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Abstract

Abstract

AXin is a tumor suppressor gene, which plays a critical role in controlling axis
formation during embryonic development. Axin serves as a scaffold protein in at least
four different signaling pathways: Wnt, JNK (c-Jun NH; terminal MAPK), TGF-
(transforming growth factorf) and p53 signaling pathways. In the Wnt signaling
pathway, Axin negatively regulates B-catenin by forming a large multimeric protein
complex with APC (adenomatous polyposis coli), GSK-3p (glycogen synthase
kinase-3f), B-catenin. In JNK signaling, Axin activates JNK by directly binding to
MEKK1 or MEKKA4. In TGF-f signaling, Axin enhances the transcriptional activity of
Smad3. In addition, Axin regulates the transcriptional activity of p53 by forming a
protein complex with p53 and HIPK2 (homeodomain-interacting protein kinase-2).
These different signaling pathways control a spectrum of cellular processes, including
cell proliferation, differentiation, transformation, apoptosis, and cell cycle arrest.

Axin employs different regions to bind to MEKK1 or MEKK4 to activate JNK.
Both MEKK 1 and MEKK4 are INK MAPK kinase kinase. The relation between Axin
and JNK MAPK kinases (e.g. MKK4 and MKK?7) is unclear. In this study, I have
showen that (1) Axin can not bind to MKK4 and MKK?7 directly. (2) In 293T cells,
knockdown of MKK4 and MKK?7 by using RNA interference has differential effect on
Axin-mediated JNK activation. Axin requires both MKK4 and MKK?7 for maximum
activation of JNK. Depletion of MKK7 by pSUPER-directed siRNA dramatically
diminishes activation of JNK by Axin, indicating that MKK7 contributes more to
Axin-mediated JNK activity than MKK4 does. (3) I also found that Axin depends on
MKK7 in MEF (murine embryonic fibroblast) wild type cells, MEF MKK4™" cells
and MEF MKK4/7" cells. (4) In MEF MKK4™ cells, the extent of JNN activation
mediated by Axin is greater than LMP-1 (Latent Membrane Protein 1), sorbitol and
Dishevelled. In other words, MKK7 plays a key role in Axin-mediated JNK activity.
(5) MKK7 contributes more to Axin-mediated cell death through activation of JNK
than MKK4 does.

Upon completion of the studies on MKK4 and MKK?7 function in the Axin/JNK
signalling pathway, I studied another Axin family member, Axin2. Axin2 has similar
biochemical and cell biological properties to Axin. In this study, Axin2 activates JNK
also by forming a complex with MEKK1 or MEKK4. Dominant negative mutants of
MEKK1or MEKK4 effectively attenuate Axin2-mediated JNK activition separately.
Despite the fact that Axin2 and Axin share 45% amino acid identity, the region of

3



Abstract

Axin2 for binding to MEKKI is not similar to Axin.
In conclusion, my studies have enriched our understanding of the mechanism of
Axin-mediated JNK activation which provides important molecular basis for the

ultimate understanding of the biological function of Axin-mediated JNK activation.

Key words: Axin; MKK4; MKK7; JNK
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1.1 Axin: —MEZSMESEBETEEFTERNARER

1.1.1 §Eik

Axin (Axis formation inhibitor) RISl &MGIK -7, AR E TR T
il R R N, SR 4 B BUR MR IA 1 R i R4 g, AR R G
BOCNY, 2lE 12 IR IR = A R0 A4, fl 2 SR J2 e B S bR 5 G B
2341 Axin [ 1997 4R ILLAK— RN AT IF A £, 8 3 e 1IN
FNAVRIN: Axin & —NEEHELRN, Axin EASH 2T, 6
HEZMEAFMEY S, Z2HZANEEGESLIRET (HIFTEY Axin
2B 5T IUAME 546 5845 Wnt, INK/SAPK, TGE-BAI p53 15 54L& Sl . )
R, AR MER T AR S A B850 5 I 1 DA i AR A5 i R il o
e EEER . 24, MBIERIW TS Axin FY¥EBEM, #FA Conductin
(PR Axil #1 Axin2), fEAEYIhEE FAH S Axin MBI MR, T LR
MAATTF: Axin #5245 Axinl, 1ff Conductin #54 Axin2. BL¥F Axinl Fl Axin2 Z¢id
urrs

1.1.2 Axin KR 3L
£ 1997 48, F.Constantini A H: [/ 5 i i /Ml Fused (Fu) &, 4 T

i 5 R (Drosophila) Fused FEFIVE, SCERZIE PR 55 4] A4l T A G
HHr iy 44 4 Axin (Axis formation inhibitor) JEPS M1, Bl Axin1 3], 3 3 %) Axinl
LRI R A 2546 73 A, Axinl HH 10 MM FALRE, Sifidh 868 N2 iR (a 21
Y 832 AR (b AD WRPFALE (T mRNA AR BT 20 Mo 43t
cDNA SEHE B BEHESR Y 956 B 992 M e FEMR P At H, HSERr BB KX
FEREEM A E, T Axinl 25 R B ASAL TP FI IS 125 67 A 2R

(Met-125) Mo @R R R0 R 5 R T, Axind FLAT AN £ sF
Mg £ N Ky G |AF5 I HEF RGS (Regulator of G-protein
Signaling) [AJJl, X X2 G & A5 WEH T 50 m B sr 1 37,
FTLAFR 4 RGS ZEftk; 7E C Aty Axin JE R B AAAHISEIE 1 Dishevelled 8 A
A JEFR A DIX S5k,
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i)

Axinl [ ZAFAE T TA MES AT HESI AR N, S AN [R) (8 AR A 27 D5V
SCT AN SERELE A, B, ABESfa, T, A8, N, KRR, AHERE £
SpUIOUT S Axinl Wik TR, ARG, BRI, Bl BF. s
B NI Axinl B PS5/ RARLEL) 87 % AR, JLBER e 158 16
SR K (16q13-3), H4nBX i 10 MME 741, gnfid 862 NEILR (a
M) B 826 MR (b ) MRl ALfAk, Horb b AU 8 NMIMET, Zifd 36
NIRRT

1998 4418, Birchmeier J% F (7] F5 3t i B BE X4 AL (Yeast two-hybrid
screens) LAB-catenin 1EAIFEH A A, fE/NRIENG cDNA SCZEH iz i Conductin
Y Axin2P /MR Axin2 2 1 840 ANMEIERAL, 5/l Axinl HLLEE,  Axin2
TERARZFER T A B 45% A RIPERN 58 % ARl Do W4, Kikuchi M H:
[F) S 30 3 W R A LA GSK-3B A B AH 8 L /E R BUIG cDNA TR B9 i Axil 45

F, IR Axinl AL, BEIHMABIIERL, 144 4 Axil (Axin like) M, Axil
FEAH 838 MNEILMALN, 5K Axinl HHE, BAE 4% R, EiX2

J ¥ Conductin A1 Axil ZEFK A Axin2. Axin2 Y5 Axinl —FEEA N K RGS
SERYEFN C Rt DIX 45 kgH.

HRFPEANE 2 Axin2 /&5 5 Axinl HSFELE S TP E) D)) Rl 388 47 1E , AERF A1
Axin2 F T AR A A1) Axin2 & P55 /0 RAH G 89 % (R, A
1) AXin2 JE R E AL 125 17 4 R KB F(17q23-24), H cDNA 2 2.5kb K, H
10 AM 274, 4ilis 843 NaJER (a ) B 778 NI (b AL Wil IYek,
o b B ES 6 MM, il 65 AN EERR,

1.1.3 Axin1 5 Axin2 &

M/ Axinl Y5 Axin2 (FERIATE 5P A0 AT 8L, KB Axinl 55 Axin2
HEAER B2 4 R Axin2 BH % Axinl IFE 2R A MBIEST, ANRD K h
7T R I Axinl 5 Axin2 7£ Wnt {5 5@ HATE AR ThEE: 5 APC,
GSK-3BA B-catenin JE K [ E A AL I B-catenin IR 1L K Bl = 1 B ARDY, Jf
FL 8 TS I i A ek R v i b Al ) 7 > 417, ik A, Axin2 5 Axinl
#ifE 5 Diversin, Smad3 I Smad7 #1545 &1 O, Sim GHRIEES, /NG
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KRB Axin2 1] LIS Axinl FOSEAERY. RIMERLIXHEE, Axin2 A% Axinl JF4k
RLERM. Wi, SANULDAKRE, Axinl L NHL PB4, 1 Axin2
RIS S0 IR R & W BEIf FIA AN, DRI AE /N BUR R Axin2 A BETRHD
Axinl [FHCR AT AT SR . AR ITE AR IE Axin2® Ik, BT
W Axin2 FUHESEBERE Wnt £5 5 BT BP0 Axinl JE0 A8k, K Axin2
A ARG 1AL Wt £5 -5 RESEE (K SR B0 1 72221 R, AT 24k 31 Axin2
SEN AR B R IR I N (K AXin2 DR 5848 (M 44 A5 R S 8UF R B AN 2R
AR NATTR I Axin2 3 DR B 1K) /N BUSk B IREE , Skti B 1048 1 L7l
B, FECE AP M Aind B 8 58 AR Bl G S0 R B 10 R A RN 4
FIRaPE IR IEBOER, S A —Se i 2y CRLSR S5 s R ARSI Axinl
A Axin2 [5G BL UL EAR AXind FIl AXin2 #R 2 SE A, (B EAS ] e
AT T BERS . Xt i W] Axinl 55 Axin2 72T RE B & E I 2t
B, Axin Yy Axin2 FEGNME AN, Sl G e H EUE VA KL Axinl 5R
HUEAN AR N, AL A I S S b B-catenin BT ARIIAL & s 1) Axin2 227
MMz A Axinl M1 Axin2 &5 H 70 T2 WIAREL, (B HFE R B [ — 40 i
e IR RIS AEAE, TR Axinl F Axin2 A5 500 A R oh el

1.1.4 Axin B—FZ U sE MR EH
KA ED PRI 5T R B Axind Fll Axin2 £F 4 —Fh 2 Dy B 5 MM 42 1
W H e A 1 AR LA A RAT A AR ThRe, FHIBUNEL Axinl Caa
832) MBSk EA 44 Y Axin AH AR T B 1 A LA I Th R
B-catenin (B IEHFEM) P, Axin M5 437-506 fi7 2 LR X 155 5 B-catenin
({55 2-7 4 armadillo 4 Xk 5 #4551, GSK-3B45B-catenin fE[F] i 55 Axin 45
FIE R = B X — A AR T AT T GSK-3BAIT CKIoukt B-catenin [RIBEIRALE,
IR AL [ B-catenin 4% E3 12 Z5ERMER-TrCP 15, itz £ PR AR E A1k
WA, 2 Wt (5 BB EGT S, Axin, GSK-3B. APC %4> 141
J§. I B-catenin [ fif 52 AW 7E Dishevelled [1FF B % 2141 fu it 1, e I
Dishevelled 1] GSK-3BX) Axin [FJBFRALAER, 18 Axin £20E M B Mg, M
A B Al S5 A AR, 45T N 1) B-catenin ANWTAR BIFHEANAIIURL, TERN S £



hafl

il

Pl s DR 0 R B 5 5 DT R 42— R 0 11 40 i A K/ 43 A A DG ik TR 4
Siamois®4, Twin®*, Xnr-3B%. UbxP7., cyclin D1B¥H1 c-MYCP?,

GSK-3B (glycogen synthase kinase-3B, #i 4 B 3): GSK-3B45 & 1r
Axin 25 353-437 frEFEM XK, 7 Axin 7 GSK-3B_L 45 A& X2 H— 4o
W fE(aa 262-273)F1— M 3R (aa 285-299)41 K. 7E Wnt {55 8 Es e Al
B-catenin MR AV I 52 5 4 P M . Axin R REAE 4 J7 {8 GSK-3PHiIR 1L B-catenin (1)1
BUEE 1 2 5177 B-catenin (K2, W GSK-3BANfE4S 75 B-catenin K 53K
B-catenin 7K1 IR i AHEAE . Hed Xt Wt {55 18 2% IR A GO, %18
By FAE AT RS GSK-3BXT Axin FUBEERIL, M4SN JE X B-catenin (IR L1,

APC (adenomatous polyposis coli, Ml R ): Axin WL RGS 454
1 (aa 89-216) 5 APC 4541 . 7F Wnt/B-catenin {5 5%+, Axin 5 APC,
GSK-3B % B-catenin JERER HE A A% B-catenin SEATHERRAL ML B-catenin
RS, APC T 285 Axin M H 45 & 7 BE 97 i 73 B-catenin, APC 7F Axin [Af]
H LA XIS 20 AR B XD, — BIX— X R, APC mhok
% T HkB-catenin PRI AE S S2B0E] APC 5 Axin B & 1R BESERE
GSK-3B%B-catenin K1Y A i 7 B-catenin 1B figt*),

PP2A (protein phosphatase 2A, 1 FWEIREF 2A): PP2A 5 Axin %55 298-506
FIBX BB LS . Hil QORI =AM PP2A B WHEKK, Ei1E B,
B56 il PR72. PP2A [f] B56 WIE{E Axin-GSK-3pB-B-catenin E 54+ 5 APC A
Dvl £ 5101, i ¢ WIS Axin AT EAEF » BS6 W K2R IA (K13 )11 23 B4 B-catenin
[PI7KF-5 9855 B-catenin 155

CK 1 (Casein Kinases | , F&HTFMME [ D: Axin ) C AK¥m s 217-352 z ik
FG X o) CK T ol CK T effi4hi &t B2, 78 Wat {5 5@ Bk, K CKIeRERHU
Wt 7 5 TIE ARSI 6], 10 CKIoUIANGE, BRI CKlefd Wt {5 538 8% 1) 11 1
PR PN, 5 CRIeAR ], CKIoff b 5| & i B-catenin [ C Ui 42 Z BRI ER AL,
{1t B-catenin N 3ii (M 22 28 (Ser) /4322 (Thr) FRK:A4E GSK-3BMEMR I, Mifi
{1233 B-catenin (I MHCY,

Dishevelled (Dvl B¢ Dsh): Axin J#iid DIX Z5#43k (aa 757-820) &8 [H] 5 K
A AU, X B 5 B A R fU 35 Axinl, Axin2, Dishevelled A1 Ced1 ( Coiled-coil-DIX
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