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ABSTRACT

EXPRESSION AND FUNCTION OF OD314, APIN PROTEIN,
DURING AMELOBLAST DIFFERENTIATION AND AMELOGENESIS

Jong-Tae Park*, Yong-Seok Choi*, Heung-Joong Kim*, Moon-Jin Jeong*, Hyun-Ju Oh?,
In-Cheol Shin*, Joo-Cheol Park?, Ho-Hyun Son?*
'Department of Oral Histology, College of Dentistry, Chosun University
‘Department of Conservative Dentistry, School of Dentistry, Seoul National University

This study was aimed to elucidate the biological function of OD314 (Apin protein), which is related to
ameloblast differentiation and amelogenesis. Apin protein, calcifying epithelial odontogenic (pindborg)
tumors (CEOTSs)-associated amyloid, were isolated from CEOTSs, and has similar nucleotide sequences to
0OD314. We examined expression of the OD314 mRNA using in-situ hybridization during tooth develop-
ment in mice. Expression of OD314 and several enamel matrix proteins were examined in the cultured
ameloblast cell line up to 28 days by reverse transcription—polymerase chain reaction (RT-PCR) amplifica-
tion. After inactivation and over-expression of the OD314 gene in ameloblast cell lines using U6 vector-
driven RNA interference and CMV-OD314 construct, RT-PCR were performed to evaluate the effect of the
0D314 during amelogenesis.

The results were as follows:

1. In in-situ hybridization, OD314 mRNAs were more strongly expressed in ameloblast than odontoblast.

2. When ameloblast cells were cultured in the differentiation and mineralization medium for 28 days, the
tuftelin mRNA expression was maintained from the beginning to day 14, and then gradually decreased
to day 28. The expressions of amelogenin and enamelin were gradually decreased according to the
ameloblast differentiation.

3. Inactivation of OD314 by U6-0D314 siRNA construct down-regulated the expression of OD314, MMP-
20, and tuftelin, whereas over-expression of OD314 by CMV-OD314 construct up-regulated the
expression of OD314 and MMP-20 without change in tuftelin.

These results suggest that OD314 is considered as an ameloblast-enriched gene and may play the impor-

tant roles in ameloblast differentiation and mineralization. (J Kor Acad Cons Dent 31(6):437-444, 2006)
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2ote] A& 2143743 (dental epithelium)9t 28|
3 G A3 (ectomesenchymal cell) Ate]9] A=]-7Hd 7t

Fo)e . 2/d39]= Aob7] (dental organ)E @733t
o] HHEAE (ameloblast) S F84A7)E vkl )<
A A EE A% (dental papilla) S A ste] Aol
Aot XA 27F Eeletal o] o] A Aol A5

gy, H2 5o ke AEEY EIHEIAE T
48 5A o= 77te] Flek A xEo] 2 559 A2
5old FHAE tiek #alo] Eobx|a glo’ ofAl7t

| HERAEe Eslagolut W] JAday e #d
St EAA =] 714l date] Weke] delA odA] Tt
Dey &"0| 7otz Fsle} Adotd &g el 2
o= 71ds B BHow g ERAE (calvarial
osteoblast) ¢t 2| 5413 (dental papilla cel) ol|H+& @&
2] k3 AJotRA /A FHE (odontoblast/pulpal cell)
ol Soleb BdEE FA4= 0D3145 Baskglth. &
@ northern #4041 OD314 mRNAZ} W+ 4% 7F
¥, AT EHEA] For AofRAl|EoA g
oz drEnta dfo], 0D3149] “JolRAE B3l3b3 3} A
obd PG AN q&E e A TV A T
OD3147} 154 opn| Ak A8k 1 7] %5°] ¢4 A
B NMEE FAAR F2 A EA] 28, mRNAS}
T 94 dido] Aot A o HEA o g W En A}
& AFAIEY] E3HA A 0D314%® AGAI 27} Aot
AEE Eslete 7] Fo wdyo] 1 ddo] fA =t
7F 3]sty A B% S7ktkaL ®asted 0D3147} 4
ofde] Mgl el AATE AlAkeITE. 18y FH 2
g} 508 AJolmA| X-Eo] oxg Hud" OD3147} *|o}
AN FoldE FAstE JotRAE W o
FEA = THETA st OD3149] HPEAEAAM 9
AEE ARt ek S1FAE Solomon 5 94X
Pindborg tumorgtal A= ZoA X|/d FLel|A] ]
ols 4 & e AlEA 0D314¢ A7 L0l A
FAFet Apin proteing 2.11319]

HGFZA A (amelogenesis)S F DAZ dojdt}, At
He AA AR F 30% B2 #7142 o] AzE W
¢ T o SAVE A E =, FHA GAA

Eol AALHA F714e] F7F f5de] dof
96% ©1’3e] #7145 ZHA Ak HER

wHste] Alxefuted 3 24
718 A 2ol dojd § J&E )
Al & AgF71E 7, 7158 o R 2|

7] (presecretory stage), wH|7| (secretory stage), A
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%7] (maturation stage)2] Al Al712 T3 Zo] duk
ARl 7] B/ WAlolth”,

2 AFdA e FHZd AEA €2kl 0D314 5 Apin
protein fAARe] 27} AlEU Fd S Elela, WP
AE AFAEF Eslabg ol 0D314¢ amelogenin
T FAA S EA st 0D3149] 9 ofs skt
ateh =3k 0D314 A8 24 (over-expression)
AlZ & E CMV-0D314 construct®t OD314 #2414}
HE-E A (inactivation) & 4 & U6-0D314 siRNA
constructE A|2FetaL o] & WP LA E A| ZFo]] 283}
HYRA L 23130 A 0D314 #AAe] 7155 A3}
12 skgiet.

I. 4

el

Mz o by

1. M= Bt

WY EAE NEFE 5% Fetal Bovine Serum (FBS,
Gibco BRL, Rockville, USA)Z} 3434 (Penicillin 100
U/ml, Streptomysin 100 wg/ml, Gentamycin 50 ug/ml
4 Fungizone 2.5 wg/ml)7} E+E Modified Eagles
Medium (MEM, Gibco BRL, Rockville, USA)el
ascorbic acid (50 wg/ml), B-glycerophosphate (10mM),
EGF (Sigma-Aldrich, St. Louis, MO, USA)E H7}st
o] type 1 collagen 2% vj Ao 4] vl Fatich. vl &
0¥, 4%, 74, 144, 28%9 ¥ Trizol €9 (Gibco BRL,
Rockville, USA)& o]&3fo] 74zte] A|EoA F RNAE
FZ39 . & RNAY 42 spectrophotometer
(Amersham Pharmacia Biotech., Piscataway, NJ,
USA)Z AR v 20 wg 4 EF38ko] -70Co] BHs}
et

7}
paraformaldehyde (PFA) &5 o]-&af] #F 1A
20 %, Aot FAE 2 AotEs 4E3 the 4C, 4%
PFA &9dA 16417t F24 8% th. 1% F phosphate
buffered saline (PBS, pH 7.4) &0 2A17F A& 3t
¥, 10% EDTA (pH 7.4) &olA 254 453t 23]
sk, 70%, 80%, 90%, 95%. 100% 1. 100% 1.
100% 1, 100% N ethanol® 2zt 12A17H &<31%
t}. Chloroform §el|A] 43] 2A]7H4 Azl & T
we} paraffin Erjsta Sum FAR AR F A FE w2}
Ao Hofo] Ao AZEA| wEe & 4T AE A
B3] mRNA in-situ hybridization®] ©]-&-sFAt.



3. In-situ hybridization

1197bpe OD314 ¢cDNAE Atasz Adst &
pBluescript-SK (+) vector (Stratagene Cloning
System, La Jolla, CA, USA)el subcloning@ th&,
sequencingdt cDNAS] 4HiHeks Q18T DNAE
A8 3t proteinase K& A2dt & DIG RNA
labelling kit (Roche Molecular Biochemicals,
Mannheim, Germany)&t T3 2 T7 RNA polymerase
(Roche Molecular Biochemicals, Mannheim,
Germany) & ©|-83l] sense®} antisense cRNA probe
£ st

HHES xyleneC & & gtk Aelsta 100%, 90%,
80%, 70% ethanol®] A2 F:8l8t & 4% PFAS 10
w1t 145t PBSE F 2k AlA kL acetylation &
¥ (0.25% acetic anhydrate in 0.1M triethanolamine-
HCI, pH 8.0)ellA 103t A2lgt = 2 x SCC (0.15M
sodium chloride, 0.015M sodium citrate) 2 5 #}2] Al
g o5 g4 2 24 (70% ethanol 13 80% ethanol
1% 95% ethanol 2%: 100% ethanol 1%&: 100%
ethanol 5% 95% ethanol 1) 42 AH 27| FollA
AZAAY. 50% formamide, 10mM Tris-HCI, 200
g/ml tRNA, 600mM NaCl, 0.25% SDS, 1mM EDTA,
1x Denhardt’s solution, 10% Dextran sulfate’} &+
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H gdolA] OD314 cRNA Z2HEE 50TCelA 16413t
hybridization 3F1th. Hybridization & 2x SSC, 0.2X
SSC 1, 0.2 x SSC & A4dg v, 1.5% Blocking
Reagent (Roche Molecular Biochemicals, Mannheim,
Germany) & UA] A& 3L anti-Dig antibody S 1:88%
Dig buffer | ol 2|4ate], 4ol 3023t A2lalsiet. o
Al Dig buffer I (100mM Tris-HCI, 100mM NacCl,
500mM MgCl.) & Al# 3}kl nitroblue tetrazolium salt
9} 5-bromo-4-chloro-3-indolylphosphate (NBT/BCIT)
2 WAk 2 Dig buffer IV (10mM Tris-HCI, 1mM
EDTA)OMA 3%7t AlAe th% methyl greenS2 tz
Haslo] Fardn o2 AET.

4. RT-PCR

-70ce] B F9 F RNAoIA RT premix kit
(Bioneer, Daejeon, Korea)E ©]&3t4 frist strand
cDNAE 33t OD314, amelogenin, ameloblastin,
enamelin, tuftelin, MMP20, KLK4 9 control$!
GAPDH®| £°¢]2 primer (Table 1)& ©] &3] PCR %
Z5 At PCRES 95Tl 30%, 55 ¢l 30%,
72CoNA 3029 AR 334 EFE At PCR
A EL 1.5% agarose gelolA A7) Jsste] FA4 &
& gl

Table 1. Nucleotide sequences of the primers used for RT-PCR

Enamel Matrix Protein Primer sequence(5'-3") size(bp)
S ccagcaggctagtectatgtectatgtgg
0D314 608
AS cgegtegacatgagatcagtg
S ccagagcatgataaggcage
Amelogenin 457
AS gaactggcatcattggttgc
S aaaaggagaaggtccagaag
Ameloblastin 473
AS tgcggaaggatagtaagtgt
) S acaaaccctttataggagee
Enamelin 465
AS aattaaaatttgggectacc
S gacctatgccatgatgectg
Tuftelin 471
AS cgctgataacggcetgagtgt
S agctgtgagcaactgatgactgg
MMP20 458
AS acagctagagccaagaacacacc
S aggagatgaggcagggaag
KLK4 426
AS gttecectgetetggetta
S accacagtccatgcecatcac
GAPDH 452
AS tccaccaccetgttgetgt
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5. OD3149| njgaint gl A7} 2te Mz ot
Hof ojxl= I

1) OD314 24 constructe] A| 2}

0OD314¢ ORFE X33l cDNAE g Ax &g
vectorg] pcDNA3S] EcoRI At F-9jof &4 wha 944
ko 2 X471 & potent cytomegalovirus promoter
(pCMV)E FZAIA constructE #1248t T

2) OD314 'Fd A construct®] |2
A 579 WwHo & A%et 0D314 siRNA construct®

ul

3) WREAE uj % ¢ transfection

HIBA L AEFE 5% FBSS A 7L &8 MEM
o ascorbic acid®t EGFE #7Fste] a}F &<t vl A7
o o Al E7F w R Ale] 70-80%9] HAMA] S48
AL &g & Lipofectamine reagent (Gibco BRL,
Rockville, USA)$} plus reagentel Z+2 U6-OD314
siRNA Zgf~n|=9 CMV-0D314 ZetAn| =8 E31e
5 OPTI-MEM (Gibco BRL, Rockville, USA)& ¥ 1L
w714 37¢C, 5% CO. 9] 2102 5-TA 7t vl FA 7
ot ol ¥ 5% FBS$ ascorbic acid L8]l f-glyc-
erophosphate’} 2% MEM #j ¢S X7} ¢+ ths ol
&4 B T v ket & RNAE FZ31%itt

1. mRNA in-situ hybridization 274

gt Al 1R X Ho] FAE= AT 7] L&
2o}l A OD314 mRNAE “JobA o da gl on
WA Fo| A= S 7ek dalo] B (Figure 1).

Figure 1. Maxillary molar of 1-week-old mouse
hybridized with antisense ¢cRNA probes of OD314.
Intense signal for OD314 mRNA is detected in
ameloblast (arrow).
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2. bt M2t MZ 3ol OD3142 enamel
matrix protein mRNAZ2| &t&f

HIRAE A EF ascorbic acid®} f-glycerophos-
phate® H7Fet $ 2849 wjd#g o4 OD314 mRNA
© W AFE EE 7] Ao uf ok 28Ul = Tek
o] FAH A (Figure 2).

00314 608 bp

o
'S
~
ES
]
B

GAPDH 482 bp

Figure 2. RT-PCR amplification of OD314 in the
cultured ameloblast cell line up to 28 days.

Amelogenin?} enameline 74 %E mRNAS] @& o]
AAF A5 AL, tuftelin® 14Y 74 ©elo] A&5 1, 1
o] TRE M2l 7raslith. ameloblastine 28U 7k 73t
o] A& AT} (Figure 3).
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Figure 3. RT-PCR amplification of enamel matrix
proteins in the cultured ameloblast cell line up to 28 days.

3. OD3149| npaaint ehel A7} Hte Mz 3t
gof| o|xl= g

CMV-0D314 construct® transfectiondle] 0D314]
HEAS G2 Aol 0D3149] Ldo] Felo] Zuis
2ot U6-0D314 siRNA constructE transfectiondt
o] OD314% & A2 Z$ol= OD314+= #H2HA|
2ortt (Figure 4).

Marker Control Over Inactivation

aD314 608 bp

Hl

GAPDH 452 bp

Figure 4. RT-PCR amplification of OD314 in ameloblast
cell line after over-expression with CMV-0D314
plasmid and inactivation with U6-OD314 siRNA



HEF 2ol matrix protein F°ll tufteline 0D314¢] 2}
9 S FEgt FolE tufteling wdo] HlSslg o
U6-314 siRNAE transfectiondted OD314E & <A
A7 5ol tufteline #2E A &skt}, Bl aia &
&2l enamelysin (MMP-20)& 0OD3149] &S
o A5dle MMP-209] o] F8lo] Fis|lon
U6-314 siRNAE transfectiondte] OD3149] &d-S o
AANZ Bele MMP-20E #2EA] 9t UwiA]
matrix protein< controlZ Y3 FFo = WU
(Figure 5).

Marker Confrol Over Inactivation
—— =
. s

Figure 5. RT-PCR amplification of matrix protein in
ameloblast cell line after over-expression with
CMV-0D314 plasmid and inactivation with U6-
0D314 siRNA.

V. &2 2 1ot

A7EA A opEAel| tigt AF= AE 2 22 FE7HA]
Zo| Agso] girh. xopdAe] x7]<= BMP, FGF,
MSX1, PAX9 ¥ CBFA1 59 o8 frdatso] #odst=
Ao defpon a5 sAGHZE A AFE
T @] sz 9ok, aeiy Aote] 27| A Te
2 o AJob A Fo MY RAE 2|1 WA £
w3e A she A #Hatole 2 delA A et

B o=EollA BAFQ A AldFA FH 24
0D314 mRNA® #x& g<lst7] 9138t in-situ
hybridizations A3t 27} 0D314 mRNAE Aol=A
TN HHE QoY HPFEA A= U e 3
o] #AHUT. o] A= H 5] Hugk OD314+ ot
EAE Rk oyt HEEA| oM TS gt AT
Aol A3t aglx OD3147F HEgEA 2 o 7
SIS ol 2108 Kol oA X Hrhe HERA X
of E3taby o] Aofste AR & 5 Sl

B A oA AL HBREA L A E5= Nakata 5'7°]
C57BL/6J mouse®] sttt 7AoA A& NEFZ, 4%

g zdolA o] A2 vjgebd AESo] YFRAES 5
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o me} o] Fo A

=

Mol f71utehd S vlolwd gl A B FHe
Wk gl g4h7 FAEY HEd gl o)A

=
90%%< amelogeninQld] Ex}gro] & Thild dto|t}
U] 10%E enamelin@} ameloblastin -2 nonamel-

ogenin ©¥Aelt? Nonamelogenin @2 &S 4%
PGS FH3ta Axdl= W amelogenine A% 9 F

= 374E JABE A oZ AR

2 Ao A HFEAE AEFEZ vjFete] M3]st 24
o] AL =% % OD314, amelogenin, enamelin,
tuftelin, ameloblastin, MMP-20, kallikrein-4 (KLK4)
mRNAS] &&dE £43 RT-PCR 4|4 0D314
mRNAZ} v A ZHEE v 7] A 2bsto] i 219714
I o] Frtela, Wl 28Ul Aet o] fA]E
AL 0D314+ HEEA x| E3laby 2t W] A3)3)
el dAEh= S YAste Aot} o A 7
Vol Al AFAERFE A3lgt 2-e] PSS FEd
289 9] wjkagolA OD314 ©¥AL 17KDagl I7|=
ufj oF AIRHTE A4 Al el A B E 7] Al ate] w49,
T4, 14974 A=A, X385t A-o] dAE = 2197
28Ydll= Tdo] oS FiEte AT AHdx YA
t}. T3 amelogenin mRNAE ¥l%F A12F & 7d71A]
do] FAET7E Aaf 2 wdo] dA 8| fAastgl=d, o
= amelogenin®| HEEA 2] 27| Fspapg ol WA
o] A3|gly]7] A @ANA Tl Tie] oA AAY &
A &AL 27o] dote Huel Bakeit) ik WA
oA 2 tuftelin® ameloblastine] 28] 3ke} & o] gl
= AR Byt Ha Qe # Aol 289 kb
A tuftelin?} ameloblastine 3|3} 2do] P =
149 el = o] oS FE ATt o] AFellA OD314 &
o] WEEAEY] M3ty 2 AHAdS A1
ety A 58 stk 283, MMP-
209} KLK4 proteinase 5 MMP-20 mRNAE enamel
organ®] FotRAZ e} WEFEA LA HEH 1,
KLK4+ %7] maturation stage 592 3 EA| Eoj|A]
AT EaHQ e ols & A8 AR fAlet

AT,

RNAi (RNA interference) & % #4219 €& o
Agrozn Uehue 835 B3l dor 1 7)5S F

441



LH3EIA| 22 ZESIS|X]: Vol 31, No. 6, 2006

gt Hal 7M. CMV promotere 5% 32+
g i A7l e o] & Sl Aldlelt & Ad
oA OD314¢] HPFEAE 23lagoAle] d&E 3}
7] Y3kl HIFRAE A xS CMV-0D314 construct
9} U6-0D314 siRNA construct® ©]€3t] 0D314<]
Jﬂr‘da“ﬂﬂr Iy AAE sttt OD3149 FEdS
Tatgls W 0D314¢ Tdo] Falo] FiE oy,
OD314€ W 4] A7) AS-elE 0D314 mRNAS] &
dol #AEA] ¢sit}. ol WFRAE A|EFo] thafo]
OD3149] #&d 3} I A7} A o= o] Foj= 1 9]
+< Uehdd. a2]a, U6-0D314 siRNA construct®
o] &3l transfection$t WHEAME HEF+= transfec
tiondt#] & HFEAE AEFET tuftelin?t MMP20
mRNAS] #do| 7astgior, CMV-OD314% trans-
fectionate] OD3149] #&d-& FE¢k 2 -F-ol= MMP20
mRNA9] o] F8o] 5‘3}15191‘3}

Bartelett 5 ¥ Fukae 592 MMP20°] g2 &3
Fa2A #oJdtian 39°™, maturation stage E<H
MMP-20 null mouse®l|A F7]&e] #As] Fagtt=
Bartlett 52" .17} 21Qlth. 28] tuftelin A5
© A AL Bofsta, Ugole 7714 23] o
Aot Hael tufteling e A7 S o enamel crys-
tallitedl] 743+ 98-S Fhe Luo $9¢ Ha 55 F23
o Z38hE tuftelin?t MMP-202 A3]3te}t §71714 A
AE skt 93 982 sta Stk AlsET 0D314
Aol CEOTS] Amyloidellq &% A OD3147}F

Aoty S W YA F2 Fdol IdSS vlst
= A7AT e o] & WEd] 5] HslA= CEOT #2&
o] &3 AAAR] T = Bo¥ Ao AlRHT

V.2 £

2 A7elie Ao B/ Lelzl OD314 = Apin
protein FAAFS] Bd-S B8k, OD314 FHzke] 2
A3 I AA7F HFEA 2 E3to mA = e AT
ot Thd 22 2345 At
1. In-situ hybridization®|4 OD314 mRNAE ZA5<
A oA skl E = Qi

2. WREAZ AExF E334 94 0D314 mRNAE
wj ok A AR 7] AlAbste] wi g 219744
o] F7tetar, w 289l 7ek o] A5

o
ruﬂ rE L

FRAZY] M3lst #d FAA tufteline 4133}
Aol AT 1497 Elo] A&E L, 1
B "} 248kt 28]a amelogenin, enamelin

o] -
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& A7 A3 OD3147F W RA 29| F3heh
274 a2l M35} Yl T23 95 ke 2L Q
AdE AR 2, olE
OD314¢] thgt

TARE 1 o] HA 74893, ameloblastin
28U 7HA] 73t W o] A &5t
U6-0D314 siRNA constructE ©]€3ko] transfec-
tiondt HZRANE A X5+ transfection 314 &2 H
FEAE AEFETY 0D314 mRNAE ¥] 3319
tuftelinZ MMP20 mRNAS] Tdlo] 7Hagglon,
CMV—0D314E transfectionate] OD314¢] #Ld 2
=8 9ol 0D3149 MMP20 mRNAS] &&o]

EF%*"] = AT

o
i)
°

e

wr} e a7l

3l A
7153 WREAE FdAAET] BT

rﬂ. e

Wol gk F5 vk A7 BoF Aol
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