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Melatonine] MDPC-23 A|=x¢] £3}o] v]X]&= o
atFEA, Aold, 0|8, BMS, ¥Ms, HHS, UES
zAd e A3 FAYESFAFE 9 254 BK21
2153 : Melatoning 44124 (pineal glandiil 4 +]5)= F8 s=zoz 4141 o2 4eisby 2 eyt
A 2] Feqeh H20) A7Ee] 2wl melatonine WA E B3he} ulebAe] HEsE SA4A B4R
2749 glo] 2% AVE S ez el

dFolME AetdmAz A

rlr r\-m

FAZQ MDPC-23 |2 o]4-3}e] melatonire] *PO}éI_‘?_H]}_ B3l2 =314

7= A& sttt MDPG23 M| 2ol 23} vl ekl 2} melatoning 3 7}ale] 23 $%=4]7]1 = RT-PCRE o]
£-3}o] dentin sialophosphoprotein (DSPP), osteocalcin (OC), alkaline phosphatasel(mm)ear factor-C (NFI-C)
o wa WakE #Aslel et 2e AnEE Ik
Asisth A4S G4 melatoniel S} 7GRS Asslond, 53l ¥ 16UA a2 1 uls) A13)

5} A o] Ao 7pshA #EF Itk DSPR} OCe| Wl melatonir®] 5x=37tel| wel 75l wbde|, ALP2
- melatonire] 5ol wel ME} $Isich NFI-Ce] a2 melatonire] g=37tel o} wjj ok éﬂoﬂ L ES
2ol wls) A grashedek

219 AAEE 351 melatonin® Jop A 2 M £3] MDPC-23 M| £29] F-3}e} M3]5l5 £214]7]w
Aot YAol Foq AT s Aoz Q2w

ot 7| ot : melatonin, MDPE23, 33}, A 3]3}

V=
Melatonine <3}-2-4 (pineal glandj| A #4915 +=
F8 =R o2 2F7HA] melatonirl] =8k djA}e}
%A Aol st AlAle) ofe) Aelehd B
e 2ol Fadt H¥E 433t} (Cassone
1990, Pierpaoll} Regelson 1994, Ce$ Sanchez
Barcelo 1995, McMillens- 1995, Batmanabarsg
Ramesh 1996, Rotls 1997, Nowalk} Zawilska
1998). Melatonig- ®lell 1 Ew|7} Zr}ste] AJAF

&}l 23k Y 7+a) = (diurnal rhythmsy =4 (Cas-
*o] =R2 20031 = AU w mldTH] el 25 43
=S

TAA 5 (A S A2k 75
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sone 1990, McMillens- 1995), A del] wa} 2412
3k AAE SleiA A 24 (McMillen
1995, Batmanabarg Ramesh 1996), melatorgh
sxol wel o MESe] B3 °4%¥(Cose+
SanchezBarcelo 1995, Roths 1997), a2 =714
tﬂrg— 7} 4~ (Pierpaol®} Regelson 1994%% F93}

=

[

Ex o7 3t} rdt melatonin2 §HFoiA| Z o] =2

& Salshn ol el Yo 4o A f
sF Ago] ¥ %o} (Coset SancheBarcelo 1995).
=3} Pierpaoli} Reglelson (19943 melatonire] =

3} A A (antiaging agent®: 28-5}e] melatoning
Roiq Aol M S o] 20% A ety w3
ek

Melatonin2- A 7)¢] transmembrane receptor (Mel
Ria,-1b,-1c)E 7}A| 2 gl&=d °]& =FE= G pro-



=
_tlt'l'

teinz} ZA3gtste] cAMPL] 3 A8 x4 3t (Duboco-
vich 1995, Yungs 1995, Reppers- 1996). o] A1 2]

734 #H77] o]Fe| melatonire] Ew])7} FrAd}ed
Fohese 4ol Fedsta, weAEe} ws)
ANz B2 246 gleld Fod Ax= &
43t} (Cardinalis 2003). Melatonirg- ] 54| £.2]
=213} type | collage®] 3IAE =313} (Nakade
5 1999), M 2A £ A A £l MC3T3 A Zol|A] m)
Az $iho} Futepdel H3se 57147
m, 2474 24e] gle] £2% 94¥& F(Roth
= 1999).

Hokel gL Ao gy GAE A
o) Azt }arted Bel 2AEE %
et AAAE 53 o] Foizlek(Minag}l Kollar
1987). x| Aku]= *]o}7] (dental organ® 3 A3}
Watm A 2 (ameloblastg £31x7 HaAe A
a2, oA g ZEE Fo}-5-F (dental papilla)
2 YA AebdmAzs) ApNLE $3AF
AyotAl 3} x]4~2 3 A3} (Nanci 2003).

Aol mA e sl gA 7HdH 22 RE] Aopd
BAM 2 AT Z(preodontoblas& #Hx Aleldm
MN=z=z B3lelE= A F= type | collages}t 7

oL @

<l

]
>
)
[
°
ok
nx
E)
0x
fol

2 G7upekzlzl odxr x12 9 dentin sialophospho-
protein (DSPP), dentin matrix protein (DMP), osteo-

nectin (ON), osteocalcin (OC), osteopontin (GBy}
e wlotmA wiebAde AT 29 g (Begue
Kirn & 1994, D'Souza%s 1997, Papageraki&
2002). 1891} melatonire] Alold wA|z =z o] E3}
Al 7 A Gl dsiMe obH7kA] 2 oY
A A et

Nuclear factor | (NFI) familye HA-EA] QlA}=
2 NFI-A, NFI-B, NFI-C, NFEX<9] | 7}x] §-A A}
E2 o]Fo]x glon (Chaudhrys 1998),7w-2 A
EA FAAES] Lo Fad 9L g (Gro-
nostajski 2000) % ¢l SteelePerkins% (2003)&-
NFI-CZ knock ousls Az elx] Xopra] Xelx=
AAFo| A | x|olma] 7} ®AL vAA-H o2 A
Hd 3 ded, NFI-Cr} X|olira] Alold &AL ¢
3 Aol malze] Falebgeld o3 TS T
< AAkstee.

106

VS, s, A

=
= —

0fok

o

9] oA AFE] 7zt B =RedAM =
Hanks5-(1998)] CD1 A4 o]F4 2] ool
A 223 Aeld mA 2 A7 22 MDPC-23 4 %
2 o] &3l melatonire] Alopd mA| Lol A A 3)3}
A" PAE FAFE=AE skt = mela-
tonine] ApopAl-Eeo] whillql DSPRe} A 3]3} =3
QJA}el OCe} ALP 2 Z2] dfol|A] Aol mA
xo| B3le}l H7e] oz ezl NFI-Ce] e
72z g el didted B, A5

M=

1=
0z

HH
(=1

1. M=zoig o 23

AF oJFY X o}s-FAH £ (dental papilla celly§-
He] Aot mAz HFME] MDPC-23 A=
(Hanks = 1998)2 5x 10°cells/60 mm dishi A
10% fetal bovine serum (FBS, Gibco BRL, Rockuville,
USA)Z} 3}A3A] (penicillin 100 U/mL, streptomycin
100pg/mL % fungizone 2.5ug/mL, Gibco BRL,
Rockville, USAy} &-8-% Dulbecco’s modified Ea-
gle’s ujjeyoll (DMEM, Gibco BRL, Rockville, USA)
oA confluency} & wj7}=] wj oks}sct. MDPG23
Mzo] AeldmM 2ol E3l= 5% FBS, ascorbic
acid (AA: 50ug/mL) 2! B-glycerophosphate (GP: 10
mM)7} 23 DMEM wfj FH ol A] 157k wljoF 3}
At A2 Me,SO¢ melatonin (SigmaAldrich,
St. Louis, MO, USAE- 50 nMz} 100 nM¥® o] A
7l A, 2 22 9k Me, SOt AH7lsked
o}

2. N33 o ol

= =

MDPGC-23 4| Z (2.7x 10P cells/35mm dishp] mela
tonin (50 nM=} 100 M) A~7lst Al Arts)
A ¢ke xS 59, 10%, 159 Fo] 1xPBSz 3
3] AAslw 70% ethanak 2087 1A 3 ole
0.1% NHOH7} 8% 1% Alizarin RedS (Sigma
Aldrich, St. Louis, MO, USA)g-ol o 2 M 3led A
s)3} A 33 WEste] Hskm AR An|A
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Table 1.Nucleotide sequences of the primers used folPRR DSPP m
Names Primer sequencé{53') Size . Tm ocC m
0O e —————
S AATGGGACTAAGGAAGCTG
. ——
pSPP AS AAGAAGCATCTCCTCGGC 4%
CAPDH - [ ——————
S CCACAGCCTTCATGTCCAAG
. GP/AA _
oc AS GGCAGAGAGAGAGGACAGGG 100 639 _ N A
S CTCTCCGAGATGGTGGAGGT Melatonin I S e
ALP 450 62 50 nM 100nM
Al TCTTCTCCA T TCT
S GTCTTCTCCACCGTGGGTC Days 0 5 10 15 5 10 15 5 10 15
NFI-C S GACCTGTACCTGGCCTACTTTG 914 55
AS TTTCCACCAAAAATGCAGGCTGG Fig. 1.Dose responses of melatonin on the expression of mMRNAs
S ACCACAGTCCATGCCATCAC for DSPP, OC, ALP and NRT. DSPP: dentin sialophos-
GAPDH AS TCCACCACCCTGTTGCTGT 452 60 phoprotein, OC: osteocalcin, ALP: alkaline phosphatase,

NFI-C: nuclear factor-C, GAPDH: glyceraldehyde-3

DSPP: dentin sialophosphoprotein, OC: osteocalcin, ALP: alkaline phosphate dehydrogenase

phosphatase, NRT: nuclear factor-C
& Aoz AYsA

3. & RNA & 3% RT-PCR 24

%= RNAX= 0, 5, 10, 18] 3o Trizol reagent (Gib-
co BRL, Gaithersberg, MD, USA& o] &3ls] % 1. DSPP SM X} a3
s}k Superscript onstep reverse transcriptase pol
= Superscript onetep nSOPIASe POV pspr) waie st wmskel AYA
merase chain reaction (RACR) (Invitrogene, MD, _
L melatonire] =7} Z7}842 wksloke] Zr}ale]
USA)S o] &3le] cDNAS 3Adsle 1z, dentin sialo-
. ©}. Melatonin 100 nM&- #]2]8F Zo|A] 5UA H—‘?—Ei
phosphoprotein (DSPP), osteocalcin (OC), alkaline
ZFskA istel 159744 LAsA fAES
phosphatase (ALP), nuclear facteCI(NFI-C) %
GAPDH Eo]% primer o] §5t] PCRe Zeaysp 0 M= A=IRL el 27jel ozl HIEH
2718 wolA gebh 1504 100nME Held &

9t} (Table 1). PCRYAIE2 1.2% agarose g&] A L meslobel O Alslal ol .
7)odEsle] SAA} whelS BHelslech I W ofo] FAH F71sld ok (Figs. 1, 2).

4. Densitometry &4
OCe| wHale DSPR} #AKR b4& ngch o)
=24 15874 dAsl el F7b shelom,
melatonin 50 nM& #]2]3F FA= gz v
A Frbstelrl 16940 A F7lste] dl27R
o 2] A= 2o 3e Bl 100nME X2t
A= 54 EE g =723 melatonin 50 M-
A2 gh 2ol wlmsle] WalaFe] Frlste], 10U A3
Zr7+e] A3 dx27¢] densitometryi-A 2 B #2]3] 275} 1544 melatoning 50 nMz}
A2l Students’ testg: ©] g5} Eﬁlﬂ 2 100 nMg A2|g T AFFe] wEce] HAlsHA
A& #AAste] 3, pvaluel 0.05771d 79 -9 o} (Figs. 1, 2).

°1-r'

RT-PCRE 433t 7+ §-A=}2] densitometry:-A
< GelDoc system (Bierad laboratories, Inc. CA,
USA)9] differential analysisz2 788 o] &3}
B 3519l 32 GAPDHZ 2F3}s}9]o).

o

5. E715 24
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Fig. 2. A densitometric analysis of DSPP, OC, ALP and {dFéxpressions in MDR@3 cells with or without melatonin. Results are
meanst SD from three independent experiments. & @05. DSPP: dentin sialophosphoprotein, OC: osteocalcin, ALP: alkaline

phosphatase, NRT: nuclear factor-C

ol
M4
_‘4_‘
=
B

7 mRelA o}
mlebg waore] 27k mslond,

A)e Azl Hze) ulwsje] 2719 24)
A w2 e oko] Zaghe welch(Figs. 1, 2).
5. Ms|sizdEel ¥A stol

MDPC-23 ¥ 2= GP/AA”} #7151 DMEM wjjF
o (33} ool s AdobamAEe R3}sige.
o5 Azt 23} wjefaloa] ol 159 ek vl

108

5 days

[* 1
15days I\
¥
o

C

Fig. 3.Photomicrographs of Alizarin Re8l stained MDP&3
control and melatonitreated cells. Cultures were stained
at 5 and 15 days after treatment with GP/AA only (A),
melatonin 50 nM/GP/AA (B) and melatonin 100 nM/GP/
AA (C). GP:B-glycerophosphate, AA: ascorbic acid

R LR PEEER D EEE
BE 24 A3zt Adel BB Rk (Fig.
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Fig. 4.Phase contrast micrographs of Alizarin Rdtained MDP&3 control and melatonitreated cells. Cultures were stained at 5

(A) and 15 (B, C) days after treatment with GP/AA only (B) and melatonin 100 nM/GP/AA (A, CB-Glgcerophosphate, AA:

ascorbic acid

21815 =d), 3} 15¢ A melatonin& &7}
2 Fof| w3 HARE ZeA AM3)E A4

=219} (Fig. 4).

al

Mt

Al Al Fu|E & melatonin® el Enr]7}
ZF7kted QA ] wbs} wke] Fr|zA-el| Redsia
Ao Frtell wel 1 EnleFe] ZHAste] w3
2183t A7 AL zh=rt(Cassone 1990, Ceb
Sanchem8Barcelo 1995, Cardinals- 2003). Cardinali
5 (2003)e Zol| o melatonire] QAP Aol
Al Aol 79 w177] o] Fell melatonire] ZHart
FF5S dodlv Hedsivtar dhe] wEAZ
o} WA o] T2 g A gloiM Fodt <l
A2 melatoning ¥ 373}9it}. Nakades (1999)
in vitroell 4] melatonire] W 2 A Zze] =213} type |
collager?] A& FAA7vx 3%, Roth &
(1999)2- melatonin®- W 2| £ 5-3}9} ujekzlo] X
3)3ke A7, 2R 248 glo] Fod o
& gty B sl

2 AFel e AolamAl L A7H 2 MDPC

g
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23 | ZE o] 83le] melatonire] Alolx mA| £ = 9]
H3he} M3]3t AAol PAol| st oJFE m|H]
= A= Fql3lgith. MDPCG23 M= Hanks S
(1998)] CD1 A7 oJFHe] Z|ohf-FellA] 3}
of THE AlEzFE AT 270N wicksbd E3ls)
of AopdmAxe] AL ehdth(Cho 5 1992,
Hanks%- 1998, Suns- 1998). Baes-(2005)] A3
oAM= MDPC-23 M| 22 wjoFsle] DSPP mRNA]
WS IR o) A oki-F Al Z5< MDPC
-23 M| 27} Aot A 20| A& vEhH, Aol
BAze] B3Ae AFs=dl MDPC-23 4l 27}
83 AH-E 5 S-S oml g

o] AgelA X33} AA FPAo| Fsle] Awr
W, MDPG23 4| £ GP/AAS H7|sle] 15 Zqt
v eFslod & W A3]3lr} dejyiel. Melatonire] 5
=7} 1S M358 AA PAE Sxlsle] B3}
1544 = melatoning H7}slA] G Fol w3
melatoning 3718t el A3} Ao Ao
73817 #EE Ao Roth5-(1999)2 W =2 A
Azl MC3T3AHZE ]88 A3l melatonin
& VIR g2 Fellr 219 0] FHejrfof A3
3174 o] 3JA el uksled melatonin 50 nM& 37k
g el 12dA e A3]3} Ad o] FAH o



sae.

etd A 25| fx7ke] DSPR= ALP, OC3}
re 433}t mx) sl A Aolae] Aslshe
e} DSPR= wlolad whijale] &3he o=
obd-Fo] whijdz shie] Atz
dentin sialoproteif} dentin phosphoprotefd &+ 7}
A RS st Atobdle] A 3]sz el
23 93-S sl= Zlo=w odelA ¢l (Rutherford
1993, Fengs 1998). OG= ) XA &, Alo}2] T A
webma) zol olsiA FAEE HlokmAl whu
A3)3} 7)o F== Wl glch(Bronckerss 1998,
Papagerakiss- 2002). Alkaline phosphatase (AL®)
FHe wE TAAR 220 YA AAe] 9l
o} (Hanawas- 1990).

B JFox= MDPC-23 4| Z4| melatoning A
hekA ke 7 A7 T8 159 Bk wjegstel,
oldel g3t} M3ske A » 9 Awt

N

—

=

] o]
al

P

fu fe oft o

== <qlx}el DSPP, OC, ALR] w8 AxE RT-
PCRg alsle] ¥-A3isich DSPR Wl o=

3 vl ke Ao melatonire] F=7} F7F
de=
nMell A 5UA|RE] 7F8lA wEsle] 15U71A] U
34 A=tk OC= DSPR} A8 ZAzts B
of F5E=d 100 nME 22|38t el SR HE
gl z3} melatonin 50 nM&- 223t ol B]3jA] 2
WA = g ake] Z715k9]t) ALPE melatonind] =
T3 AFE BRA B3} AdEHE 5 dd
ool Z7I3Iem, b oA Z XfeolE Ho|A] ok
ket

Roth 5-(1999)2 MC3T3 M| 2] melatoning
71k 7ol A7 g2 ol vl wi w2
Eo] fxxkel BSPe} ALP, OP, OG} 72 o-&
A 3)3} BAREL] FAIA Y o] Frlslgivta B
astgde}. =3 melatonin A 72 eIt 8-
7L gl MEAZ F37) o]E $gA el
3 2AHEAE FH] S8t RS} 84
o ZAAA A A (competitive inhibitory] luzindole
7 &7 A=)st AdeA] luzindole2 melatonim

o

o

Sfs) =% BSPSE ALPS] Mg aAlzlchar
Basge oz JopdmARAAE BES 4

kgl oko] =7}3}el o, E3] melatonin 100

110

ZIALE
o

=N}

pd|

=
oSS T

0fok

g3 2] AAA ) 2514 melatonire] &3} 7HAE
EA A7t Bty AzEn 919 F el
o]5bd melatonin® W 2A| oA 2} v]&3}HA] Aol
| m M| 2] 3o} M3)3tE FA18S & 4 vk

NFI-Cx o} AFA A uldd M 2
ol WA ghov}, Aot mAlE AFH Zol| A
WE7] ARpete] Aol mAze] #3171 2l H
o] Zloll whel W] Zr}3ie(SteelePerkins %
2003). NFtC7} Alold |z 2ul ol wjmA)
o= =R R NFI-C (—/—) AF oA X|oju
FAeNTE o]ife] ¥ Z-&, NFI-C7}F A
ol mA Zeovt Aoz z43E ofn|3n
(SteelePerkinsZ- 2003). BaeZ- (2005)0] <17l <]
s NFI-C (=/-) 7] Aetdrrzy: 771 =
I ey mefoz Alx S AAEE 5 Ul
e oS 1ol o] A3 NFI-C f3141¢]
o] dojupwl AMlzAbe] AGFAFR|2] A e] vl
el AopdmM st v ow F3}3la1, ool
upel BRG] Aetdle] FAHE Loz A4
4 et

Bae 5 (2005)2 MDPC-23 A Zol|A] NFI-CZ 3}
W A17] 39 Feoll DSPP mRNA] wH o] 713t
< el o] DSPP} Aol mAze] E3}
F71e o] ZUlsheE 71 A7shd, NFI-Coll
8l DSPP2] 3lo] FA1E S-S oJn|dot & o
Tl NFI-Cx MDPC-23 4| 27} 3-3}3hol e}
Wl ofo] zraslalon, 53] melatoning 2|3t
oA T oA = w2 A dEEFe] HAFTE Mo
Tt 919] AHE2 NFI-C7} Aeldma|£9] &
3} Z7]e] 243 ¢Jn]Etn, melatonin] 23] A
et mA| zo] #3171 x| w2t NFI-Co] 2t
4= 729} vl dte] i Ao AztEn.

919 Aae& F3shd melatoning- Aopd mA
% AT EQ] MDPC23 Hl£9] #3}e} A 3)3%
ZAA 7|9, Aebd Aol Fo3 dF¢E = A
o2 A7tE

W 1o

Aok

o
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Abstract

Effects of Melatonin on MDPC-23 Cells Differentiation

Joo-Cheol Park, In-Cheol Shin, Dong-Seol Lee, Seong-Ho Yoon,
Jae-Ho Yang, Sang-Bong Kim, Heung-Joong Kim

Oral Biology Research Institute & Post BK21, College of Dentistry, Chosun University

Melatonin is the major hormone released from the pineal gland and regulates a variety of physiological and patho-
physiological processes. According to the recent studies the melatonin plays an important role in regulation of bone
growth. The purpose of this study was to determine whether melatonin promotes the cell differentiation and nodules
formation in MDPG23 preodontoblast cell line.

MDPC-23 cells were cultured for up to 15 days in growth media containing differentiation medium with melatonin
or without melatonin. Cultures were stained with AlizeBinThe expression of the mRNAs for DSPP, OC, ALP and
NFI-C were analyzed by RPCR.

The results were as follows. Cultures containing melatonin at day 15 showed extensive mineralization as compared
with control cultures. Melatonin increased the expression of DSPP and OC mRNAs in-28é&0s in a concentra-
tion-dependent manner. However, melatonin did not changed ALP expression. Melatonin markedly decreased mRNA
expression of NFC in early stage cultures as compared with control cultures.

These results demonstrated that melatonin is capable of promoting {2BPélls differentiation and mineralization
and suggested that melatonin may play an important role in dentin formation.

Key words : Melatonin, MDPG23, Differentiation, Mineralization
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