ced o \
NNIAALAUDNTDILTARLE DL mm‘iﬂnmm ﬂumﬂm?n?xﬁuﬁw

naslarsanneflaunuuazilamiu

UG AT LBNANNTUNET

ﬁvmﬁﬁwuﬁﬁtﬂudouuﬁwmm?ﬁnmmwﬁnqmnﬁmtg'v‘mmmamumﬁm-ﬁm
A TUTMuRAIaRT N1AYTIUTRURTNEN
AUTTUAUNVEAIERT W1AINTOINUIAINENAE
tnnsdnun 2549

ARV TR IMINTAINMNAINENAY




THE RESPONSE OF HUMAN GINGIVAL EPITHELIAL CELLS TO
TOLL-LIKE RECEPTOR LIGANDS AND NICOTINE

Miss Mutita Eksomtramate

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Periodontics
Department of Periodontology
Faculty of Dentistry
Chulalongkorn University

Academic Year 2006

4392112



Thesis Title The response of human gingival epithelial cells to Toll-like

receptor ligands and nicotine

By Miss Mutita Eksomtramate

Field of study Periodontics

Thesis Advisor Assistant Professor Rangsini Mahanonda, Ph.D
Thesis Co-advisor Sathit Pichyangkul, Ph.D

Accepted by the Faculty of Dentistry, Chulalongkorn University in Partial

Fulfillment of the Requirements for the Master's Degree

............................................. Dean of the Faculty of Dentistry

(Assistant Professor Thitima Pusiri)

THESIS COMMITTEE

Thesis Advisor

(Assistant Professor Rangsini Mahanonda, Ph.D)

<

=34
.................... TheS|s Co-advisor

(Sathit Pichyangkul, Ph.D)

ember

(Professor Stitaya Sirisinha, Ph.D)

ﬂf-uC & jC/b‘Lt_,

(Assistant Professor Kitti Torrungruang, Ph.D)




yin ienauvsaeg memeuduessuTadideydaviantasausanienszdusantnadlad
Fuwnef lawnuuariilafiu (THE RESPONSE OF HUMAN GINGIVAL EPITHELIAL CELLS TO
TOLL-LIKE RECEPTOR LIGANDS AND NICOTINE). . ffinm: .z, K87 s,
a.finwdan : mn.a1de Raqegs, 83w,

adideyRandensesauiuduusnildndtyeseTunzivud esanaasanaaadideyfia
wienavdndarudelsaieailafiiiszlenfuazaiafinielifnlen soufeansiueine FafunsmeLAuesaa
deyRawitentaiianmdrAglunisinmnaugaresdasin wadiayfawdenasnsandmudfviE 2
(Human B-defensin 2 : HBD-2) fa \uan26iu98TN (antimicrobial peptide) ﬁﬁﬁﬁ'cy nsAnmiiuaaslisiv
igadifeyfaviieniinsuanseenteunmauaafanfiaus (mRNA) 1esinadladfiomnedsia 1, 2,3, 5,
9 uax 10 ethedmiau daumaiuaeonfiows (MRNA) sesinadladfawmed 7 4 In1auanseanluszsin
f warlinumsuanieentesaimuasfarfisweresiadiadfiowmes 7 ua: 8 denszfumadifeyfia
widendae highly purified TLR2 ligand (P. gingivalis LPS), TLR3 ligand (poly I:.C) ua¥ TLRS ligand
(Salmonella  thyphimurium flagellin) SndntAaTnefaninudailma-InAwefisamiuendy (reverse
transcriptase-polymerase chain reaction) W91 gnsasnin WiAANsuanIeanTeuNdITURefa flaue T8
Wiy 2 Iu-nmzﬁtﬁanrzéjuﬁw TLRY ligand (CpG ODN 2006)lignanron1iiianisuansssnae
wamwaefanFieuieas HBD-2  uwidnadidayfanienasiinisuanseentesnamuiaeienfleueas
adlammanmes 7 9 wansnnfm1?nfzﬁuwaﬁtﬁaqﬁohuﬁur:udu P. gingivalis LPS uazyefiulas

) A (’J - - =l J’ ]
Faunawef Savn (TNF-0) wudn ansnsonssfuliigasiteyfawianadnusmmuiuy 2 untuetnadl
(V. ) - J - L - - - [ = 4
VednAyniailleWeuiunisnissusay P. gingivalis LPS vida TNF-0. atihaiiea (p<0.05) Maguywadl
- - L} - - - - JJ
anuduRusiunsielfiialsaiiuddnau Iaadiladuiiludoudsznauvdneesytdelinanaszuy
- - ) J J =t - - o - -
niAufuresenie nmsAnwiidunisAnmusniissauianseelilafiusianisvinuresssuunidunu
- ‘ - = - J fJ - o -
wuduumlusadidiayfandenluuinisudaaisfiugain ersdideyfawdenlifulilafiuacudndu
' Ay - ] r o o o . . . -
A ilidluiwsiead vinlWaadideyfowlennignnziusan P, gingivalis LPS WAXTNF-OL AR HBD-2
L - A -l - J - 4 - 8 - - -
anavaeiifadAgynatfladisuiusadideyRanleniléFunienseguusd liilafiu nan1sAnena s
-1 v o - d a o a ; = - o da )
HuanaliiurandrdgteaumumesssadigeyfoudeniuwdaesnsfiunumlussuugRauiuniing we
Mdfinreseduaztiiudlagimme TLR uasuansienaresiiladiusantsnaaainatuisolumsudnaissinu

- J - -5 d - - J - 13 - - -
qainueadidayAvdan mq:ﬂuuaquumnm-ﬂ'iﬁm:quqmr.ﬂuﬁqquLdf_lqlun']snﬂ'l.ﬁmn‘[rmﬁmum

aniay

AT .o AfUAIne.. aeiledefan......... A0, soranmdad. e :
& o cal <

#1179 1....... usAaRs......... mefledeenasdilinu,. Snr

UnsAnm....2549........cooun.... mﬂﬁaﬂaﬂ'\mﬂﬂﬁnmhu...g SN 1 S S



## 4876119532  :MAJOR PERIODONTICS

KEY WORD: HUMAN GINGIVAL EPITHELIAL CELL / TOLL-LIKE RCEPTORS / HUMAN [B-DEFENSIN-2 /

PERIODONTITIS / NICOTINE / INNATE IMMUNITY
MUTITA EKSOMTRAMATE: THE RESPONSE OF HUMAN GINGIVAL EPITHELIAL CELLS TO
TOLL-LIKE RECEPTER LIGANDS AND NICOTINE. THESIS ADVISOR: ASST. PROF. RANGSINI
MAHANONDA, Ph.D, THESIS CO-ADVISOR : SATHIT PICHYANGKUL, Ph.D, 83 pp.

Human gingival epithelial cells (HGECs) are strategically placed cells of
periodontium. They continually expose to oral commensal, pathogenic bacteria as well as
harmful agents and their response is important for keeping homeostasis. Human B-defensin
2 (HBD-2) is recognized as an important anti-microbial peptide and the major source is
HGECs. In the present study, we demonstrated that HGECs from healthy periodontal
tissues clearly expressed mRNA of TLRs 1, 2, 3, 5, 9, 10, and minimally expressed TLR4,
but did not express TLRs 7 and 8. Stimulation of HGECs with highly purified TLR2 ligand
(P. gingivalis LPS), TLR3 ligand (poly I:C), and TLR5 ligand (Salmonella typhimurium
flagellin) led to expression of HBD-2 as measured by RT-PCR. A potent TLR 9 ligand, CpG
ODN 2006 had no effect, although HGECs showed a detectable TLR9 mRNA expression.
Combination of key periodontopathic: P. gingivalis LPS and pro-inflammatory cytokine:
TNF-OL significantly enhanced HBD-2 expression in HGECs as compared to a single-
stimulation. Cigarette smoking has a strong association with periodontitis. Nicotine, a major
component of cigarette smoke, is known to have several biologic effects in suppressing
immunological defense mechanism. Our study is the first to report the effect of nicotine on
an innate immune response of HGECs. Treatment of nicotine at a non-toxic dose led to
significantly down-regulated HBD-2 expression by HGECs in response to P. gingivalis LPS
and TNF-OL as compared to the non-treatment (p<0.05). Overall our results suggest a
critical role of HGECs in orchestrating the innate immune responses of periodontal tissue
via TLR signaling. The response of HGECs specifically, in HBD-2 production could be
suppressed by nicotine, therefore well supporting the concept of smoking as an important
risk factor in periodontitis.

Department ........ Periodontology......... Student's signature..........?*ﬁ‘!?}...&ﬂné?{m!- BBt oo

Field of study......Periodontics............ Advisor's signature.............. N R

Academic year....2006.............cceeivene Co-advisor's signature..... '[ ...........




vi

ACKNOWLEDGEMENTS

| would like to express my sincere gratitude and appreciation to my
advisor, Assistant Professor Dr. Rangsini Mahanonda, for her guidance,
encouragement, supervision, suggestion and kindness throughout the course
of my Master degree program. | am extremely indebted to my co-advisor, Dr.
Sathit Pichyangkul, Department of Immunology and Medical Component,
AFRIMS, for providing the laboratory faciliies and his grateful guidance,
supervision, valuable technical advice and correction of this thesis. | wish to
thank my thesis committee members; Associate Professor Naulchavee
Hongprasong, Professor Dr. Stitaya Sirisinha, and Assistant Professor Dr. Kitti
Torrungruang for their suggestions and kindness in being committee
members.

Sincere appreciation is expressed to Mr. Noppadol Sa-Ard-lam for his
assistance in setting the experiments and preparing this manuscript. | also
would like to thank Ms. Pimprapa Rerkyen for kind advice and technical
assistance.

| would like to acknowledge research grant from the Graduate School,
Chulalongkorn University for the partial financial support for this study. My
sincere appreciation is also extended to the staff of Periodontology
Department, Faculty of Dentistry, Chulalongkorn University for providing the
gingival biopsy and for their kindness, guidance and encouragement. Finally,
| ' would like sincerely to thank my father, my mother, my brothers, my sisters

and my friends for their love, caring, understanding and encouragement.



TABLE OF CONTENTS

Page
L e A SRR ‘SLatp L O SR o0, TR AT S Iv
e R M SR T v
AECINISERNIONS .. . . . it ridatimmmams s Bl vt e s ey s o0 vi
R I o s et i e vil
B R R U . L NRINR, CRUTE SO R 1S IX
B R TI RREIR BRIy TR G Tt S TR TIATD TS . Lo X
g R G SR o 0% M. OSR]I L. A xiii
Chapter
O . . o B e et e i 1
1.1 Background of-the present study. . ... 1
12 OBIOCIIS o /R NS NN . et 5
1.0 Hypothesisy / /fPemd® ANNNSNN o 5
1.4 Fiald Of reSsarcty TN | L0 N8 i bsi e e taan s S
1.5 Criteria INClUSIONS R/ XL\ S e eeeeeseboeees s mns 6
1.6 Limitation of fetgaiBI et . ... o oo 6
1.7 Application and expectation of research . 6
L, e eV oW e, 8
Fala s b Ry T S S 8
AL R R T S R PR R . o 8
g e e T S AR o R 9
2.2 Periodontitis and cigarette smoking ... 12
FORE L N A A SR 14
23Gmavalesithelailicall. . . oo i ot e s 15
2.3.1 Toll - like receptors on human gingival epithelium .. 17
28 - DO LRI i s et p s 18



wiii
Page
i “Misteraisiafcmethodss ., . . o T e S R e e 22

IR T YR S IRy OO oSO B .

3.2 Reagents 22

3 Cellisolgtion and Ul . 23
AN HEEE GUMING:.. ot oo b he b o e o S NS
3.3.2 Preparation of PBMC 24

3.4 mRNA expression of TLRINHGECS ..o 25
3.5 HBD-2 expression after stimulation of HGECs by TLR ligands,_. ... 27
3.6:Nicotine treatment OEHGELS ... ciiiiiiiiciiiiiaiioies 28
3.7 SIBlSHC aBAlYSISR\" . ..o s eemameismemsmsasonssmaneneessnanssn 2D
Lo o TR T Ny (S R SRS
Ve RGSURS ... .. o R N N e s cenmmtoasmesmaenss ‘O

4.1 mRNA expression of TLRonHGECs ... . 30

4.2 TLR ligands stimulate expressionof HBD-2 .. ... ... ... 32

4.3 Combination of P. gingivalis LPS and TNF-OL stimulates expression
of epithelial HBARSSSEC S ... ... cececsinnnacsssemsannssesiasasanionss 34
4.4 Non-toxic doSes ofnicoting a2 .o ... 3B

4.5 The effect of nicotine on HBD-2 expression in un-stimulated

4.6 The effect of nicotine on HBD-2 expression in stimulated HGECs . 40
V. Discussion and ConCISION ___ . eeeorreoenn 42
BRHOPARNCHE, ... occivvismonsiassiasmisbetingissgins Satbic s sinissiasmminssisssiousszostiossssivsassssavs: O
o e e A OO BUTUO, SOUL. Y0k 1 S0 A S . S

PUOGHEII . ... . ooncimmionrsonensasisaas usiassos sibsssicadssosnsd s s R AR s sv i 83



LIST OF TABLES
Table

Page
1. Human Toll-like receptors and theirligands ... 11
2. Toll-like receptor-specific ligands used in stimulating HGECs ... ... ... 23
3. Primer sequences of TLR, HBD-2 and GAPDH ... ... ... 26
4



Figure
1A.
1B.

2A.
2B.

3A.

3B.

5A.

5B.

BA.
6B.

7A.
7B.
7C.
7D.
8A.

8B.

8C.

LIST OF FIGURES

Page
TLR mRNA expression (TLRs 1-10)onHGECs . 31
TLR mRNA expression (TLRs 1-10)onPBMC ... .. . .. 31
Expression of HBD-2 in HGECs after stimulation with various TLR ligands ____. 33
Semiquantitative analysis of HBD-2 expression after stimulation with
various TLR ligands (mean ratio of HBD-22GAPDH+ SEM) ... .. ... .. . . 33
Expression of HBD-2 in HGECs with P. gingivalis LPS and TNF-Q.
COMBISRIIIE. . . R e e st nnmtaiashasnest B
Semiquantitative analysis of HBD-2 expression after stimulation with
P. gingivalis LPS and TNF-0OL combination
(mean ratio of HBD-2:GAPDH+SEM).._.. ... ... . ... . .35
Toxicity test of nicotine treatmentin HGEC culture_____.__........ . 37
The effect of nicotine on epithelial HBD-2 expression in unstimulated
5 € Lo CO————— B0 . 39
Semiquantitative analysis of HBD-2 expression in unstimulated HGECs
(mean ratio of HBR:2:GAPDHE SEMY . o 2 e 39
The effect of nicotine on epithelial HBD-2 expression in stimulated HGECs ____ 41
Semiquantitative analysis of HBD-2 expression in stimulated HGECs
(mean ratio of HBD-2:GAPDHESEM)... ... ... ... A
TLR mRNA expression (TLRs 1-10) onHGECs________ . 63
TLR mRNA expression (TLRs 1-10)onHGECs. ... .. . . 63
TLR mRNA expression (TLRs 1-10) onHGECs_._____ . .. .. . 64
TLR mRNA expression (TLRs 1-10)onPBMC.__.__......... . 64
Expression of HBD-2 in HGECs and semiquantitative analysis after
stimulation with various TLR ligands ... ... . B5
Expression of HBD-2 in HGECs and semiquantitative analysis after
stimulation with various TLRIIQands. ..................oooovoooeo 66
Expression of HBD-2 in HGECs and semiquantitative analysis after
stimulation with various TLRligands..................ocoooooooeeeee 67



Figure

8D.

9A.

9B.

9C.

aD.

10A.

10B.

10C.

10D.

10E.

11A.

11B,

11C.

11D.

Expression of HBD-2 in HGECs and semiquantitative analysis after
stimulation with various TLR ligands
Expression of HBD-2 in HGECs and semiquantitative analysis after
stimulation with P. gingivalis LPS and TNF-OL combination

Expression of HBD-2 in HGECs and semiquantitative analysis after

stimulation with P. gingivalis LPS and TNF-OL combination .

Expression of HBD-2 in HGECs and semiquantitative analysis after
stimulation with P. gingivalis LPS and TNF-0OL combination

Expression of HBD-2 in HGECs and semiquantitative analysis after

stimulation with P. gingivalis LPS and TNF-OL combination ...

The effect of nicotine on epithelial HBD-2 expression and semiquantitative

analysis in unstimulated HGECs_____ ... .. ...

The effect of nicotine on epithelial HBD-2 expression and semiquantitative
analysis in unstimulated HGECs_ ... ... .

The effect of nicotine on epithelial HBD-2 expression and semiquantitative
analysis in unstimulated HGECs . .. ..

The effect of nicotine on epithelial HBD-2 expression and semiquantitative
analysis in unstimulated HGECs____._............
The effect of nicotine on epithelial HBD-2 expression and semiquantitative
analysis in unstimulated HGECs______._......

The effect of nicotine on epithelial HBD-2 expression and semiquantitative
analysis in stimulated HGECs ... .. ..

The effect of nicotine on epithelial HBD-2 expression and semiquantitative
analysis in stimulated HGECs ...

The effect of nicotine on epithelial HBD-2 expression and semiquantitative

analysis in stimulated HGECs

Xi

Page

- 70

71

72

73

74

.75

76

o

. 78

79



xii

Figure Page

11E.  The effect of nicotine on epithelial HBD-2 expression and semiquantitative

analysisinstimulated HGECs ... ... 82



Xiii

LIST OF ABBREVIATIONS

A. actinomycetemcomitans Actinobacillus actinomycetemcomitans

CD cluster of differentiation

CpG ODN cytidine-phosphate-guanosine oligonucleotide

DMEM Dulbecco's modified Eagle's medium

ELISA enzyme-linked immunosorbent assay

FCS fetal calf serum

GAPDH glyceraldehyde-3-phosphate dehydrogenase

GM-CSF granulocyte macrophage colony stimulating
factor

HBD-1 human B-defensin-1

HBD-2 human B-defensin-2

HBD-3 human B-defensin-3

HGECs human gingival epithelial cells

IFN interferon

IL interleukin

KGM keratinocyte growth medium

LL-37 human cathelicidin-derived peptide LL37

LPS lipopolysaccharide

MICs minimal inhibitory concentrations

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide

MyD88 myeloid differentiation primary-response protein
88

NHANES national health and nutrition examination survey

P. gingivalis Porphyromonas gingivalis

P.g.LPS Porphyromonas gingivalis lipopolysaccharide

PAMPs pathogen-associated molecular patterns

PBMC peripheral blood mononuclear cells

Poly I:C polyinosine-polycytidylic acid



PRRs
RT-PCR
SEM
ssPolyU
TLRs
TNF

Xiv
pattern recognition-receptors
reverse transcriptase-polymerase chain reaction
standard error of mean
single strand poly-uridine
toll-like receptors

tumor necrosis factor



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

