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abstract

Toll-like receptors (TLRs) have recently emerged as key receptors of the innate immune system. They recognize specific pathogen-
associated molecular patterns initiating a host defence response. The oral mucosa epithelium encounters potential pathogens like 
bacteria and viruses in inspired air, and the discovery of TLRs on epithelial cells suggest that the epithelium has a role in the mucosal 
immune system. The aim of this study was to discover Recurrent Apthous Stomatitis (RAS) using etiopathogenetic molecular approach 
by observing the TLRs. Immunohistochemistry using monoclonal antibodies anti-TLR-2, TLR-3, TLR-4, TLR-5, TLR-7 and TLR-9 were 
used in this study. These antibodies are specific toward TLR on the surface of epithelial cells membrane and macrophages in patients 
with major and minor RAS. TLR was expressed on the surface of epithelial cells membrane of oral mucosa and macrophages in both 
major and minor RAS patients. TLRs was not expressed specifically in non-RAS patients. The results above showed indication, that 
functional TLRs expression by epithelial cells in oral mucosa had remarkable implication on natural immune response and disease 
pathogenesis. The expression of TLR was found in the oral mucous membrane on epithelial cells surface and macrophages patients 
with RAS.
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introduction

The oral mucosal epithelium is an important interface 
with the environment, and represents a dynamic system for 
innate host defense. In addition to providing a barrier to the 
entry of pathogens, epithelial cells lining oral mucosal have 
been shown to response the presence of microorganisms 
by producing natural antimicrobial factors and mounting 
an inflammatory response.1,2 

The innate immune system also plays a role in 
several human diseases. The primary function of Toll-
like receptors (TLRs) is to recognized pathogens, TLRs 
can also specifically recognize pathogen-associated 
molecular patterns (PAMPs), tranduce signals into cells 
and initiate complex signal cascade leading to activation 
of the transcriptional factors such as nuclear factor kappa b  
(NF-kb) and interferon regulatory factor.3–5 

Since 1996, 11 TLRs (TLRs1-11) have been found 
in both mammal and human dendrite, mononuclear and 
epithelial cells of intestine and bronchus, endothelial cells 
of blood vessels and epithelial cells as well as cells from 
various organ system. Toll-like receptors are transmembrane 
proteins, all of which have common extracellular leuine-
rich domain and conserved cytoplasmic domain. The 
cytoplasmic domain of TLR is homologous to the IL-1 and 
IL-18 receptors and contains the Toll/IL-1 receptor (TIR) 
homology domain common to these receptors.3–8 

Recurrent aphthous stomatitis (RAS) are the most 
common oral disease characterized by repeated development 
of painful ulcers. The aetiology of RAS is still unknown. 
Many local and systemic factors such as bacterial or 
viral infection, genetic factor, hormonal, immune system 
disorders, hematinic deficiency, and systemic disease could 
be involved in pathogenesis of RAS.9–11 Previous studies 
have also suggested that this inflammatory disease is a 
result of abnormal immune response directed towards the 
oral mucosa. Activation of the immune system in aphthous 
lesions and peripheral blood was observed in RAS.3,13 

Tissue-specific autoimmunity is one of the most probable 
mechanism of RAS development, with possible activation 
of Th1 lymphocyte profile of cytokine production.12–14

Stimulation of internal and external factors could 
induce multiplication process in proliferation cell phase. It 
eventually could be continuously express protein anomaly, 
because the superficial character is different from normal 
oral mucosa.15,16 

Decrease ability of oral tolerance activities on 
inflammation of disease pathogenesis showed very 
impressively reduced of T helper, Th-2, and Th-3. 
Genetic and entvironment may contribute to lower 
tolerance caused cytotoxic effect by oral epithelial.17 The 
objective of this study was to disclose or discover RAS 
using etiopathogenetic molecular approach by observing 
the TLRs. Main objectives of this study was to prove 
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the presence of TLRs on the surface of epithelial cells 
membrane and macrophages and to identify predominant 
TLRs types at those sites in patients with major and minor 
RAS.

materials and methods

Patients and samples
Inform concernt approved by the Research Ethics 

Committee was obtained from all the participants. The 
study population consisted of 21 samples major RAS  
(10 women, 11 men) and 18 samples minor from RAS 
patients (7 men, 11 women, mean age 21 years; range 19–55 
years) who did not have any systemic or inflammatory 
disease and 11 healthy individuals. RAS patients were 
defined as those having at least one aphthous lesion per 
month during the preceding years. Tissue samples were 
obtained from patients in an active stage of RAS (1–3 days 
old ulcers) and from controls were collected by using  Fine 
Needle Aspiration Biopsy (FNAB) on ulcer marginal edge 
and scrapped of oral epithelial biopsy. Five ml of venous 
blood were drawn from the anterior arm, anti-coagulated 
with heparin and diluted 1:1 with Hank’s liquid. Then the 
mixture was gently added to a centrifuge tube containing  
5 ml of lymphocyte-separating liquid and centrifuged at  
700 r/min for 20 minutes. The cells in gray middle layer were 
collected and washed twice with PBS. The deposit contained 
about 25% monocytes and 75% lymphocytes.17

Immunohistochemistry 
Scrapped specimen of oral epithelial biopsy in oral 

mucosa fixed on an object glass with 90% alcohol, and 
incubated in refrigerator or directly blocked with 1% 
bovine serum albumin (BSA 1%) and incubated in CO2 at 
the temperature 37° C for 45 min. After being washed with 
PBS, sample is reacted with monoclonal antibody TLRs anti  
TLR-2, TLR-3, TLR-4, TLR-5, TLR-7 and TLR-9,  
re-incubated in CO2 incubator at 37° C for one hour. After 
being washed with PBS, the sample was analyzed using 
immunofluorescence microscope by magnifying with 40×.

results

A study has been conducted to 21 and 18 patients with 
major and minor RAS, respectively, and to 10 non-RAS 
patients as control in order to identify the presence of protein 
like receptors (TLRs) in epithelial cells and macrophages 
of patients with RAS. In this study, it was found that TLRs 
was expressed on the surface of epithelial cells membrane of 
oral mucosa and macrophages in both major and minor RAS 
patients. TLR was not expressed specifically in non-RAS 
patients. The patients with positive TLRs-2 were 41.02%, 
revealed among minor RAS patients, while in major RAS 
TLRs-2 was 43.58% expressed in (Figure 1).

The samples which expressed TLRs-3 were mostly 
major RAS patients as much as 43.58% from 38 RAS 
patients, while those with minor RAS positive TLRs-3 was 
17.94% (Figure 2).

RAS patients with positive TLRs-4 was 48.71%, found 
in major RAS patients, while in minor RAS TLRs-4 was 
38.46% expressed (Figure 3).

Samples of RAS patients expressing TLRs-5 was 
7.69% in major RAS patients, and 10.25% was expressed 
mostly in minor RAS patients. Immunofluorescent analysis 
showed that TLRs-5 was not well expressed in epithelial 
cell surface and macrophage The expression of TLRs-7 in 
RAS cases that had been analyzed immunohistochemically 
showed no specific expression either on the surface of cell 
membrane or cytoplasm. Only 20.51% showed positively 
against TLRs-7. RAS patients with positive TLRs-9 were 
33.33%. For major RAS cases, there were 17.94% with 
positive TLRs-9 and, similarly, there were also 17.94% 
positively minor RAS cases (Figure 4).

Figure 1. 	 Immunohistochemical detection of TLRs in minor 
RAS patients with scrapped oral epithelial biopsy. 
TLRs-2 expression on cytoplasmic and surface of 
epithelial cell membrane.

Figure 2. 	 TLRs-3 expression on surface of epithelial cells 
membrane in the oral mucosal major RAS patients 
reacted with TLRs-3 monoclonal antibody. RAS 
major and minor visualized with DAB-chromogen 
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Figure 3. 	 A) TLRs-4 expression in this minor RAS was not well 
ditributed in all cells, either on the cells membrane 
surface or in the cytoplasms. B) TLRs-4 expression 
in major RAS was found on epithelial surface  and 
macrophages  cells surface. 

The results above showed indication that TLR 
expression by epithelial cells in oral mucosa had remarkable 
implication on innate immune response and disease 
pathogenesis.

discussion

TLRs are type I transmembrane protein involved in 
innate immunity. Their structures are characterized by 
extracellular leucine-rich repeats and an intracellular motif 
with a high degree of homology to the intra-cellular domain 
of the IL-1 receptor.3,4 

TLRs can specifically recognize pathogen-associated 
molecular pattern (PAMPs), transducer signals into cells 
and initiate complex signal cascades leading to activation 
of the transcriptional factors such as nuclear factor kappa 
B (NF-kb) and interferon regulatory factor. Subsequently, 
the inflammatory mediators such as IL-1a/b, IL-6, IL-8 and 
TNF-a are synthesized and released to activate neutrophils 
and lymphocytes. This result in the initiation of innate and 
adaptive immune response.

Deficiency of TLRs may result in corresponding 
pathogen recognition failure and susceptibility to certain 
pathological microbes. Hyper-expression of TLRs in 
infected tissues may promote excessive inflammation.18

In the family of 11 TLRs, the function of TLRs-10 
remains unknown and the expression of TLRs 11 is 
limited to urethral epithelial cells. To further investigate 
the expression of TLRs in oral mucosa epithelium, the 
expression of TLR1-9 were studied. Molecule of pathogen 
can express some PAMPs, it is recognized of different 
TLRs, that heredity redundancy on immune system for 
blocking of microbial infection. 

PAMPs come from posit ive gram organism 
(peptydoglycan and lipoprotein), it is recognized TLRs-2. 
The other member subfamily of TLRs-2 is TLRs-1 and  
TLRs-6. TLRs-2 combined with TLRs-1 and TLRs-6, that 
have a signal response to many kind of microbial pathogen 
as well as mycobacterium. TLRs-2 signal is needed for 
fragmentation of M. tuberculosis in macrophage. TLRs-2 
in mouse has important role because the individual more 
sensitive to M tuberculosis infection if they have decrease 
of TLRs-2. On the otherhand, TLRs-2 also can bind 
components of herpes virus, which binds in turn to CD14 
on the cell surface.19 RAS in Dental Hospital of Faculty 
of Dentistry at Airlangga University more 43,7% is found 
in mayor RAS. This phenomenon is very important in 
oral medicine because the signaling through TLRs occurs 
through a well described pathway in which receptor binding 
generates a signal through an adaptor molecule, MyD88, 
that leads to intracellular associated with IL-1 receptor-
associated kinase. 

TLRs-4 can mediated LPS as signaling from bacteria of 
gram negative that activated macrophage through TLRs-2. 
Base on the type of agent of microbial and their PAMPs that 
the TLRs can recognize direct to plasma membrane as well 
as TLRs-4 or direct in the phagosome like TLRs-2. TLRs 
response can appear in different cell expression. Epithelial 
gut cells using LPS that can associated with TLRs-4 in 
golgy complex in plasma membrane. This statement like 
with TLRs which expressed on mouth epithelial cells. 
However, on the basis of studies with TLRs-4 is similar 

Figure 4. 	 Scrapped oral epithelial  biopsy  in major RAS patients 
after reacted with TLRs-9 monoclonal antibody 
labelled with FITC.
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but not identical to the signaling pathway activated by other 
TLRs. Also the activation of cytokine production by TLRs 
plays an important role in recruiting other components of 
innate host defense against molecule pathogen as well.19 

It showed here that TLRs-2 and TLRs-4 cells were 
present in ulcer tissues from both healthy control and 
subject with major and minor RAS. The presentation of 
TLRs-2 expression in major and minor RAS patients could 
be related with the presence of bacterial infection/LPS. 
Immunohistochemically, TLRs-2 is an inflammation 
signaling in oral mucosa induced by gram-positive bacteria. 
Bacterial molecules that can induce TLRs-2 expression are 
outer membrane and polysaccharides. These molecules 
apparently had important role in RAS patients visiting 
dental outpatient clinic. Therefore, in oral cavity, the 
presence of bacterial infection should be noticed although 
the bacteria are not the predominant cause of RAS.2,3,6,8 

There are some alternative of TLRs-2 and TLRs-4 that 
cause inflammatory process in correlation with RAS. The 
first alternative is through hyper secretion of cytokine, also 
can active an pro inflammation molecule as well as TNF-a, 
IL-1b, IL-6 and IL-12. The other molecules are activated 
too as accessories cells are neutrophil, dendritic cells using 
signaling molecule RANTES, MIP-1a and MIP-1b. The 
second alternative is inflammatory process began by special 
pathway, that called MyD88 dependent pathway using 
activated TIRAM and then induce IRAK-4 and TRAP6 
and activated MAPKKK, these process as became signaling 
innate immunity through MAP3 and protein (p38), finally 
inducing AF-1 to make inflammation.8,19,20 

Especially TLR2 has two possibilities of signaling, 
through RAC1 and MYD88. The signaling is through 
MYD88 so it can be activated FADD and then caspase 
and cause fragmented of DNA known as apoptosis. The 
signaling that through RAC1 pathway were activated 
through P13K and AKT to induce signal NF-kb (nuclear 
factor kb) caused inflammatory. This pathway is 
predominant to cause RAS like TLRs-9 too used always 
MYD88 dependent pathway. 

RAS identification using immunohistochemically 
examination revealed that TLRs-2 was expressed at the 
surface of epithelial cells and macrophage, in addition to 
intra cytoplasm of epithelial cells. This was likely related 
to NF-kb activated through IFN-gamma, which finally lead 
to the occurrence of hypercytochemistry and ended with 
severe inflammation, resulting in RAS.13–15,20 

The properties of the TLRs-3 a is different with TLRs-2, 
TLRs-4 with activity TLRs-9 because TLRs-3 can protect 
viral infection. The mechanism is began activation of TRIP 
and then activated TBK1 to give signal to IRF3 which 
finally secretie IFN-a, b. 

Interaction between LPS and receptor TLRs-4 
induced complex signal that begin by activating of factors 
transcription such as NF-kb, and then stimulated and 
activated inflammation gene as TNF-a, IL-6 and IL-8. 
TLR2 and TLR4 are known as mediate inflammatory 
responses to bacterial components.21 TLRs-2 is responsible 

for the recognition of LTA, whereas TLRs-4 recognizes 
LPS in immune competent cells such as macrophages, the 
response to LPS is mediated by interaction with TLRs-4 
in conjunction with TLRs-4 accessory protein MD-2 and 
CD 14, and transducers intracellular signals followed by 
the activation of TLRs-associated adapter protein, myeloid 
differentiation factor 88 (MyD88), leading to the activation 
of NF-kb.22 

The samples which expressed TLRs-3 were mostly 
major RAS was 43.58% from 38 RAU patients, while 
those with minor RAS positive TLRs-3 was 17.94%. 
Immunohistochemically examination using chromogene 
revealed that the samples showed significant reaction 
against TLRs-3, as it was clearly expressed at the surface 
of epithelial cells and macrophage, as it was also expressed 
within cytoplasm and intra cellular (intra nuclear). This 
indicated that the predominant inductor was a type of viral 
infection, with the result that cellular activities at molecular 
level, such as interleukin/the cytokines increased as well. 
TLRs-3 uses multiple mechanism to enhance and sustain 
the antiviral response more strongly than TLRs-4.

RAS patients with positive TLRs-4 was 48.71%, 
found in major RAS patients, while in minor RAS TLRs-
4 was expressed 38.46%. TLRs-4 could be detected 
on the surface of epithelial cells and cytoplasm from 
oral mucosal epithelium in either major or minor RAS 
patients. In major RAS patients, the TLRs-4 expression 
was more predominant in the surface of epithelial cell and 
macrophage. This seemed since the oral mucosal epithelium 
of patients with ulceration of oral mucosa can respond 
the presence of bacterial endotoxin by activating TLRs-2, 
TLRs-3, and TLRs-4. 

TNF-alpha is an inflammatory cytokine produced 
through TLRs activation in its response against bacteria.23 

TLRs with transmembrane protein and cell surface receptor 
and intra cytoplasms signal area may likely play more 
important role in this intracellular signaling. TLRs-4 
blocking by neutralizing antibody anti-TLRs-4 apparently 
inhibited TNF-alpha after LPS administration.23 A previous 
study using immunohistochemistry also showed that  
TLRs-2 and TLRs-4 cells numbers increase in the inflamed 
mucosal ulcers. Although level of transcript were not 
quantitated. 

Expression of Toll-like receptors
It has been proved immunohistochemically that TLRs 

can be detected on the surface of oral mucosal epithelium 
and cytoplasm of RAS patients. TLRs localization has 
been widely related with immune and inflammation cells. 
Epithelial cells in oral mucosa may relate with many 
potential pathogens, and TLRs expression will be relevant 
with immunity of oral mucosa. Epithelium is the primary 
target of infectious agents. Therefore, these epithelial cells 
play an important role in inflammation for production of 
various cytokines and pro inflammatory cytokines.

Preservation of IL-10, while IL-1b and TNF-a are down 
regulated, could play a protective role against inflammatory 
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tissue destruction. On otherhand IL-1b, TNF-alfa and IL-6 
apart from being inflammatory mediators, also can facilitate 
soft and hard tissue destruction and favor the pathogenesis 
of RAS.14

Convergence of intracellular signaling pathways by 
TLRs and inflammatory cytokines (IL-1b and TNF-a) 
along with reprogramming of signal transduction and gene 
transcription, may explain to certain extent the cytokine 
profile during endotoxin tolerance. The regulation of TLRs 
expression on macrophages in vitro is consistent with the 
inflammatory cytokine response. We showed that IL-1b, 
TNF-a, IL-6, IL-8 and IL-10 levels increase on initial LPS 
stimulus but were not equally susceptible to a decrease on 
LPS challenge. Most notably IL-10 and IL-8 were refractory 
to endotoxin tolerance. TLRs mediate tolerance obtunds 
the inflammatory cytokine response. TLRs activation 
culminates in transcription of inflammatory cytokine which 
finally cause RAS.5,14,20,25 

In addition it was found that expressed TLRs were 
not only from one type, but also from the others. The 
predominant TLRs expressed in RAS patients were TLR-2, 
–3 and –4. In connection with the result of previous studies 
in its clinical implications, the causing agents or inducers 
were not only one type, but an accumulation of molecules in 
oral mucosa that played mutual role as predominant inducer. 
Therefore, TLR was expressed not only on the surface of 
cell or macrophages, but also found in intra cytoplasms, 
surface membrane cells and even intra nucleus.20,24,25

The conclusions that TLRs expressed on the surface 
of oral mucosal epithelial cells and macrophages in RAS 
patients, either major or minor. TLRs was not specifically 
expressed in non-RAS. TLRs-2, TLRs-3 and TLRs-4 has 
been expressed on the surface of cells membrane and 
macrophages in minor and major RAS. TLRs was more 
predominantly expressed in major RAS compared to minor 
RAS. Functional TLR expression by oral mucosa epithelial 
cells had higher implications towards natural immune 
response and disease pathogenesis. It is suggested to 
undertake molecular characterization to determine specific 
TLR against specific disease agents, so that it might be 
easy to identify the causing agent, with the result that RAS 
management can be established comprehensively.
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