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Suppression of the Wnt/f-catenin Pathway by Bryostatin-1
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The Wnt/B-catenin pathway plays important roles in a variety of biological processes, such as cell proliferation, differentiation,
and organ development. Here, we used a cell-based reporter assay to identify bryostatin-1, a natural macrocyclic lactone, as
an inhibitor of the Wnt/3-catenin pathway. Bryostatin-1 suppressed [-catenin response transcription (CRT), which was acti-
vated by a Wnt3a-conditioned medium (Wnt3a-CM), through a decrease in the intracellular B-catenin protein levels, without
affecting its mMRNA level. In addition, pharmacological inhibition of proteasome abrogated bryostatin-1-mediated down-regula-
tion of the B-catenin protein level. Our findings suggest that bryostatin-1 attenuates the Wnt/B-catenin pathway through the pro-

motion of proteasomal degradation of B-catenin.
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Wat/B-catenin AEHYA AL AZe] 2o, WA, 54 0
olo] Ao a3 982 3}H[9, 10, 14] Wnt/B-catenin
AZAGAA Y 2HL AE Y| B-catenin THHA SFof| 9
3 274 Eth Wnt 27tE duido] & Aodl= AlZ Wof
ZA3te B-catenin Tl F o] Zaf EJHA o o3l <143t |
th3, 4, 12, 13, 15]. ©] A4t3tE T Ao fulFd EA] 7}
dojupal o= ZzHokE af 24 ® EejHETH1, 17].
Wnt Z7HE7E Y& Aol &3l EFA 0l 93t dAEr}
dojubA] gkot B-catenino] ZE2EopZof ) EafjH= A
27} Asg 2 2H B-catenin®] AlE W F=7F F7HETH11,
19]. 57H B-catenin H L2 o] Fto] HARQIZL T Al
E2|Z}-4 (TCF-4)2} A3slo] B-catenin®] F7F §HA}FQ ¢
myc, cyclin D1, MMP7, PPAR-y 59 &d & A3} A71
th6, 7, 22, 23]. o] £F SAAEL WH ZUt= AE ZF4)
2T Ay g FAC °‘2°] HuFITH3, 11,
16]. 1 22 Wnt/B-catenin AT AL A A 2] a3}+7 Q] ¢
Al <t ot AR AT F ﬁL w70] "t}
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Bryostatin-12 3% ©]7]8 3|5 (marin bryozoans)?] Bugula
neritina®] FEZEZHE 28 921 [18] apoptosis =
(5], th& =W/ o #SH5], HYAH Y A=[20], ¥ut =&
Z4-8-0] A=[8], & BHolA 9 71 QA9 gA21]
o] A& %V‘é = 7Hth B3 A dadt, Agd S
T, 08y, A =F, dAd SOl i A EA LS AT
A Ado] A3 Fofl THE]. 2y dA A AFEHE
EYQE A3E A9 4 T3 o7 g=o g 44
A+l A bryostatin-19] &3t} XAt AY AIH-E Ho|
2] k71 %= s+l wEbA bryostatin-12] YAEHA AutE
ARAIZ17] 9 bryostatin19] 2 718 et o @e
A7} Basit

Wnt/B-catenin AZHGAAE 24st= AEH =4S
HA5L7] 9J5to] B-catenino] o3 WIRE WFa Lo HH
o] 248 =+ TOPflash ¥2] Zgt=2u] =9} 97t Frizzled-1
(hFz-1)E T ste ZTX0| 1:7]. Ao 2 W ELE ¢
Zhajol AR N9l HEK293 M| E55 EHst9tHHEK293 &
AN E). o] M ZFE 96 well plateo] 2.6 X 10° cells/mlZ

H5t0] 24417k B ¥ttt 2 wellol] Wnt3a Hj 2| <}F 315}
ES A7kt 16417 3o W E g a s 9 Alx A
Z£8-& Victor-5 microplate readerg ©]-£3}o] 243} th.
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Fig. 1. Identification of bryostatin-1 as an inhibitor of Wnt/f-
catenin signaling. (A) Screening of compounds that inhibit Wnt/
[-catenin signaling. Compounds modulating TOPflash reporter
activity were screened using the HEK296 reporter cells. The con-
trols were assayed in the presence or absence of Wnt3a CM.
TOPflash activities were normalized with Cell titer-Glo (Promega)
activity. (B) Structure of bryostatin-1. (C) HEK293 reporter cells
were incubated with increasing concentrations of bryostatin-1 (1,
5, 10, 20 nM) in presence of Wnt3a CM. After 15 h, luciferase
activity was determined. The results are the average of three
experiments, and the bars indicate standard deviations.
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Wnt3a ¥j 2| & H 7}t 7 ¢ TOPflash X9 &4 o] F7}
He AL BEE £ AT 100959 AAE 2 FEAE
232y 3 A3 Wnt3a i A o] 93} &/J3tE TOPflash
EA 9] FAL A st bryostatin- 1S F 8 TH(Fig.
1A). o] }FE9 F2 & Fig. 1BoA H& vie} Lo} E3E
HEK293 XA ZE t}oFdt == 9] bryostatin-13} 37 b
¥t T MG E SFas A4S ST 23 Wntda Hj A
o o3 &/d&= B-catenin &]EF HAL7L bryostatin-12]
o) gEF o AAES BHY 5+ ATHFig. 10).

Wnt/B-catenin A & A A o A B-catenin &&& A A}
£ FHFE o3 Eajof] osf A== A W B-catenin
g o] 20 Wg Bedo] Uk whebA] bryostatin-1
o] Al f B-catenin THElE 3o FFE n|A=AF &2
317] 93te] HEK293 FR| A E o] thoFgt 5% 9] bryostatin-
15 A2 & A ZE S Dignam F[2]0] 7|&F o=
285t Alzd EEHY B-catenin HH AL F2 B-
catenin®]] £0|Z Q] A& 0|83t western blot HHOZE =
Aottt AEZE EFLS 4.12% gradient SDS-PAGE
(Invitrogen)Z ©]-&3}o] E2|S}L nitrocellulose membrane
(Amersham Bioscience)?] %7 th. MembraneS 5% © A
E S8 2 blocking A7 & U2 &4 ¢l anti-p-catenin (BD
Transduction Laboratories)®} anti-actin (Sigma-Aldrich,
USA)Z A skl 42k &4 A2 & TBS-TE 53] Ao
Y, o]z A2l anti-mouse IgG-HRP (Santa Cruz
Biotechnology)E # 2|3}l th. Y=+ ECL detection system
(Santa Cruz Biotechnology, USA)S A&-5}o] &2l3}% T},
B-catenin 2]&£73 HAIZRE 42 21}t FUA Wnt3a
A& H7Fet %9 HEK293 #2] A|Z 9] B-catenin Tl
A el F7HE U (Fig. 2A). EFE, Wnt3a Hix]of| o] &
7+ A|E Ul B-catenin TR 2] 42Z0] bryostatin-12] *
glof o3l FEoEH o2 ZFAaTS BEAE = YUh(Fig.
2A).

Bryostatin-12] & 2]o] 9Jgt A|3Z U] B-catenin TElE 4=
0] 7271 mRNA 9] 2] oz 2UAE FIsp] 9
stol WA AR FUEL AANSS Ao
HEK293 EXMZE 60 mm ¥ Aol vj¥3t & Wnt3a
i x| <} ohoFst =9 bryostatin-1-S A3t th. TRIzol £
ol (Invitrogen)S ©]&3}e] RNAE F£313 M-MLV
(Invitrogen)E ©]-&3}o] cDNAE A%t & B-catenin 9]
Z =z ato]|H (Forword: 5-GGG ATG TTC ACA ACC GAA
TTG TTA TC-3', Reverse: 5'-ACC AGA GTG AAA AGA
ACG ATA GCT AGG A-3)E 0| &3l £ ash ANutS
S 335t A3 Bcatenin T F FFo|A 4L Aot =
Z&RHEA| B-catenin mRNAS| 4 thFgt 5 =9 bryostain-1
o 13} WakA] SktTh(Fig. 2B).
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Fig 2. Bryostatin-1 promoting the degradation of f-catenin via
a proteasome. (A) Cytosolic proteins were prepared from HEK293
reporter cells treated with either vehicle (DMSO) or indicated con-
centrations of bryostatin-1 in the presence of Wnt3a CM for 15 h
and then subjected to Western blotting with anti-B-catenin anti-
body. (B) Semiquantitative RT-PCR for -catenin and GAPDH was
performed using total RNA prepared from HEK293 reporter cells
treated with vehicle (DMSO) or the indicated concentrations of bry-
ostatin-1 in the presence of Wnt3a CM for 15 h. (C) Cytosolic pro-
teins prepared from HEK293 reporter cells, which were incubated
with vehicle (DMSO) or bryostatin-1 (5 nM) in the presence of
Wnt3a CM, exposed to MG-132 (10 uM) for 8 h, were subjected
to western blotting with anti-B-catenin antibody. In (A) and (C), to
confirm equal loading, the blot was reprobed with anti-actin anti-
body.

7\2e] A7l o5t AE o Preatening] B
< ZRHoRE £ A2 o 24 Hrka gHA QU1
Bryostatin-19] 2]3t B-catenin WA £~F 9] ZFA7 =2
glotEol QEZAAE &elstr] fJste] Z2E ok A A
ol MG-1322 A 23t & AEZ Y B-catenin FHA $£+&F&
western blot= ©]-83}o] 3013} %o} Z]—i,—@fli HEK293
F A HE| bryostatin-12& HZ3}ES AL Wnt3a vjA] o]
olsf) S7HE Al W B-catenin T E Fo] FAHES B
23 4 AT o] 2HA MG-132% A3 A
bryostatin-19] €3t B-catenin Zr4 G717} gloj A& &
g = QA TH(Fig. 20). o] 22 E¥E bryostatin-10] T2
glotE & 02 A|EZ W B-catenin TR Q| +FZ T
A7)E AL oF 2 919t}

l
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71&9] AFLE E3l9] Wnt/B-catenin A3 AL A 2] H]
A2 ZAJ3= P-catenin 2EF HALE F7HAIZ B of
Ut o] & 55t tiAehE vl Re ohFdh oo d 2 A
P& =gtk dEA 911, 16]. Wk Wnt/B-catenin
ATAGAA = o oA L FdA o g 22 #2702 <
AlE3 Qltk 2 Aol A= HEK293 4] Al X5 o] &3t &
g 0]-83}o] Wnt/B-catenin A EE A 3f|5}+= bryostatin-
1S daEotgnh. A7) AE A7 23 bryostatin-10] Al

Z Y B-catenin WA Z2FolE & EaE FXTH
the ARNE gt 2 9 2322 E bryostatin-10] H
79”'75]?_] Wnt/B-catenin A S HLEA A SJ3HE Q3] LAY
H Y-S HET ot ol tiet A 2 A=Az A
g 5 98 Aol

2 o

Wnt/B-catenin AZHAGA A= HE F4], £3}, 1811 7]
T EA S 22 gt AP Eded Fag 98-S v &
AFoMe AMEzZRE 238 71HE A8 Wnt/p-
catenin AZAGH A S A3 3} bryostatin-12 =R
t}. Bryostain 12 B-catenin® mRNA 4=Z o= gJ3FS 0
A ¢ dhH A E Y] B-catenin B =2 THAA
52 Wnt3a-CMo| 93] &43} E B-catenin response

transcription (CRD)S IAI5t9 T B3 Z2HolE 2] &4

2 A 5IHS H S bryostatin-10] &3t B-catenin +F 7
&7} “?ﬂlﬂc’“"} AT] A== 5F bryostatin-10] =

ZE|olEo| 93 P-catenin T A B3I =T oz N
Wnt/B-catenin AZHGAAE Ale-S Flstgict.
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