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Wnt Signal Transduction and Its Involvement in Human Diseases

Eek-Hoon Jho

Department of Life Science, The University of Seoul, Korea
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Wntst AIEEFE] E0]=E cysteino] B @ A
ZA], FHAIES] receptorol] ZAgtsto] 2AI3kE receptorE
B3 ofE] 71 dHAE A W AR wels =243
oz, chekst A e =A%k deA Qiel1-3]
Wnt geneS *]-S<ll mouse mammary tumor virus (MM-
TV)2] insertion®l] 234 F-Exv B2 Z72] tumorollA]
TEHo g BHE]= genomic sequenceEA], FHZ2] cell-
ular oncogene o & eI om inefal HHEACH4]. o]
Az A AlE €] K91 §4A} (proto-oncogene) &
Zka Qv M-S oulsla, o] Wb eg 19891dell Mic-
hael Bishop ¥FA}¢} Harold Varmus B¥F7} Nobel 35 &
F 48 =9drk L 3oll Dr. Nusse groupel]l 2J3}A]
Drosophila®] morphogenesis Z}goll4] segment polarity
geneo|2lal LA wingless7} int-12] homologgl= AHlo]
iRl 32 in7} 9ol A ol Al Aol2] com-
munications ZAB= signal 241 WA olA F9%t o
35 shokar ARKEIN IS, Wingless (wg)<) int-1¢] homo-
log genedo] H&F 3, west ints XA Watgla -2

Al =AcHe6].
Wnt signaling®| &1 S&t

Wnt signaling®] ¢+ Hopoll= &z kg wke 4
o] o552} (Dr. Harold Varmus (1989 <=3, Dr. Eric
Wieschaus (1995), Dr. Paul Greengard (2000), Dr. David
Baltimore (1975) ¢} Stanford tH&le] Dr. Roel NusseE H]
23+ 13%9] Howard Hughes Medical Institute (HHMI)

investigators 55 X33} B 3 Al Eo] F AT = B

AT FARA ATElaL e AEE XG3E AA slel]
Aeke] AGRE Fefstar Qletk (HHMI investigators] & 4~
+= <F 300%, www.hhmi.org). ©]5<> Wnt signaling3-1-2]
7] THARE] A2 2001 W 51t A7012] Aok Fol AlAl
3 T AFE T ek olF ATAEY] FE
ZQl 7Jgke ZJloll= Xenopustt Drosophilas WO Z
Wat signaling®] W8 cHAlel|A 9] 715 A5 @ 2xbl
Z|Zoll= Wnt signalings &A= small molecule2] High
Throughput Screening (HTS)S G84s}7L} thekst Hviol 7]
Zo 242] Wnt signaling®] &J&-5 9hs]a X8 WS A
Walaa} sk AE skl glvke Aolok B Stan-
ford t&ke] Dr. Roel Nussei= Wnt gene homepage s 714
3] Wt signalingel] &% g 55 Helsla AR
updated}o] Wnt signaling 9372] A1Q) A8 = 3t
= gt U} (http://www.stanford.edu/~russe/wntwin-
dow.htm). A1t 200 W37k Wit A& Ao AT ulgks
7hds] Qofsi FA] 47FA] WRke . gokEc)

1. Wnt signaling®| MSHE0| 2I0{6t= MZE
£ components?| &= AU J|s o4t

Whts7} ligands 2 2H-g9ho.24] gkl Al 1l iz
oA Fast g3 slar Jrke= AHdo] Bzl §, Wats€]
receptor B A|ZE 2] Wnt A5 A ol =% components
9] W=} Wnt signalingol] 2|34 A== target gene?]
ol e g A7t o] FolRlch 90wty il
Drosophilas ©183F §47 Whe] AFE S3lod Wnt
signaling pathway & <Flsl7] 913k @2 A77F 8=
tl. Wnt signalingel] 33k A= el Al FAALEA] Al
2= GAE, 901ty ZHboll o] AFALEelAlRE Bl2A]
A3agt kA A8 FofollA] PUA B2 A7) o] Fo]

- 306 -



o) Xe)

7] wiizoll FhellAle] A7t BAI3EA] ob olfrekar
237k}, s, 90rdel kel 714 pathway 7t 2H %
ule}l QJollA] L signalingS 2= component?] HkE Bl
AYzebs oAyt AR o 24, HiAY A3t Hoke] 7o)
a5A BA 2 ARAES dgehe ARl el
Al ¥]o1A] Wt signaling®] - Fop7t B Sli=A| =]
Qi) mEgk Wt signaling®| 22m} 432 (C. elegance), &3}

2] (Drosophila), 7W7-2] (Xenopus), zebra fish, mouse 2

humanel] ©]271742] £-543] pathway & Sl Aedrh=

Ao] 8IS R| 3, cancerd HIEEH ohodet Awrte] oIxk4]
o] Bux|mA] JuolXE Bk dAl5o] TS 2| 5
9k

al
=

2. Wnt signaling®| 24
9| o4&t oI

MIZ 220

oA dast vk}t 7o) Wat signaling®] 19~= Dro-
sophilas B]538F tlokslt £7-2] model systemoll4] 233}
AoflAle] S FHE= d97F F2 FlEe] ek @
] mouse®] 749+ 197F419] Wnt genes7} 424 U, T
receptor® YA Frizzleds= 107FA17} ¥4 Sk (http://
www.stanford.edu/~rnusse/wntwindow.htm). THH-5-2] Wnt
genes©°| knock-out® mice7} AFERT, 5 Wntr)

knock-out=|3tE wl vht FAYS vEhich 7H

Wntlo] Knock-out¥|9)-& = midbrain@} cerebellum]
HAlo] YofuA] 2k9ka1[7, 8], Wnt47} knock-outl mice
= kidney defectsE YEML[9], Wnt52a2] 73-$= trunc-
ated limbs$] phenotypes LERNOIA[10], Wnt signaling
o] Wb ol|A] Thekdt AdkE st Qlrke AME A
A58

AZE7} E4 fateZ E3)sl= IolA Wat signaling®]
positive Eo= negativesHA] 2REgh= AHLS Hol= Al
dds] wol aliElgleon, 53 HZelle stem cell?
H3}l =A-o) gk #4do] ZH=E" A hematopoietic stem
cell¥] proliferation®|L} embryonic stem cell®] neuronal
fate 22| E3Jol|A] Wnt signaling®] &o| W#EET Q)
[11~13]. 3}A9E stem cell®] E3lol] Azl A7 Ayle=
ARttt Ak Ab Has| s QlolAl, AA] in vivool]
Ae) g wmA ek A7,

s
_

ool
e

3. EE8 0|256}0{ Wnt signaling®| O|At

| 2l Fexl= 2™ES T

2

Wnt signalingel] o]’de] AJ7]% cancer
S}

= Feke o] thol JeiAl glgly] witel chakel
we] We) 7ol x|gAle] S-S Az Sl e
5% melo] AAEIT, AAE vo] AL gk 71

Wht signaling®] key effector?] B-catenin®] mutationo|u}

uro.
T

o
©

tumor suppressorZ L%l Adenomatous polyps coli
(APC)9] truncation< Ake] thekst Z7-9] cancerollA] Bt
A==, ol&d FARE mutations Ze TE EHES
cancer?] - 7oLt djkAle] FEA B SAHZAE A
==t o] 8%] L rH14,15]. FHoll EolA+= cancert}
Aol A o] AR olu2} adipogenesis[16,17], ost-
eoporosis[18,19], schizophrenia[20,21] & Alzheimer’s dis-
ease[22~24] I Z ikl Al ARlell= Wnt sign-
aling®] o3} Aol Qlrh= Havt phe] vehA, 7]E
2] cancert} BHAJoll 4] Wnt signaling®] <13t FHolgl=
FAA sk Al Aske] Wl eQle Al wnt
signaling®] && FHolgl= AMEZE Weke g od+r} %13)
T3

o)
AT

[e] 1%

4. Wnt signaling2 Z&g 5= Q= small mol-

ecule?| 2= A target identification

Chemical genomics *}*Hs 53}oIWnt signalingS Z4
3= small molecules W3l E AlEw AAAIS] 7
Aok S|AEolA B ] A Qlekar Hobk Fe|7t §ls
Zlolt}. Rockefeller tHeke] Dr. Paul Greengard (20001
Nobel & = HTSE A-&3lo] Wnt signalingS regul-
o WEsle] ol Nature
medicineol] ¥ 38+ v} 9lel25]. 53] Dr. Paul Greengard
o] 739+= HTSE sl Wnt signalings A=
58 319930, embryonic stem cellol]A]
] Wnt signaling®] g8 Pk AT7S Fr3lsla 9k

=22

ationd}+= small molecule

small molecule

X H}={ O]

e

B review ollAl= Wnts7} 274 oll4] morphogen o &
28510 cellZ} cell 7+2] interactiong ZAgte] vz} 24
S el Wl S Wge] Amnels, ojieln
Wnt signaling®] $k& wfl AlE FHoZRE o YEZ9]
A% A9 $4S 2Aow ATA Bk (See revi-
ews in[26,27] for morphogenic role of Wnt signaling).

AIE WellAle] Wit ATALS
B-catenins E3}o] ZL=|= “canonical signaling path-
way” ¢} AZE W calcium 2] Z7sleiA] PKCE| 24

) 710

= BT

key effector molecule?]

=
o=

HSFA7171t Raceltt Rhost

FA3LE B9l INK activitys ZFA3}= “non-canonical

small G protein2]

signaling pathway”Z & 4= o} (Fig. 1). §-48, A

SRl Whe B3le] W 77} canonical pathway©]
el Aol o] gARE, 2ol “non-canonical path-
way” 2] AESH FoAdo] QIAEMA] o] Hofe] od7}

AR PR Aol

- 307 -



— thpEe|E3]R): 420 F A4 % 2005 —

Cer,
/ BMP4
Z—
Wnts
Kremen DKK1
— | - z
\ Adenyl
\Lﬂ,j 1,,) o o Cyclase
_ GTP GDP
LRP5/6 b-Cat Dv G-protein ATP
b-TrCP172, - - RhoA cAMP
Cullins, Skp1 o
APEL " Axin, Axin2 PLC, o)
l CDC42[Rock  PKC (
, MEKK1, SEK1 o ©°
Canonical b-Cat Ca2t
—
pathway P
INK 1 Calmodulin PKA
o B l NFAT Non-canonical
Target ) -
ICAT -
\ b-Cat  Gones ’/ / pathway
7 smadn_, . @D
Tef [ X ) ‘
CREB ~_
Fig. 1. Schematic diagram for Wnt signaling.
1. Canonical Wnt signaling pathway oA} st
AE7L JRZHE] Watell 93] ASo| =A k& ul,

cytoplasmic B-catenin Axin¥} APC protein complex
oflA] casein kinase I1¥} GSK3Bel= kinaseol] 2|3}]4] phos-
phorylation ¥t} (Fig. 2). QJA+s}#l B-catenin< B-TrCP E3
ubiquitin ligaseol] 2]8}] Q141¥] 31 ubiquitination/proteasome
pathway & E3ll4] H3ll=]o] cytoplasmu]2] B-catenin level
o] YA fAlEc) sfARE, o REHE] Wnte] A}Fo] oA
=™ B-catenin®] degradation complex©ll4] scaffolding pro-
tein©. & 2188l Axin©] degradation complex ZFE] w4
WL, GSK3B2] activity7} inhibition F|o]4], B-catenin®]
phosphorylationo] A}, o] unphosphorylated B-catenin
& E3l7} F]A] ¢kobA] cytoplasmic B-catenin levelo] 57}

=tl, o] ePd3kE B-catenin Y Y2 o]F3}o] transcri-
ption factor®l Tcf (3= LEF)$} ZAgtslo] ekt 21212
WS- 2AskA| Fc) (Fig. 2). Wat signaling®] ZAel] o]
o] A7IH cancer7} = AL Aol oldo] A7) o]
9= B-catenin/Tcf signalingol] 2]3}] cell cycle ZZol| To]
Sl= c-myc = cyclin D10}, ®HAMol|A] 23} transcri-
ption factor@ 2&= simoist}t brachury 3¢ 22 54
Zke] widlo] zAw]7] uiirolaka Ak

X reviewoll4+= canonical Wnt signaling®] 21 2%

“

AZE 2|5 cytoplasm WE-2} & o4 Loful= A&
LFrolA], 1 #Hgol] Fodsl= molecule 52 F40

ﬂ.!}. il ol
oL o
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1) M= 220IAM &0{Lk= canonical Wnt AlSHE

A2l mouse2] 739+ 197FA12] Wnt genes7} L&A 9
=, cytoplasmic B-catenin®] level S Z7HZ 4 U=
Wntl, Wnt3a 52 canonical WntsE 25753, Wnt 5a2}
Z¥o] B-catenin®] level S =o]A] PKCY} CamKII
FA3EA7]= Z1ES non-canonical WntsZ E-73H}28,
29]. B2 AlEEollA Wntst) Wnts®] receptorZ LE1%] Fz
o] Wiy FE 2ARNEY, B 7EA]] Watst} Fzite] &
a2 W ]l AlEZelcl Zolrt oledl, oAl 7t
AlZnjel Sol# o & Wntst} Fzo| Wdlo] zA= A= o
o7 v B A7t dest Fopolrh B d7At=e] ¢

ok

= o
o=

5 2 Hoks o9 54 Wnts7} specificity & 714

A] thek3t biological AA-g ZAs=Aol I3t FAlolck
o]2]g} specificity= tFeF Wnts2] ¥ patterno] thE
=4 Wnts®} Fz7F| affinity Xtolol] 2Jelix] =A== 2
5ol Adrdo] 9171 $FAwH30,31], AAIZ in vivooll4] Wnt
signalingo] 1A% specificitys 23l ALE]|=Aol] gt
oJRE A ¢kolA], o}F] £ Wt} Fz specificity S
Argdslrlolls F53o] W AAolck o] FAlE Wnt/Fz
interactionS target>Z Wnt signalings ZF&3}= small
molecules ©|-83}aA} = Al2e] Aoliel A=k g
= 9tk 714 chondrogenesis Igol] %l Eol& el Wnt

&} Fz7} YrpbH, 2 Wt} Fz9] interactions ZAs|+=

SEorT
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}
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}
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Fig. 2. Simplified version of canonical Wnt signaling.

small moleculeS the ZZo|A] Wnt signaling% activa-
tion Al7IE 2G-S H4E A FohEse] okew A
& F AdE 7Fsgel vk ¥ 5 vk

Wnts2] co-receptorZ H]|Z& Z|toll W% Low-den-
sity lipoprotein receptor-related protein-5 (LRP-5)<] mutat-
ion- canonical Wnt signaling®] Z<ol] o3& fHlsle],
bone®] Aol A LoIvkar gEFrH18]. Lip 5/62
cytoplasmic domain-> Wnt signalinge] &A1& ] Axin]
docking site 2 Z8-8}o], B-catenin degradation complexZ
HE] Axing AALOZH, B-catenin®] degradations 24|
ghokar uhsiRlel32,33).

Wnt signaling<> Cerberus, FrzB 3! Dickkopfl 5oll 2]
A AE 2]FollA inhibitiond <= Y} (Fig. 1, reviews
in[34]). Cerberus®} FrzB+= Wnt2} Fzo] bindingsl= 25
blocking®}xl Dickkopf1-2 Lrpol] Zglsho Z4] Wnt sign-
aling inhibitiond}. 5% Dickkopfl->= Wnt/B-catenin
signaling®] downstream target gene 2 ZA] negative feed-
back 28O0 ZA] Wnt signalings ZAg}a ¥zic)
[35,36].

2) Cytoplasm OIA 20{Lk= canonical Wnt ASEE
Z13

oF] 7)lolut AlEA ol eI moleculeFo] T U
871 742 oA, Wat AlBAlgke] AT ok 3 A3t
How 7 gel A7) ol Folal ol SlellA oA
& wi} o] ligand?) Wate] EA oftoll whE key effc-

ctor molecule?! cytoplasmic B-catenin®] level S ZAs+—=
Zlo] #liolglar & 4= 9Jr} (Fig. 2). Cytoplasmic B-cate-
nin scaffold protein®] Axin, tumor suppressorgtil &
Zl APC protein®] complex Woll4] casein kinase 1 I}
GSK3pell 2J3l] phosphorylation It} ©] phosphorylated B
-catenin<> ubiquitin-proteasome pathway©ll4] degradation
target% o) Alsl = od8kS- = E3 ligase?/] AZ9o] B-TrCP
of] 93l Q14=]o] degradationo] Z13§xIch

Axine 2F 100 KDa ¥+ protein®Z Axin complexoll
I 719l FE proteins (APC, GSK3p, B-catenin, protein
phosphatase 2A (PP2A), Dvl 3)Z} directs}#] interaction
s}= domaing Z3L 9JoJAl, B-catenin®] phosphorylation/
dephosphorylationol] #osli= molecule S-S A2 TF 3
Aglell A sh= ge 337,38, Axino] gt mut-
ation®] YUoJu}A] B-catenin binding domain®] truncation
73, GSK3poll 2]t B-catenin®] phosphorylation QoA
¢kolA] B-TrCP7} Q1AE = §IA =|o] cytoplasmic B-cate-
nin level®] 7P} FE=5t} o] complex wWell4] APC2]
AspbERl 713 WEelA] AT, APCE codingdle
A ol| mutation®] LoJL}A] B-catenin
sites7} truncation E|™ B-catening- degradation & = A
=k ulebA, Axinelv} APCS] mutatione p-catenin®]
signalings ZA3HA7]= ATHE A =lo tumor?] A
< §=8tA 53, thekst human cancerol] JolA] Axind}
APC®] mutation®] BHA%]7] wjjiFoll ©]&2 tumor supp-

el
[t

Axin binding
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ressorZ ZFFEItH39~41].

Wnt7} receptor®l Fzell binding@}A] =" cytoplasmeoll
ZAfsl+= Dishevelled (Dvl or Dsh)7} casein kinase II¢1] 2]
3} phosphorylation®]"14] membraneol] 3= Frizzled 2 o]
B Elth of9A Wit} Fz2] Zgto| CKIIoll <] Dvl
2] phosphorylationg -8l membrane & o]53}A] s}
TAE HEAA @AY, o] AFE Dvivt AR me 7H
HAHoZ GSK3pe EA4e dAlAl Hrh42~43]. wElA]
GSK3p+= ©] o] B-cateninS phosphorylationAZ2 = ¢l
o] A] cytoplasmic B-catenin®] levele] Z7}sHA] ok

Wnt/Fz2] Zgtol] 2]t cytoplasmic B-catenin®] level S
ST & vhE 7142 B-catenin®] down-regulationoi|
HE 9l Axino] Wnt2] co-receptor@l LRP5/6E o] 5] o]
degradation®]= Zo& AH=cH32~33]. o|uf] Axin com-
plex AA7} o]Fsl=A] ol Axin®to] complex ZHE]
HelElo] o)Fsli=Al wrXx] ik gk ofw 7He 3
A Wnt/Fz signalingol Axin complex®= Hdx]m, Axino]
olF= L FallEleAE Al T3t TAlRKAL o] AR
o= PP2Ac°l| 2]8t dephosphorylation©] Axin®] o]& Bl
degradationoll#] F93F Q&5 el A=, wik
Axin complex Weoll i+ A2 chizl o] vlzo] oAkEI)

38 % gk

3) & LHOIM L0{Lt= canonical Wnt MESHE

Wht/B-catenin signalingol] 2J3ll4] Wdo] =A== i
£ §AA= promoter F-$]oll Grouchol= ¥HIAT
Tcf/LEF2= whilo] Zglslo] transcriptions AR}
Wht signalinge] Ealsl= delioll4] Z71% cytoplasmic B
-catenin®] ¥ W& o]EstA] EHw, GrouchoE Woljx
Tcf/LEFS} Z3}slod transcriptions ARl ezx] vk
< AR g =24 ek ARk, AAEE o] I}
A5 negative T= positive 31| 2= B thiAo]
Zafsto] in vivoollAl= Wnt signaling?] A8 AashA|
2AhE Aol FFselekn olAAIEk 7K ICATER: Shu)
AL p-catenin?} Tcf/LEFLFe] ZAgHS Hlsfigho 23] Wat
signaling®] A& Alsla1[45], p300/CBP2] histone acetyl
transferase activityl“: Tcf/LEF7} 2kl £99] chromoso-
mal remodeling& 430 ZX] Tcf/B-cateninol] 2]} tran-
scription®l] positives}A] Z-g3kcka dedx JUcH46~47).

SAAA oF 8001 7HAIS] fAIAke] WRle] zATTT
dHA Qlor, 1 F B A} cancer?] FA Bl A1
3} fado] QIAE AT ul E3ke] =43t odte] xojqrt
(http://www stanford.edu/~rnusse/wntwindow.htm). Hr&o]
S7kEE HEAQ F4AR] c-myc® cyclin D1 5 cell
proliferation®l] +od&}3l, transcription factor® L#dAl sia-
moist} brachuyry G- ulfo} HhAlolu} A|E EslollA] F2o

gk A%E sla 9k

3 IZ 507} B-catenin transcriptions ZAJEHX]Z]
% Wnat signaling A slol] levelo] S7k=|3 &) W2 2+
o] Eoj 2= APColl 2J3l|A] cytoplasm2Z exportHTiaL A
QF=]ArH48,49]. oFA = AHE3E 71K ol A= =5ke] o]
B} JARE, APC2] tumor suppressorZA4]29] o33k ZH
22l B-catenin®] degradationo] o}zl & W9 B-catenin
< degradation®] ¥oJu+= cytoplasm®] Axin complexZ
o]FAl7]5= shuttle vectorZ o]7#ZIc). wl2bA] Wnt signal-
ingo] FEANE wjl & Y& Eo]-& B-catenin> APC7} trun-
cate 735 Al3HA & Holl EAlsiAl =lo] v =Rl
target 42 BE-g F53810] wmorE FAZTlAL o]

A3 eI\ =
2. Non-canonical Wnt signaling pathway

flellA Arg3t canonical Wnt A3 W 2ol A
= Wnt AZAEE T Ao AF7HAE o] Alx
A 7Hel] Fodsh= componentsSo] BI& AR ek}
7lsol & wsAA] grobA] gl o] wA] Rk AL
T EolA= A2 components7} HFEE]IL canonical
Wt signaling®] 445 21e] €18 clakl AEA B4l
A Fo3k A5 ghvhs Aol Bl A 3k 8 W ol
off B2 A7 Azt 7lhEl= ololrk

7¥F3] non-canonical Wnt signalingS Qoksh, 1) &
A Wnt/Fz2] 7Z3tol] 9|3} intracellular Ca™ level =712
Z47}2 protein kinase C B Ca™ Jcalmodulin dependent
kinase (CamKII) % Ca™ dependent phosphatase$! calc-
ineurin@} 748 Ca™-sensitive enzymeo] A3ke]o] A7}k
Atx]= 713} 2) small GTPase2] ¥E9Ql rhot} cded2E
Z314 INKS] #Alo] o]Fo|A ALY, 3) focal adhesion
kinase (FAK)E 534 cell motility S Z&sh= -2 1}
E 4 Aok Fig. 3, [50~51]).

Wt signaling®ll 2J314] tlelgt Ca™-sensitive enzyme©]
A3t = ¢ ] whirell AS7EA BEs" PKCY
CamKII 2]ol] 2H4o] A== enzyme 2] Whzo] A=,
theFgt enzyme 249 Z37} ofwd ¥hel] ofsiA] 54 A
= AFzAE olojd g deAoll A3t B s
W A7k desika 3 4 gk 3 ol 59 INKE
in vitrooll#] Ca™ signalingol] 2Jai4] 24= 4= Q)3 Ca™

dependent phosphatase$! calcineurin’= FL 3t signaling |

olel] =AE 5= YEHI[52], cellQ] YAolA Erpad ukaiz}
AollA] dojul= INKell €8+ morphogenetic movement$}
calcineurin®] #A43}el] oJ3t S5} miSow o] F3te] 4
7 (determination of dorsal-ventral axis differentiation,
[53)& Pk Zlo] 473 Fesitar & 5 ik o]
L calcium signal®] frequency®} amplitudeol] 2]3}4]

- 310 -



%A
pa
/ oV \

Cytoplasm
AXiN o Gskap  b-TrcP
PP2A
oH
b-Cat
X . . b-Cat oH
b-catenin stabilization p-cat OH
and accumulation
Nucleus B-Catenin

’_, C-Myc, Cyc D1, Siamois, Brachyury
|

|
! !

Proliferation Development
Fig. 3. Simplified version of non-canonical Wnt signaling.
AR A=, Cacinewrin®] 7395 S levele] 2] A 93, oW transcription factor7} 7 ZellA] F
calcium  signalingo] #|&=oz Eal & wll SAIGE 5, 23 A sh=Alel tid 7= vRlsiet 1 olf+=

INKE 57)7kel] =2 level 9] calcium spikeS 2 s}
[54~55]. thE 2% g whiell oJeiid A=A
HebslA] gromw 747ke] 739l wmE 24 V1A o'
o e A3y} Fezlrka o AR W, o wiHel| o3l

Calcium signaling®] frequency®} amplitude”} 284

o L

canonical Wnt signaling®] 73-$<+= Wnt conditioned media
(FZoll= purified WntE ARE) B Wnt -AAK] trans-
fectionol] &} B-catenin®] =7} o7} Wnt signaling g
9] markerZ ARg=o] ATE 8 = AUk non-can-

onical Wnt signaling®] 73-$-= Wnt signalingo] AA|Z A

= uisxiof & Folgla A7t

Rho/INKel| 2JgF Wnt signaling Drosophila®] wingol|
2o E 7= "ou =79 YRl 9= photoreceptor?]
kS A A= planar cell polarity (PCP)ollA] F23+
Jes skl ded#] ArH56]. Vertebrate2] 739+ Dro-
sophila®} &Y PCP A2 = F A, 29t FASH
&2l convergent extension (8o} WA Al gastru-
lation A]7]el] Doju= AlEEo]| WIS Zka1 ZIojR]H A
A 27} intercalationo] Poluh= 34 #HgollA] Fasirkar
arelA] AAeh57].

Drosophila Wnt-4°l] mutationo] Qofipd vy st
cell®] migratione] A} ==t olul] A= e cytosk-
eleton?} extracellular matrix AFe]ol|A] anchor &g &}
focal adhesion®] Aol o]io] Qa1 ZEHd| Foisl=
focal adhesion kinase (FAK)2| activity”} Y= AHo]
4l %] © Z4] non-canonical Wnt signaling®| cell adhesion
& 243 9% gk o s8].

Non-canonical Wnt signaling2 tjekel ZHzg A3}

A=A, ofd fx1Ake] whido] =A==A] YRl v

9E R EAE A A9 U= FEHY marker7t
ZAsIA] efobAlelar ofA%Ic}. EEdF non-canonical Wnt
signalingoll4]3= canonical signaling ¥} 70| Tcf/LEFZl=
T=219] transcription factor7} Exle}A] ¢bar Zbzke] o=
pathwaync} £o0]32l transcription factorge| ARS=]7] ui]
o] opdr} A=) ko & v W2 non-canonical Wnt
signaling®] target gene5°| 1SR, I target geneE =
FE] non-canonical Wnt signaling®] &g = A
7} ek

Wnt MSHMED} OIZF AHDO| EY

Wht signaling®] o]l 2J8F cancer7} FE= AL
W7} ¥R wilte] dei#] P31 Wnt signalingS 243
ol SJallAl ghe M Eelad eh AEE B Al S
ol oJelix ZAF ez ZePs|an et kA, FHE SoiAl
Wnt signaling®] adipogenesis, polycystic kidney disease,
schizophrenia, osteoporosis 2! Alzheimer’s disease & B[S
4 g Ate] Qlaie] WA clkslolA 22l
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Aol odtel] AFLAE 713 oJEAEa} Wat signaling S
AT FAES] AU FE ATl o] Zo)
)31 9k S stem cell®] E3}ol| = cellular contextel] ©
2} Wnt signaling®] positive B== negatived}A| Zr83hc=
AHdo] BisiA] AL Qlof A, stem cell S o]&3le] AHE X8
S ez Be dTAEe] Wile] wrlw gk

B e oeigE AW T HnEkE dTsAle
FEo] o] & adipogenesis, osteoporosis 2 stem cell
o] E3lzAolA] Wnt signaling®] S FAHoE AW

sfara} gk

¢

ol
d|
b

1. Wnt®} adipogenesis

A} 27 (adipose tissue)e ©|F= AHAIE (adipocyte)
= A (fane EFskal e Ax=A Al A A=
24 s 20 ol - Al ghofslo] ZREHQI of]
U A FAIE Eekarl B3k A gleeg2y 4
A (thermogenesis) Al A A2 frAlshe 52 F23F 7]
& sk ek A It ApEAIES] A4 (adip-
ogenesis) %t ETRHZQ] ollUA|e] FFFtdell 2al wlvk
(obesity)ol2h= M2 LAIPE Avhe] ASH olre 72
=3z ek

20004 Scienceoll X522 adipogenesis”} Wnt signal-
ingell osliA] Ak Husl SR AHAIE ¥4
ZA target 224 Wnt signalingol] thet 3771 S5 WA
=]2cH16]. Adopogenesist= myocytes, osteoblasts I
adipocytesE ¥4 4 9= mesenchymal stem cellsel]A]
A)&sl= multistage process©|th. Pluripotent mesenchymal
stem cell®] 85 ZA83lE 2910 F BMP7}L shofdiriar
deiA glow, o] ofmgt At AdE slifell wt
ot AAEE Eekl) e sl BAlEE 3kl st

[59]. AMFEATAE (preadipocyte) 7} AHEAIE (adipocyte) 2
E2Rhe dledls 7R AARIAEe] AHEE e Zle
2 dHA 9low olof tist I ol XgPxeigic). 7+
chs] @okspd, AMPATFAET} BHlshE IGE-1, Glucocor-
ticoid ¢} 75 adipogenic inducersEol| 23l E3l7} F-=5]
W 23k 7] AARIAE C/EBPRSE C/EBPS7E WHEE]aL
o] cascade HFS-© & C/EBPa®} PPARvE W A)7Ic)
o] F AARIAE AWAIE £31E ol FE HARIAE
Al A27L A 2o WEg TTMATIA Ea o|gA| T
#x] C/EBPa®} PPARYV+ aP21L} adiponectin} 2+ adipo-
cyte specific geneso WAAIA e oz} AlEe] 7]
SHog W3lE adipocyteS HAIH60].

AZATAEAA W] = Wnt10bs Al W) 24217k
B2A AGAIE 3l F2 AARIZR] C/EBPa®t PPARY
o] WS AARRe A AUAIE So] At WA
F3ll AAIE HAS wherh16,61]. B8 Watlob7k S7F
A71E AIE W B-catenin®T} PPARVZHS] 13 ZAo] 7|
W AIE Elell Fesika deA glem o] & rhilAz)
o] F¥ GSK3pell 2J3t p-catenin®] IAIBHE F1F T
2 Faflell oEFor A= glgo] 1= 16, 61,
62].

2

In vitrooll4 % oz} transgenic miceE E3F in vivo
A3}l A % Wnt10b7} AHAIE PAol] TS gds)

3 o] #H #el=]9rH63]. Ormond A. MacDougald
wof] 2J3)] A2kl FABP4/Wntl0b transgenic mice adip-
ose tissueolAF &L= FABP4 promoters ©J-83}o]
Wnt10bE- adipose tissueol] &F WFAX|ZE ] A} 4]
ool = B3} body fat2] 9k} fat cell®] 71 A F
Hr} 50% mRkelS Hoigick o] gl nivkat 34 79
£ 93] = 2] U919l insulin sensitivity$} glu-
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cose toleranceol] AAAE A A|H; oS
o) B F ZAnke Molpleho3). oFHhe WA ol
RojR)E= EAEo] o3l mechanism of] 2]&F Z4217] T
A7) " eslA|ut ol A= Wntl0b7} fat cell develo-
pmentoll4] F23F TS sl Yr= LS Holwrh

2. Wnt8} osteoporosis

Bone-2- osteoblastic bone formation¥} osteoclastic bone
resorption Ale]2] 8ol o8l A== dynamic tissue©]
o Aol dlofubA] Asl= E1F bone masst F<3] S
7} 3lo] skeletal maturations FAISHA] F|AUE Yo7} &
o7kl ulgl AXHOZ bone massE SAsl] AT
osteoporosis-ﬂ- 742 bone disease”} VJER A =) mEdh
autosomal-recessive OPPG (osteoporosis-pseudoglioma syn-
drome)2] 73-%oll= o9l 3xE2] 7$-% bone mass7} ol

F Yol 2t "l%7} wl$- =c}h Osteoporosis-

e

pseudoglioma syndrome collaborative groupollAl= OPPG
o] A7l 7HA] BlAEE FEdE 3 o Q) fAREA
LRP5E Zolflo] Wnt singling®] bone formationol] £
stk Zle Ao BRIXZCH18,64].

LRP5+ osteoblastol] Eoldo g wd=]= Az}
multiple abnormality bone phenotypeoll #21%l chrom-
osome 11q13E mappingsh= Igll4 X5 cloninge] =
SAEHOS]. oleI3t LRPS= 42| 2o 2jelld] w2 ez
wdle] ] AlE £3} 28 Bt A Hxrt A WA
gror] mgk 3719 ligand7} $16{AA] kol A1E WA
J3F A sARE, hAwE oks wIREE ohekkE Ay
9] Aol FhoJsli= Wntsoll thet co-receptoro] Eelo]
Eol| ulg} LRP5E £t Wt signaling2] bone formation2]
Aol] tigt A77F BAow AA % IrH66,67].

LRP5= Wnts subfamily (Wntl, Wnt3a5)2} ZAgls}o]
Frizzled receptor®} 317 ternary complex& GAIgh}. o]
1€ canonical Wnt signaling pathway& ZAISFAIA ost-
eoblast®] E3}5 221514 F|o] bone formations Z7}A]
71A] ErHo6]. 8821 AdollA o]t signaling activa-
tion- Dickkoffel] &J3l AA7} =lo] F¥PH oz 2Ao] x|
Auk OPPGEHAFES] tHelg5= LRP5 extracellular domain
ol|4€] kgt mutation 22 {18l LRP59] 715] AHAl=o]
bone formation ¥go] ANZ o] Fo|A|A] kw1, 1 Ay}
THAQ) z=Ao] MAA =rH18,68].

Bone formation¥} bone massoll4]e] LRP59] 3k
mouseol|A] Ao Z 7A=E|9r) Osteoblast differenti-
ation®] 9 ZAAR] Cbfal FX%F] W] A=A 8lel|
5 5943, LRP57} null mutations] mouse+= obsteoblast
proliferation®} 7]5-0] 7+4=5led postnatal bone lossE L.

ZrH69]. o]e= HIHE, osteoblastoll4] constitutive active

2ol Wat ASAT - 22

form?] LRP5 (G171V)E W3lsl= transgenic mouset™
bone formation®} bone mass’} Z7FsIIcH70]. 28],
bone HE7} =2 AMAlolAA G171 A2 o] wlol]
o3&l A2l F714Q] mutationo] Z|el] Eelo] =|QlrH68].
T i) Fu|Eg ALY bS] LRPS 5412 mutat-
iono] Yo} shte] ARl AR 7R e A
9] Z$oll= AAelel vl3l bone mass7} Y= ot} o]
+ LRP5 £HiAo] bone massE 24sh= 244X 2
ulgtcl, wlgb], LRPS 73 29] A4S =A3ko @4 bone
s S7KIFIE Aol 7hssAl | Zleg Azt

3. Wnt8} stem cell differentiation

Stem cell £3}9] ZHo]] I} A= 2 7|2 4
ohde} g, A, <], =34 ¥ HA &4
S 22 ol xHell oigk vlolEy] AIEE o83k Al
FX e gA] W A7t o] FolAA Qiek ofF 71A]
siAdsliof & AP BARE, 77k Aol stem cell ©]
43 Ae] 25 Wio] EskEckar of ARl o' A AlA|
How 293k BA ol A7) A= Qiek 53, 1)
stem cell®] maintenance/self-renewal capacity -5-X]ol] gk
mechanism¥} 2) Yal= B4 =ZF 0 29 differentiation<
FEY 5 e W] A So| Fo AT Hofolrk B
ZAzellA e H ol WAl A FAle® alol E7AIE
o A £71 AlEollA€] Wnt signaling®] &E vhrolAl
Argdslarat gk

ul

Lo

y

¢

el

1) HHO} E7|M|=E (Embryonic Stem Cell, ESC)
Embryonic stem cell> o] AE2E 338k = 9l=
8% (totipotency) ZHaL QlolA 54 zAog F3ksh=
=
o 1

=
o
W

S (pluripotency) ZF3L Q)= adult stem cell¥} -5

= 4= 9lrk 2000130l NobeldS- =48l Rockefeller teh
9] Paul Greengard®bA} I35 “6-bromoindirubin-3’-oxime
(BIO)’ 2= GSK3p inhibitorE- ©]-&3l4] activation=l Wnt/
B-catenin signaling®] human¥} mouse ESC2] pluripotency
2} self-renewal capacitys FAAIZIck K arsigr25].
L B-catenin®] levelS ZAs= APC] tlekslt mutant
formES o]-83s}od, =715 B-cateninol] 2]l mouse ESC2J
differentiation®] A= cky H =l v} Je71]. § A=
oll4] Ho|+= Wnt signaling®] ¢d¥F2 ESCeollA] differentia-
tions JAlste] pluripotency & -FFAI6k, self-renewal &
proliferations ZXA|7|=H] Fofsl= Ao Z Helr 1A
ak, Eele] i )] oJshH, mouse ESCo] vhefsl =
2 Bkl )t ofe] 7kAl E5rel wat 9l Fzo| o]
3l s & 9 JelA g 7EA] components®]
W7} inhibitor®] X2lel] o3k AYL Wshe WEkew
ESCY| 35 58 & JdeAe BEANL O ARy
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B in vivooll4] ESC2] #3}e] =Aol| 9lojA] Wnt signaling

o JBE WRMPIE AL FAV} ek oA,

2) MA| E7|IMZE (Adult Stem Cell)

Qofla] AFeF ZF} o] Wnt signaling embryonic
stem cellol|A] #ut oz}, 2% tissue-specific adult stem
cellollA = proliferationol] odghe). 12} cell lineage
determination®} 7+2 differentiation? gl e Fofsh=
Hy15o] glek o]e} o] FU3t Wnt signalingo] olgt
J3kS- dhl= 7Y mouse embryonic, neural, hemato-
poietic stem cells€] gene informationg B]&3F ZAIZ ul
Fo] 54 cellular contextol] W} 5732} W18 sjjele] Ao]
Aol] 7118kt FZEeH72].

In vitroollA] purificationgF Wnt3a proteing *]2|gtol] 2
&}]4] hematopoietic stem cell®] self-renewaloll Wnt/B
-catenin signalingo] Foigh= Zlo| wl&|%cy73]. =3t
Z|4:#1Ql activated B-catenin 2] ®F&3} inhibitore! Axind}
mutant Fz9 (CRD domain)2] W8 E3}o] hematopoietic
stem celloll] Wnt/B-catenin signaling®] self-renewal capa-
cityE FARAIZIY= in vivo/in vitro IS Farsiich
[12]. &A] B-catenine E3FA] k= non-canonical Wnt
signaling®] stem cellol] tigt A= Faks] 1Y F2 A
o7 Heolrth Murdoch et al.ol] 2J8PH, Wnt5a-conditioned
mediaE human hematopoietic progenitor cell-S engraftdt
miceol] injection@t 733}, reconstitutiono] Z71gF A& Tz
319331, ©]= Wnt-5a signaling®] hematopoietic stem cell
expansion, engraftment = survivalS ZXgcleE s
A AR 74].

Secreted Wnt inhibitor®] DKK-1- skin specific K-14
promoterE ©|-85}0] epidermis basal celloll4] BFAA|Z] in
vivo A8 A3} skin appendageoﬂ 481+ hair follicle,
teeth, mammary gland2] ¥Alo] A= ZA3}E Aglcl75].
=gl Eaine Fuchs®HA}F 179 91+ A= p-catenin & =
77} skin stem cell®] population®] <7} 2! multipotency
£ FAA712, TCE-33} Lef-12+9] complexE E3lo] skin
stem cell®] lineage differentiationoll= Frodtrl= A} 5
= 2T whesic76].

TCF-4-deficient miceol|4] fetal development -5<kel| int-
estinal progenitor cello] FHE|#] ¢k= A¥Eo] v&%ict
[77]. ©I5©], adultollA] Wnt signaling®] gut progenitor cell
ollA] activation® JEo]3L, Wnt signaling inhibitorZ L]
Al Dickkopf-1(Dkk1)E *2lg}= oll, small intestine@}
colon®] proliferation®] A== AI-EZ Hol, Wnt sign-
aling- intestinal stem cell9] self-renewalol] Trojgtclar K
oJZt78]. o|2]dt ZAF}-E-2 Wnt signaling activatorE- ©|

£31od gut epithelium®] M4, & homeostasisE A8k,

inflammatory bowel disease 72 21| X ol 0|22

kg ZeleH79).

ol

Wnt MSHMEO o7 b

s

o 7=

Ao Z & vl Wnt signalingol] Fsl AYslebs
= ARl AT W Fo] weRA, o E T
W A7t dasiel ohe AL AT EolellAle)k vk
X7FAE Wnt signaling FobellA] 71 o8] 2 FUstH
molecule®] cellular contextol] WA thE AAskE = 7
ofc}. whehAl, thes] B R§-47K] overexpression o]}
inhibitor2] ARgol] ogt AE-2 AAZ in vivoollA Lofut
= AT o 7FsAel Sk

& ol ofe] 71A] 217k Aslell Wt signaling?] o]4F
o] HA=Urh= Aol Bl glom, 23t e
X5 o Z Wnt signalings 283l E A7) BolA
ek webA Aes Ak x50 284S AAE] S
BNA= Wt signaling®] 2ol A== B B molecule
=9 W= 7139 olsll7} H5Holrk. Wat signaling®]
25 o|fslo] AHS x| 8sluA}l & ul, Wnt signaling
oll &% moleculese] thE WM WAL cell typeollA 4+
W= 75 Telshe 739 st drug] Fodel] ot
Aol 25 W o gs Bk of AR wedk v
cell signaling®] 73-Foll4] & = Sl viel 7ol wnt A%
Ade] 7495 TGF-B signalingS v]E3}F ]2 signaling¥}
9] cross regulations s}l QJrkar BFE|A|3 QoA Wnt
signalingS- target 2 sh= drug?] AHE-S w2 919
gle] ot desick

Whnt signaling®] Z=Aef] o3t Awle] X g ¥hye] 7t
< I AR 7HX] wiliell 1 FeAde] HeEld Zolekar
ozl Wt} 8117l o]$- oF 2009 Wl F}t AlAK o=
= 3o dqAbze] AR AA sloll A7t R1dix]o]
S ARE 2 AR AGE AL vk sk, AR Wy
237}t Wt signaling@He] Ak o] 4= Aol &
1517] witell el M A= Tt 7 AFARETRE
W3k 35T o] FoAAH FEE] FAEY Aol
thar o AR}, wlebA, Harvardtehe] Dr. Xi He7| 23k
THE Wnt signaling®] 7|2 721} vhelet A o] A
< 71 A AiTEe] AZE 5= Wnt-Wnt (win- win
o7 k5 §) Hgho] ALEH, Wit AT A 24s=
Aloke] kS E3k nlole Al Bl FA 7]edE
slElziar ol

A=d

e

o
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