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Induction of tumor necrosis factor alpha by heat or lipopolysaccharides
derived from Porphyromonas gingivalis and Escherichia coli in

human gingival and periodontal ligament fibroblasts
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Abstract

Periodontal disease is the multifactor disease. Lipopolysaccharide (LPS) has been shown as a
major pathogenic substance. LPS derived from E. coli has been used to study for several decades
according to its well-conserved structure typical for bacterial endotoxin, however, increasing information
retrieve from using LPS derived from P. gingivalis, which is recognized as a main pathogenic bacteria
causing of periodontitis have shown different from that of E. coli. In addition to biological factor,
physical factor may partially responsible for modulation of cell behavior. Oral cavity is often exposed to
the change in temperature. Higher temperature above the body temperature may cause some effects on
periodontal disease. The purpose of the present study was to investigate the effect of LPS; compared
between that derived from P. gingivalis and E. coli, and the physical environment; heat, on the
expression of TNFQU in human gingival and periodontal ligament fibroblasts in aspects of receptors and
the intracellular signal transduction pathways. In the study, primary cultures of healthy gingival and
periodontal ligament fibroblasts were treated with P. gingivalis/ E. coli LPS or incubated at 45°C for
thermal stimulation. Changes of TNFCL at the levels of mRNA and protein were determined by using
RT-PCR and ELISA. To elucidate the signal transduction pathway of P. gingivalis/ E. coli LPS and heat-
induced TNFC, blocking anti-TLRs and TLRs siRNA were used to specify the required receptors. In
addition, specific inhibitors of the intracellular signaling molecules were used to analyze the regulatory
pathways. The result demonstrated that both PDL and GF cells could recognize both kinds of LPS by
using cither TLR2 or TLR4, but with the different extend, to induce TNFCL expression. However,
signaling pathway in P. gingivalis LPS treated-PDL cells was passed through PI3K and Akt, whereas the
pathway in E. coli LPS treated-PDL cells was via Akt and ERK. While pathway in P. gingivalis LPS
treated-GF cells was through ERK, p38 kinase and NF-kB, whereas the pathway in E. coli LPS treated-
GF cells was via NF-kB only. Heat up-regulated TNFOL was mediated by TRPV 1. PKC was required for
heat-induced TNFOL expression. In addition, the use of Cytochalasin D, an inhibitor of actin
polymerization, revealed that the cytoskeleton rearrangement might be an important mechanism for
cellular sensing of thermal stimuli. In conclusion, all a;tiove the results suggest that P. gingivalis LPS
differs from E. coli LPS in its signaling pathway in PDL and GF cells, and both types of cells responded
to LPS using the different pathway to up-regulate TNFOL. Thermal stimulated-TRPV | activation led to
the induction of TNFOX mRNA expression in PDL cells suggesting role of heat in modulating of

periodontal disease.
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gﬂﬁ | HAAIMIALUYBITEAUMSLAAIBONYBY TNFCL T PDL
11 A. 529U mRNA uag B. $1121iM1 (fold) w03szau lsau
HAZSZAUNMSIAAIDDNYDI TNFCOL 11 GF C. 5291 mRNA Lag

B. $1u2mM1 (fold) vousedu Tsiuiioldsumsnszfudo g

wag E. coli LPS 3in512¥ laumaiin RT-PCR Liag ELISA

gﬂﬁ 2 LAANTTAUNISUAAIDONUDY mRNA 104 TNFOL Taoiaag
RouiuszAumsiaaeenyas GAPDH Fuily internal control

Tuiwad PDL (A) uag GF (B) Lﬂa"lﬁ?umsnswfuﬁ'w Pguaz E. coli LPS
ﬁmmﬂ’fm’i‘u 10 ug/ml ‘luﬁma:ﬁﬁ specific blocking antibodies h)

TLR2 u@ag TLR4 (TLR2 tia¥ TLR4 Blockers)

Eﬂﬁ 3 l!ﬁ'ﬂ45$ﬁ‘l]ﬂ']ﬁllﬁﬂdﬂf)ﬂ‘liﬂﬂ mRNA 994 TNFOL TLR2 uag
o ) A slas )

TLR4 lussaa A. PDL uag B. GF s 1asunisnssqualn Pg Loz

E. coli LPS A Muaudu 10 ug/ml Tuan1giil siRNA @0 TLR2

1oz TLR4 (siTLR2, siTLR4)

JUN 4 1aATEAUMIIAAIDBNYDY mRNA 83 TNFOL, TLR2 1az
TLR4 lu A. PDL uag B. GF ll0 145umsnszquaiu Pg uae E. coli LPS

NN 10 ug/ml iTunan 24 $2Tua

51fi 5 1ARITEAUNSIEAENYE MRNA 183 TNFOL 1142 GAPDH
Tumad PDL e 1450A0u6am5¥Ma1U (inhibitors) Y89 PI3K, Akt,
ERK, INK, p38 kinase, 1102 NF-kB Funa1 1 42 Tuanewufivsnssdu
1BASAI Pg 30 E. coli LPS in1muisudh 10 ug/mi dednifluna
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31 6 nEALTEFUMISIEATE0NYBY MRNA 83 TNFOL 1% GAPDH
Tuvad GF iiie 185 uR 26062131 (inhibitors) Y04 PI3K, Akt,
ERK, JNK, p38 kinase, 110z NF-kB 1ilunan 1 49 Tuatoudies
NILAUBATAIY Pg W30 E. coli LPS iA1udusu 10 ug/m

(= | (=1 a
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Taoinasaa ldoalugouiguugi 45 °C Wluna 60 w1
uaz 120 1IN NwMINageUANLIlFInveIYaRILID

MTT assay

511 8 uARITZAUMIIANIBDNVBY MRNA Y93 TNFOL, IL-1[3
¥ 9

uaz HSP70 Tuiaad PDL v031 0 110 185 UNINI2qUn 0

3 a & o 3
ANUIOURQUNYIN 45°C 1Huszornman

3UN 9 HAAITZAUNSUANIDDNUDY MRNA 493 TNFQL
Tuiad PDL 190d GF Llazlasaas31an3zqn (osteoblasts)
voauyud 1o lasunisnszqudsuaimseunguugl 45°C

Fhanat 1 52 Tua

JUN 10 HANITZTAUMIUAAIDONUYDI MRNA 403 TNFOU
Tuad PDL iie 1d5umsnszqudlsn nuieuiguvgi 45°C

Tuan122ni cyclohexamide (CHX) 1 ug/ml iHunan 1 921u4

JUN 11 14ARTZAUMIUAAIDONYDI MRNA Y03 TNFOU

Turad PDL e ldsumsnszaualonnuiounomnngil 45°C
ﬂ a L'}

Tuan122 91 capsazepine (CPZ) 10 uM %30 Ruthenium Red (RR)

10 uM a1 $2lae
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319 12 UAAITTAVNMSHAAIBONUDI MRNA V83 TNFOL
Tusaa PDL iielasumsnszqualonnuseungungii 4s°C
Tuan1zill EGTA 1 uM w36 Tuanngi lulinnamonlu

1 < o &
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511 13 nanasEAUMSUARIBENYDI MRNA Y83 TNFOL
Twaad PDL 1iie 185 umsnszquaroanuioungungil 45°C

o e . o &
Tuan 19291 staurosporine 0.1 uM a2 0.5 uM 1Hu3a1 1 ¥2 T

3UM14 HAAITZAUNMITUAAIDDNYBI mRNA V03 TNFQL
Tumsaa PDL i lasumsnszquatonnuseungungll 45°C

Tuamizgisl U-73122 2 uM) ithaaa 1 %2 1us

gﬂﬁls HAAITZAUNSUAAIBBNYDI mRNA Y03 TNFOL
Tumad PDL inIdsumsnszduaioaiseuniguugil 45°c

Tuan1ziil cytochalasin D (100 nM) Huaa 1 52 Tua
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Akt
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ELISA
ERK
GF
HSP
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NF-kB
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PI3K
PKC
PLC
p38MAPK
RT-PCR
SIRNA
TLR
TNF-QU
TRPV1

mganlylumsIan

protein kinase B

ethylene glycol tetraacetic acid
enzyme-linked immunosorbent assay
extracellular signal-regulated kinase
human gingival fibroblast

heat shock proteins

¢-Jun N-terminal kinase
lipopolysaccharides

nuclear factor kappa-B

human periodontal ligament fibroblast
Porphyromonas gingivalis
phosphatidylinesitol-3 kinase
protein kinase C

phospholipase C

p38 mitogen-activated protein kinase

reverse transcription-polymerase chain reaction

small interfering RNA
toll-like receptor
tumor necrosis factor-Ol

transient receptor potential vanilloid-1
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Transient receptor potential vanilloid-1 (TRPV1) i receptor ﬁwumniu
wadvesszuszam uazvimiiimiu nociceptor Tumsiunnudeuidogmmaimnnn
43 DAFAITUL (Caterina et al, 1997) MnmsAnuuiiosduvosnuzdive auwnsonsrony
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gingivalis W oLIROUAY E. coti Miinalamssudiiasdedwdyanunolumadiioniugu
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WvzilluauvgiiosnundiaglumsmioningzuIumsonidy (inflammation) ¥4
annsavanae lUiuTsaSud (Holt et al., 1999; Williams, 1990)
Tavlndudaimsaouausnodanlanasudlsszungiguiunaznaln
" = o 5 o [ - @ o
Msnouau0IveITIINMuTaumanIsonauNY Wuaiunilavesnalnmsdesnudlves
$19MU (defense mechanism) NSZUAUNISONAVIAAIINNITADU AUDIVDUFABAD A
milonh Tasadniunuimlunszuaunisonian Taun adoinssuugiiguiu 1wy

monocyte, macrophage, lymphocyte 11a¥ granulocyte A00A U epithelial cell, endothelial cell,

osteoblast, osteoclast Maz lTWIusuatad msAouausIABLUATISUMIOAIHANN

LUARIT o1l 92NTZAUNITNAY primary pro-inflammatory cytokines IAUIANWE interleukin-1 3

a

e

(IL-1[3), IL-6 11ag tumor necrosis factor-CL (TNE-01)  91miu 1o Ta Imiinanil azimilonh
o A 4 -] U ’ W 4 o ar 1
iyadvoiloidolaziyadiaaonu12111a1 inflammatory cytokines 10U9 I udIAUADY
T 19u platelet-activating factor, histamine, bradykinin I&% prostaglandins Wudu Faegvh

¥ a [ | > ) & . s
Tinao1msUan UIu 1AL TOUTU SIUNINTLAUNITHAYL chemokines VINFAAVDITLUY
= ar a v s é’ ' = ar .
piguium ldnisaovausirenmsonaugnainuniu ualuymziAuany cytokines Tu
' P . 1 2] o
il anti-inflammatory cytokines 1% IL-4, IL-10, IL-11 Uag TGF-B nYNHaIaNIN
3/ & WY e o d' - r It
aruienrugu hildinanisvivaohuiminuTyl (Morita et al.,, 2001, Takashiba, 2003 #10)
' o @ P = X o <2 o ' = =
otalsiemumssnaunnmiu luuazs efailuszoznannu Sah ldgmsitannsanw
o = J 4 d. o
midguduiiodaNuIiuaznszgnauu (Graves and Cochran, 2003)
. . oo ok & .
TNF-OL gnauwuaauail 1975 vaannwuvyhaaise Bacillus Calmette-
S a o v o o a Aa & o a
Guerin (BCG) Wy axnaaasytiavisoonmnludsuasassiaiiiignssi Iiifamsaoues
X 2 4 g oy _
111990014 Carswell E.A. 3993%0a15%1A11 tumor necrosis factor (Carswell et al., 1975)

naamiu IgumsfnuIDa TNF-0L eg1auwsvatonalu in  viro UAZ in vive HASWUN



a’; = a ar = ' v o] =Y J =) o
TNE-0 vuilanuinodesdunoianmangnmne lidnzdu msdaye msifauiss
Haz N3N
=y e ' as |
mfafﬂus:uuqnﬂunquﬂqmu ou'laun macrophages liag T
lymphocytes 1iluiragnanidinndezadia TNF-o delidudminszdu uonnniida
WU waﬁﬁuq U endothelial cells, smooth muscle cells, osteoclasts g fibroblasts 4
o 3z ,
asnasiy TNF-0 1d0naau Tay TNF-0 Aignas1avuumiy 9zeglugll membranes-
associated TNF-OL ad%zﬂdua’smﬁ?waﬂ N1 extracellular domain ¥0I3Y ﬂzgﬂﬁ'ﬂiﬂu
TNF-QU converting enzyme (TACE; ADAM-17) i TNF-0. ¥tianazaw’la (soluble
; ; el ; o o o é =1 " s
form) #1 TNF-0L Maaesrilatiainsnman’ld Taonsduny receptor daliog 2 @2 fio
TNFRI t1az TNFR2 1au receptor NAA0IULANUUANANUTA intracellular domain 39 1H
NAMsnIuNeAdYYINNNANANAUAIY  (Bradley, 2008) 11nn1snaasd lunyh lulins
1AAI9ONYBY TNFRI 1Az TNFR2 WU MInunoadyauningideanumsoneui
v2NNsTAUAIY TNFRI luusizfim1snseduriy TNFR2 wdudanmsonay uazinoates
ﬁ“lJﬂTiﬁ";NHﬁmeﬁf)Mﬂﬁ (Goukassian et al., 2007; Peschon et al., 1998)
= - oo =2 @ @ a =
imsenvunnnonan limudinnuduWusyes TNF-0L numsinalsa
a = ar ar ' [ = o o = 2 X = ar
nesiumsdnery Taowu g unidludodnauatia rheumatoid arthritis 92 3szAY
ad 44 X 2 vy 4 a
V99 TNF-0L Tuas uiimnuu §anududuues TNF-0 Hazulsdumunnuguusaveslsa
:}’ ar ar qi J = 1 G;
(Robak et al., 1998) UDNVINTTINUILAUYDI TNF-0L HgaduuTuseslsnvoadi oy
J . . b 1 a ar 3', =1
{50UNI (psoriasis) (Ettehadi et al., 1994) ludamveslsnSnudonaunuiisioaums
& 4 a & ¢, . 4 N
ATNMNUTZAVYDY TNF-OL Mwnainly periapical exudates voaWuiily acute periodontitis
(Pezelj-Ribaric et al,, 2007) uag Tu gingival crevicular fluid 'txmpi'ﬂmﬁsﬂu chronic
periodontitis 110% aggressive periodontitis (Kurtis et al., 2005)
TuseoTsnd3iud TNF-0 v idnSnadeaawiianieg uanaianu 1 wu
Turadiaidon1d sensequnisadaluananldluns8asy (adhesion molecules) i
. . ’ o 9 ar .
endothelial cells  @auTwyad IMTusUAIan TNF-OL  92N5¥AUNISHAY chemotactic
; A a v oA ¥ A ‘e ) v A da @
chemokines 1W0AgATMiIlaidonv 1 IdindouvInnsumdoatuduS nuRlmsdniay
01U I9a (phagocytosis) HUANZo Lo il wInTiSus TNF-OL $1u2uInn
) o q Y & : A A A X v
TNITHUNMIAIN cyclooxygenases 1Az THI2AVYDI prostaglandins TuitioBoinuIUAIY
LAZNA prostaglandins 1Az TNF-OL 81315030 AUNTEAUMTATIALMININILYDUTAT
=y ar ar = J ; o =1
aawnszgn unalfifiadnsimsazarodiveanszgniiugaiu  ueneInil TNF-OL daiina

Tunmsmiisniimsadiaaznasouled Tasmwizngu MMPs saunamsnizquiding



u 4 o ' 2 ' A 4 o Wt
apoptosis Tutaa 1 Tusuaaaaefiunumediawinluiunsumsdeuusuiiote n 1l
o fa; o e o ks ) = é’ ¥
Muaananadaznam Ivnssurumsdeunsunavu 189 (Graves and Cochran,
2003)

= v w: B - A4 o
ms#nu laglesduoansn1IuYes TNF-0. Taowu tisinisnaana
Taofia soluble TNER uaz IL-1R 191 114U 1301 interdental papilla voaaafitluIsalSvua
d'! ar z‘ o ar
IWOTVOINSNIIUYUDY TNF-OL uag IL-1 aunsaaamsgnsuuedlsalsnudld Tavaa
M3NABUNYO inflammatory cells 191gN3zgNNOYABUTOUNY (Graves et al., 1998) aAN3
e =% J -4 dl ar ¥ & o o
grudomstamzvouiloWonoany aansasuvadmalonszgn uaz aansazaltm
¥9an52N Inou1iiud Mty (Delima et al., 2001)
:ru = == A o a = a  d
wonuINHfalims ANy uNotuduuNUIMYDY TNF-0. Tumsina lsm/3viud
& ) Hu e 5
TaumsnszquAIse P. gingivalis wuamyh Biflmsuaaioonyes TNFR (TNFR”) vzan

a_ ar

M3INA  apoptosis ¥BA fibroblasts L@¥aAM3 A3 WiadMIawnszgn laeaihivd ety
(Graves et al., 2001)
ar ::. a J o o :» s 1 =

STAUYDY TNF-O. MwugayunnsoylsalSiudauu  deamnsoduasy

ANUTUUT VD TS AMISZUVYWAIWT5A 19U myocardial infarction , atherosclerosis, coronary
. = 3 w o w ' =
heart disease 11/uAN (Bascones et al., 2005) fauw 500 T5mI5vua v huithunsalymln
. 1 5 tas 1 =
Foathnmiu uadedsnadasoolsalussuudy
Y o ay w 5] el
uiingaavesszuugiauiusziulgaaniunuiniaoasslums
, 1 g o ; sa o s L 4
ADVAUDIROAITNTERUUANANFMINNUTT wud Il Tusvaraagailuadueuiiows
neuniunumnotesdiosuin - dalaodng Tlusvaradszimimlumsads
LAaZNIA0 extracellular matrix  HAZANNAIWITO TUNITADVAUDIAD cytokine Lla® growth
factor U X HURUTNVAUYAYDINITAF1UALNITNIAIWYDA extracellular matrix (Okada-
1 J 4 ar
and Murakami, 1998; Takashiba et al., 2003) TuaiuveatioweUsviud wad M lusvarad
= o8 = w " o,
M IonuazioutalS Huaa ISR UAUDIAD LPS TAUMINad inflammatory cytokines
dvauad s2una TNE-OL A (Takemura et al., 1998; Wang and Ohura, 2002; Yamaji et al,,
1995)
. . o 2 g s - o5 w P

Lipopolysaccharide ¥58 LPS 1u 1ussndsznounwuinmisyadsuuon
YDAUARGU gram negative A5 THONIINTLVIUNMSONAY (inflammation) TaunszAu
waaninoavealunszuiunmsomau1ivas inflammatory cytokines tazdnii1IinIsHa

< - T 1 ¥ | a oy & 3 ' “

U049 cytokines MY A NIUDINADILGY FININITHAIDY cytokines 199 TN

= =] o " a cla}‘ o =) a £ 3’: ’ n
anull Nz ldgmsonguniGesas niomsoneauIuandaveanssume (systemic



. . & e ' & < J = ) & \
inflammation) WAL UEIUHTWDINNZAATONUTONHVOIUANG U TUNTZUMADA  (sepsis)
& d o aa v
Faulluaunguoansidusia la
TaseadwTuanauos LPS 152noURIY glucosamine-based phospholipid
—_r ] ' s w a i n; ] ) "
(lipid A) mlﬂumu'ﬂﬂmanumn (highly conserved) 494 LPS 3nyalaazyla Tagau
= N ' a0 . 4 1 Ao ] a ' A
lipid A ADDYNUHAIU polysaccharide FauaunIANUUANANAUTTHIN LPS 91N130
uRaz A
a :: i ] : 1 a
msfnyIna lnmineuauesveuyadse LPS wu dmlngezld Lps #
=) J =1 r 4 =
INSUNYUNINUUANISUNGN Enterobacteriaceae A1 E. coli 111849103 well-conserved lipid A

A& o o z 1 ¥ 1
a9a1ilu typical bacterial endotoxin HAZWUI NMIADUTUDIVDUFAAAD prototype LPS 1l

viiAr Y TLR4 (Hirschfeld et al., 2000) Failusisuvuinyad

ﬂn:ll'-i

' o a2 o o o

a013'1sN@ LPS 1N P. gingivalis Suilunuaiidondluaumguanuoaly
TimlS3yudaiu (Holt et al., 1999) Hduuea lipid A i TaserF1auana 19970 lipid A V09 E.
coli TpUWUMY fatty acid Mugnuyualugiluuunsuwz UA1001I909010 carbon 1

. . ¥ -

mnnM ua::"lnﬁmg phosphate NAWNUIN 4 voa non-reducing glucosamine 73UNIUANY
upnanludiuldndesBnnarsdiunia FedawaneguautanauniinazMsaoUaLoINI
FINNVOUYAARIY (Aida et al., 1995; Darveau et al., 2004; Hashimoto et al., 2004; Kumada

= et ¥ d i J . . | o e
et al., 1995) Taslistonunuaad i LPS 9010 P. gingivalis Bszansmwlunis
milonih WiAams snaun@Ing LPS 910 £ coli (Martin et al., 2001; Ogawa and Uchida,

é “n = C: 1 s d‘ a ;:
1996)  Alsz@Aniawues LPS huanaianulumsmiioniinminovaussveusadiiy
4 l:l ’ ar el = ] 5 “ucd ar =)
mmﬁmmmnﬁwwuﬁ (strain) NUANAINUYDUUANITIFUAUUS  ITNITANALAZIATON
aaaugduuvvesmsnaaoulungas Uy
AJ Fa v = (=1 " o w . -

Tuileaaudswnun CDI4 U receptor A® LPS AUAU LPS binding
protein (LPB) lAuWUUUANSAd monocyte, macrophage 1a¥ neutrophil 88141sfiau
4 N . & oa
11104010 CD14 U glycosylphosphatidylinositol (GPl)-anchored protein 4luifidauvos
transmembrane 94 Wiflduhermoneadyanauingnioluwad (Wright et al, 1990)

& 4 5 o 2 o4 a
1onNiins 1% LPS-receptor antagonist inNuItuTUAI Aausaduoimsnszquiina

¥ H
=]

910 LPS 18 Waey i 1511404 antagonist YouRuniiszamnsondasuiu cpia 1dedail
UszAnSam wazdell Lps #ifufy cpl4 Iudadiuiinegiay vildiFedniesd
Tua Qa?)"m'dmﬂu receptor (co-receptor) A0 (Kitchens and Munford, 1995)

Toll receptor family ﬁ'ﬂaﬂumjn type 1 trans-membrane receptor ﬁl;qﬁ

intracellular part AMUNUAIY intracellular part Y93 IL-1 receptor Toll-like receptor (TLR)



family lunywdwdalagiuwuiiandn o ¢ dulngwonaaseenluadiafeaun
ramsaunulugiwsonun Tuanalunquilinuideanumsaiuquwanins lumawh
HA4UDI519MY (dorso-ventral polarization) Y03 Drosophila melanogaster ADUINUN Toll

uaz Toll-homologues receptors AWUTu Drosophila, niy nazuywdiinumlumsaediuga

'
A

o . o - = é‘l’ u .
¥ (microbes) A Iifan1s Aae (Aderem and Ulevitch, 2000; Lemaitre et al., 1996)
w Yo = g =5 4:1 [ " o
sunvulumssudaeqadmuy MsANYIRKIULINYIUTAAUDITLUY
o ¥ e 3 d e ] - ' . " w3
UAuAUYT receptor  NTUMIZADYAFHUAAZNGY 190 TLR-4 151un1s5ud LPS  weq
HUANIS YU gram negative @71 TLR-2 19513 peptidoglycans Uaz lipopeptides UoaUARIS U
o A o o l:l =i 4 1
gram positive ag TLR duq 195ufeedlsznousumzinolugadndug iu TLR-5 14
gﬁi’ bacterial flagellin (Ozinsky et al., 2000; Tabeta et al., 2000; Underhill and Ozinsky, 2002;
Wang and Ohura, 2002)
s A FY 24 &g ¥ w Y oo
ueNMINIFAAILAIDAYI MG waaoua N1y TLR Tumssuisenuanise
BUAY 1Y epithelial cells “.iu‘ngﬁE) LPS 403uuANisY gram negative I¥U P. intermedia Wa
H. pylori H1UN13 TLR-2 (Smith et al, 2003)  M3ANB1IUITAa macrophage 9101Y WU
» ¥
\waat U LPS 91N P. gingivalis H1M4M19 TLR-2 1Az TLR-4 uazwyuriulinia TLR-
2 AN TLR-4 #20 1aziiswauanszqunisna cytokine Nafmiiounazuanaany
WonsuionMMsnszquau LPS 484 E. coli (Hirschfeld et al., 2001; Zhang et al., 2008)
wennnidalinanisdnm ludnuaradionuiiluradngqududis 19U buman  gingival
fibroblast @ amaﬁigﬂﬁdﬁaﬂﬂlaﬂﬂ (endothelial cells) (Cunningham et al., 1999; Kent et al,,
1998) aEN15 19 anti-TLR-2 antibody 14 human macrophage wuNdudImsashe TNF-OL i
d 2 ;
milvnilau LPS 910 P. gingivalis 18 (Martin et al., 2001)  TwiiieiomIsnveadiliolsn
. NN VER Y . ,
3ud znumisuaneenves TLR-2 ngavuludadiunumnnit TLR-4 (Mori et al,
' 1 3 o 3y vy Lo
2003) HATWUI ANUUANAIUNYSEMIVEaTAsIds e LPS Milimssujveuraaniu
179 TLR-2 ¥1nn31 TLR-4 (Coats et al., 2003; Hirschfeld et al., 2001; Werts et al., 2001)
fafu TLR-2 uag TLR-4 2siiumumlumsiud Lps uanaanu lawaiinveusad uas
wiinvoauahisun 1913 ou LpS
' o v aw A 3 '
9614 190a 1 1inISu¥e 1M s 19 TLR-2 Tumsaovaussse LPS wuinmiz
msanu ludonl§iinmsminiu - msdne in vive Tuny 2 dwiugAe C3H/He uaz
C57BL10/ScCr #aiinnunadnAuoady TLR-4 NAIMUIA19 WUNADUAUDIAD LPS ¢

nI1UNAIN (Poltorak et al, 1998) wazMsANYI IUHYAYNIAYININISUAAIDONYDITY



10

o =] w = o 1oy
TLR-2 0f3ouiiiouny TLR-4 1 Ivwaludnyuzi@oanumsany1tedu nazns il TLR-2
liflnanoszaumsaouauosno LPS (Takeuchi et al., 1999)
TuszranlimsAny oAU LPS antagonist MU WU Tasad ey
o 1 v i o z‘l ! o & .
TLR-4 UANULANAINNTEHIN species DUIHBINNINANWUANAIIIUEINY amino acid 1U
amnendAe lipid A (lipid A recognition component) 11 IHINAMIABUAUDIVBINH
‘% ; o B
UANAMNNUITEY I species (Lien et al., 2000; Poltorak et al., 2000) aadunanmsanu iy in
vivo M lavnmsnaasalunyerndshiannsmirldgdeaguin TLR2 Wiuiies receptor
Wwad 195 udiieAnuisoluvesl fiiams uaz livivid il in vivo receptor @io LPS
msanvuieInumsnoneadygumoluaadawun  wadsuide LPS
A ' ¥ ' o A ' '
YOWUANS oAU THYS N E coli HIUN1I TLR-4 uazdyanaidnudigasad sl
N4 nuclear factor kappa-B (NF-kB) 11119500 Uuwu1M1u 110149 p38 mitogen-activated
protein kinase (p38MAPK) A (Hirschfeld et al., 2001; Martin et al., 2001) a3 15Nl
SWNUANUI LPS iiloniusan microglia Tyivaa TNF-OL H1uma INK (c-Jun N-terminal
kinase) 1az p3SMAPK lauliuri1y NF-KB (Uesugi et al, 2006) uagwuanlu human
monocytic cell line (THP-1) 14 LPS %04 P, gingivalis mMUoNIMsval TNF-OL HIUN1
x e
TLR-2 uaz JNK (Zhang et al, 2008) saiunalnuazidumamsoioneadyniaiil
] . ¥ o = o 8
ANuSuUMIzABMINTTAUTAY LPS 909 P. gingivalis Tu W Tusumadsinmisnuazioute
Usnud Taomuszaumsadhs TNF-o oruanananuiazuanaa linnidiswanluead
a &4
yADU
wennnmsaneuuaiGoudy  saiifsduqilianuduiusiumsina
TsmS9iud 190 msguyws uae AwAsoe (Pihlstrom et al, 2005) TumsAnyinsail
g o 9 e FY & d a = & e o a X
anzdvolinuaulafinavosnnuson  Futhuletonamonmsianilaninineduly
’ ar d“ e 1 1 ﬂ; ﬂ- 1 ::
991 NOUITIDINNWHANTIUA 1¥U MIFUYHT M3awy mun aemmsnlasunlas
¥ TNF-OL
Taom Tudy Wemadgnnszquatoniuion wadeziimsuiudiddsa
agluanziuldlaomionihliinamsnlaounlasmsuanseenvestuaiag lusianme
" o A w =4 a J & ¥ ¥ =) 5
nguvetunineziinsuaaseenimuiuiiognnszquaionuseu Ao heat shock proteins
(HSP) FamsFunsew HSP Wus1Tud001t heat shock factor (HSF) Tumsyimiriiihy
wanscription factor (Morimoto, 1998) HSF fignfunuluuyudiiuil 3 dadauiu fle HSFI,
HSF2 taz HSF4 Tau HSF-1 swihudpatumsnovauesvearaanonuiou Tuvuei

.
=

HSF @aduqszimmiiimneny developmental process (Pirkkala et al., 2001)



Tuannei hilidansequin HSF-1 vzdvegiy HSP Tug inactive
Vo e ) W o q ¥a - | ¥ 3 a

complex HAINDNANUTOUINNITZGU V311 1HIAA denatured protein Favz Tinsequlvinams

a el a -: Y 1 =4 o W 1
HONAIUDY HSF-1 00NN HSP 1Ay HSF-1 Miludaszilezngiundoa lusunuaiuves

- v ° = %) aa 4
heat shock element (HSE) 3404UU promoter Y93 HSPs v ldiimsdaunsiznt HSP Munuiiu
aa 4 S o = v ° a4 X

Tag HSP iuduiivzymiiitlu chaperon protein Ao FawvildTsAugnai N
Tnieglugdsniigndes uaz ¥uxeuusy denatured protein NgniawIInAITou
(Morimoto, 1998) wenniidalisieanuin HSP awnsoymiidly  pro-inflammatory

3 st W ' 2 = o q Ve
cytokine 1aona20 TauwuI1 recombinant human HSP70 (rhHSP70) s itonir v

¥ - 1
M3ATN TNF-OL 1z IL-6 tWuauTu monocytes (Asea et al., 2000) Loz 1u mast cells

. 8 TOWN |
(Mortaz et al., 2006) savuermilulllgnimsmisduves TNF-o W Tusuaadnndu
= o ga e o = A oy Lo 4 ¥ o 24 X
oalsnudnanzgIsowulunsneutesduiuneznoideanunsnuiuyes HSP
o ¥ 3 Vv
NAWINGANTZAUAIIA NS B
TUsAudnnquunilanfinnuioidestuanuion de  TusAuneglungu

YB4 transient receptor potential (TRP) channel family FalsznouTdroTusduia 30 ¥iia

a Y o

TaunquueaTusAuiiminiuauieu (Thermo-TRPs) Wy louFney 9 A0

Us£nouAIu TRPV1-4, TRPM2, TRPM4, TRPMS, TRPMS 11ay TRPA1 &alshuudua

] [l
atal

AUz gNNIAUNgUNYINIANG NN (Huang et al, 2006) TnoTUsAuniimsfnyiedie
: v g 0w v ¥ g @ 4
uwsnangTulegiin Mdudams dridgylunssuaumssuganuimnduiennnnaa
b ar =] =] T e & " % 4
fouunznseniay fie TRPV1 w30 uaianddnniulude vanilloid receptor! (VR1) 11103910

gnmzﬁ’uﬁ’qu capsaicin Fuduassman vanilloid ﬁaqf‘luw?n (Szallasi and Blumberg,

¥
-]

1999) ugsiow ladougelniilu TRPVI moawnwuilusaudiiilnsaadandonda
nuls@ulungu TRP ion channel uazgnnszAuiloguuginnndl 43 esrusaidua
. ¥ v o v gy A a ;
(Caterina et al., 1997) UONINMIULAI TRPVI dagnnszau laaoasouadn wu Tilsaeu
(Jordt et al., 2000) u@g bradykinin (Cesare and McNaughton, 1996) Wudu unumves
° Voo » et = w o ' a0 1
TRPVI  Tumsyimbinidlu nociceptor 1aiimsaAnuludnineans  Taowudmyii il
TRPVI (TRPV1") 9ziimsnsuausnennuiviafifannanusouanas (Caterina et
al., 2000)
Tasaa$19v09 TRPVI 1)1 homo- %30 heterotetramers F3UsznouaIy 4
subunits (Kedei et al., 2001) Taouaag subunit wilsznoudan putative six-transmembrane-

: 1 & a
spanning protein 4 tetramer 3 32U5EnovAWTIM cation-permeable pores Taolidruweq C-
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terminal 1182 N-terminal tuaanlulxTanarady WerhmsAnyinnuewizingeaves
TRPV] aomsiineonvedlesou Wyl TRPVI 91t non-selective ion channel Tavazuen
Vv = =1 ' ¥ " 1 a A 5 = Jd o
TMuaaFousrFuriudurad laaonnlesourindug  FwaaFouifiunuimlumsm
Iina desensitization Y93 sensory neuron (Caterina et al., 1997) 1A 14 human epidermal
keratinocytes 11 WUNMsFurvoAaFuIGIassuudo MIRNMsUAADBNYDI
: " =1 '

MMP-1 iognnszdualonnuiou (Li et al., 2007) 9301911116791 T4 non-neuronal cells
) = A T F > Y g '
WY unaFeuR NI gaa19e ity secondary messenger Tun1snoNOA
o é o 1 c: =4
dyauves TRPVI ani higmsuldonunlasmsuaasesnvestushving

M3¥191UY89 TRPVI W gnauguaiona lnhneudndudou Tuanne
Unfivu sewu TRPVI ldvalulsTanaaduaziuras  Tavszeglugdiliannse
mamld nande TRevI Heglulylnseassinuideiielidanszdu Fazihliinams
wdeudi TRPVI Togusnaifamasd (Morenilla-Palao et al., 2004) @34 TRPVI floguu
= o ar 1 . ; 4 N I3 " 3
Auwad 923UeyYny phosphatidylinositol 4,5-biphosphate (PIP,) w11W luansarhauld
W, . & Vo '
@a1u phospholipase C (PLC) #4d11150 cleave PIP, 18 s3dunsnaniasy TRPVI o8n
MINMIAIUAVYY PIP, Id (Chuang et al,, 2001) UBNIING Gawy TRPVI QnAILRUAID
NIZUIUMT phosphorylation ﬂ‘l‘ilﬁﬂﬂéﬂﬂﬁlﬂﬂiﬂﬂ protein kinase A (PKA) %30 protein
. = = 3 a = '
kinase C (PKC) azimiuau 11909 TRPV1 Aodanszau usuzimsamywemnaoening
phosphatase 1% calcineurin 32aAR1N 1703 TRPV] (Mandadi et al., 2006; Mohapatra and
Nau, 2005)

4 v A & i i T g o &

Weannanuowdudnyazniainenn  Fwanmanudansequoug A

a U= v w Y S df A '
;i’]uﬁmﬂn L¥U capsaicin FIDIUIIDIUNUY receptor Taponamwizinzas Jadluieulsm

¥ ey ¥

i = 1 ] o
TRPV1 Wnsuinnuiouldedials 151091191 C-terminal domain 489 TRPVI vivziiu
ﬁnmﬁaﬂ%’ufﬂamﬁ'ﬂu 1119991118711 sequential deletion TUF MUY distal half C-terminal
° 3 % 1 o ar ' o [
9211 temperature threshold aAaY (Kedei et al, 2001) at13lsnmunalndanarida’lu
NIIWUUFA David E. Clapham Idesuion wnziinnwllidey 3 nsdidwiulumsiud
v Aa v o a ¥a o Gl
anufeuiine 1) anudousmilfinanisi/dounlainsiaisvads (rearrangement) 484
sulwiupuiuzad mldimsn/dounas membrane tension 2) ANuFous Y IRIMS

Waouzllsn (denature) woalilsiu vhlfiRamsiaves channel 3) Awiounszdu

secondary messenger minansiavea channel (Clapham, 2003)


http:IU~tI'UIIUfI-.1m

TavauIngudy 1519ewy TRPVI Turaduesszuuiszam @ neuron
. v . X . ; b LY
1u trigeminal ganglia 1192 dorsal root ganglia (Helliwell et al., 1998) FITDANADIANVUNUIMN
vouiulumsymiriidiu nociceptor doa1dtimsauny TRPV1 Turadouh hilywad
152a M 19U epidermal keratinocytes (Southall et al., 2003) 1A gastric epithelial cells (Kato
£ o "
et al, 2003) MnMsAnpuiiosduvesnnzdIvolu M Tusumadnnidudalsnudawiso
ATIVWUMSUAADONUDY TRPVI 1unu iieannyeathmilueivazhiinis/dounlag
a o & = ' { ¢ d o
yoaguugiaeudage aaduoiuthuly1an TrRevi HegWlusumadninioudasnuad
1 ) ¥ = o ar =1 1 s 4'! - a U=
vz lumsSudyanannudou uaz Imstomeadygudaniioniiniims
MUMSHAAIDDNYDY TNF-OL adnuaunm¥ynumsnasuinlasqumgiiluryenniovy
' - a o o o4 4 X yay Yo = ¥4 squw
WzlinnudsisomsitulsalSvudimuiy - anuinldsunnmsinunsatiagsiia

- a4 & a [ @ 3 a ar
wrlenalamsinalsanmuiu waz i llgmswannguie 19 umssnu TsalSviud



IEMIAUIUNTIVY

1. mazaed I TusyaadnniieweSviua

: i o
T Tusvaasoinimien (GF) nazidudail5yiud (PDL) a5 vu91ni01001fs

€

w a ¥

L a ' w a -] Y : 3 (=Y
nuanniuvesdthoneg lunsums snunnuvetssnvasgnoeu Taolunuszdoalui
gnzgdalwsalszamilunas lufises Tsaidaros iniu FEmsinsouaad lavdolidail 1h

ay v . 4 3 z o
Wun 1801879720 phosphate buffer saline M5 199 1A1FBY A9 A5 dmsumsiasonlnly
a o g i s 1
sumaanndudas umn lavl¥iayaiione1Suaand1unans (middle third) ¥84510
Wu duldTusuaadninmlenszaanindumisniegsous aswu il usudng
Y & ; : 2 -
HAINVUNMDOAFAT (tissue culture dish; Nunc) ©IM151A0UFAAN 15RO Dulbecco’s
Modified Eagle Medium (DMEM) A% 10% fetal bovine serum (FBS) Nga 1y (L-Glutamine)
aa o e . [ W oa as .
2 mM INUUFAaU (penicillin) 100 unit/ml masU Indosusaine (streptomycin sulfate) 100
He/ml uazuoyTWimosFuil (amphotericin B)  0.25 [lg/ml 1xaavzgniavalugouhil
= =t = &y o o J
guuNil 37 esrwaFud nazidSinumamsvoulaoenladlueinma s % amsiaus
¥ . i TN . @ 2 2
waavzgnildsuyniuIuradindouesnINFuIioNIBgUUINIALY INHUDIMISIAY
¢ = o ¢ o o 4 o ' o =
wadvzgnldsudilaimiaz 2 a5s msavwiumad s laonsniowaa (subculture) N
=Y (=1 r_-:. ' J " [ 1 1 rs s a
RIYUTIMRLIaIgIuAsasaa nkludasidu 1:3 Taolsowuland rypsin-EDTA 19ad

wgnmodilaniaz 1 asemadn g lunsnaasn: 1Haad luiui 3-6 Tuudazmsnaaes

MNMINARBIFI0GINIBY 3 n59 uaz Ifraanms vumndil 3 au

¥ o 3 Y
2. pIzAUIARAY LPS LA AUI0Y

wadggam i luenidsaradiuy 24 vqu HAnumuni 50,000 adAe
way @oadfuna 24 $alua neuszidvuiiemisidvaradn hifd wadlundy
NARDINLNNITLAUAIY LPS U04 P. gingivalis (InvivoGen, CA, USA) 130 E. coli (Sigma,
MO, USA) fimnmidudu nazszoznaieg fu ifiensivinszaumsuansoonituguves
TNF-OL, TLR-2 uay TLR-4 luwadeinnguaiugy wazmsnldounloswesszaums
1AIDDNYDY TNF-CL, TLR-2 #ay TLR-4 vouwadlungumanes Tavdiasvinaluszay
mRNA @90 maflan RT-PCR azszauTdsiudromaiin ELISA ifoudunguauqui
Tilasunsnszqu

dmsumsnszquatonnuiowiy  wadezgmithlidsaludoufiqungi

¥ ¥
45 uaz 50 earuals o 15 10, 20, 30, 60, 120, 240 UIH MINUULIMITIAVAFARIZYN
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nlSinsedsedy TNF-L domatin ELISA uazaaaadezgmiilaia RNA e

ANTIEHITAVNILUAAIDONVDI MRNA 199 TNF-QL, HSP-70 110 HSP-47

- o a -
3. MIAUNTICHILAY mRNA fumaiin reverse transcription-polymerase chain reaction (RT-
PCR)

RNA szgnasannsadlaold TRIzol (Gibco, MD, USA) a1wismsi
s s Endkannniuiaiine RNA fiadalddao Spectrophotometer HAMNET
ARUIE 260 nm RNA $157u 1 Hg Mnuanza1081395gminT lrIunszuIums reverse
transcription (RT) TaulFou'lal Avian myeloblastosis virus (AMV; Promega, WI, USA)
1ay oligo dT primer (Promega, W1, USA) ﬁqmﬁqﬁ 42 pamsaluaiiluna | ‘ifb‘ﬂm 30
wIR Lﬁﬂ‘}ﬂﬁ’ complementary DNA (cDNA)

pimini cDNA # g lifusnudaonszuiums PCR Falszneudnu
%’uﬂauﬂluudaziauﬁ’aﬁ initial denaturation, denaturation, annealing 0¥ extension Taoms
19010 primer NSUWIZAD nucleotide sequerice U049 TNF-QL, TLR-2, TLR-4, HSP47 1iaz
HSP70 uaz 9o primer ﬁﬁum:da GAPDH (glyceraldehyde 3 phosphate dehydrogenase)
arugiull o ldiflusanruguaolu Gntemal control) Yoin1sNAABY F1M5U nucleotide
sequence VDILAALTUTANYY @N5oRs a0 la91n GenBank HIUNIY website UDI
National Institute of Health (NI1H) Lﬁaﬁquszmums PCR 1182 3ms1zﬁﬁwﬁu§m‘mﬁ
RTaumsuondaonszua iy 2% agarose gel HazUAIRIATOI gel documentation

system (Bio-Rad, USA)

4. MIUATZHILAUNIUAAIDDNUDI TNF-OL AIUMALN Enzyme-linked immunosorbent
assay (ELISA

W3na TNF-aL findannisad s 185 uias B85 umsnszdudao LPS uag
amdeu wgniinsediomailn ELISA ssunewlavdodiine wadezgniauelu
WIS (avaIHadT 115 Phenol red (Phenol red-free DME medium) Aaean1snaans iiiei1in
mssunuved lusuneumsiAmsganauuaweamaiintl  MmondwInvasgInsT
M LPS 1hemsiasaradluudasnguaniingizidiomaila ELISA ausunouiiseyd
Taou5in Tavordondnmsin Tunquues ELISA plate szgindouinlidoueuduod

[l ¥ » "
(antibody) #ATANNTUMIEAY TNF-OL 11U 9 IMI5IA0UTAaANUNAIINGEAR 185 UMS

nIEAU 2 MNNAN WioU9 AU antibody @37 2 HIAMWSUNIZAY TNF-OL 1uiRuInu
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v ] " : ar . ar =1 é ] 1 " = 4 [
UANUDZAWNUA (epitope) M1 antibody A1 n wazlarwBndrunilanesyiy biotin ¥9zee
G % i o3 e g N 2
nuAmeasdyyudeld  duiu INF-o llegluemisiousadezsuiy antibody M
aoamnazNAINAATiuMQU 9IMIN antibody 27 2 waz TsAudniuszgndiaeen

Y o . . . - & o oar S Y &
AN horseradish peroxidase-conjugated streptavidin 992 TUIUAY biotin MINUMANETS
Z v . 4 o qva d ad ¥ o JE [
A9AY (substrate) Y8 peroxidase Ny IHiNAuMITazAI0TIU  uanhmsazawniai
Tldammsganduuea mmsganaunaai i S eufionnunsiuiasgune:
o ar = = " 5 a 4 =4
sunauuihulsunaTusduaell  mimindSunaTdstuidunaldezgnuSvuion

WS Tlsfude  Smowsasninsizy ldnmaiia MTT udrsainausiunsiv
an'ly

5. M3AAIITHUNIMYOI TLR-2 LAy TLR-4 (1010 annnszeudlu LPS
a v
s nu U TUNUBDUFAALIY 24 MU AANUUUNILL 50,000 LFAAAD
& o @ v = g 3 A oA w & a
vy avathunm 24wl newsylavuitluemisidoauraan NiFTy  INUWA
UOUALBANTUWITAD TLR-2 30 TLR-4 ihuna 30 wiineuisznszduaiu LPS finnu
LT LR v ' LY ¥
T ULAZNAN TAHIUMINARDWAINUNA T DNTLAUMSUAAIOBNYEY TNF-OL 1A

HAINATILHMSUAAI00NUD TNF-OL AUMALA RT-PCR

o o o =1 voA
6. MInszvanusuuveImsduns e 11say TLR-2 %50 TLR-4 vy ieldlums

Sudifioimadgnnszdudae Les Tnoldinaiia small interfering RNA (5IRNA)

RNA interference (RNAQ) iiumadinii14lums sudamsuanseenvedu
woldTumsanumsihauvealdsiu Tausly postiranscriptional regulation of gene
expréésion _‘r‘ﬁf}..p.osttranscriptional gene silencing 1umsﬁnmf:1%’ siRNA 904 TLR-2 W50
TLR-4 Fuflu RNA tog Sanueniszna 21-25 gua gnesnuuuiasduaszvla

VYN Invitrogen oAz lumMs@n mRNA TLR-2 w30 TLR-4 #ileglurad
mRNA #gndesazgmiaie Wusaltlaill mRNA dnudhgnszuoumsmasialdith
o ° =1 a a X ° '
Ts@u Ml lisinsadialysAuaes TLR-2 w50 TLR-4 1Hadiu ¥imsanyi laonnuesas
a’( = ? T ' l:, ot a
Tusudoaaauuy 24 nqu AANUMUIMLY 50,000 I¥aBAON]N oA 24 1N
neuazilaoutuevisidoauaadn 1NTETY 9IMIuE siRNA @ TLR-2 W30 TLR-4 111
‘Y aa " v . . = & ' .=i ¥ 9
1¥AAAI0IBNT transfection AU lipofectamine 1WA 24 ¥ 113 NOUNIZNTEYUAI LPS
anududunazaIN IHHINNMINABEAIMUNTTINTZRUMSIAAIOONYBY  TNF-

o 18 udr s vnmsianioonved TNF-OL Adumaiin RT-PCR
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7. M3NIEH signaling molecules N LPS GI0wdyn1aunonIsAILANMIUAAIDONYDY

TNF-OL A20f20U 8390158191404 signaling molecules FHAA1

o J q’ o 3 ] o o 1 9
wadgnuiulunudsausad naznszqualn LPS Taudsmsasnnann|s

SRREY ‘lu’dmn:‘ﬁﬁtmz“hiﬁﬁ‘aﬂ'uﬂzamiﬁmwm MAPK pathway (ERK; extracellular
signal-regulated kinase, INK; c-Jun N-terminal kinase 118¢ P38 kinase) ﬁqﬁu&msﬁnmmm
PI3K, Akt 11z NF-kB 'iﬂu'azﬁntjumuqnmﬂﬁantju‘ﬁ“lﬁ’%’ummz LPS 1oz NQUAILAY
aufonguiidmamedadudimaianvesiadudimaionien $edu uoznguithild

Sumsidumslag udadiinsizinisianieonyes TNF-OL adumaiin RT-PCR

8. msamizvnalniineideslumsinnufeunineaduuionlugumsianiann

¥
w93 TNF-Q Taoldasdudiriiadiag

wadgnuiulunwdourad  naznszqualsanuiou  Tardimsnai

¥
ar = '

1 3 kY Ao bt ar b i A -
nan 13 Tuannznfivaz luliasdudaatiaanae 1aun capsazepine iNFANMILNLIM
Y0y TRPV1 @15 EGTA lﬁﬂﬁﬂ'ﬁ,ﬂ"I?ﬂ‘iiaUdL”ﬁﬁEﬁJﬂﬁmmlﬂﬁlgﬁﬂﬂ L!ﬁ&'ﬁl‘}’i’ﬂluﬂ"liﬁﬂ}:l'l
v/ 7 £ e
UNVINVDUADNYY D170V YY myosin light chain kinase U cytochalasin-B INOANHING
Y ' = ¥ a 4 . A
vaanNuIToUaoNMsIdounlas1ns @3 190 IHUYAA LAz cyclohexamide INDANMILNUIN
& y & A ¢ ¥ v a s '
Y94 HSPs 9QNTINUUINOSAALNNITZAUAIUAINIOU IﬁU‘i):'JLﬂ'i"lzﬂHfﬁlﬂQﬁ"liﬂNf]

AINA1IADIZAVNMITUAAIDONYDI TNF-OL Taodininzrszau TNF-OL a2umaiin RT-PCR



Han1sIvy

|. HAYD3 LPS 910 P, gingivalis Uae E. coli NLADMSIUANIDON - Twad
I Tysumadnnmian (GF) uaz I Tusumadnnd udaiSiudvoauyud (PDL)

iionszAuIEad PDL Uaz GF a0 P. gingivalis Uz E. coli LPS Ha1ududy 10 ug/ml
& A X &
Fhunat 24 ¥ 133 NUMSINNIUYDITTAUMTHAAIDDNUDI mRNA Haz T1sAuune TNFOU
:: -y L - L} g{ =y ' ar
Taluradnaaoaria lnusadusazsiaa U DAY AUDIAD LPS NId0dsiina 0yt

Aanaaalugli i

A. LPS C. LPS

control Pg E.coli control Pg E.coli

Fold
Fold

o

Control Fg E.coli Control Pg E.coli

3UR 1 naAIMsINLIUYDITTAUMIITAIBBNYDI TNFOL Tu PDL U A. 52611 mRNA uay

B. 912U (fold) wedszau 11sau uaz syaumsianioanyes TNFOL 1u GF - C. seau
° [ T A w

mRNA wag B. 914 (fold) vesszanTisduiie lasumsnsequaiu Pg uaz E coli

LPS 2195124 lagimaiin RT-PCR 11ag ELISA
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2. UNINNUDI TLR-2 tas TLR-4 ilonszaumad PDL uay GE @2 LPS 10 P. gingivalis

Uag E coli
A. PDL TLR2 TLR4
Blocker Blocker

= + + + PgLPS

TNF o

TLR 2 Blocker TLR 4 Blocker
" 4 - + .. + E. coii LPS

B. GF TLR2 TLR4
Blocker Blocker
> + 4 + PgLPS

N B B B e B TNF o

GAPDH

. TLR 2 Blocker TLR 4 Blocker
- + - i i + E.coll LPS
e N TNF o

GAPDH

JUN 2 uaAesTAUMINAAIEENYDY mRNA ¥03 TNFOU lasuaauiuuiuseauns
HAA00NUDI GAPDH Bty internal control luiaa PDL (A) uag GF (B) il ld5ums
NSEAUAIY Pg uaz E. coli LPS A undudu 10 ugml luanighiil specific blocking

antibodies 7® TLR2 11a¢ TLR4 (TLR2 ua2 TLR4 Blockers)

Tugdiiuaninms 19 antibodies il umizas TUsiu TLR2 w3o 4 Hanududy
Y ¥ a4 aw Y oa i ) & o Y oy
20 ug/ml (ANWINTURUSENAREA; Invivogen Huz1i1Ao 10 ug/ml) Futluanududugs
Agannaasuudinbidluiivaoadalomaiia MTT (lilduaaana) 1 ldduny TLR2
w30 4 aeguuAngad MlHvAvIaMITuves LPS @e TLR2 wie 4 (Mwihiiiu
4 ar o o A

blocker) tHOANMIANNAINY HazAUTUWIZYBY TLR2 w3® TLR4 lumssviime
ADUALBINDMINTEAUIYAE PDL laziyad GF Aau Pg LPS W30 E. coli LPS

3UN 2A wamsnaassnuIniloiad PDL1ASUMsnszduan Pg LPS (31 2A. 1)

ﬂ' ‘; 1 4 at 1
YU) MILAALDNYDY TNFOL U (TNFQL, lane 2) uatiio'ldsy blockers @® TLR2
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(TNFQL, lane 3) WUMSL@A00NY8 TNFOL anadgszaudortungui lignnszdu uas
110145 blockers 6 TLR4 (TNFOL, lane 4) WUN138AAY03 TNFOL 08195194

Tusazidniiudionszduisad PDL §au E coli LPS (31U 2A. 1102819) Wuns
AUYB LAY TNFOL mRNA (TNFOL, lane 2) tiio 1851 E. coli LPS 3231 blockers #
TLR2 (TNFCL, lane 4) Humsanaudniiooues TNFOL naziimsanasgseaufoadumadi
Tildsumsnszdu 1l 145y TLR4 blocker (TNFOL, lane 6) Mis¥AUMSLARI00NYDA
TNFQL Tuan1 A 1d blockers #10 TLR2 (TNFOL, lane 3) 30 TLR4 (TNFOL, lane 5) itfioa
ptamu e hifi Lps wuhilinnuuanarannnquadugu naaaldisiui blockers il
naneMsuaaioonin@ves TNFOL luisaa PDL

foyaludaufiuanaliifiuinsad PDL vusuf Pg LPS 10z E. coli LPS Iéama
TLR2 102 4 Fadanadomsiimunsuaninenuszd mRNA v01 TNFOL

Ui 2B Tudanveawad GF 185unsnsedusan Pg LPS (31 2B. upauu) ms
HRI9DNYDY TNFOL tRUAM (TNFOL, lane 2) 1AI8 1451 blockers @0 TLR2 (TNFOL, lane
3) %50 TLR4 (TNFQL, lane 4) 3IUAI0 WUMISIUAAIODNUDI TNFOL anauyuny

waziiionseduirad GF A0 E. coli LPS (31 2B. 1na1) WM AU LD 9T EAY
TNFOL mRNA (TNFOL, lane 2) usiiio 1853 E. coli LPS 3201 blockers #0 TLR2 (TNFQL,
lane 4) WUMISHAA0ONUOY TNFOL ANAIOTIITAIDULATAINIISEAY baseline expression
Tuwmziiie 185 £ coli LPS 3901 blockers 70 TLR4 (TNFCL, lane 6) fia1nsaaams
WerAeDDNYDY TNFOL TW32AY mRNA anaagsssy baseline Aowhiunguaiugui 1185y
msnszdu MilsTAUNIsIAAIeenYes TNFOL luan1as#ild blockers @i TLR2
(TNFQL, lane 3) ¥350 TLR4 (TNFQL, lane 5) usiosotnadeod Taolusl Lps wun lufinniw
HANANINNGUAILANY uearaaliiiudN blockers hilinanomsuansesnilndves TNFOL 1u
wad GF iwuiRvanui ifinadersad PDL

Foyaludmiuanaliifiuinsad GF 1ufisud Pg LPS uar E. coli LPS Iéiania
TLR2 g 4 isuidedniuluisad PDL uiduiumsiaaioonyed TNECL

a1 lsfgmenseduves TNFOU ianaannifeumatudaanslugyi 2 1fudal
annsnaqyldFanuilumssu Lps usavaiieiu wadld TLR2 wie TLR4 Tumsiud

¥ ¥ o

iy natlideannlulddnySmumsuansoonves TLR Nagesriialugilves
Tsaumwizioguuanaad uazbildigaiisz@ninmlums block w03 antibody M3

4 1 > d. " ar
aoaluadyiiaiinianududu@onsummnsdudiswouluengaves  TLR - miiu

wioli
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siTLR2 siTLR4

control Pg E.coli Pg E.coli Pg E. coli

TLR4

B. GF
sITLR2 siTLR4
- + . + - + Pg LPS
- - ' = » TNFa
—— o . i TLR2

TLR4

JUN 3 neasEAUMSIAAI9ENYDI MRNA Y89 TNFOL TLR2 taz TLR4 Tuasad A. PDL
uaz B. GF e 185 un1snszquain Pg iz £ coli LPS Annuduidu 10 ug/ml luangihil

siRNA 79 TLR2 1182 TLR4 (siTLR2, siTLR4)

TunsAnuii 19 sIRNA 109 TLR-2 130 TLR-4 Jaiilu RNA 108 viadu a2
prilszina 2125 g gresnnuuldHinagauiusnuaiiinnusumizues TLR-2
%30 TLR-4 mRNA faruhil TLR-2 ¥30 TLR-4 mRNA tannenegluisad mRNA 9gn
Sunazgnienyhannly $alifuseansiuan mRNA 489 TLR-2 ¥5e TLR-4 fissgnuilas
sl Tusau mIFlfnsadalusAuves TLR2 wie TLR-4 u wieiimsaiai
annaud i Mansusulsgansamiumssuduazanuiudin (toxicity) DI
msniilFlunszriunsdis  remsAnuluduiinszinnszsumsiannenyes
TNF-OL Tauimatin RT-PCR

307 3 uaasldiiuduiowad PDL 18Sumsnszquaan Pe wie £ coli LPS
annsRusEAUNSIAAIBBNYBY mRNA Y81 TNFOL Idethadany wonvindl msnszdu
v Lps Mmewsiiadaiinaitunisuanioenues TLR2 Juvaizimsnszdudan LPS

aoaviia Winandomnlasssaumsuanioonves TLR4 (lane 1-3) 3nvwiieiad lasu
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M3nszquURI Pg M0 E. coli LPS Tuan12eiil siRNA i TLR2 tiag TLR4 WUszAUMS
HAABONVDY MRNA Y94 TNFOL aA0 (lane 5-6 1AE lane 8-9 mud1iy) iioifouiungud
'1&51ifiva Pg LPS (lane 2) W30 E. coli LPS (lane 3) 111y #aii)s2An3n1wues siRNA Ao
TLR2 taz TLR4 luirad PDL Ua@maonanuannsnlumsanszall mRNA 499 TLR2
(lane 4-6) g TLR4 (lane 7-9) IRo1aaiou 1 liamnsoansziu mRNA Tdiamuaf
Ay HamsAnii3tumamsAnu Taold TLR2 1o TLR4 blocking antibodies Uiz A)
uanalfifiuims P uay E coli LPS Mumsianaoonyos TNFOL Kun1a TLR2 Loz
TLR4

31 3B naaaWiituh luvaziad GF 185umsnsedudao Pg Lps udrdanald
M3 ANT Y I5EAUMSIAAI9BAYDY MRNA Y93 TNFOL 111 (TNFQL, lane 2) darull
Wana TLR2 ez TLR4 1ipaniniileld51 siRNA de TLR2 w3 TLR4 danademsanaq
YDINIUANIDONYDY TNFOL 001FAI0U (TNFQL, lane 4 1A 6) saiNaan baseline
expression U9 TNFOU tije IAFULMAYY SIRNA @0 TLR2 (TNFOL, lane 3) %30 TLR4
(TNFQL, lane 5) yononiliz@nsnnlumsansedl mRNA ¥e TLR2 (panel 2) uag
TLR4 (panel 3) anasodnFanuiiiold sRNA voaMa TLR2 118z TLR4 =‘§aﬁmd“lums
naavuREIY Budurafi1denms 149 siRNA fio TLR2 iz TLR4 Tuiwad GF namsfinmn
ludauilswiuramsanunlagld TLR2 uaz TLR4 blocking antibodies (32 B) 1
foaqidh msnszdudae Pg Lps Tuwad GF 1hlgmsiituiuves TNFOL Tavkuma

TLR2 nag TLR4
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A. PDL
LPS

control Pg E. coli

TNF a

TLR2

TLR4

GAPDH

B. GF

control PglLP$S

]
]
— :
—
)
IS

control E. coliLPS
TNF «

TLR2

s el e —

TLR 4

GAPDH

3UM 4 uaaasTAUNSIEAAIBONYBY MRNA Y93 TNFOL, TLR2 1az TLR4 1u A, PDL naz

B. GF 1oldsumsnszquéin Pg uaz E coli LPS Hinnuidudu 10 ug/ml luna 24

¥3 134

HANSANMIDUGUNMSINUN IS IaAseenveY TNFOL Tuiraana 2 wiialle1asy Pg wde

1 a IJI 1 . ar ﬂ; J
E. coli LPS 901¥AIIU !lﬁztﬂﬂﬂl&ﬁflﬂﬁ’l’]‘i:ﬂﬂﬂ"ﬁL!ﬂ'ﬂdﬂ'ﬂﬂ‘uﬁﬂ TLR2 ﬁ‘muﬁmﬁ’miu

waana 2 siia Tuvnzinisuaateenuos TLR4 Linfownlawuiio 145y Pe wie £ coli

Lps luwad PDL uanumumsuaaseenmm: luaad GF iie'1450 Pg WS £ coli LPS
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1 1 ar A ﬂl\ 4 ar
3. madamodyauniolued PDL uaz GF tioiumsiiaainonves TNF-OL 1 a5y
Pg Y38 E. coli LPS

signaling molecules ¥HiaA199 Nogludumandnvoanisooneadyaiunioly

o a o o ] ' 1 ar [ 0 & |

aduazninoliswanu luyadsiaaeg  Junvaveenumsdinodygiunisluaadiie
” 2 Y

nsvguals  LPS  gnidemnldlumsinuinsell  Tavdszneudiomdudamsyam

(inhibitors) Y99 MAPK pathway (ERK, JNK 118¢ p38 kinase), PI3K, Akt laz NF-kB

PDL
PI3KI Akti
x ¥ = + = +  PgLPS
e — — R
PISKi Akti
o + 2 + : +  E.coli LPS
————— —
ERKi JNKi p38i
- - + - = + = 4 - - N + E. coli LPS
- + - - + - - + - - + - Pg LPS
e R = ks e )

NFkBI

5 - + = = + E.coli LPS
= + - - + - FPg LPS

—— — — — — R

51U 5 uAAITEAUMSUAAILDNYDI MRNA Y89 TNFOL 1ae GAPDH lwiwad PDL iiip
T a - . =1

lasumdugamsyinau (inhibitors) V04 PI3K, Akt, ERK, JNK, p38 kinase, llaz NF-kB 1y
& ' P ) Y & a o ) e

a1 1 21 TuanouNeznszauradnln Pg U350 E. coli LPS NANUANYY 10 ug/ml 6000

Wuna 24 $1Tua

NANITNARDINUINITUVTINITHINUVDY PI3K  Uaz Akt aWsnaasLaAunIs
A L4 Yas Ha A W oA o o
HAAI0ONUDY TNEQL (oiwad PDL 1931 Pg LPS Tuvatziiliifioan6uoamsviiau Akt

uaz ERK miniufiaassdumsuanioonvos TNFOL owsaa PDL 1851 E. coli LPS
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GF

E. coli LPS
TNFa

GAPDH

E. coli LPS
TNFa

GAPDH

E.coli LPS
Pg LPS

TNFa

GAPDH

U1 6 nAAITZAUMTIAAIBNYDY mRNA 403 TNFOL az GAPDH hwaad GF 1ile A5y
#6uGIMI91 (inhibitors) 403 PI3K, Akt, ERK, JNK, p38 kinase, 11ag NF-kB iiuna 1
o oA ¥ <3 - ; - vy " s g

¥ TINOUNVLNTLRMFAAAI Pg W50 E. coli LPS NANUUNIU 10 ug/ml avdmilunm

24 %2134

HAMSNARDINUIIAWVTINTININUYDY ERK, p38 kinase 1102 NF-kB o1015000
" " w
STAUMINAAIDNUBY TNFOL (lowaa GF 185y Pg LPS luvaziiifosndudams

, B o . 4 "
YU NF-KB I uNanssaumsianioonyes TNFOL aiwad GF 1831 £ coli LPS
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4. Nﬂﬂ!ﬂx‘lﬂ'ﬂugﬂudﬂﬂﬁl.l’d_m_'ﬂﬂﬂﬂ.l't)(l TNF-CL 1“1,‘]1’61?{(3}7 naziaaa PDL

1.5
z
€ 1.0-
2 #
=
3
> 0.54
]
Q

0.0-

0 min 60 min 120 min
time

/ ] o o o 2 =
U 7 nansmavesnnuiousensidinveurad PDL  laoiuvas Widvaludeuh
= [= = a L e e o
gunigil 45 °C itluna 60 uI naz 120 1% MNUUINNITNATOUANUTFINVOAFAAIY
75 MTT assay
) @ ¥t ) Y Y A a o. d
Yeyanananuanalitnudl menszquiradnioanuioutigumngi 45 °C ity
P Vet 1 o el o a o1 Y Y ¥ |
11 60 WH Tuliwadesnuaadniain Tuvazil msnseuaadalonnuiewiium
2 %3 Ta Sinaandnurad s in maeiiog 72 % 1INRAAINGTI ANSAIVVTINWAUT

WNATBUNAVBINIVS DUABNITUAAIDONVDI TNFOL Tuaaszozinanioonin 1 $a1ua

Q d a v o ar ' I's
Futluszozam luiluduaswaemaa

45°C

0 10 20 30 60 (min)

TNFa

IL-1p

el B HSP70

GAPDH

3UR 8 LARITEAUNISUAAIBBNYE mRNA 89 TNFQL, IL-1[3 uaz HSP70 hwaad PDL

Wielasumsnszduamuanuieunguugil 45°C Wuszoznainieg daaaalunin
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Foyadanaaasliifiududowad poL 185uanuion wadiimsnovunusslau
HNNTIAAI98NYE TNFOL mRNA S9msianionniins ooy muaumuszoznaiisag
Wruanwfou  Tuwmiszdumsuanseenves 11 B mRNA  viuumyhifims
Wasuas uaasliiiiuinmsaeuauewsusadaonuTouILAOUT T IINEINIE 15
TNFOL  UONIINHoINUIsEAUNMSUARI00nYea HSP7T0 mRNA  1ud0aAndeafunis
IEAI8NYEY TNFOL mRNAAD fov mnauamszoznammadldiunuion sams
Wuduves HSP70 mRNA flumstuduWisiunluannsinhimsnaaoniumadldsy

ANVToUDIA

N H (1h)
TNFa
GAPDH
TNFa
GAPDH
TNFa

; GAPDH

[
b
=

osteoblastsGF cells PDL cells

: w ¢ s
31 9 uERITZAUMSHAAL0DNYDY mRNA Y09 TNFO Tuwad PDL 1wad GF wazisad
a31an32qn (osteoblasts) WoIuYBY 1o lAsUMInszduAoANUauRgungil 45°C 1

na 1 % 1ue

P = ¥ s o 7 . A A & .

msanpitaravenNuTouluwaandussdlsznounanveuiiowelSHud  wun
2 % P

ANNT UM AN LAAIDONUYDY TNFOL mRNA Tonaluiad PDL a8 GF uay

¥AAA3 19NN (osteoblasts) YDIYYY
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5. nalnfiny uffaﬂun131‘?1ﬂ31n%’audwwaﬂﬁmm]mnﬁaﬂmﬂu_rlj__s!.;_zm_qaanjma TNF-OL

Tat vl¥ansdud HIBUANNY

45°C

control - +CHX (1h)

U 10 HARITEAUMIUARIDENYDY MRNA 109 TNFOL Tuiwad PDL iije lasumsnszdu

dronnudouiigungil 45°C Tuanzhil cyclohexamide (CHX) 1 ug/mi iiuna 1 921ua

£y a ' Y o 1 r - aw B ar o -t
YoyaAINauanIIiiiNI1  cyclohexamide  FuiumsnduoIMsduns iz llsau
' v ¥ A X o
mulumed Tuaunsndudainsmuiuyes mRNA ¥89 TNFOU Tuisad PDL 183910015
nszguAlunnuieuld namsnaanatinansliiiug mamumsuanioonyey TNFOL Uy

hildinannmamumsadrallsduluszvnifimad 195 unuiou

45°C 45°C

control +CP2 (1 h) control +RR (1h)

TNFa

5UR 11 naeeszAUMSIAR0BNY8Y mRNA ¥03 TNFOL Tuisad PDL e lasumsnszdu
Aroausounguugl 45°C luan1znil capsazepine (CPZ) 10 uM %358 Ruthenium Red

(RR) 10 uM ura 1 %27

ar

doyadanaduaaaliinuima Capsazepine 11az Ruthenium Red Fuluaisndudans
L3 w & 4 X
WUYB TRPVI (TRPVI antagonist) 8131505GIM5IMBAUYDI mRNA 409 TNFOL Tu
iad PDL naainmsnszgudonnuiou’ld nanisnaasaiiuaaaliiiiudl TRPVI ez

ity receptor Aehdgylumssuanudounazadsrimdyyiu liiunmsdunsier TNFOU
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EGTA (1 mM) Ca?* free DMEM
N H N H (1h) N H N H (1h)

JUN 12 uAATEAUMIHAAI©ONYDY mRNA 483 TNFOL Tuiarad PDL el unisnszqu
= 4

3 3 o ) a an e =1
AWANNIOUNYUNNY 45°C Tuen1zill EGTA 1 uM wieo Tuanneh lufiusadoulu

1 ¢ o z
pIMmstasuran 1Wunal 1 ¥ e

Y @ vd A& o , ' o & P 1
YOYAAINAINAAITNIN NI EGTA FUiU calcium chelator 1@ 1305 00U0INSIRNAY
. s o ) ' a s
U983 mRNA 494 TNFOL Tuiyad PDL nawinnisnszquatonnuiould uamsidoasaa
4 al a S\ A X 4
Tuemsidvaaavivs e R aFoua s 00u0IMsINNAYLYY mRNA 493 TNFOL 44
orwilul1dimsidy EGTA nnuduiu 1 mM hilisane lumsdununnaduuiey
A: o = = ] «::‘ = w o a b as
Tuemsivawad  upaFouivaundesylueisioaaasWaihmhndadyyiuly
& W P 2wl o & s .. A
Wmumsdaunsizd TNFOU 18 Aaiumsidoasasd lueimsasasaandsianunaidouia
o 3t 1 ' a2 g - ) o
wunaldandt nanlaveagl wanisneaostinanaliiiui upaiFouineitlu secondary

messenger NaAYy lunsdwiudygnahlmunmsdunsizd TNFoU

H + staurosporine (uM)

TN H 01 05 (1h)

GAPDH

U1 13 HEAITTAUMIUAAIDDNYDI MRNA Y03 TNFOL Tuiwad PDL 1o 185 umsnszqu
@ = =1 (o] = “ o
Aawnnusounguugll 45°C Tuan1izii staurosporine 0.1 uM Hay 0.5 uM 1iunal |

¥ 114
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¥
o oo [

. . 2 4 4 _
Foyanana1eaalfiiuIme staurosporine FuiluesNGUGINIHUY0L Protein

ar 3'.. = 5 o Y
Kinase C (PKC) #11150006IMSIMNIUYDI mRNA 493 TNFOU Tuisad PDL #da01nms
nszgualonnuiould mansnaassiinansliiiun prc iszihueulaifinuidely

msaaruduana liimunsdunsizd TNFOL

U-73122 (2uM)
N H N H (1 h)

JUN14 1aRsZAUMSHANI0DNUDY MRNA 83 TNFOL Tuiaad PDL e 1dSumsnszdu

aoanudeunguynil 45°C luanngiil U-73122 2 um) Wunm 1 %1 Tua

3 a

doyadnauaasliiiiug U-73122 Fadlumsndudamsinauves Phospholipase C

a

\ i 4 & @
(PLC) Weingodudamsiiyyuued mRNA w99 TNFOL lusad PDL HANDINMINTTAU

o ' =1 v a X ' = o
moanuiould wasanauasaliiiuiimamuiuves TNFoL Tuldinasnnsiiau

woaou Tl PLC
cytochalasin D (100 nM)
N H N H {1 h)

TNFa

GAPDH

JUR15 nanIszAUNMISHEAIONYBY mRNA ¥oe TNFOL Tuisad PDL iiieTd5umsnszdu

=

Aunnuounguugi 45°C Tuanziil cytochalasin D (100 nM) 1una 1 52104

W vd . oA Ao o . N
doyananauaaaliiiiudl cytochalasin D Fuilue15NGUL actin polymerization
o :» = J ar E
AINTAGUOINSIANTUYDY mRNA 403 TNFOU luiyad PDL wasinmsnszqudionim
1) ¥ @ v o . o Y o P
fou'ld masanarnaaaliiinuImMsnIauves actin NvIToanumsdunsizy TNFOL lau
I~ ' = ' 2 e Y a
o1iul 1871 anmdounitligms rearrangement 404 cytoskeleton Farhlvinanisitla

493 TRPV channel
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30150iNANINARDY

a

mudtoiidesmsAnufisuiivuwaues LPS 910 P. gingivalis e E. coli
niaon1suanI0onuea TNF-OL Eﬁqsﬂu pro-inflammatory cytokine ﬁﬁﬁﬁ'ﬂg fillonaioon
yudrsh ldgmsnszquuiomilonihIdiinisnal inflammatory cytokines 919 @1

L}

o ar k-] L) ar g q c; L) ) H @
Wudey  nldgmsonuveailoweluiiga msanundmIngiruinluszay
o o lﬂ. z =1 Id
Woulfiidms vuidenld Lps Alénindie £ coli mszilununaiiBondl well-conserved
lipid A uazdailu typical bacterial endotoxin 1015z Toaiilunisdndanasiouifvana
[ 1 A’ (-1 J o [] = > ' 2.‘
msanu a1 lsiaw e £ coli WilsihuyeTsanniswulugesrhn Savalildmihuie
Tsansadlummauanvesmsina TsatSviud Tuvuei P, gingivalis Shuaumgudn
Had 189 INMSANYINSILWUIINSNSLAURIY LPS 9N P. gingivalis 8¢ E.
. a1 = a:i A: o v c: " Lo o :
coli Tuiraduaazyiiai 19 umsdnyill (ad PDL toag GF) 1¥nalnhuanaiaiu dniu
LPS  inuuafiisoanwiiaiuneinlinalniuanaaiuesn ldlumsnsequinimsads
a e =] ar 3
cytokine HAROINL 14
=] ¥ o ' A = = . = - |
Uswnuuaaaliiud LPS M P. gingivalis Niszaninimlums
wmtgnihiing MIoNAUNFAINI1 LPS 910 E coli (Martin et al., 2001; Ogawa and Uchida,
= a o o ' ar o a z
1996)  Faszdniamves LPS Huanananulumsmioniimsaevausaveuradiy
91HBIININAIONUT (strain) AuanANAUVBUARS¥TAIUY IDmsaiauazasoy
aavasugliuuveInsnagey uuaaz Y uenmiennuulumsAnutinuN
A deig Vo i o @ Vet 1 ' seiy Y . .
weannaan 19y primary culture YMIARANUUANAIITENNUTAAN AV WARE Tine
' o A ] ' ar ad g d a ar
(MnuaazaY) dutlsunnnaNuuananserInyanaluszalnanwuld adludndady
ﬂ'ﬂ 1 " as G; 4’ J q o L} =
NNAADANULANANVDITLAUNMTUAAIDONTAAVYUYD I TNF-OL 11 1451 LPS unazwiia
Mo iWeiousznienguaIuguiunguh 145 LPS (310 1-6) Faliswaufinaaaiimun
AaNnuuAnANIzINYanatidrase lomalumainalsadSviualundasynna (Scheres et
o 2 aw S ' = s ¥ ' o . a
al, 2010) sauumsIsoiiluudazminageuazniuimsa luaiuvesuIu line
ar " @ ar aa & a2 = "o -
TRunveuradaredisvuiulefunaniiaiy Momaiimsanuingative ludneaueid
nSoumoulseansnimsznan LPS Maaeawiia
¥ ¥
wonnnil lunuidolideamsnSouiouszninaaad W lusumadnn
ar & ar lg 4 ar o red
mlonuag T lusumadnndubeSiud  FvadhuvadiioolSiudimidoutu  uall
4 Z 3 ; z i ;
s dsonaosuiinaas il aansaosiatiingans sulas AL UDIAD

Jodva1aq Tuzlupuiuanaraiu minmsanulunselinuii 1o wad PDL waz GF 1a5y

MINTEAUIN LPS ¥TARUINY (P. gingivalis W30 E. coli LPS) WU U¥aa PDL 1az GF 19
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nalnmsmoneadyanumoluediuanaieiu mwiesawnsnidonnszqurIu receptor
2 =1 o as P =

TLR-2 150 TLR-4 ioaf laaamilaldnam

1INMIANYIUNDINYDY TLR-2 uaz TLR-4 1onszguiaad PDL uaz GF
Y ¥y LB ¢ a
@10 LPS 910 P. gingivalis 1o E. coli tataauaglldimsasvauesvouradni 2 riia
H) a = o = 5 o 1 " a
101 1Hoe TLR2 wag TLR4 siialariianiian 14 uenoniiwuii Pg uaz E coli LPS i)
HANNNITHAAIDDNYDY TLR2 THiasadna 2 ¥iia ualNaiiunIsLanI®enuea TLRS 1DW2

] :: ' o 3’, av 1 o [
Tuad GF v e lsnmumsanyinsadl luldinsieddaaiumsly  receptor
» W

AananveaauAazsia ueNINTHAMIANYIINMS 19 sIRNA Gare¥ 1 TunszuIums
ADUAUDY Pg W30 E coli LPS Wodwaa PDL uaz GF Mauiludesordomsdunser
Tus@u TLR2 uag TLR4 T wsizidiodusamsadialysAuves receptor aladamilauidy
=] an Yo ) ] = ] "
finaaamsuanonyos TNFOL 210A1ER 1A5UMsnsequals LPS othadod ua i
aMNT0ANAIGIZAY baseline 18 naaaIuvadamnsnidonly TLR2 wie TLR4 lauielus
A ladanila

msAnvufeIuIdumMandnsesmstwneadyaunio lusadwuh
waasuiae LPS yeanuniisoduInaisauna £ coli fumia TLR-4 nazdygnahidmh
divaad ruln1e NF-KB tazu193510011mu 3191 1019 p38 kinase 720 (Hirschfeld et al.,
2001; Martin et al., 2001) 8613 s A uils 10Ny LPS miioniuzad microgha 1A
TNF-OL H1UN13 INK 1Az p38 kinase 1A 1M1 NF-kB (Uesugi et al., 2006) iagwunlu

¥ ] J
human monocytic cell line (THP-1) Wi LPS 404 P. gingivalis 1M1g311M3nad TNF-OL H1U
19 TLR-2 uag JNK (Zhang et al., 2008)
= > J oA =1 ¢ o o s & o
TumsfinuaseiinuiudenSoumonluadyia@oanu ewad PDL
Yar "o ' a A Par "
185 Pg LPS szasdyanarinulima P3K nay Akt Tuvaighiiio 1051 E. coli LPS 9zda
Tygnaurin Tima Akt ez ERK Tumsnszqunisadha TNF-o uinieulen Tannd
»

U&7 intracellular domain 499 TLR2 vzaadyanusiulinig PI3K uaz Akt uonIniigs
nonrlUn1e MyDss udanenlnie MAPK vie NF-kB dnaeudumanan Tuauei
TLR4 9z#1u Tna Tama MyDss udmonlunie MAPK #3e NE-kB iuiu 3oy

o ¥

M) IRAK2 147211019 NF-kB #91iu mMsannisuaniosnyay TNF-OL 1dagnsaisudiud

¥
A ©

[ LT =1 ' o E =1 ar
fudamsiauees PBK uay Akt vznanalfiiug wad poL 19 TLR2 ihundnlums
»
U3 LPS Maaeewiin
amlurad GF Muille'ld5y Pg LPS azdadyanmriulinig ERK, p3s

kinase a2 NF-kB Tuanziiiie 1850 £ coli LPS szr1uTnia NFkB immiu 9ndoyalu



33

4 H 1 =3 1 L] 1]

yauzioa hioaneiszvenlaiuwad GF S LPS uawliadiunaudarlune TLR2
o ) a0 - o ' o &
130 TLR4 IN5121dumaiimiy MAPK W50 NF-kB 1T1udun1352uv04 receptor Naaoail 9z
=1 Vo ] [ ar e o ¥
mulgniinnuuendaveadunamsmoneadygiuiianusumzaensnszqulag
LPS naaeariia uazuaasldiiunmaiumsada TNE-ot Twwad PDL uay 19ad GF
anndun1Ims deamodygyiuiuanaiany

o a4 & e A4 A . a &

dmlszimunianinufediemmsinsiginansuanioonyes TNFOL 1u
seaulilsAudumaiin ELISA wudiliseaumsuaniooniidannn tazanuuanaian ld
sevannguiidos  wihmsuaaseenluszd mRNA sziudaeuimy vl ldls

X - - g ' o d 4 v o dy Y
naaanalunsnaanande Ny was I Tusvaraanindudalsnua nla
vinaui liflulsnlSvud ssaovauesrens 185y e LPS uduiuszdumsuannon
voe TNFOL lidamuminueaan laonaufidulsai5iud (Scheres N et al, 2011)
.: = o =1 4 w o g ¥ o
wenninil luaneindrad PDL taz GF ilwaasnannynihfnevausalu
NIZVIUNMID LAY
3 a o Y - 2 dw oa X ' a

anudoutaitiuasonamonmsianilaninfevu luyenhnou

1109 1NWNANTSUANY 15U MsTulsemueimisuazinseaauniiguunige Tumsdnm

5 .gslnw ;’, = ' W a o 5 ' o £ ar s = ]
ﬂidufdﬂﬂﬂﬂﬂﬁ)inﬂﬂ'm’J"Iﬂ'J'liJﬁ8““!ﬂﬂﬂ]ﬂ1ﬂ%8@ﬂ1ﬂlﬂﬂ’]ﬂﬂdﬂUﬂTiﬂﬂlﬁﬁﬂiEﬂN Taw

St e 3

mmsanudaunumuesnnudoudemsuaaseonves lala lmifinoadesnumsemay
TwradnindudmlSvuanigumgll 45 °c  Fauflugamgiisuianwieutuszdvi
nolfinan2139u1/9@ (Julius and Basbaum 2001), azWUIIMsnseauisaa W Tusuatas
& w Y 3 " a [ ¥
nnoudalinuatisanuioudmaiiumsiaatoonyes TNFO Tuszdy mRNA Tdedn
a v 1 any o o+ & o o v B ‘o s
Faou Taonadananil lawulumsad lusvaaaninioutalsvuamniu uadmuluwaad
ITusuamadnnivien uazadasunszandndis Saervnanldiimsaevaueuyad
Turesthnaovausinenuioundiog nulauiunsdunsizd TNFO Tusedy mRNA
' o & o =5 = . ar
ptnalsnmu  emsfinuitawavesnNuouneMIIaAEBNYEY  TNFOL  Tuszal
TusAuTavd® ELISA assay (hilduanswa) wud wadmaiiimsuaaseonveallsiu
@ e =Y 4 X @
TNFOL Woounn wagszaumsuantoonvealilsiu TNFou 1aMvAumondinsnszau
A W @ 1 w 1 :{' [ d
raamonnusou Favaudanunannulusedy mRNA doyamationdnnulan waad
MWlusvaadanmoudadsiud wad Tusumadainmion uaziadadunszgnvad
Tlyadauaninmiidansizd TNFOL HaAInanaonndoanumsanyIved Keller 1oy
3 o a o A A
ANY FNMINTINMITEALYEY TNFOU mondamsnszguiaaa W Tusuaadiniieie
Tuu (dental pulp fibroblasts) Hag 1¥AAA31INTZYN A3 lipoteichoic acid (LTA) HazWu

4‘! 3 . ar A L) ar
MSNVAUYDY TNFOL 0619010 1UTZAU mRNA ue MienNsonsIINY TNFOU Tuszav
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Tusu'ld Tuvasit LTA anmnsonszdy dendritic cells WimsudaTusiu TNFOL iy
ptaiiud iy (Keller, Carrouel et al. 2010) Fams it Wignnsansaonu Tlsiu TNFOL Tu
waa W Tusumaainsean ‘nuﬁawaﬁﬁ?‘mﬂi:qlﬂ"lﬁﬁ'u 919NAINNTTUIUMS post-
transcriptional modification ﬁ‘l]v@]“u’ﬂdﬂ’liﬁ‘?'lﬂﬁi Ay TNFOL °lu|.=uarfmﬁi1f':

msfnuRuAuina lnmsnevaueewad W lusvaadnndudals
vualumsmumsdunied TNFOU Tuszdy mRNA mowdannmsgnnszduaioniy
You WUIIMIADUAUDIRINGIUAASUAILMTNILYDY TRPVI §aiilu ion channel
receptor ﬁnﬁuﬁmﬁuﬂi:mums%’ui’mma%uﬂmua:ﬂ:qnns:fﬁfmﬁaqmmﬁqqsﬁu 43
°C (Caterina, Schumacher et al. 1997; Tominaga, Caterina et al. 1998) 9INMIANYINOUNIN
i auzdisonuh TrRev ldwuluadsrammindy uadmulusad i Tusuatad
nniledotiiudds  Tumsimnadaiigisolddmndamumees  TRPVI  dems
uanaoenues TNFOL Taoldasdudamsyauyes TRPVI 2 wilafle Capsazepine 1102
Ruthenium  red  wazwuhmsiaapsannsadudnavesnnudonlumsmiioniing
UAngeNYes TNFOL Tuszét mRNA I8 edalsimmasdandn bisunsodudims
muliuves HSP70 mondimsganssqudaniudould Saoraihi T a5 msiuiues
HSP70 adurhuna inauiii Ididedeatu TRPVI

wonani msanmasaigaanalifui msdao Y129 TRPV!
Tnugumsiiviuves TNFoL shisailudosorfounaidonloseu wansnaaeadand1n
A0ANRBINUMSINNUUBY TRPVI Fublu non-selective cation channel receptor Mtou1v
unaionToouruusad 80N 315 2quanaiindu (Caterina, Schumacher et al. 1997)
ol ldnanufourIninansitlaves TRPVI channel uaziins lvaveaunaidoy
Wrigaod TaounaFomiogyimiiiiu secondary messenger Tumssiomondayyiolyl
umsdans1zd TNFOU 1aze1nmsyinsnaanslagld staurosporine Fuiiuats dugans
vaveaewlal PKC wud msiiniuves TNFaL sufludoserds PKC wuiu ms
funudindiaeandeatumsAnuiinuimsiauues TRPVI gnatugudavion Tl
vwawwia lau PKC mmmﬁfmﬂumsﬁmmm TRPV1 I8TAumsifumy phosphate 7
AMuUMa 502 uay $800 daral TRPVI %191 IdA%u (Mandadi, Tominaga et al. 2006)
Taoms¥hamwes PKC thazgnnszdurinunaidosloouit Inaduaadmondannfisad
185uanuiou

Tuthgin  nalnlumssudanudouluszaumadiugs bifuins
Fa §i51091491 C-terminal domain ¥o4 TRPVI Unvzilushumisisuianudouiionn
tﬁ’a‘ﬁ"l sequential deletion Tudumia distal half C-terminal v29i1lv temperature threshold

a"ua = a0 o
anae (Kedei, Szabo et al. 2001) HaNIINHOITMIANUINIAAI IR UE WM NUTURYT
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SENINANTOUIAZMITHINUYDI cytoskeleton TAowDI IuanziTinuiomin swifa
msifasunlasgililsveasad azina polymerization 404 actin (Han, Ha et al. 2000) taz]
AUNUITDIMIIHUMIHIUIT 100NV I THILITBYMIFARONAIU (Moseley, Gapen et al.

¥ 4 @ W & ' ¥ Y A w s
1994) 1Uﬂ1iﬁﬂﬂ1ﬂidu ATTMUTUNUTITHINANUIDULLALY cytoskeleton "lﬂgnuuuuiﬂum

=

msdousadluanzis Cytochalasin D Fufuansivimhsicudims polymerization Y94
actin wuh Tuammzdanan anudeubimansomiionihinmsiuiuues TNFOU mRNA
18 Faorodh 11891 anmdouhiiiRamsnldounasgis wveatedumad laverdums
IO actin HAZAIHARDMTADUAUBIVOUFAAADANS DU

nanlagagl msAmassiiaaalfifiuinnudeuansaiunis
1ena08n¥e TNFOL Tuszat mrRNA 18Taoerdunsyhaiues TRPVI uenniidawu
upaIYN PKC uag actin Lﬁm'ﬁ’aa'lunﬁ’chdwﬁ’mutwmclunﬁmuﬂnnmmmaﬂnfum

= 3

TNFOL Tuannziiinnudeu

ay)
waa M Tusumadanmisnuazdudalsviuaiina lnnisnovaussse LPS
NN P. gingivalis Ua E. coli Tumsimumsianioonyod TNFOL a1anu aanume lvinanny
3 A o =4 - 5 o w el =5
W lsidasudaunuinues LPS lumsmenazmsaniiullvealsmBEaua asimsdanm
J d’ ¥ =5 o s 1 ﬂ' 1 ﬂ.
Tnnvulaoullil LPS 90 2. gingivalis @amsanuludsuae i) iuiiauleiiee
nSouifoumsaeuauetveusaan lnnaudnadudmilulsmlSiud  leldsy P
gingivalis LPS waii lasiidadaunannmsnmsnlaounasluszdullsfuves TNFOL @
o S = deig @ & PR
Usinglunmseinundaiiludann - naitewmtounnnadn ldnadeuturadnlannau
Un@d msarumsaevausveuradaonudoulumsimumsiaasoanysl TNFOL Taosud
' ¥ o ' ¥ ' =1 = . .
W TRPVI uaaaliiiunanudomieziunumiunalonisiia inflammation luseulsa

a 51 d. 1) " 5 . 4
USviud  vazidluiiauleimsuanioonues. pro-inflammatory  cytokines 0U 1

.
=

interleukin-1 10 interleukin-6 aN3ngnAURUlARlITIsvvIgungiinie Ty Wudn

wiaulonezdnuias 1
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P. gingivalis-LPS induces TNF-OU in HPDLCs and HGFs via TLRs

Neeracha Sanchavanakit, Jeeranan Manokawinchoke, Prasit Pavasant
Department of Anatomy, Research Unit of Mineralized Tissues, Faculty of Dentistry,

Chulalongkorn University, Bangkok, Thailand

Objectives: P. gingivalis LPS has been implicated as a major etiology in periodontitis. Evidence
shows that stimulation of toll-like receptor (TLR) 2 and 4 leads to the production of pro-
inflammatory cytokines resulting in inflammatory response. The aim of the study was to
investigate the roles of TLR2 and 4 in P. gingivalis LPS induced TNF-OU expression in human

periodontal ligament cells (HPDLCs) and human gingival fibroblasts (HGFs).

Methods: Cells were stimulated with P. gingivalis LPS at 10 Llg/ml for 24 hours. TNF-O
expression was analyzed by RT-PCR and ELISA. Activities of TLR2 or 4 on the cell membrane
was inhibited by anti-human TLR2 or 4 neutralizing antibody, and confirmed by using TLR2 or

TLR4 siRNA to inhibit mRNA expression.

Results: RT-PCR and ELISA demonstrated an increase of TNF-OU in the presence of P.
gingivalis LPS in HPDLCs and HGFs. Both kinds of cells constitutively express TLR2 and 4. Up-
regulation of P. gingivalis LPS induced TNF-OL in HPDLCs was inhibited by both anti-TLR2 and
anti-TLR4 antibodies, whereas that in HGFs was inhibited only by anti-TLR4 antibody. The
specificity of TLRs in response to P. gingivalis LPS was confirmed by the down-regulation of
TLR2 or 4 using siRNA. Interestingly, P. gingivalis LPS inc.rcased expression of TLR2 in
HPDLCs, while increased those of TLR2 and 4 in HGF's.

Conclusion: P. gingivalis LPS induced TNF-OL in HPDLCs and HGFs via different TLRs. Up-
regulation of TLR2 or 4 by P. gingivalis LPS may affect the recognition potential of those cells to

bacterial antigens.

Key words: P. gingivalis LPS, TLRs, TNF-OL, HPDLCs, HGFs
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Abstracts

Objectives: Transient receptor potential vanilloid 1 (TRPV1), a nociceptive ion
channel receptor, was shown to express in human periodontal ligament (HPDL) cells.
By using capsaicin, we previously demonstrated that TRPV1 activation led to the up-
regulation of OPG/RANKL ratio. As oral cavity is often exposed to the change in
tempefature, this study further aims to investigate the effect of heat, another well-
known TRPV1 activator, on the expression of OPG, RANKL, TNFa and IL-1f, the
primarily genes involved in periodontitis.

Methods: HPDL cells were incubated at 45°C for thermal stimulation. The mRNA
expression of OPG, RANKL, TNFa and IL-1B was determined by using RT-PCR.
The OPG and TNFa secretions were detected by ELISA assay while RANKL protein
expression was analyzed by Western blot analysis. The mechanisms of heat-induced
TNFa expression were studied by using several inhibitors.

Results: Different from capsaicin, thermal stimulation had no effect on OPG and
RANKL expression, suggested the agonist-specific action of TRPV1. In response to
heat, the mRNA of TNFo expression, but not IL-1f, was clearly increased. However,
the induction of TNFa was not detected at the protein level, suggesting that the
negative post-transcriptional modification might occur. By using capsazepine and
ruthenium red, the specific TRPV1 antagonists, we confirmed that the up-regulation
of TNFo was mediated by TRPV1. While capsaicin was shown to up-regulate OPG
expression via PLC, we found that PKC, but not PLC, was rf:quired for heat-induced
TNFa expression. In addition, the use of Cytochalasin D, an inhibitor of actin
polymerization, revealed that the cytoskeleton rearrangement might be an important

mechanism for cellular sensing of thermal stimuli.
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Conclusions: Our results indicated that TRPV | played multi-functional role in HPDL
cells depending on the stimuli. During thermal response, TRPV1 activation led to the

induction of TNFa mRNA expression.

Introduction

The transient receptor potential vanilloid 1 (TRPV1) is a non-selective cation
channel that is predominantly expressed in sensory neuron. Recent evidence has
shown that TRPV1 expression is not restricted to the neuronal tissues but can be
detected in other tissues such as human epidermal keratihocyle, gastric epithelial
cells, submandibular gland, and human hair follicles (1-4). In the previous study, we
found that TRPV1 is also expressed in human periodontal ligament (HPDL) cells (5),
a major cells type found in periodontal ligament (PDL). By using capsaicin, we
demonstrated that the function of TRPV I, at least, involved in the up-regulation of
osteoprotegerin (OPG). In response to capsaicin, TRPV1 presented in HPDL cells
might implicate in the regulation of osteoclast formation.

In addition to capsaicin, TRPV 1 is known to be activated by a wide range of
noxious stimuli including proton and heat (6, 7). According to the temperature-related
role, TRPV1 is also recognized as one of the thermo-sensitive cation channel which is
activated when temperature is higher than 43°C (8). In sensory neuron, the exposure
of heat to TRPV1 is thoug,ht. to permit an influx of calcium and sodium ions, leading
to membrane depolarization and thus pain sensitization (9). Disruption of T}.ZP Vi gene
abrogates the development of inflammatory thermal hyperalgesia in TRPV1 null mice
(10). On the other hand, the sensitization of TRPV1 by inflammatory protease leads to

persistent thermal hyperalgesia (11). While the thermal function of TRPVI1 in
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neuronal tissues is widely studied, little is known about the thermal response of
TRPV1 in non-neuronal tissues.

Oral cavity is a part of the body that often exposed to the change in
temperature. The increase in intra-oral temperature can be occurred during some
particular activities such as smoking, hot drinking or dental treatment (12, 13).
However the effect of heat in oral tissue is largely unknown. Generally, heat is
considered as one of the cellular stress. Cells respond to heat stress by altering a

complex program of gene expression. The wellknown genes whose expression is

affected by heat shock are heat shock protein family (HSPs), which are thought to
play a critical role in the development of thermotolerance and protection from stress-
induced cellular damage (14). In addition to HSP, thermal stress also alters the
expression of a wide variety of genes such as up-regulation of basic fibroblast growth
factor (15) and down-regulation of c-fos (16).

As we previously found that TRPV 1 activation by capsaicin involved in the
regulation of OPG/RANKL axis, in this study, we investigated whether thermal stress,
another TRPV activator, could induce the same response in HPDL cells. In addition,
the implication of TRPV1 in the regulation of pro-inflammatory cytokine expression
during thermal exposure will also be studied. Tumor necrosis factor oo (TNFa) and
Interleukin-1 B (IL-1P) are the primary regulators of inflammatory response with

diverse biological effects including osteoclast activating function. Overproduction of

TNFo and IL-1f3 are observed in several inflammatory diseases, including

periodontitis (17, 18). However, the activation of these two cytokines upon disease
progression is not fully understood. We hypothesize that heat, which is generally

occurred during smoking and drinking, might be an important factor that contributes
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to periodontal disease. Therefore, the aim of this study is to investigate the effect of

heat on OPG, RANKL, TNFa and IL-18 expression in HPDL cells.

Material and Methods

Reagents

Goat anti-OPG immunoglobulin G and mouse anti-RANKL immunoglobulin
G were from R&D Systems (Minneapolis, MN, USA). Mouse anti-f-actin
immunoglobulin G1-kappa was purchased from Chemicon International (Temecula,
CA, USA). Antigoat immunoglobulin G was purchased from Sigma (St Louis, MO,
USA). Antimouse immunoglobulin G was from Invitrogen (Eugene, OR, USA).
Capsazepine and ruthenium red were obtained from Sigma. U-73122 was from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Staurosporine was purchased from
Millipore (Temecula, CA, USA). Cytochalacin D was from Calbiochem (La Jolla,
CA, USA). Calcium-free Dulbecco’s modified Eagle’s medium was purchased from

Invitrogen (Grand Island, NY, USA).

Cell culture and thermal stimulation

HPDL cells were retrieved from middle third of the root surface of healthy
third molars extracted for orthodontic reasons. Human gingival fibroblasts (HGFs)
were obtained from free gingival during the extraction of an impacted tooth. Primary
human osteoblasts were obtained from torus mandibularis removed for prosthodontic
reasons. Cells were prepared according to the protocol approved by the Ethics
Committee (Faculty of Dentistry, Chulalongkorn University). Informed consent was

obtained from 12 patients (seven women and five men; 18-25 years of age). Briefly,
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periodontal tissues, gingival tissues and torus mandibularis bone chips were rinsed
with sterile phosphate-buffered saline (PBS) and were cut into small pieces. Bone
chips were digested with 0.25% trypsin-EDTA. The explants were harvested on 60-
mm culture dishes. HPDL cells and HGFs were maintained in Dulbecco’s modified
Eagle’s medium (Hyclone, Logan, UT, USA) containing 10% fetal bovine serum
(Gibco BRL, Carlsbad, CA, USA). Human osteoblasts were grown in Dulbecco’s
modified Eagle’s medium containing 15% fetal bovine serum. All culture media were
supplemented with 2 mM L-glutamine (Gibco BRL), 100 units/mL of penicillin
(Gibco BRL), 100 pg/mL of streptomycin (Gibco BRL) and 5 pg/mL of amphotericin
B (Gibco BRL), and the cells were incubated in a humidified atmosphere of 95% air
and 5% CO2 at 37°C. Cells from third through sixth passages were used. For the
experiments, cells (1.5 x 10° cells/dish) were seeded into 35-mm culture dish and
incubated for 48 h. Thermal stimulation was performed by incubating cells at 45°C for
indicated times. All experiments were done in ftriplicate using cells from three

different donors.

Methylthiazol tetrazolium (MTT) Assay

After thermal stimulation, cells were washed with phosphate-buffered saline
(PBS). Subsequently, 1 ml of MTT solution (Sigma Chemical Co, St Louis, MO,
USA) was added and incubated for 10 minutes at 37°C. Cells were then washed 2
times with PBS. The purple formazan crystal was dissolved by adding 1 ml of 0.125%
glycine buffer in dimethylsulfoxide and gentle shaking for 10 min at room
temperature. The optical density was detected with a microplate reader (Biotek

Instruments, Winooski, VT, USA)
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Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted using TRI reagent (Molecular Research Center,
Cincinnati, OH, USA) in accordance with the manufacturer’s instructions. For cDNA
synthesis, 1 pg of RNA was reverse-transcribed using avian myeloblastosis virus
(AMV) reverse transcriptase (Promega, Madison, WI, USA) for 1.5 hours at 42°C.
Subsequently, PCR was performed using Taq polymerase (Qiagen, Hilden, Germany)
with a PCR volume of 25 pul in the DNA thermal cycler (Biometra, Géttingen,
Germany). The oligonucleotide sequences of the primers are as follows: OPG,
forward, TCAAGCAGGAGTGCAATCG and reverse,
AGAATGCCTCCTCACACAGG; RANKL, forward,
CCAGCATCAAAATCCCAAGT, and reverse, CCCCTTCAGATGATCCTTC;

TNFq, forward, AAGCCTGTAGCCCATGTTGT, and reverse,

CAGATAGATGGGCTCATACC; IL-1B, forward,

GGAGCAACAAGTGGTGTTCT, and reverse, AAAGTCCAGGCTATAGCCGT;

HSP70, forward, ATCGACCTGGGCACCACCTA and reverse,
CAGCACCATGGACGAGATCT; GAPDH, forward,
TGAAGGTCGGAGTCAACGGAT, and reverse,

TCACACCCATGACGAACATGG. The cycling condition for OPG was an initial 5-
- min denaturation step at 94°C, followed by 24 cycles of denaturation at 94 °C for 1
min, annealing at 60 °C for 1 minute, and extension at 72 °C for 2 minutes, followed
by one extension cycle at 72 °C for 10 minutes. The same condition was also used for
RANKL (32 cycles), TNFa (37 cycles), IL-13 (37 cycles), HSP70 (25 cycles), and
GAPDH (22 cycles). The PCR products were then electrophoresed on a 2% agarose

gel and visualized by ethidium bromide fluorostaining.
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Western blot analysis

Cells were washed twice in PBS and harvested in radioimmunoprecipitation
assay buffer containing 50 mM Tris-HCI, 150 mM NaCl, 0.5% sodium deoxycholate,
1% Nonidet P-40, 0.1% sodium dodecyl sulfate, and protease inhibitor cocktail.
Thirty micrograms of cell lysates were resolved in SDS-polyacrylamide gel and
subsequently transferred onto nitrocellulose membrane. The membrane was blocked
with 5% skim milk and incubated with primary antibody overnight at 4°C.
Subsequently, the membranes were incubated for 1 h with biotinylated secondary
antibody, followed by peroxidase-labeled streptavidin. Chemiluminescence was
developed with SuperSignal® West Pico Chemiluminescent Substrate (Thermo

Scientific, Rockford, IL, USA).

Enzyme-Linked Immunosorbent Assay (ELISA)
The amount of OPG secretion in cell culture supernatants was determined

using OPG ELISA kit (R&D system) in accordance with the manufacturer’s protocol.

Statistical analysis

All experiments were performed in triplicate. Data were expressed as mean +
standard deviation. The two-tail Student’s ¢ test, assuming equal variances, was used
to compare two groups of samples. One way analysis of variance and Tukey’s HSD
Post hoc test were used for comparisons among multiple groups. All statistical
analysis was performed using Graph Pad Prism (La Jolla, CA, USA). Difference was

considered significant when p < 0.05.
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Results

The effect of heat on cell viability of HPDL cells

First, the effect of heat on cell viability was investigated. HPDL cells were
incubated at 45 °C for 1 to 2 hours. By using MTT assay, we found that the exposure
of heat for 1 hour did not significantly affect the viability of HPDL cells (Fig. 1).
However, approximately 20% of cells were died after 2 hour of heat exposure.
Therefore, the effect of heat on HPDL cells was then studied at 1 hour for the rest of

the experiments.

Thermal stress did not alter OPG and RANKL expression

As we previously found that capsaicin treatment up-regulated OPG expression
through TRPV1 in HPDL cells. We then studied whether the same effect would be
occurred when cells were stimulated with heat, another TRPV1 activator. As shown in
figure 2A, thermal stimulation for 1 hour did not affect mRNA expression of both
OPG and RANKL. To confirm the heat-shock response, the mRNA expression of
HSP70 was measured after heat treatment. As expected, the level of HSP70 was
markedly increased after heat treatment (Fig. 2A). By using ELISA and Western Blot
analysis, we demonstrated that the level of protein expression of OPG and RANKL
were not changed by heat, which was corresponded to the mRNA Jevels (Fig. 2B and

Q).

Heat induced TNF a expression in a time-dependent manner
Next we studied whether thermal stress was able to stimulate pro-inflammatory

cytokine production. HPDL cells were incubated at 45 °C for 10 to 120 minutes. RT-
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PCR was performed to analyzed mRNA expression of TNFa and IL-18, the major
pro-inflammatory cytokines that involved in periodontal disease. As shown in Figure
3A, the up-regulation of TNFa. mRNA expression could be observed since the first 10
minutes of heat exposure. The level of TNFoo mRNA expression was gradually
increased in a time-dependent manner. However, IL1-B mRNA expression was barely
detectable and was not induced by heat, suggested that TNFa might be a thermal

sensitive pro-inflammatory cytokine in HPDL cells. Moreover, the induction of TNFa

expression was also found when cells were returned to the normal temperature (37°C)
for 3 hours and 24 hours (Fig. 3B). In addition to HPDL cells, we found that the up-
regulation of TNFa also observed in human gingival fibroblast and human osteoblast,
the major cell components of periodontium (Fig. 3C). This data indicated the general

effect of heat on cells in the oral cavity.

Blockade of TRPV1 inhibited TNF o up-regulation during thermal stress.

To confirm that thermal stress induced TNFo mRNA expression through
TRPV], HPDL cells were treated with capsazepine or ruthenium red, the TRPVI
antagonists. As shown in figure 4, the induction of TNFa mRNA expression after |
hour exposure of heat was clearly abolished by both capsazepine and ruthenium red.
The similar results were observed when cells were stimulated with heat for 1 hour and
then returned to the normal temperature (37°C) for 24 hours. Interestingly, HSP70
mRNA expression was not affected by either capsazepine or ruthenium red,
suggesting that the induction of HSP70 occurred through TRPVl-ind“ependent
mechanisms. Taken together, our data indicated that TNFa up-regulation upon heat

treatment was mediated by TRPV 1.
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Calcium and Protein Kinase C (PKC) were required for the up-regulation of TNFa
by heat

Next the mechanisms how heat induced TNFa expression were investigated.
As we previously found that calcium ion and Phospholipase C (PLC) were required
for OPG up-regulation upon capsaicin treatment, we then tested whether the up-
regulation of TNFa by heat was operated through the same pathway. As shown in
figure 4, heat was unable to up-regulated TNFa expression when cells were cultured
in the calcium-free medium, suggesting the important role of calcium in TNFa
induction. However, treatment with U-73122, a PLC inhibitor, did not abolish the
effect of heat on TNFa expression. Instead, we found that staurosporin, the non-
specific PKC inhibitor, markedly attenuated TNFo up-regulation. Altogether, these
data suggested that calcium and PKC are required for the induction of TNFa during

heat treatment.

Actin polymerization was involved in heat-induced TNF expression

The mechanism how HPDL cells sensed thermal stress was then elucidated.
We hypothesized that cytoskeleton rearrangement mlght oceur dpring heat exposure.
As expected, treatment with cytochalansin D, the inhibitor of actin polymerization,
clearly abolished the effect of heat on TNFa induction. These data suggested the

involvement of actin in the up-regulation of TNF during heat activation.
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Discussion

In the previous study, we have demonstrated the novel function of TRPV1 in
HPDL cells. Capsaicin, a well known TRPV 1 agonist, was shown to up-regulate OPG
expression. In this study, the role of TRPV1 in HPDL cells was studied by using heat,
another TRPV1 activator. Here, we found that thermal stress did not affect the
expression of OPG and RANKL, the key regulators of osteoclastogenesis. Instead,
heat could induce mRNA expression of TNF, suggesting that TRPV1 played multi-

functional role in HPDL cells depending on the stimuli.

The effect of heat on pro-inflammatory cytokine production was performed at
45 °C, which is the temperature that evokes noxious heat (19). At this temperature,
TRPV1, which have the threshold at 43 °C, is activated and mediates membrane
depolarization in neuron (9). Here, we reported for the first time that thermal stress
could act as an inducer of TNFo mRNA expression, but not that of IL-1(3, in HPDL
cells. The increase in TNFo mRNA expression was not only observed in HPDL cells
but also found in human gingival fibroblasts and human osteoblasts, the primary cell
types of periodontium. However, the protein secretion of TNFa was barely detectable
in these three cell types and could not be induced by heat (data not shown). The
results implied that these three cells types were not the main sources of TNFa
production‘: Our observation was corresponded to Keller’s work whose could not
detect the Isecre‘tion of TNFa in human odontoblas.ts and dental pulp fibroblasts
despite TNFa mRNA expression was strongly induced by lipoteichoic acid (20). The
undetectable level of TNF protein might due to the negative post-transcriptional

modification of TNFa in these cell types.
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The crosstalk between TRPV1 and inflammation has been demonstrated. In
addition to function as pain modulator, TRPV1 also plays a pivotal role as a
molecular regulator of inflammatory response. In this study, the role of TRPV1 in the
regulation of TNFa expression was investigated by using two TRPV1 antagonists;
capsazepine and ruthenium red. Both antagonists clearly attenuated the effect of heat
on TNFa expression. The involvement of TRPV1 was found in both the immediate
and long term response to heat. Interestingly we found that HSP70, which is up-
regulated by heat, was not altered by TRPV antagonists, suggesting that HSP70
might regulated by TRPV1-independent mechanism. It is of interest to study the

mechanism of HSP70 induction in the future.

In this study, the mechanisms of heat-induced TNFa expression were also
investigated. Though we previously found that calcium ion and PLC were required for
OPG up-regulation upon capsaicin treatment (5), difference signal transduction was
found in the case of thermal stress. In line with the characteristics of TRPV1 as a non-
selective cation channel with high permeability to calcium (7), we found that calcium
ion was essential for both capsaicin (5) and heat response. An influx of calcium ion
upon TRPV1 activation might serve as secondary messenger that transduced the
signal to up-regulate TNFa expression. In addition to calcium, a variety of signaling
molecules have been shox‘u-fn to involve in signal transduction of TRPV 1. For example,
phospholipase C is shm-fvn to cleave phosphatidylinositol bisphosphate (PIP,),
resulting in the release of TRPVI from its inactive state (21). Correspondingly, we

previously found that PLC was required for capsaicin-induced OPG expression.

However, this study showed that, instead of PLC, PKC is important to heat-induced



60

TNFo expression. As PKC has been shown to modulate TRPVI function by
phosphorylation at S502 and S800 (22), it is_ possible that PKC might directly gate
TRPVI ion channel. Also we could not exclude the possibility that PKC is important
for the downstream signal to TRPV1 Further study is necessary to elucidate the
pathway in details. Taken together, our study demonstrate for the first time that
capsaicin and heat, both are known as the activators of TRPV1, might transduce

signals through different cellular machinery, leading to agonist-specific response.

The agonist recognition sites of TRPV1 have been explored. For instance,
capsaicin, a lipophilic molecule, is able to cross cell membrane and bind to
intracellular domain of rat TRPV1 at Argl14 and Glu 761 residues (23, 24). In the
case of heat, it has been demonstrated that C-terminal domain of TRPVI is
responsible for thermal sensitivity (25). Considering heat as a physical stimulus, it is
of interest to study how it acts to gate TRPV1 channel. As thermal stress has been
shown to induce a va;iety of cellular response, including actin polymerization (26,
27), we hypothesize that cytoskeleton alterations during heat exposure might be a
crucial step in thermal sensitization. As expected, we found that the heat-induced
TNFa expression was abolished when cells were treated with cytochalasin D, the
inhibitor of actin polymerization. This finding suggests that cytoskeleton
rearrangement might be an important mechanism for cellular sensing of thermal

stimuli.

In conclusion, our results indicated that TRPV1 played multi-functional role in
HPDL cells depending on the stimuli. During thermal response, TRPV1 activation led

to the induction of TNFao mRNA expression. Moreover, calcium ion, PKC, and actin
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polymerization were involved in the regulation of TNFa expression during thermal

stimulation.
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Figure 1. The effect of heat on cell viability. HPDL cells were incubated at 45 °C for
indicated time. Cell viability was studied by MTT assay. Data were expressed as fold
change under control (0 min) and represented as means + SD of 3 independent

experiments. * p <0.05 vs. 0 min.
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Figure 2. Thermal stress did not alter OPG and RANKL at both mRNA and protein
level. HPDL cells were incubated at 45 °C for 1 hour. (A) The mRNA expression of -
OPG, RANKL and HSP70 was examined by RT-PCR. (B) Cell culture supernatants
were tested for OPG secretion by ELISA assay. Data were expressed as fold change
under control (0 min) and represented as means * SD of 3 independent experiments.

(C) Cell lysates were studied for RANKL protein expression by Western Blotting.



65

HPDL cells

C 37°C  45°C (1h)

v

N H1  H1N3 H1N24 s

2 1 )
2 GAPDH G
7

Fel

Q

=)

Figure 3. The induction of TNFa mRNA expression after heat exposure. (A, C)
HPDL cells, HGFs and human osteoblasts were incubated at 45 °C for indicated time.
The mRNA expression of TNFa, I1L-13 and HSP70 was examined by RT-PCR.
GAPDH mRNA expression was analyzed as loading controls. (B) HPDL cells were
left untreated (N; 37°C) or incubated at 45 °C for 1 h (H1) and then return to 37°C for
3 h (HI/N3) or 24 h (H1/N24). The mRNA expression of TNFa was examined by

RT-PCR. GAPDH mRNA expression was analyzed as loading controls.
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Figure 4. TRPVI antagonists abolished the effect of heat on TNFa mRNA
expression. HPDL cells were left untreated or pretreated with capsazepine (10 pM) or
ruthenium red (10 uM ) for 30 minutes. Then cells were incubated at 45 °C for 1 hour
(A) or re-incubated at 37 °C for another 24 hours (B). The mRNA expression of
TNFa and HSP70 was examined by RT-PCR. GAPDH mRNA expression was used

as loading controls. CPZ, capsazepine; RR, ruthenium red
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Figure 5. Calcium and PKC were required for heat-induced TNFa mRNA expression.
HPDL cells were left untreated or pretreated with calcium-free medium (A), 2 uM of
U-73122 (B) or 10 nM of staurosporin (C) for 30 minutes and then cells were
incubated at 45 °C for 1 hour. The mRNA expression of TNFa was examined by RT-

PCR. GAPDH mRNA expression was used as loading controls.
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Figure 6. Actin polymerization was important for TNFa up-regulation upon heat
treatment. HPDL cells were left untreated or pretreated with 100 nM of cytochalasin
D for 30 minutes and then cells were incubated at 45 °C for 1 hour. The mRNA
expression of TNFa was examined by RT-PCR. GAPDH mRNA expression was used

as loading controls.
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	  8. การวิเคราะห์กลไกที่เกี่ยวข้องในการที่ความร้อนถ่ายทอดสัญญาณเพื่อควบคุมการแสดงออกของ TNF-[alpha] โดยใช้สารยับยั้งชนิดต่าง ๆ
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