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It is well known that cleft palate phenotype in humans is varied and widely
accepted that the cause of human cleft palate is accountable by “multi-factorial theory”.
However, almost all the cleft palate phenotype in the cleft palate models using
laboratory animals showed complete cleft palate only, so that what kind of factors that
produce the phenotypic polymorphism of human cleft palate remains enigmatic and
the mechanism underlying phenotypic polymorphism of human cleft palate wait for
clarification. This study aimed to demonstrate that the epigenetic modifier produces a
variety of cleft palate phenotype by using Tgf beta 3 knockout C57BL6/J mice, whose
homozygous fetuses show complete cleft palate only. Furthermore, this study
challenged development of the preventive fetal medication using a DNA methyl
transferase inhibitor RG108, of which therapeutic target is improvement of the
severity of cleft palate phenotype. By using a newly developed in vitro analytic system,
I found that although palatal medial edge epithelial (MEE) cells of Tgf-beta 3-null
C57BL6/J mouse fetuses have no ability to bring about epithelial-mesenchymal
transformation (EMT) and palate fusion, they can undergo spatially specific EMT and



partially fuse to the opposed palate by in vitro medication of a DNA methyltransferase
inhibitor RG108. In addition, it was found that when the Tgf-beta 3-null mouse fetuses
exposed to RG108 in utero, some of them showed variedly incomplete cleft palates,
which is remarkably similar to the cleft palate phenotypes observed in humans. In this
experimental model, DNA CG islands in the Igf2r sense promoter region became highly
demethylated more than those in the intronic Igf2r antisense promoter region, which
resulted in the strong expression of IGF2R in both of the epitheium and mesenchyme
of the palatal tissues more than those in controls.

Taken those results together, this study provided a new insight into the epigenetic
mechanism underlying the cause of phenotypic variation of cleft palate phenotype and
suggested, for the first time, the possibility of the preventive fetal medication of which
a therapeutic target is improvement of the severity of cleft palate phenotype.
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ZOREH AT = R LNIREHRE £ T
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ETNVUADOABRERBD~ 7 2 RH
ZEFMA LT, NDHERFRBM O AN % A4 7
H3 A =X Lo L n R EE S
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BEEIT 100 % C, REAIZE2OEFENOLE
BT5Z L2 TIHRERTHERELTCOD (n=147),

3-1) DNA A F/ALEERFLEA] RG108 28 1 2
Ze Nl E AR (MEE #liE) ikl
HEJNC B Z D82 D in vitro f##T

DNA * F AL EEFE L EA] RG108 #% 5 3
C57BL/6] RAIFAET < 2B LU HHERH
JEET LT A THD TGF B3 Mis T KRB~
7 A (Tgfb3 KO) @ MEE #ifa o i &4y (L RE
(Fplz B -3 biisiase /1) 10 B2 D%
BIZONWT, YRR EZDMAIZBEEFE L
=88 in vitro fRNTY AT A& HWTHRAE
L7, (FTH&M)
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[ oFiB] O C57BL/6] ZHEE AR % LY
Tgfb3 KO ~ 7 A D~T 1 B2 R D MEE 2 A3
L TR 14 Ho~oUAREERHL, 0H
ZefEARTO R A0 T, GRRRIE
YRR % ~9) @ LZEER O S Il
OAOZREZY YIS, (RFITUIBIRZ R
T) @ Ao FEEEEZRY ROV CH—O
HZEREBIZCLERKREZ ST, @
MatriGel™-based ECM GHifast~ U v 7 )
TH-OZHFEL2OME L, |IET 30 ol
BELTTZUEERED) ® BEHAANAL T
AELE . BRHMIC LRz T ERJEIRE O Sy iR 2 # 4
DR OA 2 T T 7 —BIZx LT
WBIEME 2 BLE T 5 GM6001 % 20 o M DR EE
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— X — | ZHEFE LT 25 IR/ ORET/NA T
VAR SR 5 37°CT 48 BEREINE T 5.
B th O 7 VAL — 0 E e 2 TR RE )
B X USRS HT L T2,
3-2) DNA A F/ALEERBAE S RG108 @ in
vitro ¢ 5-73 C57BL/6] Rk Tefb3 KO~ 7 A
D OFBELOBWMAIEH 2 5 BOWE
3-1) L I[A%EIZ C57BL/6] Tegfb3 KO <7
AR OOEREEEELS —XOFEEH D H
L T MatriGel™based ECM (ZALH L2\ T
RG108 #ANEEHL E 721X FEFNEE L Cof HREE)
CHERTRFERE R (T 121, TERERFHNB LW
FRR AT LT,
3-2) DNA A F/UALEERBHE A RG108 @ in
utero #5723 C57BL/6] Tgfb3 KO <=7 2D
BHIRBFC G 2 DB

C57BL/6] S2#E Tefb3 KO ~ 7 A D~F 11 3
BIROHERERZ AR L, 43R 13 BH225 15 HIZ
RG108 % 5mg/kg/day CTHEMENIER G- 21T\, I
i 18 HOMBIIZ oW T O ZBAXKTM A2 /A
L7, 728, *FHEETIL RG108 DML W
72 AF AR F Y RO L% 6O Sk
T&RE LT,

3-3) DNA A FALEEZEFALEH] RG108 O in
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O8N DAL RF P72 TGF B 3-FEUKAT
D 10 FH L O A AR 2 R W R T
L7,

3—4) DNA X FILALEESEFHEEH] RG108 #2553
ATV T TERT [gfo2r TR E—H
—ERB LT v F A mRNA ( “4ir” )
DAL T VT4 TRy T ADRATF AL
W AE TR B O R KT

RG108 @ in utero % 5-%4F - THheHh 15 A
TH§H L7= C57BL/6] F%#t TGF B3 KO v 7 &
AREMRIEE BARRRIE GHREE) o D ZEHHkk
75 DNA R LT, Igf2r DA 7V T
4 TRy 7 ADATF A E AT
FIE TN LT,

3-5) DNA A FALEEZEFALEH] RG108 O in
utero HHIZ LV FHE I N A AR O E
ERESEEBLIOA T T4 o
{5+ Igf2r DFEM TIH B IGF2R DIETLIRIL D
HELRR - AT

3-4) LR UEAMETRGLI08 @ in utero %
HZ247\, Jqle 156 H ClrRIEZHH L, IGF2R
OFBURML O HFZEEOmA B (MEE i
DOIEFRIBFE) 7o & & BRI AT LT,
3-6) DNA A F/UALEERBHE A RG108 @ in
utero F 53 AMAL D C57BL/6] 52 #4E TGF B 3
BIR TR (Tgfb3 KO) ~ 7 AD M FHAERBL
N5z BREORE

C57BL/6] ¥k Tgfb3 KO ~ 7 A DALHRFFER
IZ[RIEED RG108 D in utero 5 %#4T1-> CTH
PESETS~12®@HE TE /-G, ~T s
ARERE L, FHl in vitro T AT A
ZMWT, AEMIEDO MEE Mo |-z
ICHRIREE D ZfiRAT 5 & L bz, R 18
HCHREREOOFHEZHIMZHAE LT,
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AR <7 2> MEE fiMaE bR -3 ki
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C57BL/6] &Mk Tgfb3 KO <~ 7 2 ™ MEE Hifa <
1% B -TRZE L ER A RE S A 22T R L T
WABHDD, DNA A FIALEEZRLEHS] RG108
® in vitro #5125 - T C57BL/6J Tgfb3 KO
~ U AD MEE Ml D s beE ) 2 & & v
72 L7, HFIZ RG108 @ in vitro ¥ 5-73 MEE
AR D TGF B 3-FEAKAFME D b - e ks
rs SR T EERALE (FTREBHK),

C57BL/6JR#E LR | C57BL6JR#R Tgfb3 KO

-

. @
merged with (Hoechst)\\

[BEE#HH] #HHE in vitro fRF > AT AT
X 2 FEBRAE R AR, £41 : C57BL/6] R EF
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THEER Lotk MRS L2 A2 7R,
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M D HREOREICHK T 2D TR
<\ bR s L7 MEE HIlE TH 5,
1T & A YD MEE fiaA bR -3 biini &
LTV, A4 £F] (B4R LFRLT
Sl T8 L 7= C57BL/6] 52 %% Tefb3KO <~ v
ADH—OFREERT, Tgrb3KO <7 AD
MEE e Clid b - Lt iise ) e 4
WCHKE L TWDZ ERHLNTHD (RANT
bR -SSR L T WA N T F
VMO E £ o MEE Ml ER9) .
WM RE DB LB in vitro
AT A7 AT ERR o LBV . MEE MO
KL BES . BRI bR - LinibE ) &
RT3 5 Z ENFRERME— D FIETH D Z
EDVEIBI LT, J 725, C5TBL/6J Tgfb3KO
< 7 Z2ADRENREO MEE ffa<IE e
ICERHARE I 2RI AL L T WA T
ERNTBHELRTZENI D in vitro AT
VAT AT XY R ST,
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7 REEEE) Ol X OHIEEE (B
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EVEIa T — 7y GREEDE) O,
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DY E L Ml R ERAGD
W7 ARG, BEHIIC RGLO8 ZHRINT 5 Z &2
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MEE #ll e > — 235 TGF B 3-FEARAFEME T 1= S —FH]
WM Z R Z LT 5, (KRENE B -
MMl L=V A N7 T F etk MEE
MinzRT) , BEHNZ GM6001 ZFmL < k=
RTREREBROSFEEZELEL TWDHZD,
MatriGel™ —based ECM PNICHBIZE S 5 KHIT
AT A NI FUoRERITOERED
MEEICHE KT DD TIE AL, B - bR
#al 7= MEE flfa CT&H 5,
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T, OEEEOBEAICHZ DB LZTE LT,
FDOHER, DNAX T NALEEFR HEHRIRGI08D in
vitrof¥ 512 X 0 0L LA K LAY IZTGE
B3R Dm A EZ R T LB RWEL
7= (TR |

C57BL/6J Fif Tgfb3 -/-

b ‘F'ﬂtk - % / .
[ 5 EFBA] DNA A F Ak % E PR EHIRC108 D
in vitrof5-73C57BL/6J%# Tefb3 KO~ v7 &
REREOOEREEOBEICH 2 DM
LU EREREZ RS, 2K xPHREE (RG108
DTN AN AF VAV ERF Y RO %
Bz ) o 1 EZSE A BIZHER T 2 Al
DIRER14 H 2> HASKEREIEE L=k o nHED
EE M (SEM) B a2, DEEE O
AlFEZ 572 (n=16/16) . 47X : RG108D
invitrot 58, RGIOSZEZHHICIRIN L T, %
PERE & A U < A8IGFREES 28 L 7= 1% © 1 2 DO SEM
R, BEHIICRGLOSZ RN L 7= AT 0
DOHIFE T OB ET D, (n=28/30, FHh
93,3 %)

F 7o, T ORI 7R TGE B 3-FER T D
OHEEEOBABEEZFAET L2720, 20
RG108D in vitroft H-EER-R T, & b IZHFRNE
M % A U AR 200 b L 72 i 5. TGF
B 3-FEKAF D O FRE O AL T -
MBS LA ER I (TREH)

RG108 O in vitro %5 8 DC57BL/6JRHE Tgib3 KO X0 RfERED
BATOOERE REN14EA O24FRMIERL-ORRE)

and {arpicium iodice)
Y

in vitrof 512 XV 8 I HCETBL/6] R H
Tgfb3 KO~ 7 AR E IO A O N EH %R
(BRI 14 H 2> & 24 B2 381%) D FR R P A fE
MrfERERT, EEX YA NrFFr G
@A) EIVRla T — L REHE) O

EY s KO (Fam)t) #@EGb
WG, A EX: RA—8RFoYyA Mo
F o () EIVEla T —47 L (R
) Oy OS2 TR B
DEATF v (Radlt) o L
¥ GREEYE) 2ERAEbEZMAMGE, AT
X : TUONELIEIZ X B TR b=y 20 G
W) EIVERla T —A L GREsE) ZER
ARk,

AR O bR T FRJE B AN T 2 T % AT ICMEE
MRaRY A " roF ot e X T Uit
L7200 | TGF B 3-FEMKAF D bR —-[H3ESrbiis
BNEZHZEERLTWD, DX R
A4y OMEERIIAIXTUNELFR M TH Y . TR B
— 2T 5TV, ZHHDFEEND
. HEEROBAICIIMEEME O bz —fHEEsy
{LERHRBE I WAL TH Y . TR b — A3
FAOBGE TN L LT,
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FE® in vitro EBRROFERE NG DNAA

F VAV EEZE PR E ARG 108 IMEE AN 0D 5 {37 47 S
B 72 TGF B —FEHE A7 b fe—3E A5 (L s % 5|
T L TR ERKRIM ZRE (L ST 520 %
NhHZEERWELEZ, #2T, &H1IZ
RG108D in utero¥s 5 FEEk % Ehw L 7=,
DNA A F AL EE L EAIRCI08D in uterof 5
OFEM G5 (&, HERK., &5
B0 OEEEITIR->7-9 2T, MBE13H~
15 H IZRG108% 5 mg/kg/day® 3 [AlfE e % 5-
% C57BL/6J %Mk Tefb3 KO~ 7 2 DITIRFFERIZ
)t LTITV, Gl I8 H TRIEZMI LT, &
ERIEOOBHERMORPEEIT T2,  *
DGR RG108D in uterof 512 k » T4 0
EAD I A B L TUWI=C57BL/6] R HETGE 8 3
KO~ v AR ERIED O BZL BN I
LBNDHE IR, RERNBHREETHH
ERENELNT (FRIZBR) |

RG108-treated C57BL6J Tgfb3 KO mice (GD18)

bars : 2 mm



[5E318]] DNA X F AL EFIRG108 D
in uterof}5-%17-> T, MR#E18H DC57BL/6]
kR Tefb3 KO~ ™7 ARENEIR D N EBIHK
DOREREREZ RS, BB  RC1084% 5L T
A ZFZNEIEAL LR o 2R B, R
SORMIRRE L FRRICOFEENE LT HHO
DRENFE -T2 I B0V OHER IR
9 (n =106/126) , EEEFRBIOER, T
BY DO KIIRGI08% 512 L W HEM A R%E2N
EITE(L LT & 7~ T (n=20/126, RG108
BHIC X 5 N HBHE(LOFELNFHL.9 %) .
Z DRG108D in uterof 5-FEROHE R TIL.
SERABHNAREE A BZZTEIEN LIS
ThH, IDICAFRARHIOANY = —T 3 >
(ZHUE) DI D ALTz, DNA A FUALRESE PR E
#IRG108D in uterofx 5 CTHEBE I NN EH
FHAMOZAIMEITE b BRI
NBDERVECZ PO THB L TWD AR ER
END, ZHOMERRIF N BERERHAO
SR & L B FEAHIR 1 (modifier) 23DNA
DAFNMACIRREBICH D Z L 2RE LTV D,

4-5)

4-4) OWFEFRERNS. DNARX FLEESR
FHLZEAFIRGI08D in uterof® 52 X » Tw4e 0
ERDO & R L TUWI=C57BL/6] R TGF B 3
KO= o AFRERIEO OBREHRMUNARLE2A
EENCRIE(L END & 9D BEEAFZE D %0 /LI
HEASNT, RENRAL TV T 4 v TR
T TH D Igl2r DERE « TR S NI EEYIGF2R
DNETERITGE B DIEMAL D R & 72 5 A
H U, Igf2rofiiikhs Ba9 A F Ak Al 22 ik
(differentially methylated region; DMR)
DAFALKRREEZFRAE L7 (TRISMH) |

*HEE RG108i1%58
1

sense RNA promoter region (DMR1)
poicti RG108#& 58

antisense RNA promoter region (DMR2)

[[XDFiHH ] RG108HE & FREE D IRIER15H @ 1
AN ODNAZ T U, Tef2rd A% R L1
A F AL ZEEDMRLE X N Igf2rD T v F
¥ o AnRNAD 7 1 & — & — & 72 5 DMR2 D CGAL
FNzxt LT, FEA A NALCGEE S D I % Y v]
HEZR I fREE SR Hpa- 1T, FE 721X A F (b, FEA
F AL DWW T CGHELS & YT R BE 72 Msp-
[ THLER L 72DNA% % FUZ FUPCRYEIC THENT L
7o &R, RG108#% 5B ClIxffAEIZ L~ T,
IgforOov v A7 o —2 —@BNITEAL
AFIALEN TN E VIR L7z, £72.
Igf2rDT »F & AnRNAD & —H — L
72 ADMR2 D A F LAV IERG108 4% 5-#F T H #9Y-
DREREIAFMEENTZFEETHDIZ & LY
AL 7=,

4-6)

4-5) OWFFRFERIZ IV DNARX F LAk
FEPHEHFIRCLO8D in utero¥ 512 X » T Iglfor
DO AMRNAD T > F & o AmRNA ( “Air” )
12X U CHEEE DN ERIZEIINL TWA Z &R
X7, JEESH OTGE B3 KO~ 7 A7k
FEREIR O ORI HOWT, [gf2rOFEYTH
% IGF2RMD FEH & RG108¥¢ 5 Tih i & U 5 BT
e S AR AR & SRR L BT 0 T
L7z, EOREE, *HEEE (RCGLO8FHEHH-HE) I
X Tlgf2rDpEY) T 5 IGF2ROFEHLN 1 25
Z2 i OMEEAEAE O 3 MR TR © N ITHEoR L
TW5DZ &, WAL E: AP Ki-675ME
A D EEEEECERIZEML TS Z
L. S HIZMEEMIE OB B FHEE I T
MEEFHIA DV LN = » TWDH Z & iR X
Nz, TNHORERIL, BH—oB B REI
Y2 0FHORHMUN LA E TR, AV
TV T 4 v TR DEY TH D IGF2RD
FIEE L OME/ERIC L > TERMERAE LT
WHZ EEFIELTWS (FTREBMR)

C57BL/6J Tgfb3 -- SRR (BEA15H)




C57BL/6J Tgfb3 -/- RG108 %52 (fa#ih158)

57 A

[5EH] A% : RG108 DIRLLIZ =Y
AFIZNVKRFY RO &G Lkl 15
H o C57BL/6] 2#k Tefb3 KO ~ 7 A (D [ 252
DMk 2 ~T CHREE) . AL DR EZE
T D e /N M i LTV 573, MEE Hllfa
DOERITHEZ > TV, FF : DNA A F L
{LFEEFRZEHS] RG108 @D in utero 5 %47 -
. M5i» 15 A @ C57BL/6] Rt Tefb3 KO
T ADEAEF O N FEEELERT, MEE Hifan
—HHEELL TV DHES CTHEO ST (EE)
DEEIND,

BRI TGR2R Oty (Rkfadit) %
AT, PR (AEFNX) 12~ T RG108 & 5-
B CEAIX) TIZH S 2T IGF2R D YsfashE
D, F, AAITEHFRIRT LS IZ,
SHHRBETIZ YA b7 F Bk (Zk ) @ MEE
FRE D FIT A B2 DY RG108 e 5-7E O
TEHR[X) T MEE fBE A —iEA L T\ D,
FARHEIE %2 Ki-67 OREYa TR L 2 A,
xHEREE (A8 TEBEA) Ik~ T, RG108 %
G B TEBAK) o0 ZHE2SHE B3 ClI sl
LTV BRI 52N %0,

4-7)

TR REER DO AER 13 H ~ 15 H {ZDNA X F- 11k
P SR EH 2 5 5 (RG108 5 mg/Kg/day. 3HM
Beh) L, HESE(F28~10EETHET
7= C57BL/6] % Tgfb3 KO ~F a &Ko
k% 22 LT, DNA A F UL HE L EA 2 % 5
HPICEIRI4B THRIBEZEIY L, Y%
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