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Wnt/B-catenin Signaling Pathway and Multidrug Resistance in Leukemic Cells

Yan-Hua WANG and Toshiko MOTOJI
Department of Hematology, Tokyo Women's Medical University School of Medicine

Whnt signaling plays a crucial role in embryonic development, regulation of cell fate, self-renewal of stem

cells, and carcinogenesis in humans. B-catenin is a key molecule in this pathway, and its protein levels are medi-

ated by the effects of the Wnt/B-catenin signaling pathway. Once Wnt proteins bind to their receptors, non-

phosphorylated B-catenin accumulates within the cytoplasm and migrates to the nucleus, where it up-regulates

the expression of target genes, including genes involved in cell proliferation and differentiation, by binding to the

T-cell factor/lymphoid enhancer factor complex. The constitutive activation of B-catenin has been suggested to

be essential for the self-renewal and differentiation of hematopoietic stem and progenitor cells, as well as for the

development and chemoresistance of leukemia stem cells. Abnormalities and overexpression of genes involved in

the Wnt/B-catenin pathway have been detected in various hematologic malignancies, including leukemia. Re-

cently, the Wnt receptor Frizzled 1 (FZD1) was found to be associated with the transcriptional activation of the

multidrug resistance 1 gene (MDR1) through the Wnt/B-catenin pathway. In the present study, we provide an

overview about the role of the Wnt/B-catenin signaling pathway in leukemic cells, and clarify it's a relationship

with multidrug resistance.
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Wot 3HIfaM BRI ED T, VATA VHEBER
MRS ERE S VN B ThH D, WILEEWICS
WTA LR EIOEEOWt7 7 I Y —
(wingless-type MMTYV integration site family) 2%
EL, EWENERICEL > THEINEY. Wnt ¥ 7
FVIIILEE SO EMORMIF LD SRR £
T, FoHABMESORE, k<R
DY - 5L - MR, FERRME, FAMIRE L & OFE,
BBABREZLEbo TWAEELR Y 7 F IVRER
BT DY mE 20 FH, 2 F I LFEIRCHIZEAHE
A, LEZOEEHECETLI LD LTOHL
Pl oTE Wt ¥ 7 F IVRERKTIE, Wnt
VAN EMBEEREOSZBFROMAEDEIC L )M
N Y 7 F MREOREREIRE SN EY. Wnt ¥

T IVREREIZIE, RBORELLPHT =
(B-catenin) IZ & o TR E L ZDWHEEINDE. —D
W& B-#% 7 = ¥ A TCF (T-cell factor)/LEF (lym-
phoid enhancer factor) ¥5 KT %4 L TIENERE
TFORBAZFMET S -7 7= VRE, 5 —2i3M
Mok, EBCEE R E2H®T S BT =V
KRR TH B0, AT, Wat/p-F 7 = V5&E
BEICOWTY VP VREOREZBH T S L3
W2, EWCAMBMEICBT S Wat/p-F 7= V(5%
RERE L DS A BN DOEHME & OBFEIZOWT, #H
BENLHEE D & CHBEISBEA LW,

1. Wnt/B-h7=2 2 THIEROBE
BAT=VEZOoDFE 572 B Bk FO
MRS FT, —2 Ml RERIC & 2 Mla S
aF, AN COMBENAL Y ETIF VT4
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Figure Wnt/B-catenin signaling pathway

In the absence of Wnt proteins, B-catenin binds to GSK-3B, CKla, Axin, and APC proteins
to form a “destruction complex” in the cytoplasm. B-catenin is phosphorylated by GSK-3B
and CKla at the N-terminal regions, and is then ubiquitinated and degraded by a protea-
some (A). When Wnt proteins bind to FZD receptors and an LRP co-receptor, the “ternary
complex” transduces a signal to intracellular Dvl, which inhibits the activity of GSK-3B. As
a result, accumulated B-catenin is stabilized, and it migrates to the nucleus, where it forms
a complex with the TCF/LEF factor to activate the transcription of the downstream tar-
get genes (B).

FZD: Frizzled, LRP: low-density lipoprotein receptor-related protein, Dvl: Dishevelled, APC:
adenomatous polyposis coli, GSK-3B: glycogen synthase kinase-3p, CKlo: casein kinase la,

LRP5/6
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TCE: T-cell factor, LEF: lymphoid enhancer factor, HDAC: Histone deacetylase, Ub: ubiqui-

tin.

FGAY MEDORITA. b —oiF, HMBEEANEER
TLHEALTENEETORE 2 EHLT 58 5 T
» %", Canonical fZi# & b IFIENTW 25 Wnt/B-7
TEY Y rF VR, MBEAO AT =08
YR BERETAZEIZL T, MROBERS
1, EEDONG VA ERPET 5.

Wnt 254, MBREICHEEST S 7THEE SR
Frizzled (FZD) #%&#k & 1 BEE @A o LRP5/6
(low-density lipoprotein receptor-related protein)
FRAZFERTHER ENS. FZD i N Kintas 8
BlZBWT, Wit SEAVEBELRIYATA VY FAAL
VAT H. T2, FZD ® C—AK¥iid Ser/Thr-XXX-
Val DEF—T7hOERINTVwE, ¥Y—F7 T/ R
BHIC & v 10% 8 (FZDI~FZD10) 4 s h

%% BE Wnt 2FE L 2 WKL, -7 7 = V134
FRE M D Axin (&% >~ 72 %), APC (adenoma-
tous polyposis coli : J& ¥ il & 1= T # %), GSK-3B
(glycogen synthase kinase-3p) & CKla (casein
kinase lo) % EOEEMR S TIHEEG L “destruc-
tion complex” # L L, B~4 7= >~ @ N Kim ik iZ
GSK-3p & CKla ok - TV Bk & h, ¥ FF
MBIz T s 7V — A THIR S5 (Figure A).
COEIHBERNB-I T =Dy T ERIK
CRDOZERX X >T, Wnt/p-h T =V T T FNORE
MBETOEEZGIHL T3 —7, Mass»5
ORI T Wnt 3% B FZD & LRP5/6 IC#HE&T %
&, Y7 FVIHKEA Dyl (Dishevelled : Axin #&&
GF)NEEESN, GSK-3p DiEHZ2IH T 5 &
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WKLo TBAh7r=vid) YBibzRnD. £DOK
B OMBERCER SN B T = VI3RS BAT
L, TCF/LEF BERTF & #4&%, cyclin D1, c-myc
B & " multidrug resistance 1 (MDR1) 7 & DIER
BIZTFOREZRET LI LICLD, HROHES
SALB L7 K b —¥ A2 F#$ 5 (Figure B).

BRETCRE B AH=ALELT, FZD & LRP
ZERMELDIEEIZSDH B Rspondin ) H~ F & LGRS
(leucine-rich repeat-containing G-protein coupled
receptor 5 : BMifE~ — % —) 7 £ %% Wnt receptors
AR FZD/LRP IZ/EF$ 5 2 LIC X o T, Wat/p-
AT =V TFIVIRERRE S OICER LS ES &
WO RERALNE™,

K, B, FE&, LB, BB, Bz &hkAc %
HMRBROEBMRETIE, Wnt/p-h 7= ¥ 7 FIVRE
KEREAS, FBIREBMEORFIC XV EENICEEL
LTwabZE, $/2, BAT=VEBEASTEDD
DOERDY, ThoEREBEFORRNEEET LI L
PHE SN TV LY, BMFEE BT, 20K
BoRE L AME, ) Y ERESREEHELR EO
FBEORER L OBE;HRE I N, SoIEFOE
BAOBES L RBENTHEY,

2. BEMBMBICHF B Wnt/p-HhF7=>TF
JVEERR

Wat/B-% 7 =¥ ¥ 7 F VR, IEH 2 & M EH
FAD¥EsE - 51k, BOHERORH, BEFOEE
R LICERERREERL, TOEEEERICAT]
REENDHM0 Wnt 77 3 —DELETEDIE,
BB OBRRAT & L CRiEFMRICLETH D,
IE#EEMTIE Wnt3, Wntl0a, FZD3, FZD7 B L O°
sFRP1 (secreted Frizzled-related protein genes :
Wnt #¥H4 55005 ~2327) HMEERICRBEL T
WAT IEEZE D) v 28EFRIZIE Wat7a, Wnt9b, FZD6
& FZD7 DEBDH b, KEL WX Wnt3a
DOFFEIC X - THEHE L, Wnt3a DAL E O HARR
DETZEFI &L, bz iEs 592

B—7 7 = VIZIEH O CD34 + B SR T3 T
& 5285, 54t L7z CD33+CD34—CD11b +#ifaiz %
LEMMTELLS A, S0, A 7=k
IbZ5l 3L CD3M4+RIEBRMIDO 7R b= X
PPHIEN S, EMBHECBTS A T=r0
EEMEELDS, ZetkEmEfio B CHEERY
BT S8, MR BMErE RS0 bt
TUy 7 THEIEPRINTVEY. LaLeds,
BT =V ERETEETH, BHlLEZFORMAER

EHERRICIIEEN RV E VI MEIDRH L LD
&, EMEHOMER & Kb FE OIS IZ R R
BLRVDBHT =y BLBELEZONG. OF

D, Wnt/B-4 7= ¥ 7 F MaERER LICREND
AEAIE, IEEEIMEOAET, WHER SR
B2 RIZTTRENS 5.

3. glisERICET 32 Wnt/B-HhF7=>2TF
JURRER

Wnt/B=h 7 =¥ ¥ 7T MRERERIZBIT 5, Wnt
Uy, ph T = v RERER T OB BB LA
B O FIEICBS- LT b 2 &85, %< DRfFH
BRI WA, HIURSRMEO B CHEARSH
FEIZ B-H 7 = v OEHALIZHE TV, AML (acute
myeloid leukemia) Mifg T, p-H 7=V & 878
B &N, %< OFEFT Watl, Wnt2b B & U8 LEF]
REEIZEHELTWAEY. EEHA O AML ERIT
&, MIRAERIEY VML B~ 7= VA% {, LEFI1
BETFRIAOBVEFNERICADIZLL, PR
BTHHrIZ ehMESNTWE®, ¥/, AML
MABETEWS BT = ORHALHEH S &,
¥ —4"y MERFTH B cyclin D1, ccmyc ODFEIH D
LB,

ALL (acute lymphoblastic leukemia) #ifg Tig,

t (1:19) HROMBIARIC Wntl6 OIFEME: % HH 3 %
&, TRM=VAPFEINSP. B-ALL Tid -7
7 = UEHEALICRE S GSK-3B DARTEMEALIR S,
Wnt3a OHEIC & o TREAB-F 7= 2% { &R
XN, TCE/LEF1 7/ 0E— % — IFWLEhTw
5", LEF1 BT OBFHEIILBALL IZBWTH
FHEARRTFE SN,

Wot/B-# 7= ¥ 7 FIVERBEIIE Y 2 %
FAVIDAFNMLIZE o THHME NS, ALL
% AML JEHI T, Wnts EEH 249 % sFRPs
DTRE=F—DFHAFVIZEL T, Wnt ¥ —
7y »#ixF Tdh 5 TCFL, LEF1, FZD3, cyclin D1
RBH TR EDERAVEL ol EHHH
LT\WBPD,

B-7 7 = v O EHILIE CML (chronic myeloid leu-
kemia) CH BEELBEB LR/ LTVE L) THA.
BCR-ABL/B-# 7 = Y BEK DT FIZ & ) BCR-
ABL 2 RESEAZLFHONTRY, p-h 7=V
DA CML O | MLfRHME O B S HAERZIET
BB, T REHCIERRT R 7= v OfFHE
L2 HHIT 5 &, BRENICHIFHMRSED L,
A< F =T EpIk L BOERAFIE ORI A
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INOLDORRPS, Wnt/B-h T =V ¥ 7 FIViniE
REIZBIUT B B-F 7 = v 2 ¥HI$ 2 | IR OB
i, BT Tu—-FREEBbhs. BhT= v
VTP VHERETH ARG FILEWERMT A L
&) AMLHIRBO TR =Y AFEES I, -4
7= Y/LEF1 % —% v b &157F cmyc, cyclin D1
B I W survivin % EVHBEITRWA L722®, T&
EOHRETIE, —HD AML BEOMAIC L 2%hR
PELNTWiWn?,

4. pFMROERWMEE Wnt/p-h7 =22
JFIVIREE

1) B & %At s T

E M EE OWERICTCRMAF 2T A ERO—
2, BIFEHRE O A T T B ETH % 5,
ROBALPICEINTVEIOEPHESY /87 (P-
glycoprotein : P-gp) OjZTH5*. P-gp iZ ABC
(ATP binding cassette) F 5 YV AR—F —K7 7 3
V—DRETHY, MEBEICHAET 2BKMES 3
7THDB. TDY N7 Ea—-FTLELRTIE,
7q21 : 12\ 2fF 4§ 5 MDR1 (% 7213 ATP binding
cassette subfamily B, member 1 : ABCB1) T 5.
MDR1 &R TE % K 5 5 B M Az 12 53 <
FELTBY, HmEEM#Ed MDR1 2/ LTw
5T EDHEESNTWE™, P-gp XfFHIEH, BWHE
MoTLEMELZ AT 5. HMFHERTIE, P-gp D@
FIFBL AL & OFLH A FEOHEM % TUHE S,
RN PLASAEDREIMET L, EFERZEOEKT
Z5| &I, Pgp BRI L T 5 HIMHKEEE T
BRRHIME. in vitro TiX, FEHIMH:5EARIE (P-gp
DRHEE) ORI E - T, EHOBRZEHREIEL
T3 2 EDTRENTZH™Y, BHBHMFICHATA S
LRI 2 PR L ERIRIGBR T, T4 2iE#E
BEIMF LN TN HRNT®,

2) Wnt/p-4 5= ¥ 7 F Ve MDRI

Wnt/B-74 7 = ¥ ¥ 7 F VR, HYA O EHFIRE
WCHELTWA I EIRENTVEY, v fk
b DRI E N % W72 BFFE T, Wt 07
ZAMEGSK3BHEELBMTHZLICLD, B
TV OBNORTATLEL MDR]L 7 1 € —
r—dEHIEE N, P-gp 2SERICHEBR LY. B
T VERDD o T R AMBERE L B EEE
A& TIE, MDRIO 77U E—% —OEGEEI L
MDRI1 BRI HE XN TWB?, &L, MDR]1 B%
B o CML #ifatk Tix, BRIZH~MDRLI® 71
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E—F—HRE B ATV EDRETIVL VIS,
Wntl & p-h5F=% /v 7 ¥ r95%&MDRI
DEBEPEBICRD L L8 S h7:. CML Tid
Wat/p-% 7 = > ¥ 7 F VikEHS MDR1 O#E % IE
WHEHLTWDL Z EAREN?,

SRR O BREOMELTIE, MRRICHR
Topo IToe (Topoisomerase Ilo) BIEF, AT/ —<
¥R #E T PRAME (preferentially expressed an-
tigen of melanoma) OFERIVEL Lo THBY, #0
&9 HRES T EAEZ K RERIENETDH
5. MR BWT SHoMEILE D & HER
WZEBE LI WY, BRREO HIEHRRIIE X DRy
W EbDOLIEL, BREENLIVEL LT
WA ZEPRBEN, NPT AEREICE ST
bHLEz oA, F72 denovo AML T, Topo Ilo
EEPEL ATV ORBRDBELETIE
FHRPEARTH B, p-F 5=~ /TCF4 HEEKH
BB % R 5 B RE I3 100 EE LD LEE
L, MDR1ZZDVEDTHAZ EPHEENLTY
%% MDRI BIZT- D70 E— & —EIRII B
EEFOICLEH ST, TCF/LEFl ¢ —%& 457
OREETNVAFIEL TSI EARBRENS. LT
Mo TWnt/B-7 7=V V7 F VBT S
12X ) MDR1 OB EZKT S 2 WHEMELSE 2
bN5.

L, Wnt 24K FZD1 25 Wat/B-% 7 = » ##%
DIEHALZ AN LT, PASABNOEHMEICES
% Z DR SNz WRESFEREMIREAR Tk, FZD1
DERBBUIPSAEIIEIEZ R L, FZD1 % ¥
T 5 L HHNBSZ D EB Y 5 &I MDR1 O F 3
bEHI I N2, Tz, HAAAOEH MR T
i, FIDl v 2 ¥ v 8En e, MM A5 =
Y DL HH B, MDR1 BEHOBA L FHMED
HEH/EOENZY. TS0 REYP S, AT
b FZD1 o#iflick v, MDR1 OFEHEZH I &A%
WMEETRZWAEZ R, FE DX, HIMFEEER
# 12 shRNA (short hairpin RNA) % H \», FZD1
T 5 2 LIS X o T Pgp ICRITT HE % Kt
L MDRI1 it 5a ik O #eM: % A7z, € DRER, P-
gp DREIDOBA L it AT O FHI B o FEE H
Hoh, HIMHEHIZE VTS FZD1 H33H i 12
BE535ZLBMDTHL MR -72". FZD1 8
Wnt3a #/8— hF—& LT Wnt/B-7 7= V&K%
4L, TCF BERFOEMLEZRET S Z L2H0R
WEINn/-07T, ZRMELZERT 52—FHkE LT,

—E461—



30

FZD1 2587 e 0 FREMIC 2 2 Tl BwhE L bR
5.

5. Wnt/B-H7 =2 TF VR EPADERE

% L OWFERFERDS, Wat/B-H 7 =¥ ¥ 7 FVix
ERBEHEET 2EH, H 50 Wat HifIT 5 5 ~
N7 % BRI LERORBRLERI;ITONT
W5, HERERE LTI, KEJESFLEMEED
ZHEF ORI oS, KBS TFEEmE L
T, BFEOEYLR S PRROLEY, €L THD
POETFHA Y ENLHTENEDTHL. WHEIT
A¥Y Y, LFIAF, ¥¥3I0D3 K) 72/ —
VR CYUEEEREZ R L CTH B, %REIICGP
049090 %° PFK115-584", ICG-001%, FJ9™7 &A%
Fohd, STENESFLEWE, EXB-AT=
v & TCF/LEF O#4, FZD & DVl o#E&, £L T
B-H 7=V eBERFRFEOBELHETS D
DTHAH, EWEHEAE LT, WntelL b7
¥ —Zx$ APUK, RNA T, VaveErr by o
N HREPREENTVAE®. ThbIE—83 T
BRICEHENTWE DL H Y, RIERRABRER
KhHHrbDbHAH. AMLIZBWT, B~ 7=V #Efr
F % I3 5 CWP23229 &\ ) RS FALaW g 1
MEBEREBE TN TBY, ZORERIIEEOHE
PR ZHH T LI EPRENTVWEDOTY, K
RTORRIFF N5,

F RS LT Wat/B- 7 = ¥ 7 F v
ZEREE, TPHOATRVEIED DD, F0IE
AL IEE ML L ViR e 2RfBL, Th
57—y MeT b LD BIRW L5 FENGDS AR
DRFESHFINS.

BHUIC

Wnt/B-7 7= ¥ ¥ 7 F IVARERBIE, H IR
D, ML HOCEARLZ ZICES L, BILRED
A ED o T b, BB MKDER I
AL TH B2, FEiX, Wot/B-H 5=
T FIARERREIC BT 50 TEMEERL MR 516
WHUMREIC A LN A,
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