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Mutations in DLX3 are associated with both autosomal
dominant hypoplastic hypomaturation amelogenesis
imperfecta (ADHHAI) and tricho-dento-osseous (TDO)
syndrome. ADHHALI is caused by a ¢.561_562delCT (2bp-
del DLX3) mutation whereas TDO syndrome is associated
with a ¢.571_574delGGGG (4bp-del DLX3) mutation.
However, although the causal relationships between DLX3
and an enamel phenotype have been established, the
pathophysiological role of DLX3 mutations in enamel
development has not yet been clarified. In our current study,
we prepared expression vectors for wild type and deletion
mutant DLX3 products (4bp-del DLX3, 2bp-del DLX3) and
examined the effects of their overexpression on the
expression of the enamel matrix proteins and proteases.
Wild type DLX3 enhanced the expression of matrix
metalloprotease 20 (MMP20) mRNA and protein in murine
ameloblast-like cells. However, neither a 4bp-del nor 2bp-
del DLX3 increased MMP20 expression. Wild type DLX3,
but not the above DLX3 mutants, also increased the activity
of reporters containing 1.5 kb or 0.5 kb of the MMP20
promoter. An examination of protein stability showed that
the half-life of wild type DLX3 protein was less than 12 h
whilst that of both deletion mutants was longer than 24 h.
Endogenous DIx3 was also found to be continuously
expressed during ameloblast differentiation. Since
inactivating mutations in the gene encoding MMP20 are
associated with amelogenesis imperfecta, the inability of
4bp-del or 2bp-del DLX3 to induce MMP20 expression
suggests a possible involvement of such mutations in the
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enamel phenotype associated with TDO syndrome or
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7] &t Adopdt WdAd AANRellA Y Bl
S| carbonated hydroxyapatite 4o Z2tz]7] A=
W A AL Aol AAe] o] Fojzlct, o] 4]
g EA Z (ameloblastys theke] Alze7]d i
85k o]F 85-90% amelogenin® &

12 7]E} enamelin, ameloblastins-2] THH o]
2k ZaE ol 3l HYRAZE o] A]7|o] matrix
metalloprotease 20(enamelysin, MMP20)s 0] sl=0],
o] F4+= Bolxog Folzzlo|4 WFE|3, amelogenin
o] 7bF, s "HHEehe Ae® A dHRyu et
al., 1999). Amelogenin +2F5¢| o] nanospheres &
Askar o]Ae] vl Zo]l & =ASE supramolecular
structure® 2= o|gA] Z2Ashy F=E we} apatite
o] o] Aol o]FoixA| Hch(Fincham et al., 1994;
Du et al., 2005; Margolis et al., 2006). ©] = amelogenin
Akl zHleo] Az Z3=7] fsir= MMP20e] <]
3l amelogenino] =&gh 9]A]oll4] Zeix]= Ho] F43
o|ch(Ryu et al., 1999; Hunter et al, 1999; Fincham
et al, 1999). W@ AJAo| ¢|aqh7] ol A=7|E Y=
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Alze]71de] g7t A=) fsixe HdmAl iz
A} <tw]El serine proteinased! kallikrein 4(KLK4)l <]
3 714 ko] EelEle Zle] Ald)=|ofof gt o]
Al shido] glojzl F7tel| apatite HZre] g E o] W
W AR AL Fol Frlelky WdAEe Axst F
7helet. o2t Aol shEH WdRAlETE £AF A,
Hdd AA FAS 1% vlRke] ghiAake] A FHof
2] AlAlelM Aslsbd=rt 7t 52 222o] Hot(Bartlett
et al., 2000).

AT (AL, amelogenesis imperfectay *|o} ©]
Qo] o HAA dAsAte] glo] o} WA A
o] Yep= fAlASolct, dAlZEA] AlS] dle=® ub
A FAA E9Hol= amelogenin, enamelin, amelo-
blastin 22 ¥ A Ze7)A m= o5 AZY7|A gt
MAS Balsks MMP20 %+ KLK4 thilie]gss
i EskE FAAl fekdl FelE vehde Zloew

o, 2

5|

wlell elzfgt 7wkl e ch e aart s
AT T Hddsks Ay e disl] o= A=
A7t Adsle] gt 2=y AAAA -4 Al 4F
9l autosomal dominant hypoplastic hypomaturation
amelogenesis imperfecta(ADHHAI, OMIM 104510)°]
HE FAAE gdeid DLX39 A$ Al 2dFS #
== el 71l daixe ok d#Al nprt
gtk ADHHAI 3= wdd AgAst Ads 2 ¢
A 3dY= vepie, o5 Rk ARl 271 o
717} Z45(c.561 562delCT)el DLX3 E<iso]7} ]
ch(Dong et al, 2005). ©°]z{3F EodHolz <ls|
frameshift’} €oJv} DNAe| 7%= homeobox domain
of whAE} ohulal 207k wiHE 27 FEaEe] A
8871 ofulicate] gloixmd vlAl 1278 A ofuliesk
Ajdo] AJ7]A| =ek. ADHHAI 3k} Xlofe] abgd
DLX3 lole} #elsl = oh2 Alglala 94 fxwel
tricho-dento-osseous 5-%7-(TDO %, OMIM 190320)
3} fA3IEE TDO 3579 A5l Ao} 24 ol
FeARE vt oelule A5} ¥ ¥
o] FHlElmZ AlZ H-FE|A= =T (Price et al.,
1998a, 1998b). TDO T ZAol|4}+= homeobox domain
vl2 SlERollA 4] 3717 AA<(c.571_574delGGGG)
= DLX3 &adde|7} EAlske Aoz )3l (Price et
al,, 1998b). = 73} frameshiftr} Lo} 677 o)At
Aldo] W3tslal 7] FEIAFE] A opF el wldl
32709 ofmlialo] golxl DLX3 Eiwo|l7} uEolx]
Al =k (Wright et al.,, 2008). ©] E<iHolxl|7} WA
AP /A Feshe 71Ael dsik= ob# ezl
ap7h glet

ufebs] 2 olFollAE TDO S5 dalel 44 4
717} 749l DLX3(4bp-del DLX3) E<i#o]le} ADHHAI

N

o] <lalal 270e] 3717} 7<% DLX3(2bp-del DLX3)
=de)7t i 3 vepe 7RE dohi]
S8l AR DLX3 o da} 7 7Hx] EoldolAle] U
HEE Aztelar Aol F=lE WdRAIZF(ALC
Nakata et al., 2003)5 |83l Alz} Haisl Aoz W
a5 Alzer)d vhild o) chll s g4 o] Welo] m]X]
= 95 LIt 1 A3 MMP209] o] DLX3
ool ofsl] Tk Wb EolwelAEel osiE ¥
oE s W g geldth. MMP20=
amelogenin®| 7}, Hall3lAoll H4H9l 42, MMP20
o] &4 A H9] ZHol| EdHel7F 3AY amelogenin
o] MMP20ol| &Jall Heixl= F-9] FHol WHol7} S+
A AlE el ez deA 9o m @ (Wright,
2006), DLX3ol 2|3t MMP20 W& =42 ADHHAI
% TDO FFrold Ao} YL Ardsied] lofA]
Fa3t gl oulE M e AeE 7=

Al
=
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ALC Alxze] wioks 93l 50 pg/ml rat tail type I
collagen(BD biosciences; Bedford, MA, USA)s ©|-%
Slod vjoFgAlE FESRL, ALC AIZE 10% fetal bovine
serum(FBS, Gibco Invitrogen; Grand Island, NY,
USA), antibiotics(100 units/ml  penicillin, 100 pg/ml
streptomycin, Gibco Invitrogen), 10 ng/ml recombinant
human epidermal growth factor(Sigma-Aldrich, St Louis,
MO, USA)’} g5l Minimal Essential Medium(MEM,
Gibco Invitrogen)o- & o]Fo1zl AAul ol 4] Al wljof
sto] -F-AI5k3l

HEAEZ 135 f=sh7] 98l ALC AlZE 3kl
AellAl 477 wekekol o, AREE EshlAlE 10%
FBS, 10 mM B-glycerophosphate(Sigma-Aldrich), 50 pg/ml
ascorbic acid (Sigma-Aldrich), antibioticss Hf-3F
Dulbecco's modified Eagles medium (DMEM, Hyclone;
Logan, UT, USA)°]3ict.

DLX3 oFA g o EdolA #d s Fv

Al oplE DLX39] N wheboll 3xFlag tage] £°13)
= @& #gE T3} (Genecopoeia; Germantown,
MD, USA), °o]& o]-&ste] EaiHelA WaeE A%
313ict. 4bp-del DLX3 &<HolA] WalwEl= polymerase
chain reaction (PCR)-amplified site-directed mutagenesis
cloning®] Who 2 A2l (Cha et al., 2007), 2bp-
del DLX3 EoiolA W eH=E o|o} FAUgt wow
Azteld o, 1 Aol AFEE primerge] 714G

ches} o)
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DLX3-F:5’-atgagtggctecttcgatcgeaagetcage  (including
EcoR1 restriction site)

DLX3-R:5’-tcagtacacagccecagggttgggcg (including Xhol
restriction site)

DLX3-mt-F:5’-ttccaagttcaagaaact(ct DEL)acaagaacgggg-
aggtec

DLX3-mt-R:5’-gcacctcceegttettgt(ag  DEL)agtttcttgaac-
ttccaa

MMP20 =2 28] F2Y 9 Luciferase ¥4 54
Mus musculus®] genome database(NCBI DQ190458)
E5E MMP202] AARAIE-9] A9 1.5kb ool 4
7|AEdS z=AREEF A3 DLX3 A% 7FsE9rF 45%0] Q)
= AoE velty] diiel -1416~104bp 915 A
sle] 3714 dE Felslal pGL3-luc WEHol| E2YE A
YSHLFPGL-MMP20(1.5). 3 DLX3 AT 7H5-4
T 5 xgele -392~104 bp F-9uks ¥ilele 22
g e 3| A2skAoH(pGL-MMP20(0.5)). Ei%%
MMP20 Z 2% E7} DLX3el| 23 A== 3kl
98] HEK293 A|Z5 o]-83to] luciferase A4S H-4]
akolt. 96-well plateoll 3 x 10° cells/welle] =2 AlZ
= 7 F 100ng Ao wWEE el reporter HEE
Lipofectamine 2000(Invitrogenys ©]-&-3}o] transient
transfection 3+ ¥ 244]7F $of Bright-Glo Luciferase
Assay System(Promega; Madison, WI, USAYS ©|-83
of HARE A Aol

_4

Semiquantitative reverse transcription(RT)-PCR
vjokxl  AZZHE]  easy-blue RNA  Extraction
Reagent(iNtRON Biotechnology; Sungnam, Korea)s ©]
&3to] total RNAE H|3FZ AccuPower RT Premix
(Bioneer; Daejeon, Korea)Z cDNAE A2l & j-star
Taq DNA polymerase (iNtRON Biotechnology)s ©|-¢
slo] PCRe Aldstgdct. odejzl PCR AHES 12%
agarose geloll4] #7]%-83 ¥ ethidium bromide® <3
Aol 3kelskgdrh. PCRell AH8-3E primer= TaKaRa
Koreaol 4] A4ste] AHgsigion Made olelst 2.
Amelogenin?} ameloblastin®] 73-% AH&-¥ primer7} 3+
exon Yol EAsl2E, DNAZYE PCR Abgo| mkEo]
A= AS w7] $3 total RNAo| DNase I(Sigma-
Aldrichy& *2]3F & RT-PCRE A|33}3irt. Amelogenin
-forward(f) 5’-cagccgtatecttectatgg-3', Amelogenin-reverse(r)
5’-cttctteccgettggtettg-3'; Ameloblasin-f 5’-ttettgetttceec-
aatgac-3', Ameloblasin-r 5’ -ggtgcactttgtttccaggt-3"; DIx3-f
5’-atgagtggctccttcgatcgcaageteage-3', DIx3-r 5’-tcagtaca-
cagccccagggttggecg-3'; MMP20-f  5’-ggccatatagatgcetg-
ctgtgga-3', MMP20-r 5’-gaggccagtaggagacaaagaggac-3',
KLK4-f 5’-cccacctetecatecageac-3', KLK4-r 5’-ggecttg-

tagtcagtccatage-3'; GAPDH-f 5’-tcaccatcttccaggageg-3',
GAPDH-r 5’-ctgcttaccaccttcttga-3'.

Transient transfection
oY mi Eof ‘ﬁolfﬂ DLX39] zpitde] WA 7]
Arhild o) childs g4 Axte] Wilel n|xle &3t
= odoln 7] 98] ALC AlZol o]5 wWawWE9] transient
transfectiong A&} ct. Collagene] TEE vl Aol
2 x 10°cells/60mm dish7} =% 2535l A=) =)o
H wjekste] AlE7} 70%><4t 2k Lipofectamine 2000
o]83lo] pcDNA3.1 ~= DLX3 ukewlE]9] transient
transfection% A&t 24/‘] 7k % total RNAS 4%
sle] RT-PCRe F33tA}t 4827 & whild A 85 F
¥|3lo] Western blot 415 A3 s}Act,

Western blot 4]

wokEl AZE PBSEZ AlAFAL Lysis buffer(10 mM
Tris-Cl(pH7.5), 150 mM NaCl, 1 mM EDTA(pHS.0),
1% Triton X-100, 0.5% sodium deoxycholate, 0.1%
SDS, 50 mM NaF, 0.2mM Na,;VO,, 1 mM PMSF,
1 pg/ml aprotinin, 1 pM leupeptin, 1 M pepstatin)=
43lgk % Bradford reagent(Bio-Rad Laboratories;
Hercules, CA, USA)Z thiAd& Haksiolet. 30 ug o
WS- 5X Laemmli sample bufferol] 432 3 10% gel
< ©]&dle] SDS-PAGEZS A5kl PVDF el 3l
% mouse anti-Flag M2-HRP(Sigma-Aldrich), goat
anti-MMP20(Santa Cruz Biotechnology; Santa Cruz,
CA, USA), goat anti-actin(Santa Cruz Biotechnology)
) rabbit anti-goat HRP-conjugated IgG(Zymed; S.
San Francisco, CA, USA)E U=} ol o]z} a2 AL
k3. ECL  detection system(iNtRON)&  ©]-&-35}o]
Western -4 A8)5}3ict.

DLX3 =hii 3 oA A wla

DLX3 o3&z}l soio]d zhof| thilAlo] oA Aef =}
o|7} 9l=A| wlaslr] $Jd HEK 293 AlXel o]
3 WEE transient transfection Sk 24X|7F ¥ whiA
34 Al Alal  cycloheximide(CHX, 10 pg/ml, Sigma-
Aldrichys A 2]sle] 0,4, 8, 12,2447k & thiAA g5
R]5lo] Western #-4-5 A|33513ic}. DensitometryE A
3l Actin?} v]aLsle] 2|7kl whE DLX39 <4 W
sh5 Alrsiaict.

A 34 574

oM i EolHeld DLX3¢] zpude] ALC Az
o] FAof| mlA= g dolrr] 93 Cell Counting
Kit-8(CCK-8;  Dojindo  Molecular  Technologies,
Gaithersburg, MA, USAYS- o]-&3lo] A331gict. ALC
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AZ(5 % 107 cells/well)Z  collagene] ZEX 96 well
plateoﬂ #7353 DLX3 el ElE transient transfection
gk - 24x|7ke] Axk FFE FUER 0,24, 4847 53t
soFetadnt. wieke] Eube AlAel “H°k°“°ﬂ CCK-8 4]
okS wjokallo] 10:1 (viv) MEE o] ¥ 37 °Cofl 4]

A17F wlekgk 3 450 nmel M §3=E 343
e an

mA] WHEgrAxze] 3 F DIx37F s A7)
£ 3lelslaal ALC AEZ2] -rﬂ~— =3k 7, 14,21, 28
OE] HH (] J‘ - total RNAE N ]O]'—l— RT'PCR% /l]ﬁg O]'

rh(Fig. 1). Amelogenin, ameloblastine F-Shlj=x]2
Aot W] ozt Flsled Al o] A<LEgla
MMP20¢} KLK4%= 21,28% AlgoflA #d=glon
MMP20+= 2844 Wdo] efrt Zhadh= oFks Byt
olglgt ARl Wl o o] AEE ARESE 7E] =

T (Park et al, 2007)2 ®last ] 3P} 15 oA Z]
d=le] Agsle AR kel 22 WAl
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Amelogenin
Ameloblastin
DIx3
MMP20

a
z

GAPDH

Fig. 1. Gene expression pattern during ameloblast differentiation of
ALC cells. Ameloblast differentiation was induced by culturing
ALC cells in DMEM supplemented with 10% FBS, 10 mM f3-
glycerophosphate and 50 pg/ml ascorbic acid. Total RNAs were
prepared at the days indicated and RT-PCR was performed.
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23k F700] Wslo] WA Aol Holshe KLK4S)
ol

wao] =917 ';q']—l"oﬂ Hooj ol ARESE AEZ wljek
A 2Blo] A Wgm A 237} A= 9o 3loldt

T U3t DIx3= 794 Wae] oFzh FhAdt AXE A
ARt 2 flofl= 3P|zt F AL dATHA W=
xg-ﬁ HdEA Ze4 DIx37t HaHS Eler] o
oll, AR} A3kl Ao Bux FHAEe] Wl of
*333 = 9oy DLX37F ofwel ks mXe A
ot 12} shgict. o] & 3] ALC AlZel DLX3 Wl
W E]E transient transfectiond}i AJAwl=|ollA] 247k
vjok3l & amelogenin, ameloblastin, MMP20, KLK42]
Aol wixl= F¥s Elskct. KLK49 7% PCR
cycle 5 T7MAE %338k PCR A= 7] o=l
o, o= YWEAE F3} 370 WEE Rk
543 f=215 Aoz A=k (Park et al., 2007; Lu
et al., 2008). DLX3 °RJ3 U&o] amelogenino]t
ameloblastin®] mRNA Walel| 2 H3I}E =5k o5
Hhd MMP20 mRNA®| W&l F2lsA] S7117ch(Fig.
2A). DLX3 opd zpdse] o3k MMP20 Wd Z7k=
T Sl A= Blels|lek(Fig. 2B). Lelv o
DLX3¢h= 2] &<ideld DLX3®= MMP20 Hals 5
7} 712 egkeh(Fig. 2). RT-PCR ZAFojA]E okl
DLX3E & A7l 7d-9<l=t MMP20 mRNA~Z} Za=
ub] Western blot +4ol4& ALC A|lZojA] 7|24 o
E MMP20 shiE wiEZ} ofslr] siAlnk o= A=
= Ak (Fig. 2). 2 o7t A= %o, ALC Al
FollA] 48 MMP20 mRNAZ} WlElw glovy B
Age]l RT-PCR Z7lof|4] & =le] FH=| ofol o]zt

A et Aoz R,
oklE DLX37} ALC AlZol|4] MMP202] HAFS 7
A AR #elslr] 9l 71&e] ¥.aE DIx3 A
714G o]-&3}o] (Feledy et al., 1999) A32] MMP20
24/1} AR Akel 1.5 kbell dEsF= DNA 9374
< ojAte 2 TAAT REE|ZE ZARKE 23 DIx A% 7}

o
o Ol

d

\ 6\
. & Q o
e & &F
S &y

(B)

F--..-— | anti-MMP20

. anti-FLAG
===
SN | anti-Actin

Fig. 2. MMP20 expression was induced by wild type DLX3 but not by mutant DLX3. ALC cells were transiently transfected with DLX3
expression vector or with pcDNA3.1 and incubated for 24 (A) or 48 (B) hours. Then cells were lysed for total RNA extraction and RT-PCR

(A) or for protein preparation and Western blot analysis (B).
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(A) NCBI no.: DQ190458 Mus musculus MMP20 promoter

-1416

1

v/

-1310~-1305
ataatt

-1247~-1243
attaa

B

1000000

-199--195  -85~-79
attaa taattac

800000 -

600000 -

400000 -

Luciferase activity

200000 -

0 4
pGL3
pGL-MMP20(1.5)
pGL-MMP20(0.5)
WtDLX3
DLX3-4bp del
DLX3-2bp del

+

L+

o+ o+

o+ 0+

+ 0+
[
b+ 4+ 1
o+ 0+ 1

+ 0+ 0

Fig. 3. Wild type DLX3 enhanced MMP20 promoter activity while mutant DLX3 suppressed. (A) [llustration of putative DLX3 binding ele-
ments in mouse MMP20 promoter. (B) ALC cells were transiently transfected with DLX3 expression vectors and luciferase reporter vectors
containing 1.5 kb or 0.5 kb MMP20 promoter. After 24 hour incubation, luciferase activity was measured. Data represent mean + S.D. (N=4).
*significantly different from the cells containing MMP20 reporter only (p<0.01).

Aol e FS7E 43l e AoE A EHUCHFig.
3A). o3 AE nigtoz AJF MMP20 Z2HE
(1.5kb =+ 0.5kb)E luciferase ®Eo] ZFz2Y3s}aL
DLX3 #Hi&x]7] & Zg ne 45 3bsigict. ALC
A Z+= transfection &-8o] Ho} =13t 2| ¥E AL
7] ofeigl7] witell HEK293 AlZE o]-&sled A
& APt pGL3-basic WERF €2 739 luciferase
FAJo] Fokxut MMP20 Z2wErs %3%  pGL-
MMP20 #HEjut 92 739 luciferase EAo] A3 =
Al Yepsker, 1.5kb B} 0.5kb ZEREoA 7] 3
Aol t% =4 HeERdth(Fig. 3B). ol=idt A Al
MMP20 Z=2 REE 92 2|XE] FA4o] SV40 Z2 B
HE Y2 glxy A3 A Al v 7S] B
3(Zhang et al., 2007)2} v]sdF oz AzbET), of7]
of okd¥ DLX3E F7hHez gk 7% pGL-
MMP20(1.5)2F pGL-MMP20(0.5) =504 EA"o 2
23k luciferase B4<] $717F ==Yk (Fig. 3B).
21} DLX3 E<lHolge] 739 2lxE 49| Z7P) v
Bl 9igkeow] | @38 MMP-20 ZERE A4S o
Aske Aoz Jepta ol#fdt Al Ed= 2-bp del
DLX3el|4] ©]% HEstA] Hebstct.

7]122] B yollA] 4bp-del DLX3E oRl& ol ulal] whi

A FalEErt =31E 3]lekly] witell(Cha et al.,

2007), 2bp-del DLX3% frARE &35 Bol=A] Yo
32} CHX Aol s AlAxhid 35 s e
oA A7 7ol wE DLX3 xhiAzr H3ls kst
ok, DLX3 opEe] 7% 122]7F o]Aef whi ko]

=
50% olskz zkad Wb, F 7P Eddeld EF wk
WA Bajdwrl o] 2447744 50% o) AS RISk
AT Aeg yelsich(Fig. 4).

2 Addl AE F4E bl 4ol geA SRls
S8 ALC Aol o]5% shURAA L ALYHE 3
silct, = A9 oz} Selueld DLX3 25 ALC
A AAele FAHCE FolF 9B vIAA g
Aoz ebsehFig. 5).

A

-
2 =roldE W AP/ A4S I Hew
212 2 bp-del =X 4bp-del DLX3 S<ide]7} wd
Az AR ol wlx= J3s FAsigion, o
DLX37} MMP20 AAHs FAA1Z 4 9l

i Eeddeld DLX3+ ol2idh aaks yepiA] 3
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DLX3-WT

DLX3-4bp del.

DLX3-2bp del.

Oh 4h 8h 12h 24h

Sme s~ - Gebee

Oh 4h 8h 12h 24h

Oh 4h 8h 12h 24h

W e R | D G S GED WD (R s e e e | ACTIN
140
120 A
g
o 100 -
2z
£ 80 A
5%
e
52 60 -
-
/| o
= 40 7| a—pLx3wT
20 || “o-DLX3-4bp aeL
—@—DLX3-2bp del.
0 T T T
Oh 4h 8h 12h 24h
CHX treatment

Fig. 4. Both mutants of DLX3 show longer half-life than wild type DLX3. ALC cells were transiently transfected with DLX3 expression
plasmids and incubated for 24 hours. Then cells were further incubated in the presence of 10 pg/ml cycloheximide (CHX) for the times indi-
cated and DLX3 protein level was determined by Western blot analysis (upper panel). Densitometric analysis was performed and DLX3 band
density was normalized by actin band density (lower panel). Data were expressed as the percent band density over wild type DLX3 band den-

sity at 0 h.
15
OpcDNA
DLX3-WT
mDLX3-4bp del
2 1 4 |@DLX3-2bp del.
3
S
2
< 05
%
/

0Day 1Day 2Day

Fig. 5. DLX3 over-expression did not affect cellular proliferation.
ALC cell were transiently transfected with DLX3 expression vec-
tor or with pcDNA3.1 and incubated for 24 h. Then cells were fur-
ther cultured for the days indicated. CCK-8 reagents were used for
measuring the proliferation activity. Results are expressed as the
mean + S.D. (N=5).

22| ¥l wh2w amelogenin ZE X Eof| DIx 4
FRe7h EAS, o] @A 2AE elEe] Wl
Z2Ysk DIx2 #ua WEje} 7ro] AlEof transfection
s g2y o] FotEvka SFch(Lézot et al.,
2008). 12t AAl Hellx Wdd FAI T DIxast
amelogenin®] W& A]7]5 A& wjwsre 23|78 DIx2
7b =R e S Zel4] amelogenin AARA| 7}

WA= ez vept AAlZ DIx27F amelogenin A

AFe R TsAe] e AE AARIAE EE Dix
7} 5-AF8} homeobox EWelS R eoemam

amelogenin®] A} 2AH o] DIx2¢]ol th& DIx A}
A} HoAT 7sAde] e AR Azt deh. uhebA
Wz HdRAlE E3y T DIx39 WEA|7E A
sjelalgiet. Z1e] ol elsi Ak = A Ao}
b S HdEA 2ol xEH o2 DIx3/DLX3
mRNA % thido] #=l= Aoz Udefx] 9lor(Ghoul-
Mazgar et al., 2005; Lézot et al., 2008), o]2{gF X
o} ARl ALC Al2e] #3139y 5 DIx37F Al
3490] Fel= et weba] WdmA o4 Al e =

= DIx37} WdRAE 23y F weEE oy 4
XH ArE 24T 7ol e Aoz AZE Q.
o] % Flslaal ALC AZe] oplF mE Edwold
DLX3%E Fdsia Algke] e APA =v A=
FHY AnE Aoz ¥yE SRS WS B
319 1;} ol Ak T;Lg] _L_E}oﬂ Dlx ﬁoL_\f_

1) oLoLr)r :Laﬁ»} amelogenin ‘4““ -4 —‘3.—611 &49l
MMP20¢] wH&o] oplld DLX3el| &3] Z2=9low,
oplE DLX3el 23 MMP20 Z&2E 34 Z7p7) 7
o] WAE97] wiFe] MMP20 mRNA HA}F ol
DLX3¢| 24& W& Aoz A7= Qo)
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AHASE AR MMP20 22 wE 371498 $A4% 72
3}, A 79 AR 29 4] 15kb <ol TAAT
RE|Z7} 43ke] glglem, Algke] ¢ 2kb ool 67
7} 2= Aoz FAERE. olgt BAA e} fAlst
Al, MMP20 228 24 4 AdelA o3 DLX3
= ISR 738 pGL-MMP20(1.5)2} pGL-MMP20(0.5)
oA EAF R |23t luciferase 49 S7F &
Z=E|Qleh. evh DLX3 9ol ge] 74¢- pitsle] <
3] 2l2E 4] ST Ve @okew], 238 MMP-
20 Zzve $4L s Aoz ehtn ole@
o4 E3}= 2-bp del DLX3IA HS FelslA ekt
o}, ol2lgt A= op¥d DLX3ell 93k MMP20 Z&
2E AR S SelFal dAatelw, opd DLX3
o] C =gt F97F MMP20 A4 2o I P R3S 4]
Arsle ARkE A7

DLX3%E homeobox =r31¢] N whgl&s} C 2ol
transactivation =H|glo] &5k o] F 7|x|7} o} Qlof
of HAIEAe] & vehds Zlog dulA] Qlck(Feledy
et al., 1999). 4bp-del =+ 2bp-del DLX3+ frameshift
2 2l3ll homeobox E=H|e] Sliatel] EAlsE 712 of
u|Ak Aede] gleix|a, Aol FobAlnt Al &2p- o]
A AdE 7R C Erte] FAE weli ol &
dwelge] C wxh: opd¥y DLX3 C Hekd 22 A
AR A YeRlA] X3 AR A7hEE, B <ol
Al E<lHe]d DLX37F MMP20 Z2 =¥ A& F7F
A7IA Folks A oleb Adwkd e w Az
3k ADHHAI % TDO F%v-2 =5 A 4
© 2 yehde, DIx3™ heterozygote A7 74-$- HohE
Fdgo] glom (Morasso et al., 1999), 4bp-del =+
2bp-del DLX3el °Jgt wdd 333> o3 DLX3
chil o] =l o3)) vielithr| M E9iHeld DLX3
7} okE DLX3el| thsll dominant-negative® 2}-2-3F 7
#2 oA Yrh(Duverger et al, 2008). 4bp-del
DLX3 =<lHolge] 739 homeobox Z=wH|¢l & Fof o}
uliAl Ao vl =2 DNA Z3jbsel ¥ zkel7} glot
3 ®3¥ u} 9Jovk(Cha et al, 2007; Choi et al.,
2008), 2= B30l w=w 4bp-del DLX37} DNAe] 2
oA Eoh, mah obdE DLX3 wulel gl
okld DLX30l &3t HAF2HAd-S- dominant-negatives}A]
A Ao 2 vEpdth(Duverger et al., 2008). 2bp-
del DLX3¢] 7% homeobox =w|¢le] wjx|2} olm]iA}
207} w22 DNA Ajbs9] zkel7t Sls 7FeAde] ol
ou olo] tigt F7HA A7} Hasieh. EgE 2bp-del
DLX3E £ <l7olx MMP20 Z2RES] 7| A&
AA 3| A7 AR el AEe] PYAH C
S 714l 2bp-del DLX37} of& whillAzjo] Als kg
of L wjAd MMP20 ZEwEe] 7|24 AT
7FsAd0] 355 AlAksKTh. AAl Dixe Lef-10]u} Ets2

1

N

o AxRRIRRe ARtele] AgAo® el A
belS 2dshe Zlo® Hag vl glonz o]e} 3t
A77F z& = ook 3 Zo & AziElch(Diamond et
., 2006; Ezashi et al., 2008).

71| Baefx] DLX3 whiAe] opv|iabsfde] Hgt
24 73} homeobox =gl Fulke] C zehio] PEST
=Hole] glew, PEST Q& 26S proteasomes &
gk shillialel oHet ¥4 5 S (Rogers et al.,
1986; Rechsteiner and Rogers, 1996) proteasome *I3f
ARl MG132%5 A2lshd opJd DLX3 whicke] &

O m
z o

=
i,

a

7} ol 7hsAe] g AlAIgE vl gltH(Cha et al,
2007). whebs] 4bp-del DLX39} 2bp-del DLX3 whuA
o] oplgz} wlasle] whilA o Aol zbe]rb QA
gelel Ax 7 7Hx Eddoly BE thild Ralds
7b opl et 23 2l Aed vepdrt. olzid A
= Edeld DLX37F ool v]sl] Az WofA]
o] A= 4 9Ja 15 %3] dominant-negativeZA]
o ZALE FEgHoz A I rlgAo] s AlAk.
MMP20= Hdd As)st #e] F8 244 F 3
UEZ, MMP202] &4 34 H9] Aol Fadwelr) 3l
71t} amelogenin®] MMP20el|] &J&l Zeix]= F-9 FH
of Hel7l ole 7% AlE sk Aoz A 9l
o} (Wright, 2006). A Wl DLX37} MMP20¢]
& ZA-o]| Zoisfar, 4bp-del DLX3 E+= 2bp-del DLX3
7} olefel 25 JElA] X& A ofe} o HAl
Zefe] vl Ao 28-S Fs MMP20 Wd-S A3l
th TDO % ADHHAI F37ol4] o} 33 A
Haledl glolA Fodk HeEd oulE 7P S+ 9l
£ Aoz A4 tat ALC A2 HslapAolA
DIx3 mRNAT |40z wago] vksl]l MMP20 A}
Ae 3t & o AP T LHEE s R
o, YdEAz B3labd T MMP207} 7] 9fs)4]
= DIx39] HAEAE T7RIIIE o REelAl me
o ArRRIRRe] F71H 2Rgo] Hed Hog AJ7iE]w]
5 olof] gk F7H4 A7) o]Fofd Her} 9lrt.

Aol =

o] w2 20074% AFAA GLal AR Sl
ZAARIE) o 2 SaskERlSAl Rk XS wlel ol FE]
21-2-(KRF-2007-000-E00070)
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