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— Abstract

Cleidocranial dysplasia (CCD) is an autosomal-dominant disease characterized by the delayed closure of cranial sutures,
defects in clavicle formation, supernumerary teeth, and delayed tooth eruption. Defects in the Runt-related transcription
factor 2 (RUNXZ), a master regulator of bone formation, have been identified in CCD patients. The aim of this study was
to identify the molecular genetic causes in a CCD family with delayed tooth eruption.

The 23-year-old female proband and her mother underwent clinical and radiographic examinations, and all coding
exons of the RUNX2 were sequenced. Mutational analysis revealed a single nucleotide deletion mutation (NM_001024630.4
: ¢.357delC) in exon 3 in the proband and her mother. The single C deletion would result in a frameshift in translation
and introduce a premature stop codon [p.(Asn120Thrfs*24)]. This would result in the impaired function of RUNX2 protein,
which may be the cause of delayed eruption of permanent teeth in the family.

Key words : RUNXZ, Cleidocranial dysplasia, Deletion mutation, Frameshift, Delayed eruption

I.M B
M= F71 0|" 4S5 (Cleidocranial dysplasia)2 A HAH 2
o RHILOE, 2- 34 0| LiEILIE 42 290 254 5
Y& HIRSHO =9 HEf OI” ':7H§- S XA MUY,
Aoto| AMF, YK, YA YE X 52 SHo= Bk
0] &zt2 0.0001%°| QHEES EO|D1, 2+XtO| 60 - 70%0f A

0.
Runt-related transcription factor 2 (RUNX2) R X2 Z2%t0| =t
ol CH1-3].
RUNX2'= 62 GARH 0| =X|3t= 8712 exon@ 2 O|F0f

Xl QMXIZ A, Core Binding Factor Al (CBFAI)O|2t0 & SHCF.

RUNX2 Ciet &S [Clokst 7|5M 0 Ql(functional domain)g

ZLSHSH=0|, 0] = 2 - 4 exon0| ZX EXYS}= RHD (Runt-DNA
binding homology domain)= 2& Runt &
of S8He=z EEE(0] Y= 2% F2/0|Ch. RHDE 1287}9]
oto| At 2 M|, RUNX27F DNAO| ZAgtst= Adg =2t

CHel Rl o| At2.0f T 4~H O|CHA].

HX}E(gene family)

RUNX2= RHD 29|2 E8} ZZXE A ot QFEXFo| sHAl

28}
= -

QIXt £ .2|(osteoblast-specific cis-acting element 2, OSE2)
| Z2610] BEX SXMXIQ| &g ZTASICHS5]. OSE2= OCN

(osteocalcin), I8 COL (collagen), BSP (bone sialoprotein), OPN
(

2

osteopontin), MMP-13 (matrix metalloproteinase 13) §9| C}

Corresponding author : Jung-Wook Kim

Department of Molecular Genetics, Department of Pediatric Dentistry & Dental Research Institute, School of Dentistry, Seoul National University,

101 Daehak-ro, Chongno-gu, Seoul, 03080, Korea

Tel: +82-2-2072-2639 / Fax: +82-2-744-3599 / E-mail: pedoman@snu.ac.kr

Received August 16, 2019 / Revised October 11, 2019 / Accepted September 19, 2019

XThe authors declare that there is no conflict of interest.



J Korean Acad Pediatr Dent 46(4) 2019

1o nE o2
R
Hul_—H_I"rLIH
LN
=
e 2
ra
Jgém
%-”f"ruﬂ
=< oA =
o3 o
>
b e @
e N 3
F*”mﬂg*
il =
ﬁrng
e S
@
3
_0
=]
Hu
Ha
_r.'l
2
>

tA
re
el
C
zZ
<
N
rir
3
e
-

Nl A1|E(mesenchyma| progenitor cell)

tob= abgel zp CHAof 2Hofst
A= M = (hypertrophic chondrocyte)2| ¥ MH 2 3 E510]
L AEMoZ A823%HCH6,9]. [HEFA RUNX22| O At
0| 9SO A LIEfLIE CHFSH ol RI2Ie =z

— o

N
P
]
>

I (osteoblast) 2 £3

k1
=
)

10
0x
=2

Mo mh
=‘.I>=
mh ot

12
ol
N
‘|> _||'|

30 &
[
1

S X0 2

REUXZ, HF FH 0| 4S XM B2
£l RUNX29| S Q10| 1007}4X| O|Ato 2 CFstCt. SRX|TH
RUNX29| 2g0] CHEot =0Qlo] &8ap HA = By (post-

S
S
N
o IIF
ret
=
>
=‘-|>=
ikl
—n
=
=)
ogk
ox

transcriptional modification)
EfLE7| W20 HEH 7%
phenotype correlation)& & &lste A2
o
=

ol @ToIAE SFH

- 1o

—LJ
oy
I
B>
o T

£ ol g T SRIOM RUNXZ &

a7
Sso] Wole TS, 1 7|50f Cfel TSR SHSACE

oA+ X

Hu
#g
0
It

L2

Cheol A7% W3 A
OFXITHIM KBS WOLS 234 GiEtoEA, 4T £
Soz o|Mgo] M2OHStD X|apEel 201K THof
IsiM ol=| ST SHxet SRl OfpfL
H

Of SONE W 3, Y A X

Hu

ro

HI

o}

1o

El

>t

N B

I 0F
o 2 9
> og ™
ot onn oox B>

0%
ot

Table 1. Primer pairs used to amplify and sequence the RUNXZ gene

A3, Ex HAg MFHOIAL Y A ZREZ2 MU
I}

o A
K| 0t 2] Institutional Review Board®| &9l ofzff TIZHSSHLCH
ile

NO. : GRIO5003G).

2. Primer XM|& 8l Zatg 4 A2 2B (Polymerase chain
reaction, PCR)

QuickGene DNA whole blood kit S@} QuickGene-Mini80
equipment (Fujifilm, Tokyo, Japan)& O0|&23}0f, x{F(ot L= &
oH0jl M genomic DNAS FESIACL RUNX29| 87K exon F Y
= 55017 9I5t0f Agel primer= CHg1p ZCi(Table 1). S
24 oM 832 HiPi DNA polymerase premix (ElpisBio, Dae-
jeon, Korea)E 0|&3}0] RASIA T, SZ=| AE2 PCR Purifi-

cation kit (ElpisBio, Daejeon, Korea)E At235t0] | SHRA LT
3.DNA €7| Mg EX

dH e PCR A= DNA sequencing center (Macrogen,

Seoul, Korea)Oj A DNA €7| MY EM2 A|MSIACt A=
NCBI GeneBank®| &1 MYt Hlmslo] s Feio| EoitH
=2

0|2 ZASIYLCE RE sHAHnucleotide)o| B = RUNX2
MRNA & NM_001024630.4 (isoform a)E 7|&2 2 S} QUL

omn
0

Holl CHa=2f FX[7F THES A

|- ] o L
CBRPO] AR ARTIOIAM = gt SEK] AR, 1K,

Exon Forward Reverse Size (bp)
1 5'-CCTCATTTCCACCCTCCTC-3' 5'-CGTGGGCAGGAAGACACC-3' 512
2 5'-GACTGGACTAGAACACTAAGTCCTG-3" 5'-GACTAGTCTACATTTCATCAAAGGAGCC-3' 344
3 5'-TCGGAGGGTTTCCAATTTAG-3' 5'-CGGAGGCCTTAGTGATTGTG-3' 487
4 5'-GGCCACCAGATACCGCTTAT-3' 5'-CCAGCGTCTATGCAAGTGAA-3' 397
5 5'-AAGGCTGCAATGGTTGCTAT-3' 5'-TTGCCCACATGCCTCTAATA-3' 329
6 5'-GATGGGAACCTCTCTGTCTACC-3' 5'-CAAGGGTTAAGTGCCATGATGTGC-3' 339
7 5'-GTGACTGGTGCATTTGAAGGTCTG-3' 5'-GATATGGAGTGCTGCTGGTCTG-3' 395
8 5'-CACTCACTACCACACCTACCTG-3' 5'-GGCTGCAAGATCATGACTGAGTG-3' 487

bp : base pair



(Flg 1, 2, Table 1). —‘EW OITHL|2| AM AFTIO|A = Bt 2H5
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Hof 2E0E[X] g2 M22 HO[E ISt 3 exon LjQ|
3578 HI7|M Ol A|EAl(cytosine)O| MAHZl 0|7t =QIE|A
11(NM_001024630.4: c.357delC), O]= 27}9| CHE S ™ X}(allele)
= 8 Zo| MOt 2AE 0|E T EH(heterozygous) Q2 LIEFLHCH
(Fig. 4). 4745l SQIHO|Z QI3) 3|t YA HAc|e of
O] .= AtO| ofAmIb2tEl(asparagine)Ofj Al E 2| 2l (threonine) 2
2 X|ghg| 3, 0|Z 9| ¥I7|ME2| -1 net frameshift2 QI8 =
B0| YUK MEE 24K Of0| = 40| SZR =22 X[2helCt
[p.(Asn120Thrfs*24)].
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Fig. 2. Lateral cephalogram of the proband.

Fig. 1. Panoramic radiogragh of the proband. Stars denote
teeth of delayed eruption.

Table 2. Dental phenotype of the proband

Fig. 3. Panoramic radiograph of the proband’s mother.

Right Left
Number of Teeth with Delayed eruption 9
7 6 5 4 3 2 1 1 2 3 4 5 6 7
Maxillary * * * * * * * *
Proband 14 .
Mandibular * * * * * *

* : delayed eruption
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A Forward —

S5'CCGACAGCCAC

C

ACCTTCTGGG 8

CGAAAAGCC(

~— Reverse

Forward —

SCCGACAGCCCOCRACTTTCTGGGS

A CGAARAAGCU(

ACTT CCTGT

+— Reverse

Fig. 4. Mutational analysis. Mutational analysis reveals a single nucleotide deletion [NM_001024630.4: c¢.357delC, p.(Asn-
120Thrfs*24)]. (A) DNA sequencing chromatogram of the proband. (B) DNA sequencing chromatogram of the proband’s

mother.
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H=E F7H 0|& 4B (Cleidocranial dysplasia)2 A @K 240 FHESCR, FIHE 7t S X, 2422| 0¥, 2tYX|, FFXK]
W= XA 58 EFOR st XX M =H QX! Runt-related transcription factor 2 (RUNX2)C| EAEHO|7} 24E F7H O™
52 fYste £ Q0= Bk|1 QI Of ¢ile X|of WE X|¢0| A= HE FH 0|¥ES 70N XS 2l
= TSt} SHRACH

23N Of/d etXtet 1 OjHL E a2 et A R AN HALE TSI RUNXZ RTALS| &7 MBS 24T TH&tAt

2 Al

DE0|A 38 exon Ljo| £HQ 7| H2 EIH0|(NM_001024630.4: c.357delC)= 2HOISIQICE 0|2 QI8 frameshift7} LrAisIO] X 7|
T2 ZE=0| FME A= 0| FE H[p.(Asn120Thrfs*24)], O| 2 Qlst RUNX2 CHEHA Ol 7|5 40| ST 7HAIO| M LIEFH S7K| W&
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