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(2) amelogenin X (AMELX), amelogenin Y (AMELY)
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(5) matrix metalloproteinase 13 (MMP13),
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Marker Genotypic Minor allele Frequency
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public ID variation frequency observed
enamelin overall studied
4ql13.3 rs3796704 G—A 0.04 .
(ENAM)* population
overall studied
rs17878486+ T=C 0.20 .
amelogenin X Xp22.31 population
(AMELX)* # -p22.1 only caries experi—
rs946252# C—>T 0.37 .
enced population
ameloblastin overall studied
4921 rs34538475 G—-T 0.09 .
(AMBN)* population
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matrix metallo— . .
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matrix metallo— . .
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(MMP20)#4 q enced population

¥ 3. Candidate gene markers studied [*29, *%30, #31, ##32, ###33]
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¥ 1. Linear regression results comparing ¥ 2. Linear regression results comparing
individuals with low caries experience (DMFT caries—free individuals versus individuals with
scores up to 2) versus individuals with | INCTeasmg caries experience[30].

increasing caries experience[30].
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Hete o] Aol BAAET30].

Aok 4 A4 AMELY® A= AdWshs E e WS

amelogenin @ A o] A S ¥ 3= Aotk AMELY FdA+=

- 21 - A &-1]



%)
o

3

3l

]

al

P2

]

CH45]. whehA

o] A o] of R} A
u= W 549

Aol ol

g9l

-

AL A3t

B =

a1, Patir
Wb 36.22%, oA} 32.73% AL, 15412 -

3

c

()]
A
g 701-

a

1

e AHE F

=
e

o

A5 2012 =W

[e]

=

w4 371%, <14 300 % o4l

2}
AAEL FAF 20.03%, oA 18.33% H o m[5], 194 o]A2] %]

o)

}

0
pad

AMELX”} amelogenin
d S amelogenin©]
A= RS
amelogenin 2]

B S
o291
]

=
-

A

B
)

ol

w9l Apel, bt kel ol

2=

=]

&k7] i ol vH47].

[e)

&, T A By
Aor AW 7hs

—

_XO

il

)

i

A AFgE a9t (1)
(hypoplastic), (2) ¥&4

<]

ol o golw A&l

[e)
Chy

7l e

1

kel
™

3}
Tl Qa[49, 1 F 47}A 9] BF/I} BHY

35-7F 48,

)l

A A1 %3¢ (hypomatured), ~L2] 1L

1

A4 3] 3} & (hypocalcified), (3)
NE

R

| v

°

Fol 7



A A3 <-4 8 A & (hypomatured-hypoplastic) ©] T}H48.

=
ol

—

p—

°
o

|

o)
el

el
]

ot

i~

1%

S
LM

=]
5

¢}

]

el

J-d¢ N

%

= 1

ARol7h XA

=
=

Wright= amelogenin®]

)

—
o

=K

=
!

=K

=
jod

=

Huw

i
A

|

Ho

1

53

A9 A

=
=

S Al
o

3

Job

olebal A|etE ek

43517}
fa8 §474 (AMELX,
o] Aol 3-5 Al

FolE 611% ©l 236%% .o

X

=

[€)

AMELX 9]

o
T

ol
=

2kaL, A9

o

3 5}
=

o] o3

o] lojA, AEd
o)

20} 2]

o}t
ENAM, KLK4, MMP20) oA 237}#] 9] M= tt& =dWol7t A 7HA]

o] Lo A= amelogenin vFA 9}

N
T

=N

al
[¢}

7

nste] ofol ool ol e

=

e

Wk - Slayton

°o]tt. AMELX P70T =dWol=
o] Aol

tH43]. AMELX wWol& ¢l

Al amelogenin®] X o}

[ez]
=2

N

B

_23_



b

E3Hel A &= DMFT 93 tH301.

4.4.3. ameloblastin (AMBN)

Ameloblastin< amelin®|2}i1% E#t}t. Ameloblastin< H@d 42
BolA x7] BHIAAIN 57 A HFARAEL 93] TEozl
o Aggsle Wy dAAH %7] WXAY (inner enamel epithelium,
I[EE)7} #3850l HYEEAHE (ameloblast) 2 ¥ 4] ddET} 53

o)A HEgRAZe] HHRAZE7](Tomes process)ol| 43} & o]
s

0.
5
<

al
-

-
o

facs

d), ameloblastin® amelogenin¥+= T 24 WHZA 7|2 A

AEHC, Hgdoga] gdwde 5%E %A 8}al, ameloblastin 1t

A 5 FTollA 5-10%HEE AA gt} o] whul o] A3k Wk A A 9
A

holg Holx, YA B3 2ESE o @

R4

T3, AMBN  AX FHzZe]  #AHJE oz g ATH
~5,6/-56 upQ- 2ol A ©@E=9] ameloblasty: WHE 7| doA Ey
HAa[50, HEd ZEE FFo 28S 99sE Tomes preesse A
o] Auf 511 A oYPPoew
AEFS FAA =HJA60, A4 HEd 714 Fx)7F Adstas A
g4 Al 485 YeERA FAth AMBNS vB 29 ey gado] o

Axzet 45 Aeets Aow wuHL AW

AMBN

m
ot
Q
3
o,
@)
=8
Q
wn
Z8
w
rlr
o
ox
i
r o
o
=
it

Fd G4 A4 T ol Az AL 92 =89 er52,53]. AMBN
o] FT8% <A ameloblast®] F-2, ameloblast FAF S FA,
amelogenin®] Wdo] 318 XA A FEE AAJAANE AAstE U

Hold Ao AZEn39].
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Krebsbach &2 # < ZA]elA ameloblasting A2 73
ds Holw, A xAstel FHE dAA do] MdstE SEdrt o2 F
(rat) ¢} A #(mouse)®] ZA oA Aldd¥ RNAS =9 &5 #4]& A o}of
T dEEE T 5442 F 16-20Kbe] A78S =2 FEORE B
o] FAth. digoxigenin®® ¥AH RNA Z2HE Agste] al A3}
H(@in situ hybridization)& ©]-&3}¢], ameloblastin®] %% ®¥x7} # A
Aol MERAE FEHAGES BoAFAT HeF

antibody)& ol §3te] Mo} 24 33 GAMOR Fo ANE GANF A

3@
r
ot
i—"z
=)
<A
<

e,
S

=

=

BN
o

TFolA= o] gl AEe] 553 PHoz 43 JSS HAFAY
[53].

Ameloblastin A A= 7§¥& A ALE (open-reading frame) = 422 7 2]
o :=ibS 1sd Shal, oF 45 kDao] @i R sjEEn. dd dude

A3 (PIs654) < ¥, 74 F T4 ofn =ik ZE59(156.2%), =]
21(9.9%), 2 7F421(9.9%)°]t}l. ameloblastin % 2t91 AMBN< # 2] 51
A Ao X3k, WuE st AdE thE FHAE THkole EAsTh
[53].

Ergoz 5o A7elqs A4 742 ool oA Aok 4 u&
of wrin wETh of ATE AL A ofdo] 1EI Aol gl
ofelo] T1F Apolol A Ho} 4 Y wlgol thE A olel @ 4 & e
Aol Wad B4T BAE fAAe] WeldA AT A
A4 obF 10099 mAe o] AuE Yot o3} ste] sojul, doh &
d27] 8 5E/] Sl A ol Folfa, tET o}F 100%e] wge of

28e distal 2|3} tjske] Ao Fo A o] FolHt F oo EF 6-12
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Jo] ojglolz Ao NItk RE AT A 77 2Ae wg
i, Aof 94 Ar, AAel 949 A% AR, DNA % 9% g 4%

S Az ¢4 4¥-e DMFT/dmft ¢ DMFS/dmfs & 5535 th.
p E
_]

S
-
O

fFaAge] vl Pl dEE FHaAe] JdEZ A

A AelE et HAWH (TagMan chemistry) = PCRE Al dste] A
e e v fAAEe 24 4 43 F5F A4 dEy
SNPel| wa} ojul AAAE wi=x], 2X2g 37 BAo= AaE A
p<0.0045 ot o] P g2 TAHoR Fof 3 Aom hF HIUn o] o
To] A, 2A2E 37 £ AMBNE rsd694075 $-4] AE Akl
BAZS (p<0.004) 2ol FUth. AMBNO Wolgk $-4 & Apolo] e}
b Fee SAH Ades ANE T " fAA7E odu 1A obE
TawelA B A wAE the AS v ok o] didbs FEYe] a&
FE, FAE FE AW A AW Ao EA, dA Ao -2 FA4 U

71F ol A Al @l =9 A o] T4

Poulter 5& & A g4 A =3H autozygosity mapping)et <% A L3}
(exsome sequencing)E AM&&te] 7S A SEAAC olF 7FL-d
6> AMBN 9 &o] AtAld AS @03, 1 F 39S HEd 4 F
ASs Barh of AAR Qs @wWhe opnjieql A 447-368 ARo] ]

970°] Z717F PelTh olE Al AR tE i3IS Ried, M

& HoFATH39].
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Bl A ZHR Aol #REHATY. ofdE FEol

o

b-%E wek olubd AHAE A PRk AHdolth oA v
A4 T Waz olojxth A A AolN WMiAR FEE I

Shimizu & TX[E A ofe] 2 &4 A4S st Aoz
Aop  9-AS AAS, 7z FH FHAA(ENAM, AMELX, AMBN,
TUFTI1, TFIP11)¢] WolEelA HEde waAd =7l ofgA Wstsh=A]
PAsA T tuftelinel  SEEE A gL 2tk TUFTI
rs3790506(p=0.02 FA W), TUFTI rs2337360(p=0.006 {Aw) TFIP11
rs134136(p=0.0006 A H; p=0.009 W FH). o] AT Anz WId 3
A FRAES HEdR 74 A d5dds ds-2dst A& o

2 Fol WA MAGEd 2 e Frha wusgrHall

T

M

Patir 59 d7olA APAELS ojagte Wiy} d=u g 7u
ALl e 3-64 ofEeoldtt. WHOS 7pol=z2kele] wel dmft
2 dmfs S izl 23, Aop -4 FAH dHzao] 829, Ao %

K

o]t} tuftelin® rs3790506 wk# <] CT 4

o,
i)
(3
e
i
N
o
rlo
BN

2 AbeE A3 5<dmft, 6<dmfs ¢ ZEo|A I}
e w1 Ao B HAda, FoAS Z2HzF (P=0.05), (P=0.05)°] At} g
I 5<dmfs<8, 6<dmfs<10%] ZEoNA= FodAel Z+z (P=0.05),

11
(p=0.03)= YEREH o Ay A HEE g4l ddE AR
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tfteline] Aob 4 #5Ael QTS WAL 2 Ao Aty

[31].

Slayton 59 A@AAE 3-5 A9 oA Bl AN FFHAL WYt
Atk Aop $4o] Hx 47)e] AwelA WAH olgoelif o} $4 F
bAS gl ofdeldlAA 27 @ vk AES WRoz FHskglth
6719l F1 §AA dakel 77k SNP B4 e ABeA) Aol AF A

49 39 BEAe e A FAA Z, 844 9% x84 3

=

3 A8S Ao Aeresd Aok -4
&BBA, Lactobacilli®l +%2 59 A@AAR e
A2 tuftelin ¥ S, mutans Arole] s A% A&l ASS
dmfs®] zte] (26.8%)= HolFAth traclidolek= AoF 4
g izl Aob 4 Aol el FHAtel oS ¢ dva AE
WelAl = @A, HEEe FAY Fstel d¥FES Fe=

tuftelin®} S, mutans®

o
rO
rJ
o,
o
fu
i
W
3

S
S

105)

o

o
- OO]:

Lo,

ol
M

o
)

g L
i
rlo
N
AN
o,
BN
?i:
rlo
o
o
>,
oy
&
oX,
o
de Ho
[-40
v
R

Patir 59 AolA = tuftelin® rs3790506 vFA 2 -2 A3 Alo]<]
Aol tigt SAE GTAPYAIRE, o] FA mdol| S mutans HEE X
A AT Foldo]l MAxA ek wH[29], Slayton 5 Smutans @
el Ao #Zgo] Rl EFHAS W tuftelin KA WsHe} Ao}
T2 Atolo] ARAES B & 5 dvkal FoH41l skARE Patir 59 A
ol Al S mutans © & MY w2 DNAZF LA AY #AA &



th= Ahol7h Qlrh20],

SAH AL, Slayton 5 Aol 7 A FA

o

A@hA AFE FAAG @ 7 wgel FUL Aeisd B49 2
=3
G Slayton % Deeley s Patir & Shimizu T %
enes
(2005) [42] (2008) [30] (2008) [29] (2012) [31]
ENAM - - + % + @
AMBN = = i + @
AMELX - + + + @
TUFT1 + % + # + + @

X 4. Previously reported associations between enamel formation genes

and caries susceptibility. (Shimizu T, 2012) [31]

* S mutans. & A

sol Ak o]m]

4 S ASA PG WA e ol folv]F
@ AGER ol T
Shimizu 5°] AFelM= AS74A A5 H7HA A4 25 i
& ngou, o feouge et AFFoR Folge B 9lu, E5
s} .
BRAZIL
BRAZIL :
PHILIPPINES TURKEY ARGENTINA (Curitiba) (1:111% i](_i:)
IS12010848 049 | 052 | 052| 073| 087 | 076| 019| 004| 058| 029
NG 011 | 0.01 01| 004 026 02| 043 022 069 031
TSI 014 | 0007 | 016 029 06| 029 033| 022| 043| 094
LSSt 032 | 053] 075 05| 007 003 054 08| 017 | 0.04
LS0T0% 093 | 076 | 077| 061 09| 078| 08 | 061 049 0.24
-~ ﬂ ——— =
- 30 - # ..-Iu..-F = E.] ‘:]]'
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X¥5. Association results for caries experience in Filipinos and in the
replication sample sets. (P<0.052 #=#< =4 A=Z YERH) (Shimizu T,
2012) [31]

4.4.5. Matrix metalloproteinasel3 (MMP13),
Matrix metalloproteinase20 (MMP20)

714 ez B g (matrix metalloproteinase, MMP) ¢ oj#] %
of 50 AA AT Aol FA I Xo} A9 Mol Fag TS

a}

g

41

il
o

ot MMP2, MMP3, MMP9, TIMP1, TIMP2% Jolde] Zlofo
27 R, o ew AAE gobdsl gold] wpet Fehal )
7 BE Rolehs AS AlStATH272s.

k)
)

H

Lo

MMP202> H#d el &8 @A A ameloblasting A 2|3t &4
ol [60], o] &A¢ W3d& ODAM (odontogenic ameloblast-associated
protein)¥} RUNX2 (runt related transcription factor 2) o &3] =44
t61]. #H el AdolA 7t MMP209] Aito] B3 A9 Hedol
o HARE FERE HAde2l MMPe wkEA| s

(haploinsufficiency)®] 49 H#E2d FAFASTES <o 5 9Q3[33],
7}

rL!O

MMP202] #A24 wWole} &2 o} 2 rpAdate] Ay #AA v F
o] B uj, MMP202] AA&he] o] <l & (hypomorphic)E W22l wkAf )

Ak el m2 wAl e WMEE TP FoRMA, Aok 4 e
S/ = 9ls ZlelEha ARRTHE3] MMP2e MEd BAE 5

obd mAL s wAAD WFAT Fobd o AFEI FAM F
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K

3

!

I.

© Aoz ursl A ArH33
Gz B & A (matrix metalloproteinases, MMP)+&= W&

]

!

1

7

o

ol
o]
Nfo
oy
o
)

=}

N
N
o)

%0

of AolAE mebd obEe Ho}

==
[}

}oll, Tannure

I} MMP20 Alole] A

<

7+

-

A=

o

PN
= T

[l

B/
w

1%

!

O
A BAZE obd 5-144] o}

1

gl

o} . 317}

o
=

=
=

&
=

tol 3889 9] &

°©

Aee o] §

]

f

< RT-PCRO ¢

1744

&
LS

obs T 1614

FaTt 3884 ¢

kA ar, 4178 (10.6%)

°©

ool
ﬁo

<

o

Ao}

%
A2, 1239 (31.7%)

(41.5%)

ol A

v DMFT
T

3

&
=

]

8

otk
4 §7

(3]
e}
F

5]
A

= 5

‘,.

X
T dmft= 2.45(sd+2.8) St

|

I
M= 044990 #6.0 AwlE npek 2ol

0.73(sd*1.5) ©] iz,

A el

1

-

s

)

ol
%

]

o

)

o

59l

)l

HaSs o

el A EAE

=
1 O

gt <l

A wHp=0.28), F7}A]
B A (p=0.032).

or
L ok

—_
file)

N
P

s

<

il

2744 o

=
=

A

%, A Aold] @

s

etk e +4 A8 A

(P=0.02)¢] +olid<= ®IATH63].
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rs1784418 OR rs1784418

Subjects p- p-
TR alleles 1 (95% | genotypes !

C ‘ T value D cC ‘ CT ‘ T value
All ethnic

Caries free
. 181/264 | 141/190 | 0.59 0.92 50/84 81/96 30/47 | 0.28
vs. experienced

Caries free
. 181/218 | 141/154 | 0.52 0.91 50/69 81/80 | 30/37 | 0.37
vs. moderate + high

Only caucasians

Caries free vs.
] 113/144 | 83/106 0.99 1.00 30/49 53/46 15/30 | 0.032
experienced

Caries free vs.
35/44 19/32 0.42 1.34 10/17 15/10 2/11 0.02

experienced(poor OH)

¥6. Summary of the allele and genotype frequency comparisons.[63]

Tannure s AoF 2 A HAHo HAst= o= dHZ
MMP2(rs243865), MMP9(rs17576), MMP13(rs2252070), 2
TIMP2(rs7501477)7F %4 =3 oW #ddo] Sl=A &lstaxt 83l
o dAdA el JA e 3-21419 A 505 WEe R Sl ¢

0

YA 506 & AoF 4ol §liv HFAE 2129 o, Ht
DMFTE 0.73(SD+1.53) ©]%1al, dmfti= 2.35(SD+2.85) Atk =AY #4
A 5 MMP13e tigfdad Wzrt xof 929
JHBAE HAFATHP=0.004). MMP13¢] tjj gt
Az BAgae Ao 9249 fd=rh A THOR=0538,  95%
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CI-0.313-0926)% ®¢] F3ich. MMPO t84el g $a7e §A23
M Aol $4 AW ol Aol ek therkrHal,

°of 73l MMPs¢t TIMPse] wdo] Ao} ¢4 #4ds =9 &
Az

= F A Faw 1Ae Awdnh AA, o §

A

2,
-3
>,
rlr
X
e
A
to
e
=
o
iU

T
i)
)
o,

w4y 9

r]I
i,
=
(@)}
&
iy
=,
o,
fol

gk MMP2, MMP3+ A5 5A] @2 22 29 2w ywo 34y
of #de] v A7 Ad&= Ak MMP39|  rs639752(P=0.03) ¢}
rs679620(P=0.004)= A ¢ W& 71z @At ol JAaAE
wola, olgfd JHlelAE MMP2 w7l QuiA| & (haplotype)e] o]
(P=0.000004)7} &2 = 9lvta soh64].

45. )} #AH FAA
A CA VIZF type A AR Jd3dE F &4 g4 VI
(Carbonic anhydrase isoenzyme VI, CA VD& o] Hu] A& 72 A

4 upete] A MR CA VIE wz g@sie] A%, AobsA w4

A4 WY Sol Jge mAmz, T4 U I 54
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Culp 5& gdolA CA VI 9 Fx9 2o} 2 FHezte A #
AE ¥rel7] flste], o] Ad oAM= &4t ¢ a4 VIZF B8 HA] &=
<

Car6 /T whgsE o gl Aol 4 4

VIel oJaf RoHe=AE APt o] mhgx o= dax vz A
AbAl B3] (Nonsense-mediated mRNA decay, NMD)7} dojiv}= AS
WA type B AALE Ad3YEE CA VIO MY U 2EHA-F5
ojAg e WS oY whe29 o]atid It ofstido] gk o] yEkET
Car6 /" whezel Bl sl zAs Honn galpuld WeAE

Aagolgeh. ela elat gel ule wud/gund panE 4y
o] 2ATH65).

S mutans (UAIS9)®] 79 A7 F Car | vh9-29 749 gaw
9 AR AoheAo] obF vk o] Hlsnrh 6w, 2 W] S Lhehg
o FH RN A FAE S mutans S F vIARe] H4FE Cab
A oY gt Aok gl Watel da sse WAUES By
71 91al, B kel S. mutans7t FEEE ] AbolE A flolA
gpsgdon, 9% wa AnE e & At U EAL
=0

Lactobacillus murinus®t A A B2 Streptococcus £° &2 F+o=2

B HAT ol dolHE AR A3 e CA VI S mutans®

TR R Bow BP2 WEHAI AL Feha Yol A EAAAL A
2 BN EE Jobsa e 1 A & Atk Al gHes)

- 35 - : H “l ]




st Aoloh AT AT 18AT2241 9] HAFS Ty A9 1821
o7 FAFAY. F e AZeo CA VI %= TR-IFMA®AH

AN

8

32

(time-resolved immunofluorometric assay)<  ©] &3} =3
TagMan®¥& &3] DNA AMZolA w53 22 tddo o}
rs2274327 (C/T), rs2274328 (A/C), rs2274333 (A/G). A= ©& t3A
AMEA A EHH CA VIO F% ¢ FHvf A%+ Kruskal-Wallis

non-parametric A¥¥ Dunn Al@8S o]&3ste SAHFHJY. 2 A}

&
45

32

M

O

rs2274327 TT +A4AAE S 711 A5 CT £+ CCE 7Fd Ag-Ht (P
<0.05)¢ FoAdom FN e CA VI 352 HoFa, rs22743339)
A= Fo4 A= 235 HAFh o] AGE T CA6 FdA2

SAAGHAS oY CA VIS srd 43e 20 4g L + o

filo

4.5.2. lactotransferrin (LTF)
Fine 59 A4 53+ YA & S mutans 9S st @A S

G5, 1 HARG S AT 4 oAk 1 B

a9 E ol &t S mutansel E8E Ye Fis Yk o @
A AHEA7] (matrix-assisted laser desorption ionization-time of
flightt, MALDI-TOF)E %3} lactotransferrin® = 2] ¥ %] a1,
lactotransferrin  &AS &3 A2d E2"HS Sl AUt In
vitrool A, lactotransferrin®] o}v] =2t A o] $1%] 4794 o227 d(R)—
o] (K)o 2 X 8= = SNPQ rsl1264787F S, mutanss =)+
LAGAT. v, S50 Aop¢A S ZHAM, LTF7F ok & 934

P

o=




2RYH Aozl erfo A= 47 X ofn Al AEE ol 27U (R)O] A
, S YERA e ATH6T].

Rl

Hdgl F4x A7(n=30) JdE KKZ 712 74AE RRE 7HA 7AA
of W&l S mutansel © & AdTrbsAdol dvkar rH(P=0.001; ‘&l
AAE=36; 95% A1F F-7F =15-11.13). LTF Z&HE= FAZ AA g
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Abstract

Review of Genetic Influence on dental caries

Eun]Jin Lee

School of Dentistry

The Graduate School
Seoul National University

Dental caries, characterized by a demineralization of the tooth
surface, is an infectious bacterial ailment resulting from bacterial
production of organic acids. It has a multifactorial etiology with an
interplay of three principal factors: the host, the environment, and
the micro flora. Not only is it important to recognize the value of
genetic factors, but it is vital to apply genetics to develop new
risk assessment tools and to establish preventive treatment
strategies. Setting up proper preventive/restorative plans will
enhance the success rate of dental treatment along with the oral

hygiene of local communities.

A contribution of genetic factors to dental caries has been
approached through twin studies, gene analyses in mouse, and
transgenic studies. Many recent studies have shown that following
genes are strong candidates for causing dental caries: enamelin
(ENAM), amelogenin X (AMELX), ameloblastin (AMBN), tuftelin 1
(TUFTI1), matrix metalloproteinase 13  (MMP13), matrix
metalloproteinase 20 (MMP20), carbonic anhydrase isoenzyme
(CA6), human leucocyte antigen (HLA), actinin alpha 2 (ACTN2),
and metallophosphoesterase domain containing 2 (MPPED2).
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More researches using GWAS(genome-wide association study)
are needed to verify previous results, and the search for other
polymorphisms associated with dental caries should go on. In
addition, new methods considering ethnic differences in

polymorphism frequency should be developed.

keywords : Gene, Dental caries, enamelin, amelogenin,

ameloblastin, tuftelin
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