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ABSTRACT

Sox4 induces degradation of B-catenin by promoting

ubiquitination

Kyung-Soo Lim
Advisor : Prof. Jung-Hoon Yoon
Department of Dentistry,

Graduate School of Chosun University

B-catenin is a cytoplasmic protein that participates in the assembly of
cell-cell adherens junctions by binding cadherins to the cytoskeleton. In addition, it
is a key component of the Wnt signaling pathway. Activation of this pathway
triggers the accumulation of B-catenin in the nucleus, where it activates the
transcription of target genes. Abnarmal accumulation of B-catenin is characteristic
of polyposis coli (APC) or Axin tumor suppressor proteins, which regulates B
—catenin degradation, or activating mutations in B-catenin molecule itself. Here we
show that overexpression of Sox4 down-regulates wild type B-catenin in HEK 293
cells. The inhibitory effect of Sox4 on wild type B-catenin is apparently mediated
by the ubiquitin—proteasoem system and requires an active glycogen synthase
kinase 3B (GSK3B). Mutations in the N-terminus of [-catenin (S33Y) which
compromise its degradation by the proteasomes or inhibition of GSK3B activity
rendered B-catenin resistant to down-regulation by Sox4. In light of recent

evidence that Sox4 expression is activated in colon and other tumors with B



—catenin dysregulation, our findings suggest that Sox4 is part of a feedback

inhibitory pathway for Wnt signaling in normal cells. Moreover, the mutations in

APC, Axin or B-catenin in cancer cells appear to render B-catenin resistant to the

effects of Sox4 inhibition.
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Wnt signal transduction®l A T34 S 423 gt} Wnt signal> AxE9 F2 &
3, BAS 2H3=d 2% IIdS 5 B-catening <HA IS F=H I} (1-3).

Wnt ligand:  frizzledt ¥ %= @@z (LRP)E FA%0o dE transmembrane

B-catenine A ¥ AEZF Ao ol FLI SR AHEOZ

receptor & Ao Astel=d ©] receptor T3 Ao AdE Wnte oF27-A] 83 A X
2o 71HE =& glycogen synthesis kinase 3B (GSK3B)9 &4 & oA 3. GSK3
BE APC, Axinl T+ Axin2 (Axile]y conductin¢]l2t2 % EH)&2 FAH o9 d &
Ao Agste] B-catenin® N-ZaE-9lo] $1x3t= 54 serine?}/%+ threonine”]
2 o4zt A 71th (3-5). 243 E B-catenin® SCF-type E3 ubiquitin ligaseE T4
3} F box @l &9 B-TrCP2} ZA & 3}lo] ubiquitination® 3 proteasomeol| 2|3 & 3
#Hd (2,3,6). Wnt ligandol 28] GSK3B7F E&43lEW B-catenine A} 2zt
TCF (T cell factor)®} LEF (lymphoid enhancer family)ol] ZA3tsle] 1} A 2o
=49 (78). oA TCFs = B-catenind ZAds5to] 5% DNA F Yo A5t
target 2] HAALE A stAIzITE (1,9,10).

B-catenin A}l Aglo] vk QAo YellA HiElth B-catenin®
N-Zek F-9lo A GSK3Bel ojs] itsts s F-99 EdAwoel7 & vk ool A
LA AT (10). AFIe] 80% o)Al APC £ oA FxAe] Edwolo] o
B-catenin®] W] A4 #2437 B e vk (12-15). B-catenin ZH 7] Hol A9 &<
Wol= ¢c-MYC# Cyclin D1 22 434 Az Hd o8 9FS A=

o] AALS FEET (16-18).
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2] AXE FEstE AARE dAolth. Sox @A family= AHol® 307 E
memberE & TAE O] dedH wETA FTo thekd M E ZH A wdo] fFH
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1. A XEZ9 %3 transfection

HEK 293 Al ¥+ 10% fetal bovine serum™ 50 pg/ml streptomycin, 50 units/ml
penicillin®] ¥ &% Dulbecco’s modified Eagle’s mediumel 4 37C, 5% CO:29] =73}
of wjekatdk. A4 F74 I ME (normal oral epithelial cel) 10% fetal bovine
serum¥ 50 pg/ml streptomycin, 50 units/ml penicillin®] X~3%% F12 medium¥}
Dulbecco’s modified FEagle’'s mediume] 1112 29 mediums AF&3S
Immortalized normal oral keratinocyte?l INOKE KGM mediumol A #j %F3}d o}.
Hep2 A ¥X+= 5% fetal bovine serum® 50 pg/ml streptomycine, 50 units/ml
penicilline] X &¥ MEM mediumE A}-83%9 3 FaDu MXE Hep29 5% medium
of 1% Non-Essential Amino Acid7}b © 23%¥ mediumelAl v e} At
Transfection> FuGENE6 (Roche Molecular biochemucals)E ©]&3¢] Al Z2AF9] ] A]
of wel 43tk Ubiquitination #41& $3lAl+= proteasome A AQl ALLN

(Calbiochem)& 125 uyM9] FE==Z A xE 73t

2. Total RNA %3 RT-PCR
Total RNA+ TRIzol reagent (Invitrogen)ES ©|&3}e] #2351 RNAY A=
agarose geldlAd A7]9dE3te] 3 Urt. RT-PCRS  Super Script One-step

RT-PCR Systems (Invitrogen)s ©]83te] o9 o=z Fdstd=d ol A&

94Co| A 28-S F83t1 PCRS A= wHA

u sl
oo
o
O
I~
@)
=2
>
—
a1
J‘N’
iy,
i
[-'E
oo
tlo

5
5CelA 30%, TEWEE 72CoA 303 2957715 W& F A FHNFO=

72ColA 1087 AAste] WA AT, GAPDHE $aixE 255712 wrEskd)



Table 1. Primers used for semiquantitative RT-PCR

Gene Primers Sequence (5'-3") Size (bp)

Forward CACAGCTCCTCTGACAGAGTTACTTCACTC
B-catenin 556
Reverse CTCAGCTTGGTTAGTGTGTCAGGCA

Forward GTTCGAAGACGACCTGCTCGAC
Sox4 228
Reverse CTTCAGTAGGTGAAAACCAGGTTGGAG

Forward CCAAGGTCATCCATGACAACTTTG
GAPDH 464
Reverse GTCATACCAGGAAATGAGCTTGACA

3. Plasmids

C-¥dho] FLAGY} &2 AAI =dAWo] (serine®] tyrosinel 2 A ¥ S33Y)
B-catenin® & vectort o]l RiEATh (35). GenBank'' WE NM_003107¢]
Sox49] open reading frame (1425709 nucleotide)= AlH skeletal muscle c¢cDNA
(CLONTECH)E F3 2= 3to] PCR ol o F3FH A AT N-Zto] FLAG7E &
< AA Aoy (opw At 1-474), C-Eto] A A=A (ofw| =4F 1-159), N-& o]
AAE (o}v] =4k 131-474) Sox4d @& 2 pCDNA3.1-FLAG vector?] 5 HindII <}
3" EcoRI ¥l cloning o 24 AAtt EE cloning® vectors DNA 97|44
WHol|  9ste]  Fasgrt FEEH  vector?l pTOPFLASHE TCF ZA%3 ¢
(CCTTTGATO)E 370 7FAa 9lemw pFOPFLASHE EdwWol®l TCF ZTHE¢
(CCTTTGGCC)E 370 7FA1 2 At} (36). Plasmid pCH110 (Pharmacia Biosciences):

LacZ §AA AL FA%T) As AgsAT

4. Immunoprecipitation3® Immunoblotting
ImmunoprecipitationS ¢ 3] vector® HEK 293 Al¥X°] FuGENE 6 (Roche

Molecular Biochemical)E o] &3}o] transfection A ZTth. Transfection 3041 7F 3 A%



il

PBS® F W Alx¥3sta 1% Nonidet P-40, 05% sodium deoxycholate, 1 mM
PMSF, 1 ug/ml aprotinin® 1 mM sodium orthovanadate’} E 3 RIPA buffer® Al
¥= g5 AXE S35 30259 4ColA incubationdtal 10,000xgell A 10+
7 QAR 9. A dol protein G-Sepharose 7}dte] 1417+ %<t incubation ¥t
% anti-B-catenin & (BD Biosciense)E 7}ste] 3A1%F &<t Y incubation 3}%1

o] & resine 0.05% SDS7} ¥3¥¥H RIPA buffer2 Yl W A#HEL SDS-PAGE
sample bufferg 7}ste] 100Col A 5&3F #dF2A}h Immunoblottings A& ©
WA S SDS-poly acrylamide gelel Al A 7]1%9 533 PVDF membrane®® £371 %
anti-FLAG antibody (Sigma), anti-B-catenin antibody(BD Biosciense), anti-ubiquitin
antibody (Santa Cruz Biotechnology), anti-lamin B antibody (Santa Cruz
Biotechnology)® anti-actin antibody (Santa Cruz Biotechnology)E ©]-&35}¢]

immunoblotting 3} 21

5. Luciferase 8 X € F Az &4

HEK 293 A £Z 6-well plated] welld 5x10° # #F &t} AL overnight
% ¥ FuGENE 6 (Roche Molecular Biochemical)E ©]&3}o] transfection At} #
3 Edwo] B-cateninoll 23 FE¥ &= TCF Ao Wt Sox49 a3E H 78]
$ste] AIEZE pTOPFLASH T+ pFOPFLASH 0.3 pg, d7 T+ S33Y 9ddo] B
—-catenin ¥ vector, pCDNA3.1-FLAG-Sox4 2} 1 ug 3 pCH110 02 pgo =
transfection A1 ZIt}. 2} welloll transfection A%l DNA<S % & FH QA empty
vectorgs H7Fgo = dAA FA A AT Transfection 30A1F § AX2E PBSE 2
H A 2353 Reporter Lysis Buffer (Promega)® &3]3t t}l. Luciferase 42
Luciferase Activity Assay Kit (Roche Molecular Biochemical)ZE ©]&3}o] =43}
o BE Ay 384 835t meantS.D.Y FAE 39T Transfection®] & &

S Foler7] 9sto] B-galactosidase?] A S A&



Sox4¢t B-catenin 7t AT xHztgo] 7t5drbE ZAFSHZ] 918ted HEK 293
M o] FLAG-tagged Sox49} A4 B-catening @ dA] 7]+ vectorE transfection A

AT}, Transfection 30417 & AHXE £33 T anti-B-catenin¥ anti-FLAG

X

antibody & AF-&3lo] Western blots S 23 Fv|FAE dA g AN B
~catenin & vectorE FT7Fd ¢ Sox4 TH vectore} T/ transfection Al71H B
—catenin W&o #ZAEL FadATt (Fig. 2A). 28, Al Fol| Sox4el a4 =W
o] B-catenin (S33Y)2] ¥& vectorE transfection Al 7]1W Sox4i &AW o] B-catenin
(S33Y)9] &) &S wAA FAdvk (Fig. 2B). ol A= Soxd7b A B
GSK3Bell o3 Q14kst F-917F &<dwo] ¥ o

U= B-catenin®] WA= JFFS WA XFoheE AME S AAE Foh

2

—catenin® TdHL AAZA & UHA

2. Sox4°l 9 & B-catenin/TCF A L&A 2] A3

Sox47}  B-catenin® A& A= JIgFS uxE=xA FAET] Y
pTOPFLASH luciferase reporter vectorE ©|83lo] TCFY HAIEAS XA
pTOPFLASH= A 7H¢ TCF A% HF Y= 7IXx2 93 Wnt signal transduction?
g stol os AstA DA %= "k (36). Fig. 3014 Hol& wpep el A B
-catening HEK 293 A E o) transfectionA] 7] ™ pTOPFLASH vectord HA}7} &4 3}
Hr} Sox4 Td vector? transfection pTOPFLASH®] HAtel d3kg wjx = kgt

_Vi_
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. AR Sox4¢ A A4} B-catenine transfectionA] 71 Sox47} A A} B-catenin

o

AX AP LS Asete] pTOPFLASH vectore] HAE Aol oA Ett (Fig. 3). A%

=

E o] B-catenin (S33Y) & transfection AlZ 7 $-ol& Sox4o] 93 HAAFY A

b e A ok

fo

3. B-catenin &4 9 A oA Sox4 N-E& 299 o3t
Sox4 @M AL 189 37}# domainl Z o] Folx 9t} (Fig. 4A). : N-Zth

ri

HMG-box domain (°}"]x=4F 58-128), GRR (glycine rich region) domain (°}v"] =
152-227), SRR (serine-rich region) domain (°}7]*=4F 333-397)

Sox4 7} B-catenin®| @&} A F &P S AAlst= 7S oldlstr] skl Sox4e] o
Bl Aoy EdWo]lE o83t pTOPFLASH # *H vector® B-catenin ZA<S
AAst= FHE ZASEA Y. Fig. 4BE Sox49 4HE AogA]zl Edwo] o459
AZW 2d A=E HolFEh

A A B-catenin® A AA ZHolo Soxd Wd vectorE A transfection A7)

A

M B-cateninol 93 ZF7}¥ pTOPFLASHY Ao AA=ET}. #FAFSHA, Sox49t
GRR domain? SRR domain°] &7 Zoj o] &= Sox4 (1-159)4 SRR domain%t
o] Aojx o] 9l Sox4 (1-261)= B-catenin®] A& A ATt A" HMG-box
domain F¥7F Aolxo] A& Sox4 (131-474)= B-catenin®l <23 pTOPFLASH # X
£l 9] o ol AlstA Xekgith ol¥ ¥ A= Sox4®] HMG-box domain %
e N-2oh 2971 B-catenin®] 2@ AAZA S =43} o
U AP S HoFEr
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5 53 F=HEAE ZAFSY Y. Immunoprecipitationg 3 HEK 293 Al 3o
FLAG-tagged Sox4¢} Myc-tagged B-catenin 2@ vector® &7 transfection A %
o}, AEEE ZT  anti-B-catenin antibodyE ©] €3t  immunoprecipitationd} i
anti-FLAG antibody S ©] & 3}9] Western blotting 32 Z 4] B-catenin® Sox47} A=

Agests 2ASE o T wwAne 45 Age BAYL + YAk



4. Sox49l 21§ B-catenin® A& ol A GSK3BS proteasome system® T
GSK3Boll 9 & <l4tslEl B-catenine E3 ubiquitin ligase system®] 44 &9l
B-TrCPol 9la <1250 proteasomel® HWZRTt (56). B AFoAE= Soxd7t

S33Y EdMo] B-catenindl= 9GS v XA & AA B-catenind od 7+

=4

o
filo
B>

Al
A& B =d o8 Sox4e = B-catenin? HE A&7 GSK3Bol| <o 94t
skel B-TrCPel 23+ ubiquitinationol]l ojesf wi7leti= AR & AAls) =tk Sox4dl
9§ B-catenin® A &7} ubiquitination®] 93] FEHE=7FE sy Yatd AN B
-catenin?} Sox4E WHA|7|E vectorg transfection Azl HEK 293 Ao
proteasome & A A9l ALLNS A stAth Fig. 5A0 A Hol& nlep o]l HA B
—catenin®] ™3 Sox49 3] T I}E proteasome system A A el ALLNS A g 3}
Hogde] AAEAT. ol AdRE FHlsty] $ste] ojwel= HEK 293 Al
Fig. 5Bol A Ho]x nvle} Zo] HA B-catenin L& vectors: ©5%, £+ Sox4 &9
vector?} 7 transfection A7) ALLNOS 2 839t} B-catenin® ubiquitination
S ZAE7] Yt AEE 8 A]21 & anti-B-catenin  antibody S ©] £ 3} 9]
immunoprecipitationA] 7] i anti-ubiquitin antibody® Western blotings 33 23}
Fig. 5BelA Hol= npel o] Sox4et o7 2dd W ALLN Aol 23]
ubiquitination® B-cateninS &2l 4= A3t}

o2 Soxdol g A B-catenin® TA7F GSK3Be A4S 8= e
7VE ZAFsESTH Fig. 5Coll Al Ho]= uie} o] HEK 293 Ao A7 B-catenin ¥
& vectors @&, E Sox4 Td vector® 7 transfection A% F GSK3B9Y A
< oAste LiClE Agstdd. 438 243, LiClsE Agads 4% o o Soxd7t
A% B-catenin® A E fFrE=sHA Esho] Sox4e AAAR 7leE A= GSK3B
o] o] Hoslts AFE S Fe gt o8 d A¥= Sox47} proteasome system
= &t AY B-catenin® EIME FEoH7] wWEol FHAAM dUEUE S33Y 22
o] B-catenin Sox4el o3 WFS WA Fevhe AHAS AAE Fh
2 dFoNA = Soxd7t G4 B-catenin®] AEU &3 AN S AT
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Al S Ao w HYth. o]l d JmI¥= GSK3BY proteasome systemd o] B
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Sox4+E proteasome systeme F3lo] B-catenind EI FAS X3 = Aoz H
th. Sox4+ A B-catenin® Edlv FET F UAAT APC-GSK3B-AxinZ 3HA] o
ojg ol AFA o] A= EAWO] B-catenin (o, S33Y)oll= &S v A £
th ko' Sox4ol] ¢ g B-catenin A0l A e FA 7] Mol vrE Ao Aottt &
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«— p-catenin

«— Sox4

— GAPDH

Fig. 1. Expression level of B-catenin and Sox4 in oral cancer cell lines.
RT-PCR was performed to examine the expression level of B-catenin and Sox4 in
oral normal andcancer cell lines. Lane 1! normal oral epithelial cells, lane 2: INOK

(immortalized normal oral keratinocyte), lane 3: FaDu, lane 4: Hep2, respectively.
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Soxd

Fig. 2. Sox4 down-regulates the levels of wild-type-catenin. HEK 293 cells
were cotransfected with increasing amounts of FLAG-tagged Sox4 expression
vectors (0, 0.25, 0.5, 0.75, and 1 ug, respectively) and a constant amount of wild
type B-catenin (A4, 0.5 ng) or S33Y mutant -catenin (%, 0.5 ug) expression vector.
Thirty hours after transfection, the levels of Sox4 and PB-catenin were determined

by Western blot analysis by using anti-FLAG and anti-B-catenin antibody.
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Fig. 3. Sox4 represses Wnt/B-catenin stimulated transcription. HEK 293 cells
were cotransfected with the pTOPFLASH or pFOPFLASH reporter vector (0.3 pg)
and expression vectors encoding wild type B-catenin (0.5 pg) and/or Sox4 (0.5 ug)
as indicated. pTOPFLASH contains three TCF binding sites upstream of a
luciferase reporter and pFOPFLASH plasmid has mutated TCF binding motifs.
Thirty hours after transfection, cell extracts were subjected to luciferase assay.
Luciferase activities were normalized for transfection efficiency by cotransfection
with a B-galactosidase-expressing vector, pCH110 (0.2 pg). The data represent

mean values from triplicate experiments.
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Fig. 4. The N-terminal region of Sox4 is essential for repression of Wnt
signaling. A, Schematic representations of the Sox4 deletion constructs. Sox4
contains HMG-box, glycine-rich region (GRR) and serine-rich region (SRR) as
indicated. Domain boundaries were obtained from SMART (37). Z HEK 293 cells
were transfected with indicated FLAG-tagged Sox4 expression vectors. Thirty
hours after transfection, total cell extracts were prepared and the expression levels
of Sox4 constructs were monitored by Western blot analysis using anti-FLAG
antibody. ¢, HEK 293 cells were cotransfected with the pTOPFLASH or
pFOPFLASH reporter vector (0.3 1g) and expression vectors encoding wild type B
—catenin (0.5 ng), full length Sox4 (FL, 0.5 ng) or Sox4 deletion constructs (0.5 g)
as indicated. Thirty hours after transfection, cell extracts were subjected to
luciferase assay. Luciferase activities were normalized for transfection efficiency by
cotransfection with a B-galactosidase-expressing vector, pCH110 (0.2 pg). The data

represent mean values from triplicate experiments.
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p-catenin  + + + +
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Fig. 5. Blocking of proteasomal degradation and GSKJ3 activity inhibit the
effect of Sox4 on PB-catenin. A, HEK 293 cells were cotransfected with
increasing amounts of expression vectors for FLAG-tagged Sox4 (0, 0.25, 0.5, 0.75,
and 1 ng, respectively) and a expression vector for wild type of B-catenin (0.5 g).
Twenty four hours after transfection, cells were treated with ALLN (125 uM) for
8 h. The cells were harvested and subjected to Western blot analysis by using
anti-FLAG and anti-B-catenin antibody. Z, HEK 293 cells were transfected with B
—catenin expression vector alone or combined with Sox4 expression vector as
indicated. Twenty four hours after transfection, half of the cells were treated with
ALLN (125 upM) for 8 h. The cells were harvested and subjected to
immunoprecipitation by using anti-B-catenin antibody followed by Western blot
analysis by using anti-ubiquitin antibody (lower panel). The level of proteins in the
cells were monitored by Western blot analysis with anti-FLAG or anti—-[B-catenin
antibody (upper and middle panels). ¢, HEK 293 cells were transfected with B
—catenin expression vector alone or combined with Sox4 expression vector as
indicated. Six hours after transfection, half of the cells were treated with LiCl (30
mM) and incubated further 24 h. The cells were harvested and determined the

levels of B-catenin and Sox4 by Western blot analysis.
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