NIAALAUBINNIEULNNANA uimﬂmLummum%mhmﬂm@ﬂ?mum:

a q

AaLA 1 n13agaun ldsAusinusalnga

ﬂ‘UEJ’J‘VIEWI?WEJ’]ﬂ‘i
amaﬁnimum'mmaﬂ

qwmuwuﬁmﬂudwummmm?ﬂm:mmwanamﬂ?mmwmmmmmumummm
ANINNTNUTUAANGRT AT UTRUATNEN
ANLTTIUALNNEANARS  AW1AINIINUINENAY
TnnsAinen 2553

AUANTVBINIAINTINUNINAE



ANTIVIRAL INNATE IMMUNE RESPONSE IN PERIODONTAL TISSUE :
PART | DETECTION OF ANTIVIRAL PROTEINS

ﬂ‘UEJ’J‘VIEWI?WEJ’]ﬂ‘i
q mmﬂw MM TS

for the Degree of Master of Science Program in Periodontics
Department of Periodontology
Faculty of Dentistry
Chulalongkorn University
Academic Year 2010

Copyright of Chulalongkorn University



Thesis Title ANTIVIRAL INNATE IMMUNE RESPONSE IN PERIODONTAL
TISSUE : PART | DETECTION OF ANTIVIRAL PROTEINS

By Miss Narisara Vanavit
Field of Study Periodontics
Thesis Advisor Associate Professor Rangsini Mahanonda, Ph.D.

Thesis Co-advisor

Accepted. by ‘ ulalongkorn University in Partial
Fulfillment of the Require Do

.............. : ........mTheSis Advisor

(Assocl?te Professor Rangsini Mahanonda, Ph.D)

(Professor Stitaya Sirisinha, Ph.D)



iv

wias auind : memeuausweszuugREnfulaeindaduselialuiiedeivud ey
1 mmmanlusiudiusielafa.  (ANTIVIRAL INNATE IMMUNE RESPONSE IN
PERIODONTAL TISSUE : PART | DETECTION OF ANTIVIRAL PROTEINS) 8. fifinm
Inenfinugngn : sAms. }RT unuwl 8. TinAneniinugion : as. ann Wagynans,

59 wii.

e miusfdnisudulsafifendastunssnisufesoresedua i uazanatilgnisgoyde
s awsmdn Ae wueiide deysludoriiisdamumeaslafalumafiauaznissiiu Temifeving
snsy atifn‘liﬁn'mm'lui’Lﬁnoﬁunﬁsnauaume"uunjﬁuﬁuinﬂﬁmﬂﬂﬁqusia‘qua'luuﬁmﬁmﬁﬁuﬁ
flamsfitiaeann ﬁq&umsﬁnm'ﬁﬁmﬂumsﬂnmu:n'luﬁﬂf/mﬁmﬂmmafan-nm wauaefanfiou
1@ (MRNA) 123TsRusiusielda (antiviral protejn) e Tiasing folale Tsfies Bulifines (secretory
leukocyte protease inhibitor,SLPL), luls#iy lawud 27 (protein kinase R, PKR), ladlnazdluian dumng
(oligoadenylate synthetase’./gASF

cantaloda FHaunud 18 (myxovirus resistance A, MxA) #aeids

li’u (real-time RT-PCR) wud1iinsuaminanaes mRNA
989 SLPI, PKR, OAS %ﬂutﬁ‘aLﬁﬂ%lﬂ}lt?ﬂlrﬁuﬁiﬂLﬁﬂttﬁ:tﬁﬂkﬁﬂﬁﬁﬂﬂn’mﬁ (nguaz 5
Fiaaeing) Taelinumauun n umifmﬁ&nﬁﬁtu {a9ann Mxa flranadeadestunisusienns

. . . . ;7 i & e l'lI ° o 1 o 1 : o i
(gingival epithelium) v8fiilaeidliisn mumnmu:-(mmu 7 vt uhisuifsunudiederFuima
. o

' e

RINNA (37U 9 Faeting) Fae "sﬁﬂunwﬁuqtﬁjinmﬁ (immunohistochemical staining) wWud n1s
i Nl

-

a H a iy ar [Y & { o i
fianAnRueslushiu MxA ludul quaymmaLﬁafmﬁfxﬁmmwﬁﬁf:nuqanmLumﬁ'a'l.ﬁwuﬁ'?nﬂuiiml‘s

' & g 1 malt " Y :: ] -

fusenay  uasiinaula Ae hausenasiguamatuwilsitesflssneuasviadeyfintasn  (oral
e PR e L .

epithelium), (BiayAaseswiien (sulcular epithelium) uknﬂﬂqmﬁauni‘x{,(junctional epithelium) wudnéiau

- ﬂ.i 1] J o 1 d . o
Al MxA WuninuEeasestaniiilusaumsish A%

M dalsmiuilpasiinsdine
Wadusiely u.anﬁm'i*@uﬁmmﬁuﬁdq MxA qnm'ﬁmﬁﬁnﬂium@&ﬂlamu 197 1 1AmsaMIng
uanseanveslainlad (cytokine) fudleds R real-time RT-PCR wsnaunwudnunuazlinu
Bumefineseu 1fled 1 ludleieivusiag FeilidiuiminasTansatisdufiiendesiunawiiuaiins
2519 MxA 'lutﬂal.‘z'imﬁﬁuﬁﬁﬁqmmwﬁ Thtdl) DimsAn iaifminrsidmeanaes mRNA vedlisiy
shusielafavantatin A SCPI, PKR, OAS tax MxA lutleiderivusariduuaslsidulza wanannthunas
Unguedtisiumsrifluifaderiigunma Tnsiamzetnidemea lusaaiten PhoteszuugRdumy

o - 1 o ‘ - : o J ¢
Tnanilesnusalfanidlss@nsnnasstas g Fanalnansinantuasuntanniaeeslysfiumani

AnflusigaiinnsAnmisnAnsialy

MAMA ...
A1, .......

TnsAnm




## 5176112732 :MAJOR PERIODONTICS

KEYWORDS: ANTIVIRAL PROTEIN / INNATE IMMUNITY / PERIODONTAL TISSUE
NARISARA VANAVIT: ANTIVIRAL INNATE IMMUNE RESPONSE IN PERIODONTAL
TISSUE : PART | DETECTION OF ANTIVIRAL PROTEINS. THESIS ADVISOR: ASSOC.
PROF. RANGSINI MAHANONDA, Ph.D, THESIS CO-ADVISOR: SATHIT
PICHYANGKUL, Ph.D, 59 pp.

Periodontitis is a common chronic 'bacterial inflammatory disease in oral cavity. It
affects tooth supporting structure-periodontiunf! aﬁg,may cause tooth loss. Several recent
studies have documented a role of viruses in the 'dévelﬁﬁment and progression of periodontitis
but little that we know about-the-hest immune response-to viruses. In this study, we explored
the innate antiviral proteins (secretony. Ieuixocyte protease inhibitor (SLPI), protein kinase R
(PKR), oligoadenylate swm'éi (OAS), and myxovirus resistance A (MxA)) in periodontal
riocontitis_and healthy (n=5 in each group). By real-time
ymeras chai}nfreacﬁ_omj. we found expression of SLPI, PKR, OAS, and

MxA in periodontitis as well i ‘ealtﬁy tissues and there were no significant differences
between the two groups. rotein involvé\; in antiviral activity against both RNA and DNA
L
t

tissues, comparing betw
reverse transcription-po

virus, we then focused on the protein e_xbressi(;p_ of MxA in gingival epithelium and compare its

expressions between perio ("ﬁi?):'and Héa'ltﬁil (n=9). By immunostaining, healthy tissues
showed a higher score of MxA in ,ebltheliala--l_d';}g_r than those in periodontitis. Of particular
interest, we could obtain oné cofiplete biopsy of the oral, sulcular and junctional epithelium
from healthy tissue. Very strong; Mﬁexpressﬁwgi observed in gingival sulcus area, the
strategic location in ql?se proximi{y to dental ﬁfac}t}é biofilms. }he significance of this finding

2d Since-MxA-is-knewi-to-be-induced-by type | interferon, we further
examined the preé'eﬁic-:_e of this cytokine in periodontal tiSsues by real-time reverse
transcription-polymerase chain reaction. Interestingly, negligible expression of type | interferon
was detected, indicating that other mediators or molecules may involve in MxA induction in
healthy tissues:Ingonclusion; this'study is the=first to report-detection' of mMRNA expression of
variety of antiviral \proteins (SLPI,|PKR, OAS; and ‘MxA) in Roth periodontitis and healthy
tissues. Expression of these proteins in.healthy periodontal tissues, especially MxA in gingival
sulcusy, suggesting=effective, antiviral innate dmmunity=in ithe oral /cavity, Future research is
required for better understanding ¢f the mechanisms and signaling pathway.of these antiviral
proteins'in healthy and periodontitis.
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CHAPTER |

INTRODUCTION

1.1 Background of present study

Periodontitis is a chronic bacterial infeclion that affects the gingiva, periodontal
ligament, cementum and bone supporting the teeth. Bacterial plaque stimulates the host
inflammatory response leading.io lissue damage. Even though the etiologic importance
of bacteria in periodontitis hasHeen un‘perstood for decades, several recent studies
have also documented asrole of )virusgsl- in the development and progression of
periodontitis (Cappuynas et al., 7_2005).‘:an_ particular, herpesviruses, a group of
deoxyribonucleic acid (DNA) Vituses, have}-gr;\erged as putative periodontal pathogens
(Slots, 2005). DNA from herpesVi:rujées suoh*as herpes simplex virus type 1 (HSV-1),
herpes simplex virus type 2 (HS_‘\(—Z!)-_,Hhumaﬁjé-glggimegalovirus (HCMV), and Epstein-Barr
virus (EBV) has been detecte_q’i_r) subgingi@:slp@cimens (Contreras and Slots, 1996;

Saygun et al., 2002;_S_aygun et al., 2004), gingival crevieuler, fluid (GCF)(Contreras and

Slots, 1996; Parra and_rs_lots, 1996), gingival tissue (Contre;a's et al., 2000; Ehrlich et al.,
1983), and infiltrated immune cells from periodontitis sites (Contreras et al., 1999). In
contrast, these herpesviruses*could be found'at the healthy sites but generally at a lower
frequency as compared-to Periodontitis siteés (Contreras et al.;’2000; Contreras et al.,

1999; Parra and Slots, 1996).

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 information regarding periodontal innate antiviral
immunity. Gingival epithelium, the outermost physical barrier of periodontium, plays
important role as the local innate non-immune cells. It bears variety of sensing receptors

called Toll-like receptors (TLRs) which recognize and activate inflammatory responses
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not only to bacteria but also to viruses (Mahanonda and 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 O-defensins (commonly known as human neutrophil peptides,
HNPs)(Goebel et al., 2000; Pisano et al., 2005; Puklo et al., 2008), human B—defensins
(HBDs)(Diamond et al., 2001; Mathews et al., 1999), cathelicidin (LL-37)(Murakami et
al., 2002; Puklo et al., 2008), lactoferrin (Hs M. Eriedman, 2006; McNeely et al., 1995),
and secretory leukocyte protease inhibitor (SLPI)(Into et al., 2006; McNeely et al., 1995)
which could be detected Th GCF and saliva. Interestingly, these anti-bacterial proteins

also have antiviral propertigs:

i
It is known that"SLRI, protein kinase R (PKR), 2',5-oligoadenylate synthetase

(OAS), and Myxovirus resistance A (MxA)-are muecosal proteins which are implicated in
antiviral activity (Franken et al., 1989 M|Iush et al., 2007; Santoro et al.,, 2005;
Vijay-Kumar et al., 2005). PKR, OAS and- MXA are induced by type | interferon (IFN)
(Frese et al., 1996; Samuel, 2001) SO far fhere has been no report of these innate

antiviral proteins, except for SLPI in perlod tal tissue. In this study, we investigated

messenger ribonucleic acid (mRNA) expressmn of different/antiviral proteins (MxA, PKR,

OAS, and SLPI) in perlodontms and compared to healthy t|ssue Due to the availability of
MxA monoclonal antibody in our laboratory, further investigation of MxA protein in

periodontal biopsies by immunostaining wasicarried out.

1.2 Objectives

We explored the innate antiviral immunity in periodontal tissue. Our specific aims
were:
1.2.1  To investigate mMRNA expressions of different antiviral protein such as

MxA, PKR, OAS, and SLPI in periodontitis tissues and to compare to those expressions
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in healthy tissue by real-time quantitative reverse transcription polymerase chain
reaction (QRT-PCR).

1.2.2 To investigate the MxA expressions at the protein level by
immunostaining in periodontitis tissues and to compare to those expressions in healthy
tissue.

1.2.3 If MxA protein could be detected in periodontal tissue, the presence of

type | IFN would be examined by ,ﬂ/

.—Ji

1.3.2 Immunostaini . S . ive in periodontal tissue. MxA

expression in periodontitis | from these in hea
|

F s
1.3.3 mRNA of Type | IFN ( n the periodontal tissue sample.

Y.

1.4 Field of V

Exploratory studyfqﬁhe antiviral pratein expression including MxA, PKR, OAS,

osn WA NN LTI A NE 1119
» WWARINTUNNINYAL

1.5.1  Periodontal tissue biopsies were obtained from healthy adult subjects.

1.5.2 Subjects who had clinically healthy periodontium with probing depth less

than 4 mm were included.
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1.5.3 Subjects who had severe periodontitis with probing depth 6 mm or more,
severe bone loss and hopeless periodontal prognosis were included.

1.5.4  Analysis of antiviral protein expressions (MxA, PKR, OAS, and SLPI) was
determined by QRT-PCR.

1.5.5 Pattern of MxA expression in gingival biopsy was determined by

immunohistochemical staining.

1.5.6  Analysis of type | IEN w ined by QRT-PCR.

1.7.1  New scientific '- n of different antiviral protein expression in
disease and healthy ‘peri )| tissue to iAsight into the role of innate
antiviral protein in perioe A J

1.7.2 Publicamn in the internationa ered-rev@ved journal.
. e UEANENITNYINT

PRI NN Y



CHAPTER Il

LITERATURE REVIEW

2.1 Viruses in periodontal disease

Periodontal inflammation represents the host.response to bacterial plaque. The
severity of periodontal diseases is somewhat dependent on a dynamic equilibrium of
bacteria—host interactions (Parveau et a,l 1997; Page et al., 1997). As periodontitis
progresses, the supportingstissues jof the teeth, including the periodontal ligament and
alveolar bone, are desifoyed, ultimately Ieé.lfjir}g to tooth loss in severe cases. Although it
is well recognized that'the: primary: etiofo_gical factor in periodontal disease is the
presence of gram-negative bacté:ria: the hos*t i?nmune response to these bacteria is of

add v ol
fundamental importance. Also, ;@ number of local and environmental factors such as

smoking, recent viral infeotiong_a_r)d.physicaj-!_éng_mental stress are thought to influence

disease expression (_S_eymour, 1991).

In addition to‘ bacteria, several studies have repiorted the role of virus in the
development and prol;ression of periodontitis. In pérticular, herpesviruses have
emerged as putative periodontal pathogens (Slats, 2005). DNA from herpesviruses such
as HSV-1,2, HCMV, and EBV has been detected in subgingival plaque, gingival tissue,
infiltrated immune-Cells ‘and~GCE from “periodontitis! sites “(Cantreras et al., 2000;
Contreras and Slots, 1996; Contreras et al., 1999; Ehrlich et al., 1983; Parra and Slots,
1996; Saygun et al., 2002). Additionally, HBV, HCMV and EBV have been frequently
reported for their involvement in some forms of periodontal diseases such as acute
necrotizing ulcerative gingivitis (ANUG)(Contreras et al., 1997) ,chronic periodontitis
(Saygun et al., 2002), advanced periodontitis (Parra and Slots, 1996), aggressive

periodontitis(Saygun et al., 2004; Yapar et al., 2003), apical periodontitis lesions
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(Saboia-Dantas et al., 2007), and periodontal abscess (Saygun et al., 2004). In addition
to herpesvirus group, human papilloma virus (HPV)(Madinier et al., 1992; Parra and
Slots, 1996) and human immunodeficiency virus (HIV)(Contreras and Slots, 1996; Parra
and Slots, 1996) have also been identified at periodontal disease sites. Also, an
association has been demonstrated between HIV infection and necrotizing periodontal
lesions and there are some reports of increased prevalence and severity of chronic
periodontitis in HIV-positive subjects suggests that HIV infection predispose to chronic
periodontitis  (Cappuyns et al, 2005). Additionally, DNA from HSV, EBV and HCMV
could also be found at the"healthy sites but generally at a lower frequency as compared
to periodontitis sites (Contreras«et al., 2000; Contreras et al., 1999; Parra and Slots,
1996). Little is known aboutimaiune response to viruses in oral cavity.

.

_—

2.2 Innate immunity in Deriodonfal tissue .

Innate immunity  sefves «as the';i%ips_t line of defense against invading
microorganisms. In oral cavity, saliva playé—:élj_‘ﬂkey role in reducing accessibility of
microbe-susceptible .cells. It lubricates th;e'f""'c-ir*‘-él' cavity, .also contains a variety of
molecules with antimigfobial=properties such-as mucins (Oppenheim et al., 2007)
amylase (Oppenheih et al., 2007), proline-rich proteins (Oppenheim et al., 2007),
histatins (White et al., 2009), statherin (White et al., 2009), salivary gp-340 (or salivary
agglutinin)(Oppeénheim et al., 2007 ),-lysozyme (McNeely et al., 1995), HNPs (Goebel et
al., 2000), HBDs (Mathews et, al., 1999), LL-37 (Murakami et al., 2002),
thrombespendins (&rombie etvali; 11998), factoferrin (McNeely let=al.;1995), and SLPI
(McNeely et al., 1995). Most studies have focused on the antibacterial activities of these
salivary soluble substances. However, many of them have been reported to have
antiviral properties as well. For example, HBDs inhibit HSV-2 and HIV-1 (Hazrati et al.,
2006; Quinones-Mateu et al., 2003), HNPs (Buck et al., 2006; Chang et al., 2003; Chang
et al., 2005; Daher et al., 1986; Hazrati et al., 2006; John et al., 2005; Mackewicz et al.,
2003; White et al., 2009; L. Zhang et al., 2002) and lactoferrin (Andersen et al., 2001;
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Drobni et al., 2004; Harmsen et al., 1995; Hasegawa et al., 1994; Marchetti et al., 2009;
Marchetti et al., 2004; Puddu et al., 1998; Valimaa et al., 2009) inhibit HSV-1,2 , HIV-1,
HCMYV, influenza A virus and papillomavirus , LL-37 inhibits HIV-1 and papillomavirus
(Bergman et al., 2007; Buck et al., 2006) , and SLPI inhibits HSV-2, HIV-1, and influenza
A virus (Beppu et al., 1997; John et al., 2005; Py et al., 2009; Skott et al., 2002; Wahl et
al., 1997).

In periodontal tissue, gingival epithelitm is constantly exposed to multiple
assaults by microbes that+live harmonjjously iN-the oral niche, but most individuals
maintain healthy homeostasis suggesting so effective.innate immune response. It is a
specialized, stratified sguamous epithelium that is delineated and compartmentalized as
oral epithelium, sulcular epithelium, and JUHCtIOHa| epithelium (Lu et al., 2004). Gingival
epithelium has a criticalgroledin mnate |mmune response by not only its physical barrier
function, but also recognizing pathogen bfy TLRS and its antimicrobial properties that
biologically suppress the propagatlon of putatlve pathogens (Diamond et al., 2001,
Mahanonda et al., 2009). Moreover JUhotlonaI ~epithelium forming the attachment of soft

2L hd
tissue to the surface of the tooth (Schroeder—end Listgarten, 1997) offer a pathway for

,.
-

migration of neutrophlls into the glng|va| crevice in response to infection (Darveau et al.,

1997; Schroederand Llstgarten 1997).

The sulcus coftains GCF in minute amounts that is a complex mixture of
substances derived fram serumyyleukecytesy structunal~cells ef+the periodontium, and
plaque bacterias(Uitto, 2003). Detailed analysis show the presence of serum albumin
(Pisano«et als2005),, lagtoferrin.(S+ A. Eriedman.et-al.1983), lysozyme (S. A. Friedman
et al., 1983)," HNPs' (Pisano et al.;*2005; ‘Puklo et al., '2008), 'HBDs=(Diamond et al.,
2001), LL-37 (Puklo et al., 2008), SLPI (Into et al., 2006), cystatin A (Pisano et al., 2005),
statherin (Pisano et al., 2005), and other unidentified components (Pisano et al., 2005).
In periodontal health, the presence of HNPs, HBDs, LL-37, SLPI, lactoferrin, and cystatin

in GCF suggests an ongoing innate antibacterial and antiviral process.



2.3 Antiviral activity in periodontal tissue

Little is known about the expression of antiviral protein in oral cavity. A variety of
non-cellular innate mediators including HNPs (Goebel et al., 2000), HBDs (Mathews et
al.,, 1999), LL-37 (Murakami et al., 2002), lactoferrin (McNeely et al., 1995), and SLPI
(McNeely et al., 1995) are the examples of innate antiviral immunity present in saliva and
GCF. SLPI, a member of the trappin gene family that includes elafin (Schalkwijk et al.,
1999), is a 107-kiloDalton (kDa) protein produced and secreted primarily from epithelial
cells lining mucosal surfagces-(Franken«et al.,-1989).and skin (Sorensen et al., 2003),
neutrophils (Sallenave et _ak; 4997), lipopolysaccharide-stimulated macrophages
(Jin et al., 1997) and cultuted hdman gingival keratinecytes (Jana et al., 2005; Westin et
al., 2002). SLPI is a potentinhibitor of serine proteases (Thompson and Ohlsson, 1986),
and participates in thefmugosal defense iﬁolgding by reducing inflammation (Hiemstra,
2002); suppressing matrix metallopro‘tje_inase (MMP) production and activity
(Y. Zhang et al., 1997); blecking theiin vitrci.-;:é.irc;\:/vth of selected bacteria (Hiemstra et al.,

9
1996), fungi (Tomee et al., 1997);and non-HIV=1viruses (Beppu et al., 1997); promoting

fertility(Ota et al., 2002); and enhaneing Wouna__h;e_a_ling in skin (Ashcroft et al., 2000; Zhu

et al., 2002). Furthe,rmge, SLPI in GCF hgs been showh_to promote the healing of

periodontal tissue after non-surgical treatment in chronic periodontitis patients
(Nakamura-Minami et al., 2003). Recent reports document constitutive expression of
SLPI in oral epithelial cells .of both healthy (Jana ety al.~2005) .and periodontitis tissues
(Into et al., 2006). Levels‘of SLPI significantly'increase after in vitro exposure of gingival

epithelial cells, to HIV (Jana.et al., 2005).

At least three major proteins implicated in antiviral activity, such as PKR, OAS,
and MxA, are induced by IFN-OL and B (Frese et al., 1996; Samuel, 2001). Type | IFNs
are important mediators of innate immune responses and critical for restricting early
replication and spread of viruses (Le Bon and Tough, 2002). Humans with genetic

defects in IFN signaling die of viral disease at an early age (Haller et al., 2007). IFNs are
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produced by cells in direct response to virus infection. There is some evidence indicates
that the expression of IFN-OX1 mRNA was higher in periodontitis lesions compared with
gingivitis lesions (Kaijita et al., 2007). However, the overall expression level was low and

no data available in healthy tissue.

When type | IFNs bind to and activate IFN receptor, the receptors signal to the
nucleus through Janus Kinase-Signal@ Transducer and Activator of Transcription
(JAK-STAT) pathway and activate the expression of numerous IFN-stimulated genes
(ISGs)(Haller et al., 2007) whieh-have arjiviral, antiproliferative, and immunomodulatory
functions (de Veer et aly+2001; Der et al., 1998). Three IFN-induced enzyme systems
representing major antiviral pathways suqlh as PKR (Garcia et al., 2006; Williams, 1999),
the 2',5-OAS/RNasel system (Silverm_an,‘j 994) and the Mx GTPases (Haller and Kochs,
2002) have been extensively S’[L,Jdied::—- The double  stranded ribonucleic acid

(dsRNA)-activated protein kinase PKR |s’ a?ubiquitously expressed serine/threonine

protein kinase that is induced by {FN (Stark et al., 1998) and activated by dsRNA,

r
4

cytokine, growth factor and stres’s’”signal:s,('ifqr_x and Katze, 1999). Upon binding to
i _--__—-_,J‘_.l

dsRNA, this leads to the phosp’-horylation o%—.substrate, eukaryotic initiation factor 2

el

alpha (elF20L), whichiinhibits th-e'g’uanosiné -nucleotide exchange factor, eIFZB, and

halts viral replication.(Huang and Schneider, 1991; O'Mal[éy’ et al., 1986). PKR may act
by shutting down protein synthesis following infection of a cell and limit the transmission

of virus to uninfected cells (€lemens, 1997).

2',5’-0OA8) constitutively expressed in normal cells in a latent inactive form, is a
marken of immune Activation if*hepatitis |G (Gramenzitet al.] 2005 MeHutchison et al.,
2007; Thimme et al., 2002). Upon binding to dsRNA, IFN-0L induces the 2’,5-OAS which
catalyses the formation of 2’,5'-linked oligoadenylate and activates RNasel, then breaks
down viral and cellular RNA (Castelli et al., 1998; Pestka et al., 1987). PKR and OAS

expression in oral cavity has not been reported.
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Among the known IFN-induced antiviral mechanisms, MxA proteins expression
is strictly controlled in a dose-dependent manner by type | IFNs. They belong to the
class of dynamin-like large guanosine triphosphatases (GTPases) and are known to be
involved in intracellular vesicle trafficking and organelle homeostasis (Haller and Kochs,
2002; Kochs et al., 2002; Sever et al., 2000). The human MxA accumulates largely in the
cytoplasm and remains in subcompartment of the endoplasmic reticulum (Accola et al.,
2002; Stertz et al., 2006). Several properties of some Mx GTPases are self-assembly,
association with intracellular-membranes, and their antiviral activity against diverse
viruses, including influenza Vvirus, Thﬁ’igoto Virus, Vesicular stomatitis virus (VSV),
measles virus, bunyavirus,.Semiliki-Forest virus, African swine fever virus (ASFV) and
hepatitis B virus (HBV)(Frese et ali, 1996;"'Frese et al., 1995; Gordien et al., 2001; Landis
et al., 1998; Netherton eifaly 2009: Paviovic et al., 1990; Schwemmle et al., 1995;
Yu et al., 2008; Zhao et al. #1996), LOV\; ba;fl levels of human MxA protein may be found
in skin, certain cell lines, primary__ monondé—[elq( cells, and Kupffer cells (Leifeld et al.,
2001; Ronni et al., 1993; Shaker!_e;t al;, 2Qp9) There are strong expression of MxA
proteins in Kupffer cells, lymphocyies, he@éytes, cholangiocytes, and skin under

pathological conditions (Fah-et=at., 1995;:Ji:eife+d et al.,, 2001; Shaker et al., 2009;

Wenzel et al., 2005_} Previous__study._demonstrated the expression of MxA in
plasmacytoid dendritic ‘cells infiltrated in oral mucosa Ie'si‘(,)’ns from oral lichen planus
(Santoro et al., 2005). 'T-here have been no MxA studies so far in periodontitis. Since
there is relativelyiilittle ‘available finfarmationt regarding<pefiodontal innate antiviral
immunity, we wauld like to be the first to detect the expression of different antiviral innate
proteinsy tayinclude~MxA,«PKR=QAS; andSkRIsin“periodental-tissues;y both in disease
and health.



CHAPTER I

MATERIALS AND METHODS

Periodontal tisM L \\\\\ subjects who had clinically

healthy periodontium a ate chronic periodontitis lesion. The biopsies of

healthy gingiva with pro Ss than 4 € obtained at the time of crown

lengthening procedure f ' [easor I d'tooth removal. The biopsies
of periodontitis lesion on 'e ce of bleeding on probing,
radiographic evidence 088, ‘and probing depth not less than 6 mm were

obtained at the time of removal‘the tee ad hopeless periodontal prognosis and

not affected by endodontic inic,or Surgery Clinic, Faculty of

Dentistry, Chulalong University. The ' t hyand periodontitis tissue

were prepared from suﬁica Cil 0 dinﬁo appropriate treatment plan.
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[ (b)

C)]

Periodontitis

Figure 1 Preparatio ) rom healthy and periodontitis
tissue samples by (a) f asulcular incision according

to appropriate treatment

The exclusion criteria f 74. f’ luded diabetes, bleeding disorders,
gross oral patholo y- or treatment in the previous si onths with antibiotics or

anti-inflammatory dr d prior to inclusion in the studly.

v,
The protocol was aﬂ; u

(e::::mngkomﬁ ﬁs ﬂ(w ﬂﬂeﬁfwﬁ;‘] ﬁ/ﬁ immediately placed in
A TR GRS ST FB G, co o

for analy§is mMRNA expression by QRT-PCR or

roved by the ethics commitiee of Faculty of Dentistry,

3.1.2 Sterile dish containing phosphate-buffered saline (PBS)-soaked gauze

for determination MxA protein by immunohistochemical staining.
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3.2 MRNA expression of antiviral proteins and cytokine in periodontal tissues

To quantitate amount of MxA, PKR, OAS-1, SLPI, and IFN-OL. mRNA in the tissue,
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) with proteinase K digestion and on-column DNAse
treatment. 1 LLg of total RNA was reverse .transcribed using ImProm-I"™" Reverse
Transcription System for=RT-PCR, according ~tothe manufacturer's instructions
(Promega, USA). Real-time RPER was performed on the LightCyclerTM (Roche Molecular
Diagnostics) in a total volume of 20 jl containing 0.5 pM of each forward and reverse
oligonucleotide primer paifs, 10l SYBR Green PCR Master Mix (FastStart Tag DNA
polymerase, reaction buffep, deoxyrlbonuc?,éos:ide triphesphate (ANTP) mix, SYBR Green
| dye, and MgCl,), 4 pl"water;and"5 pl?c.omplementary DNA (cDNA) template. The
primers were specific to a conservé(_j regic:i'rd];tef- MxA, PKR, OAS-1, SLPI, and IFN-O as

shown in Table 1. S g2

te)

The temperatuge program for MXA, PKR, OAS#, SEPI, and IFN-QL consisted of

an initial denaturatioh_;sgp at 95 C for 10 min, followed b—y’g-mplification of the template
for 40 cycles of 95OC‘V_for 10 see, 60°C for 10 sec, ?nd 72°C for 20 sec (single
acquisition). After amplification was completed, a final melting curve was performed at
95°C for 5 sec, 65°C.for1 min, and fieating to 97 C usinglaramp rate of 0.1 1°Clsec with
continuous monitoring of fluorescenge. Determination of product specificity depended
upon generation of'specific PCR. products/with: well-defined melting temperatures of:
MxA 84°C, PKR 79°C, OAS-1 86°C, SLPI 85°C, and IFN-0L 85°C. Real-time fluorescence
measurement was read and a threshold cycle (C) 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 C, values exceeded 35 cycles. The mRNA of

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was chosen as internal control
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in each sample to control sample to sample variations in RNA concentration. As a
negative control, a PCR reaction was performed without template DNA. Peripheral blood
mononuclear cell (PBMC) was used as a positive control. Expression of antiviral proteins

mRNA levels was calculated by using the comparative Ct method (2" formula) after

normalization to GADPH.

Table 1: Primer sequences of antiviral proteins and cytokine and GAPDH

e / Amplicon size
Product Forwar - ﬂse primer

f , N (bp)

MxA * GCTACACAC AAAGCCC 289
PKR™ GCCTTTTCATCC -k GGGCTCATG 301
OAS-1" | CATCCGCCTAGT ébé;; C TTTCCTGTAG 309
,m,_l.' \
SLPI® TTCCCCTGTGAAAGETTBATTE A TGGAGCCAAGTC 106
?113: ] l"
Y e 1
IFN-0* | GGATGAGACCCTCCTAGA(C 1 CTGCTCTGACAACCTC 216
GAPDH' | GAAGGCTGGGGCTCATTE | TGCTGATGAT 138
4 £
($primer sequence ce by Farrugia and Cann,
1999, ** primer sequerﬂ by Kato " . primer s@uence by Amigo et al., 20086,

&primer sequence by Katé etal., 2003, #primmsequence by Carraro et al., 2005)

AUEINEATNEANS
AN TUNN NN Y
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3.3 Immunohistochemical staining for MxA protein

Periodontal tissue samples kept in PBS-soaked gauze were rinsed once with
PBS to remove blood clots and adherent erythrocytes before embedding in a gel like
media known as Optimum Cutting Temperature (OCT) compound (Tissue-Tek, Miles
Inc., USA), snap frozen in liquid nitrogen and stored at -80°C until sectioning. After
cutting, cryostat sections (4 um) were transferred to SUPERFROST® PLUS microscope

slides, air dried, and kept at -80°C until use.

For immunohistggiemiealsstaining  using EnVision G/2 DoubleStain system

(Dako,Denmark), tissue.samples/\were shtlartly thawed at room temperature before fixing
for 10 min in cold acetone. The sambi@s vxf_gre then air dried for 10 min, circled with PAP
pen (Dako,Denmark) and rehydraté'd vvitht'PBS for 3 min. Thereafter, the sections were
incubated in 0.3% hydrogen peroxide:in PB:% for 20 min in order to quench endogenous
peroxidase activity. After Washlng with = FSBS the sections were incubated with
appropriate non-specific protem blockmg buifer (5% skim milk) for 30 min at room
temperature and then mcubated W|th mouse lm'munoglobulm G (IgG) (Dako,Denmark)
as negative control, pﬂWTaTTa_m‘b‘o_d_a_g_a_n@f‘h—méﬁ*M“A (dose 1:100, Department of
virology ,Institute for Medical Mikrobiology & Hygiene, Freiburg, Germany) or primary
antibody against CD3 (rcxjose 1:100, BD Biosciences, USA; in blocking buffer at 37°C for
60 min. After béing washed 3 times-with PBS, the sections werée incubated with 100 pl
Horseradish peroxidase (HRP) labeled polymer for 30 min, washed 3 more times with
PBS and then ‘reacied with diarminobenzidine (DAB): chreamagens Once optimal color
intensity was obtained, reaction was halted by immersing the tissue sections in double
distilled water. The sections were then counterstained with hematoxylin for 1 min, rinsed

in distilled water twice and mounted using Dako Cytomation Paramount Aqueous

Mounting Medium.
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Digitalized images were obtained using a light microscope and camera system

(BX50 and C-5060; Olympus, Japan). Semiquantitative analysis was performed on three
selected high-power fields (X400) within oral epithelium including gingival crest area,
middle part, and lower border of each section, in which the cell or nucleus outline could
be seen in epithelial layer, if possible, as shown in Figure 2. Cells were judged positive
by their brownish cytoplasmic staining. Calibration for counting MxA positive cells was
’,yT e weighted kappa coefficient between
c/ ements within examiner was 0.90.

glibrated investigator. The results

carried out by two examiners bef
examiners was 0.91. The v 7
Therefore, data collectio
of Kappa statistic test wer: and B. The immunoreactivity was
scored with semiquantitati 3: the areas of positive cells were
less than 10%, 10-50%, |um respectively. The median

score of three selecte e of individual subjects.

ﬂumwﬂmwmm
QW'W&Nﬂ‘iELJ UAIINYAY
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j
ﬂuEJ’J‘i‘IEJ‘Vl uK

Figure 2 mplmg of three eéammed areas W|th|n oral ep|theI|um from each
sectloQAwf}aﬁfﬁi mmﬂ% é-?é] ﬁhma Ej were obtained
from gin@ival crest, middle part, and lower border of each section. (B, C, and D) were
high power image (magnification x400) from gingival crest, middle part, and lower

border, respectively.
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3.4 Statistic analysis

Statistical comparisons between healthy and periodontitis group with respect to
MRNA expression of antiviral proteins and cytokine as well as difference in the
distribution of MxA protein-staining score were analyzed using SPSS V17.0 software.

The nonparametric Mann-Whitney U-test was used. A P- value of < 0.05 was considered

as statistically significant.

AULINENINYINS
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CHAPTER IV

RESULTS

41 MRNA Expression of antiviral proteinsiin periodontal tissue

Antiviral proteins-are~expressed on-many=cells and known as non-cellular
compartment of the innate immuné. system. Here we investigated mRNA expression of
different antiviral proteins, MXAyPKR, OAIS—1 and SLPl in periodontal tissue specimens.
The specimens were collected from:five r‘pe.riodontitis patients (mean age: 51.2 + 10.7
years; range 35-64) and five heal;hyl pai?éqgs (mean age: 24.8 + 14.2 years; range
12-48). The mean probing depth of the per‘ifadontitis and healthy sites were 8.4 + 1.5mm
(range 7-10 mm) and 2.4+ 0.5 rﬁ.m:-(range;;éé-mm), respectively. Descriptive profile of

gingival biopsy samples was presented in'}Aé@endix C. Total RNA from periodontal

tissue was analyzed by QRI-PCR using spegific primers. We found the mRNA

expression of MxA, PKR and OAS-1 in all-examined specif:n_ens (Figure 3). Comparison
of MRNA expression"lé';/els of MxA, PKR, and OAS-1 relativ&to GAPDH between healthy
and periodontitis did Aot demonstrate any significant differences (P = 0.917 for MxA,
P = 0.463 for PKRpand, P =0.465 for ©AS-1) slhesmedian-relative expression of MxA,
PKR, and OAS:1 rahged from" 0.91-1.23. High SLPI expression was observed in all
samples, ranging from 23.92-99.04 and no differences.in.expression between disease
statuses 'were detected” (P = 0.754"for*SLPI, 'Figure' 3). Data of'anti-viral protein mRNA
expression in individual subjects (n=10) were presented in Appendix D, E, F and G. The

results of Mann-Whitney U-test were presented in Appendix H.
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relative expression to GADPH
N N
| |
relative expression to GADPH
= N
| |

relative expression to GADPH
N

1_
0_
I I
perio healthy
SLPI

Figure 3 Comparison of the ne expressions of antiviral proteins
between periodontit' : S >.in each group). The relative
quantity of mRNA waé fiy/of GAPDH. The box plots

showed medians, 25tmend 75th percentiles as boxesmnd minimum and maximum

values as whiskers. Outl rﬁ/alues are showh as open circles and extreme values as
eren

asterisk. No sign iut&lf m EJ mh; i rﬂﬂﬁ jamined were observed

Y

between periodontitis and healthy. &
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4.2 Immunohistochemical analysis of MxA protein in periodontal tissue

Due to the mRNA expression of antiviral proteins in all periodontal tissue
specimens and MxA protein has been well recognized to have antiviral activity against
both RNA and DNA virus (Frese et al., 1996; Frese et al., 1995; Gordien et al., 2001;
Landis et al., 1998; Netherton et al., 2009; Pavlovic et al., 1990; Schwemmle et al., 1995;
Yu et al., 2008; Zhao et al., 1996), further investigation to confirm MxA expression at the
protein level in periodontal biopsies by immunostaining was carried out. The specimens
were collected from sevensperiodontitis-patients(mean age: 52.1 + 13.9 years; range
36-77) and nine healthy patients (mean age: 31.9 + 14.1 years; range 20-67). The mean
probing depth of the perigdontitis.and healthy sites were 8.3 + 1.1mm (range 7-10 mm)
and 2.1 + 0.8 mm (ranges1-3/mm), ‘tespectively. Descriptive profile of gingival biopsy
samples was presented in Appendix Ci :

Immunohistochemigal data. ‘in Fié'trre: 4 confirmed the results of mMRNA
expression of MxA in all healthyr ahd periéé@ntitis tissue specimens. MxA expression
was especially strong in eﬁithélial layc}e%f—ﬁhile some positive cells such as

i

macrophage-like cells -were _identified in connective: tissue. Epithelial MxA

immunoreactivity vva's_;'st—ronger in basal, spinous, and gréﬁglar than outermost layer of
oral epithelium. Most ofrperiodontitis tissue samples consjéted of MxA positive cells 10-
50% or >50% in the oral epithelium whergas a majority of epithelial cells in healthy
samples stained |pasitively for MxA“For comparison between periodontitis and healthy
tissues, semiquantitative scores were described for each MxA staining tissues which
were presented in TFable 2. There was significantly higher score of iVIiXA immunostaining
in the healthy group than periodontitis group (P= 0.012), thus highlighting the role of
MxA in healthy periodontal tissue. Data of immunostaining scores of MxA in individual
subjects (n=16) were presented in Appendix |. The results of Mann-Whitney U-test were

presented in Appendix J.
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Figure 4 e ﬁﬁ ' nohi c’m inding. of.MxA protein expression
in periodontal @:ﬁ h oﬂﬁﬂ f ﬂﬁsﬂﬁ(ﬁ)‘ The oral epithelium of
periodontitis tissue. MxA ex ressionﬁvas stained with DAB and is Shown in brown. Cell
nuclei @r;ggeaaﬁﬁlgrmtulm;;lagsmmaauﬂe MxA staining
was posi‘tlive in both healthy and periodontitis tissue. Negative control section of healthy
(C) and periodontitis tissue (D) were stained with non-specific IgG. Positive control

section of healthy (E) and periodontitis tissue (F) were stained with primary antibody

against CD3. (Magnification x400)
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Table 2 : The immunoreactive staining scores of MxA protein in oral epithelium of

periodontal tissue specimens.

Immunostaining score
Group
0 1 2 3
n (%) n (%) n (%) n (%)
Periodontitis 0 1 @4) 3 (43) 3 (43)
Healthy 0 0 0 9 (100)
-

Note: score 1 = the area of pesitive cells in oral epithelium was less than 10%, score

2 = 10-50%, and score 3 =smose than 50-|%.

i

_—

In healthy periodental tissue, the gfn,gival suleus is a shallow, v-shaped crevice. It
is bounded by the tooth surface on‘ane sid;é"aﬁd the sulcular epithelium on the other. At
4 S

abd v s
the bottom lies the junctional epitfielium which forms firmly attachment to the tooth/root

surfaces. Our preliminary immunestaining re@é;of epithelial MxA were from the oral side

i el

of periodontal tissue, ,but not from the sulcus side since fepithelium at the sulcus side,

especially junctional-e_pi_thelium, always get torn during squicaI procedure. In this study,
we were able to obtain' one healthy periodontal tissue<specimen completed with oral,
sulcular and junctional epithelium. We found that immunoreactivity of epithelial MxA
protein was strong inbtlonly ©n ithe lorall side”of Ihealthy periodontal tissue but also in the
gingival sulcus area. It should be hoted that jumgtional epithelium’ demonstrated very
intense"MxA expression, thus suggesting/innate antiviral activity inhealthy gingival sulcus.
Also some MxA immunoreactivity was found in connective tissue layer, but to a much

lesser extent (Figure 5).
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epithelium

Figure 5 MxA prote =l x\ ulcular, and oral epithelium in a
healthy periodontal tissu i (A)NE ¢ 0 \: was stained with non-specific

IgG (B).

4.3 MRNA Expression

Since MXxA i y__—_‘?r_i‘?‘ (Haller et al., 2007), we then
investigated the prese h| e 0 nta '."' ssue by QRT-PCR. We found

) J.H

negligible IFN-QL express‘pn (Figure 6). Data of cytokine, IFN-Q, in individual subjects

e A m%mw g1N3
ammmmumawmaa
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Figure 6 IEN-OU expression in healthy periodontal tissues by RT-PCR (n=5) (A).

GAPDH-mRNA was-used as an.internal cantrol«(B)-PBMGCsmRNA.was, used as positive

control. Water wds Used'as a negative control.



CHAPTER V

DISCUSSION AND CONCLUSION

Periodontal tissue is important iim tooth support, mastication, and speech.
Besides these familiar functions, recent data;suggest a critical role of periodontal tissue
in protective innate immune responseJagainst mierobial infection (Mahanonda and
Pichyangkul, 2007). Unlikeseonsiderable researchwin.the area of innate antibacterial
immune response, to date there is relati\zlely little available information regarding innate
antiviral immunity in _periodonial tis_suel.. Ln this study, we first demonstrated that
periodontal tissue fromgboth health’y: ancl lperiodontitis expressed variety of antiviral
proteins, MxA, PKR, OASyand SLPi: thus s:'E_Jgéesting the role of periodontal tissue in the
antiviral innate immunity. Our finding of S:i;-PI‘-‘in periodontal specimens agreed with
previous studies (Into et al., 2006?'3ana etél‘ 2005). Expression levels of MxA, PKR,

. Ferf?

OAS, and SLPI were similar between healthy—a:nﬂ_iperiodontitis group.

gl

MxA protein-has been well recognized to have éntiviral activity against both

RNA and DNA virus“(Frese et al., 1996; Frese et al.— T§95; Gordien et al., 2001;
Landis et al., 1998; Netherton et al., 2009; Pavlovic et al., 1990; Schwemmle et al., 1995;
Yu et al., 2008#Zhao et al.s+1996).#0ur immunohistochemieal.data demonstrated MxA
proteins in all periodontal tissue specimens which stupported our preliminary findings of
MxA mRNA .expressjon.. MxA protein was remarkably. strong .in epithelial layer of both
healthy and "periodontitis. ‘Epithelial WMXA" immunoreactivity was "strenger in basal,
spinous, and granular than outermost layer of oral epithelium. These basal, spinous, and
granular layers consist of active, differentiating, and proliferating cells (Bartold et al.,
2000). While no differences were found in MxA mRNA expression in the whole
specimens (including epithelial and connective layers) of healthy and periodontitis

tissues, we found significant differences in MxA protein levels in epithelial layers
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between these two groups. By using semiquantitative scoring, the healthy group had a
significant higher MxA score than periodontitis group (P= 0.012), thus highlighting the
role of MxA protein in healthy periodontal tissue. Our result is the first report of MxA
expression in healthy tissue in the oral cavity. Santoro et al. (2005) reported MxA
expression in the oral mucosal lesion of lichen planus but they did not investigate the
expression in healthy tissue. However, functional assay for the epithelial MxA protein is

needed to confirm their defensive role in peniodontal tissue.

MxA expression in healthy periogontat tissue is very interesting since it is well
known that this protein.isvinduced by type | IFN-(Haller et al., 2007). From our
observation, there was#negligible expreilssion of IEN-Ol"in healthy periodontal tissue.
What induces MxA expressijon in periodc;ntgl tissues, particularly at the epithelial layer,
requires further research. ltimay be other;-kljcal mediators that constitutively expressed
in healthy periodontal tissues that ére ca;;'ak;ie of inducing MxA protein. For example,
antimicrobial peptides including HNP HBD and LL37 which have been detected in
healthy periodontal tissues and GCF may “be good candidates for MxA inducer

2220

(Diamond et al., 2001; Pisano et al., _2005, Puklo et al., 2008).

o el

One healthysperiodontal specimen which was €onsisted of gingival sulcus area

demonstrated strong MxA protein not only in the oral epithé]ium but also in the sulcular
and junctional epithelium. It should be noted that the junctional epithelium showed very
intense MxA protein. Researechtimrecentryearsihas shownthatethe junctional epithelium
may play a muchymore active role in innate immunity than previously thought. Junctional
epithelial, eells~expressed, adhesiongymolecule, ~intereellular, adhesion molecule 1
(ICAM-1).and"a potent chemokine for polymorphonticlear cell (PMN), interleukin-8 (IL-8)
(Crawford and Hopp, 1990; Tonetti et al., 1998). The constant recruitment and migration
of PMN from subepithelial connective tissue blood vessels through the junctional
epithelium into the sulcus is a phenomenon in healthy gingival sulcus (Schroeder, 1973).

The area of intense MxA staining in the sulcus is the same pathway of PMN migration,
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hence PMN products may be released and induce MxA expression in junctional

epithelium. This speculation requires further investigation.

In conclusion, our study demonstrated variety of antiviral proteins expression:
MxA, PKR, OAS and SLPI in periodontal tissues, both healthy and periodontitis. Strong
MxA protein expression in epithelial layer of healthy tissue has been observed,

particularly at the strategic area: gingival sulcus. Our results suggest that periodontal

tissue is equipped with different 2 eins which may play role in innate immunity
omeostasis. Further research is
required to understan : [ 2 )duced and function in periodontal

tissues, both in health

9
{
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Appendix A ;: Kappa statistic result of interexaminer reliabilities in scoring

the immunoreactive MxA staining

Immunostaining score of

Examiner 1 Examiner 2

— |5
/7“\\‘%\‘\
/ JE \

2 , 2

AL FBTEWE TN

QRIATIUINTING 1Y



Crosstabs
Row variable (first classifier) DA

Column variable (second classifier): B

General agreement overa
Cohen's kappa (
ratings weighted by:

Observed agreements
Expected agreementEB&YSo
Kappa = .907975 (se = #20%.165)

o5t concteB ek ‘Wa?:l DN

z (for kw = 0) = 4.382869

-~ ARIANTUNNIINY1AY

Disagreement over any category and asymmetry of disagreement (2 raters)
Marginal homogeneity (Maxwell) chi-square = * df = * *

Symmetry (generalised McNemar) chi-square =1 df =3 P =0.8013
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Appendix B : Kappa statistic result of intraexaminer reliabilities in scoring

the immunoreactive MxA staining

Immunostaining score of

Exa ' r aminer 1B
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Crosstabs
Row variable (first classifier) DA

Column variable (second classifier): B

General agreement overall gateorie ate
a ‘.l" L
J.- .

Cohen's kappa (weighted by 1- .f

&ld’-l i
ratings weighted by: 2 A7 78

Observed agreement = 96.67%
Expected agreement =

Kappa = 90‘@9%82’35%' EJ V] 5 W E]I] ﬂ i

95% COﬂfIdean interval for kappa =.491874 to 1&1 7043

forﬂﬁ?@@@ﬂ‘ifu UA1INAY

P<OO 01

Disagreement over any category and asymmetry of disagreement (2 raters)
Marginal homogeneity (Maxwell) chi-square = * df =* *

Symmetry (generalised McNemar) chi-square =1 df =3 P =0.8013



Appendix C : Descriptive profile of gingival biopsy samples

Age Tooth | Probing depth
No. Sex Group Method
(years) | No. (mm)

1 Female 20 #38 3 Healthy QRT-PCR
2 | Female 28 #21 2 Healthy QRT-PCR
3 Male 48 #26 2 Healthy QRT-PCR
4 Male 12 #14 7 Healthy QRT-PCR
5 | Female 16 #48 . 3 Healthy QRT-PCR
6 Male 54 #19 8 Periodontitis QRT-PCR
7 Male 95 #3 [, 'l 7 Periodontitis QRT-PCR
8 | Female 48 #2170 : 40 Periodontitis QRT-PCR
9 | Female | 64 #21. v Periodontitis | QRT-PCR
10 Male 33 #41 '.!-,jO Periodontitis QRT-PCR
11 | Female | 67 403 5 1* Healthy IMMUNO
12 | Male 20 #38 3 4 Healthy IMMUNO
13 | Male 26 #12— ? Healthy IMMUNO
14 | Female | g3~ | #21 > Healthy IMMUNO
15 | Female 27 #21 2 ﬁgalthy IMMUNO
16 | Female 34 #13 » Healthy IMMUNO
17 | Female 20 #23 8 Healthy IMMUNO
18 Male 30 #15 1 Healthy IMMUNO
19 | Female 30 #21 2 Healthy IMMUNO
20 Male 60 #16 i Periodontitis IMMUNO
21 Male 77 #37 8 Periodontitis IMMUNO
22 Male 36 #46 7 Periodontitis IMMUNO
23 Male 51 #14 10 Periodontitis IMMUNO
24 Male 49 #27 9 Periodontitis IMMUNO
25 | Female 54 #28 9 Periodontitis IMMUNO
26 | Female 38 #31 8 Periodontitis IMMUNO
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Appendix D : Melting curve analysis of amplified samples with cDNA derived from

D1

-{(d/dT) Fluorescence (483-5313

(D1) MxA, (D2) PKR, (D3) OAS-1, (D4) SLPI, and (D5) IFN-QL.

As a negative control, template DNA was replaced by PCR- grade water.

— B1: Heslthy 3 — B2: Healt
— BY: Perio 9 — B8: Perio 108

4 Heslthy 8 —— BS: Healthy 13 BE: Perio B
B10° Perin 12— B11: PBMC — B12: Water
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D3

Melting Peaks

— E1: Healthy 3 — E2 Healthy 5 — E3 Healthy 7 — E4: Healthy 8 — ES Healthy 13— EG: Perio 6
— E7: Perio 9 —— EG: Perin10  — E&: Perio 11 — E10: Perio 12— E11: PBMC — E12: Water
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Appendix E : Amplification curves of amplified samples with cDNA derived from
(E1) MxA, (E2) PKR, (E3) OAS-1, (E4) SLPI, and (E5) IFN-QL.

As a negative control, template DNA was replaced by PCR- grade water.

E1

— B1: Healthy 3 — B2: Healthy 5
— B7: Perio 9 — B8: Pe

ealthy & —— B5: Healthy 13 BE: Perio 6
tio 12— B11: PBMC — B12: Wiater
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E3

Amplification Curves

— E1: Healthy 3 — E2: Healthy 5 — E3: Healthy 7
—ET: Perio 9 —— EB: Perio10  — E9: Perio 11

— E4: Healthy &
—— E10: Perio 12

— ES: Healthy 13
— E11: PBMC

— E6: Perio 6
—— E12: Water
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Amplification Curves
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Appendix F : Threshold Cycle of GADPH, antiviral proteins and cytokine

for each samples as well as negative and positive controls

Threshold Cycle (C)

No. Group
GADPH | MxA | PKR | OAS-1 | SLPI | IFN-O
1 Healthy | 23.95 |.2864 /2432 | 23.00 | 17.67 | 35.00
2 Healthy | 2462 | 21.74 {2265+ 2265 | 18.15 | 35.00
3 Healthy | 2277 2261 | 2314 1"23.03 | 17.84 | 32.92
4 Healthy | 2474+ 2086 | 2194 [.20.99 | 16.3¢4 | 32.29
5 Healthy {#22.60 22.64'_ 2280 | 2294 | 17.04 | 32.76
6 | Periodontitis |#21834 | 2203 | 22.71 | 2231 | 16.95 | 3266
7 | Periodontitis | 42562 '25.12'? 2500 2451 | 1899 | 35.00
8 | Periodontitis | 28.57 | 22.85 '_'-':‘;23".63 23.15 | 1872 | 3270
9 | Periodontitis | 2315142285 'J;:ééi,?@ 2373 | 17.96 | 35.00
10 | Periodontitis | 235072342 | 2812 | 2475 | 1766 | 3401
Watero = = = ~ = - -
PBMC f 32.91 | 3123 | 8147 | 3651 | 2997 | 32.16
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Appendix G : Relative expression of mMRNA of antiviral proteins and cytokine

for each samples as well as negative and positive controls

Relative expression of mRNA of

No. Group
MXxA PKR OAS-1 SLPI IFN-Ol
1 Healthy | 1.239708 | 0.778782 | 1.931873 | 77.708473 | 0.000472
2 Healthy | 7.361501 | 3.917681+8.947681 | 88.647006 | 0.000750
3 Healthy | 17117287} 0.778782: 0:835088 | 30.484416 | 0.000880
4 Healthy | 1214195110 574349 | 1.109669,| 27.857618 | 0.000440
5 Healthy |.0'972655 0.87(}551 0.790041 | 47.176615 | 0.000874
6 | Periodontitis [.@707107 1 0441351 |0:682367| 23.917588 | 0.000446
7 | Periodontitis | 11414214 "1.4439;?255" 2158456 | 99.044160 | 0.001501
8 | Periodontitis | 1.647482 :0.9592;63-3;' 1.387928 | 28.840015 | 0.001785
9 | Periodontitis [ 1.580083 -_6.9659.3;_;;_%858565 46.850742 | 0.000348
10 | Periodontitis 1_057_0_1___8_-31.3947451@.4_20448 57.281605 | 0.000686
Water.::’; - - = - -
PEMC 443.204280 | 2713209 | 5278032+ 7.674112 | 1.681793
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Appendix H : Mann-Whitney U Test results of differences of mRNA expression of

antiviral proteins and cytokine between periodontitis and healthy groups

Mann-Whitney U Test

Ranks
group N Mean Rank | Sum of Ranks
MxA Perio 5 5.60 28.00
Healthy. 5 50 27.00
[otal 10
PKR Pejio 5 6.20 31.00
Healthy & 4.80 24.00
Total 0=
OAS-1 Perio 5 s 4.80 24.00
Healthy 558 O 31.00
Total 10 |
SLPI Perio 5 - 5.20 26.00
Healthy it 57 ) | 44 5:80 29.00
Total 10
IFN-G Perio 5 5.50 27.50
Healthy Y 5.50 27.50
Total 10

Test Statistics (b)

MxA PKR -~ ©AS1 1 SR IFN- O

Mann-Whitney U 12.000 | '9.000% 9.000¢| 11:000~ 12.500
Wilcoxon W 27.000 | 24.000 | 24.000 | 26.000 | 27.500

Z -.104 -733 | -.731 -313 .000

Asymp. Sig. (2-tailed) 917 463 465 754 1.000
Exact Sig. [2*(1-tailed Sig.)] | 1.000(a) | .548(a) | .548(a) | .841(a) | 1.000(a)

a Not corrected for ties.

b Grouping Variable: group



Appendix | : Descriptive data of the immunoreactive staining scores of MxA protein.

IR

Immunostaining score

No. Group
Site 1 | Site 2 | Site 3 | Median
11 Healthy 3 3 3 3
12 Health 3 3
13 He 3 3 3
14 3 3
15 3
16 K7 3
17 5 3
18 ’ﬁ_:; 3 3
19 y ; 3
20 I CEEE 2 3
21 B T 2 2
1
23 ° »” 20| 2
24 | ¢ Rerio 3 a8 3' 3
Peri 3 iZ
26 Perio | 3 3 2 3

et
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Appendix J : Mann-Whitney U Test results of differences of immunostaining score of

MxA proteins between periodontitis and healthy groups

Mann-Whitney U Test

AR
group :::\‘ ,}Eﬁ- Sum of Ranks
—=i
median 0151 e = A 41.50

94.50

Y JIIney; 13.500

B9 41.500

\‘i fj
mxact Sig. [2*(1-tailed Sig.)] @55(8)
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