a n D
T B =

LY LY ¢
eV VaNY IO

Tnsams a‘V]%Wﬁﬂlﬂﬂ!ﬂﬂ“lﬂ!Nﬁﬂ“]ﬁﬂiﬂﬂ‘i%ﬂ?ﬂ“ﬁ'ﬂu!!“lﬁﬁ“i’N!‘ﬁi’)!ﬁ@IWiQﬂu

lure sl fiams

Tag  wA.Ne.As. A3INa ASAIAA 1aY AR

Twaerdliaiolnsams 31 wqumau 2550



Ty taun MRG4880129

swanddaniivanysal

a a | & d‘ % a wa
Ta33ms answaveuanwuns lsulunszuiusonnsnveutomol nssluludosl iiams

AMzZHINY dafia

aaa o % 4 J a [

1. WA.NN.AT.A57UQ AR AUSNUALNNYATAT JWIAINTUNHIINGIAY
a o J % 4 J a [

2. sANNAT.UTZANT Nadud AUSNUALNNYAITAT JWIAINTUNHIINGIAY

a % 4 J a [
3. Nﬁ.ﬂiy.ﬂi.ﬁﬁ%W AITYIUSNT  AUSNUAUNNIMTAT PINAINTUNWIINYIQY

advayu TasdninnuauznIsuMIgaNAnET tazdinUnoINUANUAYUNTIVY

< Y& . 1o o <
enuwiulusieaiiiluvesdide ane. uaz and. lusuiludeuriudeaueli)



unAnta (A1NMSANEIN 1)
dalwssiudinsunadu sufivgwi nouaresis Inss udawmat wan 1 gnwaseanan

& A A A a & ca caa
nniflewngiaibalwsslwiassiumamosasuns anawnlowdunglaneidnasdninig
i lfsnsannmIvnaiduradlnssiu uazaansawisihdnaruilatusadsasainiaitaiiiaad
wn3gle adnaleng ldimsfnsfanansrinauiunuued nuanasie Inss unaaas wen 1 was

=2 AR A ' AR =2 | a
wnouuslau Mansidadaagananeidnmimaradansianlouagnied uszHavaaans
Wi lousuny nuanasie 1nss uataas wen 1 wuit nuawasie Inss unaiaas wen 1
sunsnumIaiinlusiuedn waz Wiwlnssurames anzionamlounszdulnlunuadu
o & N & A o a o &a
uaguginmsuaasaanvadisnlnisunamas wuhimsiausuuuiasunues nuanasis lnss
6 ' a ] & A '

unalaad lwen 1 uazianoius o dansuaasaanvadinlusiwadu ad19138d wudn l@nouam

o & A o af & ca &
loudugananmsniensinnsuzaseanzaaiiswlnisunaiaas lag nuswasis Inss unames 1w

A v a [ a6
a1 nnsfenmiamlounzdumuaasaansed ilunuaduusznannassedisnlnisume
was vhldmstionaldnamwlunsbhunldmeedfinesnainsidulaussnszdunismovaiuns
lwiitattalnssnn
UNAALa (NNIIANEIN 2)

a a I3 ca & < a =2
LNQIW?GT;‘]%&IT]']S‘]J']@]L%U NInaWaINI Iﬂiﬁ UWALART LUGN Qﬂ‘ﬁﬂx‘]ﬂﬂﬂ&l']lﬂﬂ ANMIFANEN

waadI b lnanandsusanlunsaaiawn a9un o lnawaudualrusTaimienlslumsdnsinig

(2
(2

WU ILKA a8 INTIW U MSANIRAaINITANIDIUNLINY8d N uaWasRe In3s unaweas 1
Ao & =< & g & &

i Diildansusasaanvaslulnauaulasidunsfnmlwsadimzifosnnlnsiiuunwd 1oad

L‘IN'1$L§El(lﬁ]’]ﬂLﬁﬁ]LﬁﬂIWN‘NuN%EETQﬂﬂR@juﬁ’m WNBLRIWLU NI RIS 1Nt unataas tuen

anudniud gialRouuuanIznMoraIn NIy waan W ldsunmmneduaadunga

AuQN avareunIuaataanved lulnawaulasliitersnfdens wudr nnuanasiis Inss una

L1A3 LUAN mmmm:ﬁummamaamlaavl,uvlﬂal,l,ﬂu"lﬁnmlunm 1 1309 LLa:ﬂ'rimzéunLﬂu"Lﬂ’Lu

¥ A a

o { @ % Ao d ] aa o
anﬁmzﬁm'ﬂ@Um\‘mwmma:nm vl@Lﬁﬂ“U%’]ﬂYlﬂVlgﬂﬁﬂ‘i:ﬂ%ﬂa 1 W‘II%ﬂi&l D URIIAININIINIT

q

@
2

' { A s @ { o ' < a
nanadda Waldniead 505124 T lussguoindumizde suua NaawaIlatu 189 nwawasi

& a & . o & o ea &
Iﬂi'ﬁ wAALeRTY LUaN Stediaasd W‘U'J']ﬁ']ll’ﬁﬂUUENﬂ’ﬁﬂ'iz@lu‘]Jﬂ\‘l NIBIFNINY Iﬂ'iﬁ LWNALeDT LU



Vlﬁé'uﬁwgwmwmimzéjmﬁ@N'ml,ﬁumwmml,m WalAuanstusdsio W 38 widlama wuinganisn
dusamiassluinauanld sufivgiud A 38 undlows Jaudmlwdunsvemnszdu Waidy
A Aade & ° o & AAa a a D oA o & o
wanduafnguoiniavhauzas davhWiiuanvd Bufintu wohiinsdusananianazduues NIua
Wasds Inss uWataas twen 16 uaesdInIIFaaIwas N uaWasas Inss uwataas Lwen uwazdui
nu lumiuaaseanvasiulnauan ayullddn nowanesiis Inis uaiaes wen nazgumiuaasean
°uaavl,fuvl,naLmulmﬁmﬁaiwsaﬂuugwﬁ TAUHIUNILFWNIVDS FUNA 2 AT 3 BUANTH Uas W 38

wu U lOLuR TIRRUIIANSNIWLNUINYS NIUIWDITI 1N unataas twen lunsmisaadunasad

iattalwssnn



Abstract (study 1)

During pulp injury, it has been hypothesized that transforming growth factor-B1 (TGF-B1) is
released from dentin into pulp tissue and promotes pulp tissue healing. Dexamethasone is a
glucocorticoid that has been used to treat pulp injury, and shown to induce differentiation of hard
tissue forming cells. However, interaction between dexamethasone and TGF-B1 is still unknown.
This study aimed to examine the effects of dexamethasone on human pulp cells in the presence of
TGF-B1. TGF-B1 increased expression and synthesis of both fibronectin and nerve growth factor
(NGF), while dexamethasone stimulated fibronectin synthesis, but inhibited NGF expression.
Application of both TGF-B1 and dexamethasone resulted in an additional effect on fibronectin,
however, dexamethasone inhibited the TGF-B1-induced NGF expression. Dexamethasone
promotes fibronectin synthesis and suppresses NGF secretion suggesting that this reagent could be
used clinically to reduce pain and promote pulp tissue healing.

Abstract (study 2)
In the event of dental pulpal injury, TGF- B was shown to be abundantly present. Biglycan has been
shown to involve in the process of dentin formation, therefore, it was chosen to be a marker
indicating potential of pulp healing. The present study investigated roles of TGF- B in expression of
biglycan in human primary pulp cell culture. Primary cultured human pulp cells were treated with
various doses of TGF- B to simulate condition after injury. Non-treated groups were used as
negative controls. Expression of biglycan was determined using RT-PCR. It was found that TGF- B
induced biglycan mRNA within 1 hour, and the induction was in a dose- and time-dependent
manner. The best responded-dose of 1 ng/mL was chosen for subsequent experiments. Application
of SB505124, the specific inhibitor on the specific smad phosphorylation site on TGF—B receptor,
inhibited the inductive effect of TGF-B, suggesting the smad-dependent pathway. Application of p-38
MAPK inhibitor, but not ERK inhibitor, also inhibited biglycan expression, suggesting the role of p-38
MAPK. Application of neutralizing antibody to OLVBS integrin also abolished the inductive effect of

TGF-B, suggesting the cross-talk between TGF- B and integrin on biglycan expression. In



conclusion, TGF- B up-regulated expression of biglycan in human dental pulp, possibly via the
pathways of smad 2, 3, integrin and p-38 MAPK, indicating the potential role of TGF-beta in pulp

tissue healing.
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Fibronectin forward 5" GGA TCA CTT ACG GAG AAA CAG 3’
reverse 5 GGA TTG CAT GCATTG TGT CCT &

NGF forward 5" ATA CAG GCG GAACCACACTCAGYJ
reverse 5" GTC CAC AGT AAT GTT GCG GGT C 3

GAPDH forward 5 TGA AGG TCG GAG TCA ACG GAT 3’
Reverse 5" TCA CAC CCA TGA CGA ACATGG 3

Biglycan forward 5 TATCTGAGAGGCTGGGCTTA 3’
Reverse 5 GGATTCCTACTTGCCTTGGA 3
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gﬂﬁ 1 (Figure 1) LLamwmlaoL@mﬁmL&lﬁﬂfﬁuﬁmmmns:ﬁumm?’m fibronectin LARANII&ING NGF
Tulradlnsann Lsnaa{gﬂm:@juﬁasJLﬂﬂsmLuﬁﬂsnummLﬁmTu 200 nM 1{waan 24 T2lu9 Wa9n RT-
PCR (figure 1A) LLamNamim:éjuﬁﬁ@iammamaanmad fibronectin Wz NGF n3ANe1nwle
LEAIAINLANGIITBINILEAIBEN (mean + S.D, control = 1) 91N 3 28614 Fig. 1B WRAINATINAD
fibronectin 1@z Western Blot analysis nT1WeuaduaaInsiSauiiauanuiduaad band (mean +

S.D.) 310 3 188 Fig. 1C LRAINATRINITFI91LUTAU NGF avalawld ELISA (mean + S.D.)

311 2 (Figure 2) usaanavad TGF-B1 Aifldansaine fibronectin uaz NGF luimasiwssnuumywmed

L‘]jaéi(gﬂﬂi‘:@juﬁﬂﬂ TGF-B1 enududu 1 ng/mL 1Juraan 24 2las Fig. 2A LEAINAYDININTEAUN

fiso fibronectin Uz NGF lawld RT-PCR analyses nwymsznilaidSoufisuanaduvas band



(mean + S.D.) 31N 3 @18H19 (control = 1). Fig. 2B LLamwamim:ﬁuﬁﬁ@iamm’%ﬂﬂsau
fibronectin lag/l4 Western Blot analysis nTIWEU&a19 LaadANNLTNTEY band (mean + S.D.) 10 3

¢n8en9 Fig. 1C uaaInNadan1sad NGF amalaglt ELISA (mean + S.D.)

517 3 (Figure 3) ULEAIHATINDDY TGF-B1 waz wanmuamlau imasgnnazduiiunm 24
Falasdaanaiamlouanaduds 200 nM adaidsn wia TGF-P1 anududu 1 ngmlL ot
\@en ﬁ%@ﬂi:x{fuﬁaUmiﬁoaadw%uﬁ’u sraulys@uwad fibronectin ugaslu Fig. 3A 1a Western Blot
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Wisuifisuanudures band wavasnInIzduiiddentsaine NGF usaslu Fig. 3B laumsld

ELISA wudnananum louaunsananaminszdusas TGF-B1 1d
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Figure 3
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311 1 (Figure 1) usasnanInszduimaswssiudis TGF-B Afidan13aing biglycan mRNA 7373

lagn13vih RT-PCR lawldanuiduduvas TGF-B 2m1a 0.5 1.0 uaz 5.0 ng/mL wisuifisuniunga
muquﬁamjuﬁ"l,&ivlﬁ%'umimzvfju (n = 3) nuhdinInauauadluanumie dose-dependent NN
auaadumeidIsuifsuanuduvad band (mean + S.D.) wudwm@ﬁm:ﬁumiﬁw biglycan 'l¢
ﬁﬁq@ﬁa 1 ng/mL Gadupmafidonunldvimsensnda’ly

gﬂﬁ 2 (Figure 2) UL8AINAUDI RT-PCR Lﬁaﬂi:@:fuLsnaﬁﬁam TGF-P3 anuidiudu 1 ng/mL URZANT
aauauaslaun1TIANIILEAI8aNT84 biglycan mRNA 7ilaa1 1 4 8 uaz 24 Talus wuil TGF-P3

FUNIONILAUNIUFAIDANVDY biglycan luanwmzos time-dependent uaz TGF-[3 fNNINIEGW

msugasaanuas biglycan lanelu 1 52lus

31l 3 (Figure 3) URAIHANIUFAIBANTEY biglycan LilalAy SB43152 uaz SB505124 daiilu TGF-f3
R T inhibitor in21uidadw 100 uaz 25 nM audau lagidu 30 wifinauwnInszdueie 1 ng/mL
TGF-3 LLa:gm'lmaaauaamwé’amn'gmLmaﬁﬁmﬁw%aﬂizmm 16 T1lu9 lagmsiamsuansaan
289 biglycan mRNA lagld RT-PCR wuin inhibitors 113 2 67 mmsnﬁuﬁz\amim:@jwad TGF-Bla
Dunssan usasliifiniiazina lndudnfiieadasiunmsss biglycan “?'imzéju([miw TGF-3
311 4 (Figure 4) fla1fiw SB203580 SaTlu P38 MAPK inhibitor lusasnmnuiduduasue 30 — 3000
nM wudrsnansadugamanszduvas TGF-B Idludnwaiiilu dose-dependent vinlwaufingiuin ms
NIZGUN1IUTAIBaNTaI biglycan lay TGF- 8199z pathway 189 P38 MAPK

31 5 (Figure 5) {laiw SB43152 Sa1fu TGF- R I inhibitor uaz SB203580 d91ilu P38 MAPK

inhibitor faumINIzdwiaadeas TGF-B wudn inhibitors 113 2 dvhawaSuIuLAZANNINEEINTS

nIzduN1IUFAIaanIald biglycan leiian 100% iWaifisuriumsly inhibitor AszduazifianIouifioy



ﬁ'umjumuquwamsm:{fumaﬂwsaﬂu FINANIINABDIH LGNNI NI UNA LABNIIYIN real-time PCR
aIuaainalugli 6
311 6 (Figure 6) HaMINAnaIaIuaadluglf 5 lasdananianazdu launsld real-time PCR

a a % a

WU LTHAATINWNUNAN beT196% 8191370 1n33889 kiR lanarinn3lT real-time PCR €1 Waf ber
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gﬂﬁ 7 (Figure 7) LLﬁmNﬂmiﬂizﬁumad TGF-B ﬁﬁ@iaﬂ’mmmaaﬂ"uad biglycan Lfialﬁw neutralizing
antibody #ia OL5[33 integrin wu’j'lmu'lmﬂ'ugan'ﬁmzéju‘lﬁ LLamﬁaﬂavl,ﬂmsnsz@jumanﬁm“ﬁaaﬁ'u
integrin

31 8 (Figure 8) :nnnsdnulasnsidin SB43152 Gaiilu TGF-B R [ inhibitor uaz P38 MAPK
inhibitor AN TNz UG TGF-3 wazialy 15 wifiiewshanSanisuaasaanaas p-smad Lﬁ"ag]
5260 phosphorylation fitindu wu meﬁﬁgﬂmz@juﬁm TGF-3 14 phosphorylation 283
smad3 3103w luwae? P38 MAPK inhibitor s1anT08usansiiia smad3 phosphorylation ¢28 910
namsnaaasuaasliifinia inhibitor 19 2 AFUGINTSUEAIAaNLaT biglycan

sydlwdasduin TGF-B sansnnszdunisaine biglycan lwaadlnssiule signaling pathway
289N IHe I NNIa39 biglycan 11aziia a9y MAPK Was smad pathway Laztinaziiaang
A v w . . A A 3 e . . % ] A o v =S a a
\ienda9ny signaling pathway Atie9a9ny integrin e aenglsia S9dasmImsdns NG

Lﬁﬂﬂﬁ%ﬁ;ﬂﬁuuuauﬂhﬁ WNTEREUMY real-time PCR wazn13a33aniszaulusan udu
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The experiment was confirmed using real time PCR
as shown in next slide.
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Figure 7 Preliminary results suggested the
involvement of integrin signaling pathway in the
regulation of biglycan. These results need further

investigation.
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Figure 8  Results indicated that TGF-treated cells increased

phosphorylation of smad3. P38 MAPK inhibitor also inhibited smad3
phosphorylation. Addition of both inhibtors totally inhibited biglycan
expression.. Significance of these results need further investigation.
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Different Roles of Dexamethasone on Transforming
Growth Factor-B1-induced Fibronectin and Nerve
Growth Factor Expression in Dental Pulp Cells

Sirivimol Srisawasdi, DDS, MS, PhD,* and Prasit Pavasant, DDS, PhD’

Anstract

During pulp injury, it has been hypothesized that trans-
forming growth factor-81 (TGF-B1) is released from
dentin into pulp tissue and promotes pulp tissue heal-
ing. Dexamethasone is a glucocorticoid that has been
used to treat pulp injury and shown to induce differ-
entiation of hard tissue forming cells. However, the
interaction between dexamethasone and TGF-B1 is still
unknown. This study aimed to examine the effects of
dexamethasone on human pulp cells in the presence
of TGF-B1. TGF-B1 increased expression and synthesis
of both fibronectin and nerve growth factor (NGF),
whereas dexamethasone stimulated fibronectin synthe-
sis but inhibited NGF expression. The application of
both TGF-B1 and dexamethasone resulted in an addi-
tional effect on fibronectin; however, dexamethasone
inhibited the TGF-B1-induced NGF expression. Dexa-
methasone promotes fibronectin synthesis and sup-
presses NGF secretion, suggesting that this reagent
could be used clinically to reduce pain and promote
dental pulp tissue healing. (J Endod 2007;xx:xxx)
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n the event of tooth injury and damaged primary odontoblasts, reparative dentin will

be formed in response to injury. Under an optimal environment, dental pulp progen-
itor cells are induced to undergo differentiation and become odontoblast-like cells,
which are subsequently responsible for dental pulp tissue repair (1). However, mech-
anisms and pathways of such differentiation are not fully understood. Elucidation of the
process and mechanisms of dental pulp cell differentiation can help to find effective
treatment for pulp injury by using biomolecules to signal and initiate differentiation of
dental pulp progenitor cells into hard-tissue—forming cells (2, 3).

Dexamethasone is one of the steroids commonly studied, both in bone and dental
pulp cells, as a potential agent for pulp treatment. Studies using bone cells showed that
dexamethasone stimulated bone marrow stromal cells to differentiate into bone-form-
ing cells via glucocorticoid responsive elements (GREs) (4—7). Dexamethasone enters
cells by binding to the glucocorticoid receptor, moves into the nucleus, and subse-
quently binds to GREs, which is present on genes of several bone markers, such as bone
sialoprotein and osteocalcin. Long-term treatment studies in human and rodents
showed that dexamethasone promoted deposition of tertiary dentin (8, 9). In addition,
dexamethasone, when used alone or in combination with other agents, such as vitamin
D or basic fibroblast growth factor, could induce differentiation of both bone (10, 11)
and dental pulp cells (12, 13) into hard-tissue—forming cells.

The mechanism of dental pulp cell differentiation has not been fully elucidated.
Recently, Ye et al (14) found that hepatocyte growth factor stimulated both proliferation
and differentiation of dental pulp cells partially through the ERK/MAPK pathway. How-
ever, it has been speculated that the stages of differentiation of dental pulp cells are
similar to those of bone cells (11, 12).

Transforming growth factor-B1 (TGF-B1) has been suggested to be released
abundantly after tooth injury and has been suggested to be a crucial factor in regulating
pulp response to dental caries (15). The comparison of gene expression between
normal and injured pulp tissue indicated the increased expression of TGF-B1 in pulp
cells after injury; consequently, the presence of TGF-B1 has been suggested to be
essential for dental pulp tissue repair (15-18). Capping of the exposed pulp with
TGF-B1 has been shown to promote reparative dentin formation in a rat molar pulp-
exposure model (19). However, interaction between TGF-B1 and dexamethasone is
still unknown.

The aim of this study was to determine the effects of dexamethasone on the
expression of fibronectin and nerve growth factor (NGF) in human dental pulp cells, in
the presence and absence of TGF-B1. This information will help identify the possible
role of dexamethasone in the dental pulp healing process.

Material and Methods

Dental Pulp Gell Culture

Dental pulp cells were obtained from healthy third molars, with informed consent,
extracted for orthodontic purposes. The study protocol was approved by the Ethical
Committee for Use of Parts From Human Body, Faculty of Dentistry, Chulalongkorn
University, Bangkok, Thailand. The dental pulp cell culture was established as previ-
ously described (20). Cells from the third and fourth passages were used, and all
experiments were performed in triplicate by using cells prepared from three different
donors.

Roles of Dexamethasone on TGF-B1—induced Fibronectin and NGF Expression 1
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Treatment of Pulp Gells

Cells were seeded at a density of 25,000 cells/cm* for 16 hours.
After starving in serum-free medium for 24 hours, cells were treated
with either 200 nmol/L dexamethasone, 1 ng/mL recombinant TGF-f1,
or a combination of both dexamethasone and TGF-31.

RNA Extraction and Reverse-transcription Polymerase
Chain Reaction

RNA was extracted with TRI Reagent (Molecular Research Center,
Cincinnati, OH) according to manufacturer’s instructions. Each RNA
sample was converted to complementary DNA by a reverse transcription
using an avian myeloblastosis virus reverse transcriptase (Promega,
Madison, WI) for 1.5 hours at 42°C. Subsequently, a polymerase chain
reaction (PCR) was performed. The primers for fibronectin, NGF, and
glyceraldehyde-3-phosphate dehydrogenase were prepared following
the reported sequences from GenBank. The oligonucleotide sequences
of the primers were as follows: fibronectin: forward, 5" GGA TCA CTT
ACG GAG AAA CAG 3" and reverse, 5 GGATTG CAT GCATTG TGT CCT 3;
NGF: forward, 5’ ATA CAG GCG GAA CCA CAC TCA G 3’ and reverse, 5’
GTC CAC AGT AAT GTT GCG GGT C 3'; and glyceraldehyde-3-phosphate
dehydrogenase: forward, 5" TGA AGG TCG GAG TCA ACG GAT 3’ and
reverse, 5" TCA CAC CCA TGA CGA ACA TGG 3.

PCR was performed by using Taq polymerase (Qiagen, Hilden,
Germany) with a PCR volume of 25 uL. The PCR working conditions
were set at a denaturing for 1 minute at 94°C, primer annealing for 1
minute at 60°C, and chain elongation for 1.45 minutes at 72°C on a DNA
thermal cycler (Tpersonal; Whatman Biometra, Goettingen, Germany).
The amplified DNA was then electrophoresed on a 2% agarose gel and
visualized by ethidium bromide fluorostaining. An intensity of each band
was determined by Scion Image analysis software (Scion Corporation,
Frederick, MD).

Western Blot Analysis

Cells were extracted by using radio-immuno precipitation buffer
(150 mmol/L NaCl, 1% NP-40, 0.5% deoxycholate, 0.1% sodium dode-
cyl sulfate (SDS), and 50 mmol/L Tris pH 8.0) containing cocktail
protease inhibitors (Sigma Chemical Co, St. Louis, MO). Equal amount
of protein from each sample was subjected to SDS-polyacrylamide gel
electrophoresis under a reducing condition on a 12% polyacrylamide
gel. Subsequently, proteins were transferred onto a nitrocellulose mem-
brane (Immobilon-P; Millipore Corporation, Bedford, MA). The mem-
brane was stained overnight with primary antibody for fibronectin
(Chemicon International, Temecula, CA) or B-actin (Chemicon Inter-
national) at 4°C. After being extensively washed with PBS, the mem-
brane was incubated with biotinylated-secondary antibody (Sigma
Chemical Co) for 30 minutes at room temperature and peroxidase-
conjugated streptavidin (Zymed, South San Francisco, CA) for 30 min-
utes, respectively. Protein bands were detected by using a commercial
chemiluminescence system (Pierce, Rockford, IL). Band intensity was
determined by Scion Image analysis software.

Enzyme-linked Immunosorhent Assay

The amount of NGF in culture medium was measured by using an
enzyme-linked immunosorbent assay (ELISA) kit (Quantikine; R&D
System, Minneapolis, MN) following the manufacturer’s instruction.
Triplicate assays per experiment were performed.

Resulits
The treatment of dental pulp cells with 200 nmol/L dexamethasone
for 24 hours increased the expression of fibronectin messenger RNA
(mRNA), detected by reverse-transcription PCR, and decreased NGF
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Figure 1. Dexamethasone induced fibronectin synthesis but reduced NGF se-
cretion in dental pulp cells. Cells were treated with 200 nmol/L of dexametha-
sone for 24 hours. (4) The results from reverse-transcription PCR showed the
effects of dexamethasone on the expression of fibronectin and NGF. The graph
on the right shows the fold difference of expression (mean * standard deviation
[SD], control = 1) from three separate experiments. (B) The result from
Western analysis of fibronectin from cell extract. The graph below revealed the
mean * SD of band density from three experiments. (C) The expression of NGF
using ELISA (mean * SD) from three experiments.

mRNA expression as shown in Figure 14. The alteration in protein level
was confirmed by Western analysis for fibronectin as shown in Figure 1B
and ELISA for NGF as shown in Figure 1C. Dexamethasone increased
fibronectin up to 2 folds above control; however, the same concentra-
tion of dexamethasone decreased NGF secretion.

The treatment of dental pulp cells with 1 ng/mL of TGF-B1 for 24
hours increased the expression of both fibronectin and NGF mRNA as
shown in Figure 24. Western analysis revealed the up to six-fold in-
crease in fibronectin synthesis after treatment as shown in Figure 2B.
Similarly, TGF-B1 induced approximately a two-fold increase in NGF
secretion, determined by ELISA, as shown in Figure 2C.

The treatment of dental pulp cells with a combination of 200
nmol/L of dexamethasone and 1 ng/mL of TGF- 31 increased fibronectin
synthesis more than either of the reagents in isolation, as shown in
Figure 34. On the contrary, 200 nmol/L dexamethasone inhibited the
NGF secretion induced by TGF-31 as shown in Figure 3B.

Discussion

Human dental pulp cells used in the present study contains mixed
population of cells including dental pulp stem cells. Dental pulp stem
cells are the resident cell population capable of tertiary dentinogenesis
including dentin bridge formation. Our dental pulp cells express alka-
line phosphatase, and, after being induced with dexamethasone, they
could express dentin sialophosphoprotein, similar to that reported by
Alliot-Licht et al (21). In addition, when these cells were cultured for 4
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weeks in the presence of dexamethasone, they could differentiate into
odontoblast-like cells, which concurs with the finding reported by
Alliot-Lichtetal (21) and Huang etal (22). Ithas been well documented
that fibronectin can influence cell attachment, migration, and differen-
tiation of several cell types (23, 24). In addition, fibronectin has been
shown to participate in the process of dentinogenesis, both during de-
velopment and repair (25-27). In rodent dental pulp tissue, an increas-
ing level of fibronectin has been detected after cavity preparation (28).
Increased fibronectin synthesis may help in the migration and prolifer-
ation of dental pulp cells to the site of injury. In vivo experiments indi-
cated that fibronectin has been upregulated in pulp tissue after capping
with calcium hydroxide preceding the healing process, therefore, em-
phasizing the importance of fibronectin in the healing process of pulp
(29, 30). In this study, we found that TGF-B1 upregulated fibronectin,
a protein that plays an essential role in healing process, both in mRNA
and protein levels. We also found that dexamethasone was capable of
promoting fibronectin synthesis, suggesting that dexamethasone alone
may possibly play a role in healing process of pulp tissue. In addition,
dexamethasone has been shown to induce differentiation of pulp cell
into odontoblast-like cell in vitro (22), which supports the role of
dexamethasone in reparative dentin formation. An additional effect of
dexamethasone and TGF-31 in fibronectin synthesis suggested that both
reagents may regulate fibronectin synthesis via different pathways.
Dexamethasone, in general, regulates gene expression by GRE, whereas
TGF-B1 uses the SMAD pathway. Detailed mechanism involved in the
induction process needs further investigation.
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Figure 2. TGF-B1 induced fibronectin and NGF expression in dental pulp cells.
Cells were treated with 1 ng/mL of TGF- 31 for 24 hours. Reverse-transcription
PCR analyses of fibronectin and NGF were shown in Figure 24, and the mean =
SD of band density from three separate experiments was shown in graph on the
right (control = 1). (B) The result from Western analysis of fibronectin from
cell extract. The graph below reveals the mean = SD of band density from three
experiments. (C) The results from ELISA as mean = SD from three experi-
ments.
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Figure 3. Combination effects of dexmethasone and TGF-B1 on dental pulp
cells. Cells were treated for 24 hours with either 200 nmol/L of dexamethasone
alone or 1 ng/mL of TGF- B1 alone or both reagents together. The changes in
(4) protein level of fibronectin and (B) NGF were analyzed by Western analyses
and ELISA, respectively.

An elevated level of NGF was also found in pulp tissues (31). NGF
is a growth factor that has been shown to associate with sprouting and
hypersensitivity of nerve endings in the area of injury, therefore, being
responsible for pulpal pain and dentin hypersensitivity. Our recent find-
ing showed that TGF-31 could stimulate the expression and secretion of
NGF in a dose-dependent manner, implying that in the event of injury the
abundantly present TGF-B81 may induce more secretion of NGF (32).

The finding that dexamethasone inhibited the basal level of NGF is
inagreement with others that showed that dexamethasone inhibited NGF
expression in PC12 cell line and lowered the NGF receptor level in rat
brain (33). Moreover, it was shown that interleukin 1—induced NGF
expression in rat astrocytes was inhibited by dexamethasone (34). The
findings of our investigation showed that dexamethasone inhibited TGF-
Bl-induced NGF, suggesting that dexamethasone could be used to re-
lieve tooth pain. However, this is the first time in which inhibitory effect
of dexamethasone on NGF expression was observed in dental pulp cells.

In conclusion, dexamethasone promotes fibronectin synthesis and
suppresses NGF secretion, both in the presence and absence of TGF-1,
suggesting that dexamethasone may be an effective agent for clinical
use to promote dental pulp tissue healing and reduce pulpal pain.
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Abstract

In the event of dental pulpal injury, TGF- § was shown to be abundantly present. Biglycan has
been shown to involve in the process of dentin formation, therefore, it was chosen to be a marker
indicating potential of pulp healing. The present study investigated roles of TGF- 3 in expression
of biglycan in human primary pulp cell culture. Primary cultured human pulp cells were treated
with various doses of TGF- B to simulate condition after injury. Non-treated groups were used as
negative controls. Expression of biglycan was determined using RT-PCR. It was found that
TGF- B induced biglycan mRNA within 1 hour, and the induction was in a dose- and time-
dependent manner. The best responded-dose of 1 ng/mL was chosen for subsequent experiments.
Application of SB505124, the specific inhibitor on the specific smad phosphorylation site on
TGF-p receptor, inhibited the inductive effect of TGF-f, suggesting the smad-dependent
pathway. Application of p-38 MAPK inhibitor, but not ERK inhibitor, also inhibited biglycan
expression, suggesting the role of p-38 MAPK. Application of neutralizing antibody to av33
integrin also abolished the inductive effect of TGF-p, suggesting the cross-talk between TGF- 3
and integrin on biglycan expression. In conclusion, TGF-  up-regulated expression of biglycan
in human dental pulp, possibly via the pathways of smad 2, 3, integrin and p-38 MAPK,
indicating the potentialrole of TGF-beta in pulp tissue healing.
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