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fet~1l~~;:*"tl~T 0 O)~;:~\~fetl2Sl+ ~ L- -C%l G:tV-C1; \ 0 (22)0 LIF r;t§t${*~;: 7 

7 3: V ~;tt::@ 0) gp 130 ~ LIF !f;f~i3"J§t${*0) LIFR~ ~~~ (23)0 '/ -f'j-JV{~ 

J¥O)tt*JiJj-~:t£J"FO)~::tot) -z:cb0 0 LIF iJ~§t${*l;:~~L-~ =:I;:{* (gp130 ~ 

LIFR~) ~~PX:T 0 ~ ~ §t${*O)*W~§f7'J F} -1 /~;:~~ L- -C1;\0 Janus Kinase 

(JAK) ~:t~ § C V /~{I:::T 0 0 V /~{I::: L-k JAK~:t gp130 ~ LIFR~O)*WB§f7'J 

F} -1 /0)70 '//Jj;£~ V /~{I:::T00 =-hG V /~{I:::2:hk70 ,//Jj;£ 

~:t Src homology 2 (SH2) F} -1 /0)~~.::e-7~ 7 ~ fet 0 0 =- =- ~,i~12Sl 

Signal transducers and activators of transcription 3 (STAT3) iJ~~~ L-~ JAK 

l;:J: t) V /~{I:::~§tvt-cffiir1:{I:::T00 Y3-ir1:{I:::L-k STAT3 ~:t~f7'J~;:~1=rL-~ § 

i3"JO)i'I:{~+0)7°0 .::e-~7' ~~j:~~;:~~T 0 0 =- 5 L- -C,i~iJ~F7¥Jfr-€l2: h~ § s"JO) 

7'//'~;7iJ~~px:2:h0 (24-29)0 STAT3 ~;:J: t)~¥f2:h07'//'~;7 ~ L--C 

Suppressor of cytokine signaling pathway 3 (SOCS3) iJ~ cb 0 0 SOCS3 ~:t JAK 

~;: J: t) V /~11::: 2: h t~ gp 130 cb 0 1; \~:t LIFR~ O)*WB§ f7'J F} -1 /0)70 '/ /Jj; 

£~;:~~ L- k t) ~ JAK 0) ::t-'j-~--lt~JJ:j:~l;:~~T 0 =- ~ ~;: J: t) ~ "F¥JTE~O) '/ ;7"'j­

Jv{~J¥~~J3.~T 0 0 =- 0) J: 5 ~;:~ SOCS3 ~;:~:t JAK-STAT3 '/;7"'j-JV{~J¥glf% 

~~~UjjIj1f€nT0{~2:iJ~cb0 (30-43)0 =-O)llip~;:~ SOCS3 ~:tSOCS-box ~1;\5 

~Jlj:~~~~o =- h~:t=r. J:::"::t-7 /{ltjflH;:~lf.T 0 ElonginB ::to J: V ElonginC 0) 

JE~~ fet t) ~ =r.J:::"::t-7/1I:::l;:J: 0 7' //~;70-~~~~¥fT0 ~ 1;\ 5 ¥~15iJ~cb0 
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(44-49)0 

-jj,1~<~f*fB~§0)~1r:;~itiJ1fF1lT0"S/~~;lT/v~ L-CIL-6 77 ~ :J~y-1 }-jJ-1 

/0) t;:Etr"'t2::. t, Wnt, Bone morphogenetic protein (BMP), Transforming 

growth factor-~ (TGF-~), Insulin-like growth factor (IGF), Fibroblast growth 

factor (FGF), Hedgehog (HH)"S/~;lT/vft~"7J~clb0 (50-56)0 ft7J'>C'tit~*fB 

~§""0)~1r:;~~~T 0±t~ 0 "S/~~lT /v{z~J¥mI~ ~ L -C Wntl ~-catenin V~lT 

/v{z~J¥mI~7J~ clb 0 (55-56)0 :.. 0) Wntl ~-catenin "S/ ~~;lT /v1~J¥0)f±ffJl.dj.t'i8 T 

0) ~:to t) C'clb 0 0 Wnt 7J~5t~{*t2::.m-E' L -Cv \ftv \~-E', *fB~§rkJ t2::. clb 0 ~-catenin 

t'i Glycogen synthase kinase 3 (GSK3) 15tr57 / /~-) f~-E'{*t2::. J: '? -C::L 1::"::\=-f 

/{~!$~5t~t, ~flj~~h, t~rkJ""~1TC'~ ftv\o L7J'> L, Wnt 7J~5t~{*t2::.m-E' 

T 0 ~ GSK3 ~ t'i l: tJ) ~ T 0 ~-catenin :t.rpitiJ 57 / /~ -) 7J~5t~{*"" ~ 51 ~ -0 ~t G 

h0 t~tJ), ~-catenin t'i~flj~~5t~tft~rkJ""~1TT 0:" ~ 7J~C'~, ,i;~lzl=f ~ 

L -C § s"J 0) 57 / /~ -) 0)9B~ ~~~T 0 :.. ~ 7J~ C' ~ 0 (55-66)0 *- k, Wntl 

~-catenin "S/ -)"T /v1~J¥mI~ ~ FGF2 "S/ -)"T /vO) -) P;A }-~ -) 7J~¥~1!r ~ h -C:to 

t), {ill 0) "S/ ~;lT /v ~ m~ Lft7J~ Git~*fB~§0)~1r:;~itiJ1~n L -Cv \ 0 (67)0 

1r:;{JE:~~:t.rpitlJ 0) ~'~ G O)~j)* t ~ ~ ft v \ ~ V \ 5 , {ill 0) IL-6 7 7 ~ :J ~y -1 }- jJ 

-1 / ~ t'i.ft 0 *Ib ~~ L -C v \ 0 (20)0 .:c- L -C, *~1r:;F""~*'f:*fB~§ ~15trit 
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~~l~7pG~fm)'f-[8B§:a:-1*J& L~ 10%Bit1-flfil¥~ (FBS) ( Equitech-Bio, Texas, 

USA) :a:--2;"fi a -MEM tg::f:-lli (GlBCO, New York, USA) ~;:-C 37°C~ 5%C02 T 

-r:f:tf~ Lt:.o :f:.g:~ 3 E3 §I ~;:~ 1¥JH)'f-BlB§:a:- PBS ~;: -C~:ft Lt:.o ~t 14 E3 rFl9:f:.g:~ L 

t:.(J)t;; j-- ~ 7°-//'-EDTA (-/;/77/v F ~ yTY;.y/"/" *H:) ~;:-C1t~)'f-BlB§ 

:a:-§JJD( L -C~tmA j-- p ~7)'f-BlB§:a:-1~t:. (~ 1)0 
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A 7;:r:~ j--:iOJ:V 10-8 M 7'::\=--y j. ~ '//' (-/;7"77/v F ~ yTY;.y/"/,) :a:-~ 

no L -C ~~)'f-BlB§:511~~~:f:.g::f:-lli :a:-1tJJJG L t:.o :. (J)tg::f:-lli~;: -C ~tmA j-- p ~7)'f-BlB§:a:-

3 x 10 5/welL 4x10 5/welL 5 x 10 5/well (J))'f-BlB§*J(-r:ti;fj L~ 50ng/ml LlF ~ 

tm~cb -0 v \~'i*F~jm~-r 2~3 ~rFl9tg:~ L t:.o 
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3. Colony-forming units-osteoblast (CFU-O) O)~+¥~U 

1ftJi7-. r- p ~-Y*,m~§~1f3¥*,m~§:B11:::~~t!tlliq:r ~=- 50 ng/ml LIF ~JJD~ib Q 

v\~'i:fF~JJD~-C 3 ill!lFFl9t!~ 1.-t~1'&, 10%q:ri~i*lllj*/v-Y ~ /?1JZ-C 15 :BFFl9U!I1JE 

1.- ko Tris-HCI ~=- Fast red violet LB Salt :t3 J: V Naphthol AS-MX phosphate 

(~l;/-y 7 /v F ~ '/ T:; -\' /~ /,) ~m~~ ~ it-C fF~ 1.- t~ ALP ~-B?1JZ ~JJD *- -C 45 

:BFFl9mcfi: 1.-t~O)~, mii7J<.-C 3 @]~yt 1.-ko ~ ~ ~=- 2.5%1i~~~.&7J<.m?1JZ~JJD*­

-C 30:BFFl9mcfi:1.-,mii7J<.-C3@]15tyt1.-t~o =- 5 1.--C,ALP~-B:t3J:VvonKossa· 

~-B~:t3=-ftv\, $< ~-B~:ht~ ALP ~-B~;;PJJ(11:::~~~< ~-BTQ von 

Kossa ~-Bil>;*~=-~6b ~:hQ Colony-forming units-osteoblast (CFU-O) (~ 2) 

1fti7-. r- p~-Y*,m~§~ 50 ng/ml LIF~JJD1f3¥*,m~§:B11:::~~t!tlliibQv\~'i:fF 

~JJDt!tlli~=--C 2 ~FFl9t!~1&, Sepasol-RNAI (Naealai Tesque, ffi~) ~fflv\-C 

mRNA ~tffite 1.-t~o =- 0) mRNA ~ Oligo-dT 7°7 -1 -y~ (7 -177 -7 / p:;~ 

;A':;-\,/~/, *ffi) :t3J:V~'i1j:M* (TOYOBO, *~JX) ~fflv\-C eDNA ~if 

p)t1.-t~o eDNA~'i, ALP, Colla, BSP, OCN, Osx, Runx2~=-~~i3-Jft77 

-1 -y ~ C~ 1) (7 -1 77-7 / p :;~;A':; -\' /~ /) :t3 J: V SyberGreen PCR 
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;A':;-\,/~/, *ffi) :t3J:V~'i1j:M* (TOYOBO, *~JX) ~fflv\-C eDNA ~if 

p)t1.-t~o eDNA~'i, ALP, Colla, BSP, OCN, Osx, Runx2~=-~~i3-Jft77 

-1 -y ~ C~ 1) (7 -1 77-7 / p :;~;A':; -\' /~ /) :t3 J: V SyberGreen PCR 
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master mix (Applied Biosystem, California, USA) .:t l, -C ABI 7500 Fast 

Real-Time PCR System (Applied Biosystem) ~ ffl v \ -C (95°C 10 fj> / 60°C 

30 fJi)x40 -v-1!7 ;vO)!J '7 ;v?7 -1 A PCR ~1T0t;::.o =-nGO)i'l1i>TJ6m:lto) 

Jt:lt('iP'gff'r1:::r / r- P~;v~ l,-Cfflv\t;::. L32 i'l1i>TO)J6m;~ O)l::t~~::J::. t) 

1T0 t;::.o =- O)t§xts"JJt:lt1r:~::&::\~tt~t~('i, !:::.!:::. Ct ¥:t~:: J::. t) 1T0 t;::.o 

5. r)::r..7-.?7 /7" P '/ T /f' / f 

~~7-.r-P~~~~~50n~~UF~~M~fi0~o .:to)~~~~~mM 

/-\ '/ 7 7 ~[20 mM Tris HCI (pH7.4), 150 mM NaCI, 1% NP40, 500).tM 

sodium vanadate, 1 mM dithiothreitol, 5 ).tg/ml aprotinin, 5 ).tg/mlleupeptin, 

1 mM phenylmethylsulfonyl fluoride]~:: -C m ~~ l" 30 5f FFl9 0) ~ I~\ 5f ~t 

!7:ff8t1:H1JZ~ 3XLaemmli's sodium dodecyl sulfate (SDS) -V/7°;v/-\'/77~ 

~:: -C*~,R l" 100°C~ 5 )j-FFl9JJD~H[b~ l,t;::.o SDS-PAGE (:: -C-v /7 ;v~ ~OO l" 

,::::: r- P~;vP~7-.) /7'v/(::$i1j.l,t;::.o ,::::: r- P~;vP~7-.} /7'V/~:7P 

'/ !7 ::r.. ~ 7-. (~l=P, tL$Y6)~:: -C:7 P '/ q:- / !7" l, t;::.i&, ::; 1::" '/ r- m!J /~1r: SATA3 

m12js: (Cell Signaling, Massachusetts, USA), ::; 1::" '/ r- m STAT3 m{2js: (Cell 

Signaling), ::; 1::" '/ r- m SOCS3 m{2js: (Cell Signaling), ::; 1::" '/ r- m~-catenin 
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m {Lts: (Cell Signaling) :.to J: V::7 1:::" '/ }-m~ -actin (Cell Signaling) 2::: R~ ~ it 

t:: o =-hf::@"1-¥::b~Vi&JM1~M* (HRP) ;j:J~m::7 1:::",/ }- IgGm{Lts:1rR~~it~ 

ECL q:- '/ }- (GE healthcare Japan, J10R) 1r ffll; \-C%71:"/~;r"-r IV1r:l:~~~ l,t::1&~ 

X*~7 -1 IvA (Kodak, New York, USA) f::~{* l,t:: o 

1f~:A }- p ~Y~OO~§f:: MOl of 1 -c: shSOCS3 Lentiviral Transduction 

Particles("/:~;r"Y7IVFV '/T-S/-\'/~/)1r·8).!g/ml~1~""q:-y-s/} }- V /("/~;r" 

y7 Iv F V '/T-s/-\'/~/) 2::: 2::: t f:: 24 S~rFl~:I::g.~ l" shRNA itf::-C SOCS3 J '/ 

:7 37" r:7 /1ffm:A }- P ~Y~OO~§ 1ri"FM l, t:: o 

7. YD~¥x~1f: 

1ffm:A }- P~Y~OO~§1r 50 ng/ml LIF -c: 2 S~rFl~:tFIj~l,t::1&, ~OO~§1r~OO~§m~~ 

/-\ '/ 7 7 ~ [20 mM Tris HCI (pH7.4), 150 mM NaCl, 1% NP40, 500).!M 

sodium vanadate, 1 mM dithiothreitol, 5 ).!g/ml aprotinin, 5 ).!g/mlleupeptin, 

1 mM phenylmethylsulfonyl fluoride] f::-Cm~~ l,t::1&~ 30 :0-rFl~O)~{J':0-~1 

(14,000rpm, 4°C) 1r1T0 t:: o =- 5 l, -C1~ Ght::J::mf:: Protein A Sepharose 

(Adar Biotech, Rehovot, Israel) f::::7 1:::" '/ }- m~-catenin m{Lts: (Cell Signaling) 
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~ IlJJdf ~ -It t=. tj:flJ ~ 1m *- ,4°C -r 24 s~ FFl' i'1R (: 5 lJ~ 0 -t (7):(&, ~m B§m~~/ -\ /' 7 7 

~-r 3 @]yJeyt l-, x 3 SDS /-\ /' 7 7 ~f~i~~~ l-, SDS-PAGE f~ -c ~OO l-, 7 

(::" /' }- m SOCS3 mf:;js: (Cell Signaling) :to J: 07 (::" /' }- m0-catenin mf:;js: (Cell 

Signaling) f~ -C f]:1 /' }- l- t~o 
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~;3f~f!l~§:5}1t:~~t~t{!ret~~ l,k t 0)-C~'i$~0) CFU-O ~W§,6bk (~ 3 A, 

C)o :. ;h,~~)<J l,~ LIF ~j]Q *- h:. t O)-C~'i CFU-O iJ~ ~i (: Iv ~'~6b G;h,ftlP..-:::> k 

(~ 3B, C)o .::c l, "( ~ LIF O):tj)*~'i 3 X 10 5 /well , 4xlO 5 /well , 5 X 10 5 /well 0) 

I;\T;h,O)*f!l~§~j(f~:toI;\"(t~,6bG;h,k (~3C)0 ~k~ LIF f'i 0.5ng/mL 5 

ng/ml~ 50 ng/ml 0)1; \T;h,O)?ilJ3t-c t CFU-O O)%p)t~ fif~fjG~f~:trpffiU l" .::c 

O):tj)*f'i?ilJ3t~1f~"J-ccb..-:::> k. (~4)0 

{'j(f~~ ~ti!;A }- p ~-Y~f!l~§0)~;3f~f!l~§:5}1t:f~)<JT 0 LIF O):trpffiU:tj)*~~;3f~f!l 

~§:5}1t:-y~jJ~-Ccb0 ALP, Colla, ESP, OCN, Osx, Runx20)363!:lJ~-'J 

I;\"(!f§ l,~ ~ 7/1..-'7'-1 A PCR f~"(A~tJTl,ko .::c0)~*~ LIF f'iI;\T;h,O)1f 

;3f~f!l~§:5}1t:-y~jJ ~0)363!:;1:~~)<;t l, "( tff~f~:trpffiU l, "(I; \t~ (~5)0 
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~f@;A. r- p ~YrMB~§o) LIF *Ij~~~ J: 0 LIF-STAT3 ~!f'j-/v1~J¥i'nlJr%0)M-iri 

11::~~./)v\--C~~tJT~1T--:)t;:oLIF 0)*IJrJlZ1~,5 51, 15 51,30 511~~~!J /~11:: STAT3 

~~te 1..-- t;: (~6)0 tX~~, LIF-STAT3 ~ !/'j-/v1~J¥i'nlJr%0)M-iri11::~~ J: ~ 'i~ ~ 

n 0 SOCS3 O)3£~~J~./) v \ --C !J 7 /v)7 ~ A PCR ~~ --C~~tJT 1..-- t;: ~ = 6, ~:3f:~m~§ 

5111::~~rg:±1iH~ LIF fH'£Tc'±lt~ 1..-- t;: t 0) li, LIF ?FfFffTC'±lt~ 1..-- t;: t 0) ~ 

J::t~--C1f~~~ SOCS3 O)3£ffl,.m;O~:I:~tm 1..-- --Cv\t;: (~7)0 1£ t;:, )7 / /"<-) v~/v 

C'O)3£ffl,.~~./)v \--C 1):r:;A.)7 /7" P '/ T ~ / -)"rt~~ --C~I~t;: ~ = 6, LIF *Ij~ 

2 a~FFl91&~~, SOCS3 0))7 //"<-) ~t~te 1..--t;: (~8)0 

4. SOCS3 / '/!7 311) /~t1t;A. ~ P ~Y~!H~0)~:3f:~!H~5111::~~%tT 0 LIF 0) 

~mgMtJT 

1£ i\ 1):r:;A.)7 //' P T ~ / frt~~ --C, SOCS3 )7 / /"< -) ;o~ / '/ -) )7" 1) / ~ 

n --Cv\0 = ~ ~1it~ 1..--t;: (~9A)0 = 0) SOCS3 / '/ -) )7"1) /~t@;A. r- P~Y 

~m~§~ LIF ~j]D~:3f:~m~§5111::~~:l:lt±lli~~--C 3 ~FFl9:1:lt~1~, ALP ~-B~ von 

Kossa ~-B~1T--:) t;:o -t O);m*, LIF 1¥;(£T~~ --C:l:lt~ 1..-- --C t ~:3f:~m~§"'0)5111:: 

1pfljlj5<j]*ti~,Ci) G n f, ~:3f:5111::~~:l:lt±llilfi~!R C'rg:~ 1..-- t;: t 0) ~ [RJ~~~~*j:0) 
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11::~~./)v\--C~~tJT~1T--:)t;:oLIF 0)*IJrJlZ1~,5 51, 15 51,30 511~~~!J /~11:: STAT3 
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~-catenin O)~-fr 

itf~.7- }- p -"?~!B~§~ 50 ng/ml LIF ~!mcb 0 v \f'i?F~jJDit;5f~!B~§)11~~~ 

t.g.±-lli--c' 5 13 FFI,t.g.. ~ t~o :.;h, G t.g..~!B~§7J:o. G::9 / /~;7 ~~fliJ~ ~~-catenin 0)% 

~~1it~, ~t~.!::: :. 0, LIF ;(¥1±-r--c't.g.. ~t~ t O)--c'f'i, ~-catenin ::9 / /~;7 0) 

%~:ii:~Y'7J~~Ci) G;h,t~ (~ 10A)o 

~t~, ittii.7- }-P-Y~!B~§f=:Bv\-C LIF f=J:--:)-C~~~;h,0 SOCS3 .!::: 

~-catenin 0) ~ -fr f= ~ V \ -C:5B ~ YX ~~ 1:ft ~ ffl v \ -C ~fliJ -A'. t~ .!::: :. 0, SOCS3 f'i 

~-catenin .!::: ~-frT 0 :. .!::: 7J~ i¥j G 7J:o..!::: It. --:) t~ (~ 10B)o 
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~-catenin .!::: ~-frT 0 :. .!::: 7J~ i¥j G 7J:o..!::: It. --:) t~ (~ 10B)o 

12 



:.n~ -C~~ 7 '/ ~Ej~JR!±n*O)1f3¥*,IHE?H~)(;J L -C LIF ~'i1f3¥*,IHE§~0):01r:=8: 

;j:,CpjjjiJT 02:: v\ 5 ¥a15iJ~:b0 t~iJ~(21), --y rJ 7-1ft@7- ~]:1 ~--Y*,IHE§O)1f3¥*,IHE§~ 

0):01r:~~X;JL-C0) LIF 0)1t1r~'~~/)v\-c0)¥a15~'i*t~ftv\0 ..:c:. -c, *1:i}f~-C~'i 

1ft@7- ~]:1 ~--Y*,IHE§0)1f3¥*,IHE§~0):01r:f~)(;JT 0 LIF O)5ZJJ* 2::, ..:cO)). j) :::::..7,' 

A=8:~ GiJ4f~T0:' 2:: =8:1:i}f~0) § s"J 2:: Lt~o ~~tFrO)iB!f*, LIF ~FfFt:ETO)1f* 

*,IHE§:01r:ID't~t.g:±lli-Ct.g:Jt Lt~ to)-C~'i~~XO) CFU-O iJ~~,b6 Gnt~O)f~X;JL, 

LIF 1f;(±TO)to)-C~'i CFU-O ~'ifl2::lv(:~b6GnftiJ40ko :'0):' 2::7PG, 

LIF ~'i1ft@7- ~ ]:1~--Y*,IHE§0):01r:=8:;j:,CpjjjiJt1f~jjjiJ1{gPT0:' 2:: iJ~~ GiJ42:: ft0t~ 

(~3, 4)0 ~ k, !J 7 Jv7' -1 A PCR 0)~~tFriB!f*7P G1f3¥*,IHE§:01r:--y~j)~-C 

:b0 ALP, Colla, BSP, DCN, Dsx, Runx20)36~!iiJ~1f~~~;j:,CpjjjiJ~nt~:. 

2:: iJ4 G, il:1~-=r36~ v~Jvf~:t3v \ -C t LIF ~'i1f3¥*,IHE§~0):01r: =8:;j:,CpjjjiJ L -Cv \ 0 

:. 2:: iJ~t~~iE~nt~ (~5)0 :'nGO)iB!f*iJ4G, LIF ~'i1f3¥*,IHE§0):01r:=8:;JrpjjjIJT 

0:' 2:: iJ~:biJ40 ko 

LIF O)st?G12js: 2:: L -C gp 130 :t3 J: V LIFR~iJ~:b t;), LIF iJ~:' n G x?G12js: 2:: iB!f 

1tT 02::, ..:cO)TrJTEO) '/:7"7" Jv1~~rnIlm-C:b 0 LIF-JAK-STAT3 '/:7"7" Jv1~~ 

rnIlm =8: $'ri1r:T 0 :. 2:: iJ~%1 G n -C v \ 0 (24-29)0 :. 0) LIF f~ J: 01f3¥*,IHE§~0):0 
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A=8:~ GiJ4f~T0:' 2:: =8:1:i}f~0) § s"J 2:: Lt~o ~~tFrO)iB!f*, LIF ~FfFt:ETO)1f* 
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:. 2:: iJ~t~~iE~nt~ (~5)0 :'nGO)iB!f*iJ4G, LIF ~'i1f3¥*,IHE§0):01r:=8:;JrpjjjIJT 

0:' 2:: iJ~:biJ40 ko 

LIF O)st?G12js: 2:: L -C gp 130 :t3 J: V LIFR~iJ~:b t;), LIF iJ~:' n G x?G12js: 2:: iB!f 

1tT 02::, ..:cO)TrJTEO) '/:7"7" Jv1~~rnIlm-C:b 0 LIF-JAK-STAT3 '/:7"7" Jv1~~ 

rnIlm =8: $'ri1r:T 0 :. 2:: iJ~%1 G n -C v \ 0 (24-29)0 :. 0) LIF f~ J: 01f3¥*,IHE§~0):0 
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:h0 ~ '/ /~ -) iJ~it3f*f!l~§01I:::f;:~;-tl./{PJ G ipO)~.~ ,Rff' L- -Cv \ 0 ct V \ 5 {&~R~ 

fL-ct:::.. o ~i,\ itfmA r- P~'"?*f!l~§f;::}3v\-C, ::'O)-/-)"'j-Jv1~J¥~niJ~ LIF f;: 

d: t] $'r~11::: 2::h 0 iJ::.::e:?iJ::.f;: /) V \ -C 1) ::r:. A ~ '/7" P '/ T -1 '/ ~t'¥:ftf;: -CWfiJA:. t:::.. ct ::. 

0, LIF O):tFIj~f;:d: t] !J '/~11::: STAT3 iJ~~igb0 G:hh:. (~6)0 ::.:hf;:d: t], it 

t~A r- P ~'"?*f!l~§ f;::}3v \ -C LIF f;: d: t], ::. 0) -/ -)"'j-JV{~J¥~niJ~$'r~1I:::T 0 ::. 

ctiJ~:biJ::'0t:::..o iJzf;:, ::.O)1~J¥~nf;:d:0-C~¥f2::h0 SOCS3 ~,//~-)f;:ff 

§ L- t:::..o ::. 0) ~ '/ /~ -) fi !J '/~11::: 2::h t:::.. '7- P -/ '/J~£ f;:~iS' L-, JAK f;: d: 0 -/ 

-)"'j-JV{~J¥0-=f0)!J '/~1I:::~:t.rpfljiJT 0::' ct O)fliJ::.f;:, :::L l::::"::'lf-'7-'/1l:::f;: d: 0 ~ '/ 

/~ -) 0~lH;: t ~ -9-T 0 ::. ct iJ~%l G:h -C v \ 0 (30-43)0 ::. 0) SOCS3 f;: d: 0:::L l::::" 

::'If-'7- '/1l:::fi, :::L l::::"q=-'7- '/1I:::T 0 § s"JO) ~ '/ /~ -)1(f;: SOCS3 ~ '/ /~ -) r:p 0) SH-2 

F j. ~ '/'PJ[:f:.gjG-C~iS'T 0 0 -t L- -C, SOCS3 r:p 0) SOCS-box 'PJ[~iJ~ ElonginB 

~ ElonginC it ~'O):::L l::::"::'lf-'7-'/{~!fJH;:~-9-T0 ~ '//~-) O)JE~ct L-"""Ctl1.lIgT0 

~*, 5i".iJ $ S"J f;: I§ S"J ~ '/ /~ -) ~0~~T 0 ct ~ *- G:h -Cv \ 0 (44-49)0 -t::' -C, 

::. O):::L l::::"::'lf-'7-'/1l:::f;: d: 0 ~ '/ /~-) 0~~f;:~~it{lJJ2: ~:f$f/) SOCS3 f;:5f § L-, 

1i}f~~:iib0ko ~i'\LIF f;: d: t] itt~A r- P ~'"?frf!l~§f;::}3v\-C SOCS3 0) mRNA 

0)5£~iJ~~JJDT0::' ct ~!J 7' JV~ ~ A PCR -C, ~ '//~-) 0)5£~iJ~~¥f2::h0 

::. ct ~ 1) ::r:. A ~ '/7" P '/ T -1 '/ -)" ¥:ft f;: -C 1it~, L- t:::.. (~ 7, 8) 0 -t L- -C , 
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:h0 ~ '/ /~ -) iJ~it3f*f!l~§01I:::f;:~;-tl./{PJ G ipO)~.~ ,Rff' L- -Cv \ 0 ct V \ 5 {&~R~ 
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ctiJ~:biJ::'0t:::..o iJzf;:, ::.O)1~J¥~nf;:d:0-C~¥f2::h0 SOCS3 ~,//~-)f;:ff 

§ L- t:::..o ::. 0) ~ '/ /~ -) fi !J '/~11::: 2::h t:::.. '7- P -/ '/J~£ f;:~iS' L-, JAK f;: d: 0 -/ 

-)"'j-JV{~J¥0-=f0)!J '/~1I:::~:t.rpfljiJT 0::' ct O)fliJ::.f;:, :::L l::::"::'lf-'7-'/1l:::f;: d: 0 ~ '/ 

/~ -) 0~lH;: t ~ -9-T 0 ::. ct iJ~%l G:h -C v \ 0 (30-43)0 ::. 0) SOCS3 f;: d: 0:::L l::::" 
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F j. ~ '/'PJ[:f:.gjG-C~iS'T 0 0 -t L- -C, SOCS3 r:p 0) SOCS-box 'PJ[~iJ~ ElonginB 

~ ElonginC it ~'O):::L l::::"::'lf-'7-'/{~!fJH;:~-9-T0 ~ '//~-) O)JE~ct L-"""Ctl1.lIgT0 

~*, 5i".iJ $ S"J f;: I§ S"J ~ '/ /~ -) ~0~~T 0 ct ~ *- G:h -Cv \ 0 (44-49)0 -t::' -C, 

::. O):::L l::::"::'lf-'7-'/1l:::f;: d: 0 ~ '/ /~-) 0~~f;:~~it{lJJ2: ~:f$f/) SOCS3 f;:5f § L-, 

1i}f~~:iib0ko ~i'\LIF f;: d: t] itt~A r- P ~'"?frf!l~§f;::}3v\-C SOCS3 0) mRNA 

0)5£~iJ~~JJDT0::' ct ~!J 7' JV~ ~ A PCR -C, ~ '//~-) 0)5£~iJ~~¥f2::h0 

::. ct ~ 1) ::r:. A ~ '/7" P '/ T -1 '/ -)" ¥:ft f;: -C 1it~, L- t:::.. (~ 7, 8) 0 -t L- -C , 
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LIF-STAT3 ~ -f-r )1/{~J¥{f;I~~:: J: V) 36~iJ~~~ ~ n 0 SOCS3 O){IJJ ~ ~:: -':) v \ "'( 

~~iET0t~~~::, v/T1)-1 )VA1?JtJV\t~ shRNA ¥:ft~::J:0/ v75"'1)/~j~ 

1?ff":)t~o -{-O)~*, SOCS3 1? shRNA ¥:ft~::"'( / v75"'1)/Lk~iS'-C~:t, 

LIF ff1:ErO)1t~~BlE§~{t::~~t%tlli-Ct%~ L",( t ~~O) CFU-O iJ~jJi~ ~nt~ 

(~9B, C)o =- 0) =- ~ lJ), G, LIF~:: J: 01ttiiA ~ p ~-Y~BlE§0)1t~~BlE§~0)0 

{t::;j:fpffilJ~:t LIF-JAK-STAT3 ~ 7"-r )1/{~J¥{f;I~iJ~MtE{t::T 0 =- ~ ~:: J: V) SOCS3 

iJ~~~~n, =- 0) SOCS3 iJ~m~t~1!,ttf!J1?t.El.":) "'(V\0 =- ~ iJ~70P~~nko 

1k~::, 1t~~BlE§0)0{t::~~1?ffiIJ1~ L "'(v \ 0 Wnt/~-catenin ~ 7"-r )1/{~J¥{f;I~ 

~::jf § L t~ (50-51)0 ~-catenin~:t Wnt iJ~st?G{*~::~iS' L "'(v \ t~ v \~pM-J~1{t::~ 

~~-C~:t, Glycogen synthase kinase 3 (GSK3) t~ ~"~:: J: 0::2. l:::"q:-T /{t::~:: J: V) 

0~~~n, ~P"J~::~1TT 0 =- ~ iJ~-C~f'i~IZ9T ~ L "'(~1mT 0 =- ~ iJ~-C~ t~ 

V \0 LlJ)' L, Wnt iJ~st?G{*~::~iS'T 0 ~ GSK3 t~ ~"~-catenin 0)::2. l:::"q:-T /{t:: 

~::~-9-T 00T~:t Wnt st?G{*~::~iS'T 0 t~~, ~-catenin ~:t5' / /~7 0~~1?st 

~tt~<t~V), t~P"J~::~1TT0=-~iJ~-C~00 =-5 L"'(~-catenin ~:t'i~IZ9T~ 

L "'(r~§!3T 0 =- ~ iJ~-C~, § S~O)i!:{~TO)36~1?~~T 0 =- ~ iJ~c'~ 0(50-61)0 

-{-=- -C, SOCS3 iJ~~-catenin ~~iS'L, ::2. l:::"q:-T/{t::1?{JI:~L"'(v\0 ~v\ 5{N. 

~.£ 1? :sL ",(, :ffi 1.5t ix ~~ ¥:ft ~:: "'( =- 0) {N.~'£ 0) t~ ~iE 1? ~ d:f t~ 0 -{- 0) ~ * , SOC S 3 ~:t 
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LIF-JAK-STAT3 v ~lT JV{~J¥*-I~O)mtE{I:::;~~ J: 0 ~-catenin 0)36~:I;:O)~{1:::; 

:a:- 1) x/Z-!J /7" P '/ T -1 / ;~l¥t;:~~ -Cfq~tJT L t~ J:: =- 0, LIF :a:-1Ja *- -ct:g.~ L t~'ff 

tii/Z- t- p ~'"7*,IE~§ -C~'j:~-catenin 0)36~:I;:;6qJ8!Zj/' L -C v \ 0 =- J:: ;6\ ;tnJ::'0 t~ (~ 

10A)0 =- 0) =- J::;6::. G, LIF-JAK-STAT3 V~lT JV{~J¥*-I~~~ J: 'J ~¥J ~ h0 

SOCS3 ~'j:, ~-catenin J:: ~--fr L (~ 10 B), ~-catenin:a:-;:r.. 1::":\=-'1- /{I:::; L, 7}fq~ 

L-CV\0=-J::;6\5m<~~~~htd~ ll)o =-o)i11Hf~:;6::.G, LIF~'j:'fftii/Z- t-p~'"7 

*'IE B§ 0) 'ff **'IE B§ "'" 0) 7} {I:::; :a:-1fP flJlH~ ~ ~ flJlJ ilEP L -C v \ 0 =- J:: ;6\ Ijjj G ;6::. J:: tt. 0 t~ 0 

=- h ~ -C, '"7 1) /Z-~j1!7fts:n!~O)M'ff*~IEB§~~)(t L -C IL-6 7 7 ~ !J ~y -1 t- jJ 

-1 /0) 5 t;, LIF O)J;-;6\'ff*~IEB§"",O)7}{I:::;{lEj1g:t::b*:a:-~ L -Cv \ tt. V \¥~15-;6\;b 0 

(20) ;6\, *1lJF~O)M*J:: Lt~'"71)/Z-'fftii/Z- t-p~'"7~IEB§~~MT0 LIF £H1-0) 

IL-6 7 7 ~ !J ~ Y -1 t- jJ -1 /O):t::b * O)fq~tJT ~'j:~ 1& 0) ;jjt~iID!Hm -C ;b 0 0 

.:c L -C, LIF ~~ J: 0 -C~¥J ~ h0 SOCS3 ;6\~-catenin :a:-;:r.. 1::":\=-'1- /{I:::; L -Cv \ 

o =- J:: :a:-1it~T 0 t~ ci) ~~, m;:r.. 1::":\=-'1- /m{Ljs::a:- ffl v \ -C, ~-catenin !J / /"< Y "'" 

O);:r.. 1:::":\=-'1- /O)ffilf--fr:a:-fq~tJTT 0 =- J:: ;6\, ~\~-C;b 0 J:: ~ *- 0 0 ~ G ~~, SOCS3 

:a:- J '/ Y !J"1) / Lt~'fftii/Z- t- P ~'"7~IEB§-C~'j: LIF ~Ij~~~ J: 0 -C~-catenin 0)36 

~:I;:O){J8!Zj/'~~~{I:::;:a:- &~;:fTO);6::.:a:-f§€~iT 0 =- J:: t~\~C';b 0 J:: ~ *- 0 0 

?X~~, ~-catenin O).:cO){illO)~~I§~~ § :a:- rRJ ~t 0 J:: ,~-catenin ~'j: Wnt/~-catenin 
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LIF-JAK-STAT3 v ~lT JV{~J¥*-I~O)mtE{I:::;~~ J: 0 ~-catenin 0)36~:I;:O)~{1:::; 
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tii/Z- t- p ~'"7*,IE~§ -C~'j:~-catenin 0)36~:I;:;6qJ8!Zj/' L -C v \ 0 =- J:: ;6\ ;tnJ::'0 t~ (~ 

10A)0 =- 0) =- J::;6::. G, LIF-JAK-STAT3 V~lT JV{~J¥*-I~~~ J: 'J ~¥J ~ h0 

SOCS3 ~'j:, ~-catenin J:: ~--fr L (~ 10 B), ~-catenin:a:-;:r.. 1::":\=-'1- /{I:::; L, 7}fq~ 

L-CV\0=-J::;6\5m<~~~~htd~ ll)o =-o)i11Hf~:;6::.G, LIF~'j:'fftii/Z- t-p~'"7 

*'IE B§ 0) 'ff **'IE B§ "'" 0) 7} {I:::; :a:-1fP flJlH~ ~ ~ flJlJ ilEP L -C v \ 0 =- J:: ;6\ Ijjj G ;6::. J:: tt. 0 t~ 0 

=- h ~ -C, '"7 1) /Z-~j1!7fts:n!~O)M'ff*~IEB§~~)(t L -C IL-6 7 7 ~ !J ~y -1 t- jJ 

-1 /0) 5 t;, LIF O)J;-;6\'ff*~IEB§"",O)7}{I:::;{lEj1g:t::b*:a:-~ L -Cv \ tt. V \¥~15-;6\;b 0 

(20) ;6\, *1lJF~O)M*J:: Lt~'"71)/Z-'fftii/Z- t-p~'"7~IEB§~~MT0 LIF £H1-0) 

IL-6 7 7 ~ !J ~ Y -1 t- jJ -1 /O):t::b * O)fq~tJT ~'j:~ 1& 0) ;jjt~iID!Hm -C ;b 0 0 

.:c L -C, LIF ~~ J: 0 -C~¥J ~ h0 SOCS3 ;6\~-catenin :a:-;:r.. 1::":\=-'1- /{I:::; L -Cv \ 

o =- J:: :a:-1it~T 0 t~ ci) ~~, m;:r.. 1::":\=-'1- /m{Ljs::a:- ffl v \ -C, ~-catenin !J / /"< Y "'" 

O);:r.. 1:::":\=-'1- /O)ffilf--fr:a:-fq~tJTT 0 =- J:: ;6\, ~\~-C;b 0 J:: ~ *- 0 0 ~ G ~~, SOCS3 

:a:- J '/ Y !J"1) / Lt~'fftii/Z- t- P ~'"7~IEB§-C~'j: LIF ~Ij~~~ J: 0 -C~-catenin 0)36 

~:I;:O){J8!Zj/'~~~{I:::;:a:- &~;:fTO);6::.:a:-f§€~iT 0 =- J:: t~\~C';b 0 J:: ~ *- 0 0 

?X~~, ~-catenin O).:cO){illO)~~I§~~ § :a:- rRJ ~t 0 J:: ,~-catenin ~'j: Wnt/~-catenin 
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--c:m~ft1tJJ 2: iJ~ ilb 0 (68-77)0 LIF f[. J: '0 --c~2!f ~ fl, 0 SOCS3 f[.~-catenin iJ~ 

0-~~ ~ fl" *IBM§P"J (J)~-catenin ';"iJ~7~9T 0 C: *IBM§;j~Ugf[. t~W:a:- .&t~f L, {ill 

(J)*IBM§ C: (J)~~:a:- t ~£L ~ L --C I; \ 0 r:iJ13!3'riiJ~ ilb 0 0 =- (J)*IBM§~~(J) ~£L ~iJ~0-{r:¥p 

itU f[.~W:a:-:}3 J: ~Tr:iJ13!3'ri t~!Efj:-C 2: ft I; \0 -t (J){J"u C: L --C, Embryonic stem 

cell (ES *IBM§) ~[.:}3I;\--Ctj:, E-dadherin :}3J:lJ~-catenin:a:- / '/~7r)}- Lt::. 

-y r) :A ES *IBM§ fj:)j-{r:¥pitU~U :a:-~j]D L ft < --C t *)j-{r:13!3:a:-*~:f,!fT 0 C: I; \ 5 ¥~1!r 

iJ~ ilb 0 (78)0 =- (J) =- C: iJe. G, *IBM§~~iJ~*IBM§)j-{r:f[. C: '0 --c:m~ft IElT C: ft 0 =­

C: iJ~~ ~fl, --C:}3 0, ~t~:A }- p ~-Y*IBM§(J))j-{r:f[.:}3I;\--C t:m~-Cilb 0 r:iJ13!3'riiJ~ 

ilb 0 0 J: '0 --c, *1:iJf~-C~ G iJe. C: ft'0 t::. LIF ~[. J: 0 )j-{r::j:.rpitU fj: Wnt/~-catenin 

~ fT Jv{~J¥mI~(J)~£L~(J)Jj.ft G T, *IBM§~~ t ~£L~ L)j-{r::a:-¥pitU L --Cl; \ 0 =­

C: t:Jt~ ~ fl,0 0 ~1&, =- fl,:a:-~iJe.66 0 t::. 66 f[., LIF ~j]D~**IBM§)j-{r:~2!fti§­

:l:lli -cti§-~ L t::. ~t~:A }- p ~-Y*IBM§ (J) *IBM§* jjj (J) E-cadherin ~*IBM§H~{tili:(J) 

~-catenin (J) fiD1:E(J)~{r: :a:-:%;J3t1lt7t~-§~f[. J: 0 ~~'T 0 =- C: :a:-~+1OO L --Cl; \ 0 0 
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f~ 1t ~ ;t 0 ~~ ;b k tJ, *;pJf~ 1t 17 5 ~~ 1t 19..;t -C T~ ~, ~ 1jJ] tt. 0 =:'t~~ 1t ~$h 

tJ 'i ~ t::*~R*:¥:*:¥:~JC~:¥:;pJf~5f4 Q ij~71'+[~1U~~mU1fgp:¥:~.J* (~5f41*{¥:¥:~~), 

** ~j]D+~t~tt. G V~~*~R*:¥:jIJ:¥:*, ~lt@{ ~z~t~~~~iA/-C~~;JO)~ 

1t*~'iTo 'it::, *;pJf~0)~17~~r~~, ~~i1~;bGoQ1fgPt~~1t~$htJ 'i ~tdjt 

Jii ~~1!Ptf±~~lt\7J:' G~~;Jv \t:: ~ 'i To 

*1& ~~, *;pJf~~~1fgpmjJT 2; v \'i ~ t::*~R*:¥:~:¥:;pJf~5f4 Q ij~71'+~~mU1fgp 
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BSP forward 5'-CAGGGAGGCAGTGACTCTTC-3' 

BSP reverse 5' -AGTGTGGAAAGTGGCGTT-3' 

OCN forward 5'-CTGACCTCACAGATGCCAAGC-3' 

OCN reverse 5'-TGGTCTGATAGCTCGTCACAAG-3' 

Osx forward 5' -ATGGCGTCCTCTCTGCTTG-3' 

Osx reverse 5'-TGAAAGGTCAGCGTATGGCTT-3' 

Runx2 forward 5'-TGTTCTCTGATCGCCTCAGTG-3' 

Runx2 reverse 5'-CCTGGGATCTGTAATCTGACTCT-3' 
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