammation and inhibition of cell cycle, blocks cytokines

Inhibit cell cycle at G2-M transition

Multifunctional effectors protein that target host cell mitochondria implicated in the disruption of

epithelial barrier function both in vitro and in vivo

Angiogenesis and proliferation
[6]MAP: Mitochondrial associated protein; VEGF: Vascular endothelial growth factor; EGFR: Epidermal growth factor receptor.

Over expression of proteins in OSCC and their functional role

Protein

M2BP

MRP14

CD 59

Prifilin 1

Catalase

Functions

Tumor antigen

Calcium binding protein

Enables the tumor cells to escape from complement dependent and antibody mediated killing

Regulator of microfilament system and is involved in various signaling pathways

Protects against oxidative stress



automated miniaturized microscopic 
spots of aliquots of cDNAs or 
oligonucleotides from specific genes in a 
standardized high density gridded 

[22]arrangement on glass.

3. Polymerase chain reaction (PCR)
PCR is a simple in-vitro method for 
amplification of specific short segments 
of DNA or cDNA reverse transcribed 
from RNA. The technique greatly 
simplifies genetic analysis and permits 
the study of all types of clinical samples. 
Oligonucleotide primers binding to the 
flanking regions of target sequence are 
used to initiate specific copying of DNA 

[23]strands by DNA polymerase.  The 
requirement for the reactions are 
template DNA to be studied, short single 
strand DNA primers, complementary to 
opposite strands of the flanking regions 
of the fragment of interest, the four 
n u c l e o t i d e  t r i p h o s p h a t a s e s ,  a  
thermostable DNA polymerase and an 

[24]appropriate buffer solution.

4. Genomics
Genomic analysis is one of the recent 
advances in the diagnosis of oral cancer 
and considerable research is being 
performed in this field. With the 
availabil i ty of high throughout 
technologies to harness genetic 
information from various sources like 
blood, saliva, etc., their usage has 
advanced exponentially. Stable cell free 
circulating DNA in plasma was first 
observed almost 60yrs ago. Plasma DNA 
were shown to exhibit tumor specific 
characteristics such as somatic mutations 
in tumor suppressor genes or oncogenes, 
microsatellite alterations, abnormal 
protein methylation, mitochondrial DNA 
mutations and presence of tumor related 
viral RNA. These DNA related changes 
were also found in saliva, the 
identification of which helps a great deal 

[25]in diagnosis of oral cancer.
Tumor specific genomic markers 
consisting of DNA and RNA markers can 
be identified in saliva for detection of oral 
cancer considering that the initiation and 
progression of malignant tumors is 
driven by the accumulation of specific 

[26]genetic alterations.

Future Perspectives and Conclusion
The challenge of understanding the true 
associations between bacterial infections 
and human cancers is indeed great, but it 
also promises great rewards. Unlike viral 
infections, bacterial infections are 
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typically curable, and the prospect of 
antibiotic treatments to prevent, 
alleviate, or cure cancers is obviously 
alluring. Many of the bacterial infections 
that promote oncogenesis, i.e., H. pylori, 
Chlamydia, and Mycoplasma infections, 
are often asymptomatic. When the 
pathways toward malignancy are 
initiated and when they become 
irreversible, though, are not fully 
understood. Vaccination against etiologic 
pathogens to prevent infection and thus 
eliminate the risk of cancer is yet another 

[27]hopeful prospect for researchers.
One of the most intimate relationships of 
man is that which he has with his own 

[28]microbial flora.  While, most exposures 
in life are transient, the contact we have 
with these microorganisms is constant 
and unremitting. This symbiotic 
relationship is taken for granted or, more 
commonly s t i l l ,  thought  to  be 

[29]beneficial.  Even the term normal flora 
suggests benignity yet, it is naïve to 
assume that our continuous interaction 
with microbial flora is immaterial to our 
long-term health. As new infectious 
causes of malignancy continue to be 
uncovered, it is increasingly apparent 
that dissection of the complex interplay 
between man and microbial flora is 
essent ia l  to  unders tanding  the  
pathogenesis of many malignancies.
Recent research has uncovered a great 
deal of information regarding the 
bacterial mechanisms used to cause, 
colonize or cure cancer, however, many 
questions remain unanswered. The 
continued exploration of the relationship 
between bacteria and oral squamous cell 
carcinoma will bring research ever closer 
to the prevention, early diagnosis and 
truly effective treatment of this scourge 

[1]of mankind.
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