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A#HEANE OFHENRE SN TWD Sprouty2 ITOWT, AFBEEICHBITHEE LI 60T
L=, v A WEE 21T o7~ Sprouty? 8in /K (knock out: KO) ~ v A TIZL,
Jefrd 21.9% ICOBEHEZRBO, o, DHFEERFTCIROBEREETELLTELT, F0
TIFITHEE LTV, B (wild type: WI) ~ 7 20 O EHMmAF (05222 LA, #5
BE, WARE) TiL, Sprouty2 (XA LML S OZEMBEMANICRE LTz, REIZ X5 mRNA
FHBOEITRL< . AFEMAE 28 L CHEFAICIEI L T, Sprouty2 FEFEE FTOH
ORI OWTHREI L= & 2 A, Sprouty2 siRNA BARE & STHBETI VTS A 0 % 7
Bk L., BRICHES LT, F2 T, Sprouty2 KO v ZAOOAZBIZBIT AT R F—T A 250N
T TUNEL Y Z W THREI LT ZANWT L OMICHERZEITRD R o1, WIT. Ki-67
PR AL R 0 R O W TTRFT L 72 & 2 A, Sprouty2 KO ~ 7 2 D 0 #E B HEIZ X
Ki-67 BPEMIRARN A EIC L o712, £7-. Sprouty2siRNA ZEA L WT ~ v A0 0 EMEEM
fa % T WST-8 7 v e A IC TEMREZRIE Lz & 2 A, Sprouty2 siRNA EARETHEIC
MfmEEFE S L L T2, F£ 72, 5-bromo—2’ —deoxy-uridine BrdU) BUAFERIZ T Sprouty2
SiRNA EARETHEIC BrdU BN S0 -7z, ABERIEMROZ o BT A X T 0
v MEIZTHAT LT & 2 A, Sprouty2 siRNA ¥ AFETIX FGF JIBLERI IR ORI & 72 5
extracellular regulated kinase (ERK) ® U U Eg{b23 i L Cu /=, £7=. fibroblast growth
factor (FGF) > 7 F WiZ X V#FHE X 5D homeobox, msh-likel (Msxl) . paired-like
homeodomain transcription factorl (Ptxl). ets variant geneb (Etv5) O mRNA FEEL
Sprouty2 KO =7 ADNZETILEL TV,

PLEDOREFR XY | Sprouty2 1% FGF > 7% L CHZEBIEDMADEIH 2 HIfE L Tk .|
Sprouty2 KO ~ 7 A T A HMEMAOHEMRTIZ L nHEZEDZE EXHEIN, DERE
FIET D Z LIVRIBE T,

WRFERCR OB (330 -

Cleft palate is one of the most common craniofacial deformities. Because Sprouty?2
has recently been reported to play a key role in the occurrence of cleft palate in humans,
we researched the role of Sprouty2 in mice palatogenesis. Sprouty2-deficient palates
fused completely in palatal organ culture. However, palate mesenchymal cell proliferation
estimated by Ki—67 staining was increased in Sprouty2 KO mice compared with WT mice.
Sprouty2-null palates expressed higher levels of FGF target genes, such as Msx1, Etvb,
and Ptxl than WT controls. Furthermore, proliferation and the extracellular
signal-regulated kinase (Erk) activation in response to FGF was enhanced in palate
mesenchymal cells transfected with Sprouty2 small interfering RNA. These results suggest
that Sprouty2 regulates palate mesenchymal cell proliferation via FGF signaling and is
involved in palatal shelf elevation.
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1. BFZEBAG 40O 5

NEOHEZT HAERICRD LND LR T
EHROF T, bREICEIT DR AEMEIX
0.2% ERCKIZHE L TRV, BUIETIISET
TRPRIEEARIC X 0 IRITT 2 T N & 1R R
MZHND L2572 DD BERFE
IZ & > TORMHER & RHIMICB T 516
WO LI AT R E WV, AF N HRHORIE
(I BREE D BN & BBV ER O 5 3B 5-
SNTNDEINTEY L TOIRIERN
FILOfEFIZ 72 % 70 EBARHIB G- 73 58 < TR &
"o,
NENZHOEZHEEESTICE L TR,
MSX1, TGFS 3, PAX97: E D5 1T72 &
TW5H» (In Vitro Cell Dev Biol Anim.
34:831-5, 1998; J human genet. 51:38-46,
2006) . TOAHPEHEROITE AL ENRE
HODIZEN T RVWONRBIRTH D, Zh
FCHRME, UM R PIRE R EEIR DFFED b
L. DEAOFRAEF U REERK & BErE
ROMGHBEEET LR TERTHLME
KRBT, T I U RIS T
FE O BEENT 24T\, SR TR B MEER
T DT HAT > CE 7232 F> (S Araiet
al. Psychiatr Genet. accepted in Jul 21,
2008) .

2. WO HRY

NENHHOBEMELRFERE L, [mER
SEffif 7 A b (transmission  disequilibrium
test; TDT), fEF -k Bl 2 v 7= B A 2
1TV, AARN DR 0 EH52080E OB B s
BFERETDHZ EICH D,

Flo, HEREOHEPRESNTND
Sprouty2ZOWNWT, v 7 A& AVAOERSIC
BIFHEEZHONTT 5,

3. WHROITIE

[ NE QN HRE RS MR ORE
L. BTN Y > 7V O

AT F—bFarvr r&2Eon-A
A NFEIEGENE O O HABFE - FHED S ERIL,
NZHRET 5,

SEEEL LT, A 74+ —b FRartr b
LN E D OEM, TNOBRREIT .,
MiEIE~ A7 A7 V) —=> 7 Lk w158
AU CTHIRRAE, FINE 2 I3IRATRE 217 9
B, ZOBIC AN 2B L, BASERAE L.
DNA #HhHd 5,

2. EHIBE T L DB D EHR L OREMENT
« MSX1., TGFpZ 3, PAX97: E&n 112D
U TR EEA S fig AT

Yo TN EERLIZBEER L OZFOMH
DR AEEEE LT, MSX1, TGFf 3,
PAX9 75 E\FET 585D TagSNP (2D
WTC, XA V7 hy—r 2 RiE (B
V= AEEANW T 2 ) AT
ATV, BERHT A &7,

- MSX1, TGFS 3, PAX97: ¥ Oi&fnv &
MR 122 L o B figh:

MSX1., TGF33, PAX97: X D& RO
TagSNP 2D\, kHERE, REREZNZN
ZRANWTY = ) XA B 72470, BT
EATO, S BT, SRS 21TV,
A ORI T D SNP I2 LT
BATHEEREL, "TaifTEERBELDOHE
HENT 21T 9,

I Sprouty2 ® AHFMEITIR T HEEI O
!

. v A

Sprouty2 KO ~ 7 A i E & 2% E I ERL
Lizw v A% iz, SHRETHL WT <o
AlZi% C57BL/6) v U A (HARTZ AT /LY
— Shizuoka, Japan) # 7=, ~ v AALHRE
BT 77 BHTHZ LIk itV T
THEROZ E0S & L7z, MR~ 7 ADSH



HEZ i S 7212, I &2 YIBR L CHafr &4
H U7oe i U7 IRl Rl 2 BaMR 72 < 28R
AW,

2. ~ U ABTHATENETE) o VR

~ U AMEF OB 2 UM L, BRESETEA D)
FrafER U7z, ERE U 72 BRERTEEE) i & H
VT, hematoxylin-eosin (HE) %:ta %17 7=,
3. Sk

R T 4 VU ELEL, —RPURL L
THL Sprouty2 ARV 7 v —F PR (T7HF
Hi3k&. Protein Tech #:# Chicago, USA), #t
Ki-67 €/ 7 a—JF Bk (79 3k,
Thermo Scientific #:% Miami, USA) % i
47z, fluorescein isothiocyanate (FITC) 5
#kHL T X 19G (ZYMED {8 California,
USA) % <) &, Vecta Shield (VECTOR
LABORATORIES ¢ California, USA) T
WHL L7,

4. RNA O3 £ O complementary DNA
(cDNA) D&%

RNA OHHIZIZ 7 =/ — « 7 makL
DLz ATz, WOLEEHI T RNA OfRE
ZW7E L, reverse transcription polymerase
chain reaction (RT-PCR) (2T cDNA % {f#l
L7-, RT-PCR %, GeneAmp RNAPCR * v
K (Applied Biosystems 1% New Jersey,
USA) ZfifH L7,

5. U7 /%A . PCR &

U7 /4% A2 PCR IL Brilliant SYBR®
Green QPCR Reagents (STRATAGENE #i-
California, USA) # v »"C4T- 7=, Sprouty2,
Msx1 . paired-like homeodomain transcription
factorl (Ptx1l) . ets variant gene5 (Etvb) .
glycelaldehyde-3-phosphate dehydrogenase
(GAPDH) O 7 A ~—% T EIEKEF LT
> 7=, EEALIZIE MxPro QPCR Software
(STRATAGENE #:%44 California, USA) %
V2, 4 messenger RNA (mRNA) D% Hi&E
I3 GAPDH mRNA D381 & & e LT, FHxt
HIR B R I L7,

6. YVTAXTuy Mk
IR IR 2 VTl b 2 X7 g

L, BOLENEIC CREE &R, 1 L—
YT VRRE N EED T5 pg 127D K
5 2 L T, sodium  dodecyl
sulfate—polyachrylamide gelelectrophoresis
(SDS-PAGE) %177z, Dk, X /XJE&
%%y % poly vinilidene difluoride (PVDF)
& (Millipore #1:%¢ Massachusetts, USA) (Z
B Lo, IRIC, 1 WPk E LTH ) vk
extracellular regulated kinase (ERK) 1/2 &/ 7
2 —F R L O%T ERK2 R 7 m—F
Jb $T & (Santacruz Biotechnology #f
California, USA) % W C G & E72, &I,
2 WPk & LT HRP HE#PT v ¥ 119G
(Jackson Immuno-Research Laboratories 1

Pennsylvania, USA) # MW CRILE®E72, &
D 1% . Super signal (PIERCE #L#L Illinois,
USA) TREBIHET X 7 424 (Fuji
Film L% Tokyo, Japan) LT L7z, /v
N 58 B IX 4 g At~ 7 b NIH image
(National Institutes of Health, Bethesda,
MD, USA) MW TEHAIL 7=,

7. small interfering RNA (siRNA) D3 A

Sprouty2 i fx - BUMEIT Stealth RNAI™
specific for Sprouty2 (Invitrogen #L:#4 California,
USA) VT URT7 =7 v a BT T-
72 . % BB IZ 1T Negative control siRNA
(Invitrogen 1% California, USA) %3 A L7-,
8. ¥ U AOEMEREE

SREREERIT Shuler HOFIEICHELT TiT-
72,E135 @ WT ~ 7 A LY @ifilo> 1 228
% £ B L . Millicel-CM  (Millipore 4t %2
Massachusetts, USA) FIZ/45 D O #EZEHG
Sl MR L CHET D L D ICE W, 6 U
JVAaEE R T ¢ v 3 =212 10% fetal bovine
serum (FBS) & A Dulbecco’s Modified
Eagle’s Medium (DMEM) /F12 &% #fi
(Sigma-Aldrich #L#! St.Louis, USA) 1 ml 3 &
" siRNA transfection reagent % AL, = ® Lk
1Z Millicell-CM ZEW-A Y — Db
(Falcon #E# New Jersey, USA) #FFEA L 7=,
siRNA transfection reagent OFHR%IZ 1 7 =/
H7- VY OptiMEM 100 ul, Sprouty2 siRNA
(Invitrogen #-%¢ California, USA) 500nM
Oligofectamine  (Invitrogen #-#! California,
USA) 8 ul & L7z, 858k, A7 L T¢
ML 2 PRI L, 4% PFA THEE®R /T 7
g LTz, BEE S5 um ORT 7 0 LY
ZER L, HE Az 1TWV A EOEA 2 HE
L7z,

9. TdT-mediated dUTP-biotin nick-end labeling
(TUNEL) %fa

fe 135 A WT <~ 7 A EfrB L O
Sprouty2 KO ~ 7 A I D SHERATEAKIE] Al
C. In situ Cell Death Detection Kit (Roche
applied science L:#4 Basel, Swiss) &\ CT7
W= A A R LTz,

10. ~ U A M H R HERIL OHI RS &

E135 @ WT ~ 7 A AHZEZ I L | B
IR EAT o 72, Mz o3 L, 10% FBS &
A DMEM/F12 B5HIIZ THEE L7-,

11, MEHET > & A

Bz 1 Ens 2 R L~y 20
Z[WEEMMARIZ Sprouty2 siRNA 25 nM % L <
I% Control siRNA Z Bz HAL, 96 V=
T L — MZ BX10* 7 = )V THERE LT,
BT, 24 BEMMEIC WST-8 A fa it i
v N (FHTA T A28 Kyoto, Japan) %
AW THITRECE 21T > 72,

12. 5-bromo-2'-deoxy-uridine (BrdU) 7%

~ 7 AN MZEMAZIC Sprouty2 siRNA

A% BrdU labeling and detection kit (Roche



applied science f1:#¢ Basel, Swiss) & H T
BrdU #Z Gk % 1T » 7=, siRNA transfection
reagent OFHEKIT 1 7 =L H7- 0 OptiMEM
100 pl. Sprouty2 siRNA (Invitrogen fi: %
California, USA) 25 nM . Oligofectamine
(Invitrogen #1:#¢ California, USA) 2 ul & L7z,
BrdU fJitté. #T BrdU iRz v Coufiiil
AL F I ATV, B I A HE L7z,

4. WFFERER
OEOFEHROBZEEMERTICBT D
DT, BEMEfEATIZOWTIL, Yo 7P is
e LT D,

Sprouty2 O HOZFHEAIZE T HEENZON
<
. AHEBAERFHOBA < 2B 5
Sprouty2 DOFEELITEI T D T

WT ~ U 20 AH/mER (n2&EE= -
Al #AR, MG R) OBEETEEwY) Fick
VT, Sprouty? 1 H 2 AR & 0 25 R EERE
FIZHHL L T, WT =7 20D 032 K
Y mRNA 8L, U7 /%A A PCR ZAT
Sfc b TA REHIZ K D mRNA #EL&E D 2L
LR o7y, AEBE R 48 L CEEH
IZHEBL LTz,
2. Sprouty2 Bz FXRE~ T AOEDORE

(BT D REt

Sprouty2 KO ~ 7 ZJa{FD 21.9% 1203
HEFRO, NBFRIENRF CTlrI Do &8z
ELTBELT, EOMFITHEEL TV,
3. HEMEREICBIT S Sprouty2 Eis1

itk (RN

Sprouty2 FEfFTE F CTOHAZFMBMAREIC DO
THET 5720, WT ~ 7 20 0 &858 25
B L. Sprouty2 siRNA E A T2 M1 HRE S
Z1T->72, Sprouty2 siRNA & ARE & st LT
Wb A N & EESHEA L, ERIOE
AL,
4. Sprouty2 KO ¥ 7 2D N HEMEEIZEKIT S
TR b= A d KOS B T S Mt
Sprouty2 KO ~ 7 AD HZEIZBIFDHT R h—
¥ AT DT TUNEL Zett &l VTR L
2L ZTA WT L ORICHERZEITRD 22D
STz, WIT, Ki-67 Sl b7 el Tl
FaBEFEIZ DUV TR L7 & 2 A, Sprouty2 KO
~ U ADAEMEITIT Ki-67 BHIERIIE A
BlZ% 0oz, £7-. Sprouty2 siRNA %A
L7 WT ~ 7 A0 N ZHMEMEZ AT
WST-8 7 v & A IC TAEMBEARE L L
Z %, Sprouty2 siRNA 3 ARECA B Hlfu
FEMNTUEE L T\, FE£72. BrdU BUARERIC
T Sprouty2 siRNA EAFETHEIZ BrdU [
PERIRRANZ Dy o T2,
5. Sprouty2 (Z % 11125 [ HEHN fa 54 FE il 481 |2
BE T 5 o 7 F /UK IC B 2 1T

N&EMIEMR LY ¥ o7 2L Ty

TRAZ Ty MEICTHITLIE 25,
Sprouty? siRNA 3 ARETIE FGF HIRELZ A
fies 4 > FEHE & 72 % extracellular regulated
kinase (ERK) @V (k3L L Tz, £
7-. fibroblast growth factor (FGF) + 7 /LiZ
XV E SN D homeobox, Msxl, Ptxl, Etvs
® mRNA FHBLZ MR L7 & 2 A, Sprouty2
KO v U 2D AHETHIANTLEL TV,
PLEOFER X v | Sprouty2 (% FGF > 7
I A L C I 22 o0 AR Bl A I AE LT
B0, Sprouty2 KO ~ 7 A CTld M E B
OHFERFIZ LY DB REDOZ EXHES
. OBHERIET D2 EPRBINT,
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Kaori MATSUMURA, Takaharu TAKETOMI, Keigo
YOSHIZAKI, Shinsaku ARAI, Terukazu SANUI,
Daigo YOSHIGA, Akihiko YOSHIMURA, Seiji
NAKAMURA

Sprouty2 controls proliferation of palate
mesenchymal cells via fibroblast growth
factor signaling

Biochemical and Biophysical Research
Communications 404(2011) 1076-1082
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H A [ 25807263k 35 (3) 186-194, 2010

(F=geR) G104

R k. BB FiR, W EH. R &
B, HE KR BE ARE. A B,

B B PR RE]

MAPK #1175 [KlF Sprouty2 @ FGF > 7" )L &4
U 7 10 25 T S0 A0 A 1 ol
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Kaori MATSUMURA, Takaharu TAKETOMI, Daigo
YOSHIGA, Shinsaku ARAI, Takashi MAEHARA,
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YOSHIMURA, Seiji NAKAMURA

Sprouty2 deficient mice exhibit cleft
palate.

International Association of Dental
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Shinsaku ARAI, Masaaki SASAGURI, Takeshi
MITSUYASU, Tomomi NAKAMA, Kaori MATSUMURA,
Seiji NAKAMURA

Evaluation of re—-pushback surgery for
cleft palate patients with
velopharyngeal incompetence

6th Congress of the International Cleft
Lip and Palate Foundation Seoul, Korea
2010.6
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YOSHIGA, Takashi MAEHARA, Terukazu SANUI,
Akihiko YOSHIMURA, Seiji NAKAMURA
Sprouty2 deficient mice exhibit cleft
palate.
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2010.6
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MITSUYASU, Shinasku ARAI, Kaori MATSUMURA,
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A study of speech discrimination ability
of cleft palate patients with abnormal
articulation

6th Congress of the International Cleft
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2010.6
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