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RNA interferenceZ o]£3F OD314 F-% 2] w4
AA| 7} Aold RA|E HAFA| Zol| v X = A3

UEE, H2, 25, 4Fy??
zAd e Add e 27ge - 2Kl N e atn Az e AuEsaa

A7 M Z A 7] hA3H Afeldle] £71AE HA S Ao RA| 2o 31A of

v Aebde] PAAA A AT AN ETH |- ofA HEE] wE A 9lA] v} OD314: 279 X|opiA

HA 3 Azl FAgeA A Aetd P 53] MEFA o] JAEE Al7]el I dde] HA|ste Alele] A
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1. MDPC23 4| %9 ascorbic acide} B-glycerophosphate 3 7}5le] A 3]3} AA AL =3t AdoA] wjeF & 14
Aol M 3]3} ZAA-o] FA=HS -

2. MDPC23 M| 28] 43|53} A4 A7 e|x] OD314, OC ¥ DSPP mRNAL wjekz7] e A 3|3} ] A
5l 14del= 53 daE Bl ubH, ON mRNAYE A 3]st A e] PAE7] Aztshs 745E Lile] has
ok

3. MDPC23 A| 2] wf<}a}tAol|A] OD314 chil a2 17kDaA=e] =72 wiof AZRE 79704 F43 Ldas
Holom N33} Ao PAE 14l &= ol ks dEg ®von.

4. MDPC23 A o] OD314 SRNAE- transfectiongl A1§lol| 4] OD314, OC, ON Y DSPP2] mRNA<S] & o]
9l OD3142] thilA wka =3k OD314 SRNAE transfectiondl A oA 7}43}9] o)

o|Abe] Atz =3)slnwl 0OD3147} Aol mAze] 2o SAAESe] A Hodg Aoz AlaEr} o= s

3}7] $138te] Sto = OD314e| st 7|53 AetdmMz FAET] ARl A3t &FF Bt A7}

2 7oz Alsdn.

o
b

FolE 7| ot : OD314, Alold m A =, RNA interference, A 3] 3}

Y= ofe] 48AEel Bofshe mre 23k HHo

= WA Sk o] Aol ARA T 2oEdlA

Aots] Aebie WA AoblzAlEe A4 9 AlAmazel G% Aobd BA1Sl A
SAAEAN F|Ga Aol ze] ReAge  3Agel Bl B @77} o) Feim Qe 1
depgt Aze7A, AEAREd, 44 Teln e o Alesze) waHel Aeldel
Q45 BAR BAALHA 7100 Heled

2 A7E FFHSAT 547]297(R01-2003-000- &3] ke A Q1A okt

10141-0) |9 o2 3 =gl S. = = = o
AR (A s sl ] s amal) % Dey 5(2001)°] Aoy—o}z_:_!yﬂzﬂ %;};J@oﬂ
W 2}-9-7 : jeapark@chosun.ac.kr FoJle= FAHAE A3 = o= suppression
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subtractive hybridizationi}] & o] &3}e] o}
A5} WA Bl HoldmALS A5A
o4 AgHos BERE §44<l OD314)
cDNAZ A3l Northern £4& E3}e] OD314
b AebdRA AN F2 RRRta wusisich
w3} 2ol Kim(2003)2 0D3147} #A)74A] 7%
o] &l 9iA] U N2 ThillAlen] F=z AE
Aol E=3o}ar 3193, mRNA in-situ hyhybridiz-
aions} HH 22354 Aelx] OD314 FA4A7}k
et mA| el A F2 YT sholet. =3 A
o] ApA 2] wioFA A 0D314:= | 5H £
7b AetdmAlzr F3ee A M E3A 9
Z7|l| A F e 1 el fA|FHHrL A 53t
) Z7heeka sheleh

Aot w2 E3}A el 4] OD3149]
AT-317] $3te] siRNA (small interfering
RNA)Z- o] £-3F RNA interfernce W& Alolz w4
= A A = (preodontoblast)el] 2 -8-al53 T} Abolal
22 AFMxzE FA4% MDPC23 A3 (mouse
dental paplllae cell 23)¢] OD314 siRNA construct=
transfection 3t & RT-PCR A3} Western blot &
e Fole] doldudad) 32 f4Ee) B
w3lg BAsle] OD314 $449] 758 Feleln
A gk

oX
=2
R

]
Ho

M=

e
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ou

1. OD314 siRNA2| constructe} cell transfection

1) OD314 & X}te| siRNA construct X|&F

sIRNA converter program (http//www.Ambion.com)
< o|-&3te OD3142] 4714 delx] SRNAE #]&t
sense (5'-AAG TGC CTC AAG ATC AAA CTT
CAA GAG AGT TTG ATC TTG AGG CAC TTT
TTT TT-3)¢} anti-sense(5'-AAT TAA AAA AAA
GTG CCT CAA GAT CAA ACT CTC TTG AAG
TTT GAT CTT GAG GCA CTT GGC C-3')
oligomer= A2} (Bioneer, Dagjeon, Korea) 5193t} ©]
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Fig. 1. Schematic representation of pSilencer 1.0-UG6 vector.

=

= annealing (Buffer; 100 mM K -acetate, 30 mM
HEPES-KOH pH 7.4, 2mM Mg-acetate)3t & U6
vector (pSilencer 1.0-U6 vector, Ambion, Austin, TX,
USA, Fig. 1)Z o] &3] ligations}e] construct= A2}
3l9de}. Construct®] 37]x g8 24 (Bioneer, Dag-
jeon, Koreg)ste] 3713k 5 Ao o] 8343t}

2) Cell transfection

MDPC23 4| =& 3.0x 10%/]4 6 well plate (Nunc,
Rochester, NY, USA)ol| @31 10% fetal bovine serum
(FBS, Gibco BRL, Rockville, NY, USA)¢] 363l
Dulbecco’'s Modified Eagles Medium (DMEM, Gibco
BRL, Rockville, NY, USA)& o] &3}e] 3549t =4t
wjek A|Fch ohed M| ZZ lipofectamine plus rea
gent (Invitrogen, Carlsbad, CA, USA)E o] 43}
U6-0D314 SRNA ZatAn|=2 2ug®-< serum-
free wlj oFe OPTI-MEM (Gibco BRL, Rockville, NY,

USA)o] a5 wlj=|el|A] 547+ <t transfections}
oot vk 5417k & 10% fetal bovine serumeo] =3}
%] DMEM wujjefe A7} 8 oL incubator (37°C,

5% CO)ell 48]

z] 0 7-7&3]_04

gaholeh

o] wjeksla total RNAS) sl
RT-PCR¥} western £-4of| o]

gil

k=S

,q_
=
7P
=
=
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2. MDPC23 AM|Z2| OD314

1) M|3E H{2F 2

MDPC23 M =& 10% Fetal Bovine Serums} 3}A)
A7} 3-4% DMEMo] ascorbic acid (50 uL/mL)<}
B-glycerophosphate (10 MM)E X 7}3t ujjefol o=
wioFstel. o 04, 49, 79 TE]3 1495 A=
= phosphate buffered saline (PBS) .= 33] A|A3t
&, 70% ethanol 2 20% E<¢F AT & 0.1%
NH,OH7} 3% 1% Alizdin Red-S(Sigma-Aldrich,
. Louis, Mo, USA)£-ol 0 & 587} o3 3}9] o),

Ma|s} AAE9o| Fo|

2) RT-PCR (reverse transcription polymerase

chain reaction)

MDPC23 ¥ £& PBS=Z 443k & Trizol” regent
(Invitrogen, Carlsbad, CA, USA)Z total RNAS 3
Z3}93 ). RT premix kit (Bioneer, Dagjeon, Korea) =
o] 8-3}o] frist strand cDNAE 348l OD314, ost-
eocalcin (OC), osteonectin (ON), Dentin saial ophosp-
hoprotein (DSPP) ¥ control2 GAPDH E-o|#H
primer (Table 1)& °]83le] PCR 53-& X333l
o}. PCRE 95°Col|A] 1%, 55°C°1]A1 18, 72°Cel|A] 1
* 302«] z71o2 30 Ale]Z2 A3l PCR

AAE-L 1.5% Agarose gelol] 2471 °3E3ted A
$RE et 2olE FHA SHEE pGEM -
Table 1. Polymerase chain reaction (PCR) Primer set
. . Size Tm
Protein Primer sequence (5'-3' .
Eene(5-%) (00 (0
OD314 S422-446  ATGTCCTATGTGGTTCCTGTAAAA 593 55
AS1015-986 ATGAGATCAGTGAAGAGGCTTTATATACTT
ON S$1240-1255 ACATGGGTGGACACGG 405 52
AS1644-1627 CCAACAGCCTAATGTGAA
ocC S19-39 ATGAGAGCCCTCACACTCCTC 303 66
AS321-301 CTAGACCGGGCCGTAGAAGCG
DSPP  S784-802  AATGGGACTAAGGAAGCTG 814 54
AS1597-1580 AAGAAGCATCTCCTCGGC
GAPDH S386-402  CCATGGAGAAGGCTGGG 195 55

AS580-561 CAAAGTTGTCATGGATGACC

DSPP, Dentin sialophosphoprotein; OC, osteocalcin; ON, osteonectin;
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Teasy Vector System (Promaga, Madison, W1, USA)&
o]g3led subcloningdlar o1& 97)149e £4 (Bio-
neer, Dagjeon, Korea)3t =, Blast search program
(http://nchi.nim.nih.gov/)-& ©]£-3}e] OC, ON, DSPP
4l GAPDH $4xt2 ®v ¥ 7|M g3} 543
selsjeiet.

3) & OD314 BtA|o| |zt

Kim(2003)sl] 2]3le] OD314 whij o] e &efx]
3 AlzHg) 84 CST159} CPE14% Ao o]g-s}
A=

4) Western blot 244

MDPC23 A 22 PBS=. 33| 443t & RIPA buf-
fer (0.1% SDS, 0.1% deoxycholic acid, 2% NP-40,
150 mM NaCl, 2mM EDTA, 2mM PMSF, 50 mM
Tris-HCl, pH 7.4)2 4°CollA] 20% Eqt H]Eé &
3le] chllAe Z=Z3)dc) thyal Ak = 20 Mg
9] whzlS 14% SDS PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis)S A|s13F %
PVDF membrane(Pall corp, Easrtern Hills, NY, USA)
o] 10Ve] Agto=m 408 Zot transferA]Zic}. Tran-
sfersl PVDF membraneg- 4°Coll A 1647k E<F 5%
non-fat dry milk/PBS-Tween 2022 blockingat ¥
PBS-Tween 20 g9} o 2 A3t & OD314¢)] tjgt
1A 2 A7 308 F<t vRSAIZl o PBS-
Tween 20 g o5 587t 33 4=|3s}9t} Goat
anti—rabbit 1gG (Santa cruz Biotech, Santa cruz, CA,
USA)E 1:20,000°] wi&= 3]Male] 1A7F F<t
vF&A17] &= PBS-Tween 20 £ o2 15871 33]
44|89l e}, Supersignal West Femto Maximum
Sensitivity Substrate (Pierce, Rockford, IL, USA)Z 2
B7F ukSAI7) & oRAlelA] X-ray film (Fuji, Mina-
moto, Tokyo, Japan) o2 A3 & #-Asksict

3. OD314 siRNA constructE transfectionst &

FHAES| &3EN

A} MDPC23 M| %9} OD314 siRNA construct=

transfectiondr MDPC23 M| £ ol 4] tRNA S} thid-e >
%3] RT-PCR 43} Western 48 A|385}5 v
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1. ME U Ass Bl ¥y

wjef %27]9) MDPC23 A2 tztgwefos A
fEA el AR FelE modo) vk 79 RE
AEzZFA o] FAF YT 53] wlof 14UREIE oI
Zoz 7 ARE YA HAHE AL Aliz
arin-red S2 JAsH A7} g REe] A-EL A 3|3}
AAd = = (Fig. 2).

A
&

el 2

2. MDPC23 M|=Zof|A OD3142] g3

1) RT-PCR 24

MDPC23 4| 2] A 3]3} 27 343}~ OD314
2} OC Z8]1 DSPP mRNA: wiof A|=hRe kg
=7] Azbete] wiek 49, 793} X33 A-o] FA
5 1496 % FL3E o] A A 2t
ON mMRNAX:= ujjoF Azt & 497} ulado] $-X]=
oot X33 AA-e] FAHT AFtel= 7TIREE
uhe o] thA 7hAsled e (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| 22| X33 24 3A7Hdel|l+ OD314
chld e 17kDas] Z7]2 wjop AlKE By
Aol wjo} 49, 7744 §AEen] A 55 2
Aol HAHE 4ol Mo B¢ ZUE 2

Bl (Fig. 4).

3. OD314 siRNAE transfectionst &
EIE IS

TRt

1) RT-PCR &4

0OD314 ssRNAE- transfectiondt MDPC23 A %]
Al transfectiond}#] 92 MDPC23 A zxXt} OD314
MRNA2] ¥H& o] 7143} omd, OC, ON 18] 12 DSPP
mMRNAZ2| 8712 #A51A 7Fasksiet (Fig. 5).

od 4d 7d 14d

0OD314 ,] 593bp

oc | I ] | 303bp
1

DSPP 1 l | 8labp

GAPDH I I I I I 195bp

Fig. 3. Expression of OD314, DSPP ON, and OC transcripts in
the culture of MDPC23 cells. Total RNASs 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).

od 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 asa 17 kDa protein in cultured cells.
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OD314 ! ! ' 593bp
=i |

GAPDH [ l I 195bp

Fig. 5. Altered mRNA expression in the OD314 siRNA-trans-
fected MDPC23 cells (T, transfected MDPC23 cells; C,
MDPC23 cells; DSPP, dentin sialophosphpprotein; ON,
osteonectin; OC, osteocalcin; GAPDH, glyceraldehyde
3-phosphate dehydrogenase).

C T

OD314  emm—— 17kDa

Fig. 6. Altered protein expression in the OD314 siRNA -tran-
sfected MDPC23 cells analyzed by Western blot with
anti-0D314 antibody (T, transfected MDPC23 cells; C,
MDPC23 cells).

2) Western £44

OD314¢] whilde] Hha 3k OD314 SRNAS
transfectionst MDPC23 A &z} 4] transfectionsd}*]
k-2 MDPC23 M| Zel| A 1} 2kasld o} (Fig. 6).
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nectin (ON), osteocalcin (OC), osteopontin (OPN),
bone sialoprotein (BSP), dentin matrix protein 1 (DM-
P1), dentin matrix protein 2(DMP2) 18] 3 dentin
sialophosphoprotein (DSPP) 5-0] <&)#] )} (Gorter
1987, Berdal 5 1991, Butler 5 1992, Davideau
1996, Hirst & 1997, About = 2000, Shiba &
2002, Sui 5 2002, Kim 2003). OCx= wjA| 22| 712
oA e AAshe wlelway WA F s
v}olc} (Price 5 1976). ON-2 w7l 4¢3}
A @ vlolway sAeg Alge] Abebal
wAES} EAebdelA #EE 1 dv(Fujisawast
Kuboki 1989, Mundlos 5 1992, Reichert 5 1992,
Yan3} Sage 1999). o] ¢} 2] DSPP:= AlolalejAqt
Solap WEEE AR A=A Sled, 553
A= shte] A=A}l A dentin phosphoprotein (DP
P)=z} dentin sidoprotein (DSP)¢] A= o] w= u}
2 By Fop(Vese) Peary 1967, Gorter de Vries 5
1987, George 5 1993, Butlere} Ritchie 1995, D’ Souza
S 1997, Butler 1998, Qin 5 2001). o]t M| xZ2]7]
et mA o] E3tol Afelale] A A ¢
Al olxpq oz AAEAY M35 A6l Fofdh=
ZE(Qin 5 2002, 2003) = 7+ & 5= Q17] ol
etdmAze] Eatel Aobd PAE x7)el =4
s T el B A77h Besie,
JolduAzel S48 A7e) Aol Aol
Audze A9l e el
4, B el ezt F2 3 o

=N
<)

==
<)

= O
AE2

xJ o)
T

¢

A3 ek A A4E oS Aelm EAE
A4 AoPAmAEE Aol Felstel ok
She W, 2913 v Hoha s Wo

= el glvh A A uhge AeW HheFst
N Z7} Exete] gge] Aot mAM 27} widkd &
U7k EAIA ] St T WA w2 &4 A
oHARA ZRHE W F 9oy Al A
o wljoFr|7te] Bol= EAA o] ok vlA|Et H
= Ao ZAAN Aot mAMER R3}E v
Hoz ookt MEES AehdrMzznt 1313
=5 3 o3l A
2 Aol A= Hank S (1998)¢] CD-1 A}
o] ZejFelA AL HohFellA] wHEelWl
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AuAzpe) AEFE Agstgon] o HEFe
Sun %5 (1998)¢] RT-PCR, Northern 24 5-& E3}
of Aoldwdze] B4 2e AL sk
wjek ZHAd2About 5 (2000)2] M3 AA AL
=g g e Fusigor] ¥ ATM=
ascorbic acide} B-glycerophosphatee] A7} & wjjof
14d4)) Alizarin-red S<3M o 2 nodulee] X33 2
Aele gqlstelnt (Fig. 2).

MDPC23 Mz = XE X33} A" AL §=
5k & 0OD314, DSPP, OC, ON mRNAS] ulge 1
A3 RT-PCR #A46|A] OD314¢} DSPP 18w
OC mMRNA:= wjjoF 09, 49, 793} A3]3 AA o]

FAE 14Ye= FUITEA Fe] FAIEN o,
ON MRNAL wje} A%t 3 471%] Walo] §4]5]
SRR E R FERIRE T DR
A Bele] Bha sk 22E BT (Fig 3). ol
Ashe OCE M3)shel Aobdeld] Fz wase
dhe] ON& AbeldwAl 27] ¥3}abdot 4
opde] AM3]31E7] A AIQl AAdetlelA] whEl
©h= Papagerakis %5 (2002)¢] |7 Aw}el Q=g
53], AePdmAl| 2] Zolq fxixtz ezl DSPP
7} oy el AMbdeos WY Aoz el
MDPC23 4|27}k Aeldwase) 54¢ veh)a
o], OD314%= Alo}A v A 520
A ‘%?ﬂlﬂﬁ‘ri *37—}?% 4 Qlek A3 Ao A
S =38 ufaA] 2] Western 2444 OD314
ok 0 7] AAsle] 49, 79 7t
SR =) A35)3 AA- o] FAEE 146
dol & Fdsldet(Fig. 5). o] Ajelx] OD314
Aobd A £ M35} el 2 e
A3 gl s elehs A §3E 4 9
I} OD314 whijd o) vk of MRNA ¢]
5} e pake woled] ol RT-PCR 2415}
29| zhgwe] Aolekm A2 4 ek
RNAi (RNA interference)= 4 §-4212] 23l
AA|Ete] 1 7)%5& A7 W o=, SsRNA (sm-
al interfering RNA)E o] 83le] XY Eo|¥goz
MRNA2] 238 8-x3 oz ol AL ot
sl o A% fARe] BAe A S 7
o]t} (Elbashir 5 2001, Brummelkamp 5 2002,

el
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Paddison 5- 2002, Sui 5- 2002).

2 o FoA]= 0OD314 SRNAZ transfectiond}”)
2]sle] OD314 SsRNAZ U6 vector= subclonings}
Qom o] vector= U6 promotorel] o] A= w,
o] RNA Polymerase |1l promotor 2 3¢ As]2 #
2o A A& AlEsta, 4~Suridines W A
< YA o (Miyagishie} Taira 2002). OD314
SSRNAZS MDPC23 M xZef trandfectiondt 3 trans-
fectiong 3t MDPC23 4| Z.¢} transfectiond}x] ¢k-2-
MDPC23 M| 22 tzZo =2 ARg3le] vlwsl RT-
PCR 2o} A] transfectiondt MDPC23 A| 2|4
Z7o n)s] 0OD3142] mRNA¢} ©jEo] OC, ON,
DSPP2] mRNAZ2] uH&l o] 7kAsledc) (Fig. 5).
transfectiondt MDPC23 4|22} tix=+<S v|wdt
Western EA0jl4] 0OD314 whiAL 2o H|3)
transfectiondr MDPC23 M| Zo|A 7}A43 =
29} (Fig. 6.) o] ZA3= 0D3147} c}%
Az A=A wEes 2A-se
539 4 Slow £ HolAlzAlzel oldele)
3 o=]% DSPP7} 74 7oz Hol OD3147}
DSPP.°4 HL%M] J8ke Fr= 7S 4 4 9l

T A= 235 2w 0D3149) A4
‘l‘hﬂﬂoﬂ mhet Abobdel] EAfshisgAte)
o] Azt AsHE Qe u}, OD3IA7} Hobdm

= $3st Adobd YAAAelA Fad 4T

& o= Algdc) gozw OD314 §A719]
Iprs A3} 7 knockout mouse A &AL E
slo OD314 §AAke] 715l W3t F5 ngtk A7
7} ol fol Aok & Hoz AR,

=3l
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E
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Abstract

I nactivation of the OD314 Gene by RNA Interferencein
Preodontoblast Cell Lines

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

!Department of Oral Histology and 2BK21, School of Dentistry, Chosun University
3Department of Conservative Dentistry, School of Dentistry, Seoul National University

Tooth development depends on reciprocal interactions between oral epithelium and ectomesenchyme. The
ectomesenchyme-derived odontoblasts secrete several collagenous and non-collagenous proteins to form a unique
extracellular matrix. OD314 was obtained by subtractive hybridization between odontoblasts and osteoblast/pulp cells,
and differentially or predominantly expressed in odontoblasts of rat incisors compared to osteoblasts and pulp cells.
However, little is known about the function of OD314 in odontoblast differentiation. In this study, to better understand
the function of OD314, we inactivated the OD314 gene in mouse MDPC23 cells using U6 promoter—driven siRNA
method. After the characterization of mineralized nodule formation and molecular expression of MDPC23 cell,
Inactivation effects of the OD314 were evaluated by RT-PCR and western blot.

1. Mineralized nodul e formation was observed after 14 days of culturein MDPC23 cells.

2. The OD314, OC and DSPP mRNA were highly 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 increased gradually as MDPC23 cells reached
mineralization stage.

4. The inactivation of OD314 by RNA interference downregulated the expressions of OD314, DSPP, OC, and ON
mRNA and OD314 protein in MDPC23 cells.

These results suggest that OD314 may play aimportant role in mineraization process of odontoblast and also regulate

odontoblast-related genes such as OC, ON, and DSPP.
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