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ABSTRACT 

Toll-like receptors play a role as a bridge between innate immune system and adaptive immune system, playing an 

important role in body's defense against invading germs. Thus, the introduction of TLR-4 can be used as a marker for 

aggressive and chronic periodontitis. This research aimed to analyze the expression of TLR-4 in patients with aggressive 

and chronic periodontitis. The samples in this study were derived from tissue suffering from aggressive and chronic 

periodontitis. The number of samples in this research was 40 patients with aggressive periodontitis and 40 patients with 

chronic periodontitis. Then, TLR-4 expression test was conducted by using immunohistochemistry. Based on the results 

of T-test, a statistical test, it is known that t value was 5.697 with significant value about 0.000 (α = 5%). It is also known 

that there was significant difference of TLR4 protein expression between in patients with aggressive periodontitis and in 

those with chronic periodontitis. Morever, based on a box plot diagram, it is known that there was significant difference 

of TLR4 protein distribution between in patients with aggressive periodontitis and in those with chronic periodontitis. 

Besides, it is also known that TLR4 protein expression has an effect on the incidence of patients with aggressive 

periodontitis and chronic periodontitis, as well as the shape of the regression equation. Furthermore, it is known that OR 

estimated value for the variable expression of TLR4 protein was 1.275 (sign = 0.000). It indicates that if TLR4 protein 

expression increased 1 (one) unit, then the risk of aggressive periodontitis could be 1,275 times. Conclusion: The 

increasing of TLR4 protein expression in patients with aggressive periodontitis indicates that cytokine becomes an 

indicator of inflammation in aggressive periodontitis. 
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INTRODUCTION 

Toll-like receptors (TLRs) are membrane signaling 

receptors that play an important role in the body's natural 

defense against microbes, and also help to bridge between 

innate immune system and adaptive immune system by 

inducing a variety of effector and co-stimulator 

molecules. The mechanism of innate immunity has 

always responses quickly to infection, and then spread 

pathogenic bacteria to the effective and well-developed 

adaptive immune. These molecules actually have the 

properties of activating pathways mediated by Toll-

interleukin-1 receptors (TIRS) to activate 

proinflammatory transcription, namely Nuclear factor – 

kB (NF-B)1,2. Two of the TLR family, namely TLR2 and 

TLR4, are identified as important signaling receptors for 

periodontal pathogenic bacterial cell wall components 

expressed on dendritic cells. The expression patterns of 

TLR, moreover, depend on the stage of maturation of 

TLR1-TLR53,4. TLR4 is the main receptor recognizing 

specific bacteria, and also serves as a sensor for 

lipopolysaccharide endotoxins of gram-negative bacteria. 

Thus, TLR4 regulation is complex involving specific 

tissues and different cells5. However, Whitsett et al.1 

stated that the important family of TLRs that needed to be 

researched was TLR4 since this receptor has an important 

role to the signal response to LPS from gram-negative 

bacteria, but not against LPS from gram-positive bacteria. 

The introduction of A actinomycetemcomitans LPS 

causing aggressive periodontitis by TLR4 actually 

involves three different extracellular proteins, namely; 

LPS Binding Protein (LBP), CD14 and Myeloid 

Differentiation Protein 2 (MD2), which stimulates 

signaling cascade to activate NF-B and proinflammatory 

cytokine products6. A research conducted by Sun et al.7 

showed that the pattern of gene expression can become an 

indication that periodontal pathogenic bacteria will 

trigger TLR4 signaling and lead to aggressive 

periodontitis. This condition is a possibility due to the 

stimulation of protein expression mediated by TLRs 

producing an abnormal protein that plays an important 

role in aggressive periodontitis. Thus, disruption caused 

by the deficiency of TLRs function can induce fatal 

predisposition disruption activity of NF-kB and cytokine 

productions. It means that by using ligands corresponding 

to TLR, the immune response can be controlled leading to 

a new expected equilibrium5. 

Inflammation that occurs in periodontitis, furthermore, is 

a complex process started with tissue damage and 
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followed with repairing process. The disease is usually 

started with acute inflammation, and then becomes 

chronic one. Damage that occurs in periodontal tissues is 

actually caused by poor antibody response against 

periodontal pathogenic bacteria. Next, abnormalities that 

occur will be seen with attachment loss and connective 

tissue damage, continued with alveolar bone damage8,9. In 

addition, the incidence of aggressive periodontitis in 

various countries around the world shows an increasing 

tendency. A research conducted by Albdanar et al.10 

reported that 199 (28.8%) of 690 study subjects suffered 

from aggressive periodontitis, and the prevalence will be 

increased as the increasing of age. Moreover, a research 

conducted by Levin et al.11 also showed that 5.9% of 642 

young soldiers found suffered from aggressive 

periodontitis, and African-Americans known have the 

risk of aggressive periodontitis fifteen times greater than 

white American. Based on the research, it is also known 

that there was positive relationship between smoking and 

the occurrence of aggressive periodontitis.  

Finally, oral tissue can be considered as a defense that 

can react quickly to various periodontal pathogens since it 

can identify the molecular components of pathogenic 

material in the mouth, and can also control them well. 

However, its response to microorganisms is still very low. 

Therefore, Toll-Like Receptors (TLRs) considered as 

Pattern Recognition Receptors (PRRs) play an important 

and very essential role in moving innate immune system, 

in this case TLR4 as a marker in periodontitis 

 

MATERIALS AND METHODS 

This research can be considered as an analytical 

observational research with case-control design involving 

patients with aggressive periodontitis and chronic 

periodontitis. Population of the research was patients with 

a diagnosis of aggressive periodontitis and chronic 

periodontitis who came to Periodontology Clinic of 

RSGM, Faculty of Dentistry, Universitas Airlangga. 

Samples were then derived from abnormal periodontal 

tissue during treatment with periodontal flap surgery. 

Next, TLR4 protein expression was 

immunohistochemically examined. Finally, TLR4 protein 

expression in patients with aggressive periodontitis and 

chronic periodontitis was then analyzed by using biotin-

labeled antibody and then visualized with DAB-

deminobenzidine. 

This research was conducted on patients at 

Periodontology Clinic of RSGMP - Faculty of Dentistry, 

Universitas Airlangga with a diagnosis of aggressive 

periodontitis or chronic periodontitis. Based on inclusion 

and exclusion criteria, there were 40 samples of patients 

with aggressive periodontitis and 40 samples of patients 

with chronic periodontitis. 

 

RESULTS  

The expression of TLR-4 protein in patients with 

aggressive periodontitis and chronic periodontitis can be 

seen in the Table 1. 

The mean of protein expression in those with aggressive 

periodontitis was of 20.65, while that in those with 

chronic periodontitis was 14.48. It means that the mean of 

TLR4 protein expression in those with aggressive 

periodontitis was much higher than that in those with 

chronic periodontitis. Next, based on the results of t-test, 

it is known that the variance of data obtained in those 

with aggressive periodontitis patients and in those with 

chronic periodontitis was homogeneous. T-value obtained 

was 5.697 (p=0.000). Thus, it can be said that the 

expression of TLR4 protein in patients with aggressive 

periodontitis was different from that in patients with 

chronic periodontitis. 

By using simple logistic regression analysis, furthermore, 

it is known that the expression of TLR4 protein affects the 

occurrence of aggressive periodontitis and chronic 

periodontitis with the value of the sign about 0.000. It is 

also known that the risk for aggressive periodontitis was 

1.275 times higher than for chronic periodontitis since the 

estimated OR value for the expression of TLR4 protein 

was 1.275 (p = 0.000). The difference of the data 

distribution of TLR4 protein expression between in 

patients with aggressive periodontitis and chronic 

periodontitis can be seen in the following box plot figure 

2. In Figure 2, it can be known that the distribution of 

TLR4 protein expression between patients with aggressive 

periodontitis and chronic periodontitis patients was very 

much different. 

 

DISCUSSION  

Toll-like receptors (TLRs) can be considered as an 

introduction key to the structure of innate immunity. 

Thus, TLRs will be stimulated to release antimicrobial 

peptides and proteins as a result of pathogen-associated 

molecular pattrens derived from the 

periodontalpathogenic bacteria. In other words, the innate 

immunity will be quickly recognize the infection and 

spread of pathogenic bacteria. Therefore, Toll-like 

receptors (TLRs) can also be considered as the starting 

point of the immune system, in which extracellular 

environment factors continuously give information on the 

cells to respond to infection and facilitate cellular 

responses through the top of signaling pathways in new 

gene transcription12. 

Innate immunity, acting as a sensor or the first 

elimination of pathogens that are selective and 

discriminatory, actually can identify both microbes living 

in the body itself and newcomer microbes, while adaptive 

immunity then will cause memory immunology1,2. 

Consequently, TLRs will help to bridge the innate 

immune system and the adaptive immune system by 

inducing a variety of effector and costimulator molecules 

although the main function of TLRs is to recognize 

pathogens. However, TLRs unwittingly are also involved 

in the pathogenesis of the disease. Ferocity of natural 

immune system ironically can injure the host in order to 

maintain the host. 

Furthermore, Whitsett et al.1 stated that the family of 

TLRs important to be researched was TLR4 because this 

receptor has an important role to the signal response to 

LPS from gram-negative bacteria, but not against LPS 

from gram-positive bacteria. TLR4 expression can be  
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found in various tissues and cells. The locations of TLR4 

expression are: (1). in tissue including heart, lung, skin of 

the fetus, brain of the fetus, placenta, ileum and many 

others; (2). in immunocompetent cells including fetal 

intestine enterocytes, gastric cells, osteoblasts, endothelial 

cells, adipocytes, fibroblasts gingiva, periodontal 

ligament and gingival epithelium, smooth muscle cells, 

Kupffer cells, hepatic stellate cells, keratinocytes. Thus, 

the expression and activity of periodontal ligament can be 

used to see the development of aggressive 

periodontitis7,13. 

Based on TLR4 protein expression between in patients 

with aggressive periodontitis and chronic periodontitis in 

this research, it can be said that TLR4 protein expression 

affects the occurrence of aggressive periodontitis, in 

which the risk to be aggressive periodontitis was 1,275 

times greater. This statement was supported by a research 

conducted by Mori et al.14 showed that TLR4 ratio was 

higher in severe periodontitis than in mild periodontitis. 

Moreover, a research conducted by Beklen et al.15 proved 

that TLR4 expression in the connective tissue samples 

derived from patients with periodontitis increased 

compared to that in the healthy tissue. In other words,  

aggressive periodontitis was caused by the interaction 

between the host and the bacteria in the oral cavity, and 

this is a fundamental understanding of the pathogenesis of 

periodontal disease.  

In addition, the main component of periodontopathogenic 

bacterial products, (LPS) A actinomycetemcomitans, will 

actually start assault and occur repeatedly causing 

immune response seen in the expression of TLR4. 

Meanwhile, polymorphisms that occur will increase the 

likelihood and severity of occurrence of an abnormality. 

According to Takahashi et al.16, genetic variants can 

produce variations in the structure of the tissues (innate 

immunity), antibody responses (adaptive immunity), and 

inflammatory mediators (non-specific inflammation). 

Therefore, susceptibility to periodontitis is actually 

influenced by genetic and environmental factors, such as 

the influence of periodontopathogenic bacteria. In other 

words, it can be said that genetic factors influence the 

immune response to bacterial infections. It means that 

those factors play an important role in affecting a person's 

vulnerability reflected in the increasing of TLR4 protein 

expression. 

The results of this research indicated that TLR4 protein 

expression was directly associated with aggressive 

periodontitis since TLR4 was a ligand of Agregatibacter 

actinomycetemcomitan germs often found in patients with 

aggressive periodontitis and considered as the potential 

bacteria stimulating the expression of TLR4. After 

bonding with its ligand, TLR4 will induce the translation 

of proinflammatory cytokines, and also bridge the innate 

immune system to the adaptive immune system by 

inducing activation of Th1 lymphocytes through 

molecular biology signal. The introduction of TLR4 to 

LPS involves several additional proteins, such as 

lipopolysaccharide-binding protein (LBP) which is an  
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Figure 1: Immunohistochemical staining for TLR – 4 in Aggressive periodontitis (A) and chronic periodontitis (B). 

 

Figure 2: Box plots of TLR4 protein expression in patients with agressive periodontitis and chronic periodontitis. 
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acute phase protein. LBP will facilitate LPS A.  

actinomycetemcomitan bind to LPS receptor complex 

containing CD14, TLR4 and MD2. MD2 factors have an 

important role in the binding of LPS to TLR4 leading to 

more specific and more powerful binding. The results 

showed in this reaction indicated the increasing of the 

expression of TLR4 protein. The expressions of LBP and 

MCD14 will actually be less expressed in healthy tissue 

indicating an important role of periodontal pathogens as a 

cause of abnormality5,17. 

This study was conducted on a sample of patients with 

aggressive periodontitis and chronic periodontitis whose 

oral cavity has a variety of periodontal pathogenic 

bacteria. Like in other infections caused by gram-negative 

bacteria such as in this aggressive periodontitis, TLR4 

plays an important role in mediating the effects. It is 

because A. Actinomycetemcomitan bacteria plays an 

important role in aggressive periodontitis to produce 

endotoxin lipopolysaccharide (LPS), As a result, the cell 

contaminated by LPS will induce immune responses 

through TLR4. Thus, TLR4 expression will be increased 

in macrophages as well as in gingival fibroblasts 

experiencing inflammation. The increasing occurred is 

possibility because TLR4 is involved in the innate 

immune response against periodontal pathogens. 

Furthermore, inflammatory mediators play a relevant role 

in the pathogenesis of the disease. Therefore, the bacteria 

must exist for the occurrence of periodontal disease 

followed by host susceptibility. The existence of germs, 

Agregatibacter actinomycetemcomitan, in patients with 

aggressive periodontitis in this research has actually been 

proven by a research conducted by Thiha et al.18 who 

stated that the prevalence of Agregatibacter 

actinomycetemcomitan found in the tissue samples was 

63% in patients with aggressive periodontitis, and that 

was 16% in chronic periodontitis. TLR4 expressed on the 

periodontal ligament exposed to LPS causing damage to 

the periodontal ligament gives information that this 

situation is the beginning of the periodontal pocket case 

causing tooth loss7. The mechanism of TLR4 activation is 

LPS as the cause of periodontal defects with the help of 

LBP and CD14, which then acts as a catalyst for LPS 

binding to MD2, so LPS/MD2 complex will be formed to 

interact with TLR4. The expressions of LBP and MCD14 

are actually less expressed in healthy tissue indicating an 

important role of periodontal pathogens as a cause of 

abnormality3,14,17. 

 

CONCLUSION 

the increasing of TLR4 protein expression in patients 

with aggressive periodontitis indicated that cytokine 

becomes an indicator of inflammation in aggressive 

periodontitis. 

 

REFERENCES   
1. Whitest JA, Bachurski CJ, Barnes KC, Bunn Jr PA. 

Genetic regulation of Innate immunity lessons learned 

from TLR4. American Journal of Respiratory Cell and 

Molecular Biology 2004; 31(2): 48 – 51.  

2. Carpenter S and O’Neilll LA. Microreview How 

important are Toll-like receptor for antimicrobial 

respon? Cellular Microbiology 2007; 9: 1891-1901. 

3. Kikkert R, Laine ML, Aarden LA, and van 

Winkelhoff AJ. Activation of toll-like receptors and 4 

by gram-negatif periodontal bacteria. Oral Microbiol 

Immunol 2007; 22: 145–151. 

4. Dorner M, Brandt S, Tinguely M, Zucol F, Bourquin 

JP, Zauner L, Berger C, Benasconi, Speck RF and 

Nadal D. Plasma cell toll-like receptor (TLR) 

expression differs from that of B cell, and plasma cell 

TLR triggering enhances immunoglobulin production. 

J Immunology 2009; 128(4): 573-579. 

5. Parker LC, Prince LR and Sabroe I. Translational 

Mini-Review Series on Toll-like Receptors: Networks 

regulated by Toll-like receptors mediate innate and 

adaptive immunity. Clinical and Experimental 

Immunol 2007; 147:199–207. 

6. Ohnishi T, Muroi M, Tanamoto K. The 

lipopolisakarida-recognition mechanism in cells 

expressing TLR4 and CD14 but lackingMD-2. 

Federation of European Microbiological Societies 

2007; 51: 84-91. 

7. Sun Y, Shu R, Zhang MZ, Wu, AP. Toll-like receptor 

4 signaling plays a role in triggering periodontal 

infection. FEMS Immunol Med Micobiol 2008; 52: 

362-369. 

8. Meyer J, Lallam-Laroye C, Dridi M. Aggressive 

periodontitis – what exactly is it? J Clin Periodontol 

2004; 31: 586–587. 

9. Azuma M Fundamental mechanisms of host immune 

responses to infection. J Periodont Res 2006; 41: 361 -

373. 

10. Albandar JM, Muranga MB, Rams TE Prevalence of 

aggressive periodontitis in school attendees in 

Uganda. J Clin Periodontol 2002; 29: 823 – 831. 

11. Levin L, Baev V, Lev R, Stabholz A and Ashkenazi 

M. Aggressive Periodontitis Among Young Israeli 

Army Personnel. J Periodontol 2006; 77: 1392 – 1396. 

12. Armitage GC Comparison of the microbiological 

features of chronic and aggressive periodontitis.  

Periodontology 2000 2010; 53: 70 – 88. 

13. Kaisho T, and Akira S. Toll-like receptor function and 

signaling. J Allergy Clin Immunol 2006; 117: 976-

987. 

14. Mori Y, Yoshimura A, Ukai T, Lien E, Espevik T 

Hara Y. Immunohistochemical localization of Toll-

like receptors 2 and 4 in gingival tissue from patients 

Table 1: The descriptive value of TLR4 protein expression in patients with aggressive periodontitis (AP) and chronic 

periodontitis (CP). 

 Periodontitis N Mean Std Deviation t-test 

Protein TLR4  AP 

CP 

40 

40 

20.65 

14.48 

4.912 

4.782 

t = 5,697 

p = 0,000 



Chiquita et al. / Toll-Like Receptors… 

 
                 IJPCR, Volume 9, Issue 2: February 2017 Page 104 

with periodontitis. Oral Microbiol Immunol 2003;18: 

54-58. 

15. Beklen A, Hukkanen M, Richardson R, Konttinen YT. 

Immunohistochemical localization of Toll-like 

receptors 1-10 in periodontitis. Oral Microbiol 

Immunol 2008; 23: 425-431. 

16. Takahashi N, Kobayashi M, Takaki T, Takano K, 

Miyata M, Okamatsu Y, Hasegawa K, Nishihara T, 

Yamamoto M. Actinobacillus actinomycetemcomitans 

lipopolisakarida stimulates collagen phagocytosis by 

human gingival fibroblasts. Oral Microbiol Immunol 

2008; 23: 259–264. 

17. Ren L, Leung WK, Darveau RP, Jin L. The expression 

profile of lipopolisakarida –binding protein, 

membrane-bond CD 14, and Toll-like receptor 2 and 4 

in Chronic Periodontitis. J Periodontol 2005; 76: 1950 

– 1959. 

18. Thiha K, Takeuchi Y, Umeda M, Huang Y, Ohnishi 

M, Ishikawa I. Identification of periodontopathic 

bacteria in gingival tissue of Japanese periodontitis 

patients. Oral Microbiol Immunol 2007; 22: 201–207. 

 

 


