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Tristetraprolin(TTP, ZFP36)2 mRNAZ2| 3'-untransalted region(3'-UTR)2| AU rich el
ement(ARE)0|| ZAgtstn 023 mRNAS| Z3HE ZFZIAIZ7|= RNA Z% CHHEO|CE
[1, 2] AREE= cytokine H oncogene mRNAQF Z0| B2 short-lived mRNAOG|A| &

AECH3). TTP= CHYSHA &3i0| E|'31 £3] H|Y, =X 3 UM =2 =T
O YWHEICH4. d2fLt CHYsh oA TTPO| 30| Bo| ZHAE0f JELICH TT
P2l downregulation2 oncogenel| Ud SItet AV Al Aol HE ut
ol 7|0igt 5= QUCHS5]. LMZOA TTP| MEH2 HES AXSt= TUE 7HX|
1 RACHe, 7, 8] Eot LMZEON TTP| EHE p530f| 2fsf FEE/ MycO] 25
AH| =ICH9, 10]. £, CHEE9 oo“’I 22 p53 pathwayOlA ZE2 7HX|H c-M

= 55 Q7 oM =ESHEICH11, 12]. O|2{st EXL Q17 M= IH TTP &

— 71O L

o
22z 0l0fF 4 ULt metA °+A1|£01|A19| TIPS
A%t M22 NBHS HAIE & ULk

HF 529 Hippo pathway= MZES| A, 7|2 37(et Y ddo =F1} A
2l RUCH13, 14]. YAP2 EREF9| Hippo pathway?| F2 Q4 2
16, 17]. 2Ztel YAP2 o2 {EO| FY0M FEL= TY |RYEA =E0[Ci18].
CESH YAPO| proteine| ==t 39| —-_1*_._2}— 2 24 0f| A otC

CHE S0 =™ MST12 MZE FI7|§ =EStD p531dt 2HEE ’.‘J* Xd':e* %‘
2EE 8 M= MBS RESH= , Jot @

r suppressor2A{2| gtz & = RUCH20, 21, 22]. M2t MST1E %*HIEQI ZAl
o APEES ZESH0 Q17 AMEOM X2E [T HIO|OHE AYE & = ULt
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S SHA = AL, MAMc=zE: fa
= AZO —?—H._'WH ooz AKX QUCH24]. LEHHo=2 FEA2 Estrogen rece
ptor(ER), progesterone receptor(PR), human epidermal growth factor receptor 2(H
ER2)2F Z0| M ZtX|2| receptordf| 2[slf F&O0| FEECH25. 21 & triple negative
breast cancer(TNBC)= Al 7tHX| receptor?t negative®t HEHE 7tX|AHLL Q= Y
goz, TH Y IO o 15~20%AHK|otn AT CHE RS FHA0 HIsH
=7t £X o, RS XS0 A0M 1Y =1 FO| {7 LA
LA RUCH26, 27]. TNBC At= CHE /92| M= CHEA 37HX|2| recept
org BXOE ol == AESIY X[=7) OfFCR28). d2fAl x| TNBC= 37t
X|2| receptorO| non-specific chemotherapy® 2{Zl taxanell anthracycline A€
of == MNelstd X|z& ot UACH29].
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methasoneS A 2|3 S WO TTP S 9 Zt Dexamethasoned A= [ ALSt
A TP LHE B7tAIZ &= UARUCE O|F Dexamethasones AESHY TTP LHES
FE5t= pathwayE ZMStRACE O[T AFOA DexamethasoneLZ |FEE TTP7t
= ZIE LACH35). SHXEH TTPE SIHAIZ = U= 2t
ZAME SR, O ZIt Hippo pathwayZt 7H& TTPO| s
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3.1. Cells and Chemicals

Human MDA-MB-231 breast cancer cell line® $t=MEF 2% (Seoul, Korea)2 =
St FO§SHRICE 8ilE MZ= Dulbecco's Modified Eagle’'s Medium (DMEM) (1X),
liquid (high glucose)Ofl heat-inactivated fetal bovine serum(FBS) 10%E [C{5t0| 37
°C, 5% CO,QIRHIOIE{OA HIYSIRICt Dexamethasone(sigma Aldrich, St. Louis,
MO, USA), Wortmannin, QNZ, MK2206, idasanutlin, AS1842856, XMU-MP-1, LATS
-IN-1, Tozarsertib@} p38 MAPK XXl (Selleckchem, Houston, TX, USA)E O|H
A0 M AHESHRLCE

3.2. Plasmid, small interfering RNAs, Transfection and Dual-luciferase Assay

QIZte] TTP 2R HE ZEA|Zl pGL3/TTPp-1343 plasmidE O|&3}0] Luciferase
assayS ZISIRALCE Small interfering RNAs(siRNAs)&= YAP, MST11t scRNA(scramb
led siRNA)E Santa Cruz Biotechnology(Santa Cruz, CA, USA)OIA FE A&
g TSIIHCE Zk2+9o| siRNAE 10 puM, 6 s 2 Opti-MEM 300 pelt | Xz2|st
0 24A12t&S 0 HYZBIRICE O] TTP mRNA level2 gRT-PCRZ Sdff £A35IRACE

3.3. Screening of the Natural Product Library and Luciferase assay

HMOAE LibraryE ALESIO AMZOA TTP L2 FLdts MAU=2 MESIALL
1019742 MAZ library= St=2tst2H0 M HSERUACE 100 mm plate®A MCF-
7 cello M TurbofectTM(Fermantas, Waltham, MA, USA)& O|£3}0 pGL3/TTPp-13
43-luciferase reportert pRL-SV40 Renilla-luciferase?| & FEZEZ TASIFCE
24A1Zt SOt HIY =, MZZE harvestdtd 100 peOlAM wellE 4 x 10° cellZHE 96-
well plate® MZE EF5t1 30 weol A tetEat 2/ HYSIASLICE O|=
FEE luciferase dE &2I5t7| Qs MZO| SYS volume2E DMSOE X2
SHREE

3.4. RNA Isolation

Harvest®t cell pellet® 1 ml2| Trizol reagentE ARSI cell lysisE FE8F & 20
0 1@ chloroforma X 2|50 RNA2F DNA U protein 52 Z2|tRACt 22|% RN

A Z2 MEZ2 micro tubel &71 = 400 pe isopropanolg F7t5t0 centrifuges
&5t RNAE HTAIZICL RNA pellet2 Mot 45AU4S MAH = 70 % EtOHE 1
ml 20| washingdtRACt O|= RNA pelletd] HOtUes M &20|A air dry 5t
Ct. Air dry O|% DEPC waterS O|83}0] RNAS =0 =



3.5. Real time PCR

DNase 10| X2|Z|0] /= RNAE Oligo-dT, Superscript |l reverse-transcriptase(Invi
trogen, Carlsbad, CA, USA)E AtE3I0] cDNAS TA3ISCt 0|= StepOnePlus ™
M= At2| Real time PCR system= O|&3}0 gRT-PCRZ TIESIALE

3.6. Protein extraction

Harvest®t cell pelletOl PhosSTOPEASYpack(Roche), cOmplete Tablets EDTA-free, E
ASYpack(Roche)E F7t8t M-PER™MammalianProteinExtractionReagent(Thermoscie
ntific,78501)2 O| &350 lysisStRALt 0|2 BCA assayES &t0 proteinl| s =
HotRALt.

3.7. SDS-PAGE and Immunoblotting

Proteing SDS-PAGEEZ &40 Hybond-P membrane(Amersham Biosciences)2 2
= ZCE Membrane2 skim milkZ blocking®t 2 Rabbit anti-Human TTP(T5327, Si
gma), Anti-B-actin(A2228, Sigma), Rabbit anti-PI3 kinase p85(4292S, cell signalin

g), Rabbit anti-human Aurora A(14475, cell signaling)& A 2|5t0| protein level2
=5 ULt

3.8. RNA-seq

MDA-MB-231 cell®] 500 nM Dexamethasone2 X 2| = 3A|Zt T harvestSt0] RN
A sample2 X ZSRAL RNA-seq2 THSIRALE Z sample2| DNAE= RNeasyMinEl
uteCleanup Kit(Qiagen)2 O|85t0 X ASIRULCE RNAE H=Z XSl AT Atof
2t 1.0 ug2 TH|BH 2 HiSeq1500 platform(lllumina)2 AHE3H0 sequencing=2
ZIHSHRACE RNA-seq =42 STAR 2.79aE ArE23I0f Human genome GRCh380]
mapping =l ALt FHXS = bedtoolsO] THE multicovE AMRSIY X
ol AIEHo= HolE vﬁ f(DEG): EdgeRE AtESHRULCE

HIE FI



U M=zZoM TTP EeE RESHE A 2HeHE Screening

otaold E2™doM HISEE 1019712 MA ZgtES 0|83t FYUY M=Z F
SHLEQI MCF-7 MIZO| A luciferase reporter gene®|A| TTP promoterE 7tX|1 U=
pGL3-TTPp-13432 JETESIYL, O|%F =igf==0 WE TTPe| oS =I5
C}. Luciferase assay% &%t screening 3AMIHA| ZIASHRACHFig.1A~C). Ml B[ scr
eening= &0l 01-E10, 01-G05, 07-B10, 07-A10, 05-A06 =& 0| X[E£XH2 = TTP
4ol S7IE EOES =I5 HTable.1). MEst 2=
3, 0 F 01-E102t 05-A06 =HO| AKZHA TTP UH
).

MDA-MB-231 M| Z 0] M¥El DexamethasoneO 2|3t TTP L S x 2 2AM

S

2 re-screenings TI¥s}
75 E0|FUC(Table.

N

ottt 2230 05-A060] CHet EE H0X ™SR, &5t O dEMZEAM Be
tamethasone-21-P£ FH = BIQCH SHX|TH st S22 CHot ME7F B0l L™

-
= o
5 =
?_}- =

QUX| ekt Jof a2t Hixpt X8 718 229
Dexamethasone2 SES 071 QUCtD LM QUSM30], FT7IE %20e= B
M=Zo| ZAZ AN = UCt=s HF+ Ziotx: Lt QUCH31]. Betamethasone-21-

P2t Dexamethasone= XZ|st0] TTP &319| JIIE 2QISIUAS W FAISHA TTPE
ST = QSS OIS T, 0|F Dexamethasones MEHSIY MAS TISHSIFCH
(Fig.2A). TTPERS| {RZ7F TNBCO|AM oflfst deks & = U=X|0f CisH LotE
2/ TNBC MZ & 3Lt2l MDA-MB-231 M|Z0| Dexamethasones A|ZtCH
ME|sto] TTP &g ZOISIALE 12hr, 24hr A|ZHCHO|A = Controlat H| w3}
W A SItSHA] RERUXX|TH LIHX| A[ZICHO M= TTP &30| S7tet Ag =
2= AL, EF| 3A[ZHTHO| 7t B0l B7HE AES ENF1 QUCHFig.2B). 3A|ZH7
%75* < CHAl ZrASHD 48A|ZtCHOI CHA| 71t A2 olg +=
olg{st ZitE= TTPZF TTPE EXMOZE & £ QCH= CHE A0 2fdf
QUCt DexamethasoneOf 2|t TTPR| S747F 7 A QI Fad 75 M 0|
o] A|ZtOiECH= A¥M™Moz TTp o] olgs A
HE 33 1AIZtOHQE SAIZIHE MESHRACE & A[ZHHOIAM No treat =1t H]
IS W, 7k ®E TP &od 712 EF AT 3A|ZHCHoIM 2F 108 STt
OIS RCHFig.2C). O|= 3A[ZtCHS| MEZ O|83t0| TTP target genelLZE &
247l VEGFRt Myc[8, 10]2] &&0| ZEE|= A2 =QISHRALCE
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2M6t, 9570 4F AHE DEGR 627H9| stet AHE DE
Ct(Fig.3A, B). O] Dexamethasone®| 2|8l ZHE|E= pathway==2 =4156H|
= Ne|E MEOM de ==E RTXEL ote 2E-EH |FTXEE KEGG

(Kyoto Encyclopedia of Genes and Genomes)&dll pathwayE =AMSIRACE 24 ZA

o
PN
(o]
S

0
of

f, MM Q| transcriptional misregulation, NF-kB pathway, small cell lung ca
ncer, p53 pathway, PI3K-AKT pathway, Hippo pathway, Thyroid cancer, Basal cell
carcinoma, Adeherens junction®t FOXO pathways ZE&9 02 Mz ME Z29t
AZAE0] A2 HFRUCHFig.30).

KEGG pathwayOlA{e| Ztzte| AM|HIE3} Dexamethasone® Z0| X2|3tUS ujjol
TTP &Y R HW

MDA-MB-231 M|ZO0|A DexamethasoneOf 2Jsff R = TTP &3t 2HE pathwa
yE F7tE ZASH7| fIo) o ZEE Z22| KEGG pathway?| inhibitorE& X 2|
SIS ZtZt Dexamethasonedt PI3K pathwayES A|SH= Wortmannin(Fig.4A), NF-
kB pathwayZS AX|St= QNZ(Fig.4B), FOXO1 pathwayS AXISH= AS1842856(Fig.4
C), AKT pathwayES AH|SH= MK-2206(Fig.4D), p53 pathwayS AH|SH= Idasanutli
n(Fig.4E), Hippo pathwayE H|St= XMU-MP-1(Fig4F)2 &7H M2|stQict 1 &
Wortmanning X2|$t 242 Dexamethasone FTHE2 2 XNzZ|3HS MECH 2F 15H1H
£ B7I5R{A, XMU-MP-12 ME|gt MEFMe =22 XNe[oh AECEH of 2Hf
0|4 B7tSH Y CHFig.4A, E).

Hippo pathway inhibitor®! XMU-MP-10] TTP &332 f&

MDA-MB-231 MZO|A Q| TTP &3 R0 p53 pathway@t Hippo pathway2| 2+
Mg g92I57| 28l p53 signal®t Hippo signalS Z43A|Z|= MDM2 inhibitor(ld
asanutlin)d} MST1/2 inhibitor(XMU-MP-1)& ©t=52 2 X2|5tRIC XMU-MP-12 K
23l O, 5 pM O|AtS] =ZOM TTP L&o| Z7IE B0 F QM (Fig.5A), Idas
anutling XNe2[5tE W= OfRAE XN2|otA| 2 MEL & X0|E EAFX| &
U2 23|21 yMU|M ZAE St= &S =0ISH/ULHFig5B). TTP 5718 EJ
FUE XMU-MP-12 O 22 SZ0M X250 TTP Lol Fe = U=Al =

= 1 uMOIMEH S0 o&Xe=z TTP E30| &

(AL

-

s

Hippo pathwayE &%t TTP 28 R &7 olHdS ¥

Hippo pathwayl?| =8 Q4= YAPLZ €M QUCH1S5, 16, 17]. YAPZ M=Zo| &
HEo| 28 Hippo signaling0| Z=EEICHs A7 ZI7F ACH32) d2hM 22 A
T UF RAQR x 1002 =2 A=ZE L =A@ x 1090t20lM XMU-MP-18 X 2|
oto] TTP & K5 ISt 5HI XH0|o] M= ZEE0E =752 MDA-MB



-231 MZOA XMU-MP-10] 2|3t TTP &30 B3It QIel Ol= M= THE
Qt= AEO| QICHE WS EOELCHFig.6A). O|F XMU-MP-10| 28l S7tEl YAPO|
TTP &30 AOM FHS = —’F 0||—x| 2018 10X} YAPS knock-down®t Z(Fi
g.6C) XMU-MP-12 AMZ|5t0] TTP Y| HIE 2QISHFLE YAPZ knock-down
SO0z =St TTP LA %Eoﬂ UAO{AM FolOfgt Xt0|F HOFX| RRUACHFiIg.6
B). MST1/2= LATS1/2E /431510 YAP/TAZE SARXStCtD 2™ QUCH33]. XMU
-MP-12| target® MST1/20f 2|8l TTPS| F&=7t YOojLt= AQXIE =057 f|df
MST1/22| downstream@! LATS1/22] AXA| 2l LATS-IN-12 HM2[SFRALCE MST1/2 in
hibitor®l XMU-MP-12 XN2|}E A= CHEA LATS-IN-12 ME[5HRJAS If 25|24
TIPSl ZAE HOFCHFig.6D). Ol MDA-MB-231 MZHA XMU-MP-1& A2
SIAM TTP &g QE8tE= 20| MST1/22 ARX0f 2|t 40| ot CHE pathwayS
Soff THECHE TtsdE2 MAIRIEE XBHE2E 2QI6t7| s MST1/2 knock-do
wn(Fig.6F)2 ol TTP &30 ZHEE|E=X| ARSI, MST1/2 knock-downEl ME
O M TTP YHo| Z7t7t YOJLIX| RLRUXCHFig.6E). Ol= XMU-MP-1 M2Z[ A|, MST
17201 28 TTP7t REEX| S=Chs AS 205t QULCH

TP { & pathway ZALS {0l MEE inhibitor2t XMU-MP-1 co-treat

XMU-MP-10| MST1/280t OFL|2} CHE kinaseE Z=HE £ QUCt= AT A7 Q
CH34]. 2o ZIHE0M XMU-MP-12 AF23}0] Hippo pathways ZE&IAS W T
TP 3ol RE=7t %'OMXI %*%% HOF/AZ10| XMU-MP-12 NE|StFE If =

=
HE|= CYSH pathwayOl U= kinases & percent control(ctrli%)t Kygte 1245}
04[34] AURKA2} PIK3CG= *.jt“ SFLCE AURKA inhibitor@! Tozarsertib2 -2
XMU-MP-11 &t ME2|3tH S I, TTPS| RNARQ} protein $=&0| UM S7tr|=

deS LUSHK| ZSHRALHFig.7A, B). 25|21 RNAOIM= Tozarsertib 100 nM1t 10
00 nMOI|A} SfZH Zadt= AS EAFRUACHFig.7A). F7F2 PIK3CG inhibitor?! wor
tmanning S22 XMU-MP-11t &4 AN2[stICE OrEt7EX| 2 TTP| RNAszr prot
ein| =&0| AOM BIt5t= dS HOFK| QA/UCE Of2{gh ZutE2 TTP Lo
o A0{A MDA-MB-231 MZO|A XMU-MP-1X2|5IHS U MST1/2, AURKA, ag|
1 PIK3CG7} E&E FX| Y=l A2 Y= ACH

TTP 'Lsof| A 2] XMU-MP-11t FOXO12| ZtA|'da}t 7154 HAl

O|Fo| E AFEO0|A FOXO10| TTPS RFLEotCHE ZME T=ESHYLCH35]. XMU-
MP-13} AS18428562 &/H AM2|StAUS I TTPL| RNAZTO0| XMU-MP-18 Ef=2
2 N2 MECH oF 3H S715HRA L (Fig.8A), protein #% AOIME =0f =[A
B7tete AS EOFUCHFig.8B). O|= TTP target genel 0*31 Myc[10]2 &
5t Mf, &= A=2 &H NeotH O Bo| ZAkEs A OISIICE o™ A
T35]01 M2 FOXO12 MRS W TTP7t HAkl= ALt ﬂrf 2 MDA-M
B-231 MZO|A XMU-MP-10| Hippo pathwayZS S3di TP% S7tAIZ| K= QEX|TE,
FOXO1 inhibitort 8 HMz2|StYS W AlHX| 2atE TTP| E30| O B7tE|+=
ZAO2 HOf TTP| &d FE7 XMU-MP-11F FOXO pathway7r AHALFOl A =+

IIOI-
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Figure 1. 4 MEOAM TTP IS FE5t }etZE screening.

(A, B, CO) MCF-7 M|ZOf pGL3/TTPp-1342-luciferase reporterg HAMZ

sletE2 30 wo A KE[5t0] 24A17F St Y = & 24A.
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Table 1. TTP 0| Cist MAH SHEHE 3Kl Screening

Library Position Compo.und Concentrat Fold changes in TTP promoter activity
lon(mM) 1st screening 2nd sreening 3rd screening
NPS-D1-000001-G05 47 5:28 2.52 24
NPS-D1-000001-E10 4.6 512 2.09 3.27
NPS-D1-000007-E12 5.1 436 0.68 0.5
NPS-D1-000007-D12 49 4.26 0.76 0.65
NPS-D1-000007-E11 5.1 4.06 0.95 0.76
NPS-D1-000011-B08 10.0 3.85 0.59 0.7
NPS-D1-000007-B10 5.2 3.29 243 2.61
NPS-D1-000002-G03 5.1 3.10 0.79 0.93
NPS-D1-000007-H10 5.4 3.08 0.93 0.84
NPS-D1-000007-A10 54 299 2.04 238
NPS-D1-000007-G11 5.0 2.96 0.62 0.71
NPS-D1-000010-C10 10.0 2.87 08 1.39
NPS-D1-000007-A12 5.0 2.79 0.61 0.51
NPS-D1-000011-E10 10.0 2.78 2.07 1.89
NPS-D1-000007-F11 47 2.70 0.92 0.78
NPS-D1-000007-C12 5.2 2.70 0.57 0.72
NPS-D1-000007-D11 5.1 2.65 1.22 0.89
NPS-D1-000007-A11 54 2.60 1.52 1.14
NPS-D1-000007-F10 49 2.56 0.94 1.05
NPS-D1-000007-C10 5.1 2.50 0.84 1.09
NPS-D1-000006-F04 51 249 2.62 1.73
NPS-D1-000008-F11 54 239 1.13 0.96
NPS-D1-000003-D12 47 235 0.72 0.82
NPS-D1-000007-B11 438 2333 1.31 147
NPS-D1-000005-A06 5.1 232 2.69 3.15
NPS-D1-000007-G12 4.7 212 0.56 0.99
NPS-D1-000007-C11 47 2.09 1.28 1.09
NPS-D1-000007-D10 4.6 2.09 1.78 143
NPS-D1-000008-D04 4.8 2.07 0.81 1.04
NPS-D1-000006-B07 5.0 2.07 1.35 1.94
NPS-D1-000002-C09 5.0 2.04 1.15 0.89
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Table 2. 3%} ScreeningOi| A M'Het 571X| 2t&H=2| 4X} Screening.

Compound Fold changes in TTP-Promoter Luciferase activity
name | 1%screen | 2% scree | 3¢ scree 4 screening
ing ning ning

Sul 10ul 30ul 50ul
(30u) | (30u) | (30uD)
01-E10 512 209 321 363 AT 682 637
01-G05 5.28 252 24 149 202 421 5.50
07-B10 329 243 261 1.18 132 1.28 1.66
07-A10 299 204 238 M 1.12 149 1,56
05-A06 232 269 3.14 3.28 5.64 591

5
MCF-7 MIZO0j|X 3%} screeningdil M dE2t EZ2 = MDA-MB-231 MZO0|AM 4%} scr
eening= 2.

—_

0

M| o

MUl
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Figure 2. MDA-MB-231 M Z0f| M# = Dexamethasoned| 2|t TTP L Q= #
H BN
o ™.

(A) AO6 3tetant &3t O] &K 2l Betamethasone-21-PDS2} FAFSH Dexamethaso
nel| T+=X. (B) Dexamethasone 500 nMZ A|ZFHZ TTP RNA &S real-time PC
RZ £ (C) MDA-MB-231 M|ZE0| Dexamethasone 500 nME 1A|ZHCHQF 3A|ZHCH
of Z2 A|IZHHO| no treat AHE 1t real-time PCRZ TTP &&l H|W. (D) Dexametha
sone X|2| & TTP target genea real-time PCRE 24, (* p < 05, ** p < 0.01,
w5 < 0.001)
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KEGG 2021 Human
Transcriptional misregulation in cancer 5.42e-04

NF-kappa B signaling pathway 1.21e-03

Small cell lung cancer 2.58e-03

p53 signaling pathway 3.52e-03
PI3K-Akt signaling pathway 5.72e-03

Hippo signaling pathway 5.90e-03
Thyroid cancer 6.34e-03

Basal cell carcinoma 8.75e-03

Adherens junction 1.42e-02
FoxO signaling pathway 1.7e-02

0

2
—logo(p-value)

Figure 3. Dexamethasone *|2|E MDA-MB-231 M|Z2| RNA-seq &4

(A). Dexamethasone X 2|El MZO|A{ 2| DEGs(defferentially expressed genes)Volca
no plot 4. (B) Dexamethasone X2|El MIZO|A2| DEGs scatter plot &4. ().
Sotel QPRS0 CHEH KEGG pathway £41.
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Figure 4. KEGG pathway0iA{2| Z}Zto| AX|H|S 1t DexamethasoneE #0| X 2|5}
Re We| TP 2 | H|u.

(A) PI3K (Wortmannin). (B) NF-kB (QNZ). (C) FOXO1 (AS1842856). (D) AKT (MK-2
206). (E) p53 (Idasanutlin). (F) MST1/2 (XMU-MP-1). (A~F) Dexamethasonell &&=
HMZ HM2|5te] TTPO| &S real-time PCRZ 4. (* p < 0.5, ** p < 0.01, ***
p < 0.001)
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Figure 5. Hippo pathway inhibitor?l XMU-MP-10] TTP Y$g { L.

(A) XMU-MP-18 Et=2=2 sE8= N5t TTP &od =02l (B) Idasanutling Tt
Z02 SEHE X2|5t0 TTP &3a &2l (C) XMU-MP-1& 1~5 yM2E X 2|50
TTP & =2l (A~C) Real-time PCRE &3 RNA level 4. (* p < 0.5 ** p <
0.01, *** p < 0.001)
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Figure 6. Hippo pathwayE &¢ TTP &3 |7} ofHdS 2.

(A) (1EF) 2 x 10° celldf XMU-MP-1& 5

MP-12 5 uM X2|. (B) siYAPLE HAMSt 24A|Z & XMU-MP-1 5 uM X 2|50
TTP level Q1. (C) siYAP=2 YRS 24A17H & XMU-MP-1 5 uM X 2|50 YAP |
evel 29l (D) LATS-IN-12 2 uM, 10 pM2ZE 24A|ZF St HE|SIK TTP level &
Ol. (E) siMST12Z YWAET™S 24A|Z2F & XMU-MP-1 XN2|5t0 TTP level =, (F) si
MST1S 2 WEME 24A|7F & XMU-MP-1 X2[5t0 MST1 level =@l (A~F) Real-t
ime PCR2 &3l RNA level 4. (* p < 05, ** p < 0.01, ** p < 0.001)
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Figure 7. TTP &£ pathway ZALE 2l M E inhibitor?} XMU-MP-1 co-treat

(A) XMU-MP-11t Tozasertibg& STZHZ MDA-MB-231 MZO| X2|5l0] real-time

PCRZ TTP level 292l (B) XMU-MP-11} Tozasertibe =22 MZ0| X251 A

URKAR} TTP protein level =2l (C) XMU-MP-11t Wortmanning SZHZE MDA-

MB-231 M Z0| X2|5}0] real-time PCRZ TTP level &9l (D) XMU-MP-11} Wort
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(A) XMU-MP-1(5 pM)t AS1842856(1 uM)2 7 X 2|5t 24A|ZHCHOI A real-tim
e PCRZ TTP level &0l (B) XMU-MP-1(5 uM)1 AS1842856(1 uM)= &7H X 2|5}
Of 24A|ZtCHOIA TTP protein level =2l (C) XMU-MP-1(5 uM)Zt AS1842856(1 u
M)X 2| = 24A|ZtCHOJA TTPL| target gene2 real-time PCREZ RNA level 20l (
*p < 05 ** p < 001 * p < 0.0071)

_19_



\V/ k-

o=
B 40

o b rr o

\l —_—
_|
_|
)
rr

o O
09 T.

Ral
10
J

9F 16%= mRNA 3'UTR LHO| ARE motifE ZHX| A2 04[36], O
X Y Adu 20| AUCH37, 38]. TTPE= p-bodyS| THMH
TTP-mRNA complex0f 2 & 3t0] AREO| ZATstd AREE 7HEl mRNA
IC}39, 40]. S LY 8 THO 2olst= RHALS stk =Hof
FARQAZM 715 4 ACE 2L TIPSl EH2 Cf &
FobEbA, TTP 20| K2 LMZEOM TTPE REdtes 2A=E2
M M2 2ET0| € £ AUt

e
1
olo

g
-

of ot ox
| 0
N
>
|

09 0

Of

-

o
=

0

mn

0
M

s0 2
°

02 > 1o Hr 41 oy re

re
0

>
0

s
N oo
o o
I o
o [X
°

library22H =2
tet= libraryOfl= A
. o] AFON LAMIZOIM TTP HHZ FEdts MER
luciferaseE O| 83t reporter assayE FIASIULE LibraryE screening?t £
etE2doZ2E &St O dZMZAM Betamethasone-21-PDSE =M EHQt1,
QF T2Vt HI5IH X &80 U FZ & MEE
£l Dexamethasones MEASIR D HE AL} TIPSl Z D
O|F RNA-seq2 &8 S7tE |RTXRL HAEH FHXAE 2
MOl TTP REMEZEAMO| 2ltES &7| Qs 57t |FEXE0 =
pathwayE =4I5IRALCt. RNA-seq dataOl L2 pathway & E=2ot pathway2t 2t
20 = ASE AFE YHHMES Mestd TASHRALE O F PI3K inhibitor(Wort
mannin)2t MST1/2 inhibitor(XMU-MP-1)0| Dexamethasonelt A|LHX| {IOtZ TTP
24510| Z74SEILE SHX|2H PI3K inhibitor] A< MST1/2 inhibitor0f H|SI0] Z7t
2 Tt %7 20| Hippo pathwayO| =S U3 HAHS TASHRALCEL

Ot 30 rQ mo mo rx
M ot ru||:|

ot
Mo
mjo
ne o
o
ot
N

o — m

[

tot

0
- oA
njo
o
ks
~
m
([A)
(0]

MST1/22] AKX Z QI8 YAP/TAZS| 30| ZI7t5tA E[H MZEL| HE0| SItsir
= A7 ZuopUF /JAX|TH41), E OHE AT Zot0|M = YAPO| ferroptosisE 2ot
MZE MBS |T67|2 $HCH42). TNBC MZOAZ YAPO| TTPE |EZ5H0 Al
£ 5 JEX =HoIs7| /s 24 Hippo pathwayE Soff &L=

st AEE TIMSIRACE Hippo pathwaylt ZHHE LATS1/29| X2t YA
P} MST12| knock-downOl= =735t TTPS| A0 U0IM 2 BZE EOFX|
2I5t0] XMU-MP-10| TTPE | E=3t= A0 A0M Hip

=
po pathway2tes #EHO| §IZS =l = JURULCH

—_

>
ol S

0
30
n
L
il
@
re
al
N
L
H
i
r
Ot

SEXI2E XMU-MP-12 M2t I TTP 20| B7IE= A2 XHHoZE 2Qlg)
ACH CHE AFAOA XMU-MP-10| Hippo pathway 0t OfL|2} CASH pathwayS
SO ZIME = UActs g7 27t EOEQJACH34]) E0E AT Z0E ELHE H

<

_20_



ppo pathwayE X eIst 7t& |FUSBH pathwayl| kinaseE & AURKAR} PIK3CGE
MESIRAL, Z29| inhibitorE MZ|5H] TTP WS =2HRISHIULE PIK3CG inhibitor
(Wortmannin)2| Zd20= 2 B37t U/ASLE AURKA inhibitor(Tozasertib)2| A<
o= XMU-MP-11h 2 M2|otds M s=2= TIP7L AR L #ebot gle
A7 EEE|JACE TTP 20| [AAM LaF QL ZAatrt LS E[X| U7 W0

-1 =
HEE off-targetd] AAHM 2 S & + B|AUCL BX

A |2t O ATOA Aol
A XMU-MP-12| XN2| &7t 5 yME ==0| B8l =2 s=2 & =

cr=
Ch =2 ME0 ANM B2 KetlE 7IEL
= 27 2 & O 22 Ktks 71822
=

= f

2oiE 7580 AS= AMAlstL RUAC

O|F A0l FOXO10| TTPL| & J7IE =FSt= /% 242 &E
5t = ASS SYSIUCH35]). A XMU-MP-12F AS18428562 &HHl KNE|6tUS
M, AJHX] 202 TTP 0| SXS| SI7tetS 2QISHRACE O|Tof HE AT0A
+ Dexamethasone X2| Al FOXO1E YA|SHA E® TTPL| S7t7F YA El= A2
2 LIEFSX| 2 XMU-MP-12 XN2| & FOXO18 YHSHA =H 23|21 TTP7t
SHAl El= ZatE E@?%Er XI\/IU—MP—M"J FOXO1 OUHIE oI5t TTP Z7ro1|

= ol

Mo A ret M

LOJ
91-

0
2
ol
mo rot T
d
or
0>-
i
_l,__
o
N
_|
pd
s}
(@)
;
Hel
2
>
ot
ot

_2’]_



10.

11.

12.

13.
14.

Vvil. &0 23

Brooks, S.A.; Blackshear, P.J. Tristetraprolin (TTP): Interactions with mRNA
and proteins, and current thoughts on mechanisms of action. Biochim. Bi
ophys. Acta, 2013, 1829, 666-679.

Carballo, E.; Lai, W.S,; Blackshear, P.J. Feedback inhibition of macrophage
tumor necrosis factor-alpha production by tristetraprolin. Science, 1998, 2
81, 1001-1005.

Shaw, G.; Kamen, R. A conserved AU sequence from the 3’ untranslated
region of GM-CSF mRNA mediates selective mRNA degradation. Cell, 19
86, 46, 659-667.

Lai, W.S,; Stumpo, D.J.; Blackshear, P.J. Rapid insulin-stimulated accumulati
on of an mRNA encoding a proline-rich protein. J. Biol. Chem, 1990, 26
5, 16556-16563.

Brennan, S.E; Kuwano, Y.; Alkharouf, N.; Blackshear, P.J.; Gorospe, M.; Wil
son, G.M. The mRNA-destabilizing protein tristetraprolin is suppressed in
many cancers, altering tumorigenic phenotypes and patient prognosis. Ca
ncer Res, 2009, 69, 5168-5176.

Marderosian, M.; Sharma, A.; Funk, A.P.; Vartanian, R; Masri, J.; Jo, O.D.;
Gera, J.F. Tristetraprolin regulates Cyclin D1 and c-Myc mRNA stability in
response to rapamycin in an Akt-dependent manner via p38 MAPK signa
ling. Oncogene, 2006, 25, 6277-6290.

Young, L.E; Sanduja, S, Bemis-Standoli, K; Pena, E.A, Price, R.L,; Dixon,
D.A. The mRNA binding proteins HUR and tristetraprolin regulate cycloox
ygenase 2 expression during colon carcinogenesis. Gastroenterology, 200
9, 136, 1669-1679.

Lee, H.H.; Son, Y.J.; Lee, W.H.; Park, YW.; Chae, SW.; Cho, W.J.; Kim, Y.M.;
Choi, H.J; Choi, D.H,; Jung, SW.; et al. Tristetraprolin regulates expression
of VEGF and tumorigenesis in human colon cancer. Int. J. Cancer, 2010,
126, 1817-1827.

Lee, JY.; Kim, HJ.; Yoon, N.A.; Lee, W.H.; Min, YJ.; Ko, B.K,;; Lee, B.).; Lee,
A.; Cha, HJ.,; Cho, WJ, et al. Tumor suppressor p53 plays a key role in i
nduction of both tristetraprolin and let-7 in human cancer cells. Nucleic
Acids Res, 2013, 41, 5614-5625.

Rounbehler, RJ; Fallahi, M, Yang, C,; Steeves, M.A; Li, W, Doherty, JR;
Schaub, F.X; Sanduja, S.; Dixon, D.A; Blackshear, P.J,; et al. Tristetraprolin
impairs myc-induced lymphoma and abolishes the malignant state. Cell,
2012, 150, 563-574.

Soussi, T,; Beroud, C. Assessing TP53 status in human tumours to evaluat
e clinical outcome. Nat. Rev. Cancer, 2001, 1, 233-240.

Cole, M.D. The myc oncogene: Its role in transformation and differentiati
on. Ann. Rev. Genet, 1986, 20, 361-384.

D Pan, Hippo signaling in organ size control. 2007,21,886-897.
L Zhang, T Yue, J Jiang, Hippo signaling pathway and organ size control.

_22_



15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

2009,3,68-73.

J Dong, et al., Elucidation of a universal size-control mechanism in Droso
phila and mammals. 2007,130,1120-1133.

B Zhao, et al, Inactivation of YAP oncoprotein by the Hippo pathway is
involved in cell contact inhibition and tissue growth control. 2007,21,274
7-2761.

FD Camargo, et al., YAP1 increases organ size and expands undifferentiat
ed progenitor cells. 2007,17,2054-2060.

L Zender, et al., Identification and validation of oncogenes in liver cancer
using an integrative oncogenomic approach. 2006,125,1253-1267.

AA Steinhardt, et al., Expression of Yes-associated protein in common sol
id tumors. 2008,39,1582-1589.

Yuan, F., Xie, Q, Wu, J., Bai, Y., Mao, B, Dong, Y. Bi, W, Ji, G, Tao, W,
Wang, Y., Yuan, Z. MST1 promotes apoptosis through regulating Sirt1-de
pendent p53 deacetylation. The Journal of Biological Chemistry, 2011, 28
6, 6940-6945.

. Grusche, F. A, Richardson, H. E. and Harvey, K. F.Upstream regulation of

the hippo size control pathway. Current Biology, 2010, 20, R574-R582.

Huang, J., Wu, S., Barrera, J., Matthews, K. and Pan, D. The Hippo signali
ng pathway coordinately regulates cell proliferation and apoptosis by ina
ctivating Yorkie. The Drosophila Homolog of YAP Cell, 2005, 122, 421-43
4.

Jia, J., Zhang, W., Wang, B., Trinko, R. and Jiang, J. The Drosophila Ste20
family kinase dMST functions as a tumor suppressor by restricting cell pr
oliferation and promoting apoptosis. Genes & Development, 2003, 17, 25
14-2519.

Sung H, Ferlay J, Siegel R, Laversanne M, Soerjomataram |, Jemal A, et a
l. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin,
2021, 71, 209-49.

A. Goldhirsch et al., Strategies for subtypes—dealing with the diversity of
breast cancer: highlights of the St Gallen International Expert Consensus
on the Primary Therapy of Early Breast Cancer. 2011, 22, 1736-1747.

Garrido-Castro AC, Lin NU, Polyak K. Insights into molecular classification
s of triple-negative breast cancer: improving patient selection for treatme
nt. Cancer Discov, 2019, 9, 176-98.

Chacén, RD., Costanzo, M.V. Triple-negative breast cancer. Breast Cancer
Res, 2010, 12, S3.

Swati Sucharita Mohanty, Role of hormone receptors and HER2 as prosp
ective molecular markers for breast cancer: An update. Genes & Disease
s, 2020, 648-658.

Berrada N, Delaloge S, André F. Treatment of triple-negative metastatic b
reast cancer: toward individualized targeted treatments or chemosensitiza
tion? Ann Oncol, 2010, 21, Suppl 7:vii30-vii35.

Agnes E. Coutinho, Karen E. Chapman. The anti-inflammatory and immun
osuppressive effects of glucocorticoids, recent developments and mechani
stic insights. Molecular and Cellular Endocrinology, 2011, 335, 2-13

_23_



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Yuantao Wu, Rui Xia. Dexamethasone inhibits the proliferation of tumor
cells. Cancer Manag Res., 2019, 11: 1141-1154

Zhao B, Wei X, Li W, Udan RS, Yang Q, Kim J, Xie J, lkenoue T, Yu J, Li
L, Zheng P, Ye K, Chinnaiyan A, Halder G, Lai Z, and Guan K. Inactivation
of YAP oncoprotein by the Hippo pathway is involved in cell contact inhib
ition and tissue growth control. Genes Dev, 2007, 21:2747-61.

Zhang, X., Zhao, H., Li, Y. et al. The role of YAP/TAZ activity in cancer m
etabolic reprogramming. Mol Cancer, 2018, 17, 134.

Fugin Fan, Zhixiang He, Lu-Lu Kong, et al. Pharmacological targeting of
kinases MST1 and MST2 augments tissue repair and regeneration. Scienc
e Translational Medicine, 2016, 8, 352ra108.

Jeon Do Yong, So Yeon Jeong, Ju Won Lee, et al. FOXO1 Is a key medi
ator of Glucocorticoid-induced Expression of Tristetraprolin in MDA-MB-2
31 breast cancer cells. Int. J. Mol. Sci. 2022, 23(22), 13673.

Gruber, AR; Fallmann, J; Kratochvill, F; Kovarik, P.; Hofacker, L. Aresite:
A database for the comprehensive investigation of au-rich elements. Nucl
eic Acids Res, 2011, 39, D66-D69.

Khabar, KS.A. Hallmarks of cancer and AU-rich elements. Wiley Interdisci
p. Rev. RNA, 2017, 8, 1368.

Bisogno, LS., Keene, J.D. RNA regulons in cancer and inflammation. Curr.
Opin. Genet. Dev, 2018, 48, 97-103.

Lykke-Andersen, J.; Wagner, E. Recruitment and activation of mRNA deca
y enzymes by two ARE-mediated decay activation domains in the protein
s TTP and BRF-1. Genes Dev, 2005, 19, 351-361.

Jing, Q; Huang, S, Guth, S.; Zarubin, T.; Motoyama, A, Chen, J.; Padova,
F.D,; Lin, S.; Gram, H, Han, J. Involvement of microRNA in AU-rich eleme
nt-mediated mRNA instability. Cell, 2005, 120, 623-634.

Li, H., Wu, BK, Kanchwala, M. et al. YAP/TAZ drives cell proliferation and
tumour growth via a polyamine—elF5A hypusination-LSD1 axis. Nat Cell B
iol, 2022, 24, 373-383.

T. Sun, J.T. Chi. Regulataion of ferroptosis in cancer cells by YAP/TAZ an
d Hippo pathways: The therapeutic implications. Genes and Dis., 2020, 8,
241-249

_24_



VII. Abstract

Tristetraprolin(TTP), a protein responsible for mRNA degradation, functions as a
tumor suppressor by inhibiting the expression of oncogenes. TTP expression is
suppressed in many cancer cells, and when TTP expression is induced, the
growth of cancer cells can be suppressed through suppression of oncogene
expression. Breast cancer cells were transformed with a luciferase reporter with a
TTP promoter, and 1,019 natural compounds were screened to find substances
that induce TTP expression. Betamethasone-21-phosphate(Betamethasone-21-P)
was confirmed to be the most effective, and Dexamethasone, which has a sim-
ilar structure, also induced TTP expression to a similar extent. Subsequent ex-
periments focused on Dexamethasone due to its effectiveness. To analyze the
pathway inducing TTP expression by dexamethasone, RNA was extracted from
MDA-MB-231 cells for 3 hours after treatment with dexamethasone and RNA-se-
quencing was performed. As a result of KEGG pathway analysis of genes in-
creased due to dexamethasone treatment, it was confirmed that the expression
of genes related to the FOXO pathway and Hippo pathway increased. Further
analysis involving FOXO and Hippo pathway inhibitors demonstrated that a
FOXO inhibitor inhibited Dexamethasone-induced TTP expression, while the
Hippo pathway inhibitor XMU-MP-1, specifically targeting MST1/2, led to an in-
crease in TTP expression at higher concentrations. However, when treated with
XMU-MP-1, which inhibits MST1/2 among Hippo signals, it was confirmed that
TTP expression was induced at high concentrations. Silencing MST1/2 and down-
stream genes(LATS1/2 and YAP) did not significantly impact TTP expression.
These results suggested the possibility that XMU-MP-1 regulates TTP expression
through a different pathway rather than inducing TTP by suppressing MST1/2 of
the Hippo pathway. In a previous study, the interaction between FOXO1 and
TTP was studied, and based on this, it was confirmed that TTP expression was
significantly increased when XMU-MP-1 and the FOXO inhibitor AS1842856 were
treated together. The results of this study showed that XMU-MP-1 induces TTP
expression through a pathway other than the Hippo pathway in MDA-MB-231
cells, and was especially observed to increase through a synergistic effect with
FOXO1. These results show that the specific pathway stimulated by the two
drugs increases TTP, inhibiting the growth of TNBC cells, and suggesting the
possibility of drug treatment.
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