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M zAel wlsf oksiAl vepsket (Fig. 2B, C).
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Fig. 2.Immunofluorescent localization of OD314 in MDPZ3 cells. MDPG-23 cells grown on coverslips were fixed with

paraformaldehyde and incubated with polyclonal a@fD314 antibodydreer). After incubation the cells were mounted in
DAPI (blue) mounting mediumPanel A localization of OD314panel B nuclear staining with DAPIpanel G the double

labelling of A andB.
A B C

ON _ Fig. 4. Immunofluorescent localization of OD314 in developing

rat teeth. Tissue sections were fixed with parafor-
GAPDH “ - e e maldehyde and incubated with polyclonal a@D314
antibody.Panel A tooth bud from 18 daywld rat

embryo;panel B developing tooth from 7 daysld

Control vector
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OD314RNAI
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Fig. 3.Northern blot analysis of OD314, DSPP, and ON mRNA postnatal ratpanel G developing tooth from 21 days
expression in MDPE23 cells after overexpression with old postnatal rat (Th, tooth bud; Am, ameloblast; Od,
CMV-0D314 plasmid and after inactivation of OD314 odontoblast).

with U6-0OD314 siRNA (DSPP, dentin sialophospho-
protein; ON, osteonectin; GAPDH, glyceraldehyée

phosphate dehydrogenase). A MFEIEL obALe THEElr] 9lshe] Wby el
Aok 24 OD3AFA = WAzAYY FA&
A=)

9101}, CMV-314% o|43}e] OD314g il

o 15O =] .0
A7) 9o ONS| Wale] 7} astelch. oA OD314¢] wrd-2 X]o}7] (dental organg} =&

I (dental papilla)28]z2 *]4 (dental folliclepi] 4]
=5 4 BF HA Qskeh(Fig. 4A). o= AR o]
Fuie) Aol FAHE AF 79e) gl Ho}
o] OD314= AobdmA|zer] 2 Wde] &l
OD314} AfobdRAE o919 Hokzalst Ax  sglor] A|ARAZANE 28 B noch

X|o} gt Hof|A OD314 chuiE o]

S
e i
-}

¢

o

191



o

m
u

= S| =5 X
— uhxd, Zols UEE,

u

(Fig. 4B). 915} 3r-1e] A2 Aol 719] ghag A
Aol AF 219 w8552l ol = OD314=
oA RAE Bt ope} APIARA Zel M= T

A% 91} (Fig. 4C).

al

2t

et mA| o] E3tAA]E vkt Al EA)
AzAGEA, AR 223 o] EAE]
el wxz zA3E ez UA 9o
(Tziafas?} Kolokuris 1990, Ritchies- 1998, Telles}
Hank 2003) Ateld ma| 22 231} #Hd QA=
2+ transforming growth facter3 (TGF-p) (Tziafas
¢} Papadimitriou 1998), dentin matrix protein
(DMP1) (Gronthos% 2000, Narayanars- 2001),

1

growth and differentiation factor 11 (Gdf11) (Butler

=

(Shimo % 2002) 18]z 2 9]¢ #HH <A &
(About 5- 2002)] #A7FA] elA glont, o]
W25 233 Hx2Ae] YA Aoz 3
oJal= QA= Aol mA| x| Rl AMelde
2 Feshe AR ol Aoz HFHT gtk =
g F 2ol oA Ry z-Keo] fAAtz de] odw
%1 DSPR{-AAZE A= Afolale] A 3]s} 23]
ol A A 3]4~F-(calcospherited] §3F (coalescence)
o] Fo] A ¢k}, 2|54l (pulp chamben)] 7= 1z,
FA4obd (predentinp] F77F weiAw, A A 5]}
(hypomineralization X4 x=Zo] dojd 4 9]
o sl o, o] HAME Aol w2 o] 3}
o A& Aoz 218 =t sl (Sreenath
% 2003) DSPP} Afeld maz o] R3}8 24 =4
S QA ohd Aoz A olg R Gy
g AFell = 78t Ao ma 2] R3kabA] o)t
sretAle] HAAA S A=t EAAYETA 7)He
deted ofx74x] s A A vk & A
oAl A3 MDPC-23 4|23 Hanke} Butler
(1998} Hank 5 (1998)] CD-1 315 o]Z1]e] %]
HFFE o] 83le] BE M ZFZ, Suns(1998)] 4
Ak 2760 A oM ZE wiFetH M EEo| Aol

= o
=

1992), connective tissue growth factor (CTGF)

192

| 28F HHe, 238 —
A28 54& YeidE A& RT-PCRY
northern®A-& E3le] 313t A E3Folt)

£ Ago|x MDPC-23 4252 About%-(2000)
o] Agubyel uwiet X33 Ade] IS g
% OD314, DSPP, ON mRN#& &g 5
northern®A 3t A3} vjof 149X €] DSPP}

5=
Al
S|
Els

e 4o

kil

Lo

fedt 2892 W el
17kDae] =7|= ek A]2ME-
Bl Al 2ol 7] AlEste] w44, 74,
148 74 fA1=H, A 3)3F A o] JAHE= 21d
3} 2896l Welo] oe ZoHea & A7 A

o}x X3k} =3k, ON mRNA:= wjoF A= % 4
A7z W o] A =7} 76l 2 W] FA

3] ZrAastled], ol ONo| AlelalmAze] %7
F-313hA ot Adobale] A 3]3E7] A whA|l 4}
oflof| Al W F w3 Papageraki§ (2002)] <
T} dX|ghe

E dFelr OD314xhiiae M ze] oM
ofsiA wa=Egont Mz 53] 3 A A=
Ao M 7FsiA L= ol Al ZA el
OD314%de] 3u} Ao} 2xA 2|3 FA|A)
FRow FAEE R Lt
13l 7oz, OD3147} Aoba mA| £2|

ol >

N
e

T

[T

=N Lo
>
por
&)

o FA8 s HEiAE
© 2 0OD314°] EZE immuno-goldz 3EX]3}e]
Azldu| 7oz Felels Bekge] e & 7ol
o}
RNAIi (RNA interference} &4 f-31zle] wad&
JA oA ehts w7g BAsle] doz 1
7154 FA%= A+ vbH o2, siRNA (small inter-
fering RNA)Z o]8-3lo] A Eo]x o2 mRNAZ]

Al A . o]

[e]

H o r% ()

N



— YOIEEME Z3t

(Sui s 2002).
hdtd A71Ed de ol g¥ %1% 14174] 013}

Aol 4] OD314°] Aol mAlZ 31347 ol A 9|
AgE FHs7] 98l MDPC-23 A =Z9]] U6-314
siRNA construcg} CMV-314 construcg o]-8-s}eq
OD314¢] #pias} i AA|E f-=3t%+. OD314
o] IS §=3191S uf OD314 mRNAY] g

=
o
3
=1
%
4
oaa

\.4

o] Flo] Fr=|glon}, OD314z W oA A7)
7d$-oll= OD314 mRNAS] W&ol w3 =x] ¢kgh

t}. ¢]= MDPC-23 A|£0]] Hj3}ei OD3142] 3wt
3 A7 A ez o) FeA 1 9SS
Ehie} olshA e s al JobdrE-Seo] 4
33} I §-AAFel DSPPF OD3149] B
3k 5ol 2 wele] WA Fod Axg nysh
o] Ash= ¥ AP MDPC-23 427} #3}5te]
A 337} Al E= Aol A, OD314¢3 o] F7}st
W DSPR] 2= 7&% oz Zaddm g
northern®4 A3 4

it

o

=

_%_1‘

o] OD3147} Dspp.-q %?ﬂi qx zAskx] oky
Az EA ool wet Az A ow 43
7] Wl Yepts 23z AT = glor, 4

oz AZ gl Fol® Qxh A WA
t el s=e met Az AR Ass e
AFRSd = FE & Fdarvl glo}(Tziafase}t Papa-
dimitriou 1998).4] 2 £ Viswannathans (2003)
2 Z%¥x2] amelogeni- A|wl 2 2 A Z(cemen-
toblastp] £3}e}l A 3312 ZXA)7|A 9 1Ex9
amelogeni- A|HlEx wA| 2] B3}l A 3]3S
AT AT AoE 2ug vl ol vk
oz Azvel FUske fAA e Awsts

o Wrbsl= OD314e) Furalsh oA Agw

F7tz desita & 4 glek

£ Age "z} dAelr OD314= ot
ARMzo Mz T Wy e] Fel Fglont A|AR
AzAN= 73 Aol FAFH. o] Dey

(2001)] OD3142 A= FHAo|A A7|AR
MEZ-Eo] §H=2lel amelogenim] Alold mA| -
Eo] f3A Zol ZFE] YW Aoz Hel,

I.I

193

Ho|M OD3142] g —

subtractiors $]3}led AbolR A Z/X| A 2Z =
+ 22 9 AplARAzrE 48 Z23Ee 3l
W Aoz AL 1 o]F AgME A]A
B Z7E EAFA e WE Fo Aok A4
A Zz ) Aold BAZ 55 o| 43} OD3149] Uy
A3 $E7] wtell OD3149] A7) BA| Zof A
o g A E3 ez ®Hlth =3 Qin
Z.(2002)p] FHZ7A] AolA mA| E-Eo] Q= 7}
FE o] Aot rMEE FHEE del= gy o
31 9l DSPP} Ateld B £-5o] whifgo] o}
yr FotellM = EXjgitiy 3 AT ZAge = F
3 o} gluh. 22y OD3149] A7 mA| o

32 N

]
=

|

M) el OD3L4} AobAmAlE ®u) ohie}
AAATAZANE AFE b A ek

Aztel7] wgel, A2
2003)2 o] 43te] OD314] 7]%

®2A| 2 M xZF(Nakatas
o= B¢t

0

AT= JoF Aot

A2 23 1w, OD314= AlolA mA| £ B
)} Atolzlo] AR Fodl= N E-F QAR
AZF 3 4= gl or, OD314} AbelA wA| = #at o}
Uzt A ARA oM % daEE Zle] 33 FHg]
o vz 0D314-8Axe] Ho} AT} A3 I
& Jrshks BT FF 2 ATt 0%l

oF & Aoz Almd

]

i F sl

=
(L

About |, Bottero MJ, Denato PD, Camps J, Franquin JC,

Mitsiadis TA : Human dentin productian vitro. Exp Cell
Res 258: 3341, 2000.

About |, Camps J, Mitsiadis TA, Bottero MJ, Butler W,
Influence of resinous monomers on the dif-

Franquir JC :

ferentiation in vitro of human pulp cells into odontoblasts.

J Biomed Mat Res 63: 41823, 2002.

Buchaills R, Couble ML, Magloire H, Bleicher F : A sub-
stractive PCRbased cDNA library from human odonto-
identification of novel gene expressed in tooth

blast cells :
forming cells. Matrix Biol 19: 423430, 2000.
Butler WT : Dentin-specific protien. Methods in Enzymol
145: 296-303, 1987.

Butler WT : Dentin matrix protein. Eur J Oral Sci 10691:



— uhEd, Zolsh UEE B2 28T B, 258 —

0ok
Ho

204-210, 1998. cleavage products expressed from a single transcript coded
Butler WT, Bhown M, Brunn JC, D’souza RN, Farach by a gene on human chromosome 4. J Biol Chem 272: 835

carson MC, Hartha RP, Schrohenloher RE, Seyer JM, -842,1997.

Somerman MJ, Foster RA, Tomana M, Djik SV : Isolation, Nakashima K, Zhou X, Kunkel G, Zhang Z, Deng JM,

charaterization immunolocalization of a-88Dal dentin Behringer RR, Crombrugghe B : The novel zinc finger

sialoprotein (DSP). Matrix 12: 34351, 1992 containing transcription factor osterix is required for osteo-
Dey R, Son HH, Cho MI : Isolation and partial sequencing of  blast differentiation and bone formation. Cell 108:-29,

potentially odontolastspecific/enriched rat cDNA clones 2002.

obtained by suppression subtractive hybridization. Arch Nakata A, Kameda T, Nagai H, lkegami K, Duan Y, Terada

Oral Biol 46: 249260, 2001. K, Sugiyama T : Establishment and characterization of a
D'souza RN, Cavender A, Sunavala G, Alvarez J, Ohshima spontaneously immortalized mouse amelobléiseage

T, Kulkarni AB, Macdougall M : Gene expression patterns  cell line. Biochem Biophy Res Comm 308: 8389,

of murine dentin matrix protein 1 (Dmp1) and dentin ~ 2003.

sialiphosphoprotein (DSPP) suggest distint developmentalNarayanan K, Srinivas R, Ramachandran A, Hao J, Quinn B,

functions in vivo. J Bone Miner Res 12: 204049, 1997. George A : Differentiation of embryonic mesenchymal
Gaikwad GS, Hoffman M, Cavender A, Bronskers AL, cells to odontoblastike cells by overexperssion of dentin
D'Souza RN : Molecular insights into the lineagpecific matrix protein 1. Proc Natl Acad Sci 98: 454521, 2001.
determination on odontoblasts: the role of CBFAL. Adv Papagerakis P, Berdal A, Mesbah M, Peuchmaur M, Malaval
Dent Res 15: 1924, 2001. L, Nydegger J, Simmer J, Macdougall M : Investigation of

Gronthos S, Mankani M, Brahim P, Robey PG, Shi S : Pos- osteocalcin, osteonectin, and dentin sialophosphoprotein in
tnatal human dental pulp stem cell (DPSCs) in vitro and in  developing human teeth. Bone 30: 3385, 2002.
vivo. Cell Biol 97: 1362513630, 2000. Qin C, Brunn JC, Cadenna E, Ridall A, Tsujigiwa H,
Hanks CT, Butler WT : Expression of dentin sialoprotein ~ Nagatsuka H, Nagai N, Butler WT : The expression of
(DSP) and other molecular determinants by new cell line dentin sialophosphoprotein gene in bone. J Dent Res 81:
from dental papillae, MDP€23. Connect Tissue Res 37: 392-394, 2002.

251-261, 1998. Ritchie HH, Hou H, Veis A, Butler WT : Cloning and sequ-
Hanks CT, Fang DN, Sun ZL, Edwards CA, Butler WT : ence determination of rat dentin sialoprotein, a novel dentin

Dentin-specific protein in MDP€E23 cell line. Eur J Oral protein. J Biol Chem 269: 3698702, 1994.

Sci 106: 266266, 1998. Ritchie HH, Ritchie DG, Wang LH : Six decades of dentino-
Hanks CT, Sun ZL, Fang DN, Edwards CA, Wataha JC, genesis research: historical and prospective views on phos-

Ritchie HH, Butler WT : Cloned 3T6 cell line from G phophoryn and dentin sialoprotein. Eur J Oral Sci 106:

mouse fetal molar dental papillae. Connect Tissue Res 37: 211-220, 1998.

233-249, 1998. Shimo T, Wu C, Billings PC, Piddington R, Rosenbloom J,
Kim DH, Kim HJ, Jeong MJ, Son HH, Park JC : Expression  Pacifici M, Koyama E : Expression, gene regulation, and

and functional characterization of odontobtedérived roles of Fisp 12/CTGF in developing tooth germs. Dev

gene: OD314. J Kor Conservative Dent 29: 3308, Dyn 224: 26'#278, 2002.

2004. (in Korean) Sreenath T, Thyagarajan T, Hall B, Longenecker G, D’Souza

Kim HJ, Jeong MJ, Son HH, Park JC : Inactivation of the R, Hong S, Wright JT, MacDougall M, Sauk J, Kulkarni
0D314 gene by RNA interference in preodontoblast cell AB : Dentin sialophosphoprotein knockout mouse teeth

lines. Kor J Phys Anthropol 17: 12129, 2004. (in Korean) display widened predentin zone and develop defective
Lesot H : Odontoblast differentiation and tooth morpho-  dentin mineralization similar to human dentonogenesis
genesis. J Dent Res 79: 164®44, 2000. imperfecta type Ill. J Biol Chem 278: 248724880, 2003.

MacDougall M, Simmons D, Luan X, Nydegger J, Feng J, Gu Steele-Perkins G, Butz KG, Lyons GE, Zeichré@avid M,
TT : Dentin phosphoprotein and dentin sialoprotein are  Kim HJ, Cho MI, Gronostajski RM : Essential Role for

194



— MOIERHE £824Ho|A 0D3149] g —
NFI-C/CTF transcriptionreplication factor in tooth root acid up-regulates VEGF expression in macrophages and
development. Mol Cell Biol 23: 1074084, 2003. pulp cells. J Dent Res 82: 44470, 2003.

Sui G, Soohoo C, Affar EB, Gay F, Shi Y, Forrester WC, Shi Tziafas D, Kolokuris | : Inductive influences of deminer-

Y : A DNA vector-based RNAI technology to suppress alized dentin and bone matrix on pulp cells: an approach of

gene expression in mammalian cells. Proc Natl Acad Sci secondary dentinogenesis. J Dent Res 69875.990.

99: 5515-5520, 2002. Tziafas D, Papadimitriou S : Role of exogenous FGFin
Sun ZL, Fang DN, Wu XY, Ritchie HH, Begu&irn C, induction of reparative dentinogenesisvivo. Eur J Oral

Wataha JC : Expression of dentin sialoprotein (DSP) and Sci 106: 192196, 1998.

other molecular determinants by new cell line from dental Viswannathan HL, Berry JE, Foster BL, Gibson CW, Li Y,

papillae, MDPC-23. Connect Tissue Res 37: 2261, Kulkarni AB, Snead ML, Somerman MJ : Amelogenin: a

1998. potential regulator of cementurassociated genes. J Perio-
Telles PD, Hanks CT, Machado MA, Nor JE : Lipoteichoic  dontol 74: 14231431, 2003.

195



— g3, g AEE HET 28F YA, 258 —

Korean J Phys Anthropol
18(3): 187 ~ 196, 2005

Abstract

Role of OD314 During Odontoblast Differentiation

Joo-Cheol Park, Ik-Hwan Kim, Heung-Joong Kim, Moon-Jin Jeong,
Hyun-Ju Oh, Je-0 Jeong, Ho-Hyun Son?

Department of Oral Histology and BK21, School of Dentistry, Chosun University
!Department of Conservative Dentistry, School of Dentistry, Seoul National University

Odontoblasts are responsible for the formation and maintenance of dentin which is a mineralized partputfentin
complex of tooth. OD314 was obtained by subtractive hybridization between odontoblasts and osteoblast/dental papilla
cells, and differentiatially expressed in the odontoblasts but not in osteoblasts and dental papilla cells.

In this study, to better understand the biological function of new odontebfasthed gene, OD314, we examined
expression of OD314 in cultured MDPE3 cells and intracellular localization of OD314 protein. We also evaluate the
effect of OD314 overexpression and inactivation on the cells by northern analysis.

When MDPC-23 cells are cultured in the differentiation and mineralization medium for 28 days, OD314 mRNA
expression was gradually increased from the beginning to day 21 and remained relatively high on day 28. Immunofluo-
rescent staining of cultured MDP@3 revealed localization of OD314 on the cytoplasm, especially near the nuclear
membrane. However, a small amount of fluorescence was also observed in the nucleus. Inactivation of OD314 by RNA
interference upregulated the expression of DSPP, whereas-asoression of OD314 by CMMOD314 plasmid
down-regulated the expression of ON.

These results suggest that OD314, a odonteblaiched gene, may play important roles in the odontoblast differ-
entiation and dentin mineralization.
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