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1. aniwatey TGF-B uar SPARC fia maafumeasuauuazvlusiuniu, nisnfauizes

1984, N1TUAY VEGF WaT MINTeaunIsaiauasuds BMP-2
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2. AUFNRUSTININ TGF-B uaz SPARC ffu NGF Tuwdsasnismlianirdsiuuaziulunag

uAAIBANDEY NGF UsY TGF-B Uax SPARC uaz Andna1ad TGF-B uas SPARC slamawmilaatiinis
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FaNUTNIUDLEDDRY NGF

uansafiunstangn|

TGF-p  awnsanszgunisainilsivaeasrauusrivlusuuafivlugadinaaiu  souis
1 LY 1
ANNTONTTHUNIUAY SINVRANNTONTLHUNITUAT nerve growth factor (NGF) Taanszzgusinumia
- -‘ - : ] o
MAPK 2 1finAn p38 kinase Was JNK uardyrymsiiniaull crosstalk $aniU G-protein-coupled

receptor
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SPARC gunsnnszdunnaadauievsadinsafu sauianszsuniraielsiiuiWiunuaiu
wi IlinaRen aingAL mRNA 209 InTusIuARY waza N TORNNITUaAYRaNYad B1 integrin N9
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nrzunsaivlusuniiy muiswuniafuauresszdu Bufindu wen 1 wilidnasanisaing
paaaay laedyqriauntissiiindiun1s9uiusewing SPARC iU aVB3 integrin UasH

MAPK 18R ERK
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TGF-B uay SPARC FhilushuitBuaaisduluiiefansaiy udeannimildsusune
mu‘f‘lé’ﬂﬁﬂﬁﬂqﬂa‘:mﬁtﬁﬂﬁnmuwmmm TGF-B uaz SPARC ﬁﬁﬁiawqﬁnﬁwﬂm[:nﬂa"[wmﬁu g
nMswRpasdtniuaniiedeveiusasunsudiiaw  fneumuAiuusisaiunume
unzhifianlsarasndenuasiu aandudenszdisfon TGF-B uay SPARC Arududusineg e
Anmimaaeuuaial

' HANITNTEAWANY TGF-B WUAIRFRTNTAFIUAEMAY nerve growth factor (NGF) Fndu
TﬂEIWIZJLlﬁ'I'D;I"\!uﬁﬁJ 4 drluaudamenszdiu nalnnisiaeuses TGE-B Tumsnszdu wudnfacnu MAPK
4091l0AB p38 uaT JNK UANAINT SANLAN1ITNTUTR TGF-B uRziAMNANAUSIY G-protein
coupled receptor A Tnudyny1nian TGF-B receptor Wnazifineu JNK TusnuzRdtyyiuan G-
prote{n coupled receptor WazinatU p38 kinase

NANNTNTERUANY SPARC wudn SPARC awsonmififll chemotactic factor lun1s
wilenihmnaseuisenaadinsaii uanant fedansamieatihmesalusiiniunuaidtuuuy
post-transcriptional regulation uazmiitminas R T P71 integrin Weluszaulusiuuas mRNA
HANIINAABITINARITY SPARC rrarasdtya i aVB3 integrin fanaad wazATYYIUIIN VPR3
integrin MEUNMN ERK atpadesiunmsadsuiiuasnisairainlusiusiv dnedryeynadteinuly
1179 INK azifipadasiunindinnsuanteanses B1 integrin

KANIMARBIRIMUA UAAYI1 TGF-B usz SPARC HEnBnasaw)ANTTNIBTAATTIRY
Tneawny SPARC quﬁuwu"m'lun'm?n?:t?junwﬂﬂuumutﬁaﬁﬂfwwﬁu dauutifizes TGF-B an
amisuafail aiuwud'lm@:;,ﬁ'm‘i:’mﬁ’nmw]mrmaﬁ’uﬂwdm’mmﬁ'm‘ﬁ’mﬁ’uau@ﬂﬂm
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neurotrophic factor Tuidiaie nsawu



! The influence of TGF-B and SPARC in the healing process of human pulp tissue

]

Absirac

TGF-B and SPARC are molecules that found increased within pulp tissue after tooth injury.
The aims of this study are to examine the influence of these two molecules on the behavior of
dental pulp cells. Dental pulp cells were established from dental pulp tissue obtained from third
molar extracted from the recommendation of the dentists. Cells were treated with either TGF- or
SPAR;C in various concentrations and examine the following results:

Addition of TGF-J in dental pulp cell culture resulted in the up-regulation of nerve growth
factolr {NGF) in a dose dependent manner. The increased of NGF could be observed within 4
hours. The results indicated that two MAPK, p38 kinase and JNK involved in the TGF-B-induced
NGF.  In addition, the results also suggest the crosstalk between TGF-B and G-protein coupled
receptor signaling pathways. The signal from TGF-B receptor may pass through JNK while the
signa;I from G~prot.ein coupled receptor may go through p38 kinase.

Treatment of dental pulp celis with SPARC resulted in the induction of cefl migration,
suggesting the chemotactic property of SPARC. SPARC also induce fibronectin synthesis, post-
trans;criptionally. It also regulated the expression of B1 integrin both in the mRNA and protein
Ievelé. The studies provided the evidence that SPARC may signal through aVB3 integrin. Signal of
SPARC through aVB3 integrin and ERK involved in the reguiation of cell migration and fibronectin
synthesis, while the signal that go through JNK involve in the regulation of B1 integrin.

In conclusion, both TGF-P and SPARC influence the behavior of dental pulp cells. Interms
of SPARC, the evidences suggest that SPARC may participate in the healing process of dental
pulp_tissue. The function of TGF-B as found in these studies may involve in the homeostasis of

neurbtrophic factor in the pulp tissue.
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(metabolism) 2auiiatEalniiy (pulp tissue) Tnanaigaiinsaniauiwnialuinssiy  uasnnlw
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s Insaiuneuauessenmwenu N denumtiedeine iy Taanisairaileuslinafand (tertiary
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dentin or reparative dentin) wanyutuiizaalnsaiulrreseesy wellasfusunseanuuafien

g lurany eIy

el o

o X TR
waszeadla@einrelu (dental pulp cells) viafiaziFansaludn wadinsaifu Huwadinn
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wansyrieiu dusmefifingy dnasitdunsaserasaiiaiiedu (odontoblast) B liian1smIe
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1BUTAAMAT TN lidnsfaTe wadlnsavuasd I solanuuassnw (differentiate) ugag
v : P 1 i o ¥ o X 4 .
AdnEIgaaaialiatu (odontoblast-like cels) waziwtinRtanwTNiiafieinsaWy (Kakehashi et al.,
1965; Yamamura, 1985)
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Sunnuaamninduanaas (extracellular matrix) saNisiinuariuiniaasinfnudawmad (growth
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factor) fafalnengad dental mesenchyme (Heine et al., 1987; Vaahtokari et al., 1991; Thesleff and
Vaahtokari, 1992; Inage and Yoda, 1996) ann@sdmImiianan rnlugfeduiisymiiiuiueniy
- -~ » - . ¥ [ 3 o [ % dl [ J []
Aulwlagiiudn  wvdndusnisaduszinfnudamediduaetladuddy  Ivwmirdnsesunisdenuan
usznisavidasudianteaadingiy  Tnaimsnudiadeissessiinl arnsonssiunisues
. . -J ‘i' .~ . . o [ - : t
(proliferation) NFWWRBUATANEAS (migration) waz NsAWWaIILT ENTRITasUataTiiaRe luTzudN
. . . Y d - I
wauunnas waslussndranrdenusnesiiadiavareriin saunadladialneefu (Ruch et al., 1995;
Tziafas and Papadimitriou, 1998)
] &£ o o [ : 1 1 -&l’ ) ) -1 - ]
widraziinnsAnstedninasaladtisanssanrdenusndadainsaiiy  winaRlafdely
ar - w :’l -t & ] 1 3441 ] g d‘
faRuin  daly nisAnsiveninauasusrediadusinpndriiniidentstenusuilladialnsaiy Az
Hudaudrdryadaanasdiudpameinemnaiuanssy Tnenanzlunmsinumlsadiug il
- oy
Usr@nsnmuantiaau
Transforming growth factor beta %58 TGF-B lulnTnudawmeimavilefilunuinunnsanig
gfumindueniasd uarmsdvidasudienaaagadingsiu (Nagashima, 1992) Teewudnsaaaiae
¥ . v X 4 . v a .
iafuazain TGF-B Tudranadaunsaivileduy uar TGF-B azwmilaatinisaimviinduanigag
1 =l ] ol o [
warasinuradinsadu (Inage and Yoda, 1996) uananiideliseads TGF-B dunumdAnylu
; ¥ 4 o a. . X
madaNwENnszan (Joyce et al., 1990) Tulluilaideatiuvitituieoiuiiawuy
J 1 A o 1]
HRNIINARBINLUNTBIANLEIAY (Pavasant et al., 2003) leuaas¥ifiudr TGF-B @ wnsn
vinudaniy 1,25(0H),D,  Fudlussiii@viwasentsainnsegnuasiiu  Taonsvsuseduges
~ . - . ) d' aa - v .‘-’ d' -
ulnidsanlauivaanmg (alkaline phosphatase) FufluaulaidrAgylunsruounsaiiiadieni
wvdtlugadingafy nan1ffunudinimssiuaadaon TGF-B uaz 1,25(0H),D, wian- i avifia
o X P ; ) e e o v o al ' =
seAuenlmiulifind dumiiiiafsudunensesusiag 1,25(0H),D, iNENaEiNAAnT
wananuasiaeulsidaa lmivsadmauds  AdidedawudinInisfusadsie TGF-B
uaz 1,25(0H),D, awrsonszgumsa¥nlilsiiu Osteonectin/SPARC (Secreted Protein, Acidic and
. . N 4\. A’ 1 k2 1 -
Rich in Cysteine) Wiingeauninndimsnsziudion TGF-B Wesetadusgndon SPARC lluhlsin
Anuldiumnludieduusznszgn (Termine et al., 1981; Maillard et al.,1992; Begue-Kim et al., 1994;
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Takano-Yamamoto et al., 1994) wazaINMIsAne ludeimasas wuiuinawvindseuitadaiaile
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Wussfitfnnees SPARC gendnifungugsailedialnialu (Reichert et al. 1992; Tung et al.,
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1985)  drllgfedulingwdn SPARC i fesiummuedantengadainuiodiy
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waNaINE 7eALY8Y SPARC aziingeaulurswinafinnidenusnasuilatianauaiindoe (Reed and
Sage 1996) iadludeduiingiuiininfinau SPARC enaszuanivantmensdanutnteaiindalng
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waginsiuasgninizdesiuandadalvaaiy  Tngldfumniiveenangilan  aniiee
o -J [P J L a 1 --4
Meuliudn (Pavasant et al, 2003) Tildtlasdeda Wuildargnuininlugedau WeRsien
X AP G Yoo N 5o .
adieliwrefuesnin  amivdvindedessniuiudng  wdilillwindusdoasadann 35
- e & PR L S T I . .
fafumr  amnsidsutadn diseuiladenianae fidnAEN (DMEM; Dulbecco's Modified Eagle
. A - ol B . Y
Medium) RIANTFN (fetal bovine serum; FBS) Femaz 10, n@mﬁu (glutamine), m}.l{ﬁ')u:
e e o : . . -] - =| - -
(antibiotics) uerEABRTE (antimycotics) AMTRBITAFAsgNIATUYNTUALITadAR uAEN
r oy v X . 4 P
AnTuile ANt mnasvtsdargnlasudlavias 2 Af
iaradnasueanaInduiiaeiyauiinawdsasad wadazgnaieeenlU@eduanude
r: = AI - £ 4 - : Ly ] L1 L&
adTuIn 60 Nefmmr usrGniudlugediui 1 wandugadazgnudwluiludnmdon 1:3
) -~ I’:: 1 l:’ ] fli. 1 ] lﬂl
(winuged 1 Tu 3 ssagsdiaunasieauGEgad i 1 91) (1aan i lunmaaearldisad luiui

N P -’I’ 4&‘ 4ﬂ! P & L ]
35 LlﬂSl“ﬂﬂﬂ'lﬂtl.‘iﬂuﬂ'l?ﬂﬂﬂ'ﬂdqxLW']:I.GENQ’]HLU’ﬂLﬂ’ﬂﬂ‘[ﬂ'Q']ﬂﬂull'ﬂﬂﬂ'Nuﬂﬂ 3 ARULARENITNAADY

NIINSLHUTRE
- TunsAnsnnisdsusUseasitsiy war mRNA wedgniwasluawRBagadiu 6 ugy
(6-well plate) fpnnamuniiuLlsyin 20,000 WadmIMEURWAT WaLlszann 200,000 EELGTEY,
ﬁﬂ‘ﬁﬁé? dhuoa 1w smfuewsienssdazgniddnuilurien biER Wesauazesdiiliden
ﬁqm l'luﬂquﬂﬁu?‘a‘lﬂﬁﬁqn?xﬁuﬁﬂ TGF-B (recombinant human TGF-B1 (Calbiochem, EMD
Biosciences, Inc., La Jolla, CA) 48 SPARC SPARC (from bovine bone; Calbiochem, San Diego, CA,
UsA) wazidtse lmussaznafitmun
'Lumﬁ"lﬁﬁoﬂ’ué’wiwj avifuindudaneuniiifiaznszdudcn TGF-B vte SPARC ihuaan 1
falus astudeitdlunimasedldun actinomycin D (0.5 pg/ml), cycloheximide (5 pg/ml) a7n
Sigmai-AIdrich Chemical, extraceltular signal-regulated kinase (ERK)' inhibitor {(ERK activator
inhibit?r peptide 1) (2.5 yM), c-Jun N-terminal kinase (JNK) inhibitor (SP600125) {40 nM),
88203l580 (p38 MAPK inhibitor), staurosporine {a serinefthreonine kinase inhibitor), SB225002 (a

i
G-protein coupled receptor inhibitor) (22 nM), suramin (15 uM), Rho kinase inhibitor (1.2 nM) /1n

|
|



Calbiochem U@t neutralizing antibody to aVB3 integrin (20 pg/ml), inhibitory antibody to (1
]

integrin (20 pg/mf) 991 Chemicon® Intermnational

R - . - . .
nfarsnBunuinlusussiviasasagsuieiiinrsiuname i (Western blot analysis)

Tumsesisimilunuaiu - gsdusswiindasgninazane (extracted)  #as
radioirmmunoprecipitation (RIPA) buffer ( 150 mM NaCl, 1% NP-40, 0.5% deoxycholate, 0.1%
sodium dodecy! sulfate, 50 mM Tris, pH 8.0) nfnihasazaeiidldmBunadisiu Tnuldgnin
Tﬂ?ﬁ*:s (BCA protein assay kit; Pierce)

m’ﬁ‘ﬁ:‘aﬂﬂﬁﬁLﬁ‘uﬂm‘El}ﬁ‘ﬁuﬁLﬁ’lﬁu@ﬁnI,Lﬁiﬁ:ﬂfiuﬂﬂﬂ'm Azgnuansie i luasesaunesd
WA {polyacrylamide gel elctrophoresis) f-nnﬁ’ufﬂfﬁu@:gndﬂﬂmuuuciu'lu‘[mmmqfﬂa
(Nitrocellulose) udndiandaueufiveareInlusiuaiu (mouse monoclonal anti-fibronectin; Sigma)
nsamasaudyguasdis  autofluorography TnenisaRavudiululangaglassasgaveiy
ﬁrycy!'\ruuuumﬁ (Chemiluminescence reagent, Pierce) WasmTIaduATyyInudosuHuigBngise
(CL-XPosure) ﬁ'ty:u’lmﬁtﬁﬁymzqrﬁLﬂi‘ﬂ:ﬁﬁf)ﬂfﬂi‘tm?u Scion Image analysis
Tunfasziviasastau mm\'q::g}nLgﬂﬂummﬂ%mmﬁﬂ'ﬁﬁnmuaﬂmm‘ﬁﬂ (ascorbic
acid) Amidud 25 Tulasnfu/disdans haoan 4 fu ("fﬁtﬂummﬁﬂfﬂﬂﬁ;qmﬁmmmﬁ’uﬁ’cyrmmmn
NsAusinemailn Western analysis 1#)

Hensurraznan wasuazuviIndgnafafeairazatenanszudng Trs 50 fadluanf uaz
NaCl 150 findluanslnaniaagunaeennaidiuaiuiiu anntfuiliueend 14,000 g et
g bigndesaasieiiaasauiluasdlrzneueyadasednonh Buarnndudu 0.1 fadnd
findansluansazatensaardin (acetic acid) Aamdndu 0.5 Tuarfifluioan 24 dollasnsiati
ey dnsnuzlasesiraiiduinden (triple helix) %awumm:’luﬂaammm:mmﬁﬂmﬁmﬂ“{ﬂqn
tegdansinanifuudetluglietarrarasnaasiiau nrzuaumsdananadneduiannanssing
Uil 4 asAngaidea mnﬁuﬂaﬂmLquﬁa:ﬂﬁﬂafJiuaﬂ?a:ﬂﬂuLﬂﬂ%u (pepsin) gnwiviudasian

a ° o - s . . 4 | a o
anuiduuastirldinliudslaannslalafllad (yophiization) aaniurassauildgnistiinazans

- . ] o - 's £ ‘
fnedanatas (Laemmii buffer) newtinldiFauiiauliureasnauiigadafetusdanileeu



Asadrellneuiaiaenisuandaanszua i uasdendanueufiueAroneaaniau (L-19, Santa
Cruz Biotechnology) Taaimaiiaidwidaaniunisiwred iniusiuadindqsiu

!_ ﬁ’:umw’lﬁ‘:ﬁuma active signaling molecule (phosphorylated form) T}Ji‘ﬁu@:qnﬂﬁmﬁw
modified RIPA buffer (Intin1316in phosphatase inhibitors #ui 1 mM sodium vanadate uas 50 mM
NaF douueufvendldldu primary antibodies §8 phospho-p38 MAPK (1:1,000), phospho-JNK
{1:1,500), total JNK (1:2,500), phospho-ERK1/2 {(1:1,000), total ERK1/2 (1:1,000) 41n R&D systems

uas total p-38 MAPK (1:200) 41n Santa Cruz Bictechnology

MFIATIRREAE RT-PCR

RNA gneiia (extract) aInitad@aeansazatt TRIzol (Gibco, USA) mnuagnisfiuuziinlag
i amiuimbBunn RNA fadnldfaneiesanalnriiafives frsugnonauuss 260 uily
whs  RNA 4mmau 1 TulasnFuanusiszngunasesgninlldiunssuounisineia nenaasydu
(reverse transcription, RT) 0@ 19naunAm TaEue (complementary DNA) Tneildianslal aMv
(avion myeloblastosis virus) udraenadtygyriaamatin PCR (polymerase chain reaction) Ing/ld
mlmiunaTn@walss (Taq polymerase) uazlniumed (primer) s wnzsie mRNA Taslnlusuaiu
ﬂﬂﬂm:mu war NGF ua:'l.’ﬁ'ﬁrytmm‘ﬂm GAPDH (glyceraldehyde-3-phosphate dehydrogenase )
Lﬂuﬁq?ourquma'lwnmmmmﬂ‘aq (internal control) ienemssaeLdn Brinrete fiuededuild
ffnauvianiy dryyansdiléann PCR griwssilaenisuendagiwinlueniisaaa (agarose gel)
uszduamdinaaalUswnTy Scion Image analysis
dduaesaneinfuweiiflunmasas Ae
GAPDH Forword 5’ TGA AGG TCG GAG TCA ACG GAT 3'
Reverse 5' TCA CAC CCA TGA CGA ACATGG 3
. Fibronectin Forword 5' GGA TCA CTT ACG GAG AAA CAG 3
Reverse 5" GAC ACT AAC CAC ATACTC CAC 3
Collagen o1 Forword 5" CTG GCA AGAAGG CGG CAAA Y
Reverse 5' CTCACC ACGATCACCACTCT 3

“NGF Forward 5' ATA CAG GCG CAA CCA CACTCAG 3,
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Reverse 5' GTC CAC AGT AAT GTT GCG GGT C 3,
B1 integrin Forword 5° AGGAACAGCAGAGAAGCTCA
Reverse 5" AGCCGTGTAACATTCCTCCA
a5 integrin Forword 5" GCG CTC CACTGTACAGCT G 3
Reverse 5’ CAG CAA GTC ATC CAG CCC G 3
msfianvnBunadwlusuasiusouauiivues (i he
P asdgrefedonmmiues uwbhude  axmbuRedanduueumvedsalu i inlusuay

. ’ . ¥ a m - -l
(mouse monoclonal  anti-fibronectin;  Sigma) tLﬂ:il"ém’mﬁ'mLLﬂumuamqmﬂgmlum?ﬂqm \7a
4 : . -
Tudensas FintuarsassLdy g udtundaiqanssmivgaasasuy deyeynnuiuiu

background azaranaulntnistiansaueuivedyigiilaylildueufiveslgugi

NFIATMINY NGF #iedd ELISA

v d P
AFYNUINURITUANUABIULY 96 YN UTHININILFUTMALRLUMIMNABIELT INMIUA

2 . 1 - --l-: 1
mraanaufion NGF ELISA kit (R&D system) Tntmsaaasuanawnseusss audsnreylilugile

- - - ®
109178 uazamsdndyorudtnalalnsWindmes NGF E, . immunoAssay Systems (Promega,

Madison, W)

nisdpanutlufnmqemalin MTT assay

MTT assay ardamuianldraraenliuda (Patamapun, et al 2003) Tngadgnaneaslu
AMURBIIARILY 24 1 RAMHMLIMLL 25,000 as/mmatufiues fhioen 1 7u a1 D!
Fntl ansfideanmmasenluadidusine duiaan 24 Falus Taelu 4 Falusgakraesanisnrzdu
ﬂwuﬂitgﬁqmaﬁq:gmﬂ&’ﬂmﬂwﬂﬁmﬁ’lﬂﬁ pheno! red uasfl MTT (3-[4,5-Dimethylthiazol-2-yI}-2,5-
diphenyltetrazolium bromide} V;ﬂqﬂuLﬁu‘i’uqmﬁ’lﬂtVi’lﬁu 0.5 Na@nfuAlaadans

! waAsuran 24 2l t{]ﬂﬂﬁﬂﬂ?t%ﬂdl‘ﬁﬂﬁ’ﬂﬂﬂ wda(Fin DMSO (dimethylsulfoxide) 1 iadams

' ] -’d‘ - =% 4 - v .l’ : -
ﬁﬂull_ﬂﬂx‘ﬂﬂ.u‘ﬂ'ﬂ\'l"ﬂutﬁﬁdl'ﬁﬂﬁL‘W'E]ﬂ.‘:ﬂ’]tlﬂﬂﬂ formazan VISAAATINIUIINAITALEEY MTT R9INUUR



11

oM e ' o 4 v
g uAInisganAuuaasiag spectrophotometer ANEMARLUAY 570 urlums arntiuszusq

Anrgandunaaiudunweadaiunsiinsgu wezlfududuoufesazeadiond

MsANINISAABUATE NTAS

wadgnudtuasiy 48 well chemotaxis chamber a 48-well chemotaxis chamber (Neuroprobe,
L) ) [ Af -J
Gaithersburg, MD, USA). dufluirtesfialunisdntinnnirdeutessadluwwriadmnansiaiunzo
= L3 L ] 4 ] 6 oo e 3r . -
Auaad  wadgnudmirevuin 1 x 10° waddiadans Teeldifiunn 56 lulasRasmgn
(~56,000 cells IIRAFBUGN) ANaUTIEY apparatus qzuiiveemiu 2 du Tnedudumniusuifigngu
o . ,
AN 1adgnuduadly upper chamber €9ulU lower chamber ASHINEMNTALUTRATIN SPARC
neonndudusine an 0-5 Tulamfuiisadear amiudeietthiuoen 16 Falue weliizadly
) -J ] 1 (4 :’t [y <
upper chamber ARBUELULIBNNLTWIIES lower chamber aaniuAsETIfIBATaza ENe fNTAY
v L' = rl M e 1 L 1
A Faeas 3.7 Whunat 10 Wil e niUReiALNWNNILINRENIN apparatus waztuTgien

pou@Enmenifu wianiudngaddon upper chamber aen aundeliusigadlu lower chamber

:l L] L . f‘n! ] 1 <
ML agT et fnaavees susune liindasyansem

M3INT co-immunoprecipitation
wasgnnIzsiudas TGF-B ihuasn 1 Aw antiudsaialisfusing M-per lysis buffer (Pierce)

. d . . . o o
WldsAuRanaleun %1 Co-immunoprecipitation 10ald Profound™ Co-Immunoprecipitation kit
(Pierce) AABnIsTzylugiie dall TlsBiuesgmindausuRvafradufiniu oV (rabbit anti-integrin

0 . . - . ] - 21 o f
aV polyclonal antibody, cytosolic epitope, Chemicon) Aigniialiiuuialusiiu A Wuiaan 2 dalua #

!

1 3 [

Nl 4 asmraldas  Aanthudadndenasmivined udradallsdufinieindunialusfiu A
13 - . } I ] < 2 | 2r - - oy e a aa - F
giatl elution buffer uARMNAMENFIWHY wasfansaauauRueAfeBUiiniy aV uszueuRLeAse

4

SPARC (mouse anti-osteonectin/SPARC monoclonal antibody, Zymed)
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Aaufl 1 Ha1nl TGF-B Aowadinsaiy

-

Fangnaudndn Transforming growth factor-B dhuininunawefimiAiunumannganis
ﬂ%’m@n‘%n'ﬁuﬂnwm{ uaznsaiesuBienteasadiniu (Nagashima, 1992) uaza e ud
tmm:_:"lwﬁﬁﬂ%mﬁﬂﬁu‘lﬁﬂ%’wLtammu TR Whumnuiigansluiferuswinimahadety
(D'Souza et al., 1998) ¥inlitAndaduiingruit TGF-B L'm:Lﬂumfmﬁnﬁﬁmmﬁﬂﬁ’rufathqmnlun'\?
ﬂ?:ﬁun'mifauwnmmtﬁﬂLﬁ'ﬂfwwﬁu Tneszilden TGF-B fafanmqLﬁﬂLﬁﬂ‘[wa‘qﬁmﬂaﬁu‘lﬁ%’uﬁumﬂﬂ
wenanii  iedelnsaiugiealdy TGF-p fudseannifusauninaninga@eafindadia
(Cent1relfa et al., 1986) lunsdififansdntasemeeaienannsuamefinaiuiadalnsiy

I'f o I‘IJ a dj & ‘:F ]
Toeminlduds TGF-3 ulnfnudawmasivinuinasugunisiusasgad IHvaefig faus

NTNSTAUNITULNAD NAsnsEiuLaTALANNTIA T IIYINTuanIoas paALNITWEi N ARG
udilenveaTasvaisiia muﬁ’qmﬂ"umn?:qnuﬂzmiﬂﬁu (Heine et al., 1987; Kim and Ballock,
1993::Vaahtokari et al., 1991; Inage and Toda, 1996) uﬂ:ﬁewudmﬂu‘fn%LLﬂﬂmﬂfﬁwu‘lo’fmnﬁqm
%ﬂuﬁ‘i‘:@ﬂl&ﬂ:ﬁuﬁ’w {Akhurst, 1984, Finkelman et al., 1990; Cassidy et al., 1997)

. rzwdnasimiuinisreaiu. dyoniaes TGF-B q:l.";i"uﬂTnngluuﬁﬁﬁué’mﬁ’lm:ﬂ:ﬁ'uﬁu
(bud stage) InsmunIzUdAIBBNTEY TGF-P vialugages dental epithelium Rz lhuadey
Yu uarly dental mesenchyme Fazimunhhiihuderuuszifodeins iy (Lehnert and Akhurst,
1988)"1'1m§'u TumiaWuseariang (bell stage) avwy TGF-B lumadinauyngousaaniaiu P
asaFaARaLWL (mature ameloblast), 118899849 dental papilia uaziradaiiiany (Heine ot al,
1987; Lehnert and Akhurst, 1988; Vaahtokari et al., 1931; Thesleff and Vaahtokari, 1992; Inage and
Toda, 1996) 1melu dental papilla Ay niaes TGF-B fq:qqmn'lumaa'a%’mﬁﬂﬁu (D'Sousa et al.
1998) MIifindeduling it TGF-B sinasiuifiRadastunsinie s enveusadaiaie

1
W Inafisee used Ruch uaramzlull 1995 avuayw tﬂﬂﬂm::ﬁé’ﬂnduﬁ Wit TGF-B 414130
mﬁmﬁmaﬂ"ﬂm dental papilla TuWeelfjuRnas 1w m?tutﬂul.ﬂmﬂ'ﬂ%"mﬁ@ﬁu’lﬁ

. UANAMUALINDD TGF-B lussuinadmumnisaeaiu udr Salisearudn TGF-B fhilununm
lufuiebasanuysaludofon  laeaswuiinisusnteantes TGF-B Tuidledeinseiusasiufiaing

i8Faanysniuas (D'Souza et al., 1990; Nakashima et al., 1998) uasHenAdafiuanidy TGF-B WA

o Yol 2 v v a - - R
Vl'lwm‘nLnﬂ']‘n'ﬂdnun'ﬁ‘n?:ﬁ]uuﬁ:ﬂ')UF}NmTﬂ?‘Nmﬂi‘n'ﬁu‘aﬂL‘ﬂﬂﬁ‘il’éNL‘ﬁﬁﬂTWNﬁu (Nakashima,
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t

v & 4
1992; Shirakawa et al., 1994; Shiba et al, 1998) n1INTzFuUNIzUIUNAITENLIN e EaINT VL
+
. o o -
(Tziafas and Papadimitriou, 1998; Tziafas et al., 1998) Lm:mi‘i‘m:ﬂﬂuﬁlﬂﬂn'lﬂ'l.ul.ﬁmﬂ'ﬂ'fwmﬁu

‘ 1 23 A 1 e
(D'Souza et al., 1998) atinlsfia Meuluslnunssras TGF-B Nidewadinreiudaulugidinaily
Meuludrdimaaes

] A’ cd =l - < ]
' lunsdlsesnnrdennsuiliadelnseiy - fudngludnivaseuanidn TGFRB  ams
i :, - - - & . e ag e .
wilgninndaradadnesadaiadioy (Tziafas and Papadimitiiou, 1998; Tziafas et al., 1998;
i A a 9 - .
Hu et al, 1998) wmsannasedluvy wudiniielnseentquedinsaiuding TGF-B 1o dentin

' y & 1 v Lod - .
extract axg@nnsonsziunisaiuilaiumaunule uaznisnsrsuiiazgniudaiialduaufivedisie TGF-

. { L L] X 1 ool
B (Tziafas et al., 1998) TavuapUMLMIE TGF-B Tumsdanusuiiewy edwlsia soasiden

o X 4o o o
19enaInNIieueed TGF-B lunsnseunistenuaiiiedialwssthaiu dalifiandniau

' 2 . . v x
Nerve growth factor (NGF) ilulnfnudawmaf@nsiuiladfiunumetauinudsaniiuleasu
[ Il = [ ) - . d 1 -] q‘
funin  NGF lulushiulunguaes fialslniWu (Neurotrophins) Faflunguaeslusiuruindn #fl
unumlumsnsegunaeiyeeagadlszam  doalunianndin  aaessunisAnierudionae
wanUszam (Leve-Montalcini, 1987) e ulne Byers (1992a; 1992b) WU4MAIRINNNTNTERY

- L1 d’ X 1 ] - n‘g [
seiuged NGF Tutla@ialwieifuasgeatitannlifoifnaiaefuldfudunme  ue1es NGF ax

d e an . . o & 4 < X
wilgnihbidanelrsamunnuaw  inlianuladensreusuasdedairreaiediatuseiufingaau

a.l' | « & .5‘ d' o L=t o -
uenanil NGF fainalumseenausandeanadniaaiisiieinsaiu Mliiinsifrewnivaen
o 4 v & ¢ v o F A =
@on wsrinisAsgsszeamadluiledalnsaiy Feasnszgunszuounisdnianay Tadedudn nalni
’
- X & o . L : 4
Aeaull Wil lunalnflesiumaeszeaiiadalnsaiy usdninnisneuauesll uusann anazeed
nsanauatadluuuuiindudu  (ireversible)  wnlfifianistnatinaquusld  (Oiget  and
Kerezoudis, 1994; Byers and Narhi, 1999)
» 1 1 3 ar -t A ] 1 nl 1r [ A‘ A

_ wananumumiingtadnesiy Silimanuiuansin NGF iaziiasdeasiunisdenusnilaite
uaelin InganIzuea 13RIt (Matsuda et al., 1998; Micera et al., 2001; Kohyama et al., 2003;

- 4 & A’ .J L 1
Nathya et al., 2003) agwlsfia unumaas NGF lunisdenumiilo@etwraiy daafhufeeds

a o aen o o S & % -
fulingw InendabifinnsdAnmaedednEu uazann1sinunsfinauge TGF-B uae NGF NG

. & 4 . v . - 4%
atrantutiadeinsafundranldfudunse  FuRuaiululsfve TGF-B uay NGF aviidau

1 at 2 it - L] .&' .ﬂ
fumdumsnsyguviFamianiinisdenuantauiieialnsaiuy
i
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M
o A e

; ¥ d . o
INUMUMI9Y NGF lunisdenusnraniiaidiednse ﬂm:tﬁqmqm%ﬂuumgﬂmq NGF

: . & d 4. v X
wrasfigaudaniy TGF-B uaz SPARC Tunsdanuaniila@elnsaiu et ignsafaiiafunauny

E g o4 "
lLﬁ:ﬂ"?T?ﬂH’?ﬁNﬂﬁ'ﬂﬂqLUﬂlEI?]TWT\IﬁuﬂQﬂ

i =i ] [l X -
angardilaluumumaes TGF-B uar SPARC Willsdemsdenumiiiinidalnsiiu Ay

L3 "A - - - - d ﬂ. = -
gt idszgnaiveiuliunaiia viadagmiaiuanssn  Wandss@nnanlumslinasin

niuangsusialy

P

Hansnaaed

n. uaved TGF-B AanisaFeiniusunfiuuazpraaanau
1

| < ' - o
Tunmeaaunazes TGF-B Aanisildenulasmasiiusuaiuuarasaatan uanldlugui

1 HANIINAABIRANIIN TGF-B nTzfunisuamaantainlanuafuisrraasiau

: - v - ma o
isadiwsealugnnszsudts TGF-B Anamdindu 0.1, 0.5 uax 1 Wlasniiviiadans uanasn

LA dunan 1 A (16 42l) uanaFArsinisugmsantedNlusIuARLLAZARARIAYN WL

TGF-B awnsonszejunizugnsaantasilsiunaaseiin Halusesu mRNA uasluséiu

L
-

O lupdi 1 A Junanisussseenseslusfuisessiialussiy mRNA faamatin reverse
!
transcription polymerase chain reaction (RT-PCR) Inaldnisuansaantes GAPDH (glyceraldehyde

t
3 phosphate dehydrogenase) il intemnal control

dougl 1B (flussrasmslimsniszdulusiudannaiin western analysis UAZHANITNAREL

.. : L s i
wunainanaesi)sAuludnrusiReefufivuluy angy 1 A

~ Tunw 1B dasavete iuduisgesllsfivsnnsginguiwnin uariiuingednaas
{
N L i & t - L3 o - ‘0’ -t
1wy 1iei | anedavih 1 aziivninTuanadssiang 190 Alamssiu dawlwiusunfiu aziunin
¥

Tuianausznin 220 Alannasy
- e v | = v
HANIMAAT ARALPBURUIWANALEATRAINEINITNIEY TGF-B Tunisnssiunis
: . - : ;. - o
afalsiulusaduarusiin (Leonard et al., 1991; Begue-Kimn et al., 1992) TamfuayuuuiAniuan
. TGF-B Wrasfiunumlunisnazfunisdenusuiindielananrniio@elnsaiu Taenienseduns
!
. ] al o -
arallsiuassaaudadullsfiuiidulusfiulassairandnossfid@ialnsaly  uaznsegumsaiiv

i -t P = E al ' o
Turuain Fadullsiuhdounseiunisirouiveddad LazadLAYUANTUILTDILIAUKS

1
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- ATNANNT0TRY TGF-B lumanszrunizaiiniusiuesiu luaadinsaiy dilinaiineanuy

i ,
wreu wasfRdn inoenlily Srisawasdi and Pavasant, J Endod 2007 In Press

92, 48993 TGE-3 AANTUAAIBBNUBY Nerve growth factor (NGF)

C lummesasdousiann (unimasauuates TGFB Aenisusadesntes NGF (fiedanni]
mevuTkeaINTRNINTes NGF muludedetnssiuetnmadaniaudaiildfusune

_ denszuadinseiiudion TGF-B Aavuudidu 0.1, 0.5 uax 1 wilunfviiadans Wiom
24 Falua wudn TGF-B @nnsanszdunisuanseantas NGF Wlasnisnseiuasulsduninaniy
dudures NGF (@A 2 FadlevimsiaBunndusi NGF Audseenunluendnaged Fondd

ELISA wuinldus lufaniaRmaaiu mRNA

P
L3

’ A ] 1 :” ‘l

. uamamaaadlugi 3 uandiviudl TGF-B amnsonszsunisuaasaantas NGF sisusn 4
Faluausnudanisnssgi uassaannsdalisiiu Alfualufanadeaii

Tunsmasesrann unslddadudelungn MAPK (mitogen associated protein kinase)

I%un Aadugiasie p3s kinase, ERK (extracellular signal-regulated kinase) 48 JNK (c-Jun N-terminal

. o -
kinase) LaAnnalnnisnszdu NGF Ine TGF-B

-‘ 1 2 .Il ] .
uaneaedlugli 4 udndn TGF-B nreumsa¥uazuad NGF Hun pas kinase kax

L L

INK Tnesiatiufiviaasniin annsadudanisafnuasuda NGF annisnizsusion TGF-B Ratwil

-]

JuRATY WALINBRTIRABLTEALITEN active p38 uaY active JNK (phosphorylated form)wuinilszdy

|

-I : § - A
WinTuilensesuding TGF-B fuaniualugn 5

1
L
a~

. " 4 . d d
n1snssifu NGF loe TGF-B famnsndudslainoy staurosporin Teuamedn nalnfiheades

fUWusU serine/threonine kinase (Builu kinase #fimdeniu kinase andia TGF-B receptor 184)

uazatnnraduaalifion SB225002 Faitl G-protein-coupled receptor inhibitor LWAAIDMATINNLINL

&Yy I0aIN TGF-B iudnyoynneann G-protein receptor (gﬂ'ﬁ' 8)

A [ L8 4 &
anmageUANNANNUETING  dtygniean p38  uar  UNK  fudiyniniued
|

f ol ;
serine/threonine kinase (Wianmiaditludtygyinuain TGF-B receptor) uasdtyny muain G-protein

) da v b . , .
receptor LIAAIWIINY AxgnnTzdusian TGF-B uanneiidinsadudss serine/threonine kinase was
i

]

;
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A G-protein-coupled receptor {1981 15 RN ANUUARTIRABLTEALTEY active p38 LAY active

+
ar

; o N A , o a ,
JNK Nﬂmmmﬂﬂﬂu;ﬂw 7 WEANN AREILENAE G-protein-coupled receptor EIUENNIFINA active p38

-: [ : 1 N . . [ :’, - .
lurnushsguiare serinefthreonine kinase fILEINATINA active JNK

VARl
] 124 n;l‘ r.Yv A’ v L4 o 3
Tusgwdranrafatlafusadaiilaffuazaiae TGF-B Anuouunuazfiuliluiiedy uas
i o | . & 4 4 v A
Wafiadunsesed TGF-B axgnidesaanatnilefudunluliafialneasiy nanimnassaisll 7
1 1 ‘II - J 1]
wanadn TGF-B awnsnnszdfunisuaseaenaed NGF el 4 49l sanadeaimoauiuand
L ﬂ\' 1 [] [ 1 : “ -t | et »
seduLed NGF nTustmnF luiladialns sl udsanifuldsudunse (Byers et al., 1992)
° § - Y e X o4 13
i NGF  siwihdiderdasiursuulisamnieiuiadaineain - Tnsaisonszeulinlsne
: , = ¥ 4 - Y 4 .
Ursamiiannlosiadafunnty  (hypersensitivity)  Jadunaindesiusneseaiie@iainsaii
5 o ' - X 4 N
uananni fawudy NGF Hunumlunisdenutiiliediadag (Centrella et al., 2002; Lambiase et at.,
' o X 4 . : .
2000) UMUIMT89 NGF ianraxuwtiiadieTnsafu aglurswitainisdngiuibia
fynyean TGF-B azdadmudisadiuna TGF-B receptor Innazlunssgiunisinauaes
TsAu Smad Tammawrz Smad 2 uas Smad 3 4 il active Smad2/3 asAUNY Smad4 Radlu
. - ' v - o o v o L v
trimolecular complex Aignrsadnudr luinmfeg uazimmianiily transcription factor lnanasnseru

Smad finga cytoplasmic tail 184 receptor axiilu kinase 11im serinefthreonine kinase (Massague

20004, b)

atiwlsfia fsnemdn fyyioees TGF-P arnifinludnunsiiily Smad independent 1o
ﬁ’zyt;,j'nuﬁ::hu‘lﬂma signaling molecules %’u'] s MAPK g (Shi et al., 2003) Selunasesaiall
wudndtyyrures TGF-B receptor axting JNK newlhlaiuaunisuanisentes NGF KAz
staurosporin Faiilu serinefthreonine kinase @uNInfufINITUANIBENTEY NGF 18 Weiiuda
annAgudn Ayaruamn TGF-P receptor WAzt Smad riew udrAsrwsaluf INK rewl
muhumﬂmmﬂﬂnmm NGF

s G-protein coupled receptor inhibitor mm?nﬁ'ut'?qn'wuamﬂﬂn'nm NGF 1 uandni

. - X v o . { o - 1
crosstalk LNATWTEUIN TGF-B receptor NU G-protein coupled receptor Fap NS luaneueil

PERIENLEN 1T PeeueetAneiRdues TATenule crosstalk szudne TGF-B fu 1,25
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dihydroxyvitamin D (Pavasant et al, 2003) LATTI81UYEY Kim UATATUY 1#s1e9nuble crosstalk
[ -1 '
semdnATyqInaasBuiiniuiu TGF-B receptor (Kim et al., 2004) Tnerlunsmaaesil wudn Crosstalk
'q : -‘l‘ 1 . 1] o = (v -.I’
Afndul azgeddynyadinng p3s kinase 8l Toandunesnuduiuiil sudiaad

msAneRuENse Ly
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TGFB

0 0.1 05 1 ng/mi
C TGF C TGF

« ol <« Fn (14 ‘ﬂqCOiIAl
175

33

Figure 1

zﬂ# 1 ua18d TGF-B Aaniruanssanged Mluniupduusraaasaulugadingaiy

st usnenaTey imadTnssuRignnrzdusn TGF-B finamdindu o - wilunfuiedans
Wuna 24 9T wezamageuszdunsuamaanesilunuafuarAsaaAngiad 1 dumale
RT-PCR  manimasganuinrsdumsugaseansaaa nlunuaiuuasaesanauisduaupaudsdu
1939 TGF-B '?Jﬂ'HnixéjuLﬂﬂLﬁﬂuﬁ’umﬂmmmnﬂm GAPDH Aliluiauemniely

s uassnadienssdudag TF-B rnmdudu 1 wilunfufieddas aaaeiszyliiu
Fmvases uazamasaunisuanssenesliulniunuefuussrenanay 1lafl 1 Faedd Western

. X o X . 2
analysis Wuddntrafallsiuissesrliafinauaasadpatuniifiuesdu mRNA
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FB 0 01 05 1 ng/mi

RT-PCR
NGF
GAPDH
ELISA % 7
“f 15t
oy
3
Q
£ 1f
[}
@
Z o5t { ;
n e e
TGF-g (ng/ml) ¢ 0.1 0.5 1

7UR 2 a8 TGF-B FiRN174AAIRENTEY nerve growth factor (NGF) luadnaeily

MNLULARAINAYEY TGF-P Taomdiudu 0.1 - 1 wilunfufiaddns Alsewadinsaiy uianseiy
dhaaen 24 Falue wudn TGF-B nazfunisuasseantes NGF ulsunmponndinduile demnsaney
TTAU MRNA

NMRANUAAITEALTEY NGF ﬁu&mnwaéué’qgnnszﬁuﬁqa TGF-B \fiadakatds ELISA A

A9ARRBINLNAYTEITEAL MRNA Tunwuu
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4 8 24 hours
RT-PCR -+ -+ -+ TGF

NGF

ELISA

mm Control

TGF-B

Relative amount (fold)
O - N W A U1 O

Fig.3
4 8 24 hours

a . o .
U7 3 ua1ey TGF-B s NGF Mirzaziiaimineg
- v & aa s e 1
MMUULEAIN AR TGF-B Ratnsdndu 1 unTunfudiadang doaadinsadlu wdansefuiuged
y : ve a4
4-24 49139 WU TGF-8 aunsonssdunsuaniaanead NGF IEAwsn 4 4914

. . y A ey - ; . .
NaNuaaszaureiUsiudiedadaens ELISA Tanasanadaaiuseiy mRNA Tunimwuy



21

Inhibitor p38 JNK ERK
TGFB- + - + - + - +

RT-PCR

(=2}
1

ELISA

L&)

Relative amount (fold)

Inhibitor p38 INK ERK

717 4 ua1es TGF-B NGF gnéutivléifag MAPK inhibitors

MLMLAAIATY TGF-B Aroudind 1 wilunffiadang lunrnszdunisuaninanias NGF
Tuanazhil Wiehifl MAPK inhibitors 3 %0, A8 p38 inhibitor, JNK inhibitor W8z ERK inhibitor LAz
MIIARDUTEAU MRNA WUINNITAN p38 uas JNK inhibitors mmmﬂ"uﬁmﬂm?m:ﬁu NGF 199 TGF-B

IHateidad Aty (ANOVA, p < 0.05)
1 -~ JV - J L% 3/ -
nanuameszauresllsiiu NGF Pindaels ELISA T liuagenadasiunaain mRNA
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g, 2
£ i
e |
g |
>
o |
o} 11 1
[y ]
u
[
=
©
0 0
— pp38 . & ® & pINK o eses pERK
t-p38 - = EINK e e t-ERK
TGF-p - + -+ Tt hgs

717 5 uares TGF-B lunsnszhiu MAPK Tugadinsaiy

wasgnnIzsuAae TGF-B Anudindu 1 wilunfu/fiadans (uasn 30 wHi anniiAanrialysdiu
LREATIAARLTEALYRY phosphorylated p38, JNK UAY ERK (p-p38, pINK. pERK) Taugmafessauisini
gnnszdiu safiuaaslugiduan wezarmdinesgUssgninmsifsuiuaoudiee ol p3s, JNK

WY ERK (t-p38, t-INK, t-ERK) Tnenfienlinguatuaninfy 1 nan1smasaawuds TGF-B & mnsnnsesis

p-p38 AT p-JNK
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Inhibitor Stauro SB225002
TGFp - + <~ F = ¥

RT-PCR

(o1
—

ELISA

]

[y
T

a Relative amount (fold)

FB - + -+ -+
Stauro SB225002

Fig.6

gﬂx‘q’ 6 HA184 staurosporin WAL SB225002 AiaN1INFLAU NGF

adgnnsziudinn TGF-B Armdudu 1 uiluniudaddns dunen 24 d9lus Wenosititeli
i staurosporin (serine/threonin kinase inhibitor) K&y SB225002 (G protein coupled receptor inhibitor)
MR IR saUMTUAAIBaNTad NGF WL staurosporin WaT SB225002 anns0dudanaes

TGF-B Tunsnsesiu NGF Thetnainiud Aty (ANOVA, p < 0.05)
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®
2 2y
S
2
o
3
)
g
=
£
—— — - W p_p38
— ————— t-p38
TGF“ﬁ - + - + - +
5B225002 Stauro Fig.7A
2 2y
c
8
L 1.5}
2 ¢
o
LT 1 r
vi
E .
c 05}
£
=
o a — — S
L
5 i meelaEme p-JNK
- — —— — R il t‘JNK
TGF-p & + - + - +
SB225002 Stauro Fig.7B

gﬂw‘n’ 7 Staurosporin Ua SB225002 & THLIHATEY TGF-B Tun13nszdis MAPK

\adgnnstdudon TGF-B Armdudu 1 ulunffindans dunan 30 wift lusnnsitil wielis
staurosporin Uat 58225002 mnﬁu‘%amaéfmﬂﬂu&*:ﬁw‘aa phosphorylated p38 (7A) Wax phosphorylated
INK (78) upzanudineesgazgnilessiifisuiuannunduees total p38 uar total JNK lmewdinu

3 e ' - O % < -
'Lunqumuaum'mu T HENITNARBINWULIN staurosporin HUENNITNTEAU p-JNK Tuwrueh SB225002 gy

n1nszdu p-p3s
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AauT 2 HaTed SPARC A8 LTas I nawy

mrulasuulatiousnBinnasarinduenaas aunsnasfeufessdunisanmasudieo
nrpdgasldiduiy W ma‘ﬂi'zngﬁwmmﬁﬁu (laminin})  =fidvEwasenisanineisud
ENIBUTAREYHD (Hay, 1991) TusnefinnAounlasssdurasiniununi (fibronectin) AxRNANINE
pian1sAasuTientTausadnszgn (Moursi et al., 1996) tludy

: Tusuluunduanisaddouilfiiineaud iesRosdeaiunszuunisdenusunasnisin

LﬂﬂfLi‘u%LﬂWMNL‘nﬂﬂ'Twm‘Iu Aa Osteonectin/SPARC (Secreted Protein, Acidic and Rich in Cysteine)
$ailu glycoprotein FaMATOUTULARTHE0aY TsRusinulduiedeinsouss luiinden
fiun3d Aensegnuasiu ussyAuLed SPARC luifedeetiunidlon IRWIENTZGN q:qandﬂutﬁmﬁﬂﬁﬂ
Aat 50 Wi {Termine et al., 1881; Kasugai et al., 1991; Maillard et al., 1992; Yao et al., 1994) Tu
Foruuaziodenreiy fnaerwimunisianiesnaas SPARC lumada¥taiiediy (Begue-Kim et
al., 1994; Takano-Yamamoto et al., 1994) uazarwulsiu SPARC AU nuadad e toiy e
Wud9u predentin uaETLFnTTed dentinal tubule (Reichert et al.,1992; Tung et al., 1985)

wihfines SPARC lunsvgnuasily Tneviaqly delaifianndaian - Ndpededuivgiui
SPARC thazifiendasiunisufunlanuunindreaiieruneudanisanaznauetuvie daRuNFgIu
faumumees SPARC i asnafadfunansAn ludeatfjiRng finuigadinsaiuazaeuauadsia
TGF-B Tnansiunmsat SPARC wrznnirduiisuRatuneunisfinnsney
afiun7d (Shiba et al., 1998) u,ﬁi@'mﬁm'mlﬁm?q']ﬁ a8 Itota wavAuz (2001) FUEAIIn TEALITDe
SPARC 'lmﬁfaLﬁﬂ‘fwNﬁm:qq‘??umhqmn'lu‘r::mmmi'ﬂﬂuu‘nuﬁfaLf‘ffﬂ?ﬂﬂﬁuuﬁ’q‘lﬁ’ﬁ'uﬁumﬂﬂ
Favh aaﬁ-'ﬂ'aﬁ’uﬁuj’md'ln'mf»‘i'u%ummiﬂ?ﬁwnﬁmﬁ anaar M TR ELRNEN 19N FIUWTN
299 Lﬁmﬁa Imnfsziunsdiveindensesadinsaiuld

dnaniilaedialzes SPARC i fmaenliuanelszmsfianiu é’qttﬁnﬂfﬂquaunﬁ?tnﬂx

pagadiumvEInduanisad  nsAruANNTTIATYTeMABARen  uaznisnssiumeafelsEuvane

e saNRINIaFNAaaaauTiiagl | (Lane and Sage 1994; Rosenblatt et al., 1997; Francki et al.,

J
ar

1999) uanaNnii SPARC flamnsonsdiunimmsuanlnilunguaas matix metalioproteinases (MMP)

d o 4 o o o . : X 4 .
daiamiAnandeatunimnateuarnisuiunldauseuiiafietinsiasag  (Tremble et al, 1993)
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uana Nl fanudnIainsEAuTee SPARC dnnwuluilaifiefitndeiinasdfunlany viatinnsdauuay

{Reed and Sage 1986)
- I o 1 nl L] A -J - -
'lummmmmﬂﬁu:m ﬁi"’lﬂﬁuﬁl’] SPARC @7H170MUE2UNNITIARDRUNTAITRANSITIVANE

L4
- ¥

74n (Kato et al., 1998-99; Rempet et al., 2001; De et al., 2003) sauviawud nalnniansveiung

d! d‘ o -3 - L) e . 1 4' L=3 - d' L o

AuNTaNTARNETY AziainEuiinTulungures alpha v Tadh@ufinfuinuninlugadunia
o ah o . i

(De et al.,, 2003) aeWlsfie delidlimeuntsdnetnitfisas SPARC Auntsnsvsiuniniadeuiies

A s InTINu

= =

INFIENUTILNLMTE SPARC Aandratnadu aefifaanufigaudn SPARC thasiiumumly

' ~ J ] = I3 -l Ag - x|
ﬂﬂ?ﬂ?ﬁﬁ]ﬂﬂﬁ?ﬁi'ﬁﬂllﬂmluﬂlﬂﬂ“ﬂ’lﬂ‘ﬂuﬂ ud lunsdirenia@alnsaly AmliReNTE9LIEY itota uas

a ]

ARZ(2001) uamsAn LA USTBeTs UM sKanBantes SPARC Tuillaidelnsstuiiléfudunse us
dehifienuiidnsmiinfives SPARC atinadiniay

NITUAAIAENTEY SPARC gnatuanmezaiinuuarinfnuameilugaduaiestin (Begue-
Kirn et al., 1994) wihuileidetwsafy uasadininurameiienizuanataenees SPARC dsadhitaais
1in Tngfees1ea11ue84 Shiba uATATY (1998) UALTIENTIBNAMEGIAEEY (Pavasant et al., 2003)
finwdn TGF-B anansanszéu SPARC lugadtwrai uananiiasidndondn uazas TGF-p s
NTuAAIRENTEY SPARC axiingsiudled 1,25(0H)2037 saunsyudnn uaziifesann 1,25(0H),0,
Lﬂufl"él?‘T:Ju‘ﬁlflﬁﬂﬁwﬁﬁi'ﬂﬂ’lﬁ‘ﬂﬁ“ﬂﬂﬁﬂﬁulm:ﬂ?:ﬂﬂ fathy ArwaTNTaTRY 1,25(0H),D, Tumsiaiy
98 TGF-B 0an1sai SPARC f'jqL\‘N"uﬁwﬂ’n'lﬁuriﬂfnuﬁqﬁtymm SPARC lumstenumiiiaidle
Tnsalu uaznisimesudievresadingaiu uwanant MeemTed Francki uasAmy (1999) 7

Anwlu mesangial cells Wu31 SPARC @ N170AILIANNNIUARAISANTEY TGF-B Wse  Tauamada

ly o o ' . a o Ay . 3 . &
ATNANNUS TENT NATNIAEL NEVRNLIVNINUNITINIEAUNITIDN wanpaieEaingadly
|

HANITNARDY

N. HAT9I SPARC AANIZANTTDLIRA WA

d H 1] A 1] - _— , 3
dWnsanimenuiingndn SPARC dlullsiuniinasadmnsninaiyreagas  duluised

endothelial A% smooth muscle cells 1MFY (g review 1 Yan and Sage 1999; Brekken and Sage

i L) 4
e

2000) ANLALKEIAEAIFUNIMAABLAIUNTANYIRINATE SPARC AiedRIIN1IRTTy189T88 10t
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gt 12 uanana1ed SPARC lunisnsesuliiiin active ERK Taganaderiunanmanedd

Fafiugy ERK aqmnsodudinaaed SPARC TugU# 10 uenaanil neutralizing antibody fia avB3
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T uanmeaesil aduaywin SPARC rasvimuiitilu chemotactic factor #miuizadingady

be

Fammgunnil Nesnule Prostate cancer cell line (De et al., 2003) F4aananunsalunas
[} ° 1 t] fy - \ 1 o g [}
wilgaihnsrfeuiieadgesl aiuayud SPARC anafitadasiunssuounstanusniiiadiainraiy
A ' » 4 [ 4 ‘l ¥ - 5
Tugnosiulafudunse Hmeaudiseduaes SPARC nduseutasaiatiany (lota et

¥ « 2 X . X
al., 2001) ¥ONANT TERUTBY TGF-B fithudu (gH1esi) uaslisneandn TGF-B aursainnisain

SPARC Tumadinsaiuld (Pavasant et al., 2003}

-l e‘ -’ » -« I o = ey ar li -J L2
HPIENBNLAANINATINANAUE TE W BRI TUALNNTIA AR UNYRIT AR (Huttenlocher et al,
-il [ . . ] . . =,u :‘/
1996; Palecek et al., 1997) TIADAAFDAITLINATEY neutralizing antibody A9 aVB3 integrin NEUENNIT
ad o v o . . , [ . .
lﬂa'a_u‘VI‘ll’adL'ﬁﬂﬂ'TWNﬁu uazidialseneununafiu@nadn neutralizing antibody fa aVB3 integrin
gamndudiniaifin active ERK annn1sesiees SPARC yibiiinidudasunfgnda SPARC anads

&y maBuiiniustinil

A. HAYDd SPARC sanisaieInTusnfiy

TsaunTuswaduniullsfiui dounszsfunisuisin. mstimmzussninafauiredsas a9

- -J - [ 5 - Ll
winllsAuReansunugn AuRUSTUNITUNETaILIARKE

A i ﬂ. -
amfuamnaldlunausiuin TGF-B arunsniumsaininlusuaiuangadingafulsd was

: 1 -: 1 - o o A
Tunsmagounares SPARC wudranuisninnisaialdsiulWiusuesivldduiu fuansnalugli

»
-4

13 Taennsmslagauvisdnedd Western analysis UAZ3E immunocytochemistry uazmensysunira¥y

) - o o 2
IWlusaRuszudsdumuaciudindures SPARC Aldnresu

3 b~ 3 ] > 1 J 4 L ]
aglefin wudy seduges mRNA hifimanasuudas Asldauulasemzsziureslusfiu uansin

ua109 SPARC aia Tusiuafiu diszifatunalnisiu post-transcriptional reguiation
[} 3 ] | H )
Wanraasuiidninanisld actinomycin D Seffudani7a$19 mRNA uaz cycloheximide 34

]
fiufanszuaunsaireldsiu wudrluaninziin cycloheximide linunisaFalysduliunuaiues
|

Tusneinasld actinomycin D fanunininturaslusividivnuaiu Ssaanadasiuuuadnidiug
129 SPARC Aan1sa¥ninlusasiuiluuuy post-transcriptional regutation (gu% 13)
o - -
panImAaedluglR 14 uanalfiiudn neres SPARC Tunisnszsunisafniusiulnlusuai

v
ar

gnéiudaldsiafadudnie AKT uay rapamycin (A136UE9A17%1911289 MTOR 138 mammalian target

e
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- . ] N v 1 ‘J . ]
of rapamycin Tuihueulan kinase FUlaNALANNTELAUNT translation) WAMITINTELIMANINTVEL

yraziia’nn SPARC tulun1a AKT/mTOR

v
YR ]

' v 4 . . : , , . \
L lunsveagsdann Weld neutralizing antibody fia aVB3 integrin LAy AIEUSIsE ERK wiidn
- :‘4 to - :: 1 -y 3 4 -l a~ -;u :‘r
fafudaissasanisndudanates SPARC sannsdraiWluriuasuls (qUR 15) Wwdsefufidudona
¢ A al enl 1 4 v oY W - . . '
984 SPARC rian17iageuiizedtaainainnuded sy uaratiuayudn SPARC Wrssdadyaynndeinu
oVB3 integrin
. -J - L1 - b4 N .. . .
! WaRFIRAILUUIARTL ﬂm:r;{’?z HRINARDIN co-immunoprecipitation ineing precipitate
aV integrin uazfiauny SPARC 1AtN1ImAReaiENAINN1INILAgad a1 SPARC fae TGF-B 1
.. Y . . » o . 4
187 1 AW INTUAIMMIATALEAR LAY precipitate A8 anti-aV integrin uaztinuanms Wi #e
i
- . = ' .
fiang SPARC #ntinafla Western analysis wan1maaeslugiil 15 uamadanis precipitate av

integrin @1NN70M SPARC aanuiaels wassdnikRziinesduiusewing aVv integrin uar SPARC

uazsiuayuuuIAAdn SPARC dadtyaynnutinudngiaadinsaiunig aVvas integrin

unianznd

ANaNITnlunsnsssiuntsatiusueAiy. atuayuunumees SPARC Tuntsdanua

& 4 = ' - X o & 4 \
adie nefinenufivansiinaiinauaes SPARC duvusiuniswiasavilatialnianiu (Piva et al.,

! & J e s g y
2006) Tnemunisazangesiiunusiuludiadaiwsaiudwnidlisedouitlounanzgsoe

Le

[ =l

wanidenlansantad wanannid dawuiinasazanaadiwiuunafiuly basement membrane lusemdng
|

msavivasudentamssafratioly (Lesot et al, 1981) dvuamdaunumaesWlusiuafiulunis

: X - i

danugilatainraiuuazivivarudienessaadinsaiy

Taniddnaial danandliiiudn SPARC unazduin avBs integrin Wlnons Ssaenndasiu

Peulng De uazAn Taauadn SPARC milaninisirdeuizedsasuzesengnmnntig avp3

integrin 1w

IMAFEERNLAMNANAUTTEMINATY QAN SPARC RHIUUMNS aVB3 integrin Lazda

pialud ERK uaz AKT Tunisaireinlusiwasiuda

3. HAT8Y SPARC flan114F198uiinsy
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UANAINY HANIIMARBIEINUIN SPARC Uiazdadtyayiusiog avp3 integrin 1o avB3
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Relative amount of cells (fold)
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Transforming growth factor-p1
up-regulates the expression of
nerve growth factor through
mitogen-activated protein kinase
signaling pathways in dental
pulp cells

Yongchaitrakul T, Pavasant P. Transforming growth factor-fl up-regulates the
expression of nerve growth factor through mitogen-activated protein kinase signaling
pathways in dental pulp cells. Eur J Qral Sci 2007; 115: 57-63. © 2007 The Authors.
Journal compilation © 2007 Eur J Oral Sci

Transforminlg growth factor-#1 (TGF-§1) and nerve growth factor (NGF) have been
detected in pulp tissues after injury and are implicated in the differentiation of
odontoblast-like cells and in pulp tissue repair. We examined TGF-§1-mediated
regulation of NGF and investigated its signaling pathways in human dental pulp celis.
Analyses by reverse transcription—polymerase chain reaction (RT-PCR) and enzyme-
linked immunosorbent assay {(ELISA) revealed that TGF-#1 (i ng m|™") induced
NGF mRNA and protein expression through the phosphorylation of p3§8 mitogen-
activated protein kinase (MAPK) and c-Jun N-terminal kinase (JNK). Blockade of the
p38 MAPK and JNK pathways with the respective upstream inhibitors (§B203580 and
SP600123) abolished the TGF-f1-mediated induction of NGF. In addition, SB225002,
a G-protein-coupled receptor antagonist, and slaurosporine, a serine-threonine kinase
inhibitor, partially inhibited TGF-f1-mediated induction of NGF. Phospho-p38
MAPK was suppressed by SB225002, whereas phospho-JNK was inhibited by sta-
urosporine. We conclude that TGF-£1 up-regulates NGF in human dental pulp cells.
This suggests that TGF-$1 plays a role in NGF regulation during pulp tissue repair.
The signal of TGF-f1 involves the activation of MAPK, especially p38 and JNK. We
suggest that crosstalk between TGF-81 and G-protein-coupled receptor signaling also
participates in the inductive mechanism.
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Tooth injury can induce reactionary or reparative dentin
formation. It has been shown that dental pulp cells,
under appropriate conditions, may differentiate into
odontoblast-like cells and deposit mineralized tissue
(1-3). Several growth factors, such as transforming
growth factor-f1 (TGF-$1) and nerve growth factor
{NGF), have been implicated in the differentiation of
codontoblast-like cells and in pulp tissue repair (4-6).
TGF-£1/is a multifunctional cytokine that is signifi-
cant in the metabolism of several tissues, including dental
pulp. TGF-81 was shown to be involved in the differ-
entiation of odontoblasts during odontogenesis (2).
During early tooth development, TGF-£1 is believed to
be secreted by epithelial cells to induce mesenchymal
differentiation. In mature teeth, it is synthesized by
odontoblasts and is subsequently trapped in the dentin
matrix (7, 8). Upon dentinal and odontoblastic damage,
TGF-§1 is released during tissue demineralization and
acts as a stimulating factor for odontoblast-like cell dif-

ferentiation and matrix synthesis (9). Previous studies
showed that TGF-§-binding sites were strongly
expressed on odontoblasts and pulp ceils when TGF-g1
was present, and up-regulation of reactionary dentin was
observed (10). This suggests that the up-regulation of
TGF-$1 is essential for pulp tissue repair.

NGF belongs to the neurotrophin family of proteins,
whose activities promote the development, survival,
maintenance, and repair of nervous tissues (11). NGF
has been detected during tooth development in rats (12,
13) and was shown to be an essential factor in the for-
mation of pulpal sensory innervation (14). Furthermore,
the level of NGF is increased in dental pulp tissue after
teoth injury (13). Near the site of injury, sensory nerve
ending sprouting is preceded by an up-regulation of
NGF expression in pulp cells. In addition, NGF is active
in the process of tissue repair; it was shown to induce
healing of corneal epithelium (16) and to accelerate an-
giogenesis and nerve formation during cutaneous wound
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healing (17, 18). Therefore, an increase of NGF in dental
pulp tissue after injury has been generally considered to
support nerve survival, induce nerve sprouting, and to
provide the important conditions for cell survival, angi-
ogenesis and repair (19, 20).

Although the levels of TGF-£1 and NGF are found to
increase in the pulp tissue after injury, there is no
information concerning the influence of TGF-£1 on the
up-regulation of NGF, or vice versa, in dental pulp cells.
The only direct evidence, albeit in a different type of
tissue, was demonstrated by LinpHOLM ef al. (21, 22),
who showed that TGF-$1 supported survival of rat glial
cells by inducing NGF secretion. However, the mech-
anism for NGF induction has not been elucidated. The
aim of this work was therefore to examine the influence
of TGF-f1 on NGF expression and to investigate the
signaling pathways involved.

Material and methods

Cell culture

Human dental pulp (HDP) cells were obtained from caries-
free lower third molars, extracted for orthodontic reasons,
after obtaining the patients’ informed consent. The protocol
was approved by the Ethics Committee of the Faculty of
Dentistry at Chulalongkorn University. The teeth were
washed once with 70% ethanol and split longitudinally,
using a diamond disk, under water-cooling. The pulp tissues
were gently removed by forceps, cut into pieces, and placed
in 35 mm culture dishes (Comning, New York, NY, USA).
The explants were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% ({v/v} fetal
bovine serum (FBS), 2 mM L-ghitamine, 100 IU mi™' of
penicillin G, 100 1U ml~! of streptomycin and 0.25 pg ml™
of amphotericin B, and incubated in an atmosphere of 5%
CO;, at 37°C. Each preparation was prepared from one
molar, Media and all supplements were from Gibco BRL
(Carlsbad, CA, USA). The cells from passage 3 of three
different preparations were used in the experiments.

Treatment of HDP cells

Cells were seeded in six-well plates, at a density of 23,000
cells per em?, and grown to subconfluence. After depriva-
tion of serum for 16 h, the cells were stimulated with
recombinant human TGF-f#1 (Calbiochem, EMD Bio-
sciences, La Jolla, CA, USA). To examine the effect of
TGF-$1 on NGF mRNA expression and protein secretion,
cells were treated with 0, 0.1, 0.5, or 1 ng mI™" of TGF-$1
for 24 h in serum-free medium. The RNA was extracted and
the medium collected for analysis. The effective dose was
selected and used for the rest of the experiments. Cells were
also treated with TGF-§1 for different time periods (4, & and
24 h) 1o determine the appropriate duration of treatment.

Inhibition

The inhibitors used were SB203580 [p38 mitogen-activated
protein kinase (MAPK) inhibitor], SP600125 [c-Jun N-ter-
minal kinase (JNK) inhibitor], extracellular signal-regulated
kinase (ERK) activation inhibitor peptide 1I, SB225002
(a G-protein-coupled receptor inhibitor), and staurosporine
(a sering/threonine kinase inhibitor). All inhibitors were

from Calbiochem, EMD} Biosciences, Cells were treated
with each type of inhibitor for 1 h prior to the addition of
1 ng ml™ of TGF-B1. RNA extraction and collection of
medium were performed for reverse transcription—polym-
erase chain reaction (RT-PCR) and enzyme-linked immu-
nosorbent assay (ELISA) analyses, respectively. To examine
the signaling molecules affected by TGF-£1, another set of
cultures was treated with 1 ng mi™' of TGF-§1 for 30 min
and the cell protein extracts were collected for Western blot
analysis to detect active/phosphorylated and total MAPK.

RT-PCR

Cells were treated with TGF-§1, as described above. Total
cellular RINA was extracted using Tri reagent (Molecular
Research Center, Cincinnati, OH, USA), according to the
manufacturer’s instructions. One microgram of each RNA
sample was converted to cDNA by avian myeloblastosis
virus (AMYV) reverse transcriptase {Promega, Madison, WI,
USA} for 1.5 h at 42°C. Subsequently, PCR amplification
was performed. The primers were prepared following the
reported sequences from GenBank. The oligonucleotide
sequences of the primers used are: NGF forward 5-A-
TACAGGCGCAACCACACTCAG-3 and NGF reverse
5-GTCCACAGTAATGTTIGCGGGTC-3"; and glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) forward
Y- TGAAGGTCGGAGTCAACGGAT-3* and GAPDH
reverse 5'-TCACACCCATGACGAACATGG-3.

PCR amplification was performed using Tag polymerase
(Qiagen, Hilden, Germany) in a reaction volume of 25 ul
containing 25 pmol of primers and 1 gl of RT product. The
amplification profile was one cycle at 94°C for 1 min, 26
cyckes at 94°C for 1 min, hybridization at 60°C for I min,
and extension at 72°C for 2 min for NGF (22 cycles for
GAFDH), followed by one extension cycle of 10 min at
72°C. The PCR was performed in the DNA thermal cycler
(Biometra, Géttingen, Germany). The amplified DNA was
then electrophoresed on a 2% agarose gel and visualized by
ethidium bromide fluorostaining. All bands were scanned
and analyzed using scioN image-analysis software,

ELISA

Measurement of NGF from the media was performed using
NGF Egx ImmunoAssay Systems (Promega), according to
the manufacturer’s instructions. All experiments were per-
formed in triplicate.

Western blot analysis

Cells were rinsed with ice-cold phosphate-buffered saline
(PBS), and total cell protein extracts were prepared on ice
using modified radioimmunoprecipitation (RIPA) buffer
containing phosphatase inhibitors {1 mM sodium vanadate,
50 mM NaF). Protein concentrations were measured using
a BCA™ protein assay kit (Pierce, Rockford, IL, USA).
Equal amounts of protein from each sample were boiled and
subjected to electrophoresis, under reducing conditions, on
a 12% polyacrylamide gel, along with prestained high-
molecular-weight standards (Bio-Rad, Hercules, CA, USA).
The proteins were transferred to nitrocellulose (Pierce),
using a trans-blot cell (Gibco BRL), at 15 V for 90 min. The
nitrocellulose was incubated in 5% non-fat milk (Difco,
Sparks, MD, USA) for 1 h and then stained with primary
antibody overnight at 4°C and with biotinylated secondary
antibody followed by peroxidase-labeled streptavidin



(Zymed, South San Francisco, CA, USA). Finally, the
nitrocellulose was coated with chemiluminescent reagent
(Pierce) and the signal captured with CL-XPosture (Pierce).
sclon image-analysis software was used to analyze the
density of bands.

Primary antibodies, raised against the following proteins,
were used: phospho-p38 MAPK (1] : 1,000), phospho-JNK
(1:1,500), total JNK (1:2,500), phospho-ERKI1/2
(1:1,000), total ERKI1/2 (1:1,000): (R & D Systems,
Minneapolis, MN, USA), and total p38 MAPK (1 : 200)
(Santa Cruz Biotechnology, Santa Cruz, CA, USA). The
numbers in parentheses are the dilution ratios of each
antibody used in the experiments.

Statistical analysis

All data were analyzed using one-way analysis of variance
{anova). Schefle’s test was used for posthoc analysis
(P < 0.05).

Results

The results presented in Fig. | show that TGF-§I1
increased NGF expression, as determined by RT-PCR
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Fig. 1. Effect of transforming growth factor-f1 {TGF-§1) on
nerve growth factor (NGF) mRNA expression {A) and protein
secretion (B) in human dental pulp (HDP) cells. Cells were
treated with 0, 0.1, 0.5 or 1 ng ml™ of TGF-§1 for 24 h in
serum-free culture conditions. (A) The polymerase chain reac-
tion (PCR) products revealed the up-regulation of NGF in a
dose-dependent manner. The average density + standard
deviation (SD) of the PCR product from three gels is shown in
the bar chart. (B) The level of NGF protein, assayed by
enzyme-linked immunosorbent assay (ELISA), increased in a
pattern similar to that of NGF mRNA. The results are
expressed as mean £ SD from three different experiments.
*P < 0.05 compared with the non-treated condition. GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.
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(Fig. 1A) and ELISA {(Fig. |B). In this experiment, HDP
cells were stimulated with 0, 0.1, 0.5 or | ngml™" of
TGF-£1 for 24 h. Statistical analysis showed that NGF
protein secretion significantly increased at 1 ng ml™' of
TGEF-B1 (Fig. 1B), and this concentration was selected
for subsequent experiments. In the time-course experi-
ment, an increase in NGF mRNA expression could be
detected as early as 4 h after TGF-f1 treatment
(Fig. 2A). However, a significant increase of protein
secretion was observed at 8 h after stimutation (Fig. 2B).

To address a possible involvement of MAPK path-
ways, specific mhibitors for p38 MAPK, JNK, and
ERK1/2 were used to inhibit the stimulatory effect of
TGF-£1. We found that p38 inhibitor (2.6 uM)and JINK
inhibitor (40 nM) diminished NGF expression and
secretion, whereas ERK inhibitor (2.5 gM) did not
exhibit any significant inhibitory effect (Fig. 3). This
suggests that TGF-f1 signals through p38 and JNK 1o
stimulate NGF expression. To confirm the role of
MAPK in TGF-81 signaling, the levels of the active/
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Fig. 2. Effect of transforming growih factor-§1 {TGF-£1} on
nerve growth factor (NGF) mRNA (A) and protein (B)
expression after different duration of treatment. Human dental
pulp (HDP) cells were stimulated with TGF-f1 for 4, 8 or 24 h,
as described in the Material and methods. The results obtained
by reverse transcription—polymerase chain reaction (RT-PCR)
(A) and enzyme-linked immunosorbent assay (ELISA) (B)
showed that TGF-£I stimulated the expression of NGF as early
as 4 h, and a marked increase was evident at 8 h (= 2.2-2.5-
fold). The bar charts of (A) and (B) show the average density +
standard deviation (SD) of the PCR product and the results
obtained from ELISA, respectively, from three different
experiments. -, Without TGF-$1 stimulation; + . with TGF-§i
stimulation, *£ < 0.05 compared with the control. GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.
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Fig. 3. The effects of upstream inhibitors of p38 mitogen-acu-
vated protein kinase (p38), c-Jun N-terminal kinase (JNK), and
extracellular signal-regulated kinase (ERK) on transforming
growth factor-£1 (TGF-A1)-induced expression of nerve growth
factor (NGF) in human dental pulp (HDP) cells. Cells were pre-
incubated with 2.6 uM p38 MAPK inhibitor (SB203580),
40 nM JNK inhibitor (SP600I25), or 2.5 uM ERK activation
inbibitor for [ h before treatment with 1 ng ml™" of TGF-§!
for another 8 h. The expression of NGF mRNA (A) and pro-
tein (B) was attenuated by p38 MAPK and JNK inhibitor, but
not by ERK activation inhibitor. The bar charts in (A) and (B)
show the average density % standard dewiation (SD) of the
polymerase chain reaction (PCR} product and enzyme-linked
imrnunosorbent assay (ELISA) results, respectively, from three
independent experiments. *P < 0.05 compared with the TGF-
Bl-treated (+) contrel. GAPDH, glyceraldehyde-3-phosphate
dehydrogenase.

phosphorylated forms of p38 MAPK, INK, and ERK 1/
2 were evaluated. The result, as illustrated in Fig. 4,
indicated that there were increasing levels of p-p38
MAPK and p-JNK, but not of p-ERK, after treatment
with TGF-£1.

The role of MAPK was further investigated by exam-
ining the signaling mediators involved in MAPK activa-
tion. Cells were pre-incubated with SB225002
{a G-protein-coupled receptor inhibitor) or staurosporine
{a serine/threonine kinase inhibitor) for 1 h prior to
application of TGF-#1. The results showed that both
SB225002 (22 nM) and staurosporine {4 nM) could par-
tially inhibit the TGF-§l-induced NGF mRNA expres-
sion, as well as protein secretion, in HDP cells (Fig. 5).
Interestingly, the effect of $B225002 on active MAPK was
different from that of staurosporine [ie. $B225002
blocked activation of p38 MAPK (Fig. 6A), whereas
staurosporine inhibited JNK activation (Fig. 6B)].

Discussion

Transforming growth factor-#1 and NGF are believed to
play a role in response o dental pulp injury. TGF-j1 is
involved in tissue repair and remodeling, whereas NGF
has been proposed to contribute as a chemoattractant for
innervation (6, 9, 15). In the present study, we demon-
strated that TGF-#1 may induce mRNA expressicn and
protein secretion of NGF in cultured HDP cells. The
results support the hypothesis that TGF-§1 released into
pulp tissue following injury can stimulate pulp cells 1o
secrete NGF and consequently affect odontoblast survi-
val or odontoblast-like cell differentiation.

Pulp cells could be a source of NGF detected on
odontoblasts because transcripts for NGF and TrkA
receptors were not detected in odontoblasts (15). In
addition, p75™"™®, another neurotrophin receptor
expressed in polarizing odontoblasts, disappears as the
cells become functional and thus is not detected in
human odontoblasts in wive (23, 24). In contrast, adja-
cent subodontoblastic pulp cells express both NGF and
p75NTR (), suggesting that NGF produced by pulp cells
might bind to odontobiasts and affect their behavior.
MAGLORIE et al. (4) demonstrated that NGF application
led to the presence of p75™T® on odontoblasts and cells
of the subodontoblastic layer, as well as on fine nerve
fibrils. The results of the present study support the idea
that pulp cells could be a source of NGF and that TGF-
B1 is associated with pulp repair through the induction of
NGF.

The role of NGF in soft tissue repair has also been
reported. NGF is constitutively produced in human and
rat corneas. After corneal injury, acceleration in healing
is associated with an increase in NGF level, and treat-
ment with topical NGF can induce healing and restore
corneal sensitivity (16). In addition, topical NGF appli-
cation to a cutaneous wound also accelerates the rate of
wound healing in mice (18). The expression of p75™T"
receptor in pulp cells suggests that these pulp cells could
respond to NGF. However, the influence of NGF on the
behavior of pulp cells requires further investigation.

TGF-f1 signaling 1s mediated by the binding of TGF-
Bl to its heteromeric receptor complexes, consisting of
serine/threonine TGF-§ type 1 and type II receplors,
leading to phosphorylation of the signal transducer
proteins, Smad2 and 3. On phosphorylation, these pro-
teins consequently form complexes with Smad4 and
translocate to the nucleus to regulate gene expression
(25, 26). In addition, recent evidence elucidated the non-
Smad pathways of TGF-§1 signaling. Activated TGF-§
receptor complex could signal through several signaling
pathways, including the MAPKs, PI3K, and PP2A/
p70s6K (27}. In the present study, we found that TGF-#1
tnduces NGF in HDP cells through the cascades of
MAPK, mainly JNK ard p38 kinases. These findings
concur with a recent publication reporting TGF-§)
activation of the MAPK signaling cascades. The activa-
tion of JNK and p3R kinases after TGF-$1 stimulation
has been well documented. For example, it has been
shown that TGF-§1 induces fibronectin synthesis in
fibrosarcoma through activated JNK, and the induction
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Fig. 4. Effectoftransforming growth factor-f1 (TGF-£1) on the phosphorylation of p38 mitogen-activated protein kinase {p38), Jun N-
terminal kinase (JNK), and extracellular signal-regulated kinase (ERK). Human dental pulp {HDP) cells were treated with | ng ml™ of
TGF-$1 in serum-free medium for 30 min. The cell protein was extracted under ice~cold conditions and collected for Weslern blot
analysis. The activation of p38 MAPK (p-p38) and INK (p-JINK). but not of ERK {p-ERK), was observed. The density of each band was
determined by image-analysis sofiware. The bar charts represent the fold increase of each active form normalized to its total protein.
*P < (.05 compared with the control. —, Without TGF-#1 stimulation; +, with TGF-f1 stimulation; p, phospho; t, total.
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Fig. 5. Inlibitory effect of staurosporine and SB225002 on
transforming growth factor-g1 (TGF-81)-mediated expression
of nerve growth factor (NGF) in human dental pulp (HDP)
cells. Cells were pre-incubated with 22 nM SB225002 or 4 nM
staurosporine for | h before the addition of | ng ml™' of TGF-
81. Both staurosporine and SB225002 partially inhibited the
expression of TGF-fl-mediated induction of NGF (A). The
concentration of NGF protein was determined by enzyme-
linked immunosorbent assay (ELISA) and the results are shown
in (B). The charts in (A) and (B) represent the average density
+ standard deviation of the polymerase chain reaction (PCR)
product and enzyme-linked immunosorbent assay (ELISA),
respectively, from three independent experiments. *P < 0.05
compared with the TGF-$1-treated () control. Stauro, sta-
urosporine. GAPDH, glyceraldehyde-3-phosphate dehydroge-
nase.

of collagen synthesis in myofibroblasts was shown 1o be
signaled through p38 kinase (28,29).

In the present study we found that TGF-f] activates
p38 MAPK and JNK, and that the effect can be partially
abolished by different inhibitors. By contrast, ERK
kinase is not involved in the TGF-fl-mediated induction
of NGF, because ERK inhibitor could not inhibit the
induction. [n addition, the partial inhibition by both p38
MAPK and JNK inhibitors suggests that both kinases
independently participate in the TGF-fl-mediated
induction of NGF. This hypothesis is further supported
by the evidence that the application of staurosporine, a
serine/threonine kinase inhibitor, and SB225002, a
G-protein-coupled receptor inhibitor, resulted in the
partial blockade of NGF induction. However, sta-
urosporine inhibited the phosphorylation and activation
of INK, whereas SB225002 affected the activation of p3§
MAPK. The results suggest that both MAPKs make use
of different upstream signaling mediators in NGF regu-
lation.

The function of staurosporine is to inhibit serinef
threonine kinase. This suggests that staurosporine
interferes with the signaling pathway of the TGF-§I]
receptor to Smad2/3. In addition, a reduction of p-JNK
by staurosporine indicates that the TGF-§/Smad path-
way induces NGF expression through JNK. However,
the partial inhibition of NGF secretion by both p38
MAPK inhibitor and staurosporine also suggests the
existence of another pathway of TGF-f£!1 for the induc-
tion of NGF in HDP cells. The fact that SB225002 also
showed a partial inhibition of NGF secretion and
inhibited p38 MAPK activation, indicates that a signal
through the G-protein-coupled recepior is invelved n
the TGF-fl-mediated induction of NGF, possibly
through p38 MAPK.

Crosstalk of TGF-§1 signaling with other pathways
has been reported. We have previously reported the
association between TGF-£1 and 1,25(0OH),D; signaling
pathways on alkaline phosphatase activity and SPARC
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Fig. 6. (A) Effect of stauresporine and S$B225002 on lrans-
forming growth factor-f§t (TGF-f1)-activated p38 mitogen-
aciivated protein kinase (p38). Each inhibitor was added to the
culture 1 h before treatment with 1 ng ml™' of TGF-§l for
30 min. Western blot analysis showed that $B225002 inhibited
TGF-#1-induced p38 MAPK activation. The data shown rep-
resent the fold increase of activation normalized to its total
protein. *P < 0.05 when compared with the TGF-f1-treated
(+) control. p, phospho; ¢, total. {B) Effect of staurosporine
and SB225002 on transforming growth facter (TGF-$1)-acti-
vated Jun N-terminal kinase (JNK). The inhibitor was added to
the culture, as described for (A). Staurosporine inhibited TGF-
Bl-induced-p-JNK. The data shown represent the fold increase
of activation normalized to its total protein. *F < (.05 com-
pared with the TGF-f§l-treated (+) control. p, phospho;
Stauro, stauresporine; t, total.

synthesis in HDP cells (30). K er /. (31) demonstrated
crosstalk between integrin and TGF-f1 pathways in the
adhesion of gastric carcinoma cells. The results of this
study suggest crosstalk between TGF-f1 receptor and
G-protein-coupled receptor signaling pathways in NGF
induction.

In conclusion, the results from this study clearly
demonstrate that TGF-f1 mduces NGF mRNA
expression and protein synthesis in HDP cells. This could
be one of the mechanisms essential for pulp tissue repair
and re-innervation. The signals mediated by TGF-f§l
involve the activation of MAPK, especially p38 kinase
and JNK. Furthermore, crosstalk between TGF-81 and

G-protein-coupled receptor signaling may participate in
the NGF inductive mechanism.
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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’

Abstract

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-$31 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 stimufated 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. (} Endod 2007,33:
1057-1060)
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o the event of looth injury and damaged primary odontoblasts, reparative dentin will

be fornied in response to injury. Under an optimal environment, dental pulp progen-
ftor cells are induced 10 undergo differentiation and become odontoblast-like cells,
which are subsequently responsible for dental pulp tissue vepair (1). However, mech-
anisms and pathways of such differentiation are not fully understood. Elucidadon 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 differendate into bone-form-
ing cells via glucacorticoid responsive elements (GREs) (4-7). Dexamethasone enters
cells by binding to the glucocorticoid receptor, moves into the nuclews, and subse-
quently binds to GREs, which is present on genes of several hone markers, such as bone
sialoprotein and osteocalcin. Long-term treatment siudtes 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 facior, 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, i1 has been speculated that the stages of differentiation of dental pulp cells are
similar to those of bone cells {11, 12).

Transforming growth factor-81 (TGE-51) has been suggested to be released
abundantly after tooth injury and has been suggested 10 be a crucial factor in regulating
pulp response 1o dental caries (15). The comparison of gene expression between
normal and injured pulp tissue indicated the increased expression of TGF-S1 in pulp
cells after injury; consequently, the presence of TGF-B1 has been suggesied 1o 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-S31 and dexamethasone is
still unkqown.

The aim of this study was to determine the effects of dexamethasone on the
expression of fibronectin and nerve growth factor (NGF) in human deatal pulp cells, in
the presence and absence of TGF-31. This information will help identify the possible
role of dexamethasone in the dental pulp healing process.

Maierial and Methods

Dental Pulp Cell Cuiture

Dental pulp cells were obizined from healthy third molars, with informed consent,
extracted for orthodonrtic purposes. The study protoco] was approved by the Ethical
Gommittee for Use of Parts From Human Body, Faculty of Dentistry, Chulalongkorn
University, Bangkok, Thailand. The dental pulp cell cufture 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 1087
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Treatment of Puip 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, I ng/mL recombinant TGE- 81,
or 2 combination of both dexamethasone and TGF-31.

RNA Extraction and Reverse-transcrintion Polymerase
Ghain Reaction

RNA was extracted with TRI Reagent (Molecular Research Center,
Cincinnati, GH) according to manufacturer’s instructions. Each RNA
sample was converted 1o complementary DNA by a reverse transcriplion
using an avian myeloblastosis virus reverse transcriptase (Promega,
Madison, W1) for 1.5 hours at 42°C. Subsequently, a polymerase chain
reaction (PCR) was performed. The primers for fibronectin, NGF, and
piyceraldehyde-3-phosphate dehydrogenase were prepared following
the reported sequences from GenBank. The oligonucleotide sequences
of the primers were as [ollows: fibronectin: forward, ' GGA TCA CTT
ACG GAG AMA CAG 3" and reverse, 5 GGA TTG CAT GCA TIG TGT (CT 3",
NGE: forwird, 5" ATA CAG GGG GAA CCA CAC TCA G 37 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 ACATGG 37

PCR was performed by using Tag polymerase (Qlagen, Hilden,
Germany) with a PCR volume of 25 ul. The PCR working conditions
were set al 4 denaturing for | minute a1 94°C, primer annealing for 1
minute at 64°C, and chain elongation for 1.45 minutes at 72°C on 2 DNA
thermal cycler (Tpersonal; Whatman Biometra, Goettingen, Germany).
The amplified DNA was then electrophoresed on a 2% agarose gel and
visualized by ethidiure bromide fluorostaining. An intensiry of each band
was determined by Scion Image analysis software (Scion Corporaton,
Frederick, MD).

Western Biot Analysis

Cells were extracted by using radio-immuno precipitation buffer
{150 mmol/L NaCl, 1% NP-40, 0.5% deoxycholate, 0.1% sodium dode-
oyl sulfate (SD3), and 50 mmolL Tris pH 8.0) containing cocktail
protease inhibitors (Sigma Chemical Co, §t. Louis, MO}. Equal amount
of protein from each sample was subjected to SDS-polyacrylamide gel
electrophoresis under a reducing condition on a 12% polyacrytamide
gel. Subsequently, proteins were transferred onto a nitrocellulose mem-
brane (Immobilon-P; Millipore Corporation, Bedford, MA). The mem-
brane was stained overnight with primary antbody for fibronectin
{Chemicon Intemational, Temecula, CA) or B-actin (Chemicon Inter-
national) at 4°C. After being extensively washed with PBS, the mem-
brane was incubaied 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, Rocidord, 11). Band intensity was
determined by Scion Image analysis software,

Enzyme-linked hmmunosortent Assay

The amount of NGF in culture medivm was measured by using an
enzyme-linked immunasorbent assay (ELISA) kit (Quantkine; R&D
System, Minneapolis, MN) fcllowing the manufacwrer’s instruction.
Triplicate assays per experiment were performed.

Results
The treatment of demal pulp cells with 200 nmol/1 dexamethasone
for 24 hours increased the expression of fibronectin messenger RNA
(mRNA), detected by reverse-rranscription PCR, and decreased NGF
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Fgure 1. Dexamethasone induced fibronectin synthesis but reduced NG¥ se-
credon in dental pulp cells, Cells were treated with 200 nmol/L of dexametha-
sone for 24 hours. (4) The results from reverse-transcripdon PCR showed the
cffects of dexamethasanc on the expression of fibronectin and NGF, The graph
onthe righu shows the fold difference of expression (mean == standard deviation
[SD], contrel = 1) from three separate experiments. (#) The result from
Western analysis of fibronectin from cell extract The graph below revealed the
mean * SD of band density from three experiments. (€) 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 ibronectin as shown in Figure 18
and ELISA for NGF as shown in Figure 1¢. 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- 31 for 24
hours increased the expression of both fibronectin and NGF mRNA as
shown in Flgure 24. Western analysis revealed the up 1o six-fold in-
crease in fibronectin synthesis after treatment as shown in Figure 25.
Similarly, TGF-B1 induced approximately a two-fold increase in NGE
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 1GF- 81 increased fibroneciin
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 38.

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. OQur 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 cullured for 4
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weeks in the presence of dexamethasone, they could differentate into
odoentoblast-like cells, which concurs with the finding reported by
Allior-Lichtetal (21) and Huanget al (22). It has been well documented
that fibronectin can influence cell atachment, migraton, and differen-
tiatlon 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 tssue, an increas-
ing level of fibronectin has been detected after cavity preparation (28).
Increased Gbronectin synthesis may help in the migration and prolifer-
atlon 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-81 upregulated fibroneciin,
a protein that plays an essental 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 10 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-B1 in fibronectin synthesis suggested that both
reagents may regulate fibronectin synthests 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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Fgore 2, TGF-B1 induced Bbronectin and NGF expression in dental pulp cells.
Cells were treated with 1 ng/mL of TGF- 31 for 24 hours. Reverse-transcripton
PCR analyses of fbronectn 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). (8) The result from Western analysis of fbrenectin from
celf extract. The graph below reveals the mean = SD of band density {rom three
experiments. (C) The results from ELISA as mean + SD from three experi-
ments.
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Fgure 3. Combinaton effects of dexmethasene and TGF-B1 op dental pulp
cells. Cells were treated for 24 hours with either 200 nmol/L of dexamethasone
done or | ng/mL of TGF- 31 alone or both reagents wgether. The changes in
(A) protein levei of fibronecun and (8) NGF were analyzed by Western analvses
and ELISA, respectively.

An elevated level of NGF was also found in pulp lissues (31). NGF
is a growth factor that has been shovwn 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- 81 could stimulate the expression and secretion of
NGF in a dose-dependert 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
in agreement 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 I—induced NGF
expression in rat astrocytes was inhibited by dexamethasone (34). The
findings of our investigation showed that dexamethasone inhibited TGF-
B1-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-31,
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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Secreted protein acidic, rich in cysteine induces pulp cell
migration via avf3 integrin and extracellular

signal-regulated kinase

P Pavasant, T Yongchaitrakul

Department of Anatomy, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

AlM: The aim of this study was to investigate the influ-
ence of secreted protein acidic, rich in cysteine (SPARC)
on the migration of human dental pulp (HDP) cells.
METHODS: Secreted protein acidic, rich in cysteine was
applied in the lower chamber of the chemotaxis appar-
atus and migration was determined by counting the cells
that migrated through the membrane. To determine the
signaling pathway involved, cells were incubated with
inhibitors for 30 min prior to the migration assay.
RESULTS: The results indicated that SPARC induced
HDP cell migration in a dose-dependent manner via
extracellular signal-regulated kinase (ERK). The migra-
tion could be inhibited both by the anti-avf3 integrin
antibody and by suramin, a non-selective growth factor
receptor and G-protein coupled receptor antagonists.
The anti-2vf3 integrin antibody could also inhibit ERK
activation, suggesting the possible role of xvf3 integrin on
the regulation of ERK and cell migration. Interestingly,
both suramin and 58225002, another G-protein coupled
receptor antagonist, suppressed ERK activation.
CONCLUSIONS: Secreted protein acidic, rich in cysteine
could act as a chemotactic factor and facilitate migration,
possibly through the G-protein coupled receptor, avf3
integrin and ERK. The data support that SPARC could
play a crucial role in dental pulp tissue repair by inducing
dental pulp cell migration,

Oral Diseases (2007) doi: 10.1111/}.1601-0825.2007.01383.x

Keywords: avfi3 integrin; dental pulp cells; extracellular signal-
regulated kinase; migration; SPARC
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Secreted protein acidic, rich in cysteine (SPARC),
belongs to a family of matricellular protein that involves
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in cell-matrix interaction and regulation of cell behavior.
SPARC is a non-collagenous protein found abundantly
in bone and dentin. In addition, it is expressed in
soft connective tissue in several areas, especially in the
tissue that undergoes the process of remodeling or
repair.

It has been suggested that the function of this protein
is involved in the healing process of soft connective
tissue, SPARC was shown to influence a variety of
cellular activities i vitro, including angiogenesis, inhi-
bition of cell proliferation, modulation of the synthesis
of extracellular matrix and secretion of matrix metalio-
proteinase (Lane and Sage, 1994; Bradshaw and Sage,
2001). SPARC also plays a role in bone metabolism.
Results obtained from SPARC-null mice indicate that
SPARC participates in the maturation of osteoblasts
and regulation of bone mass (Delany et al, 2003).

Secreted protein acidic, rich in cysteine has been
considered to be involved in wound healing. For
instance, accumulation of SPARC was found in the
region of corneal repair (Berryhill ez &/, 2003). In dental
tissue, SPARC was detected around odontoblasts in
dental pulp, including predentin and dentinal tubule.
Jn situ hybridization and immuohistological studies
revealed that odontoblasts, but not pulp cells, synthes-
ized SPARC (Reichert et al, 1992; Takano-Yamamoto
et al, 1994). The increasing amount of SPARC around
the odontoblastic layer after cavity preparation suggests
that SPARC might play a role in the initial stage of
tertiary dentine formation (Itota et al, 2001). Further- -
more, SPARC couid increase dental pulp cell prolifer-
ation (Shiba er al, 2001). It is possible that SPARC
involves the process of repair and regeneration of
dentin-pulp complex.

The function of SPARC in cell migration has been
reported. SPARC promoted human prostate cancer cell
migration through ovf3 and avf5 integrin (De et al,
2003). In addition, Wu er al (2006) reported that
SPARC regulated mouse embryo fibroblast migration
during the healing process of myocardium and the
expression of SPARC was regulated by wv integrin.
These studies suggest that interaction between SPARC
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and integrins is involved in cell migration during tumor
growth or wound repair of certain tissues.

We hypothesize that SPARC can induce migration of
dental pulp ceils toward the odontoblastic layer after
pulp injury, as cell migration is considered one of the
initial processes in connective tissue repair. The purpose
of this study was to investigate the inductive ability of
SPARC in the migration of human dental pulp (HDP)
cells.

Materials and methods

Cell culture

Human dental pulp cells were obtained from caries-free
lower third molars extracted for orthodontic reason with
the patients’ informed consent. The protocol was
approved by the ethical committee, Faculty of Dentis-
try, Chulalongkorn University. The teeth were washed
once with 70% ethanol and split longitudinally with a
diamond disk under water-cooling. The pulp tissues
were gently removed by forceps, cut into pieces and
placed in a 35-mm culture dish (Nunc, Naperville, IL,
USA). The explants were cultured in Dulbecco’s modi-
fied Eagle's medium supplemented with 10% (v/v) fetal
bovine serum (FBS), 2 mM L-glutamine, 100 IU ml™
penicillin: G, 100 [Umi™"  streptomycin  and
0.25 ug ml™! amphotericin B and incubated at 37°C in
5% CO;. The medium and all supplements were from
Gibco BRL, Carlsbad, CA, USA. After the outgrowth
cells reached confluence, they were subcultured into new
culture dishes. HDP cells were prepared from three teeth
obtained from three donors and cells from passage three
were used in the experiments.

Migration assay

The migration assay was modified from the method
described for an invasion assay (Chen, 2005). Cells were
removed from the culture plate using PBS-EDTA buffer
and suspended in 1% serum containing medium at a
density of 1x 10%cells ml™, and 56 ul of media
{~56 000 cells) was seeded into the upper chambers of
a 48-well chemotaxis chamber (Neuroprobe, Gaithers-
burg, MD, USA). The lower chambers were filled with
1% serum containing medium with or without SPARC
(from bovine bone; Calbiochem, San Diego, CA, USA).
They were separated from the upper wells by an §-um
pore-size polycarbonate membrane filter (Neuroprobe).
Cells were incubated for 16 h at 37°C in 5% CO,
humidified condition and then fixed with 4% formalde-
hyde before staining with hematoxylin. Cells on the
upper surface of the membrane were removed with a
cotton swab and those on the lower surface were
counted under a light microscope.

For inhibitory experiments, cells were incubated with
inhibitors or an inhibitory antibody for 30 min before
being seeded in the upper chambers. The inhibitors used
were 2.5 uM  extracellular signal-regulated kinase
(ERK) inhibitor (ERK activator inhibitor peptide 1;
ste-MEK1,3), 35 nM p38 kinase inhibitor (SB203580),
40 nM ¢-JUN NH2-terminal kinase (JNK) inhibitor
{SP600125), 1.2nM Rho kinase inhibitor, 15 uM
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suramin and 22 nM G-protein coupled receptor antag-
onist ($§B225002). All inhibitors were obtained from
Calbiochem.  Alphavbeta3  inhibitory  antibody
(20 ug ml™'; Clone LMG609) was obtained from Chem-
icon International (Temecula, CA, USA).

Western blot analysis for phospho-ERK (p-ERK)
Human dental puip «cells were seeded at
100 000 cells mI~' onto a 12-well culture plate (Nunc)
for 1 day before being treated with 5 ug mi™' SPARC in
the 1% FBS-containing medium for 30 min. For inhib-
itory experiments, cells were incubated with inhibitors
or an inhibitory antibody for 1 h before being treated
with SPARC. Cells were extracted with radioimmuno-
precipitation (RIPA) buffer containing 50 mM sodium
fluoride and 50 mM sodium orthovanadate, and the
extracts were subjected to 10% SDS-PAGE. After
electrophoresis, proteins were transferred onto a nitro-
cellulose membrane. The nitroceliulose was incubated in
5% non-fat milk {Difco, Sparks, MD, USA) for 1 h and
stained overnight at 4°C for p-ERK 1/2 (affinity-purified
rabbit anti-p-ERK1/2 antibody, T202/T204) or total
ERK1/2 (mouse monoclonal antibody) (R&D systems,
Minneapolis, MN, USA). The nitroceilulose sheet was
washed and incubated with biotinylated secondary
antibodies and peroxidase labeled streptavidin (Zymed,
South San Francisco, CA, USA). Finally, the nitro-
cellulose was coated with chemiluminescent reagent and
the signal was captured with CL-Xposture™ (Pierce,
Rockford, TL, USA). The band intensity was determined
by Scion Image analysis software.

Statistic analysis

All data were analyzed using a one-way analysis of
variance. Scheffe’s test was used for post hoc analysis
(P < 0.03).

Results

The results from Figure 1 indicated that SPARC could
induce migration of HDP cells across the polycarbonate
membrane. The chemotactic effect of SPARC was
observed in a dose-dependent manner ranging from 1
to 5 ug ml~', The number of cells that migrated across
the membrane increased up to 2-2.5 folds above control
when treated with 5 gg ml™" of SPARC. The dosage of
5 ug mI™! was then selected and used for the rest of the
experiment.

Various inhibitors were applied to examine the
possible pathways involved in the migration induced
by SPARC. The result revealed that mitogen-activated
protein kinase (MAPK) was involved in the mechanism
of cell migration. Addition of the ERK inhibitor, but
not the JNK or p38 MAPK inhibitor, could inhibit the
chemotactic effect of SPARC up to 80%. However, Rho
kinase had no effect on the migration induced by
SPARC (Figure 2).

Interestingly, suramin, which can be both a non-
selective growth factor receptor and a G-protein coupled
receptor antagonist, could also inhibit the chemotactic
effect of SPARC. These results suggest that SPARC
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Figure § The figure shows the number of human dental pulp cells that
migrated across the membrane in the migration assay using a 48-well
chemotaxis chamber. Cells were seeded on the membrane in the upper
chambers for 16 h and allowed to migrate across the membrane.
Lower chambers contained medium supplied with 0, 1, 3 or 5 ug m]™'
of secreted protein acidic. rich in cysteine, The number of cells that
migrated increased in a dose-dependent manner and up to 2-2.5 folds
al 5 ug ml~'. The graph represents the relative number of cells from
three separated experiments. Data are represented as mean + sd. (*)
denctes P < 0.05 when compared with non-treated condition

may signal through a certain growth factor receptor, or
alternatively through the dissociation of the G-protein
from the receptor. Application of an inhibitory antibody
against ovf3 integrin could also diminish the effect of
SPARC, as shown in Figure 3.

To investigate further whether the signal by SPARC
was through the ERK pathway, we examined the
activation of ERK in SPARC-treated HDP cells.
Figure 4 revealed that SPARC was able to stimulate
p-ERK and the effect was suppressed by the presence of
suramin and the avf3 inhibitory antibody. $B225002
was used to confirm the involvement of the G-protein
coupled receptor. We found that ERK activation was
partially blocked in the presence of SB225002. The
intensity of the bands normalized to total ERK was
shown as a graph (Figure 4).

Discussion

The results from this study indicate that SPARC may
function as a chemotactic factor for dental pulp cells.
The results are in agreement with the previous report

SPARC Induces pulp cell migration
P Pavasant and T Yongchaltrakul

4 I Controf
[ ] SPARC

w

L]

—

Relative amount of cells (fold)

o

INKI Rhoi

C ERKi  p38i

Figure 2 The graph shows the inhibitory effect of inhibitors on
secreled protein acidic, rich in cysteine (SPARC)-induced ceit migra-
tion. Cells were incubated with each kind of inhibitor (2.5 uM ERKi,
15 nM p38i, 40 nM TNKI ar 1.2 nM Rhoi) for 30 min before being
seeded in the upper chambers, Cells were allowed 1o migrate towards
the other side of the membrane, which was in contact with the medium
containing 5 ug ml™' SPARC in the lower chambers, for 16 h. The
inhibitory effect was exhibited by the ERK inhibitor. but not other
mitogen-activated protein kinase or Rho inhibitors. The graph
represents the relavive amount of celis from three separated experi-
ments. Data are represented as mean + sd. * P < 0.05 when
compared with treated control
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Figure 3 The graph shows the inhibition of secreted prolein acidic,
rich in cysteine-induced migration by suramin and the anti-avfl
antibody. Cells were preincubated with either suramin or the anti-gv§3
amtibody lor 30 min prior to seeding. After 16 h, the migratory cells
were fixed and counted. The migration could be sigmficantly blocked
by both suramin and the anti-avf3 antibody. The graph represents the
relative number of cells from three separated expenments. Data are
represented as mean = s.d. * P < 0.05 when compared with treated
cantrol

showing that SPARC could promote migration of
prostate cancer cell line (De er al, 2003). In addition,
SPARC enhanced the fibronectin-induced cell migration
In mouse embryo fibroblasts (Wu er af, 2006). However,
SPARC alone had no effect on cell migration in
mouse fibroblasts, indicating that the chemotactic
activity of SPARC on cell migration depends on certain
cell type.
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Among the molecules responsible for dental pulp
injury, SPARC has been reported to increase at the
odontoblastic layer (Ttota ez af, 2001). However, the
mechanism of the up-regulation of this molecule is
unclear. TGF-# was also found in dental pulp after
injury and is believed to play a rcle in repair (Tziafas
and Papadimitriou, 1998; Magloire et af, 2001). We and
the others previously reported that TGF-£ could induce
the synthesis of SPARC in dental pulp cells, and
posstbly the increase of TGF-§ was involved in up-
regulation of SPARC in dental pulp tissue (Shiba er 4/,
1998; Pavasant et af, 2003). Our results in this study
demonstrate that SPARC functions by inducing migra-
tion of pulp cells, supporting the role of SPARC in the
process of pulp tissue repair or regeneration. Potential
roles of SPARC asscciated with the behavior of dental
pulp cells in addition to migration are under in-
vestigation.

Dynamic integrin activation has been shown to be an
essential requirement for cell migration (Huttenlocher
et al, 1996; Palecek er af, 1997). Inhibitory action of an
antibody against ovf3 integrin on cell migration sup-
ports that such integrin 1s required for migration of
dental pulp cells. Association of avf3 integrin in dental
pulp cell migration is anticipated as it has been reported
to regulate migration in several cell types, including the
breast and ovarian cancer cells and vascular smooth
muscle cells (Eliceiri et al, 1998; Hapke ef af, 2003; Rolli
et af, 2003).

The role of MAPK on cell migration has been
reported (Huang ef af, 2004). All three groups of
MAPK, ERK, p38 and INK, have been shown to
participate in the migration of several cell types.
However, only the ERK inhibitoer could inhibit the
migratory effect of SPARC in this study, suggesting that
ERK is required for dental pulp cell migration.

Our results support that avf3 integrin regulated ERK
and consequently induced dental pulp cell migration. [t
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Figure 4 Western blot analysis demonstrates
the effect of secreted protein acidic, rich in
cysteine (SPARC) and blocking effect of su-
ramin gnd the anti-evf3 antibody (left panel)
and SB225002 {right panel) on ERK activa-
tion. Human dental puip cells were pretreated
with either suramin, the anti-xvf83 antibody
or $B225002 for 30 min before adding SPA-
RC. SPARC significantly increased p-ERK.
The effect could be suppressed by suramin
and the anti-avfi3 antibody and partially
blocked by SB225002. The intenstly of the

- + bands normalized to total ERK is shown as
a graph. Data are represented as mean + s.d.
SB225002 rrgm Ft)hree separalcdpexperimenlsl *P < 0405

has been evidenced that avf3 integrin can regulate the
activity of ERK (Eliceiri er al, 1998, Roberts er af, 2003;
Salaznyk er af, 2004). The signal from avf3 was
required to sustain the activity of FGF-induced
p-ERK in endothelial cells (Eliceiri et al, 1998). The
inhibitory antibody against avf3 could inhibit collagen-
induced ERK activation in human mesenchymal stem
cells (Salaznyk er al, 2004). In addition, the association
of ERK I and avf3 integrin was required for spreading
of Swiss and NTH3T3 cells on vitronectin (Roberts e/ al,
2003). All the studies above suggest the role of ovf3
upstream of ERK.

Suramin, a polysulfonated naphthyurea, inhibited the
migration induced by SPARC in this study. Suramin has
been shown to act as a non-selective growth factor
receptor antagonist. It inhibits binding of ligands to
several growth factor receptors, such as platelet-derived
growth factor receptor, epidermal growth factor recep-
tor or transforming growth factor receptor (Hosang,
1985; Coftey et al, 1987, Kopp and Pfeiffer, 1990).
Young efal (1998) showed that SPARC signaled
through tyrosine phosphorylation in endothehal cells,
suggesting that SPARC might act through receptor
tyrosine kinase. Recently, Kzhyshkowska er a/ (2006)
demonstrated that SPARC interacted with stabilin-1, a
scavenger receptor expressed by macrophage, suggesting
that stabilin-1 facilitated SPARC internalization and
degradation. However, the specific receptor for SPARC
is unclear, Our results suggest that SPARC may act
through one of the growth factor receptors in which
binding was blocked by suramin.

Suramin can also act as an inhibitor of G-protein-
coupled receptors (Beindl er af, 1996, Huang et al,
2004). Tts action is to inhibit the association of
G-protein o and fy subunits and uncouple the receptor
from the G-protein (Chung and Kermode, 2005). Partial
inhibition of ERK activation exerted by SB225002, a
selective  G-protein  coupled receptor antagonist,



indicates an involvement of the G-protein coupled
receptor. Thus, another possibility is that SPARC acts
through a G-protein coupled receptor.

Interaction or crosstalk between the G-protein cou-
pled receptor and integrin has been reported. During the
mechanism of platelet aggregation, activation of «IIbf3
integrin required the stimulation of a G-protein-coupled
receptor such as thrombin receptor (Shattil er al, 1998).
Crosstalk between a G-protein-coupled receptor,
CXCR4 and §3 integrin was also an essential mechan-
ism for migration and adhesion of hematopoietic
precursors ceils (Nakata ef al, 2006). Interaction be-
tween a G-protein-coupled receptor and avf3 integrin
may also participate in the migration of dental pulp

cells. Further investigation is nceded to clarify this

mechanism.

In conclusion, the results reveal that SPARC induces
dental pulp cell migration and acts as a chemotactic
factor, This ability of SPARC supports the function of
this molecule in dental pulp tissue repair. Qur results
also suggest that SPARC could act either through avf3
integrin or a G-protein coupled receptor. Interaction
between a G-protein coupled receptor and an integrin
signaling pathway could consequently induce cell migra-
tion through the activation of ERK. However, further
investigation is needed to clarify the hypothesis.
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