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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. gingiva lis, 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. gingiva lis and E. coli, and the physical environment; heat, on the 

expression of TNFU 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. gingiva/is/ E. coli LPS or incubated at 45°C for 

thermal stimulation. Changes of TNFU 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 TNFU, 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 either TLR2 or TLR4, but with the different extend, to induce TNFU expression. However, 

signaling pathway in P. gingiva lis 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. gingiva/is 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 TNFU was mediated by TRPVI. PKC was required for 

heat-induced TNFU 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 above 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 TNFU. Thermal stimulated-TRPVl activation led to 

the induction of TNFU mRNA expression in PDL cells suggesting role of heat in modulating of 

periodontal disease. 
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B. ~llJllJ!'\'h (fold) 'Iltl ·n:;iuhh~lJI~tl'~fum'Jm::;~lJ~1tJ Pg 

4 d'i 4 

U!;\::; E. coli LPS 1Iml::;'\1 !~tJ!'YlfllJfI RT-PCR 1m:; ELISA 18 

rVi(Junu'j::;iuf1l'JII{y~..:Jtltlf1'1ltl..:! GAPDH ~..:JI1JlJ internal conlTol 

i " .d "I >Iv >I >I
W9i!;\!;\ PDL (A) 1m::; GF (B) IlJtl !~'jlJf1l'Jm::;~lJ~1lJ Pg !I!;\::; E. coli LPS 
, , 

d >I >I '1 "'''' .
'Ylfl11lJI'IllJ'IllJ 10 uglml lJ{Yf111::;'YllJ specific blocking antibodies ~tl 

TLR2 !I!;\::; TLR4 (TLR2 1m::; TLR4 Blockers) 19 

~t1Yi 3 !I{y~..:J'J::;ium'JU{y~..:Jtltlf1'1ltl..:J mRNA 'Iltl..:J TNFU TLR2 !I!;\::; 

TLR4 lW9i!;\i5 A. PDL !I!;\::; B . GF l~tl'~fum'Jm:;~lJ~1tJ Pg lW::; 

E. coli LPS ~fl11lJl'li')J'\j'lJ 10 uglml "U{Y.f)l1::;~lJ siRNA IPitl TLR2 

!I!;\::; TLR4 (siTLR2, siTLR4) 21 

~t1Yi 4 !I{y~..:J'J::;ium'J!I{y~..:!tltlf1'1ltl..:J mRNA 'Iltl..:J TNFU, TLR2 II!;\::; 

i .d "I >Iv >I >I 
TLR4 lJ A. PDL !1m: B. GF llJtl !~'Jum'Jm:;~lJ~1tJ Pg II!;\::; E. coli LPS 

~fI11lJl~lJ~'U 10 ug/ml 11JlJ!1m 24 i1!lJ..:! 23 

d ~i'.d y
ERK, JNK, p38 kinase, II~::; NF-kB lU'U!1m 1 'lf1 !lJ..:!f1tllJ'Yl'il:;m::;~lJ 

d' 9J ~ ~" V t ~ ~I 
19i!;\!;\~1(J Pg '\1'Jtl E. coli LPS 'Ylfl11lJ!'IllJ'Il'U 10 ug/ml ~tltlf1lu'U!1m 

24 i1!lJ..:J 24 
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ERK, INK, p38 kinase, U'tl::; NF-kB I'U'U!1'tl1 1 oil1lJ\lritJ'U~'i)::; 
~ ~'j)..:.'J ~ iI g) 

m::;I'J'U!'ll''tl~~l{J Pg If'JtJ E. coli LPS 'Vlfl11lJl'UlJ'U'U 10 ug/ml 

~tJilfHU'U!1m 24 oil1lJ\I 

';jtJ~ 7 Uff~\lH'tl'UtJ\li'l11lJ~tJ'Ul9itJfl1'J1j~i~'UtJ\lI'll'~ci' PDL 
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25 

26 
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a' dt l1J vcv v g) v.:::i Q 0 
'UtJ\lll'\.{hl{J IlJtJ !~'JtJfl1'Jm::;I'J'U~1{Ji'l11mtJ'U'VlQUllf.fJlJ 45 C 

IU'U!1'tl1 I oil ill \I 27 

IS' ~ l.rJ g)Q.I 'j) V 'JI.::i Q 0i 'UI'll''tl'tl PDL llltJ !~'JtJfl1m'J::;I'J'U~l{JmlmtJ'U'Vl~Ullf.fJlJ 45 C 

i'Ufffl11::;~1j cyclohexamide (CHX) I ug/ml IU'U!1'tl1 1 oil ill \I 28 

9..:::i.Q ~ 
!'Ufffl11::;'VllJ capsazepine (CPZ) 10 uM If'JtJ Ruthenium Red (RR) 

10 uM IU'U!1'tl1 I oil ilJ\I 28 
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i'U(lfl11~~iJ U-73122 (2 uM) 11J'U!1e" I il1m 30 
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i'U(lfl11~~iJ cytochalasin D (too nM) !1J'U!1m 1'1711m 30 
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fl11~thrltyUil~~~1'1lf)~ifty'H1~n1fl1":i1'i11'J 

b fl ,Jhi'U'{)f)l ffU (periodontal disease/periodontitis) 111 'U Dt1J 111'Y11,n-l'U I'l 
I I I ,.. 

ff11i 1':I1.lJ ~'lJli)JrHlm ~YlU nUfp:\JmY4;1I'llJ1f)li~~Dt1J11111U.:J 'ri.:J '1 m ~~UiJ'J ~IYlff llfl~ '1 m ~ ~U 

1flf) (Holt et aI., 1999; Williams, 1990) 1Hlrl)J~~i~lJ~ml1f1l4tlllUflli{~tJni'lJflU~I:U 
J ~ ~ 

~tl.:Jn1':l tltl f)~11l'U 'l'U 1Il'J 11l~ t1J1~U 11'1 l~tIlll Y41~ l'lft! Porphyromonas gingiva/is C)I.:Jlll'Ul1 'U.:J '1 'U 

14tl~111'U ff1ll1~11"n'IJtl.:J f11'J 1i1~bfl "mll.lJ~~'lh 1f)!)'IJ tl.:J hfl 1l~ Ii1~1l1f)f11'J ~llufllil~ tJl15 tJ 

~ d.d. v1 d'!. 
ff1'J l1fl.:J'lJtl.:Jll UflYlI 'J tJ ~tJlllY41~ lipopolysaccharides (LPS) m ~19J'U Y1tlU ff'U tl.:J'IJ tl.:JIC)lflfl'Y1.:J '1 'U 

Q~ QJ I ",.r ~ ''1''.<::10 QJ .:::iJ' QJ 

'J ~UUlJ lJf}lJ f)'U 'IJ tln H f11tJ llfl ~lC)lflfl 'lJ tJ.:J 1'U tlWtl IW ~ n tl ~ m f)~ n 1':1 tl ill ffUYlI'J m.:J (chronic 

inflammation) ; .:JU1 I 'l..l~f11ni1fl1tJ'U tl.:J1dtllrltll~tJ1W'U llfl~ m ~ ~ f1l u1Vi'U llfl~ 1i1~ 1Il'J ~t1JI~U 

vl'U 'l'U~~~ 

'" " Ifltl~'lJ11Ufl1 

uUflli~ U l~Uf11'J l~lJf)1'Jl1~.:J pro-inflammatory cytokine Ufl~ IC)l1Y1 Imr~111~.:J~)JUYlU1Yl 

mh.:JlJ1f) 'lmtlU1 'Jflm'l'l'U' fitl tumor necrosis factor-a (TNF-a) 

UYlU1Yl'IJtl.:J TNF-U 'l'Uf)1'J~lI'U'UI'l..l'Utl.:J bflm'ri'U' ll~l~lJ~.:JU~OYl~Y4fl'IJtl.:J 
'I "o'd", 'I""" d.,"1TNF-U !'Uf)1'Jm~I9J'UlC)lflflllJmfltl~'lJ11 ~11lY4lJlIl'Jff'J1.:J lJlflflfltJ~llU (adhesion molecules) 

nu endothelial cells I~tll~lJ{)\91'J 1f)1'J Ifl~tl'UI'Ii'llJ1~U~ 111.lJ~)J f)n {)f1lffU f)1'J m~~'UlC)lflfl'yj 

1mufllffli'hf'lV;lJf11'J ff~1.:J!tl'U IC)I,r~I~U1'1i'tl.:J nu f)1'J(JtlUfffllU extracellular matrix 1 ~Ulll Y41~ 
, ~ .d IV <j/ 

. f)'llJ matrix metalloproteinases (MMPs) 'J1lJYl.:Jf)1':I1Y4m~~Uf11'Jff'Jl.:J prostaglandins llfl~ 

'I a'II].J1 0' ~ d 'I ". 0'RANKL !'UIC)lflfl!l"I U'JUfl1ffYl Ufl~ macrophages C)I.:JlJHfl ~'Uf11'Jm~I9J'Uf11'JmmU'lJtl.:JIC)lflfl 

fffllUm~~f) 'Utlf)1l1f)rl V.:JffllJ1Hlm~~'Uf11'Jli1~ apoptosis 'Utl.:JlyJ1mufllff'l'hhf' 

, .,.l"l""
m~U1'U1Il'JC)ltllJUC)llJ!f)~'U'U 1~'IIl (Graves and Cochran, 2003) 

"d , a'II].J1 0' J.,; '" d d • I"''' 0' 
UlJll~lJ'J 1U .:Jl'U 11 IC)lfl fl Il"I U'J U fll ff Yl'U tl.:J1 'U tll(} tlll1.:J tl f1lW~!tl'U tJ~u'J Yl'U YI 

ffllJ1'J~l'ltlUff'Utl.:J~tl LPS l~Uf11'JIV;lJf11'Jff~l.:J TNF-U I~ (Takemura et aI., 1998; Wang and 

Ohura, 2002; Yamaji et aI., 1995) u~nfllf)f)1':Ifuf'IJtl.:JIC)lml~)J~tl LPS llfl~f)fllnf11'J 

ciltJYltl~irt1Jt1Jll.lJfl1U'l 'UlC)lflthT'U V.:J hji~1 'il 'U ulf1l~ )J1Il'J ffml1 '1 'UIC)lfltl1l1 m,1mrltlll1~tl nUl.:J 

,dWIfI' QJ .::: CI .J tI.l~ 
ul'lntJ.:J IlJlJlf)'Uf) (Irwin et aI., 1994) '1'U'lJI.lJ~Yl f11'Jfff)'hllm~U1'U1Il'J'U'l'UIC)lflfl1l1m'Utll(}tl 

http:1':I1.lJ
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lH)mllflt1 f)1'JffmmhlJh!~~~l'\.JlJl 'il:::lat)f) 10; LPS ~111'illm4~ E. coli ~~ 

11JlJmJflVi~u~ij well-conserved lipid A U1:'I:::,)'rH1JlJ typical bacterial endotoxin 1f)U'VIU11 

.I d '" "1 ••11 .I '" " 19H'11:'1IlJf)m~f)'U11 U1:'I::: m U'JU1:'l1'ffCfl'illmll~~fl'ffllJl'J()Cfl~U'fflJ~~Cfl~ LPS mlJ'YIl~ receptor 

1lJmilJ Toll-like receptors (TLRs) ~~ TLR-4 U1:'I:::ft~1:YqJqJlru~llJhl'Yll~ nuclear factor kappa­

B (NF-kB) (Hirschfeld et ai., 2001; Martin et aI., 2001; Wang et aI., 2000; Wang and Ohura, 

V d , 

(Darveau et ai., 2004; Hashimoto et ai., 2004; Werts et ai., 2001) Uf1:::UlJ'il:::lJ'J1U~llJ11 LPS 

'illfl Pgingivalis 'ffllJ1'Jmll~U1lhf)1m'fff)~~~fl'U~~ TNF-U 111I'lflJI~U1nu E. coli nCflllJ 

, '" ~ ~ '1
(Hirschfeld et aI., 2001; Zhang et aI., 2008) IlCflf)1'JI'VIlJ'\JlJ'U~~ TNF-U lJlJ 'il:::'VIU !lJmlJlru 

Uf1:::flf;lJm'VIVi~NnlJ ~~IUlJ1ul11~ fl1:'l1 flf)1'J fuflm::: ft ~rilU1:YqJqJlru muilJl9ff1~ijfl11lJ 
I Q.I I J 

UCflflCfll~fllJ 'J:::1111~ LPS 'U~Wlm P gingiva/is Uf1::: E. coli 

lJ~fl!l!U~'illflf)1'J9if)14~~~rl~hrlnf) hfllrhilJl9i'U~l 5~'VIU11 ij{Tu,)'uglJ'l ~ 

l"l\l9im'JlJ~l~'lI'lflJ f)1'J\1u~lIi f)1'J~lJ'ln f)1Uvl J~~ 'lf~~UlmUlJ~lu1:::1I~~'U~~~1~f)1U~ij 

f)1mJ~ulJUUf1~'U~~ QOJ lIiJijrj ~lJ'U'l~\1 ~ ~~rljlJu'J :::1~lJ ~Ul'fflJ1'il11 f)1'J IU~UlJIlUf1~'U~~ 

Qrull fJij~ 'ffllJl'J()'lfml1 i MIOf) 1 'Jflml1lJl9i'om'ffU 11111~~ IlJ 

1f)u~11uu~1 Irl~I9f1:'l~U'I~tynUfI11lJf~lJ'il:::ijfl1'Jufuil1Mr11'J~~QilJ 

'ff m1:::,rlJ 1f)mu~fJlJuuf1~f)1m'fff)~~~ fl'U~~(jlJ ~l~'l mui lJ19ff1~ fl~lJ'U~~(jlJ~ijf)1'Jffmn 

lJlfl~'lf) 1lJ!~~~'U~~fI11lJf~lJ ~~ heat shock proteins ~~I~~11ijUYlU1'Y1rllrlqJilJf)1'JUf)t1~~ 

19f1:'l1:'l1lJJM\lf)'¥innmrl~~QilJ'ffm1:::~Qrull fJij\1~ (Craig et aI., 1993) lJ~fl'illf),rlJU~1 fl11lJ 

f~lJ 5~l'i11MIOf)f)1'J IU~UlJUU1:'I~f)1'J U'fff)~~~fl'U~~(jlJ ~ nll1:'l1U'lfUf) l'lflJ f)1'J l~lJn1'J U'fff)~~~n 

'U~~ basis fibroblast growth factor (b-FGF) (Erdos et aI., 1995), MMP-I (Li et ai., 2007) 1m::: 

f)1'J1:'If)f)1m'fff)~~~f)'U~~ c-fos (Wennborg et aI., 1995) 

llJ n1'Jffmnfl f~~ flOJ :::rfl~U'fflJ1'il~'il:::ffmn(i~Nf1'U~~fl11lJf~lJ~~f)1'J 

1I'fff)~~~n'U~~ TNF-U ~~IUlJ cytokine ~ijU'YIUl'YlrllrlqJ~~n1'Jlnf) hflml1lJl'10n\'ffu 1f)u 

dI,xV"1 .I ,xAddl v.l ,A ,J
N1:'I'U~~f)1'JfI'n1l1IU~~CfllJ llJ !vl1 U'JU1:'Il'ffCfl'illmlJ~W~I~lJfJf)m'YIlJCfll"lU11 IlJ~ml:::IM~I9ff11:'1

.I 

~QrullfJij 45 Uf1::: 50 ~~fI'll9fm~U'ff 'il:::l"lUf)1'JI~lJ~lJ'U~~ TNF-U J~1lJ'J:::iu mRNA 11f1::: ilJ 

'J:::iu1U'J~lJ u~n5~ IlJ'lff)I'illJ11 f)1:'I1f)~lof)~lJ1UlJO{h~h 
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I 

Transient receptor potential vanilloid-I (TRPY J) l1JlJ receptor ~YlUlJlf11lJ 

" ,. I 0 <jI d ;:'1 1 IV 4::10V.d
I'lHHI'lHl 'I'j::: UUu'j::: ffl'Yl 11'1 ~'Yl1'11lJ l'YllulJ nociceptor lJ nl'j 'jUfll1'm tJlJ l:JJtJQru'l1 iJ:JJlJlf1m1 

d "" .K 'J} ,...~
43 tJ'IfI'll'll'1I'lWff (Caterina et aI., 1997) 'il1f1mmf1fJ1IUtJ'Il'llJ'UtJ'Iflru:::r;j1'il(J ff1:JJnf)\9l'jl'ilYlU 

1 1'1..11 .. "" • F- ~ .., ~ .,;. .K 1 1 ' <:l 'J}TRPYI lJ IY'l mU'11ffl'l'il10!tJlJ(Jflu'j'YllJl'll'lllJf1lJ 1I'1:::I:JJtJ'Yl1nl'jmHltJ'IIUtJ'Il'llJ fl(Jf1n ff 

ff1'j iJU5'1f1Wrl1'lllJ'UtJ'I TRPY I (capsazepine) YlUi1fl11:JJ! tJlJ hiff1:JJ1'j m~:JJnlmfffl'ltJtJf1 

'UtJ'I TNF-U 1,r ~'ItJ1'ilI1JlJ1u1,ri1 TRPY I ~tJv1lJ1'1"llmumfflll'il10!glJvflml1lJlIliJu'YlUl'Yl
'II 

1lJf1wl'h1M'lnflhflml1lJIIlVf1mU 

IU~(JlJIIU '1'1 mmfffl'ltJtJ f1'UtJ'I TNF-U 

~ ..I1 .. '" "1·.11 .. <:l "" • F- ~ .. .. • 
1'lI'1~!Y'l U'jumffl'l'il1fH'I1'1tJf1 II~::: IY'l mUmffl'l'il1mtJlJ(JflU'j'YllJl'l'UtJ'ImpWl'ltJ LPS 'il1f1 P. 

gingiva lis !m (JUI'Vi (Junu E. coli i1iJf1~1 f1f1U i'uill~::: ci 'Iri1 (Jr:YqJqJ1rum(J 1 lJI'lI~ri'1 ~tJfllUfJ:JJ 

nlmfffl'ltJtJO'UtJ'I TNF-U ~I'I1JjtJlJ'I1~tJl!l'l f1~l'lnlJ tJv1'l1'j lJtJf1'il1f1~ iJ'Iffmnf1~1 f1~ 

1~(Jl.,ytJ'I1lJ m'j ri1(J'YltJflr:YqJqJ1ru fI11:JJ!tJlJ ~'I'\.h1utinl'j 1~:JJnlmfffl'ltJtJf1'UtJ'I TNF-u 'jl:JJlr'l 

U'YlUl'Yl'UtJ'I TRPY I ~tJnl'jfl1ufJ:JJnlmfffl'ltJtJf1'UtJ'I TNF-U ,rl(J U'j::: 1(J'lIu~1~'il1f1 

m'jffmn~'il:::I~:JJfI11:JJ1.,y11 'il 1lJf1~1 f1nlHI1UfJ:JJnlmfffl'ltJtJf1'UtJ'I TNF-U ~'I'il:::I1JlJ 

U'j::: 1(J'lIU 1lJmnll1uu'j:::Qf1~I~tJvrVlJlJ 1(J11m';") l~tJ 1~fI1Ufl'm:::iu f1UUfffl'ltJtJf1'UtJ'I 

TNF-U ~'II1JlJ pro-inflammatory cytokine ~rl1fiqJ~ 1M'tJQ1lJ'j~iu~1l.J:JJ1mnlJ1u U1'il:::I1JlJ 

f1~1 f1'11~'I~f11UfJ:JJnl'j~f1~1:JJ'UtJ'I hflml1lJl'l'~ 

"" 1 •'jJ.,d.d,
I . fl'f1£Jl~~'UtJ'I LPS 'il1f1 P. gingivalis U~::: E. coli Il~::: fl(JfI11'mtJlJ'Yl:JJl'ltJnl'j 

IIfffl'ltJtJf1'UiJ'I TNF-U 1lJ1'l1~~''I''limumfflll'il1m'l1~tJf1 (GF) 1l~~1'1"llmu~lff~'il1mglJVfl 

U'hilJlIl (PDL) 'UtJ'I:JJlllHJ 

2 . ffmJlf1~1 m:::~utJ~ (molecular) ilJ f1nfllUfj:JJnl'j I!fffl'ltJtJf1'UtJ'I TNF-u ifl(J LPS 

'jI _f.:! d ... .. 

'il1f1 P. gingiva lis U~::: E. coli I!~::: i fl(Jfll1'mtJlJlu'j(JUI'Yl(JU'j:::'I111'l1'll~~ GF 1!~:::I'lI~~ PDL 

l1JlJ i m 'Inl'ji,)(J~lJ!llJ ~lh1lJM'tJ'IuiiU~nl'j lfl(J1~1'lI~tf GF U~~I'lI~ri' 

PDL ~11'l1(J:JJ~lJ'il1f1WlJm1:JJ1my~~ 3 ~1~fuf1niu'il,r(J1M'f1tJlJ'I1~mhtJtJf111~~WlJm1:JJ1~f1 

~~tJ'IQ f1f1tJlJ~l mml~~tJ'I')flWlJ i fl(JWlJ~'If1ri1l~tJ'I1l.JiJYl(J1~ ilfl1Yl nl'j 'Ylfl~tJ'III~:::11m 1:::"" 

~~1lJl!~~~ cillJ 'il~'YhtJVHW'tJ V 3 f1f'l ~~nl'j'Ylfl~tJ'I~ 1~'il~I~:JJfll1:JJ1.,j'1 i'il 1lJf1~1 f1 1lJ nl'jfui 
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1IJ;l~f)1'Jci1[J'YItJ~HYtyqJ1UJfI1[JiuI9HH\ lrltJ1~-ru LPS 'inn P. gingiva lis 1IJ;l~'J~~U'QUJ'HfJiJ~tl.:J 

lJ1 OOillJO~~tJ f)1'J ft~1.:J TNF-u ~.:J'il~lh1 util'rh'HlJ1[J~i~I'ilUllJ;l~ iJfl11lJ ~11'W1~I~tJ11tJ.:Jnu 

'H1tJfl1UfJlJ'J~~U'\m~ inflammation i'lftJQiu'J~~u~1UlJ1f1lf)U1u ~'il~'JomlJ1ultJuhflm 

l'1u\?}1~ 

ft)J'JA~ l'l..!lltl~ f)'j f)l.JU'l..!1f111)JflVl'lHl~ fl1 ':i 1~[J 

P. gingiva lis ltJUIIUnVii1 [J~iJU'YIU1'Y111J;l~ltJ'W ft1l'H'j'Hri'0'IJtJ.:.J f)1'J ln~hflm 

l'1'W1Pl 1~[J LPS ~.:Jl'lUl tJU tJ.:.JftU'J:: OtJU'lJtJ.:J ~U.:.JlCI$J;l~ ')~ltJU ft1'J l'Hti [J1111f)1'J tlf1lftU~iJ 

U'J~ iY'YI~fI1'Wtl.:.J i'W f)1'J ffmnflr.:Jd flUJ ~ rf1')[J9l'tJ.:J01'Jff01l1l1n [JUIl1[JU')jiJ~'lJtJ.:.J receptor ~ 

1"lfJ;lJ;li'li'llJ;l~ 1lJm QJ;l'Htr0~-rUci1[J'YItJ~ffqJqJ1UJfI1[J1'Wl"lfJ;l;~ti1 iutio1'J II ft~.:JtJtJo'UtJ.:J TNF-U 

'J~'Hi1.:J LPS ~i~'il10 P. gingiva lis nu E. coli iUl"lfJ;l; GF 1IJ;l~I"lfJ;l; PDL J'.:.JdlrltJ~'il10 

01'Jft01l1iUI"lfJ;l; PDL iJ1UlJ10UO lW::tJ1'illl\?}0~N1U'il10l"lfJ;l~ GF 

U tJ 0'il1 od'il::ft01l1 ii.:J ~J;l'IJ tJ .:Jfl11lJ~tJ'W ~ tJ 01';) 11 ft~~tJ tJ O'IJ tJ.:.J TNF-U 

ft1 lJlHI lVl lJ f)1'J II ft~.:.JtJtJ O'IJtJ.:J TNF-U llJ;l~ f)1'J \?}tJU ft'W tJ.:.Jd 'il~ Qovu5.:.JlrltJ1rift1'J9l'lU f)1'J 

r11.:J1U'UtJ.:.J TRPYI (Capsazepine) ~.:JiJftlJlJ~!lui1 TRPYI ,j1'il~iJU'YIUl'YIrl1fiqJi'W01'Jri.:.Jci1[J 

ffqJqJ1UJfl11lJ~tJUlW~l'Hti [J1111 i 'Iflf)~ f)1'Jllft~.:.JtJ tJO'IJtJ.:J TNF-U 1 ~[Jfl11lJ~tJ'W,j 1'il~ ri.:.J rhu 

ffqJqJ1UJ hWr11 i'lflii~ f)1'JIU~[JUll'IJJ;l.:J1m .:Jft~l.:.J'UtJ.:.J~hl"lfJ;l; ~.:J1111 utio1';)lil~'lJtJ.:J TRPY I 

v v • 

~.:JUu f)1'Jft01l1U 'il::'J1lJii.:Ju'YIUl'YI'IJtilHSP iUfl)'H-WlJf)1'J IIft~.:.JtJtJO'IJtJ.:.J TNF-U 

. . 
'" "" ;II 9" '9 '" '" 'J~~Uf)1'Jllft~.:.JtJtJO'IJtJ.:J TNF-U ''If.:.JllJ'W primary pro-inflammatory cytokine ~'HtJQ ~U'J~~U'YI 

1UlJlf1lf)U 1u ~.:J,j1'il~fl1UfJlJf)1'Jtlf1lfttl1ui,r'J nmlJ1ultJu hmBl'1'W1Pl 
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nunl 'U1'.1 'HlHl ':i 'UJ 

1'Ifl u'hlul'llllu1'I fl ~ln~'il1n f11'I~~,4tlllUfll1 11 tl51lJnml{1 'Utl-:Jn{1 lnnl'I 

\9ltlUffUtl-:J'Vll-:J'I~uu.fJiJrj'lJnu'lJtl-:J51-:Jf11t1llitlU1ml1l1 tI!I{1~ ff1 Hi zr-:J'il1f11IUfll1 1'1 tltTWl ri-:Jrl{1 '1M' 

, ~ 4 d d r.:::t "::::1' 9J = 
V4U111'lftl Porphyromonas gingiva lis 'li-:JllIu gram negative IIlJfl'VlI'IV'YI lJ\9ltl-:Jf11'Itltln'liI'ilu'Iu 

f)1'I''il~ty,~ul\9ltTu l1JuI4tl'H~n~ltllJff11'H'fl'IJtl-:Jf)1'Iln~hflU~'I'llJl'l l~tI~ 
4 d rt' d d 'V fI odd 

lipopolysaccharides (LPS) 'li-:J IIIU tl-:JflU 'I ~ ntllJ'VlV4U'Vl rllJ-:JI'li{1{1'IJtl-:J IIUflYU'I V gram negative 

,cl A jI':::: ell .:::: Q.I .40 

lJl 'il ~ 11IlJ ff11'H'flIU tl-:J\9llJ mY1fl ty llJ nn III lJ V1 U 1 m ~ U 1 U nn tl f)I fflJ (inflammation) 'li-:J 

ff1lJ1'ItI~VlllJlllitllullIu I'ImB'I'lul'l (Holt et aI. , 1999; Williams, 1990) 

1~ tlU n~II'"1 f11 'I \9l tlU ffU tl-:J1li tl~ -:JIIU {1 nU{1 tllJ~1 V'I ~ lJlJ.fJ iJ~lJnlJ 1I{1~ n{1 1n 

f11'I \9l tlU fflJ tl-:J'IJ tl-:J 51-:J f)1 V1~ VI n~ f11H)nl ffutTlJ 111 U ri1u 'H ~ -:J 'IJ tl-:J n{1 1n nn tI tl-:J nlJ I'll 'IJ tl-:J 

Q.I CIo tI I 

51-:J f)1 tI (defense mechanism) m ~ U1lJ f)1 'I tl f)I ffU I n~ 'ill n f11'I \9l tllJ ffU tl-:J 'IJ tl-:J 1'li{1 {1 \9ltlffl'I 

monocyte, macrophage, lymphocyte 1I{1~ granulocyte \9l{1tl~'illJ epithelial cell, endothelial cell, 

osteoblast, osteoclast II {1~ 1 w1m U{11 ffl'l f)1 'I \9l tllJ ffU tl-:J1li tlIllJ fll1i'1 V'H'j tl ff1 'I'H zr-:J 'ill n 
. 

IIUfll1i'1vu 
~ 

'il~m~~lJm'I'H~-:J primary pro-inflammatory cytokines 1~VI'ilV41~ interleukin-I ~ 

(lL-1 ~), IL-6 1I{1~ tumor necrosis factor-U (TNF-U) 'il1ntTu 1'li 1\9llflulmi1ci 'il~I'H~vTt.h 
tI ~~ tld~ 9i1~ v..d d 011.1' 

1

1'li{1{1'U tl-:JllJ tllVtlll{1~I'li{1{1llJ~l{1 tl~'lJ11 !'H'H {1-:J inflammatory cytokines \9l1tlU"1 Illu {11~U\9ltl"1 

-1 ' ~I 9J" 0 

u l'lIlJ platelet-activating factor, histamine, bradykinin 1I{1~ prostaglandins luU\9llJ 'li-:J'il~Yl1 

9i1C1o y A ~ v ~ tI

!'Hln~tl1fll'IU1~ U1lJ II~-:J 'ItlU'UU 'I1lJ'Vl-:Jm~'flUf11'I'H{1-:J chemokines 'il1f11'li{1{1'Utl':)'I~UU 

.fJiJrj'lJnu vh 'I M'f11'I \9l tllJffU tl-:Jllitl f11'I't)f)lffU'ln{1ilJlJ1 n~u uIliIU'lJtlJ~I~V1nlJ cytokines 'IlJ 

ri1U~llIU anti-inflammatory cytokines lilJ IL-4, IL-IO, IL-II 1I{1~ TGF-~ fl\jn'Hzr-:JtltlnlJ1 

~1V1~tli'l1lJfJlJhilM'ln~f11'I'Vi1{11V~lJ1f11nlJlu (Morita et aI., 2001, Takashiba, 2003 #10) 

mh-:J 1 'I n\9l1lJm'IBnlfflJ~lJlf)lnU1UII{1~I~tlf-:Jl1'Ju'I~ V~l1mlJlU ~n111Utim'I In~V4lJlll fffllV4 

oil d~~C: v

'Vlll'H\ltylffVllJtllVtlInV1V4U!I{1~m~~nWl1lJlJ1 (Graves and Cochran, 2003) 

TNF-U \jnri'uV4ui-:JII'fiTI 1975 'H~-:J'il1nV4Ul1'H\i~~~14tl Bacilius Calmette­
)I. , • !II" 

Guerin (BCG) UU 'il~'H ~-:Jff1'I'lIU~'Hii -:JtltlnlJ11u9iflJ9i -:Jff1 'I 'lIU~U ljq'YI1l'Vi11 M'ln~m'I\9l10'\JtI-:J 

.I lilY dl ~d oQ.J',
IlJtl-:Jtln !~ Carswell E .A. 'il-:J\9l-:J'lItlff1'I'lIU~lJ11 tumor necrosis factor (Carswell et aI., 1975) 
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. TNF-U J\.J)Jfl11lJl~[n,j''V~nlJl'ItJ1~'ffml'l~1~'llJlfUJltJ i";111l~AtllJ ill'j~~H~'V nnd')~lJ~A~.:J 

UlJ~ ill'j Bf1A'fflJ 

A'lilJlJ1'U'j~lJlJiJ1J~lJnlJ'\J'V~~1~f11tJ B'Ui~Uf1 macrophages UlJ~ T 

Q ~ Q.I ~ 0 QJ d ~ .dt d~ jI $I J'Q.t
lymphocytes llllJ l'lilJlJl1 lJn'Yl'fflfli1!'li~ll~'ff'jl~ TNF-U AlJ'VlJ'ff~l 'j llJl m ~~lJ 'U'Vn1l1 n'UtJ.:J 

I ,,~ , Q.I 

'YIlJ11 l'lilJlJ'VlJ'l l'b'lJ endothelial cells, smooth muscle cells, osteoclasts UlJ~ fibroblasts tJ.:J 

" 1fJ"" " d ,,~! 'i'ffllJl'jil'ff'jl~ TNF-U ~~'Vn~1tJ l~tJ TNF-U 'YlQn'ff'jl.:J'lJlJlJllJ'U ll~'Vg 'U~tJ membranes­

~ ,..:::to .Q 0' ! QJ <V 

associated TNF-U 'li.:Jll~'VglJ'jI1IlHnl'lilJlJ 1l1nlJlJ extracellular domain 'IJ'V.:JlJ'U 'il~\ln\i1~ l~tJ 
.Q d Q ~ \l)jI

TNF-U converting enzyme (TACE; ADAM-I7) Af1~llllJ TNF-U 'b'lJ~'YllJ~mtJ ~~ (soluble 

form) ~.:J TNF-U vf.:J'ff'V~'b'U~~'ffllJl'jil'Yh~llJi~ l~tJf11'j')1Jf)lJ receptor ~~)J'VQ 2 ~1 tifJ 

TNFRI UlJ:; TNFR2 l~tJ receptor vf~'ff'V.:J~)JfI11lJU\i1n~1~n'U~ intracellular domain ~~l'i11,r 

ln~ill'j riltJ'Yl'V~ffi1!i1!lllJ~U\i1n~l~n'U ~1tJ (Bradley, 2008) 1l1nf11'j 'Yl~lJ'V~ i 'Ul1\l~i";)J rm 
, I QJ dd 9J QJ Q.I !, 

U'ff~.:J'V'Vn'IJ'V~ TNFRI lllJ:; TNFR2 l'IlJ11 f11'jil1tJ'Yl'V~'ffUJUJlllJ'Yllf1tJ1'\J'V.:JnlJnn'Vf1A'fflJlJlJ 
" u 

., " ""i'nlJill'j'ff'jl.:Jl1lJfJ~AlJ'V~ l1lJ (Goukassian et aI., 2007; Peschon et al., 1998) 

)Jnnffn1l11J1nlJltJ~1l 'ff~~ i,rll1lJ~.:JfI11lJffmflJ ,r'IJ'V~ TNF-U nUf11'jln~bfl 

~1~tJ1,j''V~n1Jfmvnl'fflJ 1~tJ'YIu"h~lhtJ~llllJ'U''Vvf1l'ffU'b'U ~ rheumatoid arthritis 'il:;)J'j ~~lJ 
" 

'U'V~ TNF-U ilJ~4'lJ~A'~lJ~'U ~.:JfI11lJl,j'lJ,j''U'U'V.:J TNF-U ~'il:;lltJ'j~'U\i11lJfI11lJ~'Um.:J'IJ'V~bfl 

(Robak et al., 1998) 'U'Vn'illn~U~l'Im:;~u'\J'V.:J TNF-U ~\P~'Uu1111lJ'j'VtJhfI'U'V.:J~1J1tJ~All'U 
.1 l' 1 .~""" ! "" 1'j'V'Uf111.:J (psoriasis) (Ettehadi et al., 1994) 'U'ff1'U'U'V~ 'jflu'j'Yl'U\i1'Vf1A'ffUlJ'UlJ'jltJ~l'Uf11'j 

Q.I d d ~. ..,j d 

\i1'j1'ill'lU'j ~~lJ'\J'V~ TNF-U 'YlIl'llJ'U'U 1 lJ periapical exudates 'U'V~VllJ'YlAlllJ acute periodontitis 

'1 ".'1 d?1(Pezelj-Ribaric et al., 2007) lllJ:; ~lJ gingival crevicular fluid '\J'V.:J~u1tJ'Yllu'U chronic 

periodontitis UlJ~ aggressive periodontitis (Kurtis et al., 2005) 

ilJ'j fJtJ bflm'l'iml TNF-U 'il~)JO'Yl~'YIlJ~'V!'lilJ£'b'U ~~N'l U\i1n~l~nlJ i tJ lilJ 

.. d "" "" 1 d1"" cO., .,1lJ l'lilJmlJ~m'V~'\J11 'il~ m:;IiJ'Unn 'ff'j 1.:J lJ1MllJ'Yl 'b' I'U f11'j tJ~'ilU (adhesion molecules) nu 

endothelial cells {Y1lJiW'lilJlJ1vlllJ'jum'ffY) TNF-U 'il~m~~'Unnmr~ chemotactic 

chemokines A~'V~~~~ i ,rA~~I~'V~'\J11 i ,rlfl~'VlJ 'illn m ~ II 'ff·Aii'V~ A,j'11J1~U1111lJ ~iJ f11'j Vnl'ffU 

A~'Vi1tJilJnnnl')~ (phagocytosis) uUflYii~tJ lJ'Vn'illnd l11n)JmlJlllJ TNF-U ~1'U1'UlJln n 
"" °1" ov 1.1"';";~"ll~m:;~lJnn'ff'jl~ cyclooxygenases lllJ~'Yll 'I1'j:;~U'IJ'V~ prostaglandins 'U1'U'VW'VIl'IlJ'IJ'U~1tJ 

! 1 QJ 'jI 9J 0 " 

UlJ~'Yl~ prostaglandins UlJ:; TNF-U 'ffllJn ilnlJ n'U m:; ~'U nn'ff'jNUlJ~ f11'j'Yll~l'U'\J'V~I'lilJlJ 

d 19J.<::lt. Q.I ~ ~ ~ CVo<::JQI

'ffmtJm~~n lll'Ur·m mn~'V\i1':ilf11'jlJ:;lJltJ\?l1'\J'V.:Jm:;~f1Al'IlJ\!~'U'U 'U'Vn'illnlJ TNF-U tJ.:JlJJ:-IlJ 

1lJf11':im~ tJTUlf11'j'ff~l.:JUlJ:;mr~w'U I'liJJ l~mlll'll:; mjlJ MMPs nlJvf~fl1'j m~~'Ui,rAn~ 
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2003) 
y • 

nnfffnn h)(Jl~""ntJutJ-:Jmnhl1'U'lJtJ-:J TNF-U 1~lJVlui1 !)jtJli1m'l'Y1~BtJ-:J 

1~tI~~ soluble TNFR liB:: IL-IR 1.,j'11tJl'Uu~mu interdental papilla 'lJtJ-:Jil-:J~ltJ'U hfl1Jhr'U~ 

IYltJtJu5-:Jm'l'ViNl'U'lJtJ-:J TNF-U 11(;1:: IL-I ""llJnf:l(;l~f)1'l~m1'U'lJtJ-:J hfl'lRl'l'U~1~ 1~tI(;I~ 

f)1'llfl~tJ'U~'UtJ-:J inflammatory cells l.,j'ltim::<fJn~tJ~cl'tJmtJu-w'U (Graves et aI., 1998) (;I~f)1'l 
d 4 J ..A':::: cv "(/0 

\ltyl""tlf)1'l tI~If)1~'IJ tJ-:JI'U tJltltJlntl1V1'U (;I~f)1'l ""'l 1-:J19i(;l (;I'YI 1J;l1 tim :: <fJn !w:: (;I~f)1'l(;l::(;I1t1~1 

'lJtJ-:Jm~<fJn1~mh-:JiJutl{i1fity (Delima et aI., 2001) 
~ . 

'U tJ mnnutJ-:JiJf)1'l ffnll1l'WtJU'U tJ'UU'YIUl'YI'lJ tJ-:J TNF-U l'U nnln~hfl1fil'l'U1'1 

1~tlnnm::~'U~1t114tJ p. gingiva/is Vluil'H\!~11iiJnnll""~-:JtJtJn'lJtJ-:J TNFR (TNFR-
/
) Il~(;I~ 

f)1'l In~ apoptosis 'UtJ-:J fibroblasts 1I(;1~(;I~f)1'l ""f1-:J19iml'Vi1J;l1t1m::<fJn'l~mh-:JiJutlri1fity 

(Graves et aI., 200 I) 

'l~iu'UtJ.:] TNF-U ~1~lJ""-:J~'U'illmtJtI1 H1ml'l'U~J'U tJ-:J""llJnf:lLY-:JI""~lJ 
'II 

fl11lJ~'Um-:J'lJtJ-:J hfl'Yl1-:J'l::UU'HJ;l1t1hfl 1'lf'U myocardial infarction, atherosclerosis, coronary 

d ", ~ Q,I ".. 4 lIJ ,d Qcv 

heart disease 11J'U~'U (Bascones et aI., 2005) ~-:J'U'U 'ltJtIhflm'YI'U~ 'il':] IlJI1J'UIVltI-:JiJty'Hl'l'U 
y 

'lftJ-:JtJl nLyhu'U lI~tJ-:JLY -:Jf.mfl-:J'JtJtI 1 'lfllm::uu~1t1 

9J I" ~ iI w ,;'1 "'d d 1 'I 
IIlJ11!9i(;l(;l'IJtJ-:J'l~UutJlJfJlJn'U'il~lu'U19i(;l(;l'YIlJU'YIU1'YI ~tI~'l-:J 'U f)1'l 

~tJU""'U tJ-:J~tJ"'n m::~'UII~'Hl;)n~ l'U Illn.:] l'U i~tI Vlui 1 1 Yl 1 U 'lUJ;l1""I'1~-:JltJ'U19i (;I"'IJ tJ-:Jl'd'mntJ 

l~tl1'rl''U niJU'YIUl'YII~tl1.,j'tJ-:J~1t11'lf'Un'U ~-:J 1~tltJn~ 1Yl1 mUl:nff~'il~'Yil'Htf1~1'U m'l""fl':] 

~ QJ QJ riG.! 'j/ 0 .... 

factor 'U'U 'il::""lJVI'U1inU""lJ~B'lJtJ-:Jf)1'l""'l1-:J1I"~f)1'l'YI1mtl'IJtJ-:J extracellular matrix (Okada 

, . .x .d _ r::! ~.. ""1 •.11 ..
and Murakami, 1998; Takashiba et aI., 2003) 'U""1'U'lJtJ-:JI'UmtltJu'l'YI'U~ 191(;1(;1 Il"I U'lUm""~ 

'il1f)1'H~tJnll"~lg'Uu~mll'U~""llJ1'lf:l~tJU""'UtJ-:J~tJ LPS 1~tlf)1'l'H-k-:J inflammatory cytokmes 

'j/ OJ :. j)

'l~'HJ;l1t1m 'l1lJ'YI-:J TNF:-U ~1t1 (Takemura et aI., 1998; Wang and Ohura, 2002; Yamaji et aI., 

1995) 

~ "d".. .d.d QI "..~ 
Lipopolysaccharide 'H'ltJ LPS U'U IU'UtJ-:Jmh::ntJU'YIVlU'YIf.!'U-:J19iB(;I'lf'U'UtJn 

'lJtJ-:Jllufllii~tI gram negative ""llJl'lf:ll'Hntl1t11m~U1'Uf)1'lUf)I""U (inflammation) 1~tlm::~'U 

19i(;l"~I~tl1.,j'tJ.:] l'U m ::U1'U f)1'l Uf)I""U 'IM'H -k-:J inflammatory cytokines IIB~int11 'IMiJm'l 'H-k-:J 
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..d9 ~t l.,i ~ ~ .o:!t ~ dd i "I
inflammation) CJ$,ulllHl1UlfU '1'\HJ'Iill1::: 9l~I'lftJlf 'j tJ'Vfl:l'lH) '1UUfl 'VU 'HJ U m::: mnJ;l tJ~ (sepsis) 

~'1lllmnll1\9l'IJtJ '1f)1'jl ihJ;l~ ili' 

1 m '1'ffr1'11lJlJ;lflJ;l'UtJ'I LPS lh:::ntJmi'1tf glucosamine-based phospholipid 

(lipid A) ~'1luuri1u~mi'ltfnUlJln (highly conselVed) 'lJtJ'I LPS 'l1f114tJu~J;I:::'lfU~ l~tfri1u 

lipid A 1I:::~tJtJQnuri1u polysaccharide ~'111luri1lJ~lJfI11lJU~n~1'1nm:::wj1'1 LPS 1I1f114tJ 

U~J;I:::'b'U~ 

d J do:::t I ~ J. d 

l~'jtflJ'lJU1I1nUUflYlI'jtfn'llJ Enterobacteriaceae f1tJ E. coli IUtJ'I1I1nlJ well-conselVed lipid A 

~ v d I 0'. d' 
CJ$'111flllJU typIcal bacterial endotoxin IW:::'ViU11 f)1'j~tJU'ffUtJ'I'lJtJ'IICJ$(l(l~tJ prototype LPS U 

1I:::lil~H1U TLR4 (Hirschfeld et ai., 2000) ~'111lml1i'uuuN11CJ$(lri' 

tJd1'1i'jn~llJ LPS 1I1n P. gingivalis ~'111lUUUfI~~tf~lllU'ff11l1\9J11rl'n'IJtJ'Iiu 

hmJhllJ~,fu (Holt et ai., 1999) lJri1U'lJtJ'Ilipid A ~mm'l'ffr1'1U~n~1'1111n lipid A 'UtJ'I E. 

coli l~tf'ViU'ff1tf fany acid ~u~nU'lJU'I'urtJUUU~1l1l'Vi1::: lJfI11lJtf11'IJtJ'I'ff1tf carbon ~ 
. . ~ 

lJlnnl1 U(l:;hjlJlf~ phosphate ~1'1111l1U'l~ 4 'lJtJ'I non-reducing glucosamine 'j1lJ'I'l'llJfI11lJ 

ll~ n~1'11U ri1U,j~f)£JtJtfanlfJ;l1{J1'1111mi 'I ~'1ri '1f.lJ;l~tJfJ W'fflJll1Y11 '1lf1lJIW:; f)1'j~tJU'ffUtJ'IY11'1 
'" .IV'b'1m'Vi'IJtJ'IlCJ$(l(lmtf (Aida et ai., 1995; DaIVeau et aI., 2004; Hashimoto et aI., 2004; Kumada 

'" '" i v d , .r "'. I "' .. 1et aI. , 1995) 1~tfm1tf'llUYlIl'ff~'1 lfll1U11 LPS 1I1f11'lftJ P. gingiva/is lJlJ'j:::'ffYl1im'Vi Uf)1'j 

ll1'rltf1lhl,rlil~f)1'jflf1l'ffU~~lnl1 LPS 1I1n E. coli (Martin et aI., 2001; Ogawa and Uchida, 

1996) ~'1,j'j:; ffYlllill'Vi'U tJ'I LPS ~1l91 n~l'1nuiu f)1'j Il1ri tf1111f)1'j~tJU'ffUtJ'I'UtJ'IlCJ$(lri',fU 

tJl11l~ tJ'I lJ 1111 n'ff1tfWU i (strain) ~U~ n~l'1nU 'lJtJ'IIlUfI~l~ tf'b'U ~,fU'l n f)1'j 'ffn~lw:::!~'1 tflJ 

~(ltJ~1IlJ~,jllUU'lJtJ'I n1) Yl~'fftJUiU!l~ (l:; '11Ul1itf 

'I J' v '" , ?I ''''~ '" 
!UlUtJ'I~UlJ'j1tf'llU11 CD14 IlJU receptor ~tJ LPS Yl1lunu LPS binding 

",.I , "I cJ 
protein (LPB) 1~tf'ViUUUf.l11CJ$(lJ;l monocyte, macrophage IW::: neutrophil tJUl'l !'jn~llJ 

'~tJ'I"ln CDI4 ,1lu glycosylphosphatidylinositol (GPJ)-anchored protein ~'1hJ1iri1U'lJtJ'I 

transmembrane ;'1ililJri1U ~,,:;ri1tfYltJ~ri'tyty1Wl'li'ltiilltflulCJ$(lri' (Wright et aI., 1990) 

~ v eo':::: V V ~ d v ~ jJ ct~ 
UtJ n1l1nU f)1'j h LPS-receptor antagonist 'Ylfl11lJ!'UlJ'lJU ~1'l n'ff1lJl'jfltfUtf'lf)1'j m:::I'JU'Yl!f1'f1 

1I1n LPS 1~ i'l'l~ mlJ1W'lJtJ'I antagonist U'tJtflilUnl1~":::'ff1lJ1Hllld'l1iunu CD14 l~tJd1'1lJ 

,j'j:;ffYlllmW lW:;U'Iii LPS ~iunu CD14 iuri'~ri1U~lJlntJQn~llJ 'Yhhrl~tJ ':ht.i1,,:::lJ 
.d'?1 v1lJWfl(ltJU'j1lJllJU receptor (co-receptor) ~1tf (Kitchens and Munford, 1995) 

Toll receptor family 1i~tJQlun~lJ type J trans-membrane receptor ~'1ii 

intracellular part f1rl'ltfnuri1u intracellular part 'lJtJ'I JL-l receptor Toll-like receptor (TLR) 
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fami ly itJlJ'411 U'iltJ (),nJ'il~UUl'lUlJ'fflJl~n 9 1P11 ,fJU hYtY'l'iUU'fffl 'HHl n i tJI'lHlrl'l~fll~(Jfl'Un 

rnlnn ri'Ul'lU i U'li1.:J1I ~ nl'lUl1 llJ1~ fl~ iu n~lJcil~(mj'(J.:JnunnmUfpnf\PlJu If)1'j iUIIU TI1,r1 

'I1rl'.:J'U(J.:J1Hf)1U (dorso-ventral polarization) 'U(J.:J Drosophila melanogaster ~mJ1l'lUl1 Toll 

.d i "d i . ~ II~:; Toll-homo)ogues receptors 'Vll'lU U Drosophila, '11~ U~:;lJ'411UlJU'VlU1'Vl Uf)1~\91(J\911U~~ 

do dOi~~ Q,r
'lil'l (microbes) 'Vl'V11 'I1Inflf)1~\91fll'li(J (Aderem and Ulevitch, 2000; Lemaitre et aI., 1996) 

~ tlll U U i tJ m ~ ~ (J ~~;l'lJtJ m ~ ffnlll~ ~ltJ lJ 1l'l U 111'li~ rl''U (J.:J ~:; uu 

IIUfl'VlI~U gram negative 'ff1U TLR-2 'li~U~ peptidoglycans U~:; lipopeptides 'U(J.:JIIUfl'VlI~U 

fur 

lJ~~lJnuH' receptor ~~lll'll:;~(J~~;'l'iIl~~:;n~lJ l'litJ TLR-4 i'lf'itJf)1~fUr LPS 'UD~ 
d d • i jlQ,I " Q .<::! 

.,; i ~~ ~ "- I .d i '" "". i ~0gram positive U~:; TLR tltJ'l 'li~U~tl.:Jflu~:;ntlU'ill1'l'il:;'Vll'lU tJ~~'lil'ltltJ'lI'litJ TLR-5 'li 

~ ~ 

~U~ bacterial flagellin (Ozinsky et aI., 2000; Tabeta et aI., 2000; Underhill and Ozinsky, 2002; 

Wang and Ohura, 2002) 

'OJ I QJ ,.,. d.<:::S I 

l'litJnu l'litJ epithelial cells ~U~\91(J LPS 'Utl.:JIIUfl'Vll~ U gram negative l'liU P. intermedia II~:; 

• <S .i " H. pylori NltJ'V11.:J TLR-2 (Smith et aI., 2003) f)1H(nlll tJl'li~~ macrophage 'illn'l1~ l'lU11 
v ~ 

l'li~'ffu fur LPS 'illn P. gingivalis rhU'Vl.:J'VlH TLR-2 II~:; TLR-4 1I~:;l'lUl1~ltJ1tJ'Ym TLR­
. .~ 

I " do I iJ ~ QlQ .t!t I QI

2 lJlnf)11 TLR-4 fl1U 1I~:;mlU.:J1U11m:;~Uf)1~'I1~~ cytokine 'Vl.:J'Vll'l1lJtltJlI~:;U\91n\911~ntJ 

A ~F.! d 'jJ j}QJ 

IlJtlIU~ UUI'V1Ull nu f)1~ m:;I'JU1l1U LPS 'Utl~ E. coli (Hirschfeld et a!., 200 I; Zhang et a!., 2008) 
v v . 

tJ tl n'ill nuu.:J lJN ~ n n ffnlll i tJ rl' nll W:; mi'lu nuu1tJl'li~'ffmilJ flU ~1U l'litJ 
. 

human gingiva) 

""' '" fibroblast U~:; 1'li~~1JrlU.:J,\'Wtlfll~tlfl (endothelial cells) (Cunningham et aI., 1999; Kent et a!., 
~ . 

i ~ i . "' ~ ~ d
1998) U~:;f)1~ 'li anti -TLR-2 antibody tJ human macrophage l'lU11UUU.:Jf)1~'ff~1~ TNF-U 'Vl 

. 1 "I ~ i .1.,; '" ~.·I 1
l11uUTt.h flU LPS 'illn P. gingivalis ~1l (Martin et aI., 2001) UltJtlWtll'l1.:Jtln'Utl.:Jrju1U ~fl 

m'VlUI'l 'il:;l'lUf)1~II'fffl.:Jtltln'Utl.:J TLR-2 ~tr.:J~tJitJ-fffl{'hu~lJ1nnl1 TLR-4 (Mori et aI., 

2003) IW:;l'lUl1 mllJlI\91n~l~U1.:JtJ~:; f)1~'U(J.:J1m ~'ff~1.:J LPS ..11hrnufuf'Utl.:JI'li~rl'Nlu 

'V11.:J TLR-2 lJlnn':11 TLR-4 (Coats et a!., 2003; Hirschfeld et a!., 2001; Werts et a!., 2001) 

i.:JJtJ TLR-2 U~:; TLR-4 ~~lJU'Vl'Ul'Y1iUf)1~f'Uf LPS U\9ln~1~ntJ1tJ\9l1lJ'liiJfl'Utl~I'li~'ff IW:; 

'liiJfl'Utl~UUflii~ u~l'lf'I\91~ UlJ LPS 

tJ(h~hn\911lJ un1,jm~tll1nuH TLR-2 iUf)1~\91tl'U'fftJtl~~tl LPS l'l'Um'l'il:; 

f)1~ffnlllitJlftl~tJ5lli1nuI'YillrtJ f)1~ffnlll in vivo itJ'I1~ 2 'fflu'Wui;Jtl C3HIHeJ II~:; 

C57BLlO/ScCr ~~lJmllJ~lltJn~'Utl~UU TLR-4 ~~lU'I1U~~l~'l l'l'Ul1\910'U'ffUO~~tl LPS ~1 

nl1tJn~lJ1n (Poltorak et aI., 1998) U~:;f)1~ffmlliu'I1~~\ln'1i'mnl~nUU'fffl~tl(Jn'Utl~UU 
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TLR-2 ~mtl'lJ~'¥itl'lJn'lJ TLR-4 nhrr-.l"iu"m·Hll~l~tl1n'lJfll'jf1mJ1'u'1-:j~u 1I"~fm·hJij TLR-2 

llil'if-l,,~v'j~~'lJfllH1VU~uv':)~v LPS (Takeuchi et aI., 1999) 

ilJ'j~'\-dl.:)~l'ifll'jf1mm~r)'W\llJUl LPS antagonist Ju Yl'lJil Im.:)~5'wtlU':) 

TLR-4 l'ifl1l1JlI~n~l.:)'j~'Hil':) species rl'UI~U':)1J1'illnfl1l1JlI~n~1.:)iuri'1~U amino acid iu 

"hU~'il~~l~V lipid A (lipid A recognition component) 'ViliM'ln~fll'j~UU~UV':)'lJU.:)tll~ 
" lI~n~l.:)nlJ'j~'Hil':) specIes (Lien et aI., 2000; Poltorak et aI., 2000) ~.:)'I11m"fll'jf1mniu in 

vivo ~'~'illnfll'j'Yl~"u.:)1U'H~Ul'ilU.:)'li~11J1H1Ulluti,rV~1U~il TLR-2 Itlu~Vltl.:) receptor 

.. "'I j/~ j/" "" ., '" 'I " • I "" .... "I '. j/.d ~I ' 
'Yl1'1l"" !'I1'j'lJ~I1JVfl'n1J11'ilti ~'U'HV.:)lJ!)U'fIOl'j II"~ ~1J'Yll'H'Ul'YlllJU in vivo receptor ~V LPS 

fll 'j f1mmritl1 OU fll'j ri ltl'Yl U~ri'rurulW.f11 tI i 'WI '11 "clYlUil 1'1I"ri'~U5'~V LPS 
u u ~ 

'lJu':)II'lJflli~tI"hui'HtYnmf.:) E. coli f-ilU'Yll':) TLR-4 1I"~ri'tytylW~~lUl,rltil'1l"cl ~lulu 

'Yll':) nuclear factor kappa-B (NF-kB) 1I"~1J1.:)'jltl':)lUYl'lJil~lU lU'Yll':) p38 mitogen-activated 

protein kinase (p38MAPK) ~1t1 (Hirschfeld et aI., 2001; Martin et aI., 200 I) VV1':) h~'fIl1Jl'i 

'jltl':)lU~Yl'lJil LPS mntl11i11'11"cl microglia iM'mr.:) TNF-U ~lU'Yll':) JNK (c-Jun N-terminal 

kinase) II"~ p38MAPK l~tI'li~lU NF-kB (Uesugi et aI., 2006) 1I"~YlUillU human 

" " 
monocytic cell line (THP-I) 'I1u LPS 'lJU':) P. gingiva lis mUtl1UlnU'H"':) TNF-U ~lU'Yll':) 

TLR-2 II"~ JNK (Zhang et aI., 2008) ~.:)Jun"'nll"~I'ff'U'YlNfllHhtl'Ylv~ri'tytyltll~iJ 
.' " 1 i "1 • .1'1 "'" d "" fI1l1J'illl'Y'll~'fIUfll'jm~I9JU ~tI LPS '\JU.:) P. gingiva lis U rn 1'lJ'j'lJm~'fI'illm'H,:)Unll"~ItJUtI~ 

tfhlmf l~tII~1J'j~~'lJfll'j~h~ TNF-U U1'ilIl'fln~NnUII"~II'f1n~N'U'illn~1'i'jltl':)lU1UI'1I"ri' 

U V n1n nfll'j 9i~I~UII'lJfllii~ tllI-cr1 u.:)l'iU'il1itl~U '1 ~l'ifl1lmYlJWui'n'lJfll'j di~ 

hmJhlu~ l'liU fll'j\1'lJ'I.J'Hi II"~ fI1llJlfl1t1~ (Pihlstrom et aI., 2005) lun1'jf1ml1flf.:)~ 

'lJV':) TNF-U 

'I d-"I.I j/" " j/" " "cO .1'" "''I''. 
l~tI'Yl1 ~ lJII"1 I1JUI'1I""\lnm ~'iJU~1t1f11l1J'jVU 1'1I""'il~lJ fll.'j lJ'j U'fI11l1~1'j.:) 

uQiu ~.f111~JU '~"1~wm ti tl1ullM'ln~fll'j IU~tlUIIU"':)fll'j II ~~.:)VV n'IJv':)uu~l.:)'ll Uil':)Olti 

I a ~<I.' t:::I ~ ~ 4 y'j/ 'j/.:.."! • 

n'Q1J'lJu.:)tlU'YllJn'il~1Jfll'jIl~~,:)VVm'Y'llJ'lJUIlJV\lnm~'iJU~1t1fl111J'jVU flU heat shock protems 

(HSP) ~':)fll'jri'':)lml:;M HSP JU~l~iJU~U':)U1ftti heat shock factor (HSF) 'unWYh'H\rl~liJu 
.d.. 'j/ 9 " cv 'j)If' <I.'.d. Q,..I .:.."! 

transcription factor (Morimoto, 1998) HSF 'Yl\lnflU'Y'IU 1UlJlfl'WUUlJ 3 'fI1~1t1nU flU HSF1, 

1 .d 'JJ IV .,.. 'j) i .. 
HSF2 II"~ HSF4 ~~tI HSF-I 'il~lOtl1'IJU.:)n'lJfll'j~VU~UV':)'\JU':)I'1I""'fIDfI1l1J'jDU U'lJW~'Yl 

. . . 
QJ~ 0 'j/.c:sd Q.I

HSF 'fI1DU'l'il:;'Yll'HU1'YllOtl1n'lJ developmental process (Pirkkala et aI., 2001) 
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hHYml:::~il.iiJ~-:)m:::~lJJlJ HSF-I 'il:::~U()Qnu HSP ilJ~U inactive 

,,d,, 'j) 'j) 0i'j)'" .J "1.1 'j)i'j)",
complex 1I\PlllJ()lJfll1lJ'J()lJlJlm:::9jlJ 'il:::'Vl1 'HIml denatured protein 'lWil::: !Um:::l'JlJ '\1!n~fll';i 

IItiflil'U()-:) HSF -I ()()fl'illfl HSP hw HSF-I ~11JlJfl'ff';i:::i1 'il:::I.ultiih!fl~tI'ffi U~UnlHhlJ'u()-:) 

heat shock element (HSE) ~-:)()QUlJ promoter 'U()-:) HSPs 'Yhili'iJflW1Y-:)lml:::M HSP ~1~lJ~lJ 

hw HSP ~IYilJ~lJi1'il:::l1nllrl~ltJlJ chaperon protein fI() 'lhtll11i'\11U';i~lJ~i:Jfl'ff~1-:)~lJlJl 

i'\1l.i()~ilJ~U'il-:)~i:Jfl~()-:) II~::: 'lilt1'li()lJlI'l1lJ denatured protein ~i:Jfll11mtl'illflmllJ~()lJ 
J'Il./Q' V.,dd0 

(Morimoto, 1998) lJ()fl'illfllJtI-:)lJ'J1U-:)llJl1 HSP 'ffllJl';iO'Vl1l1lJl'YlIDlJ pro-inflammatory 

cytokine iOOfl~lU i~W'rlU11 recombinant human HSP70 (rhHSP70) 'ffllJ1':iOll1tiUTUlili'iJ 

'j) • ~ 

fll';j'ff';il-:) TNF-U U~::: IL-6 IVllJ'UlJilJ monocytes (A sea et ai., 2000) II~::: ilJ mast cells 

(Mortaz et ai., 2006) i-:)JlJ()1'il I 1JlJiui~11fll';iIYilJ~lJ'U()-:) TNF-U 1lJil"nmum'ff~'illfl1glJ 

., 'j) 'j) 'j) 

'\1~ -:)'il 1fli:J flm :::~lJ~lUmllJ'J fllJ 

i U';i~lJ~fl fl~lJl1~-:)~iJmllJ!~Ul.u()-:)n'UmllJ~()lJ 

'IJ()-:) transient receptor potential (TRP) channel family ~-:)U';i:::fl()'Uiu~lU i U';i~lJ(i-:) 30 '1I'W~ 

i~Ufl~lJ'IJ()-:) i U';i~lJ~l11l1Ul~~'UmllJ~()lJ (Thermo-TRPs) JlJ iJ'fflJl~fl()Q 9 il~lUnlJ 

U';i:::fl()'U~lU TRPYI-4, TRPM2, TRPM4, TRPM5, TRPM8 II~::: TRPAI Cii-:)iU';i~lJ!!~!!~::: 

ilJlJ'il:::i:Jflm:::~lJ~QilJl1.fJiJ~U\Plfl~l-:)nlJ (Huang et ai. , 2006) i~uiU';i~lJ~iJfl1':i;:Ymd1mh-:) 

!!'rl'i '\1~lUilJD'il~UlJ 11!1JlJ ilfll';i rilrlty i lJ m:::UllJ fl1':i ~UfmllJl~UU1~DlJl~ ()-:)lJl'illflmllJ 

iI Q..t.d 4 l '<::::' ''~ Q.I i . "","" 
';i()lJlI~::: fll';i () flI'ffU fl () TRPY I 11';i () !!\Pl!~lJ~ 'il flfllJ lJ'lf() vanilloid receptor I (YR I) !lJ()-:)'illfl 

i:Jflm:::~lJ~lU capsaicin ~-:)!lJlJ'ffl';i,jl'rllfl vanilloid ~()~1lJ'rl~fl (Szallasi and Blumberg, 

1999) 1I~~()lJli~!U~UlJ~() '1 l1l.i!tJlJ TRPY I !~()-:)'illfl'rlU11 i U';i~lJili1mm -:)'ff~l-:)fl~lUfl~-:) 

nUiU';i~lJ'1lJfl~lJ TRP ion channel U~:::i:Jflm:::~lJ!rlm~ilJl1.fJiJlJlflfl11 43 ()-:)f11!'l1~!~tJ'ff 

(Caterina et ai., 1997) lJ()fl'illflJlJU~l TRPY I 5-:)\lflm~~lJ 1~~lU'ffl';iglJ'lflfl !'lilJ 1U';i\Pl()lJ 

~I 'j)
(lordt et ai., 2000) !I~~ bradykinin (Cesare and McNaughton, 1996) lulJ\9llJ U'Yl1J1'Yl'U()-:) 

TRPY I 1lJ fll';il1111Ul~!iJlJ nociceptor i~iJfl1':ifffl1J1 '1 lJ'1T\9l1'Yl~~()-:) i ~U'rlU1111\l~ ll.iiJ 

TRPY I (TRPY I"') 'il:::iJfll';i\9l()U'fflJtN~()mllJ!~UU1~~!n~'illflmllJ~()lJ~~~-:) (Caterina et 

ai., 2000) 

v d.d .d ... 1 vi flH'ff';iH'IJ()-:) TRPYI !1JlJ homo- 11';i() heterotetramers 'l1-:)u';i:::fl()U~lU 4 

subunits (Kedei et ai., 200 I) i~ulI~~::: subunit 'il:::U';i~fl()U~lU putative six-transmembrane­

.d ~ ~ d i "" spanning protein 'l1-:) tetramer lJ 'il:::U';i:::fl()U'UlJ!DlJ cation-permeable pores ~UlJ'ffllJ'IJ()-:) C­
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TRPVI l'i{)m~I'lhr)'tJf)'lHl-.11mHl'U YlUll TRPVl ~~ltI'U non-selective ion channell~{)'il::{){)lJ 

ilfUflfllCb'{)l./'il:: ~Wh'Ul.,rll'lfflfl1~~1{)f)111{){) {)'U'll"U~g'U'l ~-.1I1f1f1ICb'{)lJrlijU'Y1Ul'Y1 i 'U m~~l 

'lfln~ desensitization 'lI{)-.1 sensory neuron (Caterina et ai., 1997) U~"W human epidermal 

keratinocytes J\.J YlUllm~~whw '11 {)-.1I1f1f1ICb'tllJl.,rltil'lffl"~lltl'U I'i{) f)U l~lJ f)U U'ff~-.1{){)f)'lI{)-.1 
'" " "" d?1 "1 _1"1 ". ,MMP-I 11J{)\lf)m::9J'U~1t1f111m{)'U (Li et ai., 2007) 'il-.1{)lllllJ'U!lJ !~11 'U non-neuronal cells 

tY'U 1If1f1ICb'tJ1J~~wh'Ul.,rltil'lffl",Jlll::~mUl~ltI'U secondary messenger ''Um~ril{)'Y1{)~ 

-fftytylru'll{)-.1 TRPV 1 ~nh1utim~ IU~{)'UuuMm~ 1I'ff~-.1{){)f)'lI{)-.1{j'Udh'l11JltJ 

m~~1-.11'U'lJ{)-.1 TRPVI tY'U \If)fI1UfJlJ~1{)f)fllf)~Ti{)'U.,rwiu~{)'U l'U'ffill1:: 

Uf)~J'U ll~YlU TRPV 1 I~.J-.1 i'U l'lf II'1Ylfllft'~1JllfI:: r~bl'lffl" 1~{)ll::{)~i'U~u~hift'llJ1HI 

~1-.11'U I~ f)anfi{) TRPV 1 ~{)~i'U i'lf 11'1'lf{)fI'il~~1-.11'Unl'imrl{)ljR -.1m~~'U ~-.1'il~~1i,rln~m~ 

1fI~{)'Ufj'1{) TRPVl IU{)~U~l1ruN11'lffl" (Morenilla-Palao et ai., 2004) '1h'U TRPVl ~{)~U'U 

N11'lffl" 'il~1i'u{)~nu phosphatidylinositol 4,5-biphosphate (P]P2) ~li'l1"lhift'11Jl~f1~1-.11'UI~ 
~ , 

i-.111'U phospholipase C (PLC) ~-.1mlJUfI cleave P]P2 I~ ~-.1ft'l1Jl~f1UfI~Ua{){) TRPV 1 {){)f) 

'illf)m~fI1UfJ1J'lI{)-.1 PIP2 1~ (Chuang et ai., 2001) 'U{)f)1l1f)rl U-.1YlUl1 TRPVI \If)fI1UfJlJ~1t1 

m::U1'Uf)U phosphorylation m~I~1J'\1~l'J{)ml'Jl'll~{) protein kinase A (PKA) 'H5tl protein 

kinase C (PKC) 1l~1~1Jfl111Ji1'l1{)-.1 TRPVI Iii{)R-.1m~~'U ''U'lIru~~m~~-.1'H~l'J{)ml'J>'1{){)f) 1~{) 

phosphatase 1'lf'U calcineurin 'il~fI~fI11lJI1'U{)-.1 TRPV 1 (Mandadi et ai., 2006; Mohapatra and 

Nau, 2005) 

I~{) -.11l1f)fI111JrmJltl'U rl'mHlJ~ 'Yll-.1mtlillYl ~ -.1111'1 f)liil-.1nuR -.1 m ~~'Ug'U'l ~ 

11l'Uft'Ulfllj 1'lf'U capsaicin ~-.1ft'11J1~f11i'unu receptor i~tlVl-.1I\lYl1::11l1~'il-.1 ~-.1It1'U~,Jlft''U'1l11 
~ Q,t j.J v V] jJ I "I d , , ~I 

TRPVI 'U'U~U~fI111JH)'U !~tl{)l-.1!~ mltl-.11'U11 C-terminal domain 'lI{)-.1 TRPVl tJlll::llJ'U 

~111'H,J-.1~furfl111Jr{)'U 1~{)-.11l1f)lrltl~1 sequential deletion i'U~lllmj-.1 distal half C-terminal 

'il~~lilf temperature threshold fI~fI-.1 (Kedei et aI., 2001) flVNhnI'l11Jf)flif)i-.1f)a11U-.1111 

mlUII,J'lf~ David E. Clapham i~{)]jUltll1 ,Jl'il~ljfl111J'ui~fl~ 3 mru~1t1n'Ui'Uf)ufuf 

fI11lJrfl'U rlfifl I) fI11lJr{)'U tllll~lilfln~m~IU~tI'UIIUfI-.1m~ ~~!~ tI-.1i1 (rearrangement) 'lI{)-.1 

i'Ui'll11'UU'UN11'lffl" ~l'lfijm~IU~tI'UIIUfI-.1 membrane tension 2) fI111Jr{)'U{)1'il~li,rljm~ 

IU~tI'U~U~l-.1 (denature) 'lIfl-.11U~~'U ~l'lfln~m~lil~'lItl-.1 channel 3) fl111Jr{)'Um~~'U 
0'1""'" ::"Isecondary messenger 'Y11 !'HIf)~m~llJ~'lJtl-.1 channel (Clapham, 2003) 

http:IU~tI'UIIUfI-.1m
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iflt"'11'UilltYmf1 !'Jl'i)::;WlJ TRPVl i'U!'lHlri''UU,n::;lJ1Jlh::;TI'l'Yl !'li'U neuron 

i'U trigeminal ganglia !!1:1::; dorsal root ganglia (Helliwell et aI., 1998) ~-:tTI'Dflf1 ~D 'H)lJlJ'Yl1J1'Yl 

'UD-:tl1'U i'U nln1111t!1~1~'U nociceptor ~mJ1 i~ljf)1'Jrl''UWlJ TRPVI i'U''lil:lri'g'U~ ilii'li!'lI1:Iri' 

lh::;TI'l'Yl 1'li'U epidermal keratinocytes (Southall et ai., 2003) U1:I::; gastric epithelial cells (Kato 

"'l .x" ~ v 'I II) • .1 i .. cl d • F- v .. 
et aI., 2003) 'illf)nl'Jf1f)1l1IlJU-:t~'U'UD-:tmU::;~1'i)tI ~'U 11"1 lJ'JlJmTI'\9I'i)lf11D'Utlflu'J'Yl'U~TI'llJ1HI 

\91 'J1'i)WlJ nlmTI'fl-:tDDf)'lIU-:t TRPVI !'li'Ufl'U !~D-:t'ill f)'liu-:tlhm1J'U Dlt11::;~ljnl'J !U~ tI'UIIU1:I-:t 

'Uu-:tQwlli,1iiftD'U.,j'N\1-:t ~-:tJ'UD1'i)1~'U1u1~'h TRPVI ~DQi~imlJmTI'~'i)lf1!g'U(jflmiml 

U1'i)::;'Yi1'H t!1~' 'U nl'J i'1J'ffrurulWf111lJ!D'U II1:1::; lj f11 'J 01 tI'Yl Dflffru rulW ~ -:till ti tlTth,,rlj f11 'J 
u u u u 

, " " 
f111lJfVi 1~i'lJ'illf)f11'Jftf)1l1f1f-:tu 'i)::;'Yil',r 
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:Xl .. J'"j ~ .. 
I. fll'HYll:;nHJ":) WlunJ1.'Ilff~'IllfH1HHtIflmVllJ~ 

"1 •.11 ..... <$ "" • r= ~ .. '" J' "j • r=
In mUfllff~'illfH'HtJf) (GF) IW:;ltJ1W~u'j'VIU~ (PDL) 1'fl'j(JlJ'illfHUtJWtJu'j 

l'lu~'illf)Vlu 'UtJ":) Hlh(J~tJoiuu~u f)l':i 1 f)lJl~ihj'tJ'Ij..:)~':h 'il:;'ii'tJ":) () f)()tJU hwVlu tTu 'Il:;'ii'tJ":) ll-iii 
~ ~ ~ 

~'VI:; '1 0,,:) 1 YI':i..:)lh:; ffl'VIWUUfl:; ll-iii'j tJ(J hfl~u1.'Il(Jnf)Vlu n f1l'j 1'fl1 (JlJl'1$flr:ll ~ (JotJiirl":)ci '111 

"'''1 ~ ~ ~ '" J' ! ~ '" 1WU'VI 1~1Jlm..:)~l(J phosphate buffer saline 'VIU'jlfl''IllfH'l1tJ111.'1l(J''1 fI':i..:) ffll1'jUf1l'jlm(JlJ wlu 

.. <$ "" .r= ~ "0 1 ~ ~'" J'"j .r= ~.. • 
'jU1.'Ilff'fl'illf)ltJU(J~u'j'VIU'flm ~(J l'l1lJ~'\l~IUtJWtJU'j'VIU'fl'il1f)ffllJf)1.'Il":) (middle third) 'UtJ..:)'jlf) 

VllJ "flu Il~1m U1.'Ilff~'illfHl1~tJ f)'Il:; Ili'~ 'illf);U ll1~tJf)~tJ Q'j tJU"1 fltJVlU 11l1JliUItJlJ;UI~f)"1 
').I .J tI ~ ticS g)~

Uflll1":)UlJ'IlllJlfl(J..:)I'1$flfl (tissue culture dish; Nunc) tJl111'jlfl(J":)I'1$flfl'VI1'l1f1tJ Dulbecco's 

d~ ~ 
Modified Eagle Medium (DMEM) 'VIlJ 10% fetal bovine serum (FBS) f)'Q'flllJU (L-Glutamine) 

2 mM IYlutJ9fflilU (penicillin) J 00 unit/ml m'fl~ul'fll1(J9flJiflIW'fl (streptomycin sulfate) 100 

1... .1 " . q Go ~ ~ d 9 ').I dd 

J.lglml Ufl:;UtJlJ nl'VltJ'j'1$UU (amphotericin B) 0.25 J.lglml l'1$flfl'il:;\lf1lM..:) IUl'jtJU'VIlJ 

QU!l1J,JD 37 tJ":)fl'll'1$fll~(Jff ufl:::iiu11JlOJnl'1$fIl1utJlJl~tJtJf)I'1$~llJtJlf1lfl' 5 % tJll1l':ilitJ..:) 

d' d tI~ £~, .J :. A'Q.I 

I'1$fl fl'il:; \l f1l U MlJ 'I'J f11U 'illJ I '1$fl fll fI fl tJ U tJtJ f)'ill f)'l1lJlU tJ 1Jl tJ QU lJ 'illU I fl (J..:) 'illf) U lJ tJl111 'j 1M,,:) 

l'1$flr:l'il:;\lf1lU~(Juri'u~lMfl:; 2 flf..:) f1l'j'U(JltJ,jllJ1UI'1$flr:l'il:;1'l'l1~(Jf1lH;'m'1$flr:l (subculture) ~ 

1'il1tyl~lJ'illUli(J":)fl..:)ti'illlJ l iu":)I'1$flr:lll1l-iluflml~lU 1:3 l~ul'lf'ltJlJ 1'1$,1 trypsin-EDTA l'1$flr:l 

'il:; \l f)Gl (J ri'u~1Mfl:; 1 fI f..:) I'1$ flr:l~1 'If'1u f)l':i 'VI~ fl tJ..:) 'il:; 1 'If'1'1$fl r:llu i lJ ~ 3- 6 llJ U~ fl:; f)l 'j 'VI~ fltJ..:) 

'il:::l'llf)l'j 'VI~fltJ":)'lhtJOl..:)'UtJ(J 3 fI f..:) Ufl:; 1 'If'1'1$flr:l~1'fl1 (JlJ 'ill f)~lh(J 3 flU 

~ ~.. ~ 
2. m:;\9)UI'1$fl{J~l(J LPS IW:; fll11J':itJlJ 

l'1$flr:l\l f)l1 'lllJ lU'IlllJliu":)I'1$flr:lUUU 24 l1'llJ ~fI11lJl1lJ lUlllJ 50,000 l'1$flr:l~tJ 

l1'llJ litJ":)llllJl1m 24 il1lJ":) OtJU'Il:;IU~tJlJltJlJ tJl111'j liu":)I'1$fl r:l~ 1l-iii~1lJ l'1$flr:lllJ f)~lJ 
~ ~ ... 

'VI~fltJ":)'Il:;\lf)m:::~U~lU LPS 'UtJ":) P. gingiva/is (InvivoGen, CA, USA) l1'jtJ E. coli (Sigma, 

d g) v J (V ~ Q.I Q.I ~ 
MO, USA) 'VIf111lJl'UlJ'UU IW:::'j:;tJ:;111.'1l'fll..:)"1 f)U IYltJ'fl'j l 'ill~'j:;~Uf)l':iUff~..:)tJtJf)YlU!lU'lJtJ,,:) 

TNF-U, TLR-2 IW:; TLR-4 ilJl'1$flr:l'illf)f)~lJfI1UfllJ Ufl:;f)l'jIU~tJlJUUfl,,:)'UtJ..:)'j:::rlUfll'j 
. " 
Uff~..:)tJOf)'UtJ..:) TNF-U, TLR-2 Ufl::: TLR-4 'UtJ":)I'1$flr:liUf1~lJ'VI~fltJ":) l~u11fl'jl:;Ml'l..:)lm:::rlu 

mRNA ~lU I'VIfltJfI RT -PCR Ufl:::'j:;rlU lu'j~lJ~lm'VIfltJfI ELISA Illuunuf)~lJfllUfllJl1 

1 '1 ~~ ~ lJ ~'jUf1l'jm:::~u 

ffl111U f)l'j m::: ~U~lUfI11lJ1tJUtTlJ l'1$flr:l'il::: \If)llliulitJ..:) i u~ou~QOJ l1iJD 

.c1 d .d! ..J tI 
45 Ufl::: 50 tJ..:)fl'll'1$fll'1$Uff IUUl1m 10,20,30,60, 120,240 lJl'VI 'illf)UlJml1l'jW(J..:)I'1$flfl'il:::\jf) 



) 5 

'" ".,
1Iml::;1l)::;~lJf1l'm'ff~'ItltlO'lJtl'l mRNA 'Utl'l TNF-CX, HSP-70 IItl::; HSP-47 

aa d'QI V «=.\ 

3. mnlfl)l:::ll)::;~lJ mRNA ~1m'YIfl'Wfl reverse transcription-polymerase chain reaction (RT­

., "1 1" .... dRNA 'i)::;tJO'ff0~'i)lm9ltltl ~(J 'II TRJzol (Gibco, MD, USA) ~llJ11im)'Y1 .., , 

1I'W::;111'lJtl'llJ~1l'YI~f.I~I'I'il10';'Wi~mlJlru RNA fi'ffO~ i~~1(J Spectrophotometer fifl111W11 

flg'WII'ff'l 260 nm RNA 1il'W1'W 1 J.lg 'illOU~tl:::i1tlril'l'il::;\lml1'hJf.h'Wm::lJ1'Wm) reverse 

transcription (RT) 1~(J1'1f'1tl'WI91lf Avian myeloblastosis virus (AMY; Promega, Wl, USA) 

1m::; oligo dT primer (Promega, WI, USA) ~QrulliJiJ 42 tl'lf1119lm~(J'ffI1J'Wl1tll I i1hi 'I 30 

'Wlfi I~tl 'lll'~ complementary DNA (cDNA) 

'illmTmJl cDNA ~i~'UI~lJ1il'W1'W~1(Jm::;lJ1'Wm) PCR ~'IUnO'fJlJ~1(J 
.. .. 
., 'I' .,d 1 

1 

'U'Wl'ltl'W ~'WlIl'ltl::;)'fJlJ~'I'W initial denaturation, denaturation, annealing IItl:: extension ~(Jm) 

<J} ~ 0 I 

'II'ffl(J primer 'YI'illIYll::;I'I'fJ nucleotide sequence 'Utl.:] TNF-CX, TLR-2, TLR-4, HSP47 IItl::: 

HSP70 IItl:::1'1f''ffl(J primer ~~lIYll::~'fJ GAPDH (glyceraldehyde 3 phosphate dehydrogenase) 

fI1lJ~o'Wlu l~tl1'1f'11J'Wi1f11lJfJlJm(J1'W (internal control) 'lJtl.:]m)'YI~tl'fJ':] -fflllllJ nucleotide 

sequence 'Utl'llll'itl::~'W~ffmn 'ffll.mt:1I'1)1'il'fftltll~'illO GenBank r-il'W'YI1':] website 'Utl'l 
. .. , 
~ .:::'\ V aa d"Q.I

National Institute of Health (NIH) llJtl'ff'WIl~m::;lJ1'Wm) PCR IItl111ml::ll'ffl(JYl'Wlim1'lJ'YI 

1~"1~Wm)IWO~1(Jm::II'ffivl~h''W 2% agarose gel IItl::;ril'Wril~1mfl~'fJ'I gel documentation 

system (Bio-Rad, USA) 

.:::::I. V aa"Q.I
4.0U1Iml::;'U::;f)lJm)II'ff~':]'fJtJO'Utl.:] TNF-CX mm'YIfl'Wfi Enzyme-linked immunosorbent 

assay (ELISA) 

mlJlru TNF-CX ~1lrl''I'illm9ltlrl'~I~llJlltl::I,jI~llJm)m::~'W~1(J LPS IItl::; 

fI11lJftl'W 'i):: \lOllm 1:::"'~1m'YIflUfi ELISA ~'Ii'W ~ltl'W 1~(Jcitl~'I~fi tl 191 tl rl''il:: \lOli(J'I1'W 

tlllll)li(J':]19ltlrl'~lliij Phenol red (Phenol red-free DME medium) I'Itltl~f)1Hlf)tltl'll~tlfh,jf) 

~1(J LPS 111tllm)li(J'I19Itlf1i'WIlI'if1::11qlJlJlllml:::H~1m'YIflUfi ELISA \?IllJ~'Wl'ltl'W~)::;1JH 

If)(JlJ~ll'YI If)(Jtl1ff(Jll~Om)~11 1'WllqlJ'Utl'l ELISA plate 'il::\lmfl~tllJ~hli'~1mltl'W~lJtl~ 

(antibody) ~ijfl11lJ~1IYll::OlJ TNF-CX 'illmT'W 'fJlm)!i(J'I19lf1rl'~lnlJll~':]'illOI9lf1tll~llJf)1) 
v 0..:::), V Q.I Q.I"d d.::::i 0 Q.I I Q 111 

m::IiJ'W 'il::\lO'WllJlll'IlJ Yl)tllJ'l OlJ antibody 1'11'Y1 2 'YIlJfI11lJ'illlYll::OlJ TNF-CX 1'll'Wlf)(J10'W 
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tI ,''' " 

flUI'i'111fffl~rl'tytyltlJl'1tJ1 U I'i'~UlJ TNF-U liiJtJQilJtJ1l11'J l~tJ~I"llLlri'1)~~UflU antibody 11-:J 

fffl-:J1'i'1I1Ll~\ln~-:JlJl~fl~nlJlHllJ 'iJlmTlJ antibody 1'i'1~ 2 IILl~ 1U'J~lJLY1lJlnlJ1)~\ln"'1-:Jflflfl 
j.I4 ~ \fIOoIQ.I ~.Q 

UCl11VllJ horseradish peroxidase-conjugated streptavidin "lI-:J1)~ IU1)UflU biotin 1)lnlJlJ1VllJffl'J 

! v d 0 i 'j).t::lo d d ~ jI 0 ddd ~ 
Vl-:J\9llJ (substrate) '\Jfl~ peroxidase fl'iJ~'Y11 mnfllUlJffl'JLl~LlltJff'\JlJ IILl1lJlffl'JLl~mtJ'YllJfflJ 

1UlflrilfllHJflfliilJllff-:J rilfll'J~fl niilJUff~~1~th!unn tJUllitJunu ml'YIlJ lVl'J !llJn1)~ 

fillJ1W flrl'UlJlllJmfilJ1W lu'J~lJl'1fl1U 1) 1fllTlJm lJlW lu'J~lJ~fillJ1i,'1J 1fi''iJ~Ufl!llitJUllitJU 

llJlJmlJ1W 1U'J~lJ~ fl ,jllJ1lJl"llClri'~11fln~'H1~1)1fl!'YlfliJ fI MTT U"'1~ -:J1111fflJ mlJlJml'YI 

" .
I"llLlri'\lnwhlJilJ1)llJl~tJ-:Jl"llLlri'uUU 24 'H'QlJ limllJ'H'WlUUlJ 50,000 I"llClri'l'1fl 

'" I I '" I !V 

'H'QlJ l~tJ-:JllJlJ!1m 24 i11lJ-:J ntJm~IU~tJlJllJlJfll'Hl'Jl~tJ~I"llLlri'li1liiJ~i'lJ 1)lnUlJl~lJ 

Q.I V d 0' 'j) 'j) 1 9'" "" 
'JU~llJm"llClLl\lflm~~lJfl1tJ LPS fltJ l'lH'YlfllJfI small interfering RNA (siRNA) 

RNA interference (RNAi) llJlJl'YlfliJfI~H'lJfll'J 5uJ-:Jfllmfffl-:JtJfln'UtJ~VlJ 

lYitJ i~lJ fll'Jf1mnfllH'i1~llJ'tItJ~1 U'J~lJ lflwlJlJ posttranscriptional regulation of gene 

expr~ssionH~flp.osttranscriptional gene silencing ilJfll'Jf1f1fnrli'lf' siRNA '\Jfl-:J TLR-2 'H~fl 

TLR -4 ~~llJlJ RNA ffltJ~ iJmllJtJ11'l.h~lJlW 21-25 ~IUff UfltJfl nuuUllLl~rl'~lml~MlfltJ 

U'lll'Yl Invitrogen lYitJl'i1mrl~,jl!l'n~ilJfll'Jl'i'fI mRNA TLR-2 'H~tJ TLR-4 ~iJtJQilJl"llClri' 

mRNA ~undtJtJ'iJ~\ln'YilmtJ llJlJ HCli'H'liiJ mRNA NllJ!~ltim~U1lJ fll'JUULl'Jtfff1ullJlJ 

hh~lJ l'hi'H1liiJf11'Jffrl~1 U'J~lJ'\Jfl-:J TLR-2 'H~tJ TLR-4 lnfl~lJ l'ilnl'Jf1mnlfltJ'H11lJl"llLlri' 

ilJ 'iJllJlitJ~I"ll"ri'UUU 24 'H'QlJ ~mllJ'H'WlUUlJ 50,000 1"ll"ri'l'1tJ'H'QlJ l~tJ~llJlJ!1m 24 i11lJ-:J 

nflm~IU~tJlJl1JlJtJ1'Hl'JlitJ-:Jl"llLlri'~1liiJ~flJ 1)lmTlJth siRNA I'1fl TLR-2 'H~tJ TLR-4 l'lfl 

rt''iJ ~ 'j) d Q., 1 1.cd v 'j) 

I"llLlLlfl1tJ11ifll'J transfection fl1tJ lipofectamine lUlJ!1Lll 24 'li1 lJ-:J fltJlJ'Yl'iJ~m~llJlJfl1tJ LPS 

TNF­
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~ 0' 	 ..d 1 I V J; 
7. 	f)1'.i11fl':i1::l1 signaling molecules 'YI LPS ~'Hl1V~tyty1ruIYHlf)1'.ifl1UnlJf)1'.illft~-:Jflflfl'IJfl-:J 

,..~CV~ 0 	 .c::t.1 

TNF-cx' ~1V'il1VUV-:Jf)1'.i'YIH1U'lJfl-:J signaling molecules 'lfU~'ilH'l 

19l'lHl\lfl'H'"hu 1 U'illUliv-:J19Hl-ft lI1:l::fl'.i::~u~hv LPS 1~vl1if)1'.ifl-:J~fl~1111 

.,j'l-:J<Pi'U 'u~m1::~iJlI1:l::1liiJfl1VU~-:Jf)1'.i'YiH1U'lJfl-:J MAPK pathway (ERK; extracellular 
v 

signal-regulated kinase, JNK; c-Jun N-tenninal kinase lI1:l~ P38 kinase) fl1VUV-:Jfl1'.i'Yi1-:J1U'lJfl-:J 

P13K, Akt lI1:l:: NF-kB 1~V'il::iJfl~lJfI1UfllJU1flftflfl~lJ~1fi'fumYn:: LPS 1m:: fl~lJfI1UfllJ 
• ,,)J 	 , 

1:lUftfl fl~lJlil~lJm 'I"ll::fl 1VUV-:J f)1 '.i 'Yi1-:J 1U 'lJfl-:Jfl1VU V-:J fl1'.i 'Yi 1-:J1U 9i N''l .,j'H<Pi'u II1:l:: fl~lJli1li1fi' 

fUf)1'.iI~lJ~1'.i1~"lllft111fl':i1::"ff)1'.iIl~~-:Jflflfl'IJtl-:J TNF-cx' ~1t11'Y1fI'Ufi RT-PCR 

8, fl1'.i1lf1':i 1::11fl1:l1 fl~I~V1.,j'fl-:J1u f)1'.i ~fI11lJfflurilV'YIfl~~tyty1rulv7fl'fl1UfJlJf)1'.i II~~-:Jflfl f) 
.. 

'lJfl-:J TNF-cx' 1~v1i~1'.ivuv-:J'lfi1~9iw'l 

... ' 

flft111i.,j'1-:J<Pi'U 1u~.fln::liiJlI1:l::1liiJ~1'.ivuv-:J'lfi1~9iH"l 1~lIri capsazepine IYiflfffllnU'YIUl'YI 

'lJfl-:J TRPVl ~1'.i EGTA lv7fl'Yi11M'"fllm'.iliv-:Jl9l'mi'lh1ff'il1flll'fl1:l19lVlJ 1I1:l::1;tUfl1'.iffflld1 

v ~ " 	 d . d 

~1'.iVUV-:J myosin light chain kinase 1m:: cytochalasin-B l'I"lflffmmW 

d "~d 01 "" "1"" 01 •'IJ fl-:J HSPs 9l'-:J \l fl~'.i 1-:J'IJ UllJfll9l'1:l 1:l \l flm::~U~1VfI111J'.iflU ~v 'il~ 11fI '.i1~mm'IJ fl-:J~l'.i 'ill-:J'"] 

fl-:Jflftn9ifl'.i~flUfl1'.ill~~-:Jflflfl'IJfl-:J TNF-cx' 1~V11fl'.il~"f'.i~flU TNF-cx' ~1t11'Y1f1i1'fl RT-PCR 
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d.<::S. Ii"I. YH1 'lHJ~ LPS 1I1f1 P. gingivalis UCl::: E. coli 'YIlJ'ilOf11'jUfffl~OOf1'\HJ~ TNF-U lWlfClCl 

'Ll1 "'" 1'1-.11 "<1 ...~ '" " " !Y'I mUCllff'il'il1f1l'IH0f1 (GF) UCl:::!1"I mUCllff~'il1f1lmHJf)u'j'YI'U~'tIO~lJ'4llU (PDU 

~ ~ tI V d 9J v 
llJOm:::<fJ'UIC1H1Cl PDL IICl::: GF fl1U P. gingiva lis IICl::: E. coli LPS 'YIf111lJl'lllJ'U'U 10 ug/ml 

IU'Ul1Cl1 24 i11m 'VlUf11'jI~lJ~'U'llO~'j:::f1Uf1l'jllfffl~rJOf1't1rJ~ mRNA 1m::: hh~'U'llO~ TNFU 

'fI''UlClfmhf~ffO ~'l1ll fI 1fI {JI ClfClri'1I~ Cl :::'l1ll flff1lJlHl~OU ff'U 0 ~~o LPS J~ffO ~'l1ll flfi'1t11 'li'U flU 

f1~II'ff~~i'UHJ~ 1 
'U 

LPS 	 LPSA. 	 c. 

control Pg Ecoli control Pg Ecoli 


TNFa: TNF a: 

GAPDHGAPDH 

D.B. 
-c-c o •o u.u. 

Control Pg E.coll Control Pg E.coli 

B. 	~lU1'U1l'i1 (fold) 'lJO~'j:::~U hh~'U lli:l::: 'j:::f1Uf11mfffl~OrJf1't10~ TNFU i'U GF C. 'j:::f1U 

o· '" 1. 1 '" .,j '" "'" " "mRNA IICl::: B. 'il1'U1'U1'YI1 (fold) 'lJO~'j:::flU u';if\.'UllJrJ !flHJf1l.'jm:::<fJ'Ufl1u Pg UCl::: E. coli 

LPS llmlnnflUl'Ylflllfi RT-PCR 1m::: ELISA 
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.dt Cj) d' <J}

2. 'lJl1U1l1'Utl.:J ILR-2 111:1:: ILR-4 IlJtlm::\9l'Ul'1l1:11:1 PDL 111:1:: GF fl1tJ LPS 'illfl P. gingiva lis 

111:1:: E. coli 

TLR2 TLR4A. POL 
Blocker Blocker 

PgLPS+ + + 
~ . . 

,t'" .. ~..... $ ' •• 1•.-': • • TNFo. 

GAPDH 

TLR 2 Blocker TLR 4 Blocker 

E. coli LPS+ + + 
TNFo. 

GAPDH 

TLR2 TLR4B. GF 
Blocker Blocker 

PgLPS+ + + 
TNFo. 

GAPDH 

TLR 2 Blocker TLR 4 Blocker 

E. coli LPS+ + + 
TNF a. 

GAPDH 

.. ~I 1" .,; "1 ~~ 
Ufffl.:Jtlilfl'llil.:J GAPDH '1I.:JluU internal control UI'1Ii:l1:1 PDL (A) 1Ii:l:: GF (B) IlJil !fl'J1Jfll':i 

jJ Cj) o::i Cj)" 1';'"
m::\9lUfl1tJ Pg Ui:l:: E. coli LPS l1f111lJl'IIlJ'IIU 10 uglml Ufffll1::mJ specific blocking 

antibodies ~il ILR2 1Ii:l:: ILR4 (ILR2 111:1:: ILR4 Blockers) 

~,

.1'" 1~ '" '" , 1.1 '" '" '" 
. 

~0 ~1U~uUllfffl.:Jfll':i 'Jj' antibodies l1lJfl11lJ'illlVil::flil u':iflU ILR2 l1':iil 4 l1f111lJl'IIlJ'IIU 

V'j).d.Q~Cj)A od 4~1 31,.,
'20 uglml (fI11lJl'IIlJ'UUl1'IJ':i'l:l'Ylf;!J:.l1:1IPl; Invivogen IIU::Ulflil 10 uglm!) '1I.:JluUfI11lJl'lllJ'IIU~.:J 

~'lfl~l1flfftl'IJmhjl hJI1~JUW'l:l~ilI'1I1:1~~1m'Ylfliifl MIT (il1i~llfl'fl.:JJ:.li:l) loUl i ll~'lJn'IJ TLR2 

l1~il 4 ~.:Jtl~'lJu~hl'1li:lci' l'i11,r'llfl'll11.:Jfll':i~'IJ'IIil.:J LPS ~tl TLR2 

blocker) IrJilfffl'l:llfl11lJ1:i1tilqj 1Ii:l::fI11lJ111IVil::'II il.:J ILR2 
, 'j).,. d' jI ~ 

\P1tlUfI'Utl.:JlPlilfll':im::\9l'Ul'1l1:1i:l PDL Ui:l::I'1Ii:li:l GF fl1tJ Pg LPS l1':itl E. coli LPS 

~ll~ 2A J:.l1:1fll':i'Ylfli:ltl.:JViUillrlill'1l1:1ci' PDLi~-rUflum::~U~1tJ Pg LPS (~1l2A . Ui:l1 

'lJU) fll':i IIfI'fl.:Jililfl'llil.:J TNFU l~lJ~U (TNHX, lane 2) 1l~lrltl i~-r'IJ blockers ~il TLR2 
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(TNFU, lane 3) 'VnJf)l'jIl'ff~'1tHH)'IHl'l TNFU ~~~'1~'j::iu'~(J1nun~lJ~'hjQnm::~'U II~:: 

IrlVI~1U blockers ~V TLR4 (TNFU, lane 4) 'VlUf)l'j~~~'1'IJV'I TNFU VciWIf~I1J'U 
9 d ~ '" " .." .1'~'U'lJru::I~(J1n'UllJVm::'fJ'UI'lI~~ PDL ~1(J E. coli LPS (~u 2A. IIm~N) 'VlUf)l'j 

~ ~ Q.I l...:i \t] 9JQ.I I tv I 

l'VllJ'IJ'U'lJV'I'j::~U TNFU mRNA (TNFU, lane 2) UflIlJV !~'jU E. coli LPS nlJnu blockers flV 

d V ..:::s I Q.I d d'~Q.I

TLR2 (TNFU, lane 4) 'VlUf)l'j~~~'1mn'Uv(J'lJv'I TNFU 1I~::lJf)l'j~~~'1\1'j::~UI~(J1nUI'll~~Y1 

1l1I~funnm::~'U IriVI~1U TLR4 blocker (TNFU, lane 6) J''1rl'j::~lJnnll'ff~'1Vvn'IJV'I 

TNFU l'U'ffm1::~lri blockers ~V TLR2 (TNFU, lane 3) l1~V TLR4 (TNFU, lane 5) 1I~I'Yi(J'I 

V01'11~(J1l~(JllilJ LPS l'lu,.h ll1lJfIl1lJllfln~WinnmilJfnufJlJ 1I'ff~'1 hrn~'U11 blockers ll1ii 

f-l~~Of)l'jl!'ff~'1VVnUn~'IJv'I TNFU l'UI'lI~~ PDL 
v v v 

.,rm..l~1'Uri1'UUU'ff~'1hrrH'U111'l1~~ PDL u'U1lJi Pg LPS II":: E. coli LPS I~vl'lm'l 

TLR2 II":: 4 ~'1ri'lf-l~~tlf)l'jl~lJf)l'jIl'ff~'1Vtln'l'U'j::ilJ mRNA 'Utl'l TNFU 

~U~ 2B 'l'Uri1'U'lJV'II'lI"~ GF 1~1Uf)l'jm::~'U~1(J Pg LPS (aU 2B. IImu'U) nn 

~ .J ,.c:9 \t] VQ.I , 
U'ff~'1vvn'Utl'l TNFU ll'llJ'U'U (TNFU, lane 2) IIflllJtl !~'jlJ blockers flV TLR2 (TNFU, lane 

~ I V I Q.I

3) l1'jV TLR4 (TNFU, lane 4) 'j1lJ~1(J l'lUnnll'ff~'ltlVn'IJtl'l TNFU "~~Wl1'Un'U 

~ V d' v ",I I .do J Q.I 

1I~::llJtlm::'fJ'UI'lI"~ GF ~1(J E. coli LPS (~u 2B. 11\11"1'1) 'VllJf)1'jl'VllJ'IJ'U'lJtl'l'j::~U 

TNFU mRNA (TNFU, lane 2) 1I~lritll~1lJ E. coli LPS :i1lJnlJ blockers ~V TLR2 (TNFU, 

lane 4) 'VlUf)l'jl!'ff~'1tlVn'IJtl'l TNFU ~~"'ltl01'li~I1J'Ulm::~·iln11'j::~u baseline expression 

l'U'lJru::~,ritll~1lJ E. coli LPS :i1lJnU blockers ~V TLR4 (TNFU, lane 6) n'ff1lJl'j(W~f)l'j 

U'ff~'ltltln'Utl'l TNFU l'U'j::~lJ mRNA "~"'1~'j::iu baseline ftvl'¥ilnun~lJfIllJfllJ~1lil~1u 

(TNFU, lane 3) l1~tl TLR4 (TNFU, lane 5) U~I'Yi(J'Imh'lI~(J1l~(JIl1lJ LPS 'VllJ111l1lJfIl1lJ 

Ufl n~1'11J1nmllJfIlUfJlJ u'ff~'lllfnl'U11 blockers ll1ii f-l"IJIV f)l'j 1I'ff~..Jtltl nun~ 'IJtl'l TNFU 1'U 

1'lI"~ GF 1'lf'UI~(J1nlJ~ll1iif-l,,~m'll"~ PDL 

~ I J 'l"d, d' ~ dQ.l 'jJ If!jJ!
'IJtllJ~1'U'ff1'U'UU'ff~..J 11111'U11191"" GF '\..I'UmlJ~ Pg LPS 1m:: E. coli LPS !~Y1'lm'l 

TLR2 II":: 4 !'If'U!~(J1nlJ1'U1'lI''~ PDL mh~lJf)l'j!!'ff~..Jvvn'IJtl'l TNFU 

VONh n~llJ1J1m::~U'lJtJ..J TNFU ~"~~'llJlmrtl(J~l'1n'U~..JII'ff~'l1'U~u~ 2 tT'UfJ'Itl1 
. v 

'ff1lJl'j()'ff~ut~i~I1J'U111'Uf)l'j1lJf LPS 1I~~::'l1iJ~u'U !'lI~~i'l1' TLR2 l1~tl TLR4 l'Unn1lJi 

" " . " 
lJlnn11n'U vl'luli1 tl'l1J1n IlilMmnmlJlru nnU'ff~..JVtln'IJtl'l TLR vl'l'ffV..J'l1iJ~ l'\..1~u'Utl'l 

1u'j~'U !11'Vl1::~ tlQu'Uih!91"~ ,m:: Ilil~Vi\111UU'j::iYY1~ ml'l1'U nn block 'IJV'l antibody vl..J 

'fftl'l1'U!91"~'l1iJ~rl11~fIl1lJ l.,rlJ.,r'UI~(J1n'U'ff1lJl'j5u5..J,)1'U 1'U llJ!"fl"'UtJ'l TLR vi I'vil n'U 

l1~tllli 

v 
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A. POL 

siTLR2 slTLR4 

control Pg E coli Pg Ecoli Pg E coli 

TNFa 

TLR2 

~ .-.~ ______ ~ ..........o •• o'.~ ,. .. ~~.~" 
 TLR4 
~a . • 

GAPDH 

B. GF 
slTLR2 slTLR4 

+ + + Pg LPS 

__ ........ 'JJ •• ~. ,. 
 TNFa 

TLR2 

- - -­ TLR4 
--~ 

GAPDH 

'HJ~ 3 U'ff~..:j'.i::ffUf)1'.iIl'ff~·H)tJO'lJtJ..:j mRNA 'lJtJ..:j TNFU TI..R2 "":: TLR4 1'I.H'lI"rl' A. PDL 
~ . 

.A b) i!<v 'j/ 'j) d 9J vi" d

IIfl:: B . GF l'lJtJ !~'.iUf)1'.im::<il'Wm£J Pg lW:: E. coli LPS 'YlfJ11'lJ1'lJ'lJ'lJ'W 10 ug/ml 'W'ffm1::'Yl'lJ 

siRNA ~tJ TLR2 Ufl:: TLR4 (siTLR2, siTLR4) 

£J111h::'lJlUl 21-25 ~IU'ff tJotJtJnuuuhriiIU'ff~'ff'lJnU'lh..:jlU'ff~iifl11'lJ'illlVn~'lJtJ..:j TLR-2 

" l1~tJ TLR-4 mRNA ff..:jU'W01ii TI..R-2 l1~tJ TI..R-4 mRNA 1I'ff~..:jtJtJotJ~i'I.H'lIflrl' mRNA 1I::tJO 

')UII,,::tJovtJ£J'Yh"l£JItJ ~..:jhJiil1~tJ,,~,j1'W1'W mRNA 'lJtJ..:j TLR-2 l1~tJ TLR-4 ~'il::tJOU1J"..:j 

ni''ffllh1J'W hh~'W 'YilLl1'''h.Jiif)1'.i'fff1..:j hh~'W'lJtJ..:j TLR-2 l1~tJ TLR-4 ~'W 11~tJiif)1'.i'fff1..:j~ 

(toxicity) 'lJtJ..:j 

" 'ff1'.i lfJii~L'l$1 'W m ::U1'W f)1'.i ~1£J Hfl f)1'j ffmni 'W -ff1'W -Wi1fI'j 1~"r111 m::ffU f)1'j U'ff~..:jtJtJ 0 'IJ tJ..:j 

TNF-U i~£J1'YlfJ-WfJ RT-PCR 

~U~ 3A 1I'ff~..:jhrI11'Wi11rlm'll"rl' PDL 1~i'Uf)1'.im::~'W~1£J Pg l1~tJ E. coli LPS 

. " 
'ff1'lJ1'jmWlJ'j::ffuf)1'.i11'ff~..:jtJtJO'lJtJ..:j mRNA 'lJtJ..:j TNFU l~tJVWlf~111'W 'WtJ01l10-W f)l'.im::~'W 
". • 'j/ 

~1£J LPS l'l..:j'fftJ..:j'l$-W~5..:jiiH"IW'lJf)1'jIl'ff~..:jtJtJO'lJtJ..:j TLR2 i'W'lJUl::llf)1'jm::~'W~1£J LPS l'l..:j 

'fftJ..:j'l$-W~ 11JiiH"IU~£J'WIIU"..:j'j~ffUf)1'jIl'ff~..:jtJtJf)'lJtJ..:j TLR4 (lane 1-3) 1I1mf'Wlrlm'll",,1~i'u 
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v v '" i':::::::a. QII 

f1l'.if)'j~~lJmtJ Pg lfH) E. coli LPS lJ""'fI11~'YIlJ siRNA ~H) TLR2 ll"~ TLR4 YlUl1'J~~Ufl1'j 
, , 

1I""'~'1fJfJfI'IHl'l mRNA 'lJfJ'I TNFU "~"'1 (lane 5-6 II"~ lane 8-9 I'llmiliu) l)jmlitJunUmllJ'Yi 

'~i'ul'rlcJ'I Pg LPS (lane 2) 'H1fJ E. coli LPS (lane 3) lyhtTlJ .J'Irlih:dl'Vl~fI1Yl'IJfJ'I siRNA ~fJ 
TLR2 ll"~ TLR4 ilJl'lfml PDL llff~'1'illfimllmllJ1'J()ilJfI1'j"~'j~iu mRNA 'lJfJ'I TLR2 

. v 

(lane 4-6) II"~ TLR4 (lane 7-9) '~fJdWlr~I'illJ l!l!11',j""'llJl'j()"m~iu mRNA '~'Vi'l'HlJ~n 
.. i V 

, 
.,. ct • ., <S _Id1

19l1lJ ~"fI1'jffflilllJ'jllJflU~"fI1'jfl'f1m ~tJ 'If TLR2 II"~ TLR4 blocking antibodies (~U'YI2 A) 

llff~'1iM'l~lJl1.J'I Pg ll"~ E. coli LPS lYllJfI1m""'~'1fJfJfI'lJfJ'I TNFU ~llJ'Vll'l TLR2 II"~ 
TLR4 

.1" i v d • i " .. "I v., v v V· i v
~u'Vl 3B """'~'1 'HllflJl1 lJ'lJW~'Vll'lf"" GF !~'jUfl1'jm~~lJ~lU Pg LPS 1l"1""''1~'' 'H 

nfl1H~lJ~lJ'lJfJ'I'j::iufl1'JII""'~'1fJfJfI'UfJ'I mRNA 'lJfJ'I TNFU tTlJ (TNFU, lane 2) ri'l~llJ'U 
" ., 

'Vi'l'Vll'l TLR2 II":: TLR4 li'ifJ'I'illf1l)jfJ'~i'u siRNA ~fJ TLR2 'H1fJ TLR4 ri'l~"~fJfI1'j"~"'1 
v 

'UB'IfI1m""'~'1BBfI'lJfJ'I TNFU BdW;~I'illJ (TNFU, lane 4 ll"~ 6) 'jllJ'Vi'ln~M~ baseline 

expression 'UfJ'I TNFU l~fJ '~-rUll~IYhJ'I siRNA ~fJ TLR2 (TNFU, lane 3) 'H1fl TLR4 

(TNFU, lane 5) lJfJfI'illf1rlu'j~il'Vl1ifl1YlilJfI1'j"m~iu mRNA 'lJfJ'I TLR2 (panel 2) ll"~ 
, " . 

TLR4 (panel 3) "~"'1fJdW;~I'illJl)jfJH siRNA 'UfJ'I'Vi'l TLR2 ll"~ TLR4 9i'l'VllfJQilJfI1'j 

'Vl~"fJ'Il~tJlnlJ ~lJVlJ~"~'~'illf1f11'ji~ siRNA ~fJ TLR211"~ TLR4 ilJl'lf"cl GF ~"f11'Jffflill 
.. ' 

ilJrillJ{j~llJf)U~"fI1'jffflill1~[Ji~ TLR2 II"~ TLR4 blocking antibodies (~Uli2 B) iM' 

v .1' " vi" 0 "1.1 ' .;,.M 1 ' 'UfJ""''iu11 f11'Jm::~lJ~l[J Pg LPS lJl'lfM GF lJl W\1f11'jlYllJ'UlJ'UfJ'I TNFU ~[JYnlJ'YIl'l 

TLR2 ll"~ TLR4 
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A. POL 

LPS 

control Pg E. coli 

TNFa 

TLR2 
1:::;I::::I;;I;lTLR4 


GAPDH 

B. GF 

control Pg LPS control E coli LPS•.... ..... TNFa 

I -- - TLR2 
1:... ) ..... TLR4 

GAPDH 

TNFa 

TLR2 
TLR4 
GAPDH 

.,j 1 ~Q.I jI <J} d jI <J} ~I 
B . GF 11W m1Jf)1'jm~\9.lU~1(J Pg II"~ E. coli LPS Y1fl11lJl'UlJ'UU 10 ug/ml luunm 24 

i'11lJ~ 

f.l"f)1'jfffnI1VWJUf)1'jIYllJf)1'jIlLl'~~m)f)'Utl~ TNFU 'u!'lm~.J~ 2 'liU~lrltll~f1J Pg l1~tl 
E. coli LPS m;W~~I~U 1l"~I~U~U1L1'u1~11'j~,j1Jf)1'JIILI'~~tltlf)'UU~ TLR2 nlYllJ~U~1(Jlw 
l'liml.J~ 2 'liU~ 1U'\Jw~~f)1'JllLl'~~tlUf)'UU~ TLR4 1~IU~{JUIIUMlrlul~~1J Pg l15U E. coli 

LPS 'Ul'li"~ PDL 119i'W1J1YllJf)1'JllLl'~~uuf)l'il'Vn~1ul'lim' GF lrlU1~~1J Pg l15tl E. coli LPS 
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'" PE: 11'H) E. coli LPS 

signaling molecules '1n1f1~1-.1'1 ~tlQhmY'U'YJN'Hi:ln'Utl-.1nl'Hi1V'YJtlflrl'\)j\)j1rumviu 

19Ifl ci'~1fl::~~ fl vih 1V-.11U i UI9Iflci''Jj'U fI~N'1 ill~v1'1i'tl-.1 I1lJ m 'HY-.1ri1 vrl'ruru 11lHl1V1UI9Iflci'l~ tl 

m~~u~1v LPS \lm~tlmJlH'Um5ftmJ1flf-.1rl lf1Vlh~ntllJ~1vi1tJlJ~-.1mni1-.11U 

(inhibitors) 'Utl-.1 MAPK pathway (ERK, JNK Ilfl:; p38 kinase), PI3K, Akt Ufl:; NF-kB 

POL 
PI3KI Aldl 

+ + + Pg LPS 

TNFa 

GAPDH 

PI3KI Akti 

+ + + E. coli LPS-- - ~ -' '. TNFa _...... __ --..­
GAPDH 

ERKI JNKI p381 
£. coli LPS+ + + + 
Pg LPS+ + + + 

... ..... .• TNFa..I~""'. ~ 

GAPDH 

NFkBi 

£. coli LPS+ + 
+ + Pg LPS 

TNFa 

GAPDH 

'~:rlJi1tJlJ~-.1mni1-.11U (inhibitors) 'Utl-.1 PI3K, Akt, ERK, INK, p38 kinase, Ufl:; NF-kB I1JU 

~ 1 d " ~<J} ~ d <J} <J} .dJ I 

I1fl1 I 'Jj'1IlJ-.1ntlU'YJ1l:;m:;~UI9Iflflfl1V Pg 'H5tl E. coli LPS 'Ylfl11lJl'UlJ'UU 10 uglml I9ltltln 

11lUI1f11 24 i11lJ-.1 

" ~mm5'YJflfltl-.1VllJ':hi1tJlJtJ-.1mni1-.11U'Utl-.1 PI3K Ufl:; Akt ft11J15()flfl5~~lJm5 

Uftfl-.1tltln'Utl-.1 TNFa Irltll9lflci' PDL '~:rlJ Pg LPS iu'Uru:::~ljI'YlV-.1i15lJJ-.1mni1-.11U Akt 

Ufl::: ERK I'YhJU~MI5:;~1JnnUftfl-.1tltln'Utl-.1 TNFa Irltll9lflrl' PDL '~:rlJ E. coli LPS 
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GF 
PI3KI Aktl 

+ + + Pg LPS 

a.-·..:....... ..... ~ TNFa 

GAPOH 

PI3KI Aktl 

+ + + E. coli LPS 

... _ -, r'''''''' TNFa 

GAPOH 

ERKI JNKI p3S1 

+ + + + Pg LPS 

TNFa 

GAPOH 

ERKI JNKI p3S1 

+ + + + E. coli LPS 

TNFa 

~JI. .• oJ __••~ f. "........ ..- ~ ~... .......-. 
 GAPOH 

NFkBi 
E. coli LPS 

+ + Pg LPS 
+ + 

.--.... ~ Of .. - , .. TN Fa 

4t1~ 6 !!'ff~-:J'j~f11Jm 'm'ff~'IfJfJfl'UfJ-:J mRNA 'UfJ-:J TNFU U{l~ GAPDH 1'W!91{lri' GF IrifJi~-ru 

1l11V1J5'1fllHilHU (inhibitors) 'UfJ'I PI3K, Akt, ERK, INK, p38 kinase, !!{l~ NF-kB IU'Ul1m 1 

,:, 1 I d ~ fljJ ~ .c::: jJ 3J 
'l$1 mflfJ'U'\'l'il~m~IVJ'UI9I{l{lmtJ Pg '\1'jfJ E. coli LPS 'Ylfl11lJl'UlJ'U'U 

f d ~I
10 ug/ml ~fJfJfllu'Ul1m 

24 i11lJ'I 

.. 
rl{lfln'Yl~{lfJ'I'Yl1J111l11VUU'lmHilHU'UfJ'I ERK, p38 kinase !!{l~ NF-kB 'ffllJl'jtl{l~ 

'j~f11Jfllm'ff~'IfJfJfl'UfJ-:J TNFU lrifJI9l{li5 GF i~i'1J Pg LPS i'U'U\lJ~~ik~tJ-:J1l11U1J5'1m'j 
o t :. ..::: Q.I dt fI' lrJ VQJ 

'Yll-:Jl'U'UfJ'I NF-kB l'Yll'U'U'Yl{l~'j~~1JflnU'ff~'IfJfJfl'UV-:J TNFU IlJfJl9I{l{l GF 1~'j1J E. coli LPS 
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Omin 60 min 120 min 

time 

atlfi 7 IIff~Vl~H''Utl-:)mllJrtl'Ul'itlm,;dJ;i'il'IJtl-:)I'1ii:'l'' PDL 1~tlll1!'1ii:'li:'l~hM\(H1'U~mJ~ 

f.!W'HiJlJ 45°C ltl'Ul1i:'ll 60 'U1l1 1Ii:'l:: 120 'Ulfi ~l1mf'Ul'ilm'j'V1~ffV1JmllJli;1'il'\JV-:)I'1ii:'l"~1t1 
n MTTassay 

!II ~, i v d I 'jJ d'91 ~ ~ 0 ~IQ 

'lJtll;!i:'l~-:)f)i:'llll1ff~-:) 'Hl'H'Ul1 m'jm::fJ'Ul'1ii:'li:'l~1t1f111mtl'U'VIf.!W'HiJlJ 45 C llJ'U 

11i:'ll 60 'U1l1 lJlli~i:'l~tl~1'Ul'U!'1ii:'l,,~li;i'il1'U'\Jru::~ f)1'jm~~'Ul'1ii:'l"~lt1mllJrtl'UltJ'Ul1i:'ll 

2 'l711m li~M~1il'Ul'U!'1ii:'l,,~rl;1'il m~mVitJ-:) 72 % 'illf)~i:'l~-:)mhl flru~~lltl~nNII~'U~ 

'il~'V1~fftlU~i:'l'Utl-:)fI11lJrtl'Ul'itlmmff~-:)tltlf)'lm-:) TNFU i'U'lil-:)'j::tI~I1i:'ll.wtltlf)il 1 'l711lJ-:) 

45"C 

o 	 10 20 30 60 (min) 

TNFa. 

IL-1~ 

.. .. -'< .... - .. HSP70 
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~~ , Q.I Q.I gJ ~ " " 
TNFU '.HlfHllmW..:JWU1n~~Ufl1·Hl'ff~ ·HH)n'UtJ..:J HSP70 mRNA 'U'U'fftJ~flM..:JnUfl1':i 

1I'ff~..:JtJtJn'UtJ..:J TNFU mRNAfltJ rim),,] l~lJ~'U'mlJ'j~tI~I1{11~I'lHH'l1~fUfI11lJftJ'U ~..:Jfl1':i 
.,;. J . .. 

IWlJ'U'U 'UtJ..:J HSP70 mRNA I~'Unno'Uti'U lH'Il1'U11 1'U'ffm1:;.yj'Yhnwn~{ltJ..:J,r'Ul'lfM1~fu 

N H (1 h) 
.!!! 
4i 
(.) 

....I 
o 
D.. 

TNFa 

GAPDH 

TNFa 

GAPDH 

TNFa 

• 4.. .. GAPDH 

V II' ~ ~ 'j}QJ " V ".cd ..::;" a ~I 
'ff':il..:Jm:;'f,1n (osteoblasts) 'lltJ..:JlJ'\.p,w IlJtJ !~':iUfl1':im:;IPJ'U~1t1f111lJ':itJ'U'Yl~t)J'H.fJlJ 45 C IlJ'U 

111:'11 I i11m 

.r;j.ci jI etc:! d fI' Q.I ~ ~ Q.I d' I 

nWrlf)lJ 10..:JJ:.l{l'UtJ..:Jfl11lJ':i tJ'U 1'U1'lf{l{l'YlllJ 'U tJ..:JflU ':i~ ntJU'H{l n'UtJ..:J1'U tJltltJ1h 'Yl'U~ WU11 

fI11lJftJ'\.j'ffllJl':im~lJfl1':i11'ff~..:JtJtJn'UtJ..:J TNFU mRNA i~J..:J1'U1'lf{l" PDL l'lf{l" GF 1I{I:; 

" " " 1'lf{l{l'ff':il..:Jm~'f,1n (osteoblasts) 'UtJ..:JlJ~lW 
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5. n" i n~!~U1qj'tl.:.l 11..1 f11'.i~fl1111~f)'Uri1U'Yltl~HYqJqJ1ru!~flfl1t1f]1lf11·H! 'ff~.:.ltltln'Utl.:.l TNF-U 

l~Ui~'ffl'.i UtlJ.:.l'lfiJ~~l.:.l<J 

control +CHX (1h) 

TNFa 

GAPDH 

, . 
_I"'''' i " "'11]31., 31

lU'Yl 10 !I'ff~.:.l'.i::~Uf11'.iU'ff~.:.ltltln'Utl.:.l mRNA '\Jtl.:.l TNFU 'UI'lIM PDL Illtl 1~'.iUf11'.im::~'U 

~lUfI1111~tl'U~~ru11.fJii 45°C i'U'ff.fll1::~ij cyclohexamide (CHX) I ug/ml 11J'Unm 1 i1111.:.l 

31 ." i~Q 1 4 d dQ.l ~ ~Q.I d

'Utll,l"~.:.lnm1!!'ff~.:.l 11m'U 11 cyclohexamide 'lI.:.lliJ'U'ff1'.i'VlUUU.:.lf11'.i'ff.:.llfln::11 hh?l'U 

fllui'Ul'llml iJJ'ff111l'.ifHJUJ.:.lf11'.ilYill~'U'\Jtl.:.l mRNA '\Jtl.:.l TNFU i'Ul'llml PDL mi.:.l'il1nf11'.i 

3J V 3J 1I}3J J' iVC:: t 0:=:. ~ 
m::'iJ'U~lUfI11lJ'.itl'U I~ ~mf11'.i'Vl~"fl.:.l'UlI'ff~.:.l 11!11'U11 f11'.imllf11'.i!!'ff~.:.ltltln'Utl.:.l TNFU 'U'U 

iJJi~ln~'il1 nf11'.i lYillf11'.i 'ff~1.:.l hh~'U 'l'U'.i ::W:l1.:.l~I'lIM1~ftlfl11lJ~tl'U 

control + CPZ (1 h) control + RR (1 h) 

--' 
TNFa< TNFa 

GAPDH GAPDH 

v <j} d ~ 0 
~lUfI11lJ'.itl'U'Yl~ru11.fJll 45 C 

i.del 
'U'fffll1::'VllJ capsazepine (CPZ) 

-4 
10 uM 11'.ifl Ruthenium Red 

(RR) ) 0 uM 11J'Unm I i1111.:.l 

<J} Q.I I 'j)d It .dt. 0 dQ.l:'
'Utll,l"~.:.lnm1!!'ff~.:.li11m'U11'Yl.:.l Capsazepine 1m:: Ruthenium Red 'lI.:.lIU'U'ffl'.i'YlUUU.:.lf11'.i 

o IV ~ .q ~ i 
'YJl.:.l1'U'Utl.:.l TRPVl (TRPVl antagonist) 'ff1lJl'.iflUUU-lf11'.iIYllJ'U'U'lJtl.:.l mRNA '\Jtl.:.l TNFU 'U 

rI Q.I g) <J} V l1)<JJ eX <J}Q II 

I'll"" PDL 11".:.l'il1nf11'.im::~'U~lUfI11lJ'.ifl'U If! ~mf11'.i'Vlf!"fl.:.l'Ul!'fff!"i11!11'U11 TRPVl 'U1'il:: 

Itl'U receptor ~rilrity'l 'Unl'.i fUfI1111~tl'Ulm::ri.:.l~h'U -fftytylru l1hYilJf11'.i-ff.:.llfl'.i1:: MTNFU 

http:l1hYilJf11'.i-ff.:.llfl'.i1
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Ca" free DMEM EGTA (1 mM) 

N H N H (1 h) N H N H (1 h) 

TNFa TNFa 

I 

" 'qf ".,. 1 • - . •HSP70 HSP70 

GAPDH , ~', GAPDH.. '-. 

lU~ 12 1I'ff~~~~i1Jfl1~II'ff~·:n)flfl'IJfl~ mRNA 'lJfl~ TNFU 1'U!'lHlci' PDL ~rlfli~f1Jfl1~m~~U 
~1tJfl11]J~flU~m.)J1'Ii1iJ 45°C 1U'ffm1~~n EGTA I uM l'I~fl 1U'ffm1~V1iuiil!fH\!;tJ]J1u

• 'U 

)I " d •
{)lm~ !~tJ~!'lHHl !UU mn 1 i'11]J~ 

'jJ ~, 1Vd J, d 1fI' Q.I:' ~I ~ 
'IJ{)lJ~~~flm1~!'ff~~ l'I!l'1U11 EGTA 'lmUU calcium chelator l]J'ffllJ1HltJ1JtJ~fl1~I'W]J'lJU 

0' Q.I v iJ V V I ~ " 

'1J{)~ mRNA 'IJ{)~ TNFU 'l'U!'1f~~ PDL 1'I~~'illflfl1~m::IiJU~1tJfl11m{)ul~ 1l\91fl1~IM~I'1f~~ 
~,,~ d Q.I ~ ~ & ~ 

'lU{)1m~ lM~!'1f~~'YIUnfl''ill flUft~!'1ftJ]J'ffl]J1HltJ1JtJ~fl1~ !'W]J'lJU'IJ{)~ mRNA 'IJ{)~ TNFU '1f~ 

{)1'il!1Julul~'hfl1~I~]J EGTA ~fl11]Jl'IY]J'lYU 1 mM lun!wtJ~'W{)'lUfl1~1i1Jn1Juft~!~tJ]J~{)~ 

1u {)1m~ !~tJ~!'1f~ci' llft ~!~tJ]J~11~~!l'I~{){)ci1u {)11'11~ !~tJ~!'1f~ci';~5~'Yi1l'lUl~ri~rl'UJUJlt1!1U" ...... 

!~]J fl1~ rl'~!ml::M TNFU 1~ ~~Ju fl1~ !~lJ~!'1f~ ci'1U{)lm~ !~lJ~!'1f~ci'~u ~lfl''ill flllft~!~tJ]J~~ 
l'l1mml~flil mi111~lJ'ffru ~~fl1~'YI~~{)~rl!!'ff~~'lM'!'l1U11 !!fI~!;lJlJ1.jl'il~!1JU secondary 

messenger ~rllfity1u fl1~ri ~f·hurl'tyqj1t1! lU!~]Jfl1~ rl'~!fln~M TNFU 

H + staurosporlne (uM) 

N H 0.1 0.5 (1 h) 

TNFa 

GAPDH 

<jI 1I.d ~ 0 1 .d~ ~I 
~1lJfl11m{)U'YIfJtul'l1J]J 45 C U'ffm1~'YI]J staurosporine 0.1 uM !!~:: 0.5 uM luUnm I 

i11m 
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~m.!"i-lf)ri11l!'ff~-l ir1'n11r:hi-l staurosporine ~-lL~lA 'ff1':i~ vlJ5-lf)1':i v11-l1lA 'U'tl-l Protein 

Kinase C (PKC) 'ff1lJ1':i(lVlJtr-lf)1':iLvill~lA'U'tl-l mRNA 'U'tl-l TNFU ilAL'11ml PDL 11-a-l'il1f)f)1':i 

" " Y 1fJ" '" 
" 

'I "ol, '?I 1"'"..'" Y 9f)'j::l'JlA~1(JfI11m'tllA l~ r-l"f)1HI~"'tl-llAl!'ff~-lll1Ll1lA11 PKC lA1'il::LlJlAWlA '111J'YUf)(J1'U'tl-ll'\.J 

f)Wff-l~llAfftyty1ru ilhvill f)1':i ff-lLm 1::MTNFU 

U-73122 (2uM) 

N H N H (1 h) 

TNFa 

GAPDH 

'li'm.!"i-lf)ri11l!'ff~-l1r1'n1lAl1 U-73122 ~-lI~lA'ff1':i~VlJ5-lf)1':iv11-l1lA'U'tl-l Phospholipase C 

(PLC) i1i'ff1lJ1':i(lVlJ5-lf)1':i1~1l~lA'U'tl-l mRNA 'U'tl-l TNFU llA1'11m, PDL ml-l'il1f)f)1':if)'j ::q'\.J 

Y Y IfJ Y "" 'I Y ol, q.J IfJ '1fJ Y '" ,
m(Jfl11m'tllA l~ r-l"~-lf)"11l!'ff~-lll1ll1lA11f)1':i!'VllJ'UlA'U'tl-l TNFU llJ l~Jlf)~'il1f)f)1HI1-l1'\.J 

'U'tl-lWlA i'11l1 PLC 

cytochalasin D (100 nM) 

N H N H (1 h) 

TNFa 

GAPDH 

, . 
tI"'''' i " ... IfJ y... Yl filS U'ff~-l':i::~lJf)1':i!l'ff~-l'tl'tlf)'U'tl-l mRNA 'U'tl-l TNFU lAI'11M PDL Ill'tl l~':ilJf)1':if)'j::qlA 

~1(JfI11lJf'tllA~~0Jl1.QiJ 4SoC llA'ffm1::~ij cytochalasin D (100 nM) l~lA!1m I i'1111-l 

. • I iI 
Y "" cS I .o:S.::'1 d Q.II ,., Q,oI 

'U'tll,!"~-lf)"11l!'ff~-l 11I11lA11 cytochalasin D '11-lllJlA'ff1nWlJ(J-l actin polymerization 

Q,o:' Q ~ i "Q.I )J 3J
'ff1111':i(l(JlJ(J-lf)1':iI'VllJ'UlA'U'tl-l mRNA 'U'tl-l TNFU lAl'11"" PDL 11"-l'il1f)f)1':if)'j::~'\.J~1tJfI1111 

Y IfJY ... , iYol, 0 '" y... ... " '1 
':i'tllA l~ r-l"~-lf)"11l!'ff~-l 11Il1lA11f)1':i'Yll-l1lA'U'tl-l actin !f)(J1'U'tl-lf)lJf)1':i'ff-llm1::11 TNFU l~(J 

tll'ill1JlA hJi~ll fI11lJf'tllAU1 hJ~f)1':i rearrangement 'U'tl-l cytoskeleton ~-lv11ir1'd1~f)1':i!U~ 

'U'tl-l TRPVl channel 
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-.11'Ul~U~~€l-.1f)1'.ifhnn1'lR(J1J1YiUtl~"'U€l-.1 LPS 'il1fl P. gingivalis llm: E. coli 

~lj~€lf)1'.illfffl-.1€ltlfl'U€l-.1 TNF-CX ~-.111l'U pro-inflammatory cytokine ~1.'hri'iY ~lrlm1i-.1tltlfl 

lJ111r:i'1'il~U1 iU~f)1'.im ~~'Ul1~ml1tiu1'lh1,rljf)1l11i-.1 inflammatory cytokines ~'U'l \9l1lJlJ1 

11l'Url1~U U1 i U~fll'.i5fllffU'Utl-.11 dmt€l1'U ~~fl f)1'.i flmmY1'U 111qj~~1'UlJ11'U'.i~~U 
".1'''''''''' '" 1" "';\Ii",1 ?I "'''' "'."l1€l-.1u!lU\9lfll'.i 'il:;I1.'Wfl 'If LPS 'YIlfl'il1fll'lf€l E. coli 1'YI'.i1:;lu'UllUfI'YI1'.iU'YIlJ well-conserved 

'" ~I ... • I 'I "1 "... '" '" lipid A ll":;'ilfllu'U typical bacterial endotoxin l'YItlu'.i:; tU'lf'U 'Uf)1'.i€ll-.1€l-.111":;lYIUUlflU-.1j:.j" 

"" '\Ii cl ,1 \Ii 'i '~I ~ i"'; 1'.1"'! \Ii '\Ii ";:'1 ~ 
fllHj'f)l:ll tlUN 1'.if)\9l1lJ l'lftl E. coli !lJ 'lflu'Ul'lftl !'.ifl'YIfl1'.i~U 'U'lf€l-.1u1fl tlfl'YI-.1!lJ !fllu'Ul'lf€l 

hfl~~flltl'Uff1ll11',J11rl'fl'UCNf)1'.iIOfl hflml'l'U1'1 i'U'Uw:;~ P. gingivalis lll'Uff1ll11',J11rl'fl 

" dlf), j.J 4 Q.I " .:::j I 9J 9J 
~"'YIlfl'il1flf)1mfll:l1f1'.i-.1'U'YIU11f)1'.im:;'il'Ufl1U LPS 'il1fl P. gingivalis 11ft:; E. 

coli i'Ul'li""ll~":;'lflJfl~H''Ufll'.iflfll:l1~ (l'li"" PDL 11ft:; GF) 1'if'fl"ifl~1l\9lflIli1-.10'U ~-.1t-T'U 
LPS 'ill flllUfi fi 15 Uvi1-.1'lflJ flO'U ~m'il1'if'fl" i fl~ll\9lflIliNO'U tl€l fl i u1'U fll'.i m:;~'U1,rljfll'.i ff~1-.1 

~ do Q.I "J j.J

cytokine 'If'UfllflU1fl'U !fl 

d 1"oj , ,1 d.1 ""... 'I 
lJl1U-.11'Ullfffl'l 11ll1'U11 LPS 'il1fll'lftl P. gingivalis lJu'.i:;ff'YI1im~ !'Ufll'J 

ll1tiU1U11,rlOflfl1'.i5fllffU~~lfl11 LPS 'il1fl E. coli (Martin et aI., 2001; Ogawa and Uchida, 

1996) ~ -.1U'.i:; ff'YIim'YI'IHN LPS ~U\9l flIli1-.1n'U 1'U fll'.i ll1 ti U1U1f)1'.i\9lVUff'U V'I'UV-.11'li""t-T'U 
", 

QJ tI 
. 

Q.I .did 4 Q.I ~ Q.I d~ d' 

Vl'ill'W V -.1lJ1'il1 fl ff1U~ 'U 1i (strain) 'YIU\9l fl\9l1'1 fl'U 'U V-.111 Ufl 'YIl '.i U'lf'U fl'U 'U '1 11i f)1'.i ffflflU,,:; 1\91 '.i UlJ 

\9l"Vfl'il'U~UllUU'lJV-.1f)1'.i'YIflff€lU1'Ulll?! ":;'11'Ul~U 'U Vflll1U V 'ill flt-T'U 1 'U f)1'.iflflU1~~U11 
I~V-.1'il1fll'li"tf~ Hlll'U primary cu lture 1'111,rih111lJll\9l fl~l,:j'.i:; 11 11'11'li""~ i~lJllllli,,~ line 

('Il1fllllli":;f1'U) 5'Ul~V'IlJ1'1l1flfl11lJll\9l fll?! 1-.1 '.i:;111HlJfIfI ,,1'U'.i~iuu fl~~'YIUi~ ilLlI'UB fl'I:r'il~(J 

~lj~"lIitlfll1lJll\9lflI?!1'1'IJV'I'.i:;~Uf)1'.i1l{1'fl'ltlVfl~l'~lJ~'U'lJv'I TNF-CX lrlvi~i'u LPS llvi":;'lflJ~ 
~1U lrltllfium:;1111-.1flqlJfI1UfJlJOuflqlJ~ i~f1J LPS(~'l.r~ '1-6) ~-.1ii'.i1U'I1'U~Ufffl-.1 i,r111'U11 

fIl1lJll\9lflvi1'1'.i :;1111'1'lJflfI"~ii~"l?!tl1Vf)1ff1'U f)1'.i IOfl h f1ml'l'U I'll 'Ullvi":;'lJflfI" (Scheres et 

aI., 20 I0) ~'1J'U f)1'.il~u~i'Ullvim:f)1'.i'YIflfftlU'il~IU''U~fll'.i'vil':l''Uri1'U'lJV'I~1'U1'U line TI 

i~lJ1'UV'Il'limli1V U1'1'il'UJ'U 1 'il nU~"~lfi~~'U 
lill'UUlfiuuu'.i~ff'YIim~'.i:;1111-.1 LPS J-.1ffV-.1'lflJfl 

'U V fl'il1 fl~1 'U -.11'U l~u~~V-.1 f)1 '.i 1ill' £lUIYium:; 11 1 1-.1 l'li" ,,1WIU '.i U" 1 ffl'1 'il1fl 

'.i1U-.11'U l~Ul1 ftlU;'U~llff~-.11,rd't'U111'li""J-.1ffV-.1'lflJ fl~ii'YI\l~ m '.ilJll":; fll'.i\9l VUff'UV-.1I?!V 

U'il~Uvi1-.1'l i'U~UllUU~1l\91flvi1-.10'U 'il1flfll'.iflfll:l11'Uflf-.1~~U111rlV l'li"" PDL 11ft:; GF i~i'u 
V 4.c:s Q.I CI ,cI 99.1 

fll'.im:;I',J'U'il1fl LPS 'If'U~I~U1fl'U (P. gingivalis l1'.iV E. coli LPS) ~U111'li"" PDL U":; GF I'll' 

http:fllffU'Utl-.11
http:U~fll'.i5
http:iU~f)1'.im
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4 

!HI '1 f) n1'jj:i1U'YHl~ri'tyqj1 ill fllU h.Jl 'li" rl'~ U'il f)~1 'Hi"-.! uu11 'il~ ft1lJ1'Hllti tl f) m ~~'U ~1'U receptor 

'" '" ~ 'I ~ ~ "1 !lid
TLR-2 l1)'tl TLR-4 lVW~'il11~'il111'U~ 1~f)'il1lJ 

d ~ jI ,f 

'il1f)mHj'f)1J11J'YlU1'Y1'lltl~ TLR-2 ll"~ TLR-4 llJtlm~'1J'Ul'li"" PDL lm~ GF 

j/ v V ~"'I ... :.
~1U LPS 'il1f) P. gingivalis lm~ E coli f-m'lll~'il'Uftl1J 1~11m),'iltl1Jft'Utl~'lltl~l'li""'Yl~ 2 'If'U~ 

tT'UtllffU l.yjU~ TLR2 lm~ TLR4 'lfU~1~'lfU~l1rl~n'1~ 'Utlf)'il1f)ciVl1J11 Pg U,,~ E coli LPS ij 

f-m!,~lJf)nllft~~tH)f)'lltl~ TLR2 1w'li"rl'J~ 2 'lfU~ u~ij~m!~lJm)'uft~~tltlf)'lltl~ TLR4 mvn~ 

~ ~ 

~~f)~11'lltl~l'li"rl'U~":;'lfU~ 'Utl f)'il1 f)ih-m f)l)flf)1J1'il1f) m)'1'; siRNA O~Li~~111'U m ~U1'Um)' 

'iltlUft'Utl~ Pg l1~tl E coli LPS '\Jtl~l'li"rl' PDL lm~ GF 11~1!lJ'U~tl~tllffUf)1)ri'~lm1~M 

hh~'U TLR2 ll"~ TLR4 1lll) lYl),1~lrltlOuJ~f)l)ftr1~ hh~'U'lltl~ receptor ']11~i111rl~1li:f1 

ijf-l""~mmft~~tltlf)'lltl~ TNFU 'il1f)fll1~~'1~i'1Jm)'m~~'U~1U LPS tlth~l~U1 1l~'1:J 

ft1lJ1'Hl"~"~~),~~1J baseline '1~ llft~~11l'li"rl'ft1lJ1'Hl!titlf)1'lf' TLR2 115tl TLR4 '1~,rltl'1:Jii 

i11~']111i!~ 

m)' fff)£lll~U1 ount''U'Yl N11 J:lf)'\J tl~ m)' ri1U'Yl tl~ ri'tyty1ill.n 1U1 'Ul'li" rl'YlU 11 

l'li"rl'i'ur~tl LPS '\Jtl~llUfllll~uri1'U'mu),1lJyf~ E coli ~h'U'YIl~ TLR-4 lm~ri'UlUl1ill~~1'Ul,r1
<u u u u 

til'li"rl' ~1'U hJ'YIl~ NF-kB lm~U1~nU~1'UYl1Ji1~1'U hJ'YIl~ p38 kinase ~1U (Hirschfeld et aI., 

2001; Martin et aI., 2001) tldN'1)'n'il1lJij),lU~1'U~YlU11 LPS llltiUTUll'li"rl' microglIa 1H'l1i~ 

TNF-U ~h'U'YIl~ JNK ll~~ p38 kinase 1~u'1li~1'U NF-kB (Uesugi et aI., 2006) 1l~~YlU111'U 
v " 

human monocytic cell line (THP- 1) tT'U LPS 'lltl~ P. gingivalis !lllju1Ulm),11J:l~ TNF-U ~1'U 

'YIl~ TLR-2 ll"~ JNK (Zhang et aI., 2008) 

1'U m)' fff)£llf1f~ciYlU11lrltllmU1J!'YiU1J1'Ul'li~rl''lfU ~l~U1n'U lrltll'li"rl' PDL 

'1~i'u Pg LPS 'il~ri~ri'tytylW~l'UhJ'YlH P13K lm~ Akt 1'U'llill~~lrl0'1~i'1JE.. coli LPS 'il~ri~ 

ri'tytylru~l'U '11J'Yll~ Akt ll"~ ERK 1'U m)' m~~'U f)n ftrl~ TNF-u llJ'U~l-hft'U1 'il11 1~utJf)~ 

lli:f1 intracellular domain 'lltl~ TLR2 'il~ri~ri'tytylill~l'UitJ'Vm P13K ll~:; Akt 'Utlf)'il1f)cio~ 

UUf)~l'U'1tJ'YIl~ MyD88 lli:f1lWf)'1tJ'Yll~ MAPK 115tl NF-kB flf)fttl~l-cY''U'Yll~l1J:lf) 1'U'llill~~ 

TLR4 'il~~l'U'1tJ'YIl~ itJ'Yll~ MyD88 lli:f1l!Uf)itJ'YIl~ MAPK l1~tl NF-kB l'li'UO'U 115tl~1'UitJ 

OU IRAK2 ui:f1itJ'YIl~ NF-kB ~~tT'U f)n"~m)'uft~~tltlf)'lltl~ TNF-U i~tldWJ5~l~'U~1t1']1 

01JJ~f)WYh~1'U'\Jtl~ PI3K u~:: Akt Ul'il~uft~~1H'!11'Uil l'liml PDL 1'lf' TLR2 lU'U11J:lf)1'Ufll), 

Q.f 9J t q 

'J1Jl LPS 'Yl~fttl~'If'U~ 

,i1'U 1'Ul'li~rl' GF tTwrltl i~i'u Pg LPS 'il~ri ~ri'tytylt)H·h'U '1tJ'YI1~ ERK, p38 

kinase U~~ NF-kB 1'U'llill::;~lrltli~i'u E coli LPS 'il~r,h'U'1tJ'YIl~ NF-kB l'vhtT'U 'illf).,rtllJ~''U 
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a 9J dl a d 9J I ~ ~ 
l1'H) TLR4 1'Vl'.i1~!1:n.J'Yl1 ,rYHnU MAPK l1'H) NF-kB 11h.mn.J'Yl1.:J'nlJ'IH.N receptor m(l'v.:Ju 'il~ 

I'll U 1~':hlJfI11)JU~ n~1.:J'UV.:JIi5mn.:Jf)1'.iriltll'lV~i:YtytylW~lJfI11lJ,)II'Vl1~~ Vf)1'.i m ~~Uhw 

{) mh~ I~U11i1.:J ~'Vl'lJflmrlv'Yil f)1'.i ilfI'.i l~ li'N{l f)1'.i11 (l'~.:J V V n'Uv.:J TNFU i U 

'.i~i'lJ <h.h~U~1t11l'li'I'Ufl ELISA 'Vl'lJillJ'.i ~i'lJnnll(l'~.:Jvvn~~llJ1n 1I{l~fI11)JII\9ln~1.:J~ '1~ 

~ ~ . 
1I(l'~.:JN1:'t iu f)1'.il'l~{lV.:J'li1.:J11-rr.:J"l l'i.:JUlJ'.iltJ.:)1Uil 19i{l{l1Yl1 'lJ'.i'lJ1:'tl(l'~'illmOU~~uhllJ~ nl~ 

'illnflU~llll1~U hfl'l.fil'iu~ 'il~\9lV'lJ(l''\.HJ.:J~Vf)1'.i l~f'lJ Pg LPS 1I-a'11~1J'.i~i'lJf)1'.iU(l'~.:Jvvn 

'UV.:J TNFU Ill'l1~I'ilul'Yhn'lJ19iml~I~'iJlnflu~I1Ju hfl'l.Jhlu~ (Scheres N et ai, 2011) 

m ~ 'lJ 1 U f)1 '.i rl'm(l' 'lJ 

f111lJ~VU ~~ III U 'l11l,) tIl'll.:J f)1 tlf11'Vl'lfU~11i1 .:J~:Jm f)~ ~U i u 'Ii V .:JUl nrl'u 

I~ V.:J1l1f)'Vlt)~ m '.ilJ~l.:J"l l'liU f)1'.i f'lJU'.i~'Yl1WJ1l11'.i 1I{l~lfI~ V.:J~lJ~lJQW 11 iJnrj.:J hml'.iffmn 

flf.:J~r;j1,)tI~.:J(l')JlJ~~lU ilfl11lJ~VU~If)~~U i u'liV.:JUlm~tl1.ij'v.:Jn'lJf)1'.i rl'm(l''lJl1~ VIII 1~tI 
'Yilf)1'.iffmnt).:J'lJl'l'Ull'l'lJ V.:JfI11lJ~VU~Vf)1'.i IIff~.:JVV f)'IJ V.:J 191 1\9l1mr~,~tl1.ij'v.:Jn'lJf)1'.i um(l''lJ 

iUI9i{ltl'iJlmOu~~illl'iu~~Qrul1iJiJ 45 0 C ~.:JllluQrul1 iJn~f'lJrfl11lJ~VU 1'\.J'.i~i'lJ~ 
'i~'" d.1 ' ~ ~·.I1 ..f)V l1In~fl11lJl'iJ'lJu1~ (Julius and Basbaum 200 I), IW~'Vl'lJ11 f)1'.i m ~I'.lUI9i{l1:'t rn 'lJ'.i'lJ1:'t1(l'\9l 

'illm~u~~u1l'iu~~1t1f111lJ~vuri.:JN{lI~lJf)1'.iU(l'~.:JVVf)'lJV.:J TNFU 'U'.i~i'lJ mRNA '1~mh.:J 

'I1~l1lU 1 ~tlN{li.:Jn~11iJ'1~'Vl'lJ i w9i1:'ttl1 'lJ'.i'lJ1:'t1ff~1l1m~U~~illl'iu~l'vhJu U~U.:J'Vl'lJiUl9i1:'ttl 

"1·.11 .. "" .. ~ '" ~ <0 ' '1 ~ , .. rn 'lJ'.i'lJ1:'t1(l'\9l1l10l11.:JV n 1I1:'t~l9i1:'t1:'tff'.i 1.:J m~~nVn~1t1 1l.:JV1'iJ n1:'t11 ~11f)n~V'lJ(l'U V.:J19i1:'t1:'t 

iU'liV.:JUlf)\9lV'lJ(l'UV.:J~Vfl11)J~VUfl-a'ltl"l nu 1~tII~lJf)1'.ii:Y.:Jlfln~li' TNFU iiJ'.i~i'lJ rnRNA 

V01.:J '1 '.i n\9l1)J Irlv'Yilf)1'.iffml1ii.:JN{l'IJV.:JfI11lJ~VU~V f)1'.iU(l'~.:Jvvn'IJv.:J TNFU 'u'.i~i'lJ 

1u'J~u1~tln ELISA assay ('1ll'~U(l'~.:JN1:'t) 'Vl'lJil 19i1:'ttll'lnil~lJf)1'.i11(l'~.:Jvvn'IJv.:J 1U'.i~U 
~ ~ 1. 1 '" "'''I ~.. oJ ~ ~ TNFU UVtlJJ1n 1I1:'t~'.i~~'lJf)1'.i11(l'~.:Jvvn'IJv.:J u'.i\9lU TNFU lJ !~l'VllJ'lJUf1l(J'I11:'t.:Jf)lm'.i~~U. . 

19i1:'ttl~1t1f111lJ~VU' ~.:J'Ii~II[j'.:Jnl1N1:'t~'Vl'lJi'\.J'.i~i'lJ mRNA .ij'VlJ1:'tIl1~1~Vl'il~fI11lJ'1~il 19i{ltl 

"1.,11 .. d <0 • ~ ~.. ~.,11 .. "" .. ~ .. rn 'lJ'.i'lJ1:'t1(l'\9l1l1nmUtI~u'.il'lU~ 19i1:'t{l rn 'lJ'.i'lJ1:'t1ff\9l1l10l11.:Jvn U{l~19i1:'t1:'t(l''.il.:Jm~~m9i1:'t1:'t 

m'li19i{ltll1-rrn~'Yilmrl~ i:Y.:Jlfl'.il~li' TNFU N{li.:Jn~11(l'V~f1"'V.:Jn'lJf)1'.iffnlll'IJ V.:J Keller 1I{l~ 
~ 0 (V Q.I,.,.I\ti 0' ~ ~ 

flW~ 9i.:Jmf)1'.im11ll1n~~'lJ'lJv.:J TNFU f1ltll1{l.:Jf)l'.im~'lw9i{l{lIYl1'lJ'.i'lJ1:'t1(l'\9l'illmUVWV 

iuwu (dental pulp fibroblasts) 1I{l~ 19i{ltlff~1.:Jm~~n ~1t1 lipoteichoic acid (LT A) 1I1:'t~'Vl'lJ 

f)l'.i l~lJ~U'IJV.:J TNFU V01.:JlJ1ni'\.J'.i~~'lJ mRNA 1I~'ll(l'1lJ1H)\9l'.i1'il'Vl'lJ TNFU iU'.i~i'lJ 

http:u'liV.:JUlm~tl1.ij
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'1 _ I d i" 'I d " 'I ".. .:, '1 .. ..,; J
!u'.i\9l'W ~ 1'W'\Jj:U~'Y1 LTA 'ffllJl'.i()f1'.i~I9J'W dendritic cells l'I1lJf)l'.i'l1"-lIU'.i\9l'W TNFU 1'Y1lJ'U'W 

tJV1-llJU(nYlrlty (Keller, Carrouel et al. 2010) ~-lf)l'.i ~ i,j'ffllJl'.i ()\9l'.i lu'YIlJ i U'.i~'W TNFU , 'W 

1'l1",,1vJi 1J'.ilJm'ff~ulf)'litJ-lUlf) '.i1lJt1-l1'l1""'ff~l-lf1'.i~~ f) i~'tf'W tJlu1fi~ulf)m ~lJl'W f)l'.i post­

transcriptional modification ~'Il~'Ul1-lf)l'.i'ff~1-llU'.i~'W TNFU ''W1'l1''''1'11~1~ 
f)l'.i fff11Jl1~ lJ1~ lJt1 -l f)" i f)f)l '.i \9l tJlJ 'ff'W tJ -l'U tJ -l1 'l1" ,,1vJ i 1J'.i lJ m'ff~ul m S'W [j~m 

l'i''W~''Wf)l'.i1~lJfllHr-l1mlnf TNFU ''W'.i~ilJ mRNA m(J'I1rl'-lUlf)f)lHJf)m~~'W~1(Jfl11lJ 

~tJ'U 'YIlJl1f)l'.i\9ltJlJ'ff'WtJ-li-lf)rill1fi~~'W~1'Wf)l'.i'Yil-ll'W'UtJ-l TRPVI ~-l1ll'W ion channel 

.c:d iJ QI Q.I 11 d V ~ .<::to.<::to 

receptor 'YI1f1(Jl'UtJ-l f)lJm ~ lJl'U f)l'.i '.ilJ ~ fl11lJ1 ulJ Ul~1m~ u~ \l f) m ~ I9J WlJ tJ~ru '111J lJ \l-l1f1'W 43 

°c (Caterina, Schumacher et aJ. 1997; Tominaga, Caterina et al. 1998) ulf)f)l'.ifff1111rltJ'W'I1lfl 

~ flru~ rflll(J'YIlJ11 TRPV I iJi ~'YIlJ''U1'l1""U'.i~ 'ffl'YI1yh,J'W U~ rJ-l'YIlJ' 'W1'l1",,1vJ i 1J'.ilJ"l'ffl9l' 

ulmdm~tJm l'i''U19l'~1(J , 'U f)l'.i fff1111flf -l~rflll(Ji~mnfi-llJ'YI1Jl'YI'UtJ-l TRPV 1 ~tJf)l'.i 

U'ff~-ltJtJf)'UtJ-l TNFU 1~(J1i''ffl'jrJlJ5-lf1l'j'YiHl'W'\H)-l TRPVl 2 'lfii~fitJ Capsazepine 1m~ 
"" . 

..,; J "i "4 ;II i-Ii'" ..,; J 

Ruthenium red 1m~'YIlJ11'ffl'.il'i'-l'fftJ-l'ffllJl'.i ()rJlJrJ-l~m'UtJ-lfl11lJ~tJ'W 1'W f1l'.i I'll U(J1Ul f)l'j 

U'ff~-ltJtJf)'UtJ-l TNFU ''U'.i~~lJ mRNA i~ mh-lhfi\9l1lJ'ffl'.ii-lf)~11i,j'ffllJl'.i()rJlJ5-lf1l'j 
".,,,

l'YIlJ'U'U'UtJ-l HSP70 m(J'I1"-lf)l'j\lf1m~'fJ'W~1(JfI11lJ'jtJ'W ~ u-ltJlulu'U u ~11 f)l'j1'Y1lJ'U'W'UtJ-l 

HSP70 ln~~'WYh'Wf)" 1f)g'U~iJi~1~(Jl'li'tl-lnlJ TRPV I 

'Wtl f)ul f)~ f)l'.ifff11Jlflf-l~rJ-lU 'ff~-l1'11'1l1 'Wl1 f)l'j 'ff -lm(J-fftytylUl 'Utl-l TRPV I 

i Ufl11Jf.)lJf1l'j l~lJ~'W 'Utl-l TNFU ,J'W,j'l11J'W'Pi'tl-ltllffm1f1"1~(JlJ itltltl'U W"f)l'J'Yl~"tl-li-lf)rill 
fftl~fllftl-lnlJf1l'j'YiHl'W'Utl-l TRPVI ~-lI1J'W non-selective cation channel receptor ~(JtllJ'lM 

uflm~(JlJitltl'W~1'W1.u'l1'l1",,1~lJlf)f)11U'.i~~lJlf)'lfii~g'W (Caterina, Schumacher et al. 1997) 

~-ltllU11J'W i Ui~11fl11lJ~tl'U'Yi11'I1'1i)~f)l'.i1lJ~'Utl-l TRPV 1 channel UlJ~lJf)l'j i'l1 "'Utl-lUfllJ191(JlJ 

1.u'ltil'l1ml i ~(JUfI"I~(JlJlh u~'Yil'l1,rl~I1J'W secondary messenger 1'W f)l'.i cil(J'YItl~-fftytylru i U 

r~lJf)l'.i-ff-llfl'jl~"y TNFU U"~ulf)f)n'Yilf1l'j'YI~"tl-l i~(J'i' staurosporine ~-lltJ'Wffl'j rJlJ5-lf)l'j 

'Yil-ll'W'Utl-lw'Ui'l1,J PKC 'YIlJl1 f1l'j1~lJ~'W'Utl-l TNFU ,j'llll'W'Pi'tl-ltllff(J PKC 1'li'Wn'W f1l'j 

fi''W 'YIlJi-l mhl'fftl~fllftl-l nlJ f)l'.i fff1111~'YIlJ11 f)l'.i 'Yi1-l1'W 'U tl-l TRPV 1 \l f)fI1lJfJ lJ~l(JW'U i'l1,J 

'I1m(J'lfii~ i~(J PKC ffllJl'.i()~llJfJlJf1l'j'Yil-ll'W'Utl-l TRPVl i~1~(Jf1l'j1~lJ'I1~ phosphate ~ 
o • • ''I'' 0 i~J

f11U'I1'U-l S502 u,,~ S800 ff-lf·m I'll TRPVl 'YIl-ll'W ~~'U'U (Mandadi, Tominaga et al. 2006) 

i ~(Jf1l'j'Yil-ll'W'Utl-l PKC Ulu~Qf)m~~'W ~l'WUfI "1~(JlJ itltl'W ~ i '11 "1.u'll'l1lJ"m(J'\11r-lUlf)~I'l1"" 

i~flJfll1lJ~tl'W 

''U'l!u ~';'W f)" if)' 'W fln flJffI11lJ~tl'W' 'W'j ~ilJ1'l1"",J'WrJ-l ili1tJ'W~'YJ'jllJUU 
i~ lJ'jl(J-ll'Wl1 C-terminal domain 'Utl-l TRPVl Ulu~1ll'Wl'il1mU-l~flJ~fl11lJ~tlwrltl-lUlf)

'II 

lrltl'Yil sequential deletion 1'Wl'hmu-l distal half C-terrninal u~'Yil''I1' temperature threshold 

"~"-l (Kedei, Szabo et al. 2001) 'WtlflUlf)drJ-llJ fll'.ifff1111~ 11 ff~-l'M111 'Wt1-lfl11lJ-fflJ'Vi'W { 
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'l"~"r)l\lfl1 llJrrl'UUi'l~ m'l"'ViHl'U 'lJrl \I cytoskeleton 1~tJwu'h i'U 1:lm1~~)Jfl11lJrrl'U'!'U ll~dl~ 
m'l"lll~tJ'UuUi'l\l~'1HH'lJrl\lI'lii'lrl' l!'f1~lfi~ polymerization 'lJrl\l actin (Han, Ha et al. 2000) Ui'l~)J 

I ~ 'iJ ~ I <j/ I ~ iI cI.do 'j) 

1:l1'UlntJ\I'llrl\lnl'l"IWlJnnNl'UI'lJlrlrln'IJrl\l1:l1Hn'UWrll1lJl'lii'li'lrln~1tJ (Moseley, Gapen et al. 

" " 1994) i'Unl'l"ffmnfl1\lU fI11lJ1:YlJ'rl''U ,r'l"~1111\lfl11lJrrl'UIli'l~ cytoskeleton l~iJn~'Uo'U 1~tJ'Vil 
~ ~ ~d 4 d d 'iJ.d v !0

nnli'ltJ\lI'lii'li'lI'U1:lm1~'I'llJ Cytochalasin D 'li\lIU'U1:l1'l"'I'lm11'Ul'l'ltJUtJ\lnn polymerization 'lJrl\l 

actin l~U11 i'U1:lm1~i\lnri11 fI11lJrrl'Ulli1:l1lJnm11~tJ1'Wlnl'l"l~lJ~'U'lJrl\l TNFU mRNA 

"\ " .; ~I "1.1"1" 0 ". 9 "'" • I'" • 1 .1 0 .d" "1 '" 
~ 'li\lrlllllu'U !u !~11 f111mrl'Um !11In~nl'l"luM'UUui'l\liu'l"l'l'IJrl\lWrll1lJl'lii'li'l ~tJrllfWnn 

o , I tI I Y 
'I'l1\11'U 'lJrl \I actin 1Ii'l~1:l '1Ni'l~ rlnlHlrlU1:l'Url\l'IJrl \ll'lii'li'l"rlfl11lJHJ'U 

nri11 hW1:l1U nnffnlJlflf\lii'lI1:l~\lhrl1~'U11mllJrrl'U1:l1lJ1HlI~lJnn 

1I1:l~'1rlrln'IJrl\l TNFU l'U'l"~iu mRNA 1~'1~tJrllrYtJmHi1\11'U'lJrl\l TRPVI 'Urln1l1nii'O'lWU11 

Ufli'll~tJlJ PKC 1Ii'l~ actin l~tJ1'1i'rl\li'UnlHY\lriltJ1:YEYtylrui'Unnfl1uf.llJnnll1:l~\lrlrln'llrl'l 

TNFU i'U1:lm1~~)JmllJrrl'U 

l'lii'li'l1vJ1mum 1:l911l1nm~rlnUi'l~1S'Uv~uhl'U91)Jni'll nnn~{)U1:l'U rl\ll'lrl LPS 

1l1n p. gingivalis 1Ii'l~ E. coli i'Unnl'vilJmm1:l~'1rlrln'IJrl\l TNFU 1'l1\ln'U i\l'!'Ud~rlhr!i)~fI11lJ 

l'Ii'lill~i~lll'U~'1U'I'lU1'1'l'IJrl'l LPS ''Unnlf)~Ui'l~nn~i1l'w'Ulll'llrl\lhmIhl'U91 fI1'l"linnffnm 

ilflJln~'U 1~tJl1r'U 11l~ LPS 1l1n P. gingiva lis ~\lnl'l"ffnlJl i 'UftliUl'lrllll ltl'U~Ul1:l'U '1l~1l~ 

1m tJuIVitJunl'l"~rlU1:l'Url \I'll rl\l19f(;lrl'~ 1~1l1 nfl'Ulln~nu~~I1J'U1 'l"f1uhl'U91 p. 
" 

gingivalis LPS J'\lih~tJ)J'li'mY\llnml1nm'l"~m'l"lll~tJ'UlIlli'l\li'U'j!;iu1 ll'l"~'U'llrl\l TNFU Vi 

" " 
ll'l"ln!] i'U nl'l"ffnlJlfl1\lU llii~lll'U 

lln~ nn-ch'U nl'l"\9WU1:l'U rl'l'IJrl\ll'lii'lrl'1'l rlfl11lJrrl'U i 'Unl'l" l~lJ nl'l" 1I1:l~\lrl{)n'IJrl\l TNFU 1~tJ1ur 

~1'U TRPVI 1I1:l~'1 ilf111'U11fl11lJrrl'Uhi11l~)JU'I'lU1'1'l i'U ni'llnnnlf)~ inflammation imrltJhfl 

o 

l'lf'U 

interleukin-l 1Ii'l~ interleukin-6 1:l1lJn\J\lnfl1'IJf.llJl~~1tJUll~tJ'IJ{)'1~ru11 JJiJ11~rlhi 11J'U~\I~ 

Ul1:l'U'll~ll~ffnlJl~rllu 
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P. gingivalis-LPS induces TNF-Cl in HPDLCs and HGFs via TLRs 

Neeracha Sanchavanakit, Jeeranan Manokawinchoke, Prasit Pavasant 

Department of Anatomy, Research Unit of Mineralized Tissues, Faculty of Dentistry, 

Chulalongkom University, Bangkok, Thailand 

Objectives: P. gingiva lis 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. gingiva lis LPS induced TNF-CX expression in human 

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

Methods: Cells were stimulated with P. gingivalis LPS at 10 ).lg/ml for 24 hours. TNF-CX 

expression was analyzed by RT-PCR and ELISA. Activities ofTLR2 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-CX in the presence of P. 

gingiva lis LPS in HPDLCs and HGFs. Both kinds of cells constitutively express TLR2 and 4. Up­

regulation of P. gingivalis LPS induced TNF-CX 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. gingiva/is LPS was confirmed by the down-regulation of 

TLR2 or 4 using siRNA. Interestingly, P. gingivalis LPS increased expression of TLR2 in 

HPDLCs, while increased those ofTLR2 and 4 in HGFs. 

Conclusion: P. gingiva lis LPS induced TNF-CX in HPDLCs and HGFs via different TLRs. Up­

regulation ofTLR2 or 4 by P. gingivalis LPS may affect the recognition potential of those cells to 

bacterial antigens. 

Key words: P. gingiva/is LPS, TLRs, TNF-CX, HPDLCs, HGFs 
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Abstracts 


Objectives: Transient receptor potential vanilloid 1 (TRPV 1), a nociceptive ion 


channel receptor, was shown to express in human periodontal ligament (HPDL) cells. 


By using capsaicin, we previously demonstrated that TRPVI activation led to the up­


regulation of OPGIRANKL ratio. As oral cavity is often exposed to the change in 


temperature, this study further aims to investigate the effect of heat, another well­


known TRPV I activator, on the expression of OPG, RANKL, TNFa and IL-I~, 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-l~ 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 TRPVI. In response to 

heat, the mRNA of TNFa expression, but not IL-I~, 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 TRPV I antagonists, we confirmed that the up-regu lation 

of TNFa was mediated by TRPV I .. While capsaicin was shown to up-regulate OPG 

expression via PLC, we found that PKC, but not PLC, was required 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 I played multi-functional role in HPDL 

cells depending on the stimuli. During thermal response, TRPVI activation led to the 

induction ofTNFa mRNA expression. 

Introduction 

The transient receptor potential vanilloid I (TRPV I) is a non-selective cation 

channel that is predominantly expressed in sensory neuron. Recent evidence has 

shown that TRPV 1 expression is not restricted to the neuronal tissues but can be 

detected in other tissues such as human epidermal keratinocyte, gastric epithelial 

cells, submandibular gland, and human hair follicles (1-4). In the previous study, we 

found that TRPVl 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, TRPV I presented in HPDL cells 

might implicate in the regulation of osteoclast formation. 

In addition to capsaicin, TRPV I is known to be activated by a wide range of 

noxious stimuli including proton and heat (6, 7). According to the temperature-related 

role, TRPV I 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 TRPVl is thought to permit an influx of calcium and sodium ions, leading 

to membrane depolarization and thus pain sensitization (9). Disruption of TRPVl gene 

abrogates the development of inflammatory thermal hyperalgesia in TRPVl null mice 

(l0). On the other hand, the sensitization ofTRPV 1 by inflammatory protease leads to 

persistent thermal hyperalgesia (II). While the thermal function of TRPVl in 
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neuronal tissues is widely studied, little IS known about the thermal response of 

TRPV I 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 well-known genes whose expression is 

affected by heat shock are heat shock protein family (HSPs), which are thought to 

playa 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 1 activator, could induce the same response in HPDL cells. In addition, 

the implication of TRPVl in the regulation of pro-inflammatory cytokine expression 

during thermal exposure wil.l also be studied. Tumor necrosis factor a (TNFa) and 

Interleukin-l (3 (IL-l (3) are the primary regulators of inflammatory response with 

diverse biological effects including osteoclast activating function. Overproduction of 

TNFa and IL-I (3 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 



51 

to periodontal disease. Therefore, the aim of this study is to investigate the effect of 

heat on OPG, RANKL, TNFcx. and IL-IP expression in HPDL cells. 

Material aDd Methods 

Reagents 

Goat anti-OPG immunoglobulin G and mouse anti-RANKL immunoglobulin 

G were from R&D Systems (Minneapolis, MN, USA). Mouse anti-p-actin 

immunoglobulin G I-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 Ilg/mL of streptomycin (Gibco BRL) and 5 Ilg/mL of amphotericin 

B (Gibco BRL), and the cells were incubated in a humidified atmosphere of 95% air 

and 5% C02 at 3TC. Cells from third through sixth passages were used. For the 

experiments, cells (1.5 x 105 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 triplicate using cells from three 

different donors. 

Methylthiazol tetrazolium (MIT) Assay 

After thermal stimulation, cells were washed with phosphate-buffered saline 

(PBS). Subsequently, I ml of MIT 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 I m I 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, YT, 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 Jlg of RNA was reverse-transcribed using avian myeloblastosis virus 

(AMY) 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 JlI in the DNA thermal cycler (Biometra, Gottingen, 

Germany). The oligonucleotide sequences of the primers are as follows: OPG, 

forward, TCAAGCAGGAGTGCAATCG and reverse, 

AGAATGCCTCCTCACACAGG; RANKL, forward, 

CCAGCATCAAAA TCCCAAGT, and reverse, CCCCTTCAGATGATCCTTC; 

TNFa, forward, AAGCCTGTAGCCCATGTTGT, and reverse, 

CAGATAGATGGGCTCATACC; IL-l(3, forward, 

GGAGCAACAAGTGGTGTTCT, and reverse, AAAGTCCAGGCTATAGCCGT; 

HSP70, forward, A TCGACCTGGGCACCACCTA and reverse, 

CAGCACCATGGACGAGATCT; GAPDH, forward, 

TGAAGGTCGGAGTCAACGGAT, and reverse, 

TCACACCCATGACGAACATGG. The cycling condition for OPG was an initial 5­

.... .. 	 min ·denaturationstep at 94°C, followed by 24 cycles of denaturation at 94°C for I 

min, annealing at 60 °C for I 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-I (3 (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 tluorostaining. 
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Western blot analysis 

Cells were washed twice in PBS and harvested in radioimmunoprecipitation 

assay buffer containing 50 mM Tris-HCl, ISO 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 lmmunosorbent 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 ± 

staridard deviatioh. The two-tail Student ' s t 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 ofheat on cell viability ofHPDL 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 levels (Fig. 2B and 

C). 

Heat induced TNFa 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-I [3, the major 

pro-inflammatory cytokines that involved in periodontal disease. As shown in Figure 

3A, the up-regulation ofTNFa mRNA expression could be observed since the first 10 

minutes of heat exposure. The level of TNFa mRNA expression was gradually 

increased in a time-dependent manner. However, ILI-[3 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 ofTNFa 

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 ofTNFa 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 ofTRPVl inhibited TNFa up-regulation during thermal stress. 

To confirm that thermal stress induced TNFa mRNA expression through 

TRPY I, HPDL cells were treated with capsazepine or ruthenium red, the TRPY I 

antagonists. As shown in figure 4, the induction of TNFa mRNA expression after I 

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 TRPV I-independent 

mechanisms. Taken together, our data indicated that TNFa up-regulation upon heat 

treatment was mediated by TRPY 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 TNFa. 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 might occur during 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 TRPVI in 

HPDL cells. Capsaicin, a well known TRPVI agonist, was shown to up-regulate OPG 

expression. In this study, the role ofTRPVI in HPDL cells was studied by using heat, 

another TRPVI 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 TRPVI 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, 

TRPY 1, 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 TNFa mRNA expression, but not that of IL-I (3, in HPDL 

cells. The increase in TNFa 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 (datal1ot sh()wn).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 secretion of TNFa in human odontoblasts 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 ofTNFa in these cell types. 
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The crosstalk between TRPY I and inflammation has been demonstrated. In 

addition to function as pain modulator, TRPY I also plays a pivotal role as a 

molecular regulator of inflammatory response. In this study, the role of TRPY I in the 

regulation of TNFa. expression was investigated by using two TRPY I antagonists; 

capsazepine and ruthenium red. Both antagonists clearly attenuated the effect of heat 

on TNFa. expression. The involvement of TRPY I 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 TRPY I antagonists, suggesting that HSP70 

might regulated by TRPY I -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 

opa up-regulation upon capsaicin treatment (5), difference signal transduction was 

found in the case of thermal stress. In line with the characteristics of TRPY I 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 TRPY I 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 shown to involve in signal transduction ofTRPY I. For example, 

phospholipase C is shown to cleave phosphatidylinositol bisphosphate (PIP2), 

resulting in the release of TRPY I from its inactive state (21). Correspondingly, we 

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

However, this study showed that, instead of PLC, PKC is important to heat-induced 
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TNFa expressIOn. As PKC has been shown to modulate TRPV I 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 TRPV I 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 TRPV 1, 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 TRPVI at Argl14 and Glu 761 residues (23 , 24). In the 

case of heat, it has been demonstrated that C-terminal domain of TRPV I is 

responsible for thennal sensitivity (25). Considering heat as a physical stimulus, it is 

of interest to study how it acts to gate TRPV 1 channel. As thermal stress has been 

shown to induce a variety 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 TRPVI played multi-functional role in 

HPDL cells depending on the stimuli. During thermal response, TRPVl activation led 

to the induction of TNFa 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 DC for 

indicated time. Cell viability was studied by MIT 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 DC 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) Ceillysates were studied for RANKL protein expression by Western Blotting. 
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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, IL-ll3 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 (Hl) and then return to 37°C for 

3 h (H1IN3) or 24 h (H1IN24). 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 ~M) or 

ruthenium red (I 0 ~M ) for 30 minutes. Then cells were incubated at 45 DC for I hour 

(A) or re-incubated at 37 DC for another 24 hours (B). The mRNA expression of 

TNFa and HSP70 was examined by RT-PCR. GAPDH mRNA expression wasused 

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 11M of 

U-73122 (B) or 10 nM of staurosporin (C) for 30 minutes and then cells were 

incubated at 45 DC for I hour. The mRNA expression ofTNFa 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 ofTNFa was examined by RT-PCR. GAPDH mRNA expression was used 

as loading controls. 
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