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Abstract (study 1)

During pulp injury, it has been hypothesized that transforming growth factor-B1 (TGF-B1) is
released from dentin into pulp tissue and promeotes pulp fissue healing. Dexamethasone is a
glucocorticoid that has been used to treat pulp injury, and shown to induce differentiation of hard
ligsue forming cells. However, interaction between dexamethasone and TGF—BT is still unknown.

This study aimed to examine the effects of dexamethasone on human pulp cells in the presence of

TGF—BL TGF—B‘I increased expressi _ , / th fibronectin and nerve growth factor
(NGF), while dexamethasone &tin
Application of both TGF-ﬁ1 A0 dewatiethusone, et in. itional effect on fibronectin,
however, dexamethasone inhiaifed A" - 131 -induce expression. Dexamethasone

promotes fibronectin synthesis afd shng that this reagent could be

In the event of dental pulpal injury abundantly present. Biglycan has been

shown to involve in the process of deafit olina was chosen to be a marker
indicating potential of ; T praseT l:‘“J f TGF- |3 in expression of

biglycan in human primary p.g cell culiure:

&0 urnan@um cells were treated with
various doses of TGF- B to simBla@condition after in

negative controls. y Eng .IL&I I]m if; mmﬁ R It a::: :: :GF ]
RN T T IR

manner. The %est responded-dose of 1 ng/mL was chosen for subsequent experiments. Application
of SB505124, the specific inhibitor on the specific smad phosphorylation site on TGF-B receptor,
inhibited the inductive effect of TGF-B. suggesling the smad-dependent pathway. Application of p-38
MAPK inhibitor, but not ERK inhibitor, also inhibited biglycan expression, suggesting the role of p-38
MAPK. Application of neutralizing antibody to ﬂ.!.rBE integrin also abolished the inductive effect of

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



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

tissue healing.
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Different Roles of Dexamethasone on Transforming
Growth Factor-B1-induced Fibronectin and Nerve
Growth Factor Expression in Dental Pulp Cells

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

RAbstracl

During pulp injury, it has been hypothesized that trans-
forming growth factor-g1 (TGF-g1) is released from
dentin inio pulp tissue and promotes pulp tissue heal- differentiation and become odontoblast-like cells,
ing. Dexamethasone is a glucocorticoid that has been 130 WY LT for dental pulp tissue repair (1). However, mech-
used to treat pulp injury and shown to induce differ. ATISTYS and % 1]1w.:i_.' ot suidch 'ﬁergntlntion are not fully understood. Elucidaton of the

: ':n‘!d damaged primary odontoblasts, reparative dentin will
igjury. Under an optimal environment, dental pulp progen-

entiation of hard tissue forming cells. However i and imechiniSms.of dentalpulp cell differentiation can help o find effective
interaction between dexamethasone and TGF-B1 is sl _sfeaumeénUfonpulpinjuryhy uSing biemolecules to signal and injtiate differentiation of
unknown. This study aimed to examine the effétts o frudlnallp pt ‘Jﬁ ot € hirdFtissue—forming cells (2, 3).

dexamethasone on human pulp cells in the predesf fi Baterpids commonly studied, both in bone and dental
of TGF-B1. TGF-B1 increased expression and syfithesi 3 ‘ nfﬁn  pulpitreatment. Studies using bone cells showed that
of both fibronectin and nerve growth factor (NG, o latkd bpe miacrow stromal cells to differentiate into bone-form-
whereas dexamethasone stimulated fibronectin syiithe- o g sortigoidy nnﬁ“;t-cnenm (GREs) (4-7). Dexamethasone enters
sis but inhibited NGF expression. The applicEtion g Ils iy 4 todhe glucocoticoi eptor, moves into the nucleus, and subse-
both TGF-B1 and dexamethasone resulted in an addi- Hch i ton genes of several bone markers, such as bone

;

: treaiment sudies in human and rodents
promoted deposition of tertiary dentin (8, 9). In addition,
i in combination with other agents, such as vitamin
or, could induce differentiation of both bone (10, 11)
into hard-tissue—forming cells,
ental pulp cell differentiation has not been fully elucidated.
. II hepammr_ growth factor stimulated both proliferation
partially through the ERK/MAPK pathway. How-
ek of differentiation of dental pulp cells are

tional effect on fibronectin; however, dexameth#®one
inhibited the TGF-B1-induced NGF expression, Dex
methasone promotes fibronectin synthesis and -
presses NGF secretion, suggesting that this reagent
could be used clinically to reduce pain and promote
dental pulp tissue healing. (! Endod 2007:xxxxx]

ai"%.»nﬂrs
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Key Words
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¥OF-B1) has been suggested to be released
bun mwgge:ﬂbd to be a crucial factor in regulating
pulp response o dental caries {I’:i e comparison of gene expression between
normal and injured pu]p tissue Indicated the increased expression of TGF-B1 in pulp
:elis zfuer 1n|uq,, umlh the presence of TGF-31 has been suggested 1o be

ﬂﬁ@ Capping of the exposed pulp with
dentin formation in a rat molar pulp-

exposure rnude] I{I‘J} Huuew:r interaction between T{:F—;EI and dexamethasone is

[ =

Material and Methods

Dental Pulp Cell Culture

Dental pulp ceils were obtained from healthy third molars, with informed consent,
extracted for orthodontic purposes. The study protocal was approved by the Ethical
Committee for Use of Parts From Human Body, Faculty of Dentistry, Chulalongkorn
University, Bangkok, Thailand. The dental pulp cell culture was established as previ-
ously deseribed (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.

JOE — Yolume xx, bumber x, Month 2007 Holes of Dexamethasone on TGF. B 1=induced Fbronectin and NGF Expression 1
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Treatment of Pulp Cells

Cells were seeded at 3 density of 25,000 cells’em? far 16 hours.
After starving in serum-free medium for 24 hours, cells were reated
with either 200 nmol/l. dexamethasone, | ng/ml recombinant TGE- 81,
or a combination of both dexamethasone and TGF-31.

RNA Extraction and Reverse-transcription Polymerase
Chain Reaction

RMNA was extracted with TR Reagent {Molecular Research Center,
Cincinnati, OH) according to manufacturer’s instructions. Each RNA
sample was converted to complementary DNA by a reverse transcription
using an avian myeloblastosis virus reverse transcriptase (Promega,
Madison, W) for 1.5 hours a1 42°C. Subsequently, a polymerase ¢
reaction (PCR) was performed. The primers for fibronecting NGE,

glyceraldehyde-3-phosphate dehydrogenase were prrpz.mdfﬂlm‘h;

the reported sequences from GenBank. The uilgunudw

of the primers were as follows: fibronectin: forward A CTT 1‘
ir'

ACG GAG AAM CAG 3° and reverse, 3" GGA TTG CAT
NGF: forward, 5° ATA CAG GCG GAA CCA CAC TCAGE™
GTC CAC AGT AAT GTT GCG GGT € 3°; and glycerald
dehydrogenase: forward, ' TGA AGG TCG ﬁ !
reverse, 5 TCA CAC CCA TGA CGA ACA TGG 3

PCR was performed by using Taq polvies
Germany) with a PCR volume of 25 ul. The PCR
were sel al a denaturing for 1 minute at 94°C, pell
minute at 60°C, and chain elongation for 1.45 i
thermal cycler (Tpersonal; Whatman Biometra, G
The amplified DNA was then electrophoresed o
visualized by ethidium bromide fluorostaining. An inig
was determined by Scion Image analysis software
Frederick, MD).

Western Biot Analysis
Cells were extracied by using radio-immuno precipi

it Wﬁf
(150 mmol/L NaCl, 1% NP-40, 0.5% deoxychglate, 0156 Mﬁmﬁ'ﬁ&& i

)

oyl sulfate (SDS), and 50 mmol/L Tris pil
protease inhibitors (Sigma Chemical Co, St}
of protein from each sample was subjected e SD!
electrophoresis under a reducing condition 0‘3 1 F:% pdm‘jrlmilh
gel. Subsequently, proteins were transferred ondgd nitrocellulose mem-
brane (Immobilon-P; Millipore Corporation, Bedfnrd MA). The mem-
brane was swined overnight with pnm:m anti dﬁr fibronectin
(Chemicon International, Temeq:u]

0) conining cocea

national) at 4°C, Afier being extengiv Iv %&w Eﬂw
-secon

brane was incubated with biotinylged antibody (Sigma
Chemical Co) for 30 mmuies at room tempeml:ure and pemudge

utes, respectively. Protelf
chemiluminescence systent.(
determined by Scion Ing slvsn w:’mm
Enzyme-linked Immunosorbent Rssay

The amount of NGF in culture medium was measured by using an
enzyme-linked immunosorbent assay (ELISA) kit (Quantikine; R&D

System, Minneapolis, MN} following the manufacturer’s instruction.
Triplicate assays per experiment were performed.

The treatment of dental pulp cells with 200 nmol/L dexamethasone
for 24 hours increased the expression of fibronectin messenger RNA
(mBNA), detected by reverse-transcription PCR, and decreased NGF

2 Srisawasdl and Pavasant

Control w5
B 2
-]
= ﬁ
g1
g
£ o
FN NGF
I ,7 Control  Dex C
/“H*ﬂ'f b PN et
. S 1.0}
-]
§ 0.5
™
o
2 con DEX

| ane induced fibronecin synthesis bul reduced NGF se-
Luﬂ:ﬂh. Cells were treated with 200 nmol/L of dexametha-

) The results from reverse-transcription PCR showed the

ne on the expression of fibronectin and NGF. The graph

e the fold difference of expression (mean = standard deviation
o 1) from three separate experiments. () The resull from
‘Enalysis of fibronectin from cell extract. The graph below revealed the

/ e of band density from three experiments. () The expression of NGF
[mean = 5D from three experiments.

shiown in Figure 14. The alteration in protein level
Western analysis for fibronectin as shown in Figure 18
&4 Tor NGF 48 shown in Figure 1C. Dexamethasone increased
ﬁbmnecl:in up to 2 Tofds above control; however, the same concentra-
fdf\:melh:snne decreased NGF secretion.

ulp cells with 1 ng/mL of TGF-B1 for 24
ﬁ“ sioh of both fibronectin and NGF mRNA as
miin i M lysis revealed the up o six-fold in-

crease in fibronectin synthesis after treatment as shown in Figure 28,

Hmul.nrh ﬂ_ﬂl induced a pmﬂmh a two-fold increase in NGF
Figurr 2C.
Th T.r |Ilh a combination of 200

nmulflul'duumﬂhamneznd 1 ng.r’ml.ﬂfTGF B1 increased fibronectin
synthesis more than either of the reagents in isolation, as shown in
Figure 34. On the contrary, 200 nmol/L dexamethasone inhibited the
NGF secretion induced by TGE-B1 as shown in Figure 38.

Human dental pulp cells used in the present study contains mixed
population of cells including dental pulp stem cells. Dental pulp stem
cells are the resident cell population capable of tertiary dentinogenesis
including dentin bridge formation. Our dental pulp cells express alka-
line phosphatase, and, afier 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 culiured for 4
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weeks in the presence of dexamethasone, they could differentiate into
odontoblast-like cells, which concurs with the finding reported by
Alliot-Lichtetal (21) and Huang et al (22}, Ithas been well documented
that fibronectin can influence cell anachment, migration, and differen-
tiation of several cell vpes (23, 24). In addition, fibronectin has been
shown to participate in the process of dentinogenesis, both during de-
velopmentand repair (25-27). In rodent dental pulp tissue, an increas-
ing level of fibronectin has been detected after cavity preparation (28).
Increased fibronectin synthesis may help in the migration and prolifer-
ation of dental pulp cells wo the site of injury. In vivo experiments indi-
cated that fibronectin has been upregulated in pulp tissue afier 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 fibronéetin,

a protein that plays an essential role in healing process, bod in mENA
and protein levels. We also found that dexamethasone was capable of

promoting fibronectin synthesis, suggesting that deximethaseie 2one
may possibly play a role in healing process of pulp mrmrmm
dexamethasone has been shown to induce differgs el
into odontoblast-like cell in vitro (22), which sup
dexamethasone in reparative dentin formation,
dexamethasone and TGF-B1 in fibronectin synthesis s
reagents may regulate fibronectin synthesis
Dexamethasone, in general, regulates gene expressio
TGF-31 uses the SMAD pathway. Detailed mecha
induction process needs further investigation.

43#5
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5 3

FN 3
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—— ey
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A E Y L]
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Agure 2. TGF-81 induced fibronectin and NGF expression in dental pulp cells

Cells were treated with 1 ng/ml of TGF- 81 for 24 hours, Reverse-transcription
PCR analyses of fibronectin and NGF were shown in Figure 2A, and the mean =
S0 of band density from theee separate experiments was shown in graph on the
right (control = 1), (&) The result from Western analysis of fibronectin from
cell extract. The graph below reveals the mean = SD of band density from three
experiments. (€] The results from ELISA as mean = 5D from three experi

MEMS.
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“‘Iltnmh\mm glfects of dexmethasone and TGF-51 on dental pulp
Celis wereireated for 24 hours with either 200 nmol/L of dexamethasone
:-dlrfnu or Dng/ml 0ETGF- 81 alone or both reagents together. The changes in
_.yj profein h.\‘e!ufﬁhmmun and (B) NGF were analyzed by Western analyses

dy:l.m, reth
iy

"“’#Aﬁﬂwed level of NGF was also found in pulp tissues (31). NGF
‘ owth fagior that has been shown to associate with sprouting and
sitivitgofl nerve endings in the area of injury, therefore, being
| fur?tulpal pain and dentin hypersensitivity. Our recent find-
d that TGF- 81 could stimulate the expression and secretion of
se-dependent manner, implying that in the event of injury the
prﬁml. T'GF 1 may induce more secretion of NGF (32).

£?Hhmne inhibited the basal level of NGF is

showed that dexamethasone inhibited NGF
e and lowered the NGF receplor level in rat
rain . ap, (it was shown that interleukin 1-induced NGF
expression in rat astradtes was inhibited by dexamethasone (34). The
findings of our investigation showed that dexamethasone inhibited TGF-
lMduced NGF, suggesting that dexamethasone could be used 1o re-

I:EEW [? 511. @, i€ the first time in which inhibitory effect
' Jof déx asane on NGF éxpression was observed in dental pulp cells,

In conclusion, dexamethasone promotes fibronectin synthesis and
suppresses \Qg secretion, both in IhQ]EIfESEnLE and absence of TGF- B1,

de myeffective agent for clinical
uiﬁ: pron c‘“la]iwdms

eaiing and reduce pulpal pain.
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Abstract

In the event of dental pulpal injury,
been shown to involve in the process ofd
indicating potential of pulp healinge
of biglycan in human primary p
with various doses of TGF- B to it
negative controls, Expression 0f big
TGF- B induced biglycan mR

dependent manner. The best respgafided dbseof 11
Application of SB505124, the gp¢ . it
TGF-B receptor, inhibited the ind, ' -
pathway. Application of p-38 MAF itor, also inhibited biglycan
expression, suggesting the role of pE3SIMARK. Aj R of e utralizing antibody to avf3
integrin also abolished the inductiVe i TG flsuggesiing the cross-talk between TGF- B
and integrin on biglycan expressior OMCIISTON = [ mgulata:l expression of biglycan
in human dental pulp, possibly via the f . 3, integrin and p-38 MAPK,
indicating the potentialrole of TGF-beta ing.

Lo abundantly present. Biglycan has
Degefore, it was chosen to be a marker

ed roles of TGF- B in expression

: uman pulp cells were treated

iy, Non-treated groups were used as

-PCR. It was found that

as in a dose- and time-

: ,1:: en for subsequent experiments.

- smad phosphorylation site on

gesting the smad-dependent
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