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การตอบสนองทางระบบภูมิคุมกันโดยกําเนิดตานตอไวรัสในเนื้อเย่ือปริทันต  
 

ANTIVIRAL INNATE IMMUNE RESPONSE IN PERIODONTAL TISSUE 
 

นริศรา  วนวิทย /  นพดล สะอาดเอี่ยม/ พิมพประภา ฤกษเย็น / รังสิน ี มหานนท 

จุฬาลงกรณมหาวิทยาลัย 
 

บทคัดยอ 
โรคปริทันตอักเสบเปนโรคที่พบบอยในชองปาก เกี่ยวของกับการอักเสบเรื้อรังของ

อวัยวะปริทันต และอาจนําไปสูการสูญเสียฟน สาเหตุหลัก คือ แบคทีเรีย ขอมูลในเร็วๆนี้บงถึง
บทบาทของไวรัสในการเกิดและการดําเนินโรคปริทันตอักเสบ อยางไรก็ตามความรูเกี่ยวกับการ
ตอบสนองทางระบบภูมิคุมกันโดยกําเนิดตานตอไวรัสในเนื้อเยื่อปริทันตยังคงมีนอยมาก ใน
ปจจุบันยังไมมีขอมูลของโปรตีนตานตอไวรัสในเนื้อเยื่อปริทันต ดังนั้นการศึกษานี้จึงเปน
การศึกษาแรกในการตรวจหาการแสดงออกของเมสเซนเจอรอารเอนเอ (mRNA) ของโปรตีนตาน
ตอไวรัส คือ ซีเครโทรี ลิวโคไซท โปรทีเอส อินหิบิเทอร (secretory leukocyte protease 

inhibitor,SLPI), โปรตีน ไคเนส อาร (protein kinase R, PKR), โอลิโกอะดีไนเลท ซินเทเตส 
(oligoadenylate synthetase, OAS) และมิกโซไวรัส รีซิสแทนซ เอ (myxovirus resistance 

A, MxA) ในเนื้อเยื่อปริทันตของผูปวยที่เปนโรคปริทันตอักเสบและเนื้อเยื่อปริทันตที่มีสุขภาพดี 
ดวยวิธีเรียลไทม รีเวอรสทรานสคริปชัน-โพลิเมอเรส เชน รีแอคชัน (real-time RT-PCR) ผล
การทดลองพบวามีการแสดงออกของ mRNA ของโปรตีนตานตอไวรัสทั้ง 4 ชนิด ทั้งในเนื้อเยื่อ
ที่เปนโรคปริทันตอักเสบและเนื้อเยื่อที่มีสุขภาพดี โดยไมพบความแตกตางระหวางกลุมอยางมี
นัยสําคัญ เปนที่นาสังเกตวาการแสดงออกของ SLPI อยูในระดับสูงกวาโปรตีนตัวอ่ืนๆ โดยสรุป 
เปนการศึกษาแรกที่รายงานถึงการปรากฏของโปรตีนตานตอไวรัสหลายชนิดในเนื้อเยื่อปริทันตทั้ง
ที่เปนและไมเปนโรค ซ่ึงบทบาทและหนาที่ของโปรตีนเหลานี้จําเปนตองมีการศึกษาเพิ่มเติมตอไป 
 
คําสําคัญ : โปรตีนตานตอไวรัส/ ระบบภูมิคุมกันโดยกําเนิด/ เนื้อเยือ่ปริทันต 
 

ABSTRACT 

Periodontitis is a common chronic inflammatory disease in oral cavity. It 

affects supporting tooth structure-periodontium and may cause tooth loss. Even 

though the etiologic importance of bacteria in periodontitis has been understood for 

decades, several recent studies have documented a role of viruses in the development 
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and progression of periodontitis. Since there is relatively little available information 

regarding periodontal innate antiviral immunity, we would like to be the first to 

investigate mRNA expression of different antiviral proteins (secretory leukocyte 

protease inhibitor (SLPI), protein kinase R (PKR), oligoadenylate synthetase (OAS), 

and myxovirus resistance A (MxA)) in periodontitis as compared to healthy tissue by 

real-time reverse transcription-polymerase chain reaction. In this first report of 

antiviral protein expression, we demonstrated mRNA expression of all studied 

antiviral proteins (SLPI, PKR, OAS, and MxA), but no significant differences in all 

parameters were indicated between periodontitis and healthy group. Interestingly, 

level of SLPI was higher than others. Further research is required to extend 

understanding of the role of innate antiviral protein in periodontal disease. 
 

Keywords: antiviral protein/ innate immunity/ periodontal tissue 

 

Introduction 

Periodontitis is a chronic bacterial infection that affects the gingiva, 

periodontal ligament, cementum and bone supporting the teeth. Even though the 

etiologic importance of bacteria in periodontitis has been understood for decades, 

several recent studies have also documented a role of viruses in the development and 

progression of periodontitis (Cappuyns, Gugerli, & Mombelli, 2005). 

Innate immunity serves as the first line of defense against invading 

microorganisms. Innate antibacterial immune response in periodontal disease has been 

the focus of considerable recent research (Schenkein, 2006; Teng, 2006; Zasloff, 

2002). However, to date there is relatively little available information regarding 

periodontal innate antiviral immunity. Gingival epithelium, the outmost physical 

barrier of periodontium, plays important role as the local innate non-immune cells. It 

bears variety of sensing receptors called Toll-like receptors which recognize and 

activate inflammatory responses not only to bacteria but also to viruses (Mahanonda 

& Pichyangkul, 2007). In addition to the cellular components, there are the non-

cellular components such as secretory innate mediators with antibacterial properties 

that help protected periodontal mucosa. These include human α-defensins (commonly 
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known as human neutrophil peptides, HNPs)(Goebel, Mackay, Vickers, & Mather, 

2000; Pisano et al., 2005; Puklo, Guentsch, Hiemstra, Eick, & Potempa, 2008), human 

β-defensins (HBDs)(Diamond, Kimball, Krisanaprakornkit, Ganz, & Dale, 2001; 

Mathews et al., 1999), cathelicidin (LL37)(Murakami, Ohtake, Dorschner, & Gallo, 

2002; Puklo et al., 2008), lactoferrin (Friedman, 2006; McNeely et al., 1995), and 

secretory leukocyte protease inhibitor (SLPI)(Into et al., 2006; McNeely et al., 1995). 

Interestingly, these anti-bacterial proteins also have antiviral properties. 

It is known that SLPI, protein kinase R (PKR), 2’,5’-oligoadenylate 

synthetase (OAS), and myxovirus resistance A (MxA) are mucosal proteins which 

implicated in antiviral activity (Franken, Meijer, & Dijkman, 1989; Milush et al., 

2007; Santoro et al., 2005; Vijay-Kumar et al., 2005). Secretory leukocyte protease 

inhibitor (SLPI) is a potent inhibitor of serine proteases (Thompson & Ohlsson, 1986) 

produced and secreted primarily from epithelial cells lining mucosal surfaces(Franken 

et al., 1989) and skin (Sorensen et al., 2003), neutrophils (Sallenave, Si Tahar, Cox, 

Chignard, & Gauldie, 1997), lipopolysaccharide-stimulated macrophages (Jin, 

Nathan, Radzioch, & Ding, 1997) and cultured human gingival keratinocytes (Jana, 

Gray, & Shugars, 2005; Westin, Nystrom, Ljungcrantz, Eriksson, & Ohlsson, 2002). 

It participates in the mucosal defense including by reducing inflammation (Hiemstra, 

2002); suppressing matrix metalloproteinase production and activity (Zhang, DeWitt, 

McNeely, Wahl, & Wahl, 1997); blocking the in vitro growth of selected bacteria 

(Hiemstra et al., 1996), fungi (Tomee, Hiemstra, Heinzel-Wieland, & Kauffman, 

1997), and non-HIV-1 viruses (Beppu et al., 1997). Furthermore, SLPI in GCF has 

been shown to promote the healing of periodontal tissue after non-surgical treatment 

in chronic periodontitis patients(Nakamura-Minami, Furuichi, Ishikawa, Mitsuzono-

Tofuku, & Izumi, 2003).  

At least three major proteins implicated in antiviral activity, such as the 

protein kinase R (PKR), 2’,5’-oligoadenylate synthetase (OAS), and the Mx GTPases, 

are induced by  alpha and beta IFNs, type I IFNs (Frese, Kochs, Feldmann, Hertkorn, 

& Haller, 1996; Samuel, 2001). When PKR is activated by dsRNA, it leads to halt 

viral replication (Huang & Schneider, 1991; O'Malley, Mariano, Siekierka, & 
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Mathews, 1986). PKR may act by shutting down protein synthesis following infection 

of a cell and limit the transmission of virus to uninfected cells (Clemens, 1997).  

OAS constitutively expressed in normal cells in a latent, inactive form, is a 

marker of immune activation in hepatitis C (Gramenzi et al., 2005; McHutchison et 

al., 2007; Thimme et al., 2002). Upon binding to dsRNA, this leads to activate 

RNAseL, then breaks down viral and cellular RNA (Castelli, Wood, & Youle, 1998; 

Pestka, Langer, Zoon, & Samuel, 1987). 

Mx proteins, strictly controlled by type I IFNs, belong to the class of 

dynamin-like large guanosine triphosphatases (GTPases). The human MxA GTPase 

accumulates most in the cytoplasm and remains in subcompartment of the 

endoplasmic reticulum (Accola, Huang, Al Masri, & McNiven, 2002). Low basal 

levels of human MxA protein may be found in certain cell lines, primary mononuclear 

cells (Ronni, Melen, Malygin, & Julkunen, 1993),  hepatocytes and cholangiocytes 

(Leifeld et al., 2001). Some Mx GTPases have antiviral activity against diverse 

viruses, including influenza virus, Thogoto virus, vesicular stomatitis virus, measles 

virus, bunyavirus, Semliki Forest virus and hepatitis B virus (HBV)(Frese et al., 1996; 

Frese, Kochs, Meier-Dieter, Siebler, & Haller, 1995; Gordien et al., 2001; Landis et 

al., 1998; Pavlovic, Zurcher, Haller, & Staeheli, 1990; Schwemmle, Weining, Richter, 

Schumacher, & Staeheli, 1995; Zhao, De, Das, & Banerjee, 1996). Previous study 

demonstrated the expression of MxA in plasmacytoid dendritic cells infiltrated in oral 

mucosa lesions from oral lichen planus (Santoro et al., 2005). 

So far there has been no report of these innate antiviral proteins, except for 

SLPI, in periodontal tissue. In this study, we investigated mRNA expression of 

different antiviral proteins (SLPI, PKR, OAS, and MxA) in periodontitis as compared 

to healthy tissue. 
 

OBJECTIVE 

We explored the innate antiviral immunity in periodontal tissue. Our 

specific aim was to investigate mRNA expression of different antiviral protein such as 

SLPI, PKR, OAS, and MxA in periodontitis tissues and to compare to those 
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expressions in healthy tissue by real-time reverse transcription-polymerase chain 

reaction (real-time RT-PCR). 

 

RESEARCH METHODOLOGY 

Periodontal tissue samples 

Periodontal tissue samples were collected from subjects who had clinically 

healthy periodontium and untreated severe chronic periodontitis lesion. The 5 biopsies 

of healthy gingiva with probing depth less than 4 mm were obtained at the time of 

crown lengthening procedure for prosthetic reasons or impacted tooth removal. The 5 

biopsies of periodontitis lesion with gingival inflammation, evidence of bleeding on 

probing, radiographic evidence of bone loss, and probing depth not less than 6 mm 

were obtained at the time of removal the teeth that had hopeless periodontal prognosis 

and not affected by endodontic problem from Periodontal Clinic or Surgery Clinic,  

Faculty of Dentistry, Chulalongkorn University in March 2009 to December 2009. 

The excised tissues were immediately placed in sterile tube containing RNAlater 

(500µl)(Qiagen, Chatsworth, CA, USA) for analysis mRNA expression by real-time 

quantitative reverse transcription polymerase chain reaction. 

The exclusion criteria for both groups included diabetes, bleeding 

disorders, gross oral pathology or treatment in the previous six months with 

antibiotics, anti-inflammatory drugs, or medicinal herbs. Informed consent was 

obtained prior to inclusion in the study.  The protocol was approved by the ethics 

committee of Faculty of Dentistry, Chulalongkorn University.  

mRNA expression of antiviral proteins in gingival tissues 

To quantitate the tissue amount of SLPI, PKR, OAS, and MxA mRNA, we 

used real-time reverse transcription polymerase chain reaction. Periodontal tissue 

samples kept in RNAlater were washed twice and total RNA were separated by using 

RNeasy Mini kit (Qiagen, USA). 1 μg of total RNA were reverse transcribed using 

ImProm-IITM Reverse Transcription System for RT-PCR, according to the 

manufacturer’s instructions (Promega, USA). Real-time PCR was performed on the 

LightCyclerTM (Roche Molecular Diagnostics) in a total volume of 20 µl containing 

0.5 µM of each forward and reverse oligonucleotide primer pairs, 10 µl SYBR Green 
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PCR Master Mix (FastStart Taq DNA polymerase, reaction buffer, dNTP mix, SYBR 

Green I dye, and  MgCl2), 4 µl water, and 5 µl cDNA template. The primers were 

specific to a conserved region of SLPI, PKR, OAS, and MxA as shown in Table 1. 

The temperature program for SLPI, PKR, OAS, and MxA consisted of an 

initial denaturation step at 950C for 10 min, followed by amplification of the template 

for 45 cycles of 950C for 10 sec, 600C for 10 sec, and 720C for 20 sec (single 

acquisition). After amplification was completed, a final melting curve was performed 

at 950C for 5 sec, 650C for 1 min, and heating to 970C using a ramp rate of 0.11 0C/sec 

with continuous monitoring of fluorescence. Determination of product specificity 

depended upon generation of specific PCR products with well-defined melting 

temperatures of: SLPI 85 0C, PKR 79 0C, OAS-1 86 0C and MxA 84 0C. Real-time 

fluorescence measurement was read and a threshold cycle (Ct) value for each sample 

was calculated by determining the point at which the fluorescence exceeds a threshold 

limit. Samples were defined as negative if the Ct values exceeded 40 cycles. The 

mRNA of Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was chosen as 

internal control in each sample to control sample to sample variations in RNA 

concentration. As a negative control, a PCR reaction would be performed without an 

RT sample. Peripheral blood mononuclear cell (PBMC) would be used as a positive 

control. Expression of antiviral proteins mRNA levels were calculated by using the 

comparative Ct method (2–[delta]Ct formula) after normalization to GADPH.  

Statistic analysis 

Statistical comparisons between healthy and periodontitis group with 

respect to mRNA expression of antiviral protein were analyzed using SPSS V14.0 

software. The independent-sample t-test was used. A value of p< 0.05 was considered 

statistically significant. 
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Table 1: Primer sequences of antiviral proteins and GAPDH 

(* primer sequence by Amigo et al., 2006, ## primer sequence by Farrugia & Cann, 

1999, ** primer sequence by Kato et al., 2004, $primer sequence by Antonelli et al., 

1999, # primer sequence by Carraro, Albertin, Forneris, & Nussdorfer, 2005) 
 

Results 

Antiviral proteins are expressed on many cells and known as non-cellular 

compartment of the innate immune system. To obtain additional information on the 

expression of antiviral proteins in gingival tissue, total RNA from gingival tissue was 

analyzed by real-time RT-PCR using of specific primers. We found that the mRNAs 

for SLPI, PKR, OAS-1, and MxA were all expressed in gingival tissues irrespective 

of their disease entities. Moreover, SLPI had the highest expression level of all the 

antiviral proteins examined. However, the expression levels of SLPI, PKR, OAS-1, 

and MxA relative to GAPDH were not significantly different between healthy and 

periodontitis. (P = 0.865 for SLPI, P = 0.623 for PKR, P = 0.360 for OAS-1 and P = 

0.408 for MxA). (Figure 1A).  

Product Forward primer Reverse primer 

SLPI *   TTCCCCTGTGAAAGCTTGATTC 

 

GATATCAGTGGTGGAGCCAAGTC 

 

PKR ## GCCTTTTCATCCAAATGGAATTC 

 

GAAATCTGTTCTGGGCTCATG 

 

OAS-1 ** CATCCGCCTAGTCAAGCACTG 

 

CCACCACCCAAGTTTCCTGTAG 

MxA $ GCTACACACCGTGACGGATATGG 

 

CGAGCTGGATTGGAAAGCCC 

 

GAPDH# GAAGGCTGGGGCTCATTT 

 

CAGGAGGCATTGCTGATGAT 
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Fig. 1A. Comparison of the relative gene expressions of antiviral proteins between 

periodontitis (n = 5) and healthy (n = 5) groups. The relative quantity of 

mRNA was normalized to the relative quantity of GAPDH. The box plots 

show medians, 25th and 75th percentiles as boxes, and 10th and 90th 

percentiles as whiskers. Outlying values are shown as open circles. There 

were no significant differences for all the antiviral proteins examined 

between periodontitis and healthy. 
 

Discussion and Conclusion 

This is the first evidence to show that antiviral protein such as PKR, OAS 

and MxA are expressed in healthy and periodontitis gingival tissue in addition to 

SLPI, consistent with the data of Into et al., who showed constitutive expression of 
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SLPI in healthy gingiva and in inflamed periodontal tissues(Into et al., 2006). 

Furthermore, the expression of SLPI was much higher compared to other antiviral 

protein. The reason might be its constitutive expression. It is produced and secreted 

primarily from epithelial cells lining mucosal surfaces (Franken et al., 1989) and 

skin(Sorensen et al., 2003), neutrophils (Sallenave et al., 1997), lipopolysaccharide-

stimulated macrophages (Jin et al., 1997) and cultured human gingival keratinocytes 

(Jana et al., 2005; Westin et al., 2002). PKR and OAS are constitutively expressed in 

normal cells in a latent but inactive form. They have to bind to dsRNA, cytokine, 

growth factor and stress signals (Tan & Katze, 1999) and be induced by interferon 

(Stark, Kerr, Williams, Silverman, & Schreiber, 1998), then they can function 

properly. MxA, in contrast, strictly controlled in a dose-dependent manner by type I 

IFNs, can be found at low basal levels in certain cell lines, primary mononuclear cells 

(Ronni et al., 1993),  hepatocytes and cholangiocytes (Leifeld et al., 2001).  

Due to the etiologic importance of bacteria in periodontitis has been 

understood for decades, most studies have focused on the anti-bacterial activities, for 

examples, the expressions of variety of antimicrobial peptides including HNPs, 

HBDs, LL-37, and lactoferrin in periodontal tissue.  Similarly, several recent studies 

have documented a role of viruses in the development and progression of 

periodontitis. The present expressions of all of above antiviral proteins in gingival 

tissue showed that viruses, activate antiviral proteins activity, can be also found in 

healthy and periodontitis. This is concordant with several studies that reported viral 

expressions in both healthy and periodontitis lesions. For examples, DNA from 

herpesviruses such as herpes simplex virus type (HSV-1), herpes simplex virus type 2, 

human cytomegalovirus (HCMV), and Epstein-Barr virus (EBV) had been detected in 

subgingival specimens (Contreras & Slots, 1996; Saygun et al., 2002; Saygun, Yapar, 

Ozdemir, Kubar, & Slots, 2004), gingival crevicular fluid (GCF)(Contreras & Slots, 

1996; Parra & Slots, 1996), gingival tissue (Contreras, Nowzari, & Slots, 2000; 

Ehrlich, Cohen, & Hochman, 1983), and infiltrated immune cells from periodontitis 

sites (Contreras, Zadeh, Nowzari, & Slots, 1999). Moreover, viral DNA such as 

herpes simplex virus, Epstein–Barr virus and human cytomegalovirus could also be 

found at the healthy sites (Contreras et al., 2000; Contreras et al., 1999; Parra & Slots, 
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1996). Although, periodontal tissue is constantly exposed to multiple assaults by 

microbes that live harmoniously in the oral niche, but most individuals maintain 

healthy homeostasis suggesting so effective innate immune response.  

Quite unexpectedly, in the present study there were no significant 

differences for all the antiviral proteins examined between periodontitis and healthy. 

Although, the periodontitis sites could find viruses, activate antiviral proteins activity, 

at a higher frequency as compared to healthy sites (Contreras et al., 2000; Contreras et 

al., 1999; Parra & Slots, 1996). The expression level of all the antiviral proteins 

examined in periodontitis group was similar to healthy one. This might owing to 

diminished function of damaged cell in pathological periodontitis tissue.  

As mention above, type I IFNs are required for PKR, OAS and MxA 

expression, therefore the presence of type I IFNs should be explored. Surprisingly, 

our own observation showed negligible expression level of IFN- α in both 

periodontitis and healthy gingival tissue agreed with the study of Kajita et al. (Kajita 

et al., 2007). However, this could be attributable to be nature of its transient 

expression or inducible by some unknown molecules. 

In conclusion, this is the first evidence to show that antiviral protein such 

as SLPI, PKR, OAS and MxA are expressed in healthy and periodontitis gingival 

tissue.  The roles of innate antiviral protein in periodontal disease remain to be 

determined. 
 

Suggestions 

1. To explore another mechanism that is able to induce MxA, in vitro 

exposure of gingival epithelial cells, lacked of type I interferon, to any molecules 

remain to be examined. 

2. Confirmation of antiviral protein expression at the protein level in 

periodontal tissues should be done by immunohistochemical staining. 

3. Due to limited numbers of periodontal biopsies in this study, further 

research should be done more samples. 
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