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ABSTRACT
ANTI-INFLAMMATORY EFFECTS OF PPARy ON HUMAN DENTAL PULP CELLS

Jeong-Hee Kim*
Department of Conservative Dentistry, College of Dentistry, Chonbuk National University

Dental pulp is a loose, mesenchymal tissue almost entirely enclosed in the dentin. It consists of cells,
ground substance, and neural and vascular supplies. Damage to the dental pulp by mechanical, chemical,
thermal, and microbial irritants can provoke various types of inflammatory response. Pulpal inflammation
leads to the tissue degradation, which is mediated in part by Matrix metalloproteinase leads to accelerate
extracellular matrix degradation with pathological pathway. We have now investigated the induction of
MMPs and inflammatory cytokines by Lipopolysaccharide (LPS) control of inflammatory mediators by per-
oxisome proliferator-activated receptors (PPARS).

Human dental pulp cells exposed to various concentrations of LPS (1-10 ug/ml) revealed elevated levels of
MMP-2 and MMP-9 at 24 hrs of culture. LPS also stimulated the production of [CAM-1, VCAM-1, IL-18,
and TNF-e. Adenovirus PPARy (Ad/PPARy) and PPARy agonist rosiglitazone reduced the synthesis of
MMPs, adhesion molecules and pro-inflammatory cytokines. The inhibitory effect of Ad/PPARY was higher
than that of PPARY agonist.

These result offer new insights in regard to the anti-inflammatory potential of PPARY in human dental
pulp cell. (J Kor Acad Cons Dent 31(3):203 -214, 2006)
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oA 303t 7tEste] H|EAdst A7l SEjol EF (FBS,
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PPARy ¥WEE tg3t DHbeol 2 A3AA e
PPARy odl|icttole]x WEE tiEF HASIAT. AxF
PPARy WH &
Lipofectin transfection (Invitrogen, San Diego, CA,
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MOI (multiplicity of infection, number of active virus
particle/cell number) & ZH9AIZ o 7Hde $Ejo} &
Aol SHrEA e wdde 5 HH o R EEolFHA
37°CellAl 3A17F Al AT
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A 8AIT) Atele] Z|FA|E 3 X 10°70E 100 mm platee]] Hl
GA7| 2 TS 2 LPS 1 wg/mlolA 10 wg/mlS 2] et
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Adalet. dzwol PBSE 5% & A28ttt 254
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A 5 uge bx sample buffer (0.4 M Tris-HCI, pH 6.8,
5% SDS, 20% glycerol, 0.1% bromophenol blue) 9} &
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% gel2 SDS AAE 93l renaturing buffer (2.5%
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Triton X-100)Z 20CAA 1A1ZF WA 7|3, 5E3F
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PBS-TDS (PBS, 1% Triton X-100, 0.05% sodium
deoxycholate, 0.01% SDS, 0.5 ug/ml leupeptin, 1 mM
EDTA, 1 ug/ml pepstatin, 0.2 mM PMSF) €95 #
7b, 1587 3 9follA WA F 12,000 rpmellA] 53t
A4l Felste] Alxd v T2 AlASIG e, gl F
%+ bovine serum albumin (BSA)< E8}st Bio-
Rad Protein Assay Kit (Bio-Rad, Hercules, CA)E A}
g3t A it

ii) CytosolZ nuclear @94 3%

)&z e wior g3 AEA cytosol E
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ato] Bttt Eeldt Al EE 2 - 38] 27k PBSE A
g & 100 mm ¥jFE719] 100 42 Buffer A (10 mM
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aFTh. Scraperg o] &dto] AEZE B T I foA
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AL cytosol EHAR AFEE AL, pelletellE 1 ml
Buffer AZ o]&3te] Aojdl & 100 42l Buffer B (20
mM HEPES, pH 7.9,25%.v/v, glycerol, 420 mM
Sodium chloride, 2 mM Magnesium chloride, 0.2 mM
EDTA, 1 mM DTT 0.5 ug/ml leupeptin, 1 wg/ml pep-
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Table 1.
Antibody Cadalogue number A 23| A
Anti-ICAM-1, mouse sc-8439 Santa Cruz, CA, USA
Anti-VCAM-1, rabbit sc-8304 Santa Cruz, CA, USA
Anti-MMP-9, rabbit sc-10737 Santa Cruz, CA, USA
Anti-PPAR, mouse sc-7382 Santa Cruz, CA, USA
Anti-NF«B, rabbit sc-109 Santa Cruz, CA, USA
ANti-I«B, mouse sc-1643 Santa Cruz, CA, USA

sodium deoxycholate, 0.01% SDS, 0.5 ug/ml leu-
peptin, 1 mM EDTA, 1 ug/ml pepstatin, 0.2 mM
PMSF) €942 27}, 1587 95 994 A + 12,000
rpmol| 4] 5E7F A4l Belste] Axe JE 52 AASH
o, @il F= bovine serum albumin (BSA)S &
F3}sle] Bio-Rad Protein Assay Kit (Bio-Rad,
Hercules, CA)& AH&-ato] % stsitth. 9]¢ o= &
218 20 w9 lysate® 7.5% mini gel (Bio-Rad,
Hercules, CA, USA) SDS-PAGE (poly acrylamide gel
electrophoresis) 2 WA #8]8}%13L, ©]& nitrocellulose
membrane (Hybond-C Amersham Pharmacia
Biotech, Piscataway, NJ)¢ll 60VZ 2A13F F<F o] 5AI 7
t}. Membrane®| blocking 5% skim milk7} g%
TBS-T (TBS, 0.1% Tween®§H 0.2 420l 1AI3F &
ot A, EdE SH] Y 1A FAE 1¢
1,0002.% TBS &Hel| 3]A 5] Aol A 1AIZE ¥R
< TBSZ 33 AAsth. 22k FAZ= horse radish
peroxidase (HRP)7} A3 anti-mouse IgG 22 anti-
rabbit IgG (Amersham Pharmacia Biotech,
Piscataway, NJ)& 1: 5,0002.2 8]A3}o] A-Lo]A 14]
b vt TBSZ 33 A3 F ECL 713
(Amersham Pharmacia Biotech, Piscataway, NJ)Z}
30 - 6027t ¥kg- & X-Ray 2ol 7317t

2 AR A3 FAl= vhed 2

SAMHL Student s t-test® AMEsIG o S
Al Al W o] sl Pike 0.05 e uf SA14
Ql feod 2 Qs
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.2 =
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AbEel AlSt A= Beld AeAEe A
Toto] 3 - 49 A A wjge] Thestsint. A
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Figure 1. Activation of MMPs secretion in the dental
pulp cells treated with LPS for 24 hours. Condition
medium were analyzed by gelatin zymography.

EE= LPSe A=l 7] 5AIZE o]l MMP-2¢F MMP-
99] EAo] FrE o 24A7HE HABsle] EAdo] HH
o] datATt Eek LPSY FE 9EH 02 MMP /99
FEHAen, o] F 10 w/nl = AFO2 MMPsE
FE=AIAY (Figure 1).

Bod AeAEe & Y S22 849 PPARyS ¥
sl YN (Figure 2B). AFA X A2 vlolg~
PPARye] ol <JafjA] 24417 ool =& wdo] e}
wom (Figure 3B), ol X542 &2 fdxke] 2
= A obdlicntol g 0] AT frdzte] o] A
o2 GrHal 9SS fgalactosidase FrAAte] EAS &
43 Ad/LacZ vlo]g] 28 F3lo] &<l 319t} (data not
shown). WebA] o] o] Agell= Ad/LacZ< tzHtol 2
22 AR

LPS A=o& A5AEE ICAM-13 VCAM-19] A3
Azt dgo] FEHA (Figure 2A). VCAM-19
W g A4 Aol vlaste] 24417kl A 9] & F7HE
HoFolom, [CAM-1% 4u) o]4ke] £ Z7HE HolF
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Figure 2. Activation of cell adhesion molecules in the dental pulp cells were treated with LPS for 24
hours. Western blot analysis detected adhesion molecules (left), Protein bands were quantified by
densitometry (right) (A). Modulation of PPARY in the dental pulp cells treated with LPS for 24 hours
(B). Actin was used as a control for protein loading.

Atk XA E ell EAshH= PPARye] 283 2l } S AEsIG . LPS A8 A 244]7k] Ad/PPARYE 74
o] W zte] RS AES] Set] LPSY] A & 2 ANA AFAE Well PPARyS 2Hd S FEA7 oM
AlZE Yol WslE] = PPAR791 TS FASAT LPS91 (Figure 3B), LPS A% &7t PPARy Hd<
A2 SJaiA XFAEE 12X 5 PPARyY] o] =3 Al £E VCAM-13 ICAM- 14 ukg o] AA A At
oAl S7he AAIRE 24/‘] el As A deo] YehA] 9t (Figure 3A). LPS A 3 124130 5 #2914}

skt (Figure 2B). Lo] kb S7kehE el UAAT, 2421 7kel|A

743 7aste] AAT} Blwsle] VCAM-19] 2%

A7 24993 ICAM-1E 1/28 #2Hd T3 o

E T Az TS Al A7 el oA A FHEE

AFAE7E dEubee ¥doz YehlE ICAM-13 Ad/PPARydl| 98t Aoz =2 PPARye] Wao] &
VCAM-19] @857+ PPARyS] 402 Alojd & % =52 A9l (Figure 3B).

2. PPARyoll 2[gt x|=MaLe| HEEtE 2| A5t
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Figure 3. Down-regulation of adhesion molecules by PPARY in time-dependent manner. Western blot
analysis detected adhesion molecules (left), Protein bands were quantified by densitometry (right)
(A). PPARY expression in the dental pulp cells treated with ad/PPARy (B). Actin was used as a

control for protein loading.

PPARY®| agonisto|™ 2% B $xke] x5 oko = o
45+ rosiglitazone®t PPARye &53H4 24L& LPSY

JeA FEHE T AARIA Y TS U @A A
Ao, olget MEHAIAY] WA e 48XF7HA]
A&H 02 fAEE s U F AU (Figure 4).
a3 rosiglitazone =+ PPARy?] Z+7t ©& AglHth
= 584 24| AT TdYA aE Yehgien,
rosiglitazone®l ¥lwsle] PPARy7} 9 &3/} 69 =%
. FHH o A A2 7] dSHeoR D43} Hof
TH HE MMP-29 MMP-99] &4& A3 47
PPARy¢} rosiglitazone®] MMP-2, MMP-9 5 7H4:A]
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Zom, F zte] EA 7} 7P A 0w YERT
(Figure 5). MMP-9% zymography “JolA s =
Hom Western hybridizationo 2 HES 2z}
zymography$} frAtet 235 HoF3ith

oo AFAEIE LPSe 9gt AsHhgo s Yehll=
MMPs, AlE3 212 0] Bl 9} #sto] NF-+Be] &
e o] &3} Aol EZ] EAlste kB T #HEAS A
Eiith. AeAlEE LPSY A=l oaiA & f= NF+«
B o]Fo] fFE¥oH NF-«Be & fzo] o]F
PPARy?] ¥l o2 7HA591 1 rosiglitazonedl] 2Jeir =
AA = A} (Figure 6).
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1 — kS .
VCAV-1 - > 3 4 )
Actin - - - - - 2 . :
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Ad/PPARY - -+ -+ _
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©
Actin - S GHD GES G «

ICAM-T - e . - .
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Figure 4. The short (A) and long (48h) (B) time effects of PPARy and rosiglitazone on cell adhesion
molecules in the dental pulp cells. (A) Down-regulation of ICAM-1 and VCAM-1 in dental pulp cells
combined treated with Ad/PPARy and rosiglitazone. The cells were infected with 100 MOI of
Ad/PPARy for 1 hours, and then treated with LPS and rosiglitazone for 24 hours. The protein
expression was detected by immunoblotting with specific antibody (left), and protein bands were
quantified by densitometry (right). (B) Down-regulation of ICAM-1 and VCAM-1 in dental pulp cells
combined treated with Ad/PPARY and rosiglitazone.
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Ad/Lacz + + - + - 5
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S 1
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LPS (10ug/ml)
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Rosiglitazone(504M)

* P{0.05 vs Control buffer

+ + +

Figure 5. Down-regulation of MMP-2, -9 by treatment of PPARY and it' s agonist. Left panel shows
gelatin Zymography for MMP-2, MMP-9 from dental pulp cells. Actin was used as a control for
protein loading. Right panel shows relative densitometric units. Data are expressed as mean * SD of

three separate experiments.

2 ~
Ad/Lacz + + - + - _
LPS (10ug/ml) - + + + + E
AdPPARY - - o+ -+ g
Rosiglitazone(504M) - - - + + 2
o
o

NF«B T — G S G —

(KB = — e — s —

0
Ad/LacZ

LPS (10ug/ml)
Ad/PPARY
Rosiglitazone(504M)

+ + +

Figure 6. Effects of PPARY and PPARY agonist on NF-#B activation in the dental pulp cells. Left panel
shows western blot analysis for NF-4B in nuclear extracts, I#B in cytosol from dental pulp cells. Actin
was used as a control for protein loading. Right panel shows relative densitometric units. Data are

expressed as mean *+ SD of three separate experiments.
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553 AlFQl Enterococcus 4] Alita B3 G50t
S ARE Yehd Aoz dSdn. e widet XA
T LPSY] AF=0 2 MMP-2¢F -99] +2H] 9} &4 0] 243}y
o)

A

o2

Hke-o] 271542 MMPse] £8]7} f=de wr g
3t it frele] LPSe X5A 2l 342 A%
S FEJARA JF Ao, MMPse] #H] 3 &
A LPSY| ol whe} 715 At

A EZAHARIA] ICAM-1& WA ZE v Este] A
AFEAE SoA EdEY, $2 35+ AE T AXE
£ B AlE9 LFA-13} Mac-13} 2gste] Alol E71C] &
Hi)o] Bedgith VCAM-1 3 F2 o)A ZojA 2t
s 2 IL—lTJr TNF 5ol oaljA] F=drh?, o] 43
AFAEE LPSY AH=e & [CAM-13 VCAM-19]
2477t OMMl 4efol A gufjel] al= Ve BTl
(Figure 2A). WA 2] A ¢A EE R0 A2 £
om T ARk Tde LHFM]E g v Este] A4
AFEA EoAM e e v Kol o o] Ht)
AFAEE LPSY AFog MMPSQ} HARIAL] W o]
7t golAl PPARyS %7] wdE S7HE AT

T (Figure 1). o= XFAIEE H]53F thekdl A Eoj A
9]

N

o?c, o|X
flo &

ﬁr'ﬁ}-ﬁj-kl

24X Aol = Al o] el e & BT
(Figure 2B). ©]& LPS¢| A=< gt 4535 27]
Axe g PPARy7F S8 93-S a5t e A

o2 SAHAE, 24N el Wio] AlbA A
242 MMPsE M £3ste] 124 z} 5o BASTHE

AITHIZOAM PPARyS| & HEHE0] et oA

Asukol A= Aor AZHrt. PPARyY
FEAIZ AFAE (Figure 3B)& LPSS Af=el
HARAZ A 3] Hlawate] 28) o]/d 7y
= Figure 29 HAR1A o Aol vl wstd
PPAR)’7P A A AR B S A= AS &
T AU ol= PPARyel gk A &R1Ake] o] #jst=
sfAEm, ol gt F AR TH | Aste ARHA At
&9 Astz AzkEnt, 53] PPARyS] R4S rosiglita-
zonedll QM F HAQIAY] W o] ZHaE o] PPARY
of AH{AY 282 ZAR olsdt} (Figure 4). PPARY
o «]a ol/del MEFARIALY Aloje H #AY| e
2 58 71dold o] AR HejM e 4 vt gle
m, A ??}Zﬂifn PPARy7} @A 29 E vl o)A ol A
o] F JAAAY] Hd - AAAZ Aoz dHA 3l
o2 Rosiglitazoned €37} Yeld= A2 |44 3o
WAl# o2 PPARy7F 2dE 1 917] wolch, Ao AL

&3¢ PPARy2E PPARy19l W]awsto] 2ot Mo &
Grgdo] EAGER AFA EAA PPARy7F FRA o ¥l
A =2 A EIT} e, B3 0w AejAede d
§ =2 249 JAZW} vehde Ao g AEn

PPARy= MMP-2¢} -9¢] 4] B3k 1A GAAH
ot (Figure 5). MMPs®| %A= PPARy7} E3A4 1 B} =
A Uetgon, 534 Al ol JAE s g9

sttt A5 #dstel PPARy7F MMPs
THIE GAA7] = A4S 24 PPARyS ZXA|1E o] &<
AgelA Basa glom® 2871 35 A7 24
o] ¥ i,

A B Ao TS d5ieS =k =9,
olglgt AR 2 LPSE H|E3lo] peptldoglycans
lipoteichoic acids, fimbriae, proteases, heat-shock
proteins, formyl-methionyl peptides, S4 &°] Ut .
ol BAL AN X EAlste Tt Ao Aet
of AsHGAA ofgt daukgo] AlFEY, ARk
TFE8A 2+ tolHike receptors (TLRs), CD14, nucleotide-
binding oligomerization domain proteins (Nod), G-
protein—coupled receptors, formyl-methionyl peptide
receptors, protease-activated receptors 5-°] T’ &
AT AN AAHE AFAES] LPSH e
MMPs, H2RIAL 59 W3- TLR-49 ZA225E A&
g 2108 o ZHn o] ¥ Figure 69 F¥+= NF-
kB9 3 f 0|59 £Xlo] 27] AFW-&Y] AA 7|H L
2 A7t aev XeA EoM o AE5Ek-gel i Al
AAE Ao dHA AR don, webd PPARyS €4l
o3 Al 20| A5Ee] 714 TRL-42 5 NF-kB
o o]ojAl= HH oA frese G o E oldfstaat gt
PPARy®] #-go] NF-#Bel| Az cg gFs vAA=
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%E 20 o FHn, o] NF#B3H9] Akt/PKBY 4
2l MAPKs®] @49 PPARy7F 288 A o2 AZEH ®
3t PPARy7F COX-29] Wd& Ao zH AS5Hke9
7ol Fadt 92 g Aoz @]"HE}

G T2 AFAdY HAFEAHEAA Prevotella
nigrescens®] LPSel ¢Jgt MMPs¢| #¥] ®isls #ash
v 913, Polymorphonuclear Neutrophilsel A
Enterococcus feacalisell <J&] MMP-8¢] ®sls A3t
AWVE v o g 330 = A FA 2 of e} XTI A
EE o] &sto] 92 IAA T 2 AEA L] EHH
/HFH LPSE A5 Al 437 49 #sts ddet

Zaog Ao AztEnt. oide AFolA XA
i H PPARye] €45 &3 959 A5 o]& 7Fe
o] el AR ofs| el on XFA|Ee] niEsty th
/3Z o] &3 A FET} AAlE o] PPARyY 84| 71t
o

o0 ox rlr r\r

V.2 B

L. LPSel s A=8 AFAzdA dFuiE4l
ICAM-1, VCAM-1, MMPs®] &u]7} 2718ttt (p ¢
0.05).

2. Ad/PPARy #2]A] ICAM-1, VCAM-19] #u]7} 7+a
ATt (p € 0.05).

3. PPARYS} PPARY agonistZ EAlel] #2]Al
ICAM-1, VCAM-19] #H]7} gds] 7has =
VACM-19 A% A &g a2 BT (p
0.05).

4. PPARy$} PPARY agonist 2]A] & W NF-«B7} 74
a3l Al EZ kB F7Faki Tt (p € 0.05).
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