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e o EEE (F130) « AETERIC T6F-B3 MO TEERM# X2 L T\\5, L L, TARII
& TBRIII 24 L7z signaling I2OWTIE, +0 2B E 7o o TUWVRV, # 2T, NIH3T3 #ifa
B~ 20#E23EE L, HFZBIED siRNA & W TR ER IR I O W TR L7265 R,
TBRII BLONTABRIII OFHIE, FIEH siRNA transfection (2 & ¥ ZEEIMH 7z, siRNA
Stk T C TGF- B 3 B &2 4T » 7= 45 5, TBRIL/III % knock down #4T-7- M TIL, #hFh
DB % knock down L72385& 12 L, p-Smad2 28l ST/, L7=23-> T, BRII
B I OT BRIL i receptor DFHAANEH DB EAZ X » TG B RmEETT > T 5 Al RENE
DIRIE X T2,

WroE R B O3 (92 3X) : The molecular mechanisms regulating palatogenesis remain
incompletely characterized but are most likely to be involved in the molecular etiology
for cleft palate. The objective was to investigate TGF- 3 signaling when both TGF-j3
type IT and I1T receptors (T BR-II/III) were knocked down an NTH3T3 cell line and palatal
organ culture in vitro. Treatment with siT BR-II/I1I reduced the expression of the target
genes. The treated palates were partially fused at E13+72 h when T BR-11/11I were knocked
down, although all control palate were completely fused. The downstream genes was
decreased in the siT BR-II/I11 treated NIH3T3 cells and palatal shelves. The present study
demonstrated that knocking down both T S R-1I and III could affect the downstream signaling
pathway of TGF- 3 by reducing the levels of phospho—Smad2. The siT BR-II/III treatment
resulted in persistent MEE cell proliferation, which has been shown to be linked to a
failure to complete palatal fusion events.
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I v 7 & K (Transforming Growth
Factor-beta: TGF-B) family & OBIR AN ITHE
HEHENTETWD, TGF-BIZIE, itk
Type-l, 11, 1l receptor 35 X THED,
HEEE OIE, ZROFEMAFFIZBIT S
TGF-type 1l = & {K(TBR-1I) @ conditional
knock out = 7 & ™ generation (2L L, %
@ phenotype ITAHEHRAZEZEL TWWZ &%
6202 L7 (Ito Y et al, 2003), F7z,
TGF-B type 111 receptor (TRR-1)IZE, 73K type
I, 1l receptor ™ escort receptor & L THI 5 4L,
FEIR R A A 1T signaling pathway (2 BH5-
THEFT—T7NRNE STV (Brown
et al., 1999), L2>L, HFEHE 51X, small
interfering RNA Z {1 L, TBR-III OF&EES
knock down L 725, R OZHFLA ORI %
W7z Z & 2 #E L7~ (Nakajima et al, 2007),
X 5|2, receptor @ down stream T®H 5
Smad-2 @ phosphorylation % L% L TV 7= 7-
¥, signaling pathway 23 (F1E3 2 & & L7-
(Nakajimaetal., 2007), L7=»3->T, TGF-B
BILOZED receptor 1%, “ROZORLEIZ
BB LTETWDZEDNHLMNE RS
T&ETWA,
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Transforming Growth Factor-beta (TGF-B) 3
FOZAERIE, “knFfa4 B (Medial
Edge Epithelium: MEE) |Z5R\ &5 +& AR H
DRBAZRTZEDRHLNERSTETY
58, O#EMARO signaling  pathway 4
BIL, REFDICHEHISHLTHD &IV AR
W, L7ei3-> T, ARIEGEH X, MEEIZEBT
% TGF-B, ED=F{K, downstream iE{x1-,
TGF-BIZBEf% 9% transcription factor M FEHLIZ
DOWTOMR, & 5(2 small interfering RNA
(SIRNA)Z{# ] L, {1 knock down Z471>,
TR O ERA & TGF-B signaling pathway @ B

FEOWTIRAT 5,

3. WD HIE
(1) NIH3T3 i culture 33 X WVin vitro organ

culture O FNEF L OBFED) O /ER

NIH3T3# i D culturel, d-MEM media% fi
L, 37°C, 5% CO,-air atmosphere DER5: T~
T, J#J£50-100nM D siRNA % transfect L 72 7%,
2415[#1% F Teulture 217 9, [EffE 72 MEEAH
O HEER X OO ZEH A R O B8R -5 BLR
ERONCT D720, IRAEIBHAO~Y T AN
BREOLMH L, 7 4 V& — LTl 0 #EE
fZAbHE 5 X 91, BGjb medium (Gibco)
Diz% L 7-Grobstein organ culture mesh ki
#EHE O+, culture dish® H11Z Torgan culture
AT 9, 70k, 6RFHITE TR EE300~500nM D
siRNADtransfectz 47\, 720 % Torgan
culturez17 5, Culture?® 2= 1cell culture &
Ak & Lo, RRRFAYICERIR L 7zsamplel, 4%
paraformaldehyde (= C [# & %, WG k2 1F
L, -80°CTRIFT 5, WAEEINIX, 77
AF A2y VEMAL, YR OELZ, 10um
L, ZDO%-20°CIZIRFT 5,

(2) Real-time RT-PCR (Z X 5 mRNA R H.D &
AT
NIH3T3 fifgds L O~ v A 0 2% MEE #ila

® mRNA Ol 24T 9, filiit L 72 mRNA X

¥ 1ststrand RT-PCR 15T cDNA G Z1T 9,
TGF-B3 3 X U receptor OIEFEEFI LV 5°5

F O3 primer Z 3% AL L, Quantitative real

time RT-PCR J£1Z & v EEl@5 T O iR %

TV, B FRELZ MR 5, 7238 TGF-B3
BLOZEOZREEFBLED Standard & L T,

TTIEHEIN TS~V T A GAPDH ©

primer Z{EH L, 4 culture %@ TGF-p3 i&
LT 8B L OZHIED KIS % E R ik
SRR

(3) Western blot V52 K % TRR-1Il B4 >
X7 FEBLD TE BT

NIH3T3 Alfads L ORA: 13, 14, 15 HH
@ ICR (Wild type)d>~ ™ A "X 13 organ
culture (24, 48, 72 F§fE]#)? sample % Lysis
buffer {ZC homogenize 47\, SDS-page %
\2T, sample @ loading #1795, & D,
semi-dry 7%:(ZC membrane |Z loading sample
% transfer L, blocking LB %47 - 7214, —
WHEL L O R UE % SOS S T2 1%,
Western blot detecting kit (Roche)iZ T, X-ray
film |25 0 S, TGF-BE X O receptor D ¥



BB L OROME 21T 5. siRNA 23
transfect L CW\572&E 5 22D\ T, Target
BIETZ NI RBlEE L hr—L bt
WL, MEREITY., £, BEKFETH
BHINE IOV THRREINZ 5,

SiIRNA O transfect fif 7 %ﬁ []45 7> membrane
ZfEH L, downstream (Z1FET %, EET
FBWOWTOERBMITZITH>, S HIC
phospholiration L 7% OE:NERE T, =& %
IX p-Smad2/3 DFEBLN SiRNA 2L D, =2
b — LT i LB RIS DUV T O E &
a1t o,

(4) Target 1= 1% knock down L 7=Ff®D
MEE o> cell proliferation 0>#1%2

24 WEE# o Sample [AUY 2 BfAETIC,
100uM @ 5-bromo-2deoxyuridine (BrdU) % JX
i S, (AL, [EE L7-1%, BrdU detecting
kit (Zymed)|Z TYLta 21T\, positive cell 12T
SWTH Y hL, av ha—/L L& gt
% Z & T receptor % knock down L 72
MEE OMEE L HEREIC O W TS IZT 2,

% 7=, apoptosis @ detection (21X, in situ
TUNEL cell death detecting kit (Rosche) % f#
L, [RARIZ positive cell 1w > k&fTV, =
Yhm— v EERET S, Lo T,
5 5745 F 1, cell proliferation 732 < 174
TV, ZIRAEMEORHEA =2 K
0=V i LR IE 3 2 A REME S & D &
ficExrbDEEZLND,

(5) HEHLEEZ A i
uﬁm’ﬁ/\éﬁ Lpﬂﬂﬁ L, BIETORBIE
Wik L O &I\, Standard 12 GAPDH %
fEFI L, relative amount & EFE L7-1%, %
FHALEL Y 7 =7 SPSS &L,
ANOVA — LBl E S aATiE 2 vy, £ D%
Tukey’s HSD (& CH EZEMRIEZIT 9,
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(1) NIH3T3 #Hf@ culture B X OO HED
organ culture 21T\ &H > 7 LIZoONTC,
SIRNA DJEFEKFRYIC receptor D & 2/
7 3 BLUXID L, 500nM O EE D siRNA
transfection {4 7 C, [ receptor % #J 75%
BT 5 2 kﬁ)ﬁ’éa T%t (% 1A B,
2A B), RT-PCR i%&iC BEEATIZEB D
T, NIH3T3 ﬁ’tﬂﬂﬂ’ﬂ%‘ J: U“ M2 o organ
culture DY > 7BV T, receptor
DIEBLNH A fesl T = 7=(X 1C, 2C), ?;E
72, ¥ U AOFZOWNTIE, TRR-II |
TRR-11 DIEHL % rescue ﬁ‘é@ﬁ’%?@b
TBR-Il % knock down 3% &, TBR-IIl @

FHLD LHS 2 BBRROEE RGO,
¥ 72, M receptor @ knock down {2 &k bV 1
ERBELABLESE MM Z R L7z (Fig.
2C),
(2) SiTBR-1I/11 % transfect L 7=FED~ 7 2
TRAEORAICOWT, E13+72h 0
organ culture O F (2T, control
palate ITERITES L TWAIZH b
, TBR- II/III D receptor % knock
down L2 R O H A O IE %
7D, MEE fifadik a2z (K3 A
B).
(3) BrdU O R TIE, =¥ hr—LEET
SiRNA treatment A£1Z FLi#e LA B2 720
BmzERL7cZ &, Treatment BED 7
73 MEE fiid o cell proliferation 732 < 17
b, BRI T L2 e E N
(K 4Aa bFB LT 4B), Insitu TUNEL
DFERTIE, positive Hifdl L= hr—/L
BEOHNAEBIZEZ WMER 2RO 720
Control 9> MEE #i21% PCD = X 0 1%
AT DI ERDT-(X 4 AcdB &
X 4 B),
(4) T receptor @™ knock down (Z &V, T
B LT CTdh D Smad2 DV bz 2
ZRIEFLZ (K5),
(5) Transcription factor (Z-2>\NTid,
receptor @ knock down {Z X ¥ Thx22 ¥5 &
U'Runxl & & IZAEIZH 50~70% D FE B
milEnTnWL ZERHALMNE R ST
(X6), Z DAL NIH3T3 Mfaic B0
T, Palatal MAEIZIWT b [FIER @ W
o7 (M6A,B,C, D),
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Figure 1. Nakajima et al
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. (n=5, "p<0.05)

A: siTBR-II % transfect L 7= 51 B R 7F A0S
receptor OFEBLAPR A LT\ 5, B: siTBR-II
Z transfect L 7255 SRR EARAFAYIC receptor
FHLHA LT %, C:Real time RT-PCR O
fER &R L, thTGF-B3 ORI X v, receptor
DOFBBEIML T A AR O, Fe,
SiTBR-II, SiTBR-II, siTBR-II/Il D4 siRNA @D
transfection (2 L ¥ target & 72 53BN
B L TWORERDBH LN E o7,

Figuee 2. Nakajima et al

2: v U ATRAZFITEIT D SiTBR-I/II
Dk 5 (n=5, "p<0.05)

A: siTBR-II % transfect L 7= 51 B R AE A0S
receptor OFBLAPR A LT\ 5, B: siTBR-II
Z transfect L 7255 iR EAKAFAYIC receptor
FHLEA LT %, C:Real time RT-PCR O
fRERL, YUARAZKRICBWT,
SITBR-11, SITBR-1I, SITBR-II/Il D% SIRNA O
transfection (2 X ¥ target & 72 5\ IEEBLN
B L CTWBRERDBA B E e oTe, BLETE
WER & LT, siTBR-II @ knock down (2 &k ¥,
TBR-I OFEHEEIN L TV B HA Z 78D -,
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Figure 3. Nakajima et al.

3:siTBR-11/11 % transfect L7-Fo> Wk 02
DOFEBHAE I OY MEE #0727k e

A: U A T IROZEHD E13472h % @ organ
culture @ phenotype %777, Aa L siTBR-1I/II
% transfect L7280 "R O EHRTHEAE R L,
Ab [ZE A RLCWD, 3 hra— /Uit
DOHIFEC)B LML d) 2md, 2
b e — VREEIZEREZ L, treatment BTl MEE
MIEOEAFRH LN TH Y, A OERIEER
®7z, B: Nasal epithelial 7>% oral epithelial
T MEE #ifla DFAFIRIE A 50% 2 EE R 7
TR LR EZRT, BiETIE, £ 50%0
TR EIZ 50%LL o> MEE HIRE DR LT % R
DI, BITEIZIB N T, #140%D 1 12 50%
LA o> MEE Hifie 5% 47 % 38 8 7= (n=48),
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Figure 4. Nakajima ot al.

4 : Cell proliferation ¥ & Uf programming cell
death i o i (n=5, "p<0.05)



E13+24h (28T 5, =¥ Fa—/Li BrdU @
R (A a) B L treatment BEEOFER: (Ab)
R, 3y hua— LRkl L, treatment
RECAHE I cell proliferation D e 733‘%1/ Ve 7]
1= (B), [REEIZ, E13+72h 12851F 5 in
S|tu TUNEL OfRTIZ, =2 hr— 3t (o)

\ZEEER L, treatment B — ¥R 125 MEE il
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Figure 5. Nakajima el al,

5 : TBR-1I/IIl % knock down L 7=FS Fift
/57 p-Smad2 DFEHL (n=5, “*p<0.05)

A: SiTBR-II, SiTBR-III 35 LY siTRR-1I/III %
transfect L 7zF8D~ v A 12O Total Smad2/3
BELOp-Smad2 » ¥ 7 3B &R~ d, JEE
X, receptor Z double knock down L 7= £ D
7573 single knock down L7354 L 0 U Rk
23 P X 4L T w7z, B: Relative amount
(p-Smad2/total Smad2/3) % & L 7= fi& H,
control siRNA [Z iz L, 4% single receptor
knock down L 7-43& 3 & O double knock

down L7=B8i2 & A &2 amount 23384 LT
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6 : TBR-1I/IIl % knock down Ltﬁ%
NIH3T3 Ml K N "k R HICTH T D
Transcription factor (Tbx22 3 JXTF Runx1)® %%

8l (n=5, *’#p<0.05)

A: NIH3T3 Mz 381) 5 Thx22 M3
B: v XO&E|C jLéTbXZZOD%EfE
C: NIH3T3 #ifEIZ 1T 5 Runxl DRI
D: v U XAOFIZEBIT D Runxl D3EH

A-D: Control RNA (2t L, siRNA BETITH
BEIZ/NES VWA R L, double knock down L 7=
BA T, 4% receptor @ single knock down L
AR L, RIS WEE R LT,
L7235 T, TBR-II, TRR-III 35 L O TRR-1I/1MI
@ knock down #1795 Z L2 LV, FiiOHizE
RFAZHOWTH B 2G5 2 E0NHL
mEioi,

Figure 7. Nakajima et al
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A FIERZ L0, TBR-NI 237G ML, B: TRR-II
23 Ligand (Z#5 4. C: TBR-11l-Ligand complex
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