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Abstract: Periodontitis is characterized by infection and inflammation of tooth supporting tissues. Even though 

pathogenic microorganisms are the primary etiological factor, the progression is modified by genetic factors of 

the individual. Many environmental factors such as smoking, inflammation, malnutrition are identified as risk 

factors. Epigenetic modifications occur in response to environmental changes which can affect gene expression 

and is not mediated by mutations. Recent research using genome wide analysis highlights that genetic 

variations are associated with an increased risk of periodontitis. Epigenetic drugs may provide an opportunity 

to develop tailor made therapies and enhance the effects of combination therapy. 
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I. Introduction 
Periodontal disease is a chronic inflammatory disease of multifactorial etiology. Microorganisms 

associated with dental plaque were thought to be the sole factor for periodontal destruction until 1970’s. 

Bacteria are essential but alone will not produce the disease.Imbalance in host response dictates susceptibility to 

diseases. Risk factors play an important role in the development of periodontal diseases.Many environmental 

factors such as diet, smoking, inflammation, chemicals, drugs and age may affect gene regulation, which leads 

to epigenetic modification in the genome (Fig. 1). Epigenetic information can be inherited by modification in 

histone[1] by DNA methylation [2]
 
which are enzymatically copied. Host-microbial interactions along with 

environmental factors are major determinants for the development of periodontal diseases and hence, for the 

relationship between genotype and phenotype [3]. 

 
Figure 1   Influence of  Environmental factors, Genetics  and Epigenetics in Periodontal diseases 

 

The term Epigenetics means ‘upon the genome’. Epigenetics is the link between environment and 

phenotype.Epigenetic modifications involve DNA methylation, Histone modification, and gene regulation by 

non-coding RNAs. Epigenetic modifications lead to the activation and inactivation of a gene. These changes can 

result in the development of cancer and autoimmune or inflammatory diseases, including periodontitis
 

[4].Unlike genetic mutations, epigenetic changes can be reversed. Epigenetic alterations and its associated 

diseases do not respond to traditional therapies. Drugs that reverse epigenetic modifications are known as Epi-

drugs. Personalized medicine can be visualised as a tailored therapy based on the interactions between genetics, 

clinical and environmental factors affecting that individual [3]. 
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II. History Of Epigenetics 
Conrad. H. Waddington in 1942 coined the word ‘Epigenetics’. Holliday R in 1994 defined Epigenetics 

as:  i) The study of the changes in gene expression which occur in organisms with differentiated cells, and the 

mitotic inheritance of given patterns of gene expression, ii) Nuclear inheritance which is not based on changes 

in DNA [5]
 
.In 2008, a consensual definition of epigenetics was established as a ‘stably heritable phenotype 

resulting from changes in a chromosome without alterations in the DNA sequence’ [6]
 
.Epigenetic changes 

occur more frequently than genetic changes. The epigenetic changes can be reversed by treatment with 

pharmacological agents. 

 

III. How Do Epigenetic Modifications Occur? 
Diet or  environmental toxins, exposures to metals, aromatic hydrocarbons (e.g., benzopyrene) found in 

occupational chemicals, contaminated drinking water, cigarette smoke, fossil fuel emissions and infection 

predispose to epigenetic changes [7,8].The role of environmental factors and ageing was confirmed by a pioneer 

study in epigenomes of monozygotic twins which highlighted that the twins were  identical in their early 

years  of life ,however later in life the older twins had different lifestyles and spent less time together 

had  significantly diverged epigenomes [9]. Epigenetic modifications turn genes on or off which prevents or 

allows the gene to make a protein resulting in diseases.Modifications in gene expression are controlled by 

mechanisms like DNA methylation,  Histone modification, non-coding RNAs and chromatin remodelling . 

 

3.1. DNA METHYLATION 

  DNA methylation occurs in the CpG dinucleotides in the promoter region of the gene[10]. 

CpG  means"—C—phosphate—G—". It occurs mainly on the fifth carbon of the cytosine base, forming 5-

methylcytosine or 5-methylcytidine (5-mC) mediated by a group of enzymes called DNA methyltransferases 

(DNMTs),- DNMT1 , DNMT3a and DNMT3b. DNMT3a and DNMT3b are de novo methyltransferases that are 

able to methylate previously unmethylated CpG dinucleotides. Hypermethylation of promoter region of genes 

leads to loss of gene expression. Hypomethylation is associated with gene expression. 

 

3.2. HISTONE MODIFICATION 

Histones can be modified by the addition of acetyl, methyl, or phosphate groups [11]. Histones can be 

displaced by chromatin remodelling complexes, thereby exposing underlying DNA sequences to polymerases 

and other enzymes [12]. Histone proteins can be extensively modified with a wide array of posttranslational 

modifications. Histone acetylation is the acetylation of histone tails by HAT’s (histone acetyl 

transferases) correlates with transcriptional activity in many genes. Histone  deacetylation (the removal of acetyl 

groups from nucleosomes, by HDAC’s (histone deacetylases) causes repression of gene expression. There are 

two main classes of HDACs, Class I and Class II. Class I includes HDACs 1, 2, 3 and 8, which are found in the 

nucleus. Class II includes HDACs 4, 5, 7 and 9 that belong to class II a HDACs and HDACs 6 and 10 belonging 

to class II b HDACs, which are able to shuttle between the nucleus and the cytoplasm [13]. 

 

3.3. NON CODING RNA 

Non protein coding RNAs (NcRNAs) contribute to epigenetic regulation. NcRNA molecules inhibit 

gene expression by interactions with the nascent RNA molecule, DNA itself or participating in recruitment of 

chromatin modifiers [14]. 

 

3.4. CHROMATIN REMODELING 

 Chromatin remodeling refers to changes in chromatin location and structure. This in turn will give rise 

to loss of tightened chromatin in nucleosome joints to expose cis-acting   elements in the gene promoter thereby 

providing a chance of combination with trans-acting factors [15]. 

 

IV. Environmental Factors 
Epigenetic changes are influenced by environmental factors and are reversible unlike genetic changes 

in DNA. Disease susceptibility and differences in response to treatment could be contributed to epigenetic 

modifications caused by diet, smoking, bacteria and inflammation. The role of environmental factors has been 

confirmed by studies done in twin models. Age is   considered as a risk factor for epigenetic changes and these 

changes increases as the age advances. Difference in methylation and histone pattern was demonstrated in 35% 

of the monozygotic twins in a study done by Fraga et al. Nutritional factors like vitamin A,D,B12 and folate 

may cause epigenetic modifications thereby influencing disease progression. Smoking causes long lasting 

epigenetic changes in the DNA. These are found in current and former smokers. Chronic inflammatory diseases 

may be due to decrease in histone deacetylase activity /changes in methylation which leads to altered gene 

expression [16]. 
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4.1.Bacteria 

Evidences suggested an association between oral bacteria and genetics. In patients with severe 

periodontitis, polymorphisms found in Interleukin-6(IL-6)genes were found to be consistent with the presence 

of Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis. Epigenetic modifications may 

influence periodontal pathogens, which inturn cause   epigenetic changes in the host, further enhancing disease 

progression [16]. 

 

V. Role Of Epigenetics In Periodontal Diseases 
Inflammatory response initiates an immune response that involves both innate and adaptive immunity. 

Epigenetic regulation of gene expression patterns upregulate proinflammatory cytokines and other signalling 

molecules to activate a full response from immune cells, while simultaneously down regulate  anti-inflammatory 

cytokines. The cytokine genes have been suggested as targets of multiple epigenetic events. IL-1, IL-2, IL-6, IL-

8, IL-10, IL-12 gene [17], TNF α and IFN γ may be regulated by epigenetic mechanisms. TLR-2 and TLR-4, 

associated with an increased proinflammatory response, are regulated by DNA methylation.  Epigenetic 

mechanisms play a key role in the initiation and progression of inflammation. TLR4-dependent reprogramming 

of inflammatory genes is mediated by two levels of regulation [18]. Inflammatory signals which activate NF-κB 

have shown to alter histone methylation patterns and activate gene expression [19].Thus, inflammation has some 

potential to alter chromatin structure via histone structure. Evidences suggest that bacteria play an important role 

in altering  cellular DNA methylation status  [20] and that environment, aging and stress are involved in 

epigenetic modification that modify gene expression and disease expression. Epigenetic modifications provide a 

plausible link between the environment and alterations in gene expression that might lead to disease phenotypes. 

 

VI.  Evidence For The Role Of Epigenetics In Periodontal Disease 
The role of epigenetics in periodontal disease has been investigated with great interest over the last few 

years and is documented in the literature. Epigenetic remodelling events are critical for inducing inflammatory 

response.  Zhang et.al reported a lower methylation level of CpG sites and an increase in IFN-γ transcription in 

gingival biopsies of chronic periodontitis sites compared with periodontally healthy controls  [21]. 

Viana et.al evaluated DNA methylation in IFN-γ, IL-10in gingival biopsies of periodontitis and non 

periodontitis patients .The results showed methylation level of IFN-γ and IL-10 was similar in both groups. 

Most samples were positive for IFN-γ methylation. Of samples in the periodontitis group, 11% were 

unmethylated, whereas no unmethylated samples were found for IL-10 [22]. 

Association of epigenetic modifications in the TNF promoter in human gingival biopsies from different 

stages of periodontal diseases was investigated by Zhang et.al . DNA methylation may be an important 

regulatory mechanism in controlling TNF-α  transcriptional expression in periodontal disease [23].  Another 

study conducted by Stefani et.al evaluated DNA methylation of IL-6 in gingival biopsies of chronic 

periodontitis patients and controls, reported that there is no difference in methylation of IL-6  [24]. 

The progression to periodontitis from gingivitis is characterized by a transition from Th1 to Th2 

subsets [25]. During development and differentiation of naïve T cells into various lineages, changes in the 

chromatin structure occur through epigenetic mechanisms like DNA methylation and histone modification. 

Cytokine genes which define the lineage specificity include IFN γ gene for Th1 cell lineage, IL-4 gene for Th2 

cell lineage, and IL-17 gene for Th17 cells [26]. The expression of one cytokine gene and the permanent 

silencing of the other are orchestrated using epigenetic mechanisms [27]. Loo et.al reported a similar proportion 

of hypermethylation of E-Cadherin and COX-2 expression in chronic periodontitis and breast cancer biopsies 

compared to non periodontitis subjects. The epigenetic changes observed in periodontitis subjects are attributed 

to the irreversible destruction in the tissue
 
[28]. 

Yin and Chung reported that the presence of bacteria caused epigenetic modifications in gingival 

epithelia and exposure to different oral bacteria results in differential methylation profile [29]
 
. P.gingivalis 

significantly decreased the tri-methylation of histone H3 K4 protein expression, but F. nucleatum did not, which 

indicates that P.gingivalis could suppress the activation of transcription. 

 

VII. Tools To Unravel The Epigenetic Mechanisms 
A variety of methods are applied for the study of epigenetics to elucidate the molecular mysteries in 

epigenetic modification. Epigenetic research use mouse as a model organism to study early development. 

The different approaches include: 

a) Sodium bisulfite modification 

b) Sequence-specific enzyme digestion, 

c ) Methylated DNA Immunoprecipitation, 

d) Chromatin immunoprecipitation(ChIP), 

e) RIP( RNA Immunoprecipitation). 
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Recent advances in the field of epigenetic approaches will allow high accuracy mapping of the methylation state 

which in turn may help in the identification of biomarkers. 

 

VIII. An Update On Epigenetic Drugs 
Epidrugs are defined as ‘‘drugs that activate or inhibit disease-associated epigenetic proteins for 

ameliorating, curing, or preventing the disease’’ [30]. DNA methylation inhibitors (DNMTi) and Histone 

deacetylase inhibitors (HDACi) are used for the reversal of the epigenetic alterations inside the diseased 

genome. DNMTi include 5-aza-2-deoxycytidine, zebularine, Procaine, procainamide and MG 98 and HDACi 

include TrichostatinA, Pyroxamide, Trapoxin A and B and MS 275. 

 Clinical trials have been undergoing in this field. U.S. Food and Drug Administration has approved 

Two DNMT inhibitors and two HDAC inhibitors. 5-azacytidine and 5-aza-2′-deoxycytidine were approved for 

the treatment of higher-risk myelodysplastic syndrome. Vorinostat, Romidepsin (HDAC inhibitors) were 

approved for the treatment of cutaneous T cell lymphoma (CTCL) patients [31]. 

Treatment by HDAC inhibitors efficiently suppressed periodontal bone loss in a mouse model of 

periodontitis
 
[13].Treatment with novel HDAC inhibitors, such as 1179.4b (class I, II HDACi )and MS-275 

(class I HDACi), on P.gingivalis-inoculated mice resulted in significantly reduced P.gingivalis induced bone 

loss with 1179.4b, whereas MS-275 had no significant effect, indicating that maintenance of acetylation is 

crucial to preventing bone loss and no influence was found on the level of inflammation. HDACi prevent bone 

loss and demonstrates that the novel HDACi, 1179.4b reduces alveolar bone loss in an in vivo model of 

periodontitis
 
[13]. 

Kim et al., 2002 [32] reported on the use of histone deacetylase inhibitor (sodium butyrate) in inducing 

the differentiation of periodontal ligament fibroblasts into osteoblasts and concluded that sodium butyrate was a 

potential therapeutic agent for periodontal regeneration. Treatment with 5-aza resulted in an increase in TNF-α 

mRNA expression in periodontitis patients
 
 [22]. Combinations of drugs that inhibit DNMTs as well as HDACs 

may result in synergistic effects. 

 

IX. Clinical Significance And Personalized Periodontal Therapy 
Every person has a unique variation of the human genome. Personalized medicine can be foreseen as a 

tailored therapy based on the interactions between genetic, clinical and environmental factors affecting that 

individual. Recent advances in epigenomic approaches allow mapping of the methylation state in the genome, 

which may help in the identification of epigenetic biomarkers [33]. 

Individualized periodontal therapy is the upcoming concept of medical treatment for an enhanced 

clinical outcome. Genomic approaches are the useful tools that bridge epigenetics and personalized medicine. 

Patients with epigenetic alterations and associated disorders do not respond to conventional therapy. Therefore, 

drugs used for personalized medicine can be used to manage these disorders based on an individual’s personal 

genomic profile. 

 

X.  Conclusion 
Periodontal diseases are multifactorial where genetics and environmental factors interact with each 

other to determine the susceptibility of the host to inflammation. Epigenetic modifications are responsible for 

the differential expression of our genetic material. Epigenetic modifications are potentially 

reversible. Identifying epigenetic patterns associated with the development of periodontitis may also improve 

individualized approaches that can be used to personalize treatment plans. Individualized and improvised 

diagnostic tools for earlier detection and ways to halt the disease helps in regeneration and reconstruction of the 

lost periodontal attachment apparatus with the biology based approaches. 

 

Acknowledgements 
                  I would like to express my sincere gratitude to Dr. Seba Abraham, Professor &  HOD and  

Dr. Ambili R, Professor for their continuous support and guidance throughout the preparation of this manuscript 

.  

 

Conflict of interest 
No conflict of interest and no financial interest as well. 

 

References 
[1]. Fischle W, Wang Y, Allis CD. Histone and chromatin crosstalk.Curr Opin Cell Biol. 2003;15:172– PubMed ;183. 
[2]. Klose J R , Bird AP. Genomic DNA methylation: the mark and its mediators. TIBS.2006;  31: 89–97. 

[3]. Razzouk S, Termechi O .Host genome, epigenome, and oral microbiome interactions: towards personalized periodontal therapy. J 

Periodontol . 2013;84: 1266-1271 PubMed . 
[4]. Larsson L, Castilho RM, Giannobile WV. Epigenetics  and its role in periodontal diseases-A-State-of- the-Art Review. J 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=CurrOpin%20Cell%20Biol%5bJournal%5d%20AND%2015%5bVolume%5d%20AND%20172%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=JPeriodontol%5bJournal%5d%20AND%2084%5bVolume%5d%20AND%201266%5bPage%5d&doptcmdl=DocSum


Epigenetics - A Window Towards Personalized Periodontal Therapy 

DOI: 10.9790/0853-1606013337                                          www.iosrjournals.org                                    37 | Page 

Periodontol. 2014;21:1-18 PubMed . 

[5]. Holliday R. Epigenetics: an overview. Dev Genet.1994;15:453-457 PubMed . 

[6]. Ji- Yun  Seo., Yoon-Jung Park., Young-Ah Yi., Ji-Yun Hwang., 2009. Epigenetics: general characteristics and implications. 
[7]. Lund G, Zaina S. Atherosclerosis, lipids, inflammation and epigenetics. Current Opinion in Lipidology. 2007;18:699-701. 

[8]. Risch A, Plass C. Lung cancer epigenetics and genetics. Int J Cancer. 2008;123: 1– PubMed ;7. 

[9]. Fraga MF, Ballestar E, Paz MF,Ropero S, Setien F, Ballestar ML, Heine-Sun˜er D, Cigudosa JC, Urioste M, Benitez J, Boix-
Chornet M, Sanchez-Aguilera A, Ling C, Carlsson E, Poulsen P, Vaag A, Stephan Z, Spector TD, Wu YZ, Plass C,  Esteller 

M.  Epigenetic differences arise during the lifetime of monozygotic twins. Proc Natl Acad Sci USA . 2005;102:10604–

PubMed ;10609. 
[10]. Esteller M. Dormant hypermethylated tumour suppressor genes: questions and answers J Pathol.  2005;Jan; 205(2): 172-80. 

[11]. Fischle W, Tseng BS , Dormann HL, Ueberheide BM, Garcia BA, Shabanowitz J, Hunt DF, Funabiki H, Allis 

CD. Nature.Regulation of HP1-chromatin binding by histone H3 methylation and phosphorylation. 2005;438(7071): 1116-1122. 
[12]. Smith CL, Peterson CL ATP-dependent chromatin remodeling.Curr Top Dev Biol. 2005;65:115-148. 

[13]. Cantley, MD., Bartold, PM., Marino, V., Fairlie, DP., Le, GT., Lucke, AJ., 2011.Histone deacetylase inhibitors and periodontal 

bone loss. J Periodontal Res. 46, 697-703. 
[14]. Zaratiegui B.M,Irvine D V,Martienssen R A .Noncoding RNAs and gene silencing.Cell,2007;128(4):763 PubMed -776. 

[15]. M Masiero, G Nardo, S Indraccolo, E Favaro. RNA interference:implications for cancer treatment, Molecular Aspects of Medicine. 

2007;28: 143–166. 
[16]. Lod S, Johansson T, Abrahamsson KH, Larsson L.The influence of epigenetics in relation to oral  health.Int J Dent Hyg. 

2014;12(1): 48 PubMed -54. 

[17]. Anders M, Lindroth, Yoon Jung Park.Epigenetic biomarkers: a step forward for understanding periodontitis. J Periodontal Implant 
Sci. 2013;43:111-120. 

[18]. ElGazzar M, McCall CE. MicroRNAs distinguish translational from transcriptional silencing during endotoxin tolerance. J Biol 

Chem. 2010;Jul 2; 285(27):20940-20951. 
[19]. Ito K. Impact of post-translational modifications of proteins on the inflammatory process. Biochem Soc Trans. 2005;35: 281-

283 PubMed . 

[20]. Bobetsis YA, Barros SP, Lin DM, Weidman JR, Dolinoy DC, Jirtle RL, Boggess  KA, Beck JD, Offenbacher S. Bacterial infection 
promotes DNA hypermethylation. J Dent Res.2007; 86:169– PubMed ;174 

[21]. Zhang S, Crivello A, Offenbacher S, Moretti A, Paquette DW, Barros SP. Interferon-gamma promoter hypomethylation and 

increased expression in chronic periodontitis. J Clin Periodontol. 2010;37: 953-961 PubMed . 
[22]. Viana MB, Cardoso FP, Diniz MG. Methylation pattern of IFN-g and IL-10 genes in periodontal tissues. Immunobiology. 

2011;216: 936-941 PubMed . 

[23]. Zhang S, Barros SP, Moretti AJ .Epigenetic regulation of TNFA expression in periodontal disease.J Periodontol. 2013;84:1606-

1616. 

[24]. Stefani, FA.,Viana, MB., Dupim, AC., 2013. Expression, polymorphism and methylation pattern of interleukin-6 in periodontal 

tissues. Immunobiology. 218, 1012-1017. 
[25]. Gemmell E, Yamazaki K, Seymour GJ. Destructive periodontitis lesions are determined by the nature of the lymphocytic response. 

Crit Rev Oral Biol Med. 2002;13: 17-34. 
[26]. Lavu, Vamsi, Vettriselvi Venkatesan,  Suresh Ranga Rao. The epigenetic paradigm in periodontitis pathogenesis. Journal of Indian 

Society of Periodontology .2015;19.2 : 142-149. 

[27]. Sanders VM. Epigenetic regulation of Th1 and Th2 cell development. Brain Behav Immun. 2006;20:317– PubMed ;324. 
[28]. Loo WT, Jin L, Cheung MN, Wang M, Chow LW. Epigenetic change in E-cadherin and COX-2 to predict chronic periodontitis. J 

Transl Med . 2010;8:110. 

[29]. Yin L, Chung WO. Epigenetic regulation of human b-defensin 2 and CC chemokine ligand 20 expression in gingival epithelial cells 
in response to oral bacteria.Mucosal Immunol. 2011;4: 409-419 PubMed . 

[30]. Ivanov M, Barragan I, Ingelman-Sundberg M. Epigenetic mechanisms of importance for drug treatment. Trends Pharmacol Sci. 

2014;35: 384-396. 
[31]. Holger Heyn, Manel Esteller. DNA methylation profiling in the clinic: applications and challenges.Nature Reviews Genetics. 

2012;13:679-692.  

[32]. Kim TI, Han JE, Jung HM, Oh JH, Woo KM. Analysis of histone deacetylase inhibitor-induced responses in human periodontal 

ligament fibroblast.Biotechnol Lett. 2013;35: 129-133 PubMed . 

[33]. Barros SP, Offenbacher S. Modifiable risk factors in periodontal disease: Epigenetic regulation of gene expression in the 

inflammatory response. Periodontol 2000. 2014;64: 95 PubMed -110 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Periodontol%5bJournal%5d%20AND%2021%5bVolume%5d%20AND%201%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=DevGenet%5bJournal%5d%20AND%2015%5bVolume%5d%20AND%20453%5bPage%5d&doptcmdl=DocSum
https://www.google.co.in/url?PARAMS=xik_pkPwqvAj5S7GZKvHrBRhkfkgy6z2o9o7HwDbNFvFZZ2R14MS5fsB2prYrCHY1qbbpQQAuCSnrbTpdbCh3G2UvvzaAraQ1imcEsgnFEFyZbVtCGqKKRGLTpWcfSkdsBRhaRa3CF7CNehHPnakg2bx5cWmpDxdxQi1UQmEm1UyipGQvu8Avu7CY5VFkNiUuejPtSwevnzdciCV73HtNm2hqgTiVjsByFHHR92RQZmiqSiS7WuGntJYAUtMiaRLETXYSVnva3CtSewRVPTB1kGaLvBVzATP
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Int%20J%20Cancer%5bJournal%5d%20AND%20123%5bVolume%5d%20AND%201%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=ProcNatlAcadSciUSA%5bJournal%5d%20AND%20102%5bVolume%5d%20AND%2010604%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_3iT6jmkjRPE26KV4uRxnTxsRSpkKd9isAQyXLcvQ7AVLCB8FRuVkyqFGNZgbUy13ynDhzX1V14nmjA1YNUqWz6wP6tYtgnF3z5EvnbhBhs4ihy
http://www.ncbi.nlm.nih.gov/pubmed/15643671
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_2cMmyzCBwXV4roCdP94dNE3dv1kPgfTqLhfVrd6norVVqunruhnHbAx22W65SyAYJiRhcPrt6NrqbLTyP6AFqUcDJ4botSCKoS893CvSQypzuD
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_2AxwNhvK8Hi1vdVsLjN93MVgp3VVJntzCNHeDHMFmk4g7ZoaReX3RyiB5c5ajZPoaA2a9XHnQdn2xVuKRRru2B2gAHBcWEcWF34ieF9SjxXwvX
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_2jTwrwuakNQWsGq5w78Fy3fEsE3nGA1LcXJZwaEs4ADofBo2ape4BoNuWjnvHnY72ZfC7CyMRSsmwEDp4NwuMG1bqm9cvD3freWtP8ywUfJhbq
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_3XktMYbxj7LRPXirxKm7sBnyrcqbhjNSGCHAymh3h2L37KTisB4qXLnpY1X9RXNG4HVBXBryV6F2EGTv2dC6NbhywLnjP2f1S7iropS2MxxhEP
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_SdPiPh9YMXYsKVAaKtgq9ZCY2ptJvEFBHxmSaQki1ncC6RrpABPm5BFww5wAWaQ4NHS4kXt4SSYJfRoWkfQE7sJ2FVjVBaMgfin96EKyvawW9
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_3SMefTzLMyipuo5CUXQAkDVsKp5wWV8MXyi2cmcEVzNYmsW8gMc2s3Bfu1zX7J5fzH8FMEdqaCCabWBni1BUjeHatKbaJcqZQv5FkMWrKaWs99
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_uCFnr7TpEaQNpWK9KewDrAmjw9CHPaMZcyTJ7WrYX4wgMr9dhoz4LtJauZsu25mno7r9ZbRYJ8kfpLR3rmaU8SbcPHfRXVHFHYn1otPHeCAZz
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_2zSYzf9jiSraGAMZbBV7o6dhWwwPk8seKY1g9dqGqBPWZdrsWMPJgXVkFxHFvTrHfHKbcxyrKHmtWLKxscBssJVxVcR4zrBgvLQDriiCxVZppU
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_2VceKUvXExGXUB32dS7Coeecxm2UkFAbocUeQuCYAQFE5JSxP4PThYTT4DkDe7cz1jjXVks2mUMvxMW3Fb4JuYAT4Egaf89ypoyHoj33acUGcw
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_2VceKUvXExGXUB32dS7Coeecxm2UkFAbocUeQuCYAQFE5JSxP4PThYTT4DkDe7cz1jjXVks2mUMvxMW3Fb4JuYAT4Egaf89ypoyHoj33acUGcw
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_2VceKUvXExGXUB32dS7Coeecxm2UkFAbocUeQuCYAQFE5JSxP4PThYTT4DkDe7cz1jjXVks2mUMvxMW3Fb4JuYAT4Egaf89ypoyHoj33acUGcw
http://www.ncbi.nlm.nih.gov/pubmed/16222246
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_3hGtsQv95UxwctV8iuimkWLH9tavfVFfBB6xQPgyMK35H1xU3ifw3s31y5rupZJ2N3YuN3DprJr646hko4rpasXkDo726B8T3W7hLhoyJfYAbZ
http://www.ncbi.nlm.nih.gov/pubmed/?PARAMS=xik_fC1VgF5hdtbG51ic7RV7q3ZFwovqypNeTHBi3zEHrQoVWLJUFbHGDioDtsRUWSjDmQDoSSJFXXQ4qR6dgkRHSJRHsLH6M3FhQehHuQs4Xyf3X
http://www.ncbi.nlm.nih.gov/pubmed/15642381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Cell%5bJournal%5d%20AND%20128%5bVolume%5d%20AND%204%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Int%20J%20Dent%20Hyg%5bJournal%5d%20AND%2012%5bVolume%5d%20AND%201%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=BiochemSoc%20Trans%5bJournal%5d%20AND%2035%5bVolume%5d%20AND%20281%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=J%20Dent%20Res%5bJournal%5d%20AND%2086%5bVolume%5d%20AND%20169%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=JClinPeriodontol%5bJournal%5d%20AND%2037%5bVolume%5d%20AND%20953%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Immunobiology%5bJournal%5d%20AND%20216%5bVolume%5d%20AND%20936%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Brain%20Behav%20Immun%5bJournal%5d%20AND%2020%5bVolume%5d%20AND%20317%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=MucosalImmunol%5bJournal%5d%20AND%204%5bVolume%5d%20AND%20409%5bPage%5d&doptcmdl=DocSum
https://mc.manuscriptcentral.com/LongRequest/adj?DOWNLOAD=TRUE&PARAMS=xik_9CAXJM2PGZMwX7xbW4ge3RMfy2VJB2qyeagFL5Uy1Qc1eYJEmXmgvFyEWFjduMSWvazvwjPp448R8YJh1z8Ncmffpkdg7fRbfRc29hBcdKUj9gMo3hX24RYYUj9WRz7W4PRrr16J48L8QRvW2SSCx7D2UWqesMRTVxsdXiGNrL1AuY5qWe2BpzQgF9tJeR8KY3jokmwBsAFcnFXQmy3CqHSHe5ENkj8KDDj4Sk7yUNsDNKnwmrVgUkisi9ssVqqaPxzsaH
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=BiotechnolLett%5bJournal%5d%20AND%2035%5bVolume%5d%20AND%20129%5bPage%5d&doptcmdl=DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=Periodontol%5bJournal%5d%20AND%202014%5bVolume%5d%20AND%2064%5bPage%5d&doptcmdl=DocSum

