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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 Unsversity
*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 CEOTs, 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-0D314 construct, RT-PCR were performed to evaluate the effect of the
0OD314 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-0OD314 construct up-regulated the
expression of 0D314 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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HAE (ectomesenchymal cell) Atole] Aa]-7+dzk
22H8-8 Ba 2AHR e B DA & 53
oA A9 = Xo}7] (dental organ)E FAl st
FEAX (ameloblast) & #3471 W, uig
AAZE X 45 (dental papilla) & &4 5Hod ”"}J_
A Z} X FA R} E58la o]go] A& ot A
gy, A 5o S AEE9 B3 01x}—€ 5
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Eold fFHAE U FAo] olA L Jo*?, o1&z}
7\] WEEA T Eapgont HYde) F49 #d
EAYEA 7)) tste] W& el A gt
Dey Do) Aol A LS| Bale} Aold BT Tl
e 7lAs 9E %73. o7 TZe FEAE (calvarial
osteoblast) 9} X -H-FAHE (dental papilla cell) A= &&
HA @1 ’8*01-_‘?.11]_1./2]—r*ﬂ£ (odontoblast/pulpal cell)
A Eo|slA WAE = FHAE OD314E Hudyh &
gk northern ’\401]7\1 OD314 mRNAZ} W, = A7, 7t
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I A vriFo) Aol o AelF oz wEHEm Al
& A 2o Eatabgolr OD314€ XFHE7t Adots
ALR BEdle 27] g Sdso] 1 wde] fAHT
7F H3lalag oA S 7Rt Baste OD3147t 4
oldel HgjgFgel B AAkIATE 1t F2
uh 502 HolRAE-Fo] A2 HuE OD3147} ot
ST oA Aoldg FAsE otRAE B ohE}
AT T FHHT T 3l OD3149] HFEAZAA ¢
Q&S AT Eg R EAE Solomon e o9
Pindborg tumorgti LZAXE A3 A4 FelA A
olZ FA4E 4 U AXA 0D314%+ F7IMgel AY
#AF Apin proteing B.15153t).
WA YA (amelogenesis)S F GAZ dojdth A
IHe A ] “—b‘-— 3 30% A=e) F714 o] AFE W
QA7 A= e, FHA DA A
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& 96% olde F71AE ZA At MFEAXE
RGNS Fujsle] A xouietd 34E 245
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Alote] #AE AAAH (dental epithelium)<t <wlg

%7] (maturation stage)®] Al Al7|2 FE3slE Alo] gt
7(—]0] ] = H}}\]o]q_12)'

2 ?i‘?“ﬂ’ﬂ‘c 2ol AMEA €#% 0D314 & Apin
protein frAAte] 223 Az ddE& Flety, HFE
AE AFAEFe Bz oA 0D3149 amelogenin
Y FAA EAE E43 0D3149 9L ol stuat
SHT. B3, 0D314 445 FEE (over-expression)
A4 4 9l& CMV-0D314 construct$t OD314 frA A2
WS A (inactivation)d 4 & U6—OD314 siRNA

construct® A Z8lA o] 2 WY EAE A EFo] zqgo}oq
HYRA L B3ago)A 0D314 3] 71 Apst
1A} 33Tt
I. A3xE 2
1. M= BHF

HIBAE AEFE 5% Fetal Bovine Serum (FBS,
Gibco BRL, Rockville, USA)® &AA| (Penicillin 100
U/ml, Streptomysin 100 ue/ml, Gentamycin 50 ug/ml
2 Fungizone 2.5 wg/m)7} &2 Modified Eagles
Medium (MEM, Gibco BRL, Rockville, USA)el
ascorbic acid (50 wg/ml), f-glycerophosphate (10mM),
EGF (Sigma-Aldrich, St. Louis, MO, USA)E #7138t
o type 1 collagen A€ B FHAIA vl Fatsict. vk
04, 4¢, 74, 149, 28%¥ 3 Trizol 9 (Gibco BRL,
Rockville, USA)& o]43}] Z}7te] AZA % RNAS
2239, & RNAY %2 spectrophotometer
(Amersham Pharmacia Bilotech., Piscataway, NJ,
USA)Z A4 the 20 we A EF3 -70C Hast
Act. ‘

£8 M2 Y ZNEE

2
Rel

2. 42

lL_

AZ 74, 21Y, 4049 AFAE 4 504 4%
paraformaldehyde (PFA) §4& o]83ld #F 1A
0%, 3% FAE TG FAEE FE3 o 47T, 4%
PFA &9 16417 F33819th. 28 £ phosphate
buffered saline (PBS, pH 7.4) £d202 247 A#g
% 10% EDTA (pH 7.4) €A 234 457t 23]
8lar, 70%, 80%, 90%, 95%, 100% 1, 100% I,
100% T, 100% I ethanol® 77t 1241708 2431
t}. Chloroform §<dA 43] 2478 AHelgt §, B
wte} paraffin 8t Sem FAR AXFAMEE £3}
HoZ Aofe] FZel AZAEA WA £, 4T FHIA
B &3l mRNA in-situ hybridization®l] ©]-&3Fitt.



3. In-situ hybridization

1197bp9 OD314 ¢cDNAE AFEAZ A3 &
pBluescript-SK (+) vector (Stratagene Cloning
System, La Jolla, CA, USA)9l subcloning3t T,
sequencingdt] ¢cDNAY A1 warE 18ttt DNAE
A¥3lsta proteinase K& A7 ¥, DIG RNA
labelling kit (Roche Molecular Biochemicals,
Mannheim, Germany)® T3 2 T7 RNA polymerase
(Roche Molecular Biochemicals, Mannheim,
Germany) & ©]43} sense9} antisense cRNA probe
£ s

HAES xylenel 2 ¥ w2 Azlslzn 100%, 90%,
80%, 70% ethanol®] A2 313 & 4% PFA] 10
7 249t PBSE F abdl A& ska acetylation £
Y (0.25% acetic anhydrate in 0.1M triethanolamine-
HCI, pH 8.0)ellA 10&3t H=2lg &, 2 x SCC (0.15M
sodium chloride, 0.015M sodium citrate) & F 2 Al
3 o 2 2 g2] (70% ethanol 18: 80% ethanol
1%, 95% ethanol 2%: 100% ethanol 1%; 100%
ethanol 5% 95% ethanol 18) 8 -& A 37] FA
A2AA. 50% formamide, 10mM Tris-HCI, 200
g/ml tRNA, 600mM NaCl, 0.25% SDS, ImM EDTA,

olr

B2t M T Bole} B2HE HMTFOJA 0D314, Apin protein®] && & 7]

H gdyoA OD314 cRNA Z2HE 50ClA 16417
hybridization 3tth. Hybridization ¥ 2x SSC, 0.2X
SSC 1, 0.2 x SSC 12 A& v, 1.5% Blocking
Reagent (Roche Molecular Biochemicals, Mannheim,
Germany)2 WA A& 3}ka anti-Dig antibodyE 1:882
Dig buffer | ol 8243l 4¢ollA 3083t A2t o
Al Dig buffer T (100mM Tris-HCl, 100mM NaCl,
500mM MgCl.)2 A& 3}3L nitroblue tetrazolium salt
9} 5-bromo-4-chloro-3-indolylphosphate (NBT/BCIT)
2 2% F Dig buffer ¥ (10mM Tris-HCl, 1mM
EDTA)olA 387 A&3 T methyl green® 2 ti&
FAste] FAnH o2 FABISI

4. RT-PCR

-70cd B# 39 & RNACAM RT premix kit
(Bioneer, Daejeon, Korea)E |83} frist strand
cDNAE $43ta OD314, amelogenin, ameloblastin,
enamelin, tuftelin, MMP20, KLK4 % control?]
GAPDH®] 5°]4 primer (Table 1)& ©] &3l PCR &
ZZ Agasith PCRE 95TlA 302, 55CoA 30%,
T2CA 3028 2708 33A|ES Agstdtt. PCR
AR EL 1.5% agarose geldllx A7) dEst] A} &

1x Denhardt’s solution, 10% Dextran sulfate’} -

S ccagcaggctagtectatgtectatgteg

0oD314 08
AS cgegtegacatgagatcagtg 6
S ccagagcatgataaggcage
Amelogenin 8988 g8eag 457
AS gaactggeatcattggttge
S aaaaggagaaggtccagaa,
Ameloblastin ggagasgglocagaag 473
AS tgcggaaggatagtaagtgt
Enamelin S acaaaccctttataggagee 465
AS aattaaaatttgggectace
S ctatgccatgatgect,
Tuftelin garvaEaeee 471
AS cgctgataacggetgagtgt
S aget, tgatgact
MMP20 gctgtgageaactgatgactsg 458
AS acagctagagccaagaacacacc
S aggagatga; a
CKLKA ggagalgaggcagggaag 496
AS gttecectgetetggetta
GAPDH S accacagtccatgecatecac 459
AS tecaccacectgttgetat
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5. OD3149] et} e AmV} M|z 25t}
ol o|xl= &

1) OD314 #Z4 constructe) A%

0D314¢] ORFE E¥3lE cDNAE A AE &3
vectorg] pcDNA3S] EcoRI ¢ H9lo 374 o 4
ko2 $1X)A17] ¥ potent cytomegalovirus promoter
(pCMV)E FFAA construct Al 2aFATH

2) OD314 #d A constructe] A2

A 509 o 23 OD314 siRNA construct®
2 g o] 8315t

) HHEAE wloF E transfection

HIBAE AEFE 5% FBSY A7} 348 MEM
o] ascorbic acid®} EGF& #7138l 315 Bt sl $AI A
o o A2 iR Al T0-80%9] HA7A] S
A& #9% T Lipofectamine reagent (Gibco BRL,
Rockville, USA)$} plus reagentol 22t U6-OD314
siRNA Zgan =9 CMV-0D314 EFAv=s £33
o3 OPTI-MEM (Gibco BRL, Rockville, USA)= ¥ X
w714 37C, 5% CO., o A LE 5-TAZ WldA A
. wl% F 5% FBS9} ascorbic acid 281 f-glyc-
erophosphate’t L3¢ MEM #lg4-& A7} g oh& o)

7194 ot F o M ge ¥ RNAS F231500

i

1. mRNA in-situ hybridization 274

o) A 197 Age] FAE A 729 253
Ao}l OD314 mRNAE AohsAl Lol Faom,
HEEATANE 0S 28 Bh0] 22AAT (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. HiF Hatm Mz 25tnt™olA OD3142 enamel
matrix protein mRNAZ| &

HYBAE AEF ascorbic acid® B-glycerophos-
phate® 71 F 2899 w4 <] OD314 mRNA
© WY AZRE 2dE7] A=Eke] v 28L0 % e
o] FA=H AT (Figure 2).

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

Amelogenin? enamelin® 74%E mRNAY| W&ol
Ha; 24819 1, tuftelin 148704 &do] A& 1, 1
o] 1 Mz} 243 th. ameloblastin® 28Y7HA] 7Hg
g o] A&HA (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. OD3142] nfetdnt Ui X7 HBEMZ Zatut
dofl alxl= &

CMV-0D314 construct® transfectiondld 0D3149]
& H5=3 3o E 0D3149] B o] Fylo] Fuy
ey, U6-0D314 siRNA construct® transfectionst
o} OD314E &d A7 A $ole 0D314% BEHA]
et} (Figure 4).

Marker Control Over Inactivaiion
caron [l s e

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



W29 matrix protein %9 tuftelin® 0D3149] #
B 458 ALdE tuftelin®] Tdol Hl&3ig oL
U6-314 siRNAZ transfectiondled OD314E &d Al
A7 A$olE tufteline #AFA ¥hr}. BHELT T
el enamelysin (MMP-20)2 OD3149] #43d &
53 A9ole MMP-209] 2do] F3lo] Fuisglou,
U6-314 siRNAZ transfectiondld OD314¢] &d< 9
AAZ ASo s MMP-208 #2Hx] &gt vz
matrix protein® control®} FLe Fgoz FHHUT
(Figure 5).

Marker Control *  Over Inacdvation
— - — &=
o [——— ...,
e R -
e R <
o ——

Figure 5. RT-PCR amplification of matrix protein in
ameloblast cell line after over-expression with
CMV-0D314 plasmid and inactivation with U6-
0OD314 siRNA,
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V. &2 2 1ot

AAZIA] AobdAo] didt A7E AE & &2 FE7A
2ol A= girh. AohEAe] x7]d= BMP, FGF,
MSX1, PAX9 2 CBFAL 59| o8 faAEo] #ofshe
Aoz gezion 159 ASHBRERE A3 ATE
T e APz Yoi?, aey Aote] 7] YA}
zA o2 JolRA 2o WHEAE 121 WA £
38 2Ase ARl Bstde & DA YA Frh

2 =2dA 2 AF ATz FH 27 Y
OD314 mRNA9 BXE #<3%7] 939 in-situ
hybridizatione A& 3k 23}, 0D314 mRNAE “Fol2Al
FoME S oY, FRA TN S 43 3
o] #FHUT}. o] A H F0¢] Hagk OD314+ Aot
BAE Bk opet HPFBA TN E 98-S e AT
Azls X3t} a2la OD3147 HHEEA X o 7
g EEE o AR Hol FolRAX Hrde WHFEAX
o] 3174 o #ofsh= AAZE E 4 gt

£ AgojA 2143 HFEAE A EFE Nakata 590]
C57BL/6J mouse®] Sttt oA 42 AEFE, 4F
3 27 A o] NRE wjokslH AXEo] YYEAEY &

or

H2ITM T 2519 HEE SIS IEOIA 0D314, Avin proteine] B8 & 7]

tilo

3& Uehth= AL RT-PCR #4& B3l ERlg A2
ZFolt}, w3 B AgoM HYPRME AEFe wig 3
T Nakata 599] 4133} 27 P4 < H=she 43 ¥4
o whe} o] Foi ATt

webdol g7 nEE e ol d did 2 ¥ R
wgd gy gag PR i ddd FoA
90%+ amelogeninQlel EApgo] 22 Tl Hrto|t},
U2 10%%E enamelin® ameloblastin 2 nonamel-
ogenin $H2o|t}® Nonamelogenin HHAEL 2%
AL 2383 Qs ¥, amelogening 239 F
At Z QFE JAs= 202 AL

B A HBRAE AEFE vjgste] 33} 24
o] AL =% F OD314, amelogenin, enamelin,
tuftelin, ameloblastin, MMP-20, kallikrein-4 (KLK4)
mRNAY #3& 4% RT-PCR 2494 0D314
mRNA7} vk AJZHRE BE = 7] A)2bste] ufj ok 219 71A]
1 @go] ZUkE A, g 28U o= 733 W o] fA|”
AL OD314= HFRA L Eolapyz g 43t
Hye ARHRs A& G ZFoltt o] A= A
5] AR XA 22 RE A3 249 F8E FeF
284 9] wjgatg oA O0D314 ©¥AL 17KDag] 7|2
Wk AJZHEE X4 Al EolA A7) AlFete] Wl 44,
74, 1447A §AEH, 435} AHo] A== 2147
2849lE ddo| S FUHNTHE 97 2 A
t}, 3} amelogenin mRNAE ¥l A2 & 74714] &
ol FAHE A2 1 gdo] A AAsA=H, of
£ amelogenin®| RFEAE] 27| £} o| vt WA
o] X3g]3ls]7] A YA A Ea Tl A ZAY A
Al A BA 27bo] ke BuWel Bdt) we A
el 2 tuftelin® ameloblastine] 43)3}9} #&o] 9l
v Aoz Harl Ha el 2 dlA 28Y wigEy
QA tuftelin® ameloblastin® 33} Z2zo] A=
149l wdo| v& FUH A} o] AHolx 0D314 &
o] HFRA L] Mgy de AdE TR
Je ddoge AS 758 & drh. 283, MMP-
209} KLK4 proteinase 5 MMP-20 mRNAE enamel
organ®] FoIEA L WP RA LA AESHI,
KLK4¥ %7] maturation stage ¢ HITA EA
A% EaFHA=H ol £ A% A Al
A= ‘

RNAi (RNA interference) & §%4 #2xke] @& o
AgozA Yehde 838 BNl doz 1758 F
Aole AT WO R, siRNA (small interfering RNA)
£ o] &3l ME Eo|H2oE mRNAY £3& fegoz
A el S Aidela o A3 fAAe @ e 7Hd
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gt HA 7IgeItH. CMV promoterf 5 A4
£ F2E A7)ed e oHm e AAlt 2 4

oA OD314¢] HHFRAE --i}ﬁr@"ﬂ/ﬂ«] AgE 3}

7} st WHRAE A EFe] CMV-0D314 construct
9} U6-0D314 siRNA constructZ o|-&3ld 0OD314¢]
A FH JAE Fr=ssich. OD314] A &
=53 e W 0D3149 TdHo] Fgo] T,
OD314% %3 4A A7 7%= 0D314 mRNAY &
ol AR Gdt}, ole PHEAE AXF tdky
OD314¢] }Ed 3} LH AA7F HFH 2 o] FejA 1 9]
=< vehdd a83, U6-0D314 siRNA construct®
o] .48t transfectiond HHEMNE A EFE transfec-
tion3kA] &L WHRAE AEFHT} tuftelindg} MMP20
mRNA9] @3o] Z4sl9ion CMV-OD314% trans-
fectiondle] OD314¢] Fgd-& F=8 2 ¢ MMP20
mRNA®] Tdo] Fglo] FUE ).

Bartelett 5 # Fukae 92 MMP20°] H#2 &3
HAZA AT 921, maturation stage ¢t
MMP-20 null moused|#] F71do] dA3| Zadgrie
Bartlett 59 E17} Itk 22l3 tuftelin® X2
T AZNsAD #Aqsta, YFdde F712 Az #o
She Budl tufteling 23 AL W enamel crys-
talliteo]] 73t &S Frhe Luo $Y9 Hi 5& F83
o 235 tuftelin®} MMP-202 A3]3ts} 71714 A
AL gy $83 98-8 sta Jvkm AHRHEY 0D314
il o] CEOTY AmyloiddlA €A" AWE OD3147}

AolgA & M AP ZdL AHo] Y vt
T d7d3o|n o] F BET 7] YA CEOT E2&
ol 43 AAH ATE BT Ao g Algdy

V.2 B

2 dFdMe FHZo AEA ¢ 0D314 = Apin
protein A&k L FA8131, OD314 F2Ae] It
a2 A7 HHYEAEY 23] nXe JTFE A7
ato] o 2 23 Al
1.1 n—51tu hybridization®lA] 0D314 mRNA® &A%l

FRA ZA| A 7t T A

2. H\i‘j’o}_‘?‘*ﬂf’: AZEFe Esl#goA 0D314 mRNAE
g AIRHE T ] ARt ik 21974A] 1@
do] F7Fet R, Wi 28Y el = 743 o] FAHA
123

3. HEEA ¥ Mysl #AE FHAR tufteline 433}
A% o] AHE 1497HA] &do] X &H 3, 1 o]
B Azal 7asdvl. 282 amelogenin, enamelin®
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T4RE I o] A 7HAE9 . ameloblasting
28U7HA] 7 W o] X &5},

4. U6-0D314 siRNA construct®& ©]&38}o] transfec—
tiondt HBEAZ M EF= transfection 34 ¥ ¥
FEAE AMEFET OD314 mRNAE B #3519
tuftelin®r MMP20 mRNAS] w&o] 7thstgion,
CMV—OD314E transfectionste] OD314¢] F&d-&

3 77 E 0D3149 MMP20 mRNAS] @)
-rg\‘ﬂ WAL,

2 4+ 2= 0D3147} H@EA 2 E3le} Wl
4 a2n M3lgl FAol Fad 9L e A2E 9
A AARRI a2y, o] & B} HEE] s YsiMe
OD3144 gt 7153 HHEM L FAAAET ] F3d
WAl tigh 3% B A7l 2e ¥ Aol
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