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Human gingival fibroblast as a critical innate non-immune cell and its immunoregulatory role in 
periodontium 
 
ABSTRACT 

 

Gingival fibroblasts, the major cell type in periodontal connective tissues, provide a tissue 

framework for tooth anchorage. Until recently, they were presumed to be immunologically inert. 

Currently, however, our observations and other researchers recognize their active role in host 

defense. By using an in vitro model of primary human gingival fibroblasts (HGFs) derived from 

healthy gingival biopsies, we demonstrate that these cells express a variety of pattern recognition 

receptors- Toll like receptors (TLR) which are key sensors to microbial invasion.  Our study 

demonstrates that HGFs express mRNA of TLRs 1, 2, 3, 4, 5, 6, and 9. Triggering with P. 

gingivalis LPS, poly I:C, E. coli LPS, and S. typhimurium flagellin, ligands specific for TLRs 2, 

3, 4, and 5 respectively,  led to the expression of chemokine-IL-8 and immune suppressive 

enzyme-IDO. In contrast, the potent TLR9 ligand CpG ODN 2006 did not induce IL-8 and IDO 

expression which requires further research. The ability to induce IL-8 and IDO expression in 

ligand-stimulated HGFs was enhanced when combined with inflammatory cytokine TNF-α and 

IFN-γ  respectively. Finally, that HGFs can enhance IDO expression and down-regulate T cell 

response, when stimulated with some PAMP-cytokine combinations, resulting in immune 

suppression. We then further investigated the effect of recently identified IL-17 especially in the 

combined stimulation with IFN-γ via HGF activation.  IL-17, a product of T-helper(Th)17, 

which has emerged as a crucial regulator of inflammatory responses. Apparently, IL-17 or IFN-γ 

differentially controls HGF activation, possibly via different intracellular signaling pathways. IL-

17 triggers IL-8 production, whereas IFN-γ triggers adhesion molecule-ICAM-1 and co-

stimulatory molecule- HLA-DR, as well as IDO. These effects of individual cytokine are 

potentiated by their combination. Overall our systematical investigation therefore suggests that 

the critical role of these strategically-placed cells, HGFs,  not only in orchestrating the innate 

immune response, but also in dampening potentially harmful hyperactive inflammation in 

periodontal tissue. 
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การศกึษาเซลลไฟโบรบลาสตจากเหงือกมนุษย  ซึ่งเปนเซลลสําคญัในระบบอินเนต  และบทบาทในการควบคมุระบบภูมคิุมกัน

ในโรคปริทันต 

 
บทคัดยอ 
 

เซลลไฟโบรบลาสตจากเหงือกเปนเซลลที่พบมากที่สุดในเนื้อเยื่อเกี่ยวพันทางปริทนัต (periodontal connective tissue) ที่

จัดเตรยีมโครงรางของเนื่อเยื่อสําหรับยึดเหนี่ยวฟน กระทั้งเมื่อไมนานมานี้ เซลลเหลานี้ยังถกูสนันิษฐานวาไมมกีารตอบสนอง

ทางภูมคิุมกัน ในปจจุบันนี้ ถึงอยางไรคณะวิจัยของเราและนักวิจัยอ่ืนๆ ไดยอมรบัถึงบทบาทที่มปีระสิทธิภาพในการปองกัน

ตัวเองของรางกาย โดยใชการศกึษาในหลอดทดลองของเซลลไฟโบรบลาสตที่ไดจากการเพาะเลี้ยงจากเหงือกของมนุษย 

(HGFs) ที่มีสุขภาพเหงือกปกติ คณะผูวิจัยแสดงใหเห็นวาเซลลเหลานี้มกีารแสดงออกของตัวรับ (pattern recogniton 

receptors) ที่สามารถจดจําโครงสรางของโมเลกลุที่เรียกวา โทลลไลครีเซฟเตอร (TLR) ซึ่งเปนตัวรับที่สําคัญตอการรุกรานของ

จุลินทรีย งานวิจัยของเราแสดงใหเห็นวา HGFs มีการแสดงออกของอารเอ็นเอนํารหัสของ TLR ที่ 1, 2, 3, 4, 5, 6 และ 9 เมื่อ

กระตุนดวย P. gingivalis LPS, poly I:C, E. coli LPS และ S. typhimurium flagellin ซึ่งเปนไลแกนที่มีความจําเพาะตอ TLR 

2, 3, 4 และ 5 ตามลําดับแลว นําไปสูการผลติ Chemokine-IL-8 และเอนไซม IDO ที่มีสามารถกดการตอบสนองทางภูมคิุมกัน

ได  ในทางตรงกนัขาม ไลแกนที่มีความจําเพาะตอ TLR 9 อยาง CpG ODN 2006 ไมสามารถกระตุนไดซ่ึงตองการการ

ศึกษาวิจัยตอไป ความสามารถในการกระตุน HGFs ใหผลติ IL-8 และเอนไซม IDO ของไลแกนนั้นถูกยกระดับขึ้นเมื่อกระตุน

รวมกับสารสื่อการอักเสบ (inflammatory cytokine) TNF-α และ IFN-γ  ตามลาํดับ ในที่สุด HGFs นั้นก็สามารถยกระดับการ

แสดงของเอนไซม IDO และลดการควบคมุการตอบสนองของ T cell เมื่อทําการกระตุนดวย PAMP รวมกับไซโตไคนบางชนิด 

มีผลทําใหเกดิการกดระบบภูมคิุมกัน คณะผูวิจัยยังทําการตรวจสอบถึงผลของ IL-17 ซ่ึงเปนไซโตไคนชนิดใหม โดยเฉพาะ

อยางยิ่งเมื่อกระตุน HGFs รวมกบั IFN-γ  โดย IL-17 นี้เปนผลผลิตของ T-helper(Th)17 ซึ่งเปนที่รูจักวาเปนตัวควบคมุที่

สําคัญมากในการตอบสนองเกีย่วกับการอักเสบ เปนที่ชัดเจนวา IL-17 และ IFN-γ  ควบคุมการกระตุน HGF อยางแตกตางกัน 

อาจจะเปนไปไดวาผานกลไกภายในที่แตกตางกนั IL-17  ชักนําใหผลติ IL-8 แตทวา IFN-γ  ชักนําการสรางโมเลกุลเกียวกับ

การยดึเกาะ ICAM-1 และ co-stimulatory molecule HLA-DR และเอนไซม IDO ผลตางๆ เหลานี้ของไซโตไคนแตละตัวจะ

เสริมกันเมื่อมกีารกระตุนรวมกัน รวมทั้งหมดทั้งสิน้ในการตรวจสอบทั้งระบบของคณะผูวิจัยนี้จึงชี้ใหเห็นถึงบทบาทที่จําเปน

ของเซลลที่ประจําอยูในพื้นที่ของ HGFs ไมเฉพาะในระบบภูมิคุมกันทีม่มีาแตกาํเนิด แตยังรวมถึงลดขบวนการอักเสบมาก

เกินไปที่มีแนวโนมวาจะเปนอันตรายในอวยัวะปริทันต 
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หนาสรุปโครงการ (Executive Summary) 
 

1.  ชื่อโครงการ การศกึษาเซลลไฟโบรบลาสตจากเหงือกมนุษย  ซ่ึงเปนเซลลสําคญัในระบบอินเนต  และบทบาท

ในการควบคมุระบบภูมิคุมกันในโรคปริทันต 

Human gingival fibroblast as a critical innate non-immune cell and its immunoregulatory 

role in periodontium 

2.  ชื่อหัวหนาโครงการ รังสินี    มหานนท  

Rangsini    Mahanonda 

     ตําแหนงทางวิชาการ  รองศาสตราจารย 

     หนวยปฏิบัตกิารวิจัยโรคปริทนัต : อิมมูโนวิทยา-พยาธิวิทยา / ปริทันตบําบัด   

คณะทันตแพทยศาสตร     จุฬาลงกรณมหาวิทยาลยั 

     หองปฏิบัติการอิมมโูนวิทยา  คณะทันตแพทยศาสตร  จุฬาลงกรณมหาวิทยาลัย 

     ภาควิชา ปริทันตวิทยา คณะ ทันตแพทยศาสตร 

     โทรศัพท 0-2218-8861-2    โทรสาร 0-2218-8861 E-mail : rangsini.m@chula.ac.th 

 
4. ระยะเวลาดําเนินงาน  3  ป 
5. ปญหาที่ทําการวิจัยและความสําคัญของปญหา 

For decades, gingival fibroblasts, the major cell type in periodontal connective tissue, were perceived as 

bystander cells, providing tissue framework for tooth anchorage. But now it is changing and researchers have 

begun to recognize their active role in innate immunity as well as immune regulation in local periodontal tissue. 

Recent data demonstrate that human gingival fibroblasts (HGFs) express Toll-like receptors (TLRs) 2, 4, 9. TLRs 

are key pathogen recognition receptors for sensing microbial pathogens and their products. They have been 

recognized as powerful screening tools of the innate immunity. TLR ligation triggers inflammatory innate immune 

response which is critical for pathogen elimination. It is now known that activation of the innate immunity is also 

crucial for activating and controlling the adaptive immunity. Recently we observed mRNA expression of 

indoleamine 2,3-dioxygenase (IDO) enzyme in HGFs when stimulated with periodontopathic bacterial products, 

Porphyromonas gingivalis LPS. IDO is an enzyme that catalyzes tryptophan, an essential amino acid and known 

to have anti-bacterial activity. Recent studies have now been focused on IDO immune suppressive effect on the 

adaptive T cell response. The role of gingival fibroblast TLRs in recognition of bacterial pathogens leading to 

innate immune response and local immunoregulation is indeed an interesting area. Therefore, in the present study, 

we propose to systematically evaluate the function of HGFs in the innate immune responses and 

immunoregulation, particularly focusing on TLR expression, production of mediators (as a result of TLR triggering), 

and the role of fibroblast mediators in periodontal immunoregulation as well as anti-bacterial activity. 
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6.  วัตถุประสงค 
1) To establish HGF cultures from healthy gingival tissues for routine study. 

2) To investigate the mRNA expression of TLRs (1 – 10) in HGFs. 

3) To evaluate the response of HGFs to a variety of highly purified TLR ligand stimulation (LPS from P. 

gingivalis – TLR2 ligand; Polyinosine-polycytidylic acid (poly I:C) – TLR3 ligand;   LPS  from Escherichia 

coli  – TLR4 ligand; flagellin from Salmonella thyphimurium – TLR5 ligand; Loxoribine – TLR7 ligand; 

Single-stranded polyU oligonucleotide – TLR8 ligand; CpG oligonucleotide 2006 – TLR9 ligand)  by  

measuring 

 3.1  IL-8 production (neutrophil recruiting cytokine) 

               3.2  IDO production 

4) To examine the combination effect of cytokine (interferon gamma (IFN-γ) or tumor necrosis factor alpha 

(TNF-α))  and TLR ligands on production of IL-8 and IDO  

5) To evaluate  the role of gingival fibroblast IDO in negative feed back suppression of  T cell  responses 

6) To study the role of TLR ligand stimulated-HGFs in promoting infiltration of dendritic cells, especially 

plasmacytoid dendritic cells 

7.  ผลการดําเนินการวิจัย 
1. HGF cultures from healthy gingival tissues were established for for routine study. 

2. We evaluated the expression of TLRs in HGFs by RT-PCR using a panel of specific primers of TLRs 1–10. 

We found the mRNA expression of TLRs 1, 2, 3,4, 5, 6, and 9 on HGFs but not TLRs 7, 8, and 10. 

3. We characterized the functional relevance of TLRs in HGFs.  We found expression of IL-8 and IDO in 

HGFs after stimulated with highly purified TLR ligand(s). TLR2 ligand (P.gingivalis LPS), TLR3 ligand 

(poly(I:C)), TLR4 ligand (Escherichia coli LPS), and TLR5 ligand (Salmonella typhimurium flagellin). A 

potent TLR 9 ligand, CpG oligodeoxynucleotide 2006 had no effect, No significant enhancement on IL-8 

or IDO expression was observed when HGFs were stimulated with various combinations of TLR ligands. 

4. We investigated the effects on HGF production of IL-8 and IDO by either cytokine or by the combination 

of cytokine with different TLR ligands. We foundTNF-α enhanced TLR ligand-induced IL-8 production in 

HGFs, whereas IFN-γ enhanced TLR ligand-induced IDO expression. 

5. We evaluated  the role of gingival fibroblast IDO in negative feed back suppression of  T cell  responses. 

We found production of IDO from HGFs when stimulated with P. gingivalis LPS, IFN-γ, or the two in 

combination inhibited T cell proliferation in MLRs. The observed T cell inhibition could be reversed by 

addition of either 1-methyl-DL-tryptophan or L-tryptophan. 
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6. We evaluated the expression of IL-17R mRNA in HGFs by RT-PCR and IL-17R proteins on surface of 

HGFs by flow cytometry. We found the mRNA expression of IL-17R on HGFs and IL-17R proteins on 

surface of HGFs. 

7. We investigated the effects on HGF production IDO by either cytokine or by the combination of cytokine. 

We found that only IFN-γ can induce IDO production in HGFs but  IL-17 cannot, whereas IL-17 enhanced 

IFN-γ-induced IDO expression. 

8. We investigated the effects on HGF production IDO by the combination of IL-17 with different TLR 

ligands (highly purified TLR ligand stimulation (LPS from P. gingivalis – TLR2 ligand; Polyinosine-

polycytidylic acid (Poly I:C) – TLR3 ligand;   LPS  from Escherichia coli  – TLR4 ligand; flagellin from 

Salmonella thyphimurium – TLR5 ligand)). We found IL17 enhanced TLR ligand-induced IDO production 

in HGFs. 

9. We investigated the infiltration of plasmacytoid dendritic cells in gingival tissue section from healthy and 

periodontitis subjects. We found the infiltration of plasmacytoid dendritic cells in periodontitis gingival 

tissue (7/9) whereas found in healthy gingival tissue (1/8). 
10. We investigated the effects on plasmacytoid dendritic cells by the periodontopathic bacterial DNA. We 

found that different DNAs from plaque bacteria (Pg, Aa, Bf) have different ability to stimulate PDC to 

produce IFN-alpha. 
8. แผนการดําเนินการวิจัยตลอดโครงการ 

Year plan 1st year 2nd year 3rd year 

 1-6 7-12 13-18 19-24 25-30 31-36 

1. Collect gingival biopsies       

2. Immunohistochemistry  

     (PDC staining) 

      

3. Establish the technique to  

optimize HGF cultures 

      

4. TLR expression        

5. TLR ligand stimulation       

6. IL-8 measurement       

7. IDO measurement       

8. T cell suppression       

9. PDC culture and activation       

10. Report and publication       
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Introduction 

 
Periodontal disease 
 

The periodontium, a tooth supporting structure, consists of gingiva, cementum, periodontal ligament and 

alveolar bone. Periodontal disease is a chronic bacterial infection of the periodontium which leads to connective 

tissue and bone destruction. Patients with periodontal disease suffer from bleeding gums, bad breath, gingival 

recession and in the severe case loose tooth/teeth. The disease has long been implicated as a major cause of 

adult tooth loss (Papapanou, 1996) and a global health problem (Albandar and Rams, 2002).  

 

Dental plaque biofilms have been well recognized as etiologic agents of periodontal disease. The 

disease initiation and progression results from host response to plaque bacteria.  In healthy periodontal tissue, 

low amounts of Gram-positive aerobes and facultative anaerobes, such as Streptococcus species and 

Actinomyces species, are found supragingivally (Moore and Moore, 1994). Histological examination of healthy 

periodontal tissue reveals the presence of a very low numbers of immune cells such as macrophages, 

Langerhans cells, tissue dendritic cells, and migratory neutrophils in gingival crevicular fluid and the epithelial cell 

layer. More accumulation of plaque leads to gingival inflammation (or gingivitis) with increased cellular infiltration 

of lymphocytes, monocytes and antigen presenting dendritic cells (Page et al., 1997; Jotwani and Cutler, 2003). T 

cells are the dominant cell type in gingivitis lesions. In contrast, in the more advanced form of periodontal disease, 

periodontitis, cellular infiltrates including numerous T and B cells are observed together with high levels of 

inflammatory mediators such as IL-1β, TNF-α, PGE2, and IFN-γ in tissues and gingival crevicular fluid (Page et 

al., 1997). B cells and plasma cells are the dominant cell type in periodontitis lesions, and numerous Gram-

negative anaerobes are found in subgingival biofilms (Seymour, 1991). The differences in microbial compositions 

and quantities between health/gingivitis and periodontitis may influence the local inflammatory response. Key 

periodontal pathogens, P. gingivalis, Actinobacillus actinomycetemcomitans and Tanerella forsythia, which are 

frequently detected in deep periodontal pockets, are well recognized for their virulence as etiologic agents in 

human periodontitis (Anonymous, 1996). 

 

Pathogen induced innate immunity via Toll-like receptors  
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Gingiva, the outermost component of peridontium, consistently expose to bacteria and their released 

products/components which are known as pathogen-associated molecular patterns  (PAMPs). Examples of 

PAMPs are bacterial LPS, peptidoglycan, lipoproteins, bacterial DNA, and double-stranded RNA.  It is now known 

that the innate immune response applies a family of pattern-recognition receptors (PRRs) called Toll-like receptors 

(TLRs) as a tool to recognize PAMPs or sense invasion by microorganisms such as bacteria, viruses, fungi and 

protozoa. Upon interaction with PAMPs, TLRs transmit this information through intracellular signaling pathways, 

resulting in activation of innate immune cells and the release of inflammatory mediators in order to clear such 

pathogens. The TLR-mediated innate immune response is also critical for the development and direction of the 

adaptive immune system. Today, TLR signaling has become a central topic in immunology. 

 

To date 10 TLRs in humans and 12 TLRs in mice have been described (Beutler, 2004). For example 

TLR2 recognizes peptidoglycan, TLR3 recognizes viral double-stranded RNA, TLR4 recognizes LPS, TLR5 

recognizes flagellin, TLR8 recognizes viral single-stranded RNA, and TLR9 recognizes bacterial DNA. It should 

be noted that cell surface TLRs (TLR1, TLR2, TLR4, TLR5, and TLR6) seem to recognize microbial products 

whereas intracellular TLRs (TLR3, TLR7, TLR8, and TLR9) recognize nucleic acids. 

 

TLRs are predominantly expressed on cells of the innate immune system, including neutrophils, 

monocytes/macrophages, and dendritic cells (DCs). These cells express different TLRs, allowing them to induce 

a wide variety of immune responses to specific pathogens. Neutrophils, the predominant innate immune cells in 

blood, express TLR1, TLR2, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, and TLR10, but not TLR3 (Hayashi et al., 

2003). Being the first innate immune cells to migrate to the site of infection, neutrophils utilize relevant TLRs to 

recognize and respond to different types of microbial challenge. In addition to immune cells, recent studies 

demonstrated that cells of the periodontium express TLRs (Tabeta et al., 2000;  Hatakeyama  et al., 2003; 

Kusumoto et al., 2004). Due to continual exposure to oral bacterial PAMPs, TLR sensing and signaling in 

periodontium could indeed play important role in the innate immune response and maintain periodontal health. On 

the contrary, chronic TLR stimulation in periodontium by bacterial PAMPs can lead to excessive production of pro-

inflammatory mediators, resulting in periodontal tissue destruction. 
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Cytokines in periodontitis and related cytokines in the present study    

 

Cytokines can be defined as small proteins (8-80 kDa molecular weights) that usually act in autocrine or 

paracrine manner. They are cell regulators that have a major influence on the production and activation of 

different effector cells. T cells and macrophages are major source although they are produced by a wide range of 

cells that play important roles on physiologic and inflammatory responses (Gemmell et al., 1997). They are usually 

produced transiently, are extremely potent, generally acting at picomolar concentrations and interact with specific 

receptors at the cell membrane, setting of a cascade that leads to induction, enhancement or inhibition of a 

number of cytokine-regulated genes in the nucleus (Balkwill and Burke, 1989). 

 

Many cytokines are pleiotrophic, having multiple and overlapping activities on different target cells. 

Cytokine function may not be identical. The response of a cell to a given cytokine depends on the local 

concentration, the cell type and other cell regulators to which it is constantly exposed. Cytokine interact in a 

network: first by inducing each other, second by transmodulating cell surface recepters, and third by synergistic, 

additive or antagonistic interactions on cell function (Cohen and Cohen, 1996). 

 

Cytokines are known to be major participants in acute and chronic inflammation regardless of its location, 

and there is strong evidence for participation of these mediators in periodontitis. They are produced by activated 

resident gingival cells and infiltrating immune cells. In periodontitis lesion, high levels of inflammatory 

mediators/cytokines such as IL-1β, TNF-α, IFN-γ, IL-6, IL-10, IL-13, IL-4, IL-8, MMP and PGE2 have been 

detected (Kornman et al., 2000; Okada and Murakami, 1998).  

 

Interleukin-8  
 

IL-8 is a chemoattractant cytokine produced by a variety of tissue and blood cells, It is formerly known as 

neutrophil-activating peptide-1 (NAP-1), It has a distinct target specificity for the neutrophil, with weaker effect on 

other blood cells (Baggiolini et al., 1994; Bickel, 1993). IL-8 attracts neutrophils by inducing neutrophil 

extravasation at the site of inflammation. It then activates the cells to undergo the metabolic burst and to 

degranulate on arrival at the site of the challenge (Kornman et al., 2000). This cytokine has been thought to play a 
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significant role in various forms of periodontitis (Bickel, 1993; Fitzgerald and Kreutzer, 1995; Gainet et al., 1998; 

Takashiba et al., 1992). 

 

IL-8 concentration was shown to be increased in gingival crevicular fluid from patients with periodontitis 

(Tsai et al., 1995), and remained elevated in patients who did not respond to treatment (Chung et al., 1997). High 

levels of IL-8 in plasma were detected in patients with various forms of periodontitis and the presence of mRNA 

for IL-8 was observed in gingival neutrophils (Gainet et al., 1998). In inflamed gingival tissues, it was observed 

that IL-8 was produced in epithelial cells, macrophages and fibroblasts (Tonetti et al., 1993). As mentioned earlier, 

HGF IL-8 could be induced by stimulation with bacterial LPS or other cytokines (Sakuta et al., 1998; Steffen et al., 

2000; Takashiba et al., 1992; Takigawa et al., 1994). The decisive role of IL-8 in periodontal disease is not clear. It 

is possible that at an early phase of periodontal inflammation, IL-8 may be required to attract neutrophils and 

leukocytes to eliminate the infection. On the other hand, at the chronic stage of periodontal inflammation, 

excessive IL-8 may be unwanted but inevitably present due to continual activation by etiologic bacterial plaque 

and the local cellular/cytokine network in the lesion. Therefore, additional work is required to determine the 

significance of this cytokine in periodontal disease. 

 

Interferon-γ 

 

IFN-γ has a major role in the regulation of immune response. It has a wide variety of biological activities 

on immune cells. Its regulatory effect includes the activation of macrophages to enhance their phagocytosis and 

tumor killing capability as well as activation and growth enhancement of cytolytic T cells and natural killer (NK) 

cell (O'Garra, 1998). IFN-γ up-regulates Class I MHC antigen expression, and induces Class II MHC and Fcγ 

receptor expression on macrophages and many other cell types including lymphoid cells, mast cells and 

fibroblasts so that it may influence the capacity of cells to present antigen (Shimabukuro et al., 1996). IFN-γ also 

plays a major role in B-cell maturation and immunoglobulin secretion.  

 

High levels of IFN-γ mRNA are detectable in inflammed gingival tissues (Shimabukuro et al., 1996; 

Takeichi et al., 2000). Lundqvist et al. (1994) reported that not only αβ T cells but also γδ T cells from adult 

periodontitis patients expressed mRNA for IFN-γ. In addition, IFN-γ could be demonstrated in supernatant of 

gingival mononuclear cells from rapidly progressive periodontitis patients. Furthermore, IFN-γ was detected in 

gingival crevicular fluid of periodontitis patients (Salvi et al., 1998).    The presence of IFN-γ is likely to prime local 
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HGF and these primed HGF could subsequently induce further immune reaction. For example, T cell proliferation 

could be induced in vitro by IFN-γ treated HGF, as mentioned. 

 

Interleukin-17 

 

Human IL-17, a 20-30 kDa glycoprotein, is a recently described T cell cytokine which has been 

speculated to play an essential role in immunopathogenesis of periodontitis. The major source is the activated 

memory (CD45RO+CD4+) T cells (Aarvak et al., 1999; Yao et al., 1995). IL-17 exhibits pleiotrophic biologic 

activities on various types of cells, such as fibroblasts, endothelial cells, and epithelial cells, mediating a wide 

range of responses, mostly proinflammatory and hematopoietic (Chabaud et al., 2001; Fossiez et al., 1996; 

Rouvier et al., 1993; Yao et al., 1995). Many IL-17 studies were done in area of rheumatoid arthritis (Yao et al., 

1995) suggesting that IL-17 has the potential to be an important cytokine in the immune system, and associated 

with disease states. Interestingly, IL-17 was also detected in inflamed gingival tissues, both gingivitis and 

periodontitis (Oda et al., 2003), particularly, in 4 to 5 mm pockets (Johnson et al., 2004). 

 

It was shown that IL-17 stimulated transcriptional NF-kB activity and IL-6 and IL-8 secretion in mouse 

fibroblasts, endothelium and epithelial cells and also induced T cell proliferation (Rouvier et al., 1993). Futhermore, 

IL-17 stimulates stromal cells to secrete cytokines and growth factors (Fossiez et al., 1996). It enhances IL-1 

mediated-IL-6 production by rheumatoid arthritis synoviocytes in vitro (Chabaud et al., 1998). In combination with 

IFN-γ, IL-17 showed a synergism in the stimulation of IL-8 secretion and the induction of intercellular adhesion 

molecule-1 (ICAM-1) and HLA-DR expression by keratinocytes (Albanesi et al., 1999; Teunissen et al., 1998). 

Moreover, IL-17 stimulates granulopoiesis (Schwarzenberger et al., 1998) and is a strong inducer of neutrophil 

recruitment through chemokines release (Laan et al., 1999). Apart from its role in inflammatory responses, IL-17 

has potential to induce bone destruction. A recent work showed that IL-17 gene transfer strongly up-regulated the 

synovial receptor activator of nuclear factor-kappa B ligand (RANKL) / osteoprotegerin (OPG) ratio and enhanced 

the formation of osteoclast-like cells and bone erosion compared with the control groups (Lubberts et al., 2003). 

RANKL and the decoy receptor OPG has been identified as an important positive and negative regulator of 

osteclastogenesis and bone erosion (Kong et al., 1999). Periodontitis is a chronic inflammatory disease, which 

involves alveolar bone destruction. Even though, the presence of IL-17 in gingivitis and periodontitis tissue has 

been recently demonstrated, the role of this cytokine in periodontitis is still largely unknown. 

 

Gingival fibroblasts 
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Gingival fibroblasts are the dominant resident cells, which inhabit the periodontal tissues. As such, they 

are crucial for maintaining the connective tissues, which support and anchor the tooth. In the past they had been 

considered to function as the simple supporting framework for other cell types. Now it is firmly established that 

fibroblasts have been found to be a dynamic cell type involved in many local tissue functions and in host defense 

(Phipps et al., 1997).  

 

 Gingival fibroblasts could secrete various soluble mediators of inflammation including PGE2, IL-1, IL-6 

and IL-8 in response to extrinsic environmental factors such as plaque bacterial pathogens and their products 

and cytokines. These fibroblast-derived mediators are thought to play important role in inflammatory response in 

local periodontal lesions. Many plaque bacterial products e.g. LPS derived from P. gingivalis, A. 

actinomycetemcomitans and Prevotella intermedia were shown to enhance IL-6 and IL-8 production from gingival 

fibroblasts (Ohmori, 1987; Takada et al., 1991; Tamura et al., 1992; Dongari-Bagtzoglou and Ebersole, 1996a, 

1996b; Imatani, 2001). Fibroblasts are considered to be major sources of these IL-6 and IL-8 cytokines which are 

secreted in high amount both constitutively (Bartold and Haynes, 1991; Dongari-Bagtzoglou and Ebersole, 1998) 

and in response to bacteria, IL-1, TNF-α (Takashiba et al., 1992) and IFN-γ (Takashiba et al., 1992; Sakuta et al., 

1998; Daghigh et al., 2002). 

 

Cytokine production by HGFs is likely to result from TLR triggering. HGFs constitutively express mRNA of 

TLR2, TLR4, and TLR9 (Tabeta et al., 2000; Wang et al., 2000; Nonnenmacher et al., 2003) and other TLR-related 

molecules, e.g., CD14 (a co-receptor for LPS) and MyD88 (Hiraoka et al., 1998; Tabeta et al., 2000; Hatakeyama 

et al., 2003). A recent study, using DNA microarray analysis, demonstrated that expressed levels of TLR2, TLR4 

and CD14 in the human gingival fibroblasts were higher in periodontitis than in healthy individuals (Wang et al., 

2003). We recently demonstrated that HGFs were able to produce indoleamine 2,3-dioxygenase (IDO) enzyme in 

response to P. gingivalis  LPS (Mahanonda et al., 2007). IDO is an enzyme that catalyzes tryptophan, an essential 

amino acid and known to have anti-bacterial activity. It is produced by macrophages, dendritic cells, epithelial 

cells, and fibroblasts (Daubener and MacKenzie, 1999; Mellor and Munn, 2003). Recent data shows that IDO is 

able to inhibit T cell proliferation (Hwu P et al., 2000). The ability of IDO positive dendritic cells to inhibit T cell 
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expansion suggesting their possible role in promoting immune tolerance. The immunological function of IDO to 

down-regulate adaptive T cell response has been the area of intense investigation.    

 

The role of gingival fibroblast TLRs in recognition of microbial and their released PAMPs leading to local 

innate immune response and immunoregulation is an interesting area. Therefore, in the present study, we propose 

to systematically evaluate the function of HGFs in the innate immune responses and immunoregulation, 

particularly focusing on TLR expression, production of mediators (as a result of TLR triggering), and the role of 

fibroblast mediators in periodontal immunoregulation. 
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Materials and Methods 
 
Reagents and Abs 
 
Medium for HGF cultures was DMEM which was purchased from Gibco Laboratory (Grand Island, NY). The 

medium was supplemented with penicillin G (50 U/ml), streptomycin (50 μg/ml), fungizone (2.5 μg/ml) and 10% 

heat-inactivated fetal calf serum. Highly purified TLR ligands, including LPS from P.  gingivalis  (TLR2 ligand); 

poly I:C (TLR3 ligand); LPS  from Escherichia coli K12 strain  (TLR4 ligand);  flagellin from Salmonella 

typhimurium  (TLR5 ligand); Loxoribine (Guanosine analog) (TLR7 ligand); Single-stranded polyU oligonucleotide 

complexed with LyoVecTM  (TLR8 ligand) were obtained from InvivoGen (San Diego, CA). CpG ODN 2006 (TLR9 

ligand) was obtained from Coley Pharmaceutical Group (Wellesley, MA). IFN-γ, TNF-α and IL-17 were purchased 

from R&D System Inc. (Minneapolis, MA). Anti-human TLR3 mAb (TLR3.7) was obtained from eBiosciences (San 
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Diego, CA). Anti-human IL-17R mAb was obtained from R&D System Inc. (Minneapolis, MA). 1-Methyl-

DL-tryptophan and L-tryptophan were purchased from Sigma (St. Louis, MO).  

 
Human gingival fibroblasts 
 
Gingival tissue samples were collected from subjects who had clinically healthy periodontium and no history of 

periodontitis. The gingival biopsies were obtained at the time of crown lengthening procedure for prosthetic 

reasons from the Periodontal Clinic, Faculty of Dentistry, Chulalongkorn University. Before operation, ethical 

approval was obtained from the ethics committee of the Faculty of Medicine, Chulalongkorn University, and 

informed consent was obtained from each subject. Fibroblasts from the gingival tissues were obtained following 

established procedure (Murakami et al., 1999). Briefly, the excised tissue was immediately washed and then 

minced with scissors into fragments (1-3 mm2) and placed in 60 mm. tissue culture dishes. After a confluent 

monolayer of cells was reached, HGFs were trypsinized, washed twice and then transferred to new tissue culture 

flasks. The HGF cultures at passage 4-8 were used throughout the study.  

 
Detection of TLRs on HGFs 
 
- mRNA expression of TLRs in HGFs 
 

Total RNA from HGFs was isolated by using RNeasy Mini kit from Qiagen (Chatworth, CA). One μg of DNase 

I-treated total RNA was reverse transcribed using ImProm-II Reverse Transcription System for RT-PCR (Promega, 

Madison, WI). TLRs 1-10 and GAPDH were amplified using specific primers purchased from Proligo (Singapore) as 

described below and the PCR conditions were described as in previous studies(Saikh et al., 2003; Schaefer et al., 

2004).  

  

TLR1 (5’-CGTAAAACTGGAAGCTTTGCAAGA-3’/5’- CCTTGGGCCATTCCAAATAAGTCC-3’); 

TLR2 (5’-GGCCAGCAAATTACCTGTGTG-3’/5’- CCAGGTAGGTCTTGGTGTTCA-3’); 

TLR3 (5’-ATTGGGTCTGGGAACATTTCTCTTC-3’/5’-GTGAGATTTAAACATTCCTCTTCGC -3’); 

TLR4 (5’-CTGCAATGGATCAAGGACCA-3’/5’-TCCCACTCCAGGTAAGTGTT-3’);  

TLR5 (5’-CCTCATGACCATCCTCACAGTCAC-3’/5’-GGCTTCAAGGCACCAGCCATCTC-3’); 

TLR6 (5’-ACTGACCTTCCTGGATGTGG-3’/5’-TGGCACACCATCCTGAGATA-3’);  

TLR7 (5’-ACAAGATGCCTTCCAGTTGC-3’/5’-ACATCTGTGGCCAGGTAAGG-3’);  

TLR8 (5’-CAGAATAGCAGGCGTAACACATCA-3’/5’-AATGTCACAGGTGCATTCAAAGGG-3’); 
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TLR9 (5’-GCGAGATGAGGATGCCCTGCCCTACG-3’/5’-TTCGGCCGTGGGTCCCTGGCAGAAG-3’);  

TLR10 (5’-GGCCAGAAACTGTGGTCAAT-3’/5’-AACTTCCTGGCAGCTCTGAA-3’); and 

GAPDH (5’-TCATCTCTGCCCCCTCTGCTG-3’/5’-GCCTGCTCACCACCTTCTTG-3’). 
 
- Flow cytometric analysis of TLR3 expression   
 
 The specific localization of TLR3 of HGFs was investigated by flow cytometry. For surface TLR3 staining, 

HGFs were incubated with PE-conjugated anti-human TLR3 mAb (clone TLR3.7, 1 μg) for 30 min at 4oC. For 

intracellular staining, cells were pretreated with fixation/permeabilization solution (BD Pharmingen, San Diego, CA) 

for 20 min at 4 ºC, washed once with PBS and then incubated with the same mAb for 1 h at 4 ºC. Mouse isotype 

mAbs conjugated with PE was used as control. The stained cells were then analyzed on a FACSCalibur (BD 

Biosciences, Mountain View, CA). 

 
Detection of IL-17R on HGFs 
 
- mRNA expression of IL-17R 
 

The total RNA of stimulated HGFs  was isolated by using RNeasy Mini kit from Qiagen (Chatworth, CA). 

One μg of DNase I-treated total RNA was reverse transcribed using ImProm-II Reverse Transcription System for 

RT-PCR (Promega, Madison, WI). IL-17R was amplified using specific primer (5’-CTAAACTGCACGGTCAAGAAT-

3’/5’-ATGAACCAGTACACCCAC-3’)(Proligo) (Yao et al., 1997). The expected size of the PCR product was 833 bp. 

For semi-quantitative RT-PCR analysis, band intensities on scanned gels were analyzed (GeneTools, Syngene, 

Cambridge, UK) using specific bands of the housekeeping gene GAPDH as a reference. 

 
- Flow cytometric analysis of IL-17R 
 

The stimulated cells were stained with mAbs anti-IL-17R at 4oC for 30 min, washed in PBS, reconstituted 

with 1% paraformaldehyde and were analyzed by FACSCalibur (BD Biosciences, Mountain View, CA).  Mouse 

isotype mAbs were used as control. The levels of surface molecule expression were measured by mean 

fluorescence intensity(MFI). 

 

TLR ligation on HGFs after stimulation with TLR ligand(s) and/or cytokine  
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HGFs (1.5x105 cells/ml) in 96-well plates or 24-well plates (Corning Inc. Corning, NY) were treated with 

either a). Various single TLR ligands: P. gingivalis LPS (50 μg/ml), poly I:C (100 μg/ml), E. coli LPS (10 μg/ml), S. 

typhimurium flagellin (5 μg/ml); Loxoribine (100 μM), ssPolyU (5 μg/ml), and CpG ODN 2006  (10 μg/ml); b). 

TLR ligand combination: P. gingivalis LPS (50 μg/ml) + poly I:C (100 μg/ml), P. gingivalis LPS (50 μg/ml) + E. 

coli LPS (10 μg/ml),  P. gingivalis LPS (50 μg/ml) + S. typhimurium flagellin (5 μg/ml), P. gingivalis LPS (50 

μg/ml) + CpG ODN 2006  (10 μg/ml), poly I:C  (100 μg/ml) + E. coli LPS (10 μg/ml), poly I:C (100 μg/ml)  + S. 

typhimurium flagellin (5 μg/ml), poly I:C (100 μg/ml) + CpG ODN 2006  (10 μg/ml), E. coli LPS (10 μg/ml) + S. 

typhimurium flagellin (5 μg/ml),  E. coli LPS (10 μg/ml) + CpG ODN 2006  (10 μg/ml), S. typhimurium flagellin (5 

μg/ml) + CpG ODN 2006  (10 μg/ml);  c). Cytokine: IFN-γ (100 U/ml) and TNF-α (50 ng/ml); or d). TLR ligand 

and cytokine combination: P. gingivalis LPS (50 μg/ml) + IFN-γ (5 U/ml), poly I:C (10 μg/ml) + IFN-γ (5 U/ml), E. 

coli LPS (10 μg/ml) + IFN-γ (5 U/ml), S. typhimurium flagellin (5 μg/ml) + IFN-γ (5 U/ml), P. gingivalis LPS (50 

μg/ml) + TNF-α (1 ng/ml), poly I:C (10 μg/ml) + TNF-α (1 ng/ml), E. coli LPS (10 μg/ml)  + TNF-α (1 ng/ml), 

and S. typhimurium flagellin (5 μg/ml) + TNF-α (1 ng/ml). 

     After stimulation with TLR ligand(s) and/or cytokine for 12-24 h, the cells and culture supernatants were 

collected for measurement of IL-8 and IDO expression.  

 

Stimulation of human gingival fibroblasts with IL-17, IFN- γ, or  combined cytokines.  
 

HGFs (1x105 cells/mL) in 48-well plates (Corning Inc. Corning, NY) were stimulated with predetermined 

concentrations of IL-17 and IFN-γ, separately and in combination. The HGF responses were monitored by IDO. 

Based on preliminary kinetic experiments, we selected 12 hr incubation for determination of IDO mRNA 

expression by RT-PCR.  The cytokine concentrations for HGF stimulation used in (1). IDO mRNA and activity 

assay were IL-17 at 5, 50, 500 ng/mL; IFN-γ at 1, 5, 25 U/mL; or combined cytokines at 500 ng/mL IL-17+ 1 U/mL 

IFN-γ, 500 ng/mL IL-17 + 5 U/mL IFN-γ,  500 ng/mL IL-17 + 25 U/mL IFN-γ . After stimulation with TLR ligand(s) 

and/or cytokine for 12-72 h, the cells and culture supernatants were collected for measurement of IDO expression. 
 
Stimulation of human gingival fibroblasts with TLR ligand(s) and/or IL-17. 
 

HGFs (1x105 cells/mL) in 24-well plates (Corning Inc. Corning, NY) were stimulated with predetermined 

concentrations of IL-17 and highly purified TLR ligands stimulation (LPS from P. gingivalis – TLR2 ligand; 

Polyinosine-polycytidylic acid (Poly I:C) – TLR3 ligand;   LPS  from Escherichia coli  – TLR4 ligand; flagellin from 

Salmonella thyphimurium – TLR5 ligand), separately and in combination. The HGF responses were monitored by 
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IDO. Based on preliminary kinetic experiments, we selected 12 hr incubation for determination of IDO mRNA 

expression by RT-PCR.  The cytokine concentrations for HGF stimulation used in (1). IDO mRNA and activity 

assay were IL-17 500 ng/mL (2) Various single TLR ligands: P. gingivalis LPS (50 μg/ml), poly I:C (100 μg/ml), E. 

coli LPS (10 μg/ml), S. typhimurium flagellin (5 μg/ml). (3) TLR ligand and cytokine combination: P. gingivalis 

LPS (50 μg/ml) + IL-17 (500 ng/ml), poly I:C (10 μg/ml) + IL-17 (500 ng/ml), E. coli LPS (10 μg/ml) + IL-17 (500 

ng/ml), S. typhimurium flagellin (5 μg/ml) + IL-17 (500 ng/ml), After stimulation with TLR ligand(s) and/or cytokine 

for 12-72 h, the cells and culture supernatants were collected for measurement of IDO expression. 
 

Determination of IL-8 
 

The supernatants of HGFs after stimulation with TLR ligand(s) and/or cytokine were harvested and 

assessed for IL-8 production by ELISA (R&D systems, Minneapolis, MN).  
 

Detection of IDO expression and activity 
 
- mRNA expression of IDO 
      

The kinetics study of IDO mRNA expression (6, 12, and 24 h) was carried out using IFN-γ- or TNF-α-

treated HGFs. Twelve hour treated cells showed optimal mRNA expression of IDO. The total RNA of HGFs after 12 

h stimulation with TLR ligand(s) and/or cytokine were reverse transcribed and treated with DNase I as previously 

mentioned. IDO was amplified using specific primer (5’-CTTCCTGGTCTCTCTATTGG-3’/5’-

GAAGTTCCTGTGAGCTGGT-3’) (Proligo)(von Bubnoff et al., 2002 ). The expected size of the PCR product was 

430 bp. For semi-quantitative RT-PCR analysis, band intensities on scanned gels were analyzed (GeneTools, 

Syngene, Cambridge, UK) using specific bands of the house keeping gene GAPDH as a reference. 

 
- IDO activity: Kynurenine assay 
 

IDO-dependent catabolism of tryptophan produces kynurenine. Hence, the biological activity of IDO was 

evaluated by measuring the level of kynurenine in HGF culture supernatants(Braun et al., 2005). One hundred 

microliters culture supernatants of HGFs after stimulation with TLR ligand(s) and/or cytokine was mixed with 50 μl 

of 30% tricholroacetic acid, vortexed, and centrifuged at 8000 g for 5 min. Then, 75 μl of the supernatant was 

added to an equal volume of Ehrlich reagent (100 mg p-dimethylbenzaldehyde in 5 ml glacial acetic acid) in a 96 



 23 

well microtiter plate, and the absorbance was read at OD at 492 nm. A standard curve of defined kynurenine 

concentration (0-100 μM) permitted analysis of unknowns. 
 

Suppression of T cell response in MLR 
 

To assess whether IDO-expressed HGFs inhibit allogeneic T cell response, MLRs were performed on a 

layer of HGFs that had been treated for 2 days with either P. gingivalis LPS (50 μg/ml), IFN-γ (5 U/ml), or the 

combination of P. gingivalis (50 μg/ml) and IFN-γ (5 U/ml). PBMC were isolated from blood of healthy human 

donors. Mixed leukocyte cultures were performed by mixing PBMC (each at 4x107 cells/ml in PBS) from 2 healthy 

donors. A total of 4x105 mixed PBMC in 10 μl of PBS were co-cultured with confluent layer of stimulated HGFs 

(200 μl / well) in 96-well plates. 3H thymidine (0.5 μCi / 200 μl / well) was added on day 5 and cell cultures were 

incubated for another 18 h. Cells were harvested onto glass filter paper and radioactivity was measured (Beta 

plate: Wallac, Turku, Finland). In order to confirm the inhibitory effect of IDO, 1-Methyl-DL-tryptophan (1000 μg/ml) 

or L-tryptophan (1000 μM) was added during the co-culture of the stimulated HGFs with mixed PBMC. 

 
Statistical analysis 
 

Statistical comparisons among treatment conditions with respect to production of IL-8 and IDO, and to 

inhibition of T cell response were analyzed using SigmaStat (Jandel Scientific, San Rafael, CA). The parametric 

Student’s t test was used for normally distributed data, and the non-parametric Mann-Whitney rank-sum test was 

used for non-normally distributed data. A value of  p < 0.05 was considered statistically significant. 
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Results 
 

mRNA expression of TLRs on HGFs  
 

TLRs have been found on many cell types, and are known to play a central role in pathogen recognition 

in the innate immune system. To evaluate the expression of TLRs in HGFs, total RNA from HGFs was analyzed by 

RT-PCR using a panel of specific primers of TLRs 1-10. We found the mRNA expression of TLRs 1, 2, 3, 4, 5, 6, 

and 9 on HGFs except TLRs 7, 8, and 10 (Fig. 1A). The results were reproducible in all 4 HGF lines. Human 

PBMC were used as a positive control and shown to express all mRNA of TLRs 1-10 (Fig. 1B). 
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Figure 1. TLR expression in HGFs. TLRs1-10 mRNA expression was measured in cultured HGFs by RT-

PCR (A). PBMC mRNA was used as positive control (B). GAPDH mRNA was used as an internal control. Data are 

representative of 4 separate HGF lines and PBMC. 

 

TLR3 is generally recognized as an intracellular receptor, but a recent study showed a surface TLR3 on 

human skin and lung fibroblasts (Matsumoto et al., 2002). Thus, we analyzed the specific location of TLR3 

expression in HGFs. Using the same mAb specific to TLR3 (clone TLR 3.7), we demonstrated the detection of 

intracellular TLR3 on HGFs but not on the cell surface (Fig. 2).  
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Figure 2. Flow cytometric analysis of cell surface and intracellular TLR3 expression in HGFs. HGFs were 

stained for cell surface (A) or intracellular TLR3 (B) with monoclonal Ab against human TLR3 (clone TLR3.7) (open 

histograms).  Shaded histograms represent cells stained with isotype-matched control Abs. 

 
TLR ligands stimulate expression of IL-8 and IDO.  
 

In order to characterize the functional relevance of TLRs in HGFs, expression of IL-8 and IDO was 

determined after stimulation with highly purified TLR ligand(s). IL-8 production coincided with mRNA expression 

of TLRs i.e. TLRs 2, 3, 4, and 5 (Fig. 3A). On the contrary, no IL-8 production was observed in HGFs stimulated 

with CpG ODN 2006, even though the cells expressed TLR9 mRNA (Fig. 3A). 

Skin fibroblasts are known to express IDO when treated with IFN-γ (Holmes., 1998; Sarkhosh et al., 2004). 

In this study, the IDO expression of HGFs after TLR ligation was also evaluated. Similar to IL-8 production, P. 

gingivalis LPS, poly I:C, E. coli LPS, S. typhimurium flagellin , respective ligands for TLRs 2, 3, 4, and 5, induced 

IDO mRNA expression. IFN-γ- and TNF-α-treated HGFs were used as positive controls (Fig. 3B) 
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Figure 3. Expression of IL-8 and IDO in HGFs after stimulation with various TLR ligands.  HGFs were cultured in 

96-well plates or 24-well plates, and stimulated with the following ligands: P. gingivalis LPS (TLR2 ligand), poly I:C 

(TLR3 ligand); E. coli LPS (TLR4 ligand); S. typhimurium  (TLR5 ligand); Loxoribine (TLR7 ligand); polyU (TLR8 

ligand); CpG ODN 2006  (TLR9 ligand). Culture medium was used as a control.  For assessment of IL-8 

production, culture supernatants of stimulated HGFs were harvested after 24 h and then assayed by ELISA. Data 

shown are mean ± SEM of 4 separate experiments (∗, p < 0.05, compared with un-stimulated control) (A). To 

measure IDO expression, stimulated HGFs were harvested after 12 h and mRNA expression of IDO was analyzed 

by RT-PCR. IFN-γ- and TNF-α-stimulated HGFs were used as positive controls. GAPDH mRNA was used as an 

internal control. Data are representative of 4 separate experiments (B). 
 
Combination of TLR ligands stimulate expression of IL-8 and IDO.  
 

TLR ligand combinations (P. gingivalis LPS + poly I:C; P. gingivalis LPS + E. coli LPS;   P. gingivalis LPS 

+ S. typhimurium flagellin; P. gingivalis LPS + CpG ODN 2006; poly I:C  + E. coli LPS; poly I:C + S. typhimurium 

flagellin; poly I:C + CpG ODN 2006; E. coli LPS + S. typhimurium flagellin; E. coli LPS + CpG ODN 2006; S. 
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typhimurium flagellin + CpG ODN 2006) did not lead to a significant enhancement of IL-8 production (Figure 4A) 

or IDO expression (Fig. 4B), as compared to the sum of individual ligands. Surprisingly, CpG ODN 2006 

specifically inhibited poly I:C-induced IL-8 production (p < 0.05) and poly I:C-induced IDO expression (p < 0.05) 

(Fig. 4, A and B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Expression of IL-8 and IDO in HGFs after stimulation with TLR ligand combination.  HGFs were cultured 

in a 96-well plates or 24-well  plates and stimulated with the following ligand combinations: P. gingivalis LPS + 

poly I:C; P. gingivalis LPS + E. coli LPS;   P. gingivalis LPS + S. typhimurium flagellin; P. gingivalis LPS + CpG 

ODN 2006; poly I:C  + E. coli LPS; poly I:C + S. typhimurium flagellin; poly I:C + CpG ODN 2006; E. coli LPS + S. 

typhimurium flagellin; E. coli LPS + CpG ODN 2006; S. typhimurium flagellin + CpG ODN 2006. Culture medium 

was used as a control. Culture supernatants of stimulated HGFs were harvested after 24 h and IL-8 production 

was determined by ELISA. Data shown are the mean ± SEM of 4 separate experiments (∗, p < 0.05, compared 

with poly I:C treatment) (A). For semiquantitative analysis of IDO mRNA expression, stimulated HGFs were 

harvested after 12 h and mRNA expression of IDO was analyzed by RT-PCR. IFN-γ- and TNF-α-stimulated HGFs 
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were used as positive controls. Data shown are the mean ratio ± SEM of IDO:GAPDH from 4 separate 

experiments (∗, p < 0.05, compared with poly I:C treatment) (B). 

 
Combination of TLR ligand and cytokine stimulates expression of IL-8 and IDO 
 

Cytokines, IFN-γ and TNF-α have been consistently detected in periodontitis lesions (Wang et al., 2003; 

Shimabukuro et al., 1996). We next investigated the effects on HGF production of IL-8 and IDO by either cytokine 

or by the combination of cytokine with different TLR ligands, specifically P. gingivalis LPS, poly I:C, E. coli LPS, or 

S. typhimurium flagellin. Fig. 5A demonstrates that unlike IFN-γ, TNF-α when combined with P. gingivalis LPS, E. 

coli LPS, or S. typhimurium flagellin significantly induced more IL-8 from HGFs than the additive (p < 0.05). 

Interestingly, the results of IDO mRNA expression were quite different. IFN-γ, but not TNF-α  when combined with 

P. gingivalis LPS, E. coli LPS, or S. typhimurium flagellin significantly induced IDO mRNA expression greater than 

the sum of individual stimulators (p < 0.05) (Fig. 5B). 
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Figure 5. Expression of IL-8 and IDO in HGFs after stimulation with TLR ligand and cytokine combination.  HGFs 

were cultured in a 96-well plates or 24-well plates and stimulated with the following ligand and cytokine 

combination:  P. gingivalis LPS + IFN-γ; poly I:C + IFN-γ; E. coli LPS + IFN-γ; S. typhimurium flagellin + IFN-γ; : P. 

gingivalis LPS + TNF-α; poly I:C + TNF-α; E. coli LPS + TNF-α; S. typhimurium flagellin + TNF-α. Culture 

medium was used as a control. Culture supernatants of stimulated HGFs were harvested after 24 h and IL-8 

production was determined by ELISA. Data shown are the mean ± SEM of 4 separate experiments (∗, p < 0.05, 

compared to the sum of two individual stimulators) (A). For semiquantitative analysis of IDO expression, 

stimulated HGFs were harvested after 12 hr and mRNA expression of IDO was analyzed by RT-PCR. Data shown 

are the mean ratio ± SEM of IDO:GAPDH from 4 separate experiments (∗, p < 0.05, compared to the sum of two 

individual stimulators) (B). 
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P. gingivalis LPS or/and IFN-γ treated HGFs induce suppression of T response via IDO  
 

According to the enhancement of IDO mRNA expression on HGFs after stimulation with the combination 

of P. gingivalis LPS and IFN-γ , we next assessed the biological activity of IDO by measuring kynurenine 

concentration in those cultured supernatants. Fig. 6A demonstrates that the kynurenine could be detected within 

24 h-culture supernatants of stimulated HGFs. The levels of kynurenine continued to increase up to 72 h in 

cultures. 

 

We further evaluated whether HGFs, which were stimulated with P. gingivalis LPS, IFN-γ, or the two in 

combination could inhibit T cell response in MLRs. Co-cultures of mixed PBMC with 2 days P. gingivalis - or IFN-

γ-stimulated HGF showed 10 - 32 % inhibition of T cell proliferative response (*, p < 0.05) as compared to un-

stimulated HGFs. However, the combination of P. gingivalis and IFN-γ-stimulated cells markedly inhibited T cell 

proliferation by 62% (**, p < 0.001) (Fig. 6B). The response of T cells was restored when 1-Methyl-DL-tryptophan 

or L-tryptophan was added to the cultures (Fig. 6B).  
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Figure 6. Kinetics of IDO activity and suppression of T cell proliferation in MLRs.  HGFs were stimulated with either 

IFN-γ , P. gingivalis LPS or the combination of IFN-γ  and P. gingivalis LPS. Culture supernatants were harvested 

at different time points (0, 24, 48, and 72 h) and the concentration of kynurenine was determined (A).  

Suppression of T cell proliferation in MLR was assessed by co-culturing mixed PBMC from 2 donors with P. 

gingivalis LPS, IFN-γ, or the combination of P. gingivalis LPS and IFN-γ-stimulated HGFs. 1-Methyl-DL-tryptophan 

or L-tryptophan was added to the stimulated HGF cultures at the same time as mixed PBMC.  After 6 days of 

incubation, T cell proliferative response was determined by tritiated thymidine uptake. T cell proliferation was 

calculated as a percentage of control. Data shown are mean ± SEM from 4 separate experiments (∗, p < 0.05; 

∗∗, p < 0.001, compared with un-stimulated control) (B). 

 

The expression of IL-17R on HGFs  
 

Periodontal disease is characterized by high levels of cytokines, cellular infiltration and tissue destruction. 

Recent studies demonstrate the presence of IL-17, a product of Th17, in periodontal lesions, and suggest a 

possible role of this cytokine in disease severity (Oda et al., 2003; Johnson et al., 2004; Takahashi et al., 2005; 

Vernal et al., 2005). From our observation, HGFs expressed IL-17 receptor (Fig 7.) 
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Figure 7. IL-17 receptor expression in HGFs. mRNA expression of IL-17 receptor was analysed by RT-PCR. 

Peripheral blood mononuclear cells (PBMC) were used as positive controls. GAPDH mRNA was used as an 

internal control. Data are representative of 4 separate experiments .(A1). Semi-quantitative RT-PCR of IL-17 

receptor expression. Mean relative expression of IL-17R/GAPDH ± SEM from 4 separate experiments (A2). Flow 

cytometric analysis of cell surface IL-17 receptor expression in HGFs. HGFs were stained for cell surface IL-17 

receptor with mAb against human IL-17 receptor (clone 133617). Dotted line are represent cells stained with 

isotype-matched control mAbs and solid line represent cells stained with IL-17 receptor mAbs. Data are 

representative of 4 separate experiments (A3) 
 

Effects of IL-17 and IFN-γ on IDO expression by HGFs 
 

We previously showed that HGFs expressed IDO when treated with IFN-γ  (Mahanonda et al., 2007). In 

this study, we investigated IDO mRNA expression by HGFs upon stimulation with IL-17 by RT-PCR. Unlike IFN-γ, 

IL-17 did not induce IDO mRNA expression at any concentration tested (5, 50, 500 ng/mL) (Fig.8A). The 

combination effect of IL-17 (500 ng/mL) and IFN-γ (1, 5, 25 U/mL) was then investigated. The combined cytokine 
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stimulation led to a significant enhancement of IDO mRNA expression (P < 0.05, as compared to the sum of two 

individual cytokine stimulation)(Fig. 8B). The biological activity of IDO was also assessed by measuring 

kynurenine concentration in cultured supernatants. Fig. 8C demonstrates the significant increase in kynurenine 

levels in the combined treatment cultures (P < 0.05, as compared to the sum of effects of the individual 
treatments), thus exhibiting consistency with the mRNA expression results. 
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Figure 8. Expression of IDO in HGFs after stimulation with IL-17, IFN-γ or combined cytokines. HGF cultures were 

stimulated with indicated concentrations of IL-17, IFN-γ, and combined cytokines. Culture medium was used as a 

control. Stimulated HGFs were harvested and mRNA expression of IDO was analyzed by RT-PCR. GAPDH mRNA 

was used as an internal control. Data are representative of 4 separate experiments (A). Mean relative expression 
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of IDO:GAPDH ± SEM from 4 separate experiments was shown (*, P < 0.05 , compared to the sum of IL-17 and 

IFN-γ (1 U/mL) stimulation; **, P < 0.05 , compared to the sum of IL-17 and IFN-γ (5 U/mL) stimulation ***, P < 

0.05 , compared to the sum of IL-17 and IFN-γ (25 U/mL) stimulation) (B). To assess IDO activity, the 

concentrations of kynurenine in culture supernatants were determined. Data shown are mean concentrations of 

kynurenine ± SEM from 4 separate experiments (*, P < 0.05 , compared to the sum of IL-17 and IFN-γ (1 U/mL) 

stimulation; **, P < 0.05 , compared to the sum of IL-17 and IFN-γ (5 U/mL) stimulation ***, P < 0.05 , compared to 

the sum of IL-17 and IFN-γ (25 U/mL) stimulation) (C). 

 
Effect of Combination of TLR ligand and cytokine stimulates expression and IDO  

We next investigated the effects on HGF production of IDO by IL-17 or by the combination of IL-17 with 

different TLR ligands, specifically P. gingivalis LPS, poly(I:C), E. coli LPS, or S. typhimurium flagellin. Fig. 9 

demonstrates that, when combined IL-17 with P. gingivalis LPS, E. coli LPS, or S. typhimurium flagellin, IL-17 does 

not seem to modulate TLR ligand-induced IDO mRNA expression as compared with single TLR ligand stimulator. 
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Figure 9. Expression of IDO in HGFs after stimulation with TLR ligand and cytokine combination. HGFs were 

cultured in a 24-well plates and stimulated with the following ligand and cytokine combination: TLR2 ligand (P. 

gingivalis LPS) + IL-17; TLR3 ligand (poly (I:C)) + IL-17; TLR4 ligand (E.coli LPS) + IL-17; TLR5 ligand (S. 
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typhimurium flagellin) + IL-17. Culture medium was used as a control. For semiquantitative analysis of IDO 

expression, stimulated HGFs were harvested after 12 hr and mRNA expression of IDO was analyzed by RT-PCR. 

Data shown are the ratio ± SEM of IDO:GAPDH from 4 separate experiments (A). To asseaa IDO activity, the 

concentrations of kynurenine in culture supernatants were determined. Data shown are mean concentrations of 

kynurenine ± SEM from 4 separate experimant (B) 

The infiltration of plasmacytoid dendritic cells in gingival tissue from healthy and periodontitis subjects. 

 We investigated the infiltration of plasmacytoid dendritic cells in gingival tissue section from healthy and 

periodontitis subjects. BDCA-2 is a characteristic marker of plasmacytoid dendritic cells. Figure 10 shows positve 

cells in the connective tissue in periodontitis patient.. We found the infiltration of plasmacytoid dendritic cells in 

seven of the nine periodontitis specimens whereas found in only one of the eight  healthy specimens. 

 

 
 

Figure 10. Expression of BDCA2 in periodontitis lesions. Single immunohistochemical staining was performed via 

an avidin-biotin-complex-immunoperoxidase (ABC-PO) system (Vector, Burlingame, CA, USA) on serial frozen 

gingival sections with anti-BDCA2 (to identify plasmacytoid dendritic cells) (Miltenyi, Biotec, Germany). Control 

staining with isotype-matched mouse IgG as a primary mAb yield negative results (data not shown). Original 

magnification 200x  

 
Effects on plasmacytoid dendritic cells by the periodontopathic bacterial DNA 
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We next investigated the effects on IFN-a prodution of plasmacytoid dendritic cells by the 

periodontopathic bacterial DNA, specifically P. gingivalis, Actinobacillus actinomycetemcomitans and Tanerella 

forsythia. Fig. 11 demonstrates that, different DNAs from periodontopathic bacterial had defferent ability to 

stimulate plasmacytoid dendritic cells to produce IFN-alpha, P. gingivalis DNA had most potent stimulate. 
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Figure 11. Production of IFN-α in plasmacytoid dendritic cells after stimulation with different DNAs from 

periodontopathic bacterial. 
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Discussion 

 

It is known that host immune response employs TLR and non-TLR pathways to recognize pathogens and 

commensal bacteria (Akira et al., 2004; Rakoff-Nahoum et al., 2004). This recognition leads to expression of 

mediators which limit microbial invasion. When gingival epithelium is ruptured, HGFs can be exposed to many 

bacterial pathogen-associated molecular patterns (PAMPs). Clinical observations demonstrated the presence of 

periodontopathic bacteria in epithelial and connective tissue layer of periodontitis lesions (Gillett and Johnson 

1992; Allenspach-Petrzillka and Guggenheim 1983; Manor et al., 1984; Christersson et al., 1987; Saglie et al., 

1988; Lamont et al., 1995; Meyer et al., 1996; Cutler et al., 1999). The pathogens such as P. gingivalis, A. 

actinomycetemcomitans , and Fusobacterium nucleatum were also shown to invade human gingival epithelial 

cells and fibroblasts in vitro as well as in vivo (Sandros et al., 1994; Han et al., 2000; Amornchat et al., 2003; 

Rautemaa et al., 2004). The ability of HGFs to recognize and respond to such patterns renders them crucial in 
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dealing with microbial invasion. In this study, we evaluated the expression of TLRs and their role in signaling by 

HGFs. Our results demonstrate that HGFs derived from healthy gingival tissues expressed mRNA of TLRs 1, 2, 3, 

4,  5, 6, and 9 but not TLRs 7, 8, and 10. This is similar to observations in nasal fibroblasts (Takahashi et al., 2006). 

Recent study showed that fibroblasts from human foreskin and lung expressed cell surface TLR3 (Matsumoto et 

al., 2002). However, our study, using the same clone of mAb, demonstrated the presence of intracellular TLR3, 

but not cell surface TLR3, on HGFs. Thus, fibroblast TLR expression may differ across anatomic sites. Further 

study is needed to identify and compare the physiologic significance of intracellular and cell surface TLR3. 

      In line with the TLR mRNA expression, HGFs expressed IL-8 and IDO in response to P. gingivalis LPS, 

poly I:C, E. coli LPS, and S. typhimurium flagellin, respective ligands for TLRs 2, 3, 4, and 5. It has been shown 

that highly purified P. gingivalis LPS possess lipid A heterogeneity which may contribute to the ability to interact 

with either TLR2 or TLR4 (Darveau et al., 2004).  P. gingivalis  LPS at concentration of 50 μg/ml used in our study 

predominantly stimulated HGFs via TLR2 and to a lesser extend via TLR4 (InvivoGen product information). Poly 

I:C appeared to induce higher IL-8 and IDO expression than did other TLR ligands. Surprisingly, CpG ODN 2006, 

a potent ligand for TLR9 did not induce IL-8 or IDO expression.  Similarly, purified DNA derived from either E. coli, 

P. gingivalis, or  A. actinomycetemcomitans, which is also recognized as a TLR9 ligand, did not induce either of 

these mediators (data not shown). Our findings may indicate a non-functional TLR9 in HGFs. (Gingival epithelial 

cells also express TLR9 mRNA, but do not respond to CpG ODN 2006 : R. Mahanonda and S. Pichyangkul, 

unpublished observations). In contrast, some recent studies showed that DNA preparation from periodontopathic 

bacteria activated HGFs via TLR9 to produce IL-6 or IL-8 (Nonnenmacher et al., 2003; Takeshita et al., 1999). This 

inconsistency requires further investigation. 

        The finding that HGFs expressed TLRs 2, 4, and 5 supports their role in the innate immune response 

against bacteria.  Oral plaque bacteria are known to have PAMPs that are recognized by TLRs 2, 4, and 5. For 

example, P. gingivalis LPS and P. gingivalis fimbriae are recognized by TLR2  (Hirschfeld et al., 2001; Asai et al., 

2001; Zhou et al., 2005); LPS from Actinobacillus actinomycetemcomitans and Bacteroides fragalis are 

recognized by TLR4 (Erridge et al., 2004; Yoshimura et al., 2002; Gutierrez-Venegas et al., 2006). Flagellin of 

Treponema denticola is most likely recognized by TLR5. The expression of TLR3 in HGFs is interesting since 

TLR3 recognizes double stranded RNA, a by-product of viral replication and transcription (Alexopoulou et al., 

2001). Possible role of herpesviruses in etiology and severity of periodontal diseases has been reported (Amit et 

al., 1992; Contreras et al., 1999; Slots 2005). The presence of TLR3 thus suggests a role of HGFs in antiviral 

response. 

      The effects of TLR ligand combinations on IL-8 and IDO expression by HGFs were not significantly 

different from those of single ligands or the sum of individual ligands, except for the combination of CpG ODN 

2006 with poly I:C. Addition of CpG ODN 2006 markedly inhibited poly I:C-induced IL-8 and poly I:C-induced IDO 
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expression. CpG ODN2006, by itself had no effect on the expression of either IL-8 or IDO. The inhibitory effect of 

CpG ODN2006 on poly I:C-stimulated HGFs is unlikely to be limited to the early phase, since the addition of CpG 

ODN2006 at 6 h after poly I:C treatment still completely suppressed IL-8 production (data not shown). Further 

studies will be needed to understand the inhibitory effect of CpG ODN on poly I:C-induced HGF activation. 

     Previous studies demonstrated that different cytokines have different effects on HGFs in IL-8 production 

(Takashiba et al., 1992; Takigawa et al., 1994). TNF-α but not IFN-γ  induced IL-8 production from HGFs, the 

observations agree with those previous studies ( Takashiba et al., 1992; Takigawa et al., 1994; Tamura et al., 

1992). Combinations of cytokines and bacterial PAMPs are known to modulate cytokine production from different 

cell types (Uehara et al., 2002; Matikainen et al., 2006). A high level of IL-8 as well as the increased presence of 

IL-8 secreting fibroblasts has been detected in periodontitis lesions (Wang et al 2003; Dongari-Bagtzoglou and 

Ebersole 1998). Our data demonstrate that stimulation of HGFs with TNF-α, combined with TLR ligands 2, 4, or 5, 

synergistically enhanced IL-8 production. The IL-8 response in periodontal tissue could have both beneficial and 

deleterious effects. IL-8 is important in neutrophil activation and recruitment. On one hand, undue down-regulation 

of this function could compromise anti-microbial defense. On the other hand, unduly vigorous or sustained IL-8 

response could cause chronic inflammatory tissue destruction.   

      It is reported that skin fibroblasts can dampen local immune cell responses via IDO. In this study we 

demonstrated that HGFs were also able to induce IDO expression in response to P. gingivalis LPS, poly I:C, E. 

coli LPS, and S. typhimurium flagellin.  IDO expression was synergistically enhanced when HGFs were treated 

with the combination of  some PAMPs (TLR ligands 2, 4, or 5) and IFN-γ. It is interesting that TNF-α which 

enhanced TLR ligand-induced IL-8 production has negligible effect on TLR ligand-induced IDO expression of 

HGFs. Marked suppression of T cell proliferation in MLRs was mediated by IFN-γ and P. gingivalis LPS-treated 

HGFs. The suppression was reversible with the addition of either 1-Methyl-DL-tryptophan or L-tryptophan, thus 

confirming that stimulated HGFs suppressed T cell response via induced IDO.  

 Recent studies demonstrate the presence of IL-17, a product of Th17, in periodontal lesions, and 

suggest a possible role of this cytokine in disease severity (Oda et al., 2003; Johnson et al., 2004; Takahashi et 

al., 2005; Vernal et al., 2005). From our observation, HGFs expressed IL-17 receptor. In this study we 

systematically investigated the effects of IL-17, and of combined stimulation with IL-17 and IFN-γ on HGFs. We 

have previously shown that IFN-γ and P. gingivalis LPS enhanced IDO expression in HGFs and suppress T cell 

proliferation (Mahanonda et al., 2007).  In this study we found that IL-17, by itself, had no effect on IDO 

expression in HGFs, however, when combined with IFN-γ, significant enhancement of IDO mRNA expression as 

well as its biological activity was detected. These findings therefore suggest a role of IL-17 in immune 

suppression when it is present with IFN-γ. 
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      In conclusion, our study demonstrates that HGFs express mRNA of TLRs 1, 2, 3, 4, 5, 6, and 9. 

Triggering with P. gingivalis LPS, poly I:C, E. coli LPS, and S. typhimurium flagellin, ligands specific for TLRs 2, 3, 

4, and 5 respectively,  led to the expression of IL-8 and IDO. In contrast, the potent TLR9 ligangd CpG ODN 2006 

did not induce IL-8 and IDO expression. Moreover, it specifically inhibited poly I:C-induced HGF activation. The 

ability to induce IL-8 and IDO expression in ligand-stimulated HGFs was enhanced when combined with cytokine 

TNF-α and IFN-γ  respectively. Finally, that HGFs can enhance IDO expression and down-regulate T cell 

response, when stimulated with some PAMP-cytokine combinations, suggests that these strategically-placed cells 

have an important role in modulating the unwelcome hyper-reactive inflammatory reaction that periodontitis often 

entails. Furthermore, we observed diverse effects of IL-17 especially in the combined stimulation with IFN-γ via 

HGF activation. Apparently, IL-17 or IFN-γ differentially controls HGF activation, possibly via different intracellular 

signaling pathways. These effects of individual cytokine are potentiated by their combination. Perhaps the most 

important finding of this investigation was that IL-17 not only preferentially stimulates pro-inflammatory reaction as 

previously shown in many diseases, but also functions as a negative feedback inhibitor of inflammatory T cell 

response in the presence of IFN-γ. Hence the role of IL-17 in periodontal disease should be carefully interpreted, 

and the full complexity of cytokine-mediated disease like periodontitis remains to be unraveled. 
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