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Aol Az sl dds FAAAEE A ofA WEe) BeR glA vl 0D314= 3 Xopdal

TRzt Az kA gelr] Adebd JAAA] 58] HHiAEA ] AAEE A7]e] L fFale] FA sl Alolaly] A

3o F.27 71%5-& AT £ Aol 0D314 41719 B2 RNA mierference 3 0] 4-51e] A3}

of Aol Az ekt f AR SUAEL Hrlge A Alebd FAFAANA 0D3142] 7|5L otoln

34t s e

1 MDPC23 Al Zel] ascoibic acid®} f-glycerophosphate #7}8)e] 33 24 JAS 523 AH)A wjeF & 14
del 43 AA-e] A= 9

2 MDPC23 Al £2] 433 A2 JA)4dellM 0D314, OC ¥ DSPP mRNAR sl ekr) e A3z}t o] A
H Yz FY9T welg 1 v, ON mRNAYE 433 d4o] 3A57) Alalehs 795E dtg o] zhis
priss

3 MDPC23 A 22| wlokztAels] OD314 gL 17kDa A x2] 775 wjeF AZFRE 74717 g w8
Bylown 433 Hde| AR 149 vlS 75 2E S weg

4 MDPC23 2o OD314 siIRNAE tiansfectiondl A3 o)A 0D314 OC, ON = DSPP2] mRNAS] wale] b4
sl OD314¢] sl ibg =3k OD3 14 iRNASE transtectiondl M o)A Zhaslels)

o 32 Aulg Fsly ODI4r} el w2 F8 A Ao B Aoz Algw} o)F 5]

B17] k] wor OD314e) W 7)en AelAdzAE SRS Aad R Bg &3 ek dart

2a% 7oz Alnget

SolR7] g2 0D314, Aotz A x RNA mterference A 3]s}

) S== oja] $gAEo] Hsl nme 23 FHAo,

2 oei e} Fel AeldnME Ralzqat

Hole] Abold & FAlsle AolAwA s A7 8 AFIARA Z 27 Abelal §AY A 7hA}
FAAENN 7R JolAmAzs] wskabge  mrkgel st B AL oFelAm st 2
hekst Az, AlaAFEA, AR aejm #Hy of] AelzmlmAxze] RilulA e} Atelzlel
A FAg BAYESE 7]l dsle]

2 ATE eRAdAT 5Hs129F(ROI-2003-000- &3] whEA olA] it

10§41 -7 Yo 2 I He)e - -

244 A2 AR Qe Fad el 2 Dey 5001yl Aotalu 29} $34si7el

AARFS-#  jcapak@chosun ac kr Bty FAAS G938 2x5ozg suppression
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subtractive hybridization-& o] &3l Z|eo}-/-F
Mz} Wz wjsle] AopRlwazel X]44]
¥olM ddAHog D= $-41x4 0D3149
c¢cDNAE ¥A%)-3L Northern 248 E35}e] OD314
7} etz zoA Fz $dPgn Busigdc
=3t Zo Kim (20032 OD3147} @A7hA] 7%
o] ofeld QA de Mad e Fa A%
Aol Bz arlar 5193, mRNA mn-situ hyhybridiz-
anon} BHz2 3814 §AoA OD314 {7t
AetdmA 2 A Fz APHEGA St 23 A
e Al jFdgelA] OD314y AyHx
b AdolErMza FIEle GAeA Pkt
7] HHEe] T o] A E ) A 8] sk
el A vl% Frhstetar skt

AT AebwA =z BEHIpgoA 0D314¢]
71%%& fd787] #)sled sIRNA (small interfering
RNA)E 0]-83t RNA interfernce ulg & Abolal 24
£ ATFHM E (preodontoblast)el]  A-g-5}siv} Aepal
FAE AR zz AR MDPC23 A E (mouse
dental papillae cell 23)¢ll OD314 sIRNA construct2
transfection € % RT-PCR 543} Western blot &
Mg Fole] AolmAEd Fo RS
W3E B-Aste] OD314 8449 71%-& Fesha
2 831}

B
T

A=
o

[=13=;]
[y — |

M=

Ha

1 OD314 sIBRNAZ2| construct2} cell transfection

1) OD314 FFAL2| sIRNA construct &%

sIRNA converter program (http/fwww Ambion com)
& o]43led OD3142] 7|N QoA sIRNAE #8
sense (5'-AAG TGC CTC AAG ATC AAA CTT
CAA GAG AGT TTG ATC TTG AGG CAC TTT
TTT TT-3")2} anti-sense (5'-AAT TAA AAA AAA
GTG CCT CAA GAT CAA ACT CTC TTG AAG
TTT GAT CTT GAG GCA CTT GGC C-39)
ohgomer2- A2} (Bioneer, Daejeon, Koiea)slsirt o]

O
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Fig 1 Schematic representation of pSilencer 1 0-U6 vector

=2

2 annealing (Buffer, 100 mM K -acetate, 30 mM
HEPES-KOH pH 7 4, 2 mM Mg-acetate)& # U6
vector (pSilencer 1 0-U6 vector, Ambion, Austin, TX,
USA, Fig )& o] &3] lhigatond}led constructZ A=}
&=} Constiuct®] g7)A3e 24 (Bioneer, Dae-
Jeon, Korea)dle] 7|81 & Algo] o] f-351¢c}

2) Cell transfection

MDPC23 #|3£E 3 0x 10704 6 well plate (Nunc,
Rochester, NY, USA)e]] @3 10% fetal bovine serum
(FBS, Gibco BRL, Rockville, NY, USA)e] ¥-8-3
Dulbecco’s Modified Eagles Medum (DMEM, Gibco
BRL, Rockville, NY, USA}S o]-&3}s] &4t ¥<)
ek Azl ohgd A EE hpofectamme plus 1ea-
gent (Invitrogen, Cailsbad, CA, USA)E o]-8-3}}
U6-0D314 sIRNA EglA~ne2 2ued-S serum-
free v <kl OPTI-MEM (Gibco BRL, Rockville, NY,
USA)e] 45 wA|el|A] 5A)7F £t transtections}
oot Hlek 5A17F & 10% fetal bovine serumo] &}
¥ DMEM ujjeFll-g 7} 3 v}-& incubator (37°C,
5% COol| 48A17F ©] HjeFslT total RNAS: chal
A& F2sle] ¢]& RT-PCRF western 2Ae] o]
£33}
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— MolHEAMZ HTHEof chgl OD3142] wWdH od| —

2 MDPC23 Mxe| OD314 W3 &4

1) M= Hi2k 2 A58t HEo| ol

MDPC23 Al =& 10% Fetal Bovine Serum¥} 34
A7} 55 DMEMell ascorbic acid (50 pL/mL)%}
B- giycerophosphate (10 mM)& 718 wjsfHe=
wjekatlc} wiek 04,49, 74 2lm 14dF M=
£ phosphate buffered salme (PBS)2 = 33| A&F
F, 70% ethanolZ 208 <t 18 & 01%
NH,OH7} @65 1% Alzalm Red—S (Sigma—Aldrich,
St Lows, Mo, USA)-&-¢§ o 2 SH7F §] A shgic)

2) RT-PCR (reverse transcription polymerase

chan reaction)

MDPC23 | £& PBSZ 448 F Tnizol® regent
(Invitrogen, Carlsbad, CA, USA)R total RNAE F
239t} RT premix kit (Bioneer, Dagjeon, Korea) S
o] 83} frist strand cDNAZS- 3413} 31 OD314, ost-
eocalcin (OC), ostecnectin (ON), Dentin saralophosp-
hoprotein (DSPP) @ control& GAPDH <] 3
prumer (Table 1)& ] §3le] PCR $%-& Al83}g]
o} PCRE 95°Cell 4] 18, 55°CallA] 13, 72°Cell A 1
B 3028 2ALE 30 Alo]E& AlFslic PCR
AAEE 15% Agarose gelsl 719958t #-8A
Bee Bselct $)9 $44 FUEE pGEM-

Table 1 Polymerase chain reaction (PCR) Primer set

Size Tm
(bp) (°C)

593 55

Protein Primer sequence (5'-3"}

OD314 5422-446  ATGTCCTATGTGGTTCCTGTAAAA
AS1015-986  ATGAGATCAGTGAAGAGGCTTTATATACTT

ON  §5120-1235 ACATGGGTGGACACGG 405 52
AS 16441627 CCAACAGCCTAATGTGAA

oc  §19-39 ATGAGAGCCCTCACACTCCTC 303 66
AS321301  CTAGACCGGGCCGTAGAAGCG

DSPP §784-302  AATGGGACTAAGGAAGCTG 814 34
AS 1597-1580 AAGAAGCATCTCCTCGGC

GAPDH §386-402  CCATGGAGAAGGCTGGG 195 53
AS580-361 CAAAGTTGTCATGGATGACC

DSPP Dentin s1ialophosphoprotein OC, osteocalcin, ON osteonectin
GAPDH glyceraldehyde 3 —phosphate dehydrogenase
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Teasy Vector System (Promaga, Madison, WI, USA)&
o]83le] subcloningdlar ¢]E ¢7|A]dE B4 (Bio-
neer, Daejeon, Korea)3t ¥, Blast search program
{http //ncbi nlm mh gov/) & o}-£3led OC, ON, DSPP
¥ GAPDH Atz B3 9 971X 4 49
alskant

3) & OD314 &xe| A=

Kim (2003)ll ¢]3}e] OD314 whijale] oJ <ol
F¢ A9 A CSTI59) CPE14% Adel| o435}
st

4) Western blot 244

MDPC23 A £5 PBSE 33 443 ¥ RIPA buf-
fer (0 1% SDS, 0 1% deoxycholic acid, 2% NP-40,
150 mM NaCl, 2 mM EDTA, 2 mM PMSF, 50 mM
Tns—HCL, pH 7 )2 4°Col|A] 204 St M zE &
slehe] wale F2sigin A A 3 Wug
2] A8 14% SDS PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis)E A)s83t %
PVDF membrane (Pall corp, Easrtern Hills, NY, USA)
of] 10Ve] Agte 2 408 =<t transferA] v} Tran-
sfer¥l PVDF membrane-& 4°CeollA] 1647t B2 5%
non—fat dry milk/PBS -Tween 2025 blockingZt 5|
PBS-Tween 20 4|02 A3k & OD314¢]] i3t
12 1A1ZE 308 B4t 4h3A1R) o PBS-
Tween 20 &l ez 587 33 441815} Goat
anti-rabbnt IgG (Santa cruz Biotech, Santa cruz, CA,
USAYE 1 20,0002] wig= B|Asle] 1A2F g4t
HHeAl7] % PBS-Tween 20 o2 1587 33
243l Supersignal West Femto Maximum
Sensitivity Substrate (Prerce, Rockford, IL, USA)® 2
R WAl & bAoA X-ray film (Fuy, Mina-
moto, Tokyo, Japan) 2.2 A F A s}

3 OD314 siRNA constructE transfection$t %
FHAES YHEAM

A MDPC23 A =2} OD314 siRNA construct®-
transfechion3t MDPC23 M oj|A] (RNAS} ghil=l g &
281d RT-PCR ¥4} Western ¥-4:& A|sJe3iv}



— HES, B2 L350, %FH —

2o W
1. M=o o M35t ZEe| Y

Wjep 27]¢] MDPC23 A2+ dymsfos A
Azl AR Yelg 2o ol TR
Az3ae] BAHYI §3) W} 14AREE: 99
Foz ¥ A4¢ PYsAct BARE AEL Aliz-
arin-red SZ PA3t A7} ojilre] FAEL A3}
A4z sel=2deFig. 2).

2. MDPC23 M|ZolA OD3142] W@ 74

1) RT-PCR £4

MDPC23 M| 22} 4313} 774 3§47 e)A OD314
9} OC z#]3 DSPP mRNAY: wijoF AJZHE] 23
7] Aztsle] ek 49, 793 433} AHe] HA]
9 4o FU3LE fite] FAEHNA. 12t
ON mRNAL: o} Az} & 49074%] ddo] {35
g7t Mg AAe] fAH7| Azl TdREE
Wl o] oha ZHAEsi o} (Fig. 3).

Fig. 2. Mineralized nodule formation in MDPC23 cells after 14
days of culture. Cells were induced for mineralization in
the prescence of ascorbic acid and B-glycerophosphate

as described under “Materials and Methods”. The nodules

were detected by Alizalin red-S staining.
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2) Western blot 244

MDPC23 A £¢] 43]3} 24 RA3elA OD314
chlal o 17kDa®] =7)= wljok A|RFEE WHEE )
A zksled wljof 49, TA7HA] fA|E gl o A et A
Aol YAFHE 14oll= L o] ti% Zag 273¢
-‘i'—";‘i’;}(Flg 4).

3. OD314 siRNAE transfectiondt £ |EXI2|
FIEES '

1) RT-PCR 24

OD314 siRNAZ transfection MDPC23 A Zq]|
A] transfectiond}#] ¢}-& MDPC23 A £xt} OD314
mRNA®] & o] 7}4-3}e] 2w, OC, ON 28] 52 DSPP
mRNA2| H&7A] FAsHA HAstsd o} (Fig. 5).

04 4d  Td14d
oD314 E ; ‘ : :g. j 593 bp
ON i oo Sl 405 bp
oc ! l - L }‘ 1 303bp
DSPP l l o l J 814bp
GAPDH 195bp

Fig. 3. Expression of OD314, DSPP ON, and OC transcripts in
the culture of MDPC23 cells. Total RNAs were extracted
from cultured cells after 0, 4, 7 and 14 days of culture.
GAPDH used as a control (DSPP, dentin sialophosphpp-
rotein; ON, osteonectin; OC, osteocalcin; GAPDH, glyc-
eraldehyde 3-phosphate dehydrogenase).

0d 4d 7d 14d

Fig. 4. Expression of OD314 protein during mineralization of
MDPC23 cells. Proteins were extracted from cultured
MDPC23 cells after 0, 4, 7 and 14 days and analyzed by
Western blot with anti~OD314 antibody. OD314 was
expressed as a 17 kDa protein in cultured cells.
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OD314 593 bp
ON 405 bp
ocC 303 bp

DSPP 814bp

GAPDH g 195bp

Fig 5 Altered mRNA expression 1n the QD314 siRNA-trans
fected MDPC23 cells (T transfected MDPC23 cells, C
MDPC23 cells, DSPP, dentin sialophosphpprotemn ON
osteonectin, OC osteocalcin GAPDH glyceraldehyde
3-phosphate dehydrogenase}

0D314 17kDa

Fig 6 Altered protein expression 1 the QD314 siIRNA -tran
stected MDPC23 cells analyzed by Western blot with
anti—0D314 antibedy (T, transfected MDPC23 cclls C,
MDPC23 cells)

2) Western 244

OD3142] whafae] g gk OD314 siIRNAS
transfection®t MDPC23 A 20| A] transfections)-=)
o2 MDPC23 A zoll A} B} zhaslg o (Fig 6)

o=

dobal HAAA L Aol mM Z osted §7]
71Ae] HA] AR T, o2 H oz 7L Salkskgl
N AR o w MR M olelAlT} Aot
A2 g iie] Fr7)ds pAEe] glo f7132
F2 A% olmads wlopny] Az FA=
9)x=d), njolmA] hilizle]= decorm, biglycan, osteo-

— MOPE oMz HME it OD3142| gl HH —

nectin (ON), osteocalcin (OC), osteopontin (OPN),
bone s1aloprotein (BSP), dentin matnx protein 1 (DM-
P1), dentin matrix protein 2 (DMP2) Z&]1 dentin
sialophosphopiotesn (DSPP) S-o| <2l & ¢)ok (Gorter
% 1987, Berdal ¥ 1991, Butler 5 1992, Davideau
% 1996, Hirst % 1997, About £ 2000, Shiba %
2002, Sw £ 2002, Kim 2003) OCY= w4 z.2] 7]3
oM RS AR wlelmzlyd R F &)
ttelet(Price 5 1976) ON-Z wi7]dela] H )3}
A EEEE Rlotmay A ea Abghe] Apelal
BAE} FAlolld A A=z olvt (Fupsawas)
Kuboki 1989, Mundlos £ 1992, Reichert 5 1992,
Yan3} Sage 1999) ©]8} @] DSPP= Alolzlol At
Eol3tA WEH: AR d8A Y, 558
A= shte] §AA A dentin phosphoprotein (DP
P)Z} dentin sialoprotern (DSP)¢] 34 = o] wpz w}
2 8] i (Ves? Perry 1967, Gorter de Vries 5
1987, George 5 1993, Butler2} Ratchie 1995, D’ Souza
2. 1997, Butler 1998, Qmn = 2001) o|&]g} | x.9)7)
ABE AolAwAze) Bohe) oo} syl
A elxdoz AARA} A5 Hgol Helshe
ZAE(Qm 5 2002, 2003) 2 71 & 4 917] v el
AolARALY) oo} Aol WAL 2709 24
She ohe QA W 477 Besid

HlArARe] $4¢ AT AN Ao
ARAEE APDoA wloFshs Wel B4HQ
o, FA7EA GelA e F2 37} olg
A5 e AAE AdE W Aoz T
A7 oz zE QuAdN Beisied W
s iy, 2w el ez AolfmAl 25 Wi oF
e el vt A HA w2 Al Rekst
M7} EA ] vike) Aol mAwrl Wi
A7k FAA el st 7 oA w2 vt A
o RA ERHE wekd 4 sleat Al A E
@ o) gbe] Fohe EAA Sl glok ekA) iy
L Aelf-FHlEAA AebdrMzz R W)
Yoz defit MEES Aoplndzad 23ls]
=5 e o) fol 9

& Al A= Hank 5-(1998)] CD~1 &4
o] ZolFHellA -2 Hopfi-FellA]l WEell Ao}
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ARA Eg2] N2FE AM3lgen o Hzss
Sun 5 (1998)¢] RT-PCR, Northern ¥4 =& %3}
o AoldmAze] RS 2 e dadskis
jeF 3HAg-S-About F (200002 A 3)5 dd AL
S A9 WEe Fusigden B ATelME
ascorbic acid2} B-glycerophosphate®] 7} & ujjek
149 Alizarin-red § 44 ©.2. nodules] A58 =

AL sl (hig 2)

MDPC23 | ==23E] AME3} dAe] A4S &%
5t & 0D314, DSPP, OC, ON mRNA2] Hle 1
A8l RT-PCR HA¢|A] OD3149 DSPP Z8 3

=g

OC mRNA%:= wief 0, 49, 743} 3] 4o
HAE 14delx FYILR okbe] HRIE Lo,
ON mRNA¥: Wik A2t F 44742 Lile] F-R|=
oi7b A EE A e] A7) AFse 7Yl Huw
Al o] ohd Fpadhe £0E Bgivk(Fg 3) o
A3 OCE A3stsl Aol Fz wgds
WhHo] ONE Aol mAl® 7] Rl o} AF
ofdlo] M3]3tE7] A ghAq] RAAbeldofa] wyg
H= Papagerakis %-(2002)2) 7 FA}e} Aot
53, AelA M 29 Bo|x falatz <ejz] DSPP
7h e} Sgeln Aoz WA Aow wel
MDPC23 37} Aoldndze) 548 vehiz
UEE el £ 9lon], OD31d= ApolAd R A o)
Al RS e = glvh M 33 A4 34
& F=% djckaAe] Western BAoA OD314 &
A2 vl oF 0URE] BHE ] AR 49,74 7}
7| A E ) 235 Ao FAEE 14¢e] =
ol v FAsct(Fig 5) o] A3foljA] OD314
whijzlo] Aotz maze] 453} A 71L& #
A& A e g e 758 5 4l
o v OD314 s 7le] wel 9RAle mRNAS]
WH o ofAhE Belsd o] RT-PCR 243
we BAle) 3gwe) Aelem AT 4 A
RNAI(RNA mierference)s 4] f-7)2) wals
AAlsled 2 71%5-& AT vbge s siRNA (sm-
all interteiing RNA)E- o]83f] A EBojRozm
mRNA2] P32 fegond daid F4&
3ka o A fAxe] wElg RgE-E sl )
¥ o]u} (Elbashir 5 2001, Brummelkamp 5 2002,

E
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Paddison 5 2002, Sm 5 2002)

E dFliA]E= 0OD314 siRNAE transfections]7]
#3te] OD314 siIRNAE- U6 vector® subclonmgs}
geor o] vector:= U6 promotore] &3} A=,
o] RNA Polymerase IlI promotor=5-8 A= A
el FAE A8l 4~ Sundmed hbd g4
£ A Hok Miyagishigl Taira 2002) OD314
sIRNAS MDPC23 A% transfecuondt & trans-
fectiong- &+ MDPC23 M Z$} transfections}r] gke
MDPC23 M| Z& tjmFo 7 Al43)e] B]ms RT-
PCR EHMe|A] transfectiongt MDPC23 Mol A 1
F7< B 0OD3142] mRNAS ©j¥e] OC, ON,
DSPP#] mRNAS] Hhale| zh4sledc)(Fug 5) EEh
transfection§t MDPC23 A %2} =& vlast
Western 2-4o4] OD314 AL gz v)§)
transfectiondt MDPC23 H] 20| A] A3l of4)l&
Belg(Fig 6) o] A3R= OD3147} 2 Aolaln
Az fAhARtY] 29 23 s 9w
$2% 4 qlon] w3 Aol AuAvo] ol ol
3t <d#% DSPP7| Hasle Aoe Hel OD3147}
DSPPE} whde)] 8ke o 2le & 5 o

2 A7 245 Fgs] 1wl 0D3149) #213 t
HE APl ule} gobxla) EAlsl =ity o
o] FF4Ee 43E o9& vl 0D3147) Alelaln
A 2L AR BAGAH F2T 4D

& & Aom Auzd gozw ODI4 SR
4‘%’-{% A#st g knockout mouse A A4 & &
skl OD314 fF34ke] 715 Akt 5 wel AF
7} el o)A el & Aow gy

ikl

tn 2 8
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Abstract

Inactivation of the OD314 Gene by RNA Interference in
Preodontoblast Cell Lines

Heung-Joong Kim!, Moon-Jn Jeong!, Ho-Hyun Son®, Joo-Cheol Park'?

'Department of Qral Histology and “BK21 School of Dentistry Chosun University

*Department of Conservative Dentistry, School of Dentistry Seoul National University

Tooth development depends on reciprocal interactions between oral epithellum and ectomesenchyme The
ectomesenchyme —derived odontoblasts secrete seveial collagenous and non-collagenous proteins to form a unique
extracellular matiix QD314 was obtained by subiractive hybridization between odontoblasts and osteoblast/pulp cells,
and differentially or predominantly expressed n odontoblasts of rat incisors compared to osteoblasts and pulp cells
However, little 14 known about the function of OD314 1 odontoblast differentiation In this study, to better understand
the function of OD314, we mactivated the OD314 gene n mouse MDPC23 cells using U6 promoter—driven siRNA
method After the charactenization of mineialized nodule formation and molecular expression of MDPC23 cell,
Inactivation effects of the OD314 were evaluated by RT-PCR and western blot
1 Mimneralized nodule formation was observed after 14 days of culture in MDPC23 cells
2 The OD314, OC and DSPP mRNA weie luighly expressed throughout the cultures while the expression of ON

decreased as the MDPC23 cells differentiated
3 The OD314 protein was weakly expressed at 7 days of culture but mcreased giadually as MDPC23 cells reached

meralization stage
4 The mactivatton of OD314 by RNA mterference downiegulated the expressions of OD314, DSPP, OC, and ON
mRNA and OD314 protein in MDPC23 cells
These results suggest that OD314 may play a impoitant role 1n mineralization process of odontoblast and also regulate
odontoblast—related genes such as OC ON and DSPP

Key words QD314, Odontoblast, SIRNA Mineralization Regulation
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