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Reparative dentine formation requires newly differen-
tiated odontoblast-like cells. Therefore, identification of the
molecule that stimulates the odontogenic differentiation of
precursor cells in the tooth pulp will be helpful for the
development of strategies to repair damaged pulp. In this
study, we examined the effect of V-acetylcysteine (NAC) on
the odontogenic differentiation of MDPC-23 cells, a mouse
odontoblast-like cell line derived from dental papilla, and
primary cultured rat dental papilla cells (RDPCs). NAC (1-
30 mM) suppressed production of reactive oxygen species in
MDPC-23 cells in a dose-dependent manner. Although 5 to
20 mM NAC did not alter MDPC-23 cell proliferation, 1 or
30 mM NAC significantly inhibited it. NAC enhanced
mineralized nodule formation and the expression of several
odontoblast differentiation-associated genes in both RDPCs
and MDPC-23. This NAC stimulatory effect was significant,
even at concentrations lower than 1 mM. However, NAC
did not stimulate expression of bone morphogenetic
protein-2, -4, or -7, which are known to enhance odon-
togenic differentiation. Since reactive oxygen species are
also involved in the pulp toxicity of resin-based restorative
materials, these results suggest that NAC may be a promi-
sing candidate for supplementation of dental restorative
materials in order to enhance reparative dentine formation.
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F AT o] sdE wizkx] Uik *ol }él% YA gt
(Ruch et al., 1995). g H3}= 4 z o}
/LEF]O] ;(].4"_5,]‘— io]_ 1;1 ] 9/] /{]:’L_J?_Oéo]

o, Aol A 915 AFel] g3 o1zwv D
R Hme A5l 27 AA AelA dHet 2
et oleld AlPA Aobd AMHA Slo] HopA =
E Aole] A £l T hgow AGHA F
Rl Aol Aol ofd 4 gleh. Ao} 9419

A=7}t 7nlgk Agolle Aolels P4 *r*%""—%;ﬁc’ﬂ/ﬂ
ol gk HAA £xlo] gla AlolmA|ze] Ao
Z 3E 7IAA @ormg ]| EAlske AbohmAlEo
ot Axzerd v W A3|skE Fa ubsAerd
(reactionary dentineye &4J5HA] Hrh(Smith et al., 1995).
et HopAlo] Aeks] zdE ol FEIA oA
A7t AR E2EEHA Yolw o5 T AofmAz e
AZAPZE dold 4 Qlom Rolriabyd Fo| X7}
255 7fole ke AolrAEZel &4 T
Hr, Xg7dol] Aol Akl ¥ Zd=A] Sokek
AR AolrAlxE diAs] Sl A A T
A G7dol] EAslE ATAZERE AolRA|Z AR EZ
2 W3} o] FoyxwA gEAFolA (reparative  dentine)

= 34T r)r(Tnafas 1995). o]#HA wEolAl 4+
o Aag 2Elsety Al ASomtE W

Z3l= dl Sl o%w% FEggwrhs o] 983 uolu}t
olm g  HolEalAol|x] FHAlolA ] PAS Fral=

el A 27 9% A7t Ll A3
Sieh(Tziafas, 2004). T5-4opPde] P4+ FAlskaAt
Aol 2ElEel AREEo] $hot FAlShrel 9
3 AAHE FEAolAe o AS wwmok lolA
(osteodentlnH TZ25 7L lo] o A5 thEl] A
T5 Hoshed] A ATE o] B3t AR
o] AR5 Irh(Cox et al., 1996; Higashi and Okamoto,
1996). o218t TAEE S5l S8l AolmAlE L35

o_l}
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ZF23}= 722 924l bone morphogenetic protein(BMP),
transforming growth factor(TGF)-f, dentin matrix
protein(DMP), bone sialoprotein(BSP), enamel matrix
protein(Emdo-gain), ameloblastin fusion protein 52| T}
oFgt AEEA AAe FLrl5Aol el 1990w Z=Hb
o]% <7t HA e, TEAE A B2 AF A
A Aol w PAJS EA1%to] B x| 9]ch(Rutherford et
al., 1993; Nakashima, 1994a, 1994b; Jepsen et al.,
1997; Tziafas et al., 1995, 1998; Decup et al., 2000;
Goldberg et al.,, 2001; Nakamura et al., 2004, 2006).
a2 ol2let AARIRF E A Ze)7]A chilAe At
algo] wol Ex WSS F=d 754 501 Ao
AARZ AllA 4A] AREshlelle ofelgel 9L

A FEAR d2] AREe dRFEAR Aolg5
< 3= 7% polymethyl methacrylate, triethylene glycol
dimethacrylate, 2-hydroxyethyl methacrylate 7+ AJ-
o] AFE FMlEo] AEFAHS doF F glon, 53
o] 52 KAk (reactive oxygen species) A4 & gluta-
thione 7ét]e FEsle] AZEAS dogl= AHow o
22 9lch(Stanislawski et al., 1999, 2000, 2003). N-
acetylcysteine(NAC)y> Al Zuks E3fslo] Al2d] gluta-
thione 4ol A48 & glor] S4Ake AT E 1
o= gAlshA|e]l AFolch(Aruoma et al, 1989). 2
TAL 2T 22424 %ol lipopolysaccharide #] 2]
e W feEe 954 AE7RIY A4 2 matrix
metalloproteinase-2 2437} NACe!| <8l F<fskAl o
A=, NACTH AF EnAze] Fiks FA3s w3
ek (Kim et al., 2007; Jun et al., 2008). o]2|3} &
= EEE W NACTH 25|24 dlzlaEAlel ¢
gl S Aakae] AJA] 2l glutathione ZA3-& GAISHS 5
3 BlFaEAlel o AeAE 4 HW AT o
A 7hsAe] glem, NACTH X57del EAlske A+
Az g ie AolrAlzge] F3}5 AT 4 Qop +
Sdobde] A= AR FAT F s AR A7
oh. webi 2 Aol AolrAlER F3bt sbsdt
|-fi-F(dental papilla) AZE o]83le] NACS a4ksh
a5 RISk o] AlE] AolmAEZ E3lef mXE
G dobu izl shgict.

Al
=

ok

Mz d Y
A E uj) o

A% 239 = Sprague-Dawley 3FRELE, 249
SelEg Helshe op obEel ¥sel Y $4719)
TAE 7AW JAEeg slollA] A F9E Wl &
1 X 1mm’ A% 272 &} 20 % fetal bovine serum(FBS,
Gibco BRL, Grand Island, NY, USA), 100 U/ml

penicillin & 100 ug/ml streptomycing 43-= Dulbecco's
modified Eagles medium(DMEM, Gibco BRL)IA ¥l
oFalsdct. Al AlZ-E(rat dental papilla cell; RDPC)
= B &l 23k Al ek & M3ist A
4 Aol ALgRAT. B AolrAlLE 3} 5
AF AFFAEZF(MDPC-23)5 10% FBS7F -3
DMEMe]| wiefate] Al-g-stoict.

RDPC] AolmAlx H3ls f=sh7] 98 50 ug/ml
ascorbic acid, 10mM -glycerophosphate, 20 ng/ml
BMP-4 (R&D systems, Minneapolis, MN, USA), 10 %
FBS7} 3% a-minimum essential medium(a-MEM,
Cambrex, Walkersville, MD, USAyl 2 =& 477}
vjokst & 7+t total RNA 5% % von Kossa 9415
AlgYshoict. MDPC-232 ddb ol Al =% collagen
gelo] =X woFdAe] AEZE EFFk 50 pg/ml
ascorbic acid, 10 mM B-glycerophosphate, 10 % FBS7}
el a-MEMolA 6~10% 7ZF wlloksk & total RNA
Z% “51 von Kossa 94 X+ Alizarin red QAL A
@5

AL 34 54

NACPH AIZ Z4o] v]A1E J3k2 dohis] I3 Cell
Counting Kit-8(CCK-8; Dojindo Molecular Technologies,
Gaithersburg, MA, USA)s ©]€3}o] Agls|ict. MDPC-
23 AZ(5 X 10°/well)Z 96 well plateo]] F-F5ka HhAY
vjokelk & 1~30 mM NAC(SIGMA, Steinheim, Germany)
= A7k ArkekAl AL 2,4, 647 HHO%} Aok, ol
oko] = A|Ao] ulofalle) CCK-8 AJekS H|okallo]
10:1 (V.V) H]E—i 110% %j 37 Coﬂ/q 1/(]711' HHOC}ZC& T
450 nmell 4 FHEE Sl

A4 14

MDPC-23 A*Z(5 X 104/Well)';_i' Yol axl=l= 96 well
plateol] w53k B wljofsl & FBS7} (23=A] ¢
v z]ol| 4] 1847} =9} wiekstaih. Aol dlchloroﬂuo-
rescin-diacetate(SIGMA)E 3L 3047+ A kst &
NACE #H7FIAY A7FskA] 23 0,2,4,6 == 8 A
ZFsk Alsideh. 2 & 24 —1—4 2H-goll 3l
dichlorofluorescein(DCF).2-2 A 3t= <}
o]-&sle] S5k

S fluorometers-

Reverse transcription-polymerase chain reaction(RT-
PCR) ¥4

Aolm Az B3l del fRzfe] wEoRAS 3hols)r)
S8l RT-PCR& AlJ5i5iet. o5 913 RDPCS} MDPC-
23 A2 Yol 7153 vis} go] AolrAlLze) F
3H5 frEshe wilolA wiodet ¥ easy-BLUE™ RNA
Extraction Reagent(Intron Biotechnology, A& )% ©|%
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3tod total RNAE #2|5k, AccuPower RT PreMix-
(Bioneer, WA )5 o] 83l cDNAE 3§43 & TaKaRa
Taq polymerases ©]-83F>] PCRe 4|3 353rH(TaKaRa,
%), RT-PCRE 43§ +* A= alkaline phospha-
tase(ALP), type 1 collagen(Coll(a)1), Runx2, BSP,
osteopontin(OPN), osteocalcin(OC), osteonectin, dentin
sialophosphoprotein(DSPP), DMP-1, matrix extracellular
phosphoglycoprotein(MEPE), BMP-2, BMP-4, BMP-7,
fibroblast growth factor(FGF)-2, TGF-B1, glyceraldehyde
3-phosphate dehydrogenase(GAPDH), B-actin®|™, °|+&
A=ke] PCRel| AF83F primer 442 Table 13} #c}.

Table 1. Sequences of PCR primers.

Genes Primer Sequences
mALP F : 5~ AGGCAGGATTGACCACGG-3'
R : 5-TGTAGITCTGCTCATGGA-3'
mColl(00)l F: 5:-GAAGT CAGCTGCATACAC-'3'
R : 5-AGGAAGTCCAGGCTGICC-3
MOPN F : 5-CGATGATGATGACGATGGA-3'
R :5-GGCTTTGGAACTTGCTTGA-3'
mRUNx2 F : 5-CCGCACGACAACCGCACCAT-3'
R : 5-CGCTCCGGCCCACAAATCTC-3'
mOC F : 5-CCTGAAGGTCTCACAATCTGC-3'
R :5-CACAAGCAGGGTTAAGCTCAC-3'
mBSP F : 5-GTCAACGGCACCAGCACCAA-3'
R : 5-GTAGCTGTATTCGTCCTCAT-3'
mDSPP F : 5-CCAAAGAATCTGGGAAACTC-3'
R :5-AAGAAGCATCTCACGC-3'
mDMP-1 F : 5-AACTGGACAGTGATGAGGAC-3'
R : 5-TTTAGATTCTTCCGACCTGA-3'
WMEPE F: 5-TGCCCTCTCACAGICTTAGI-3'
R : 5-ATTTTAATGTGTCGCCTGTC-3'
MBMP-2 F : 5-CGGGAACAGATACAGGAA-3'
R :5-GCTGTTTGTGTTTGGCTTGA-3'
MBMP-4 F : 5-CGTTACCTCAAGGGAGIGGA-3'
R :5-CACACCCCTCTACCACCATC-3'
MBMP-7 F : 5-TACGTCAGCTTCCGAGACCT-3'
R : 5-GCTCAGGAGAGGITGGTCTG-3'
mFGF-2 F : 5-“AGCGGCTCTACTGCAAGAAC-3'
R : 5-TATGGCCTTCTGTCCAGGTC-3'
mTGF-BI F : 5-~ATACGCCTGAGTGGCTGTCT-3'
R : 5-TGGTTGTAGAGGGCAAGGAC-3'
mGAPDH F : 5-ACCACAGTICCATGCCATCAC-3'
R :5-TCCACCACCCTGITGCTGTA-3'
AALP F: 5-GAAAGAGAAAGACCCCAG-3'
R :5-ACCACCCATGATCACATC-3'
rColl(a)l F: 5-AAGAAGGCGGCAAAGGTC-3'
R : 5-GGACCTTGTTTGCCAGGT-3'
/DSPP F : 5-CGAGTCGATAGCCGTAGGAG-3'
R :5-AACTCCACTCCCGIGIGITC-3'
+Osteonectin F : 5'-CTGCGTGTGAAGAAGATCCA-3'
R : 5-GGTCTCAAAGAAGCGAGTGG-3'
rB-actin F : 5-“ATGGGTCAGAAGGACTCCTAC-3'
R : 5'-ATGGGTCAGAAGGACTCCTAC-3'

m; mouse, r; rat

PCR A5 1.2% agarose gelold #A7|ds 3+ +
ethidium bromideZ JAsle] 2hle}g]

433 Ad YA BF
A3)3t A4 A AxE Felstr] 98l von Kossa =
+© Alizarin red 94 A133}dct. RDPC AlZ9] wljok
] ¥ 5 von Kossa 45 Aldsiolor, 2 34+
Zhebs] Awe e AlZ2E PBSE AlASEL 10 % neutral
buffered formalinol|4] 3027F A3k, 5% silver
nitrate(SIGMA) &lof|4] 1587F JAE A3 & 5
FrE AlAskn BEEC)

MDPC-234|29] 739~ ot Ho FA Ao 4] wljokel 739
AotrAx |2 wieksl dFY ool AlZs}
Sl Bl wold AT ol wgkE AT &
wglom g vk 6UdA AEZE FFsled PBSE AlA s}
3 zletgl Zefel & &2 whS ARShaL o] & o] 835
o] H&E 94} von Kossa 34 —% A& 3kdrt. MDPC-
23 A|XZE collagen gelollA wek3t 739 104 o]Ak #)
ofo] 7hsslolerng dnjigom -“J_r"a shA] A3)stEA
PAo] Fd] WAE= AR (10~18%) wiakslairt.
collagen geloll#] vloksl A|ZE von Kossa 343l= 73
¥ collagen gel A7} dAlo] zsHA| =]o] 435|314
9] ol o]z tHAl Alizarin red G- AP stct.
Alizarin red A5 Sl wiokEl AlZE PBSZ A4}
3 70 % ethanolollA] 1A]17F A3 & 40 mM  Alizarin
red S(pH 4.2, SIGMA) &l 1027F FAskL S
T2 AAT H skt

o

>
ok

21

B oFolx= NACY AoleAlz £3)
3] 8] MDPC-23 AlEF 2 AF Af-F At
lfAl £l RDPCE ARSshiet. =4 NACTE A--F
A ZolM= alstasts welex] alslr] $ls] MDPC-
234120]] 1~30mM NACE AHzZ|sle] Ak APAJo]
AA= == JAZE Ad), 7] A IR ule} 2Eo]
MDPC-23 A|ZoA= NAC E=2&d o7 3hils Al
Ao| zr4=o] 3kl gich(Fig. 1) 1 mM NAC® 7%
Ziloll= BAAkAE Al w3} FElslR|ul Al7ke] A
- olget AAlETt Asiar 244|7ke] Avt &
o= & Folgh zpelE Bolx| Adeh(E A B
2 ekg). ol=ld AL A AAE) AlZ FA
Aot el Adx Bolstaxt Az FAol mAE
J3FS Ialdch(Fig. 2). 5~20mM NACE MDPC-
23 Alxo] FAlof WHrkE JekE mAA] @9kAEE 30
mM FEAAE FosH Az SAE A Sl
A= Askad)t 7 2k 1 mM NACE 30 mM

e
=z 55

o)
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oAt ALFAL B BESA eAsge,
NAC7} A1 AlE9] AolRAlZ sfol] G3= =|A
A Hels] sl WA DA AfFe AANALE
o1 85jo] HFEAH Aol mIAE YL WA
]»4 H o] w2 BMP-4c THIGAIZE AlolmAl
X2 fshed ofsie ez deiA 9o = 2 (Thesleff,
2003), RDPColl BMP-42 #7}slo] Alolmallz H-312
FrEsholet. 7150l Matof|A AF FRAEol ek L3}
E37F 20mM NACeA 7 F3lo] vERtai(Jun et
al., 2008), ©] F=2] NACE MDPC-234]Zol4 A
AT GAlekA emiA FHkstadyt A yElske
=2 20mM NACE 457k RDPCel A3k Ax} vz
ol ¥l3l] von Kossa o] & ©f ZspA He| 2l
= Ack(Fig. 3A). olHg A3]sbEA P4 o] Aotm
Az tskel A=E kel Wl o] leAl g
Qlskazl, AlolrAlz E3hiw 7oA NACE 257t
A2]ska ALP, Coll(a)l, DSPP, osteonectin®] &l
| XE Jie s olF fARlE FEAEZ A
5 PEHEE AolRAL So| SAAE ohixlzt A
W AR U A9 T gelrazold Gy
o] Helsjo] AlokmAL $3lo VS AT Wl AHGHE
Aol m A 2. -rﬁhﬂ] ARl £3lth(Goldberg et al.,
2006). RT-PCRZ o|5 §A#} WA wagl A}
von Kossa 9347332} 484l ALP, Coll(a)l, osteone-
ctin®] mRNA -2 NAC Aol 23] S7lsle A
= H3lou DSPPY 74 HokE ApeolE Mol ¥k
o}, olelgt &yt AokRAZfAR AlZo M= frAlSHAl
vehtbex] 27] $l8l MDPC-23 Al Zol4 NACY =3}
= slgich. MDPC-23 A|ZE wjokzzlol|A] wieks
© 749 ascorbic acid®} B-glycerophosphate”} &%

f

25000
~o~Control

-=-NAC 1mM
20000 4|5 NAC5mM

DCF Fluorescence

0 2 4 6 8

Incubation time (h)

Fig. 1. NAC suppressed reactive oxygen species (ROS) production
in MDPC-23 cells. Intracellular ROS level was measured by
detecting ROS-mediated conversion of DCFH-DA to DCF. Data
represent mean + S.E. (N=4) and statistical differences were ana-
lyzed using the Student's #-test. (* p<0.01).

w3hl Ao A wleksl 1Y o] AT wloFe] o Eﬂ]%\
7] wiitell Wik 64A AEZE st zlefEl e &
ZAAAS AFska o] 5 o]83te] von Kossa G
Alskaict. sz Al Follx+= von Kossa G¥Aro] H

4000
-o—-Control
-=-NAC 1mM
- -o-NAC 5mM
S 3000 {| —~NAC 10mM
S ——NAC 20mM
- ——NAC 30mM
>
" 2000 -
a
e]
1000 -
0
0d 2d 4d 6d
Culture period

Fig. 2. NAC inhibited proliferation of MDPC-23 cells at high (3(
mM) and low (1 mM) concentration. Cells were cultured in the
presence or absence of NAC for 2, 4, 6 days and CCK-8 reagent:
were used for measuring the proliferation activity. Results are
expressed as the mean = S.E. (N=4). * p<0.01, significantly dif
ferent from the control.

(A)

Control

20mM NAC

(B)

DSPP
Osteonectin

p-actin

Fig. 3. NAC enhanced odontogenic differentiation of RDPCs. (A)
RDPCs were cultured for 4 weeks in differentiation medium con-
sisting of a.-MEM supplemented with 10 % FBS, 50 pg/ml ascor-
bic acid, 10 mM B-glycerophosphate and 20 ng/ml BMP-4. Then,
von Kossa's staining was performed. (B) RDPCs were cultured for
2 weeks in differentiation medium and then, total RNAs were iso-
lated and gene expression level was examined by semiquantitative
RT-PCR.
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(A)
NAC (mM) HRE

von Kossa

10

20

30

(B)

NAC 0 05 1 5 (mM)

BSP
OPN

o
0

ALP
Col1(a)1
Runx2
DMP-1
GAPDH

Fig. 4. NAC enhanced odontogenic differentiation of MDPC-23 cells cultured in plain tissue culture dish. Cells were seeded on plain culture
dish and cultured in odontoblast differentiation medium consisting of a-MEM supplemented with 10 % FBS, 50 pg/ml ascorbic acid and 10
mM B-glycerophosphate for 6 days. NAC was added to the culture medium for the whole culture period. (A) Then, cells were pelleted, fixed
and paraffin-embedded. H&E staining or von Kossa staining was performed using paraffin-sectioned cell pellet. (B) Total RNAs were iso-
lated and gene expression level was examined by semiquantitative RT-PCR. At the end of culture, von Kossa's staining was performed.

2al2] 9okAul 530 mM NACE A7lelE 7% 2
mM AE/AE FEEH R AT} Folshs <
-5 H3Ih(Fig. 4A). o3l FAlAfe] AolmAlz 3}
e FARE By Aol oleA #alskaxl RT-PCR
2 Az e 28 A3 "AARIAe] Runx2¢]
do] vzl Blsl| ozt F71=%la, BSP, OPN, ALP
% DMP-19] Wdo] djzol visl] Uzt FiHe] W
=9lert DSPP AAMAS e 2 AER] ekokrh
(Fig. 4B). AlZE3E o] AYPA|7]HA ok A] vletol]
Al Holx|x] U= ofz] 7| WS Al=3E sk
collagen gel “dollA] wiofgt 739 o] QelE<t widke] 7}
s elsta 2 Aol ohA] AolRAlEZ HIbE
fr=et A3 1095 AFsle] dn]siola] St 43
A PYAo) BA=EGg oz 1094 Alizarin red® <
o3

(=]

o= Hubg o g Alizarin red GUARS 23R
at NACE AZet Alzsod AslshtEAe] s &
3 tizrel vl & o wA e e 2ot
(Fig. 5A). oddb wieFgAlollA] wiekgt Az w»]aLsthed]
collagen gelollA] wiokgl AlZol4= MDPC-23 Al =}
He] FARE el W3t 9lglem, 53] BSPet DSPP
o] Wgo] Frtskar tHAl ALP, Coll(a)19] e &
33 FrAstdrh(ARol®] 95). Collagen gelollA] vl
Fgt Azl NACE Azlgh 745 olu] wle] @eo] &
7k=lo] 9lwl BSPe} DSPPoll= oFfdl oddks wjA]x] X

319447, OPN, OC, Coll(a)l, MEPES] W& Z7}s

%itH(Fig. 5B). DMP-19] 73-f<l= 1 mM NACel4 5
glek wdS7h W=l

NACel| &gt AbotrAlz 31 £x14a27F BMP, TGF-
Bl, FGF2 59| AAelxl wd FA3 fade] e 3
ol8laxl MDPC-23 A Xof|A o] 52| WS st
AolRAE H3lE Ex5E Exo|4 NACE BMP-2,
-4,-7 % FGF2¢] W&o Feigt =daxs wolx &
UL 232 TGF-p1¢] W& s=oEH 02 Al
= o el (Fig. 6).

o
[

AotRAlZe Aob WA Foll Afrol EAlske
ASAl el AlzelA wstElnz, gofuAlze st
7hedt AlETE sEskedl Afh AREIE
MDPC-23 #l2= CD-1 AFe] Af-FellA E2j= Al
T AlsmiAl wske]o] ARld AlZFE DSPP 2
ARRAIL EIIEAIAE et AolrAlL A
Az 2elA ckSun et al, 1998). o|2]gt £4 o)
woll Alga] AgokRAlze] 75 ol el wel olE
=3 ¢lck(Shin et al., 2006). 2 ATolAE NACY A+
FRAIE 23 24 Few A #ls) MDPC-23 Al
Z5 9 AF QAP ZE ARSiglet. 718el 2 o
Al wkeh Fro] NACE ol Alxeld smejErow
dE3E AstEE el E3 5% (30 mM)°]
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(A)

NAC0.5mM NAC1mM

NAC 5 mM

NAC 0 02 1 10 (mM)

BSP
OPN

o
0

Col1(a)1
DMP-1
DSPP
MEPE
GAPDH

Fig. 5. NAC enhanced odontogenic differentiation of MDPC-23
cells cultured on collagen gel. Cells were seeded on collagen gel-
coated culture dish and cultured in odontoblast differentiation
medium consisting of a-MEM supplemented with 10 % FBS, 50
pg/ml ascorbic acid and 10 mM B-glycerophosphate for 10 days
(A) or 6 days (B). NAC was added to the culture medium for the
whole culture period. At the end of culture period, Alizarin red
staining (A) or total RNA preparation and RT-PCR (B) was per-
formed.

NAC 0 05 1 5 10 (mM)
BMP2

BMP4
BMP7
FGF2
TGF-B1
GAPDH

Fig. 6. NAC did not induce the mRNA expression of BMPs and
FGF2. MDPC-23 cells were seeded on plain tissue culture dish
and cultured in differentiation medium for 3 days. Then, total RNA
preparation and RT-PCR was performed.

NACTE Alx 34 g4 Zdb= Vepligich 22 Sol
A= akskasz) 7 28k 1 mM NACE 30 mM
of rrt AXFAE o] A=A dAsIE. ol=igt A
& Hol MDPC-23 AlZol4 NACH] o3t Adaks
Aag e AX Fhiol we) ojxF oz vehd d4t
olglr|¥rt AH FAAALES AAT] 93k Aoz Y7t

= AF FRAZY 74$ NACE 20mM ©
oflA AZZAE freoshA JAlskedt L o
oflA= Wk JAlEE Holx| dokrh(E Mol
). T3k AlxFAT AdeIste] NACS F52 Hagh
7189 =re A, obgelld faEldl AlZTol 10~80
mM NACE 2|3t 745 Az p21™Pe) Eajoj it
off wel AlZEA glo] AZFAE A=A E=e Al
ZuAp} Pt 2ot 9l o (Nargi et al., 1999),
L6 %24 %ol 5~20mM NACE Hehe 49 5=
o)EA o7 Ax FAle] FAHe] B wl rk(Kim
et al., 2006). g <k AlxFu b A 7shA) 2o
NACE A3 2% 0.5mM o3} ExoHs AzZA
o] FA=A|ul 1 o] FxolAE AEZEA glo] Al
Z35A o] A= M 3 (Parasassi et al., 2005)= %)
o] NACZ} AlZ FAo) m|A= Jg Az Fhol
upel, ALE Fxol wel ohEA veld 4 dgs A
Aksldet. NACe] <Jsl] AlzF4]e] Ak By
AE A zElof| A AlzFA] A o7} Sk 7hio)
o] Qv Bk JA|=F(Nargi et al., 1999), NAC
7F AlZ W thiole] ARSEeR] Abe] wstE Fel Az &
sbe FAske adel qdAlse] AEFAE JAId=
H % Qlch(Parasassi et al., 2005). AF ZEA|Zol|A
L 34a0s a9} F0354 NAC7F RhoA A3 o
AL Bl FRAE B35 FAse oz ¥uH u)
AL(Jun et al, 2008), & <A7ol4 NACe] o3t Ao}
A B3} 22 ZF 1mM FxoA=E & el
3 9lem] MDPC-23 AlZollA] AZFA]ol] tigl NAC
a7 NACS shbstazel Anlesixw dokong
P44 A A ES 9 o2 7)AS Esi4 NAC
7} MDPC-23 AlZ9] A& 2AT 7154 e A
o2 A=t

NAC7} AT zoA] AZzEss A5 AF =
Alze] 13t o A3s|stAd A= AsA A3k
M 315 (Parasassi et al., 2005; Jun et al., 20082} -F-A}
4] NACE RDPC % MDPC-23 AlZo] 3k 433}
AAYA o AelrAlz Fsb e A dEHe F
7HA17E BelEigint. v S s BE fAlRlellM Y
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AL o] Ay AF oA Ao P NAFT %
AYE vepll= 2= el gle] DSPPE} Hlgo] 4
olRA|Ze] E thE thF EIRFAR o AR Qlrk(Ye
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glo] S7Mze=2 NACZF MDPC-23 A|xe] Aolxm
Azze] H8E FAsh £} g Aow A7k
Aolm Az H3lz7)o] DMP-12 ol ARl
7]-_9.~]_oq DSPP HLE&‘“ __.1_;< o],_« 74,& y_]_ﬂ H} o]
©1}(Narayanan et al., 2006), MDPC-23 Al|£5 F-3}ul
Ao 4 39wkt % % DMP-1 % DSPPY| &2 w
WA sk FE el o). =3 A F
71xﬂ£oﬂ DSPPE #H&shd DMP-12 £33 Abolw
Al B3k3A xRk wele] B FrkEa A3]shA
A PAE SHEkr B s vl 9l ovk(Wu et al., 2008)
2 AT Aol sk DSPPE WA mel tfE Ao}
RAZ F3h A fRIRe] Wl ol AR
2 Pt ol2gt AR Hol ARgS Al ] wj
oF 2719 el whet ARE Wil AR ohEA 24
He Aoz A=

dotrAz el FrAZE A WA Az =
o]5o] 93l ulsolx]E AlolAa) wio] ZAIEHA .‘_él_g
FHo] FEEAE T AE 2 AlzerdE lﬂrﬂ]é}
A3les =4 % Uem E3HE AlFollA W E
AR S Aol AR Al Heflx] Es
= xﬂ:‘?} FAIZE T o] AlZQdA] FEle] s
o}3ith(Goldberg et al., 2006). Leu} AF FEA|Zo]
gk NACO| ape} hﬁH % o, =EAZAAE 10
mM o3} F=9 NACE ZERAZ 3t oS4l
ot Z3E YeERiA ‘3%8 vbe(Jun et al., 2008),
MDPC-23 AlZoA+= 1 mM AXEL] FEoXE AxEF
A %) YehEA faAe] Bael S8 EAE ek
= Fol7} 9laiet. mak FwA| Lol NAC Azl
3l AslshAA o] Frigtel wel TRAE H3513A|
AR dAg =t vER s Frlele o= vER
Wb MDPC-23 AlZoAE A3)aA4d A Azl &
S84 FARL] W ol F ulHABAE wol o
okc}. ol2lgh #olv} QAxjuljop A|xe} Reistel A|x71e)
B Al Ak AUA ol AlZ §2l7} wish =

52 A2 gebd A A B o s

Alxze] Fol wel NACe gt qizbide] oh=A] e}
Wi @Aut AEists FA5le d4e e E
yepn g AA el NACS] idobd A5 o
ol Wik S ATt desh sl
FRA|ZoA] A3|EAA A v B3F xR FHA
8 217+ F52 NAC(10~30 mM)= BMP2]

A5 7RI 235 veRv (Jun et al., 2008), BMP,
TGF-B1, FGF2 52 AAeIxzl A doll4] 5-Ato}
Ao P4 F2 9 ZHEY AolEAE L3E A
ks v} 9)o @ 2 (Nakashima, 1994; Tziafas et al.,
1998; Chen et al, 2008; He et al., 2008), NAC”}
MDPC-23 A|Zof|A] o]&e] Wals 2dsh=x] sisl
of. TRA|Zol o] b we] Aot L3 3
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sk F=ell4l NACE o= 3l

7|A] ¢komz  NACe] 23t /b]'o RAE E3F £33
Aol A= o]F AASIRF} Fo
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710l BaE =toll4 Goldberg et al.(2001)> v]5
AFAZNE AA A= kAR NACE A55=
Al (pulp capping agent)® AR83lE ol Aol A
Aol fr==Acka 7=k vl lo] A ol = Ao}
RAZ BstEas el spPsAde] 9 Aoz AzkE
o 2 ATE Fasks Bab NACE A4l
A7 ZAlzol] gt AlFEA] Ax5Ade] FH
&b d7AEe] B Qlrh(Kojima et al., 2008;
Paranjpe et al., 2008). =3} Paranjpe et al.(2007)}> 3l
F AFE7IAEES o]83led 20mM NACY} 2-hydroxye-
thyl methacrylateoll 2J3F AZAFS Ak T OPN,
OC, DSPe] W< S7H71H, o]=igk NACS| &5
vitamin Ct} vitamin E 72 &ASHAlol] ofallad= e}
Uz fomag olzfgt JGo] AL AAL} HE o]
glebar W wslgieh, AlZu) thiol7] 9] Alskell Ael7} of
2 Alx AlsHG7 2ol e w|xw ArRlARe] &
e 2AE Aoz odEA glermz NACY w315
2 &l AlZW thiol 719 ARSISH] A= =Ae] F
238 Aoz =83 oz AztEln] o]o] ol =}
% A7} Wedt Aoz Az} o) o] /1% Al
AT Azl £ A7 A3E FibelE o dRaEAE
o] &3 HolEA ol NACE o|dshd A<
Faskeha, 7|AF oz EAE Agolla] FEAed A
A FAT 7FsAe] Fom, 7|2 wisollA ARSH
ARl AlZo)71d shilAs 2] NACE 2R
Az GA ofe] HAFZS] A golm= AREEe] ofw] oF
Aol Bolsle] glow AAFow g&Fec|lng X3}
Ao o]8rbsAE AlEE AAdE okelet A
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