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Abstract

Abstract

Breast cancer is one of the most serious problems that threat woman health. The
study of tumorigenesis of breast cancer cells wopld help to improve breast cancer
treatment. High abundance of c-Jun is detected in invasive breast cancer cells and
aggressive breast tumor malignancies. It is associated with promoted survival,
proliferation, migration and invasion of breast cancer cells. In our study, we
demonstrate that a major cause of high c-Jun abundance in invasive breast cancer
cells is prolonged c-Jun protein stability owing to poor poly-ubiquitination of c-Jun.
Among the known c-Jun - targeting E3 ligases, we identified constitutive
photomorphogenesis protein 1 (COP1) as an E3 ubiquitin ligase responsible for
c-Jun degradation in less invasive breast cancer cells because depletion of COP1
reduced c-Jun poly-ubiquitination leading to the stabilization of c-Jun protein. In a
panel of breast cancer cell lines, we obSer-ved an inverse association between the
levels of COP1 and c-Jun. However, overexpressing COP1 alone was unable to
decrease c-Jun level in invasive breast cancer cells, indicating that efficient c-Jun
protein degradation necessitates an additional event. Indeed, we found that glycogen
synthase kinase 3 (GSK3) inhibitors elevated c-Jun abundance in less invasive
breast cancer cells and that GSK3 nonphosphorylable c-Jun—T239A mutant
displayed greater protein stability and poorer poly-ubiquitination compared to the
wild-type c-Jun. The ability of simultaneously enforced expression of COP1 and
constitutively active GSK3p to decrease c-Jun abundance in invasive breast cancer
cells allowed us to conclude that c-Jun is negatively regulated Thr-ough the
coordinated action of COP1 and GSK3p. Importantly, co-expressing COP1 and active
GSK3p blocked in vitro cell growth, migration and in vivo metastasis of invasive
breast cancer cells. Gene expression profiling of breast tumor specimens further
revealed that higher COP1 expression correlated with better recurrence-free survival.
Our study supports the notion that COP1 is a suppressor of breast cancer progression.

Keywords: breast cancer; tumorigenesis; ubiquitination; c-Jun; COP1; GSK3
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1.1 c-Jun
1.1.1 c-Jun KR,

c-Jun R FE R FiEL B H-1 (activator protein-1, AP-1) ZEHE —/M 4w
(IR 5t RAE 1987 4EMY, c-Jun fEN—/> 47kd 1 DNA & AR I HTE
HiESEKREBIEMIINEE, c-Jun #A7 % N Activation Protein 1 (AP-1). B KI
AN&JEfE A A (human metallothionein IIA, hMT IIA). JEMEZIEREE 40
(simian vacuolating virus 40, SV40) K AJKJEHS (human collagenase) 1X L& 5[]
IGsRT 204 T AP-1 KRB 5L RS YR 12-F DURRES 13-
LIRS (12-O-tetradecanoyl phorbol 13-acetate, TPA) [JiFES T, XULEERIAIFR
IASRZIEIN, M TPA KI5 SACH AP-1 B2, Ktk AP-1 R A B FRAE TPA
Wi 764 (TPA response element, TRE) 21, % AR J2 R B 3L K ) AP-1 454 4
ST ERGE TR TGA (C/G) TCA, FEAM IR BB BLEAEHIE A 4
(general control nonderepressible 4, Gend) &G4 mi L S ICAHE], 17 HixX s
BTSRRI SR FANEES, AEH T AP-1 G A0 KR A ThREN
Trspte. [FE, Jun BUEEEDIEN Gend [RIVEE B MK AR 17 (avian
sarcoma virus 17, ASV17) H R T Y, HEAINREHEE Gend AHEL. 1L
JG, ZAWFCEY Jun 5 AP-1 2R —ANE AP, R Jun BON T 5 — MR I
f¥] AP-1 B35 [H 1

1.1.2 AP-1

IR B AP-1 /E 8 hMT LA J SVA40 B R i 5% 5% K132 TPA 15 3
21 [R] R 3 AP-1 RE4 2 Fhall i AMRIOAT IS o 76 Jun #T0RE S, AATT—
FEWCH Jun isg AP-1 , SRTMAHRS (B AT T BoR, BOR AP-1 FTE PR
Jun , {HJE AP-1 HREAEAWMAER— MR EA P TR, AP-1 ZEWIN

1
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— RZAEAEF Jun  (c-Jun. JunB 2 JunD) H1 Fos (c-Fos. FosB. Fra-1 %

Fra-2) VESEHAR 5 s — 0 1,

EGFR +

HB-EGF +

Fos GM-CSF  #/-

KGF +/-

Jun FosB IFNB +
JunB Fra-1 CyclinD1  +/-
2 +

JunD Fra-2 §§§ @ =
ARF .

INK4A  +/-

FasL +

Fas -

BIM +-

Bcl2 -

Bel-XL -

VEGFD +

MMP-1 +

MMP-3  +

NFATc1 +

S100a8 -

S100a9 -

Bl1.1 AP-1 B SRR . PONAL R PR EE AL (51 H Zenz, 2008)
Fig. 1.1 AP-1 dimer components, AP-1 binding site and doenstream eftectors
(From Zenz, 2008)

AP-1 FEREBHEA M FERA R R Z RN 84 M (basic
leucine-zipper domain, bZIP)Fl—/~/ 585 1 DNA 25 & 1% DNA 45535 (basic
DNA binding domain, bDBD) 12, AP-1 S B 5% AT il [ 5 B 7 98 — A,
HEE 5 F AN L e A basic-leucine zipper domain (bZIP) ¥4 5% Kl 7 W3R i g
LTS B (cAMP-response element binding protein, CREB) %5 5% il (1
gh 510, AP-1 BRI ALK KGR T Z &5 DNA 1456 71 KO R R
FEREHEN, R R A2 ) 2 2 O IR MM 1 (mitogen activated
protein kinase kinase kinase 1, MEKK1) 42", Jun 5 R 53 BEWS T i [R] Y5 5%
IR K, T Fos SR 7 R AP-1 S AR B IR — AR, 15 Jun
HIR LI FESRALL, Fos SR B RAF I 8 5 K] v-Fos Y [RIVRJk R4 i BT 7T
RI, Fos KM AZ TPA, A KR TS5 0108 TR S Jun FIRE A4S &
MG I DNA S5G75 1 AP-1 S0 H 8 R 5 30 0 45 8 L PA) gk 21 44 PR e e 22 X
[@)J54) (avian muscploaponeurotic fibrosarcoma oncogene homolog , Maf; c- Maf,
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C i

il

MafB, MafA, MafG/F/K and Nrl) i % 3¢ K -1 Cactivating transcription factor,
ATF; ATF2, LRF1/ ATF3, B- ATF, JDP1, JDP2), ‘Ef1f6F1 Jun. Fos I M
PR AR, ARG TPA MM e (5°-TGAG/ CTCA-3’) BY cAMP M /4 (CRE,
5-TGACGTCA- 3> > I AP-1 FyXI4upa i /8 F s S F AP-1 SRR 1K
J FRIEKE BRI S R A SRS F e, AP-1 15 5 R 2 AR A
e UEAERT AP-1 BRTETEQEMIAE K. 3, b, Bedb KROE 255 2 Pt it 72 o
R RMEIER .. WAV RIEE, B AP-1 KRR AHAE 2, 2 T41
N AP-1 E AWM 7R, c-Jun/c-Fos S8 — AR ELE 5 4a x4 #40™),
TR RIS AT AR 3, R ARSI M, 7R AP-1 A S 15 SRR ke
EEFIEA.

1.1.3 c-Jun FERK R

Jun FJE K EHE c-Juny JunB Fl JunD, ‘EA1Z 5 RIFTRECRIE AP-1 &
Bk, fEMRAN AR, B S AP-1 AL SRR L S, i
A ZANAE ARG A R A . T = AR BB FIRE (B8 BT
—EZ R, HIEARIA M A K- ECh A FT B S8 =% E A Thae LA
HEAVERAETEAI N RE T o =38 PO MR CRAE T 40 M P BRI 15 5 T i R 1 A
SENE, T EATZ 1] 1 22 3 A 40 L Xof b AN () RSB S P A7 A e RS e

1.1.3.1 c-Jun

B4, SR JunB A c-Jun FRREMCBERR L, (HREATMBERMAL L TIRER
i K b B AR AN o JunB AT 55 35 & 61 A& FERRIX B c-Jun 23 K bt i il
(c-Jun N-terminal kinase, INK)Z5 &8 H A 52 INK BERRAL 21, B8 JunB B3
IR INK B BERR LS P . A k8 R B4 i o 30 2 B HOBVE 2 Tl
2(cyclin-dependent kinase 2,Cdc2)/4H il J& 1 85 HI# B (cyclin B kinase) & &A1)
CIBERR 1L JunB, {H2HBERR 1L N AAE c-Jun A1 JunD HIFAESFML, i H JunB
IR ER IS BE B R JunB R FAIRRMEEY. SREERILMIE c-Jun iEHEAH, sumo
WABEEST JunB fOTE T R L E AP, ok, Z#H IR AP-1 E&H A
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