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Abstract

Periodontal disease caused chiefly by bacteria is 
characterized by inflammation, bacteremia, and a 
strong immune response. It is based on evidence that 
a continuous long–term exposure to oral bacteremia 
and bacterial toxins induces inflammatory immune 
response after immune evasion releases growth 
factors such as FGF, EGF, TGF-Beta, free radicals 
such as ROS and NOS, cytokines such as TNF-
Alfa,IL-1 Beta, IL-6; and matrix metalloproteinase 
such as MMP-9. Immature myeloid cells such as 
macrophages, dendritic cells and granulocytes 
involved in chronic inflammation and tumor 
progression through immunosuppressive activity 
against innate and adaptive immunity by factors 

such as iNOS, Arginase1 and ROS, activate major 
transcriptional factors such as NF-KB and STAT3 that 
could contribute to genetic instability, uncontrolled 
cell proliferation, angiogenesis, resistance to 
apoptosis, epithelial to mesenchymal transition, 
immunosuppression, invasion and metastasis. This 
study is a product of research and analysis on the 
role of chronic inflammatory mediators of chronic 
periodontitis in progression to cancer.
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مفهوم جديد : العلاقة المحتملة بين التهاب دواعم 
ال�سن المزمن وال�سرطان 

الجراثيم  الرئي�سي  �سببه  ال�سن  دواعم  مر�ض  �إن 
الدم ، وقوة  ، حيث يتميز بالالتهاب ، تجرثم 
هذه  في  المفتر�ضة  العلاقة   ، المناعية  الا�ستجابة 
�أن  �أو�ضحت  التي  البراهين  على  مبنية  الدرا�سة 
التعر�ض الم�ستمر طويل المدى لتجرثم الدم الفموي 
المناعية  الا�ستجابات  يحفز  الجرثومية  وال�سموم 
عوامل  يفرز  المناعي  التهرب  بعد  الالتهابية 
 ،  )  TGF beta( بيتا   - المحول  النمو  نموكعامل 
النمو  وعامل   FGF الليفية  الأرومة  نمو  عوامل 
ك�أنواع  الحرة  الجذور  كذلك   ،  )EGF( الب�شروي 

�أك�سيد  و�أنظمة   )  ROS( التفاعلية  الأك�سجين 
النيتروز )NOS( ، وال�سيتوكينات مثل عامل نخر 
 IL1( وانترلوكين- 1 بيتا ، )TNF-alpha( الورم �ألفا

. )IL6( -6 انترلوكين )beta
  )MMP-9(و البروتيناز الفزي المطر�سي

الخلايا النقوية غير النا�ضجة كالبلاعم ، الخلايات 
الخلايا  تلك   ، الحبيبية  والخلايا   ، المتغ�صنة 
ال�سرطان  وتطور  المزمنة  الالتهابات  في  الم�ساهمة 
للمناعة  �ضد  المناعي  التثبيط  ن�شاط  خلال  من 
الطبيعية والمكت�سبة بوا�سطة عوامل عدة مخلقة 
�أك�سيد النتريك القابل للتحري�ض)INOS( والأرجيناز 
�أولئك  كل   ،)ROS( التفاعلية  الأك�سجين  و�أنواع   1
 )NF-KB STAT3( ين�شطون عوامل الن�سخ الرئي�سية
والتي يمكنها الم�ساهمة في عدم الا�ستقرار الجيني 
، والتكاثر غير الم�ضبط للخلية ، تولد الأوعية ، 
مقاومة الموت المبرمج للخلايا )الا�ستماتة( ، تحول 
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Introduction
Periodontal disease is an infection of the 

supporting structures of the teeth caused by bacteria. 
The host response to infection is an important factor 
in determining the extent and severity of periodontal 
disease. About 15-20% of cancers are linked 
to infectious diseases. Systemic factors modify 
periodontal diseases through their effects on the 
normal immune and inflammatory mechanisms. 
Severe oral infections, especially periodontal disease 
in otherwise healthy individuals, increase the risks in 
developing certain health problems including stroke, 
myocardial infarction and cancer. 

Background
The threat of periodontitis to overall health 

extends across the lifetime of an individual and 
it is associated with diabetes, smoking and poor 
oral hygiene. Bacteria causes periodontitis, yet the 
biochemical destruction that leads to clinical signs 
of disease is the result of the chronic inflammatory 
process in the periodontal tissues. Key bacteria are 
elevated in the subgingival plaque of patients with 
chronic periodontitis and have been identified as 
causing periodontal diseases like: porphyromonas 
gingivalis, Treponema denticola, bacteroids forsythus 
and A. actinomycetemcomitans. They require a lush 
biofilm ecosystem to support adherence, growth, 
emergence and reliance to host serum proteins and 
blood components for sustenance. These bacteria 
have special enzymes and proteins that enable them 
to trigger mild host inflammation (1,2). Porphyromonas 
gingivalis is capable of evading neutrophil 
phagocytosis, invading through the epithelium to the 
tissues in to the bloodstream, secreting enzymes 

that digest host tissues to enable penetration 
and spreading and triggering vasopermeability to 
facilitate hematogenous dissemination. 

The bacteria have been identified at many distant 
sites, such as within athermanous plaques, fetal 
cord blood, pneumonia areas, brain abscess, eye and 
skin inflammatory reactions. Oral bacteria have been 
linked to infections of the endocardium, meninges, 
mediastinum, vertebrae, Hepatobiliary system and 
prosthetic joints (3-4). P. gingivalis   avoids activating 
the acquired immune response and evades immune 
surveillance and clearance by concurrent activation 
of autophagy and suppression of apoptosis; invasion 
of vascular endothelial cells is dependent on 
fimbriae and a specific hemagglutinin (5-7). Fimbriae 
in P. gingivalis induce IL-6 in vascular endothelial 
cells and other infectious, inflammatory mediators 
like TNF- Alpha, IL-1 beta, LPS, PGE2, HSP72; 
activates transcriptional factors nuclear factor 
kappa (NF-kB) and activator – protein (AP- 1), 
STAT-3 which regulates apoptosis, cell proliferation 
and angiogenesis. These promote cell survival by 
upregulating expression of anti-apoptotic genes and 
of genes regulating cell cycle checkpoints, including 
C-MYC, MC-1, Cyclin–D, Bcl-2, C-Flip and survivin, 
thus further alters cellular genomic instability (8-11).

Discussion
Other periodontal pathogens also appear to gain 

systemic egress and become blood borne. It has been 
suggested that the periodontal pocket epithelium 
surface area can approximate a wound site for 
microbial penetration (5). In patients with periodontal 
pathogen, bacteremia occur and initiate a systemic 
antibody response and activation of the hepatic 

والنقائل  الغزو   ، للمتو�سطي  الظهاري  الن�سيج 
للأورام ، الاجتياح والانبثاث للأورام .

لدور  والتحليل  البحث  نتاج  هي  الدرا�سة  هذه 
ال�سن  دواعم  لالتهاب  المزمنة  الالتهابية  الو�سائط 

في تطور ال�سرطان . 
STAT 3= signal transducer and activator 3 / 3

ترجام الإ�شعار والمن�شط للن�سخ  

NF-KB = Nuclear factor kappa-light-chain-(
)enhancer of activated B cells

العامل النووي للخلايا البائية المن�شطة بالمعزاز – 
خفيف ال�سل�سلة كابا . 

الم�ستقة  الكاتبة  الخلايا   : الأ�سا�سية  الم�صطلحات 
 ، ال�شحمي  ال�سكاريد  النقوي ، عديد  الن�سيج  من 

الم�ستقبل �شين Toll البروتيناز الفلزي . 
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acute- phase response. The liver can be activated by 
bacteria, bacterial products such as LPS, cytokines like 
IL-1 beta, TNF – Alpha, matrix metalloproteinase-2, 
vascular cell adhesion molecule-1, and IL-6. This 
activation results in the synthesis of acute phase 
proteins such as CRP. Inflammation and bacteria at a 
systemic low grade level when repeated acutely and 
aggravated chronically provide severe cumulative 
damage to systemic health (9,12,13). Periodontal 
pathogens also create toxic lipopolysaccharide (LPS) 
that is highly inflammatory. The LPS is released 
within the pockets and penetrates into the tissues 
where   the LPS interacts with macrophages to 
stimulate the release of inflammatory mediators 
such as PGE2, IL-1 beta, TNF- Alpha, IL-8, MMP-
9. These inflammatory markers cause vasodilation 
and destruction of the periodontal ligament, activate 
fibroblast and osteoclasts to tissue destruction 
and bone resorption (11). Periodontitis has a genetic 
component; certain genes associated with an 
excess production of IL-1beta have been associated 
with severe periodontal disease and much of the 
susceptibility to disease is inherited. Smoking and 
diabetes, not plaque accumulation, enhance the 
inflammatory response to bacterial LPS, while 
also impairing the ability to fight infection by 
compromising neutrophil function (14,15). TNF- Alpha 
is a proinflammatory and immunoregulatory cytokine 
central to the pathogenesis of various inflammatory 
conditions (16,17). It plays a role in the recruitment of 
inflammatory cells and bone resorption through its 
ability to stimulate IL-1 and granulocyte macrophage 
colony–stimulating factor (GM-CSF) (18-21). This 
exaggerated inflammatory response results in more 
severe periodontitis in patients with diabetes and 
smokers results in production of myeloid derived 
suppressor cells (MDSC). 

MDSC are heterogeneous immature myeloid 
cells that fail to terminally differentiated into 
granulocytes, macrophages or dendritic cells 
upon chronic inflammatory conditions and 
exhibit immunosuppressive functions by multiple 
mechanisms (32).  These cells are heterogeneous 
and therefore their phenotypical characteristics 
are broadly distinct. Among human MDSCs, the 
two subsets are monocytic and granulocytic (22). 
Myeloid derived suppressor cells derive from the 
bone marrow hematopoietic precursors by chronic 

inflammatory mediators such as IL-1 Beta, IL-6, 
PGE2, CCL2, CXCL5, TNF-Alfa and S100A8/A9, which 
alters myelopoiesis. MDSC survival and proliferation 
are regulated by transcriptional factor STAT3. These 
are the major immunosuppressor cells that cross-
talk with other immune cells such as CD8 T cells and 
NK cells to inhibit both adaptive and innate immunity 
by iNOS, Arginase1, ROS and Cysteine deprivation 
mediated T cell suppression. iNOS to break down 
L-arginine in to nitric oxide which inhibits T- cell 
activation and abrogates expression of MHC11 
molecule on antigen presenting cells. Arginase1 
breaks down L-arginine into urea and L-ornithine. 
L-arginine depletion prevents T-cell function. ROS 
induce apoptosis of T-cell and prevents cytokine 
secretion by T-cells. Cysteine deprivation mediated 
T-cell suppression, an amino acid essential for T cell 
activation (23-27). MDSC promotes tumor-associated 
angiogenesis by matrix metalloproteinases (MMP-
9), VEGF and bFGF facilitate cell invasion and 
intravasation by secreting proteolytic enzymes such 
as MMP, induce epithelial mesenchymal  transition in 
cancer cells using EGF (Epithelial growth factor), HGF 
(Hepatocyte growth factor) and TGF-Beta (28-32).  

Reactive Oxygen Species (ROS) is an abundant, 
unstable, highly reactive, mutagenic factor frequently 
present in inflammatory microenvironment as a result 
of oxidative stress and induced by phagocytic cells. 
It causes DNA damage and changes cell mutation 
rate, thus enhancing the appearance of clones with 
oncogenic properties (33,34). Inflammatory factors 
promoting proliferation are TGF-beta, Fibroblast 
growth factor (FGF), and epithelial growth factor. 
TGF-beta is a cytokine orchestrate and regulate 
growth and differentiation in all cell types and tissue. 
It    synthesizes as an inactive precursor due to 
mutation  or deletion  by macrophages, mast cells and 
lymphocytes activated by proteases in inflammatory 
microenvironment, promotes epithelial mesenchymal 
transition (EMT) by enhancing the degradation of 
extracellular matrix leads to invasion, angiogenesis 
and metastasis (35, 36). Activated macrophages are 
antigen presenting cells produce proliferating factors 
like EGF, FGF, IL-6 and IL-8 which are a mitogenic 
trigger of fibroblast, epithelial and endothelial cells 
promotes cell proliferation and angiogenesis (37-41).

LPS is a known activator of macrophage which, 
cross talk with MDSC in the presence of LPS. 
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Later, LPS binds to LPS binding protein which 
helps in transfer of LPS to the membrane bound 
receptor CD14 through TLR4 signaling pathway. 
TLR4 signaling pathway gets activated when CD14 
binds with TLR4. Further, downstream activation of 
NF-Kb driving MDSC production of IL-10 resulting 
in immunosuppression and immune evasion by 
promoting M2 polarization of macrophages. M2 
macrophages are alternatively activated and 
promotes tumor progression by secreting IL-10, 
VEGF and PGE2 on exposure to hypoxia.  All these 
factors favor towards pro-inflammatory to pro-
tumoral activity which results in onco-promotion, 
onco-training, and tumor formation.  Periodontal 
micro-organisms are found in different sites. There 
is a potential link between chronic periodontitis in 
pathogenesis of cancer. Chronic inflammation is 
considered to be a seventh hall mark of cancer (33, 42).

Conclusion
Periodontal bacteria are known to evade 

immune cells, invade the systemic circulation,  
release inflammatory mediators such as cytokines 
(IL-6,IL-8,TNF-Alfa) and growth factors (EGF, 
FGF), PGE2, free radicals (ROS, RNS), and matrix 
metalloproteinases from inflammatory cells such 
as macrophages, lymphocytes and myeloid derived 
suppressor cells . Intermittently, this reaches the 
blood stream, inducing chronic, low-level bacteremia 
and systemic inflammatory–immune reactants to 
activate transcriptional factors such as NF-KB and 
STAT3 - all of which could represent a pathogenetic 
link between periodontal disease and cancer by 
genetic mutation, cellular proliferation,  resistance 
to apoptosis, epithelial to mesenchyme transition, 
angiogenesis, invasion and metastasis. Cancer 
is a condition of global health concern because 
of increased mortality and morbidity. Interaction 
between periodontal microbes, immune cells and its 
association with cancer remains to be established. 
It is in the interest of public health to address this 
issue to improve patient care and the development of 
therapeutic applications for this condition.

References
1.	 Williams RC, Offenbacher S. Periodontal medicine: The 

emergence of a new branch of periodontology. Periodontal 
2000; 23:9-12.

2.	 Socransky SS , Haffajee AD, Cugini MA, Smith C, Kent 
RL Jr. Microbial complexes in subgingival plaque. J Clin 
Periodontal 1998; 25; 134-144.

3.	 Chiu B. Multiple infections in carotid atherosclerotic 
plaques. Am Heart J 1999; 138: 534-536.

4.	 Haraszthy VI, Zambon JJ, Trevisan M, Zeid M, Genco RJ. 
Identification of periodontal pathogens in atheromatous 
plaques. J Periodontal 2000; 71: 1554-1560.

5.	 Page RC, Offenbacher S, Schroeder HE, Seymour GJ, 
Kornman KS.  Advances in the pathogenesis of periodontitis: 
Summary of developments, Clinical implications and 
future directions .Periodontal 1997; 14: 216-248. 

6.	 Belanger M, Rodrigues PH, Dunn WA, Progulske – Fox A. 
Autophagy; A highway for  Porphyromonas gingivalis in 
endothelial cells . Autophagy 2006; 2: 165-170.

7.	 Takahashi Y, Davey M, Yumoto H, Gibson FC 3rd, Geno 
CA. Fimbria - dependent activation of pro-inflammatory 
molecules in Porphyromonas gingivalis infected human 
aortic endothelial cells. Cell Microbiol 2006; 8:738- 757.

8.	 Ho Y-S, Lai M-T , Liu S-J, Lin C-T, Naruishi K, Takashiba 
S . Porphyromonas gingivalis fimbriae – dependent 
interleukin -6 autocrine regulation by increase of gp130 
in endothelial cells. J periodontal Res 2009; 44: 550-556.

9.	 Schulze A, Busse M. Periodontal disease and heart disease. 
Clinical sports medicine 2008; 1: 9-12.

10.	 Feller L, Altini M, Lemmer J.  Inflammation in the context of 
oral cancer. Oral oncology 2013; 49: 887-892.

11.	 Offenbacher S. Periodontal diseases: Pathogenesis .Ann 
Periodontal 1996; 1:821-878.

12.	 Lalla E, Lamster IB, Spessot AL. Oral infection with 
an established periodontal pathogen accelerates 
atherosclerosis in APO E null mice .Circulation 2000; 102: 
41-42. 

13.	 Geva  S, Lilu Y, Champagne CME, Southerland JH, Madianos 
PN, Offenbacher  S. Porphyromonas gingivalis enhances 
atherosclerotic plaque calcification in APO E mice .J Dent 
Res 2000; 79:516.

14.	 Engebretson SP, Lamster IB, Herrera –Abreu M, Celenti RS, 
Timms JM, Chaudhary AG, et al. The influence of interleukin 
gene polymorphism on expression of interleukin – 1 beta 
and tumor necrosis factor – alpha in periodontal tissue 
and gingival crevicular fluid. J Periodontal 1999; 70:567-
573.

15.	 Shirodaria S, Smith J, Mckay IJ, Kennett CN, Hughes FJ. 
Polymorphisms in the IL-1A gene are correlated with 
levels of interleukin -1alpha protein in gingival crevicular 
fluid of teeth with severe periodontal disease. J Dent Res 
2000; 79: 1864- 1869.

16.	 Haynes DR. Bone lysis and inflammation. Inflamm. Res 
2004; 53:596- 600.



24

Chronic Periodontitis and Cancer, T.G. Shrihari, et. al.

17.	 Bertoline  DR, Nedwin GE, Bringman TS, Smith DD, Mundy 
GR. Stimulation of bone resorption and inhibition of bone 
formation in vitro by human tumor necrosis factors . 
Nature 1986; 319: 516-518.

18.	 Katagiri T, Takahashi N. Regulatory mechanisms of 
osteoblast and osteoclast differentiation. Oral diseases 
2002; 8: 147- 159.

19.	 Azuma Y , Kaji K, Katogi  R , Takeshita S, Kudo A. Tumor 
necrosis factor –alpha induces differentiation of and bone 
resorption by osteoclasts. J. Biol. Chem 2000; 275: 4858-
4864.

20.	 Kobayashi K, Takahashi N, Jimi E. Tumor necrosis 
factor – Alpha  stimulates osteoclast differentiation by 
a mechanism independent of the ODF/RANKL – RANK 
interaction . J. Exp. Med 2000; 191:275-286.

21.	 Wozniak KL, Arribas A, Leigh JE, Fidel PL Jr. Inhibitory 
effects of whole and parotid saliva on immunomodulators. 
Oral Microbiol. Immunol 2002; 17:100-107.

22.	 Peranzoni E, Zilio S, Marigo I, Dolcetti L, Zanovello P, 
Mandruzzato S, et al . Myeloid-derived suppressor cell 
heterogeneity and subset definition. Curr Opin Immunol 
2010; 22: 238-244.

23.	 Ostrand-Rosenberg S, Sinha P. Myeloid-derived 
suppressor cells: linking inflammation and cancer. J 
Immunol. 2009; 182: 4499-506.

24.	 Banyash M. Chronic inflammation, immunosuppression 
and cancer: new insights and outlook. Semin Cancer Biol. 
2006; 16:80-8.

25.	 Wilcox R. Cancer-associated myeloproliferation: old 
association, new therapeutic target. Mayo Clin Proc. 2010; 
85: 656-63.

26.	 Wu L, Y and C, Czader M. Inhibition of PPARγ in 
myeloid-lineage cells induces systemic inflammation, 
immunosuppression, and tumorigenesis. Blood 2012; 
119: 115-26.

27.	 Koo TH, Jun HO, Bae S-K, Kim S-R, Moon C-P, Jeong S-K, 
et al .Porphyromonas gingivalis, periodontal pathogen, 
lipopolysaccharide induces angiogenesis via extracellular 
signal- regulated kinase ½ activation in human vascular 
endothelial cells. Arch Pharm Res 2007; 30:34-42.

28.	 Stairs DB, Bayne LJ, Rhoades B. Deletion of p120- catenin 
results in a tumor-microenvironment with inflammation 
and cancer that establishes it as a tumor suppressor gene. 
Cancer cell 2011; 19:470-483.

29.	 Dilek N, Vuilleefroy de silly R, Blancho G, and Vanhove B. 
Myeloid derived suppressor cells: Mechanisms of action 
and recent advances in their role in transplant tolerance. 
Frontiers in immunology 2012; 3:208-214.

30.	 Ostrand – Rosenberg S, and Sinha P. Myeloid – derived 
suppressor cells: Linking inflammation and cancer. 
Journal of immunology 2009; 182: 4499-4506.

31.	 Sica A and Bronte V. Altered macrophage differentiation 
and immune dysfunction in tumor development. Journal of 
clinical investigation 2007; 117: 1155-1166.

32.	 Gabrilovich  D I and Nagaraj  S. Myeloid - derived 
suppressor cells as regulators of the immune system . 
Nature reviews immunology 2009; 9: 162-174.

33.	 Colotta F, Allavena P, Sica A, Garlanda C, and Mantovani 
A.  Cancer –related inflammation, the seventh hallmark of 
cancer; links to genetic instability. Carcinogenesis 2009; 
30:1073-1081.

34.	 Fiaschi T and Chiarugi P. Oxidative stress, tumor 
microenvironment, and metabolic reprogramming: a 
diabolic liaison. International Journal of Cell Biology 2012; 
12:80-88.

35.	 Xu Q, Wang L, Li H.  Mesenchymal stem cells play a potential 
role in regulating the establishment and maintenance 
of epithelial – mesenchymal transition in MCF7 human 
breast cancer cells by paracrine and induced autocrine 
TGF-beta. International journal of oncology 2012; 41: 48-
57.

36.	 Wang H, Wu J, Zhang Y. Transforming growth factor   beta 
– induced epithelial mesenchymal transition increases 
cancer stem like cells in the PANC-1 cell line. Oncology 
letters 2012; 3:229-233.

37.	 Malinowsky K, Raychaudhuri M, Buchner T .Common 
protein biomarkers assessed by reverse phase protein 
arrays show considerable intratumoral heterogeneity in 
breast cancer tissues. Plos One 2012;7:45-49.

38.	 Giannios J, and Ioannidou – Mouzaka L. Molecular 
aspects of breast and ovarian cancer. European journal of 
gynaecological oncology 1997; 18: 387-393.

39.	 Tindall EA, Severi G, Hoang HN. Interleukin -6 promoter 
variants, prostate cancer risk and survival. The prostate 
2012; 72: 1701- 1707.

40.	 Wang Y, Li L, Goo. Interleukin -6 signaling regulates 
anchorage independent growth, proliferation, adhesion 
and invasion in human ovarian cancer cells. Cytokine 
2012; 59: 228-236.

41.	 Mantovani A and Sica A.  Macrophages, innate immunity 
and cancer: balance, tolerance, and diversity. Current 
opinion in immunology 2010; 22:231-237.

42.	 Jiang Q, Akashi S, Miyake K, Petty HR. Lipopolysaccharide 
induces physical proximity between CD14 and toll-like 
receptor 4 (TLR4) prior to nuclear translocation of NF-
kappa B. J Immunol 2000;165:351–354.


	cover+toc
	cover
	toc

	pp20-24_ShrihariT

