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BEFE—5

1-methoxy-PMS 1-methoxy-5-methylphenazinium

2-Me 2-mercaptoethanol

ARHGAP12 Rho GTPase Activating Protein 12

BSA Bovine serum albumin

cDNA complementary DNA

DAB 3,3"-Diaminobenzidine Tetrahydrochloride

DAPI 2-(4-amidinophenyl)-1H -indole-6-carboxamidine
DMEM Dulbecco's modified eagle medium

DTT Dithiothreitol

FE.coli FEscherichia coli

ECM Extracellular Matrix

EDTA Ethylenediaminetetraacetic acid

EMT Epithelial-Mesenchymal Transition /or Transformation
Ex/Em Excitation/Emission

FAK Focal adhesion kinase

FCS Fetal calf serum

GAPDH Glyceraldehyde-3-phosphate dehydrogenase

GO Gene ontology

HCV Hepatitis C Virus

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HIF Hypoxia-inducible factor

HRP Horseradish peroxidase

1TRAQ Isobaric Tag for Relative and Absolute Quantitation
MMP Matrix metalloproteinase

MST Median Survival Time

NKRF NF-kappa-B-repressing factor

Oct Octamer-binding transcription factor 4
OncomiR Oncogenic microRNA

PBS Phosphate buffered saline

PDX Patient-Derived Xenograft

PFA Paraformaldehyde

PI3K Phosphoinositide 3-kinase

PPAR» Peroxisome Proliferator-Activated Receptor y
PS Phosphorothioated



PTEN Phosphatase and tensin homolog

PTPN11 Tyrosine-protein phosphatase non-receptor type 11

PVDF PolyVinylidene DiFluoride

Racl RAS-related C3 botulinus toxin substrate 1

RhoA Ras homolog gene family, member A

RPMI Roswell Park Memorial Institute medium

RUNX3 Runt-related transcription factor 3

SDS-PAGE Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

SILAC Stable Isotope Labeled Amino acids in Culture

TAZ Transcriptional coactivator with. PDZ-binding motif

TIMP2 Tissue Inhibitor of Metalloproteinase 2

Tris 2-amino-2-(hydroxymethyl)-1,3-propanediol

TSC1 Tuberous sclerosis complex 1

TuR BT Transurethral resection of the Bladder Tumor

Tween 20 Tween polyoxyethylene(20) Sorbitan Monolaurate

WST-1 2-(4-Todophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-
2H-tetrazolium monosodium salt

YAP Yes-associated protein

ZEB1/2 Zinc finger E-box binding homeobox 1 or 2
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TR 1Lt 5 TR 3 L& 380, 000 AAMFESE L, 150, 000 N b Dz > TS 1. 4]
FEPERE MRS D 55-60% X RAEMERE & U CHIET D03, RRIRIE RIS DS U BRI (TUR-BT) D
TR IT LB B A CIRIE R b @\, — 5 CIRIEMER I B O 5 FEAFEIT 60%I-
FoTHEY 23, BB E 2T HIEFICE > TTAFBIM P REMST2 16 7 A & IEFIC
TFTHRARTH D 4. HERMEZ & LR DR G O 5 — @I 25 LI T 528,
BEDOELV QOLE FAH < LW O MIEE b fftki> T 5. ZORIITZ Z 20 FFir <A
Lo TELT, ARRIBRIEORGPULINTE .

e (X RAEVEFLERE (pTa) & IZEMERE pT19E TRIAN—EENELR D L)
Two-pathway model 23 &"8 STk Y, LIRTNDEDSEEERER SN TE 76, Bia 4
BIENAT ) —~, MRV T3EFEHICZWERTHLH Y, MO S TGN O
B—teb@mn EHEI STV D 7. 29 LB R BIRBOM L2 2, Sjodahl & 3B
BIETD T A7 Y 7 h— NENTIZEED 5 2 Urobasal A (UroA), Urobasal B (UroB),
Genomicaly Unstable (GU), Squamous Cell Caracimoma-Like (SCCL) , infiltrated @ 5 fE¥E D4~
7 ACHELTWA Y 209 H UroB & SCCLIFHLICTHR AR THAHICHLEb L, &
ROLBIGTFHB T 0 7 7 ANV ERLTEY, BIEIIZEEO®SWE TH D Z LI S
NCEIZ, ZOXIRERDZY T 7 T ZADOMGHRRFZRANTHEAET D LV D K, B
PEIETE RO L S 28R LT 5. 0 TAERIRIRIES R T 2 EA 12BN T, WEREITE
g Ik Ui E B piEE R oA TH 25 M-VAC (A h hLXt—h - BT TR
Fr e RXYLET Y - VAT TFN)RES DL GC (F LAV EEY « VAT TFUNE
EREDIRET TV D GRS FERTEREO RS, B OREBNRE—S 72Xk
THRESNTWRNZ EA2RE L THRY, RIS 2A3ER I X2 R filiEhE s
TEAH LTV AIERNEE I EEZ b5,

2O LR EEBE L, ML EIGEIER & LT noncoding RNA O —fTh 5
microRNA (miRNA)IZ7:H L7-. miRNA X 20-25bp @ non-coding RNA T&H v, 1EH)
mRNA OFFRILE & 5 VT RIZ L - TR FRIEZ 5. 150 miRNA 13 200
&S OEEBIE T2 L TH Y 89, HITHiFLIEOBE T O 60%I% miRNA 2 X 2 ilf# %
ZIFTWHERREINTWD 10,11, S5F Y TR ER L T % oncomiR Z 2 E 95 2
LT, ZRRIERE Y 7 T AR & R R 2 FTREMEA Y B 5. — 7 T miRNA [3HERY
mRNA @ poly-A SO T 7 = Ak %N LIz RZE, &5 0IE mRNA $4720 DY Ry —
LEOETIZ &> THER mRNA OFRILE 217 9 720, TR ENOENER 123 580
FERIIARD TS W18, £ miRNA / v 7 7 U b A X T 4 THE ORI BRI 2R~
=%, B miRNA OfFHEARS Z 2 THVL S O TIEZRWY. ZHE miRNA REICXK S
PR LT D3 BIEE) )% < & b Fold-change2 f(5LA FCTH Y, T DREEDORBZEIAEY
AKDOEFEEMFEE CHECTE2-0EEE20NTND 46, 25 LEMAND,



miRNA (2R B G ORI AWML T 5" 7 74 v F 2 —F—"L LTHM STV D 13,
U EDOEREZRE 22 L, IRFENE L THROWEEDZ R T 72 01213 5k 0 %5 B R 7Y
miRNA % [RIFFHCIER) & T 2SN G TH DL EE 2 bND. FE, HEO miRNA 7 L
% & 115 miRNA-cluster16<° miRNA-family! " {2 B W CTHEBEEEN IS S TEBY, 29
L7 miRNA B4 FIFFCIHE T2 2 & THMPAERF I D b ICEoER L2 HI#E X 5 A
REMEAVRIE XL TS 1820, Lo L7 28 BIEEIERE IZ 3\ ) Tld oncomiR-family D77 7E 12
ENTELT, ZOIRFEIEOEIITFE ERAEETH-T-.

ZIVE TITE B E CTIIRIRR P E AR D B 5 U T - B F R R AR R
K% H T, miRNA microarray fi#tT 217\, IR LIRERE CTEEETH 4 FEDO
miRNA & L T miR-130b, miR-301a, miR-301b, miR-210 Z#[f&E L T\ % (Fig.1).

mik 1300 miRS01a | miR210 | Figure. 1  miR-130b,

10 10 o 10- exx 10- s miR-301a, miR-301b and

g N —_— © | — © . '_1 © , |_‘: miR-210 were significantly

= __:’_ 3 1 =T upregulated in invasive

o 6 o 64 o & o renal pelvis and ureter

8 o 4 s L] - L] carcinoma specimens. The

T ) Q4 0 4 ha g 4 aa expression of the miR-210

% 24 "o % 24 . 4 ng: 2 —A‘:- T 2 —A‘E and miR-130 family was

' = ah rs o = &' validated by RT-PCR.

0- 0- :‘ g T 0':‘-_"‘_4'_ D'#"— Normal n =17, Superficial

{6\%‘{\\6\%\?{.\0 {(‘\% -\(.:\& G}&e’ {((\% -\6\% 6‘42’ .((‘\é _\(}& é\-.\z n = 5, Invasive n = 11.

& & o & 4 04@ e & 6{0 & & {\4‘& Data are mean +* S.D.
%\)Q N %\)Q AN %\}Q N 6¢Q *¥p<0.01, ***p<0.001.

B E e R TR RO IIIENE & A — OBAT LRICH SN D 2 &b, BEtEIZEB VT
H 24D O miIRNA 2HEL EAT 5 AREMENR B 2 HiLlz. £ 2 CHF 1 3= CIIEMm R
ZHWT IO 4O miRNA OFRBL&E % E & LR, MEDIEEDUES CoREL A2
A0 HAVIZ. miR-210 (THEMERR I 51T DREREMRAT S BEIC S Sh T o7z 21, FikiikE o
D miR-130 family (286 55 % 24 C7=. Table.1 {2779 X 9 {2 miR-130 family |% oncomiR
E L TOWRENRKRSEZ HD, IBFERN & L CEYI7Z miRNA B2 LB 2 6508, BEDUE
BT DRI R 0o TR, ERLICIKAF L CTHBREDN B2 2 L 2B ETH L, 12
)& T DRI DEEMRAT IV A TH S, & 2 CH 2 B CIXFE L7z miR-130 family 23
oncomiR-family & U CEIEERICH G5 L T\ D0 %, MlakkE H\\ 7= in vitro f#HTIC K&
O FH L 7=, el CH 8 B CIIEAEIR FOPEE 217\, miR-130 family O EE CORE
DOAREIZEH - T2, FMZITH 4 T CIEFE L 72 miR-130 family (2%} 9% seed-targeting LNA
ETWA L, JBEIEE L CORMESE In vitro & in vivo DE N LRFTLTZ. —#EOfE
Bre i L CHBREW RSB ON0 T, ZZICHLEimE LTE & 0Tz,



has-miR-130b-3p

has-miR-301a-3p

Onco/Supp | Target | Tumor type Reference
IRF1 S iedes Lin YH et al??
ZEB1 R Dong P et al2?
STAT3 eligis Zhao G et al?
MMP-2 BT A Chen Q et al%
CSF-1 SN Yang C et al2¢
PPARy Jligee TuK et al?"
TP53INP1 | fFiis Ma S et al?
PPARy R =N Colangelo T et al2®
DICER1 | & P Li BL et al®
PTEN BB RO YuT et al®
CCNG2 F#E (miR-130b-5p) | Chang YY et al32
TGFBR2 | FE/INMa i Mitra R et a/3
TP53INP1 | B T At (= s Yeung ML et al3
PPARy TR IR AR Sheng X et al %
CYLD ¥ Sun B et al 3¢

Onco/Supp | Target | Tumor type | Reference
RUNX3 A Wang M et al37
SMAD4 | WHEHRF L | LuY et al®
GAX IR Zhou P et al®
SMAD4 it o T B o LuY etal®
AMPKal | " PAE Zhang Y et al %
SMAD4 | IiEfs Xia X et alt!
NKRF el e LuZ et al*
BIM el e Chen Z et al
NDRG2 | RiSZHE Guo YJ et al*
SOCS6 | ki Fang Y et al*
TGFBR2 | KIG# Zhang W et al 46
TIMP2 2T BlE Liang B et al 47
PTEN g Ma F et al*®

has-miR-301b-3p

NDRG2

[{IDAS

Guo YdJ et al*

Table.1 Identified target genes of miR-130 family among various cancer types. All target genes were validated by dual-lucifersae
reporter assay using reporter vector containing 3'-UTR of each genes.
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BIE BRSO TRAERY 5 miR-130 family O FE

B EBAE - RBROTIE

TEREREIPRRICER L, BB IC B W TR BEER L TV S miRNAZ [FET 5728, KRR
RIS R AR FL 0 S S U TRV 72 R R R Sk 2 > 7L & L7ERT-PCRZAT ~ 7.

2 PO A e PR AR A

KRR R A AL K 0 5 U CTEW KRR E AW, BRERIZLL T O®EY .

Age Gender Pathological Pathological

Median 72 Male 16 tumorstage tumorgrade

Range 47-86 Female 7 pTa 16 Gl 4

pT1 5 G2 10

pT2 2 G3 8

unknown 1

Table 2. Bladder cancer clinical samples used for RT-PCR analysis and immunohistochemistry

AT FA X
* QIAzol Lysis Reagent (QIAGEN)

RNA #iH, cDNA & 5K
- miRNeasy mini kit (QIAGEN)
« Mir-XTM miRNA First-Strand Synthesis and gqRT-PCR SYBR Kits (TaKaRa)

RT-PCR
* Polymerase premix
SsoAdvanced SYBR Green Supermix (BIO-RAD)
* Primers (Clontech)
mRQ 3’ primer
U6 Reverse primer

U6 Forward primer



« Primers (Life Technologies)

Target Sequence
hsa-miR-130b-3p | 5'-"CAGTGCAATGATGAAAGGGCAT-3'
hsa-miR-301a-3p | 5'-CAGTGCAATAGTATTGTCAAAGC-3'
hsa-miR-301b-3p | 5'-CAGTGCAATGATATTGTCAAAGC-3'
hsa-miR-210-3p | 5-CTGTGCGTGTGACAGCGGCTGA-3'
- PCR #&iE
CFX96 Real-Time System (BIO-RAD)

ERRRR D> D D miRNA HhiH

RNA fhHZ/esr s, BN O RNA Z2E{bo BT, Hifi#ik%Z RNA later ICE
Frozen Tissue Transition Solution (Ambion) ' C-20°C/16 K LL EERTE LT=. T D%, #i
k% QIAZOL (QIAGEN) 700 pL &t @5.5mm A7 L A B —X 1 HR A7
7T NVTF 2 —T I AR, Micro smash MS-100 (TOMY) %z W CTR#E L, ST F— b &2f57=.
WGl & LTI, 4800 rpm/30 P[4 2 [AI#: 0 IR L, @& 1 4300k L jikfi & L7z, Rk
REVFR— MZZ v rd/L s 140 pL 23 L CIRf#, 12,000 g/15 pfiEo L, 507
KIE%Z RNA #iHIC vz, A #iEH 2 E QIA Qube (QIAGEN)Z I L, 200
nucleotide (nt)LL_E® RNA % RNeasy MinElute Cleanup Kit (QIAGEN) T, 200 nt LL F®
RNA % miRNeasy Mini Kit (QIAGEN)Z W CHIH KR L, RNA O B E 12 1 3mfs &
43366 EEEF Nano Drop A4 L 7-.

RT-PCR for miRNA

fifiH U 7ztotal RNA 500 ng % F\ T, Mir-XTM miRNA First-Strand Synthesis and
qRT-PCR SYBR Kits |2 CH U 77 =/ & cDNA &4 F70, MilliQ KizT10 {578
LT BRT-PCR (ZHW. H 502 CH10 uM IZAHR L 7=primer 35 XY SsoAdvanced
SYBR Green Supermix (BIO-RAD) Z#MilliQ /KIZTHR L7=H DiZeDNA % 1z T20
pL & L, CFX96 Real-Time System (BIO-RAD) (Z CRT-PCR %17~ 7z. PCRE&AFIZLLT
D@y .

[miR-130b, miR-301a, miR-301b, U6 snRNA]

98°C 30sec

95°C 2sec

63°C 5sec x40
55°C 5sec

95°C 5sec
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A. Normal VS Tumor

miR-301b miR-210
5 - 8- 309 =
%% * %* % u
© : | © « ©
o . =) "y 2 64 L = ] 20
~ 24 -~ 2 -~ T
2 - 8 = . 8
a o Q o
) ? s . Y 104
11 e mgm r 11 x| - =
— E [ X E 2 E
E & [ | n ... Ham
1 ¥e L= 01" 0-” 0-
Normal Tumor Normal Tumor Normal Tumor Normal Tumor
B. Stage

2] w0
] =2 g
o —
a? © ; 20
g g g
N I °Q Y
14 . Iy D_: %
] = n
E & W . E ;
0 0 0 0
Normal pTa pT1, pT2 Normal pTa pT1 pT2 NormalpTa pT1 pT2 NormalpTa pT1 pT2
C. Grade
3 44 8- 30- *
* * I _|'
©o 1 © ©0 | | ©
o A I = s
~ o -— - v = 20
2 'y ] o) o
2 4 S 21 A VT o4 " -
o« o o b
ORI I 45 2 2 o
o | | x 14 14 24 l E
b— ] o ]
E gL aE - SN E
- 04 0- 0-
Normal G1 G2 G3 Normal G1 G2 G3 Normal G1 G2 G3 Normal G1 G2 G3

D Common seed sequence

miR-130b-3p 5’-cfEl-{I:{£E) ugaugaaagggcau-3’
miR-301a-3p 5’-cEr{i:£ENuaguauugucaaagc-3’
miR-301b-3p 5'-cfEl-{:LEN ugauauugucaaage-3’
miR-210-3p 5’-c ugugcgu gugacagcggcuga-3’

E 22007270 bp-22007347 bp 22007593 bp-22007674 bp

57228497 bp-57228582 bp

Chr 17922 5' II miR-301a II 3'

_10_

Figure. 2 The miR-130
family and miR-210 are
significantly upregulated
in bladder cancer
specimens. The expression
of the miR-130 family was
compared between normal
and tumor tissues (A),
among pathological
tumour stages (B), and
among pathological tumor
grades (C). (D) The
miR-130 family has a
common seed sequence. (E)
Genomic localization of the
miR-130 family. Data are
mean =+ S.D. *p<0.05,
**p<0.01, ***p<0.001.



i IRER T OREREZT, %%ﬁ%%ﬁkﬁ%ﬁwwM®ﬁ%$m%mwfmnmR
C’iévahdatmn’i’s‘%ﬁm L7, ZORESE, BEPUEERAMRAR CHE &L - IRERE &[RRI
amﬂmAﬂ#F%km@LT%ﬁiﬁﬁ%aéﬂGMQA)%@%ﬁVAwi&ﬂf%
HUVTERIZE OERIZHB L T\ (Fig.2 B, O).

B3 /NG

B IRE OB BT 24 OmMIRNAREIZ B L TP CH BB L~V 2 /G L
ToRER, [RIRRICHEER LA Bl Sz, EBERIC R 2 miR-130 family 56 SLa% B 137
B S AL TR0, R COFBURIEIBE I IXRERLH 2 . il I ESE L2 38 TR AR
Mz ACE Y, IEhARE PN R A I R OMl ke 25 i C X Hypoxia-HIF2a-Oct4 axis{& A7
#1ZmiR-130a% & TemiR-130 family W\ T 70 H 2338 EH- L, T iitkm 45 Sk 2
F49. M b il EE O M IS~ R vy 72 (ECMODO VET U 7I2k- T
ECMAMEILT 2728, Z A Hippoy 7 T WARER K 216 MHAL T 5. & OfE Rz G K 1
YAP/TAZEMAL L, BERY T o 5 Oct UK FAIIZmiIR-130 family N FE S 1550, —F T
miR-130b7 tumor suppressor & L CHBET D INEEIZ 35\ CTIEZ #p5373miR-130b 7 =
T —EIKICEST D L TRAME T 523, £ 7-miR-301alINF-xBOp50RelAN 7
2 — X —fHIRICEAT S 2 LTI Lo CEORBNTTHET S, FIZmiR-301alINKRF &
WO NF-xkBY 7 F VMR 20 & 35 Z & CTRIY 7 v aiEtE b, N7 477 40—
Ry 7 2 fRlEd 5 2 E THHOEIAFELTO 2 LMo T\ 542 5% Y miR-130
family(ZITZNEI R D RBIGE A D = X LARFEL TS, AFRICB VT
miR-130b, -301a, -301bEI D3 H L H L~ LIZz NN 872 > TEB Y (Fig. 2 A-C : B
IRIRIR, & OVFig. 3 A: BRI MIERE), BEboE 23 T & A miRNAREA OfilfE 2 7 = X LA
FIETHEEZBND.

BEMEER I oW TR R A IR EORRE & 72 > T\, Wi ORTBME T 5
pTa, pTUER] TmiR-130 family 338 L H-95 Z L IFIEREN & L TORETH L. BT
Genecards (http://www.genecards. org)iZ -~ &35 RNA-SeqD 7 — ¥ T, miR-130
family D330 & 23 IEF BEDEIZ 35\ TR ELDGR @%ﬂﬁ‘_ﬂ%@¢m®ﬁ£w B/l
ETHD. FREOZ L IZ, miR-210LA4 O SEHH O miRNAITIEE L 7zseed 4 2 477 5
family/y ¥ Cdh - 7= (Fig.2 D). miRNA-family(Xgenomic locahzatlonihifot 508 (Fig.2
E), 2-8i 5L H £ TDseedfid 417284538 L TV 2 miRNARE A $5 9711 miR-21013 5t 2 5 To
2 DO¥E ToncomiR & L TREIR TH - 72728021, A2 TlImiR-130b, miR-301a,
miR-301b/ 5K S 415 miR-130 familylZ 42 Y T THT 2D 5 2 L & LT,

_11_



WoE  BERREEICEIT D miR-130 family DORERERRET

B EBAE - RBROTIE

it b g

UM-UC-2, EJ-1, T24, 5637, J82, RT-4, SV-HUC-1 Mz B RS ER K L 0 i &
nizb Oz L7z, UM-UC-2, T24, EJ-1 #fidix DMEM 10% FCS ¢, RT-4, 5637 flifaix
RPMI-1640 10 % FCS T, SV-HUC-1 #fif2iX Ham’s F12 10% FCS T, 37°C, 5%COs B 5 1
THEFE L7z, fERI21E 0.025% Trypsin/EDTA % VT 37°C, 5% CO2i2TA v F 2— |
T2 Z & CHK A FIEE L, 1500rpm/3-5 4y MM K Y B L 7=,

miRIDIAN Hairpin Inhibitor
AHF5E TlE Dharmacon fE & ¥ i A L 72 miRIDIAN microRNA Hairpin Inhibitor % #& &

£ 50 nM T L7-.

miRIDIAN microRNA Hairpin Inhibitor o A=k 2
Negative Control #1 (IN-001005-01-05)
hsa-miR-130b-3p - Hairpin Inhibitor (TH-300660-07-0005)
hsa-miR-301a-3p - Hairpin Inhibitor (IH-300657-05-0005)
hsa-miR-301b-3p - Hairpin Inhibitor (TH-301252-02-0005)

FF U RZ 2 a3y (miRIDIAN Hairpin Inhibitor)

5637 #fEiZ miRIDIAN Hairpin Inhibitor # b7 A7 =7 v 3 »F HERICIE
Lipofectamine RNAi MAX (Invitrogen) % VT U /X — R JETE A L7=. 12 well plate D
&, MIEREFIMO RPMI-1640 &AL #1200 pL # CHRIEE 50 nM @ miRIDIAN
microRNA Hairpin Inhibitor & Lipofectamine RNAi MAX 2.2 L % ¥ & 15 43 MG &
7o, ZO%% 7.56% 104 /800 pL & 722 X 5 ITHHEE L7z 5637 Al & 1EE L well IZHEFE L 7-.
CO2 A v F 2 _"—H—NIZT 24 KeEE5EE L721%12 10% FCS Z iR/ L 7= RPMI-1640 kit
WAL, S5 48 REIRAEZIZEBRIZHE A L72. 12 well plate LIFL® well plate £ L <
I% dish TEBRZ1T 9 FRIZIE 12 well plate DJE T 4 2B (24RO & % 3R TR fl
L7,

_12_



Primer
Primer |\ 371 % Life Technologies (A A #HE L7 O & L7-.

a. For Dual-luciferase reporter construct

Target miRNA Sequence

. Sense 5’-CTAGCGGCCGCTAGTATGCCCTTTCATCATTGCACTGG-3’
hsa-miR-130b-3p

Antisense |5’-TCGACCAGTGCAATGATGAAAGGGCATACTAGCGGCCGCTAGAGCT-3’

Sense 5’-CTAGCGGCCGCTAGTGCTTTGACAATACTATTGCACTGG-3’

hsarmiR-301a-3p 1 e [5' TCGACCAGT GCAATAGT ATTGTCAAAGCACTAGCGGCCGCTAGAGCT-S’

Sense 5’-CTAGCGGCCGCTAGTGCTTTGACAATATCATTGCACTGG-3’

hsa-miR-301b-3p

Antisense |5’-TCGACCAGTGCAATGATATTGTCAAAGCACTAGCGGCCGCTAGAGCT-3’

b. For pri-miRNA expression construct

Target miRNA Sequence

Sense 5- TCGAAAGCTTTACCCAATTCGCTCCCTTCT-3
Antisense |5-TCGAGGATCCCACCCACCTGATCCTCTGAT-3
Sense 5-GCGAATTCTCCAAATATGTAACAGAAAGCAACA-3
Antisense |5-GCGGATCCTTCCTTTCTACATCTATGCATGTTT-3
Sense 5-GCAAGCTTGGTGTCCTGGGTTCTGAAGACC-3
Antisense |5-GCGGATCCCAGGCCTGTCTAGAATCTCAAGTT-3

hsa-miR-130b-3p

hsa-miR-301a-3p

hsa-miR-301b-3p

Plasmid {E$!

Plasmid Vector
pmirGLO Dual-Luciferase miRNA Target Expression Vector (Promega E1330)
pmR-ZsGreenl Vector (Clontech Z2541N)

pmirGLO reporter construct O{ER (Oligonucleotide (2 X Y A >4 — b Z/EHRD

1 pg @ pmirGLO Dual-Luciferase miRNA Target Expression Vector % Sacl/Sall % ]
WTENE 3T Clovernight fill[REEELEE 21T > 7. YIKIPED 2 1% 7 70— A7 VEX
PRENIZ L v B L, Wizard SV Gel and PCR Clean-Up System (Promega) % F CTHEL L
7o, EERECANZFEAHRY 72 Oligonucleotide % Sense/Antisense %114 2 ug % 46 ulL
Oligo Annealing Buffer S {EA L72. 95C 5 5CTDIK T &4, 30CE TH 5 4y [HLEE =
w5 LT =—1 7 X%, Oligonucleotide pairs % ifi| [REFEALEL L 72 pmiRGLO
vector & 1:10 £ 72 % L 9 IZIRE L, Ligation high # W\ CTT A4 ¥ — 3 v Liz. ZDi%,
E.coliDH5a % H\V CIEE#A#4 L, Luria-Bertani (LB, ampicillin) plate T 37°C—Btls# L
72t%, NotlT lMBRIZ > TA v — N TF = v 7 &7, RV T 4 777 u—2% LB
(ampicillin) 5z C 18 EE5E5# L, QIAGEN Plasmid Midi Kit (QIAGEN) %z F T
Plasmid f&%8 L 7.
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pmirGLO reporter construct DHEE (F v—=2 712XV A % — b EER)

» PCR B R DRk
A (uL)
2XPCR buffer for KOD FX 25
2 mM dNTPs 10
10 pM sense primer 2.5
10 pM antisense primer 2.5
Template DNA (cDNA) 0.5
KOD FX 0.5
Water 9.0
Total 50

. PCR 564l (x, v 1% Primer & OMERHE F-IEM ORI B I 1 1 o)
94C 2 min
98°C 10 sec

xC 30 sec
68°C y min x30
12°C O/N

PCR EW % 1% 7 Ha— A7 )VELKIKENZ X 0 i L, Wizard SV Gel and PCR
Clean-Up System (Promega) % F\» CTHi i L 7=. Sense/Antisense Primer |Z3%7E L 7= 2 Fl
MO HIPREEFELEE %2 37°Clovernight THll 4 (217N, 1 [A] B O BREE LB X Wizard SV
Gel and PCR Clean-Up System (Promega)(Z & ¥ 7 /VEXKIKE 2T IO A L, 2
FE B O REESE BRI ITIX 7 NV ELIKE 21TV, HIEBRWE T O Z R LT, DI O#E:
1E1X Oligonucleotide |2 L 51 ¥ — MEREF L RKTH .

miR-130 family ZZE & %3 UM-UC-2 fiifg D /ER

miR-130b, miR-301a, miR-301b 3% HL L T\ % 5637 filid 4 7 L DNA 25 7 L
— K& LT, % miRNA ® pri-miRNA %7 n—=_7 L7=. PCR W Z(LE DH|[RE;#%E T
SLER L 7-%, pmR-ZsGreenl X7 Z—|Z7 A F—a LIz, BN/ 7T7 A3 FDNA %
miR-130 family ORI EIMEW UM-UC-2 Mz hF v A7 =27 v a2 L,G418 ZHWT
vV 7 variToln. 2R LT —EEREL L T oA 3 TRE Lok, R
FFREIC LY ZsGreenl Bty v /v an=—% v/ 7 v 7 L CREEEZHE LT,
Empty <7 & — %38 A L7-#lfa & b L T4 miRNA OFRBEN EF L T2 ffakkz
miR-130 family &%E UM-UC-2 #iffg & L CHISZ L 7-.
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Dual-luciferase reporter assay

Dual-Luciferase Reporter Assay System Z H\WNTIHRATO 7 1 k23— LIZHE > TITW,
GloMax 20/20n Luminometer (Turner Biosystems) % F\ > CHlIE L 7=. 96 well plate (2
1.2x104 cells/well @ 5637 Mz #ERE L, 24 W12 pmirGLO vector (50 ng) /
miRIDIAN Hairpin Inhibitor (50 nM) % Lipofectamine 2000 0.4 pL/well Z f\\CT7 + U
—RNEThI AT 2 varv iz, TV AT o7 v a 24 Bk ICHIIEZ % E PBS
T 3 [AIPE¥F L, 1x Passive lysis buffer 20 pL il %, =iE T 15 of#E L CHIlRZ 4 &— k

R LU=, 74— b 5pLiZ>% 20 uL @ Luciferase assay reagent 11 /i1 x, # v &
YT LTmBRI N - V7 =7 —EDIN4E 10 BREIORRME & L THIE Lz, RICHKE
(5637 AL 1/2500, UM-UC-2 #ifEi 1/500 #fR) % & ¢r Stop & Glo Reagent % 20 pL il
X, BB THRIZTI VA BT - Vo7 =T —BORNE 10 PROREME LTRE L
7z. Luciferase {MEIZHR Z L« L7 = 7 —BOMEEEZ Y I A 257 =T —EDOH
EETH-TEE LTRBESNS. T 7O HEEE, 2REME%Z Mock OfE TH|-
THE#E(L L, Mock Ofiz 1 &35 Z & T Relative Luciferase Activity % R 7-.

WST-1 assay

miRIDIAN Hairpin Inhibitor F 7 > 2 7 = 7 v 3 > 24 ¢t D 5637/l id % 96 well
platel22000 cells/well & 72 % X o (Al 2 #EFE L, #0024 - 48 - 7285[]#% (Dayl, 2, 3)IC
2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2, 4-disulfophenyl)- 2H-tetrazolium salt (WST-1) /
20 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) & &
1-methoxy-PMSI&IK %#9:1 I[ZIRE L, 5% & 725 L 5 Ml Lz, 2FER% I~
L— kU —%— (BIORAD)Z i\ CTHIE K & L T450 nm, *HJ R & LT630 nmdOW
HBE A 2 EAVHE L 72, miR-130 family 7B UM-UC- 2/t 35413800 cells/well & 72
D XD ITHERE L, LARRIX AR OEAE CHENL IS FERE 2 IE U 7. PR TE24 1 £ o I EfE C
ENENOWEMZF > TIEEHEL L, DayldDfiz 1L 79 5 2 & TRelative cell growth% 5
H, AIOEEsIEE & L CREm L 7.

Wound healing assay

FEBRIZIX 12 well plate 2L, F T A7 =27 v a3 HHEZEOMID DWW Tar~
L MREED miR-130 family @388 UM-UC-2 iz 7=, Mifan = 7>z Mz
725 TS Z L MR, 1000 pL B2y hF v 7O CRifliE IS E o 2. a0
Reriz O RffH] & U, (RO E TR AT o 7o, WEEREIL Image J IC KV ER L,
DiEERRIT 1(B 5 KA TOEHEF-(0 REHE O A COEGEFD ] &9 TR L 7-.
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Invasion assay

a. xCELLigene DP system (5637 i f#8)

Roche #1:84 CIM Plate il L, EBRIZMH T 5 FEEras EITFANZ 4 CTHRL TR
7=. CIM Plate ¢ Upper chamber % Matrigel (BD Growth Factor Reduced) T=1—7 ¢ >
7" L, Lower chamber (/b5 & & LT FCS % 10%% A 72 RPMI-1640 #h12 7=.
miRIDIAN microRNA Hairpin Inhibitor k7> A7 =7 2 3 1 H% D 5637 Hifd %
2%x104 cells/well & 72 5 K 5 (ZHE 5L 12 %% L C Upper chamber (ZEFE L,
xCELLigence DP system (2% >~ b U CHIlIRIBEEZ U 7 L2 A LITHIE LT-.

b. BD BioCoat™ HEAfEET v &1 A7 & (UM-UC-2 iR )

FERIZHR L7z BD BioCoat™EMIIARE T vt A AT LDA ¥ — MZ 37 CliidT-
4% 1.7 DMEM VAE & 75 pLiN %z, miR-130 family 5% 831 UM-UC-2 il 2 3x103 cells/well
L7 5 &O MY DMEM &K 25 uL CI#E L, BEEF v o=@l 7z. FTETF ¥
YN IWE & LT FCS % 10% 5 A 72 DMEM ik % 200 uL %, 7L — k
% 37C, 5% COz2 A > F aX—H—NT22 K]/ v F2X— L7z, ZORICERERE
L, FE8F ¥ > 73—{Z Calcein AM (2.0 pg/mL)% 200 pL iz C 37°C, 5% CO2 A > F =X
— X —NT1 WA o F=2X— F L7%, Ex: 485 nm, Em: 535 nm ®O ¥ %fE % EnVision™
~NVF T~ h 7% — (Perkin Elmer) CHIE L7-.

LIRS
AW TR L7ZHUR DA R & A—H—ZLL T o@Dy

anti-FAK polyclonal (1:1000, Santa Cruz, sc-557, Santa Cruz, CA, USA), anti-p-FAK576
(1:1000, SIGMA, SAB4503869, St Louis, MO, USA), anti-p-FAK576 (1:1000, Santa Cruz,
sc-16563-R), anti-MMP-9 (1:1000, CST, #3852S), anti-Akt (1:1000, CST, #C67ET),
anti-p-Akt473 (1:1000, CST, #D9E), anti-PTEN polyclonal (1:1000, Sigma, SAB4300336:
for western blot analysis and immunocytochemistry), anti-PTEN polyclonal (1:1000,
CST, #9188: for western blot analysis and immunohistochemistry), anti-Actin polyclonal
antibody (1:50000, Sigma, A5316). Horse radish peroxidase-conjugated goat
anti-mouse/rabbit-IgG (1:5000, Santa Cruz Biotechnology, INC, mouse:sc-2005,
rabbitisc-2030)

Western blot
6x SDS sample buffer
0.5 M Tris-HC1 (pH 6.8) 2.5 mL, 2 U £ a2 —/1 2.0 mL, 10% SDS 4.0 mL, 2- A /L 7
k=% /—/L 1.2 mL, bromophenol blue V&% MilliQ /KT 10 mL (ZA A7 v 7 LT
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1 L7=. 0.5M Tris-HC1 (pH6.8) 2.5 mL, 2-Me 1 mL, 10% SDS 4 mL, 27 7m—2 1
g Z MilliQ /KT 10 mLIZ A AT v 7 L7,

SDS-PAGE 7k#) buffer

Tris base 15.1 g, glycine 72.0 g, SDS 5.0 g = MilliQ /KIZ¥%f# L C 1000 mL & L7=. ff
FIRFIC MilliQ /KT 5 {5 AR L THW .

Transfer buffer

14.4 g/L Tris, 3.03 g/ L-glycine, 5 % #* % / —/L (in water)

TBS-T (Tris-buffered saline with Tween 20)10 mM Tris-HC1 (pH7.4), 600 mM NaCl,
0.1 % Tween 20 (in water)

Blocking buffer

5% AF LIV (FHkILE) (n TBST) 25g DAXFAI LY % 50 mL @ TBS-T (2
Wik LTz,

12 well plate (Z#EFE L 7= #li Z2 #4 PBS T 3 [0l wash L T/5 6x SDS sample buffer
Z 50 uL i T, 1 mL 7 > 7 % F Gl 2 % - B L, 95°CC 10 7 [HANE L 72 1% Tk
Lo Izl A e— e LTHER L, £F72 VA7 2 RSV HWT, 20 mA
EBI FTH 7o SDS-PAGE #1T7-o7z. KIZ PVDF s A % /) — /L CHLEEL,
Trans-Blot® SD Semi-Dry Transfer Cell (BIO-RAD)% L < (% Trans-Blot® Turbo™
Transfer System (BIO-RAD)% FAWT 25 V/I1 EffE]D v T v A7 7 —%&4T o702, ZTDH A
TV EBNAF LINIIEREMNTI5MOT vy &0 72470, —Ik$ilk%Z 4CT—
WS S /7o, BH A7 L% TBS-T T 15 o [deie 3 2 #/E% 3 [TV, —RPuiA %=
BT 1SS BURRICiEA— 2 v —7—4— (RA 42777 NEFERAL,
BHEIELRVNOMIGS ., O TBST 2 X 58 %21T - 72%, ECL Plus Western
Blotting Detection Reagents % ) T¥% ¢ &+, ImageQuant LAS 4000mini (GE
Healthcare)|Z & % /3 ROH#RE %17 7=. Densitmetry @O E&(Z1% Image J 1 L 7-.

Gelatin zymography

miRIDIAN Hairpin Inhibitor 7 v 27 =7 > 3 > 24 W% (2 serum free O
RPMI-1640 (Z AT ¢ 7 LAHAATVY, 48 WEHIEEHE L7, Z 085 LiF AR L T 3000
rpm/5 3O OB X0 BRI 2 BRE L, 2-Me(-) 6x SDS sample buffer &iEE,
37C/30 A > Fax— ETHZETH T NEER L. 7% 0.1% Gelatin
solution (SIGMA)&A D 10%AK Y 727 VL7 I K47 /L TR L, 1x Denaturating buffer /
1x Developing buffer ¢ 30 737 >4 > F =~X— k L7z, # L\> 1x Developing buffer
T 37C/24 WifilA v Fax— L7z, BT F o 0nfEa CBB RAICIVRIHL, Zhz
MMP & & U TRl L 7=,
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EEMD 5 D Total RNA i

MY L 7= #ia~=2 L » B2 Trizol reagent (Invitrogen)% 1 mL iz, 5 M DRLT » 7 A
WX VAR AR S, S5 5 MEHE L7, Zueadkbs 200 pL #00%, O 2 40
RIT v 7 A UT-ARICRIR T 3 45ifiE L 7=, 12,000 rpm/4°C T 15 435E 0% I B A R L,
500 uL DA ¥V 7 X ) — &L TR L, -80°CT 30 3Ll E#fE L7-. 15000 rpm/4°C T
20 g, T T —ary TCREEZET, 80% =% /—/L 1 mL 2KV LEAET,
12,000 rpm/4°C T 10 i MEICHOT AT —v a » CREEZE T Y ) — AN ERT S
F CTREL L=, D%, RNase free water 12 CTH v B 72K Y RNA ZEfEL7-.

RT-PCR for mRNA

Real-time PCR #£i&|Z1% Light Cycler (Roche)Z ), DNA KU *F—¥ L LT
Thunder Bird (TOYOBO) % f#i i L 7=. PCR i1 total 10 uL @ % CTfT > 7=. Primer AZ5
& PCR &3 L PR

- Primer EC%
Target gene Sequence
GAPDEH Sense 5'-CCATCACCATCTTCCAGGAG-3'
Antisense | 5-AATGAGCCCCAGCCTTCTCC-3'
Sense 5'- ACCTCGAACTTTGACAGCGACA-3'
MMEP9 Antisense | 5'- GATGCCATTCACGTCGTCCTTA-3'
VP2 Sense 5'- GATAACCTGGATGCCGTCGTG-3'
Antisense | 5'- CAGCCTAGCCAGTCGGATTTG-3'
- PCR FUGRSAF
GAPDH MMP-9/2
95 C 30 sec 95 C 10 sec
95 C 15 sec 95 C 5 sec
60 C 30 sec 60 C 20sec x40
72 C 15sec  x 40 FR g R S BT
bR R o3 AT
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i o Y £, G2 M)

N IN—=T] T A% BTz 12 well plate (ZFERE L7 5637 MildiZ miRNA [HEH&H 5 Vi
miR-130 family seed-targeting LNA % N7 > A7 =/ a L, TV AT =27V a ik
3 H B OMfaZ Yl o, B2 BRZE LT PBS T—EWEF L, 4% /X7 KL LT LT b

K (PFA) % FWTCEE L7z, £ D% Blocking buffer (5% BSA, 0.3% Triton X-100 in 40
mLPBS) T 17 my X 7L, —REFEEZRML TLCTBA o FaX—h L7 B
H PBS T3 [RIPEFZITVY, “IRHUERZ I L CHEFT- =R C 1R A > F = ~<— K L, PBS
(R DU EAT o7, 728 Fractin & LG9 D581 “IRPUEA > F =~ — FEFIZ 40 nM
L 725 X 91T Acti-stain 488 Fluorescent Phalloidin (Cytoskeleton, Inc.) Z #A0 L 7=.
DAPI AV 0¥ AHKITH 5 vectashield with 4, 6-diamidino-2-phenylindole (Southern
Biotech) & FIVCTE A L72#IC, v A7 AEMBEMEE BX51 (OLYMPUS) A F W THIZE L
7z
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%28 miR-130 family BREH] D £ FEM

AR L 72 & 912 miR-130 family /& oncomiR & L CTHIH LTV A A3, miR-130b (2B L T
I¥ tumor suppressor & L COWHE b EEFET 5 (Table.l). E-EMEICE T S
miR-130 family OEEEIZARMEH TH - 72720, I BEMEMIEEZ VT in vitro FEREREHT
% 3EhE L7-. MEATICER U CIE R AR AakE SV-HUC-1 Mz in 2 C 6 FEE O b fa
FRIZEI1T % miR-130 family 3Bl &% E& L (Fig.3 A), FHEMEERICITR LRI ENH
VN 5637 Alifia A A L 72, miRNA FEEA| DO 2h F i3 Dual-luciferase reporter assay (2 & 0 #F
fili L, P7EM:D miR-130 family (ZHE KT 2 BIRRELE 2 00642 = L 28 Lo (Fig.3 B).

§ < 197 3@ miR-130b-3p
$9 4| @ miR-301a-3p
s+ Bl miR-301b-3p
X >

v 64

< o

g

g ﬁ 4+

2E 2

S5

gz AR n

nI. ﬂII ol ]

SV-HUC-1 RT4 UM-UC-2 T24 EJ-1 J82 5637
Normal Superficial Invasive
Low Grade High Grade
Figure. 3 Functional verification of
. % . the miR-130 family hairpin
B 200+ 1 inhibitors. (A) Expression of the
; i = { miR-130 family molecules in
2 = iy =y % bladder cancer cell lines was
8 8 .50d ns — measured by RT-PCR in duplicate.
© € — T (B) MiR-130 family reporter vectors
g 8 3 NC  containing perfectly matched target
o < 1004 130b sites of miR-130b, miR-301a or
% é — miR-301b (50 ng) were
= &= 301a cotransfected with 50 nM
g re) 50- Bl 301b miRIDIAN Hairpin Inhibitors or a
S negative control inhibitor into 5637
% - cells. Luciferase activity was
(14 0 T - - - - determined using a dual luciferase
. T %) ) o ) © e e reporter assay system. Data are
miRNA inhibitor = = 2 = b= = > presented as mean + S.D. of more
] = el el than three independent
pmirGLO Vector Mock 130b 301a 301b
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%38 5637 MMIZEIT S miR-130 family FHE D RIRELMET

55 2 Hi D TR R 2 FH T miR-130 family #8EFHE 25 5637 M O M HEFERE - WEAERE -
RIMRBIC 5 2 5 B A fifhT L7 RS 3, MIROHEICIZ B SL o 788 % 5. 2 7e o 7 (Figd A).
L L7 & iR e 2K S8 S 2789 (Fig.4 B), MifalEEae 2 BT s
7= (Fig.4 C, D).

A B c l Jek |
8- 150+ S 1504 ' Kk i

£ s s =y
% 6 [ 2

° g 3

5 E 2 G 1001
= = 4

8 44 e g 5
2 2 28 50
3 21 3 2
13 o g

0l— T T T 0 & :
1 2 3 4 NC 130b 301a 301b NC 130b 301a 301b
D fter ti fecti . PERTI - —
ays aiter transtection mlRNA |nh|b|t°r m|RNA |nh|b|tor
miR-inhibitor
NC miR-130b miR-301a miR-301b

=

o

=

~

-

Figure. 4 Inhibition of the miR-130 family suppresses 5637 cell invasion and migration. (A) The effect of miR-130
family inhibitors on cell growth was measured by a WST-1 assay. (B) Invasion assay was performed by
xCELLigence real-time cell monitoring system 72 h after transfection. (C) Cell migration was estimated by a wound
healing assay. The wound was formed by scraping 60 h after transfection and then relative cell migration was
measured after 12 h. In all the experiments, 50 nM miRIDIAN hairpin miRNA inhibitors were transfected in 5637
cells. Data are mean + S.D. of more than three independent experiments. **p<0.01, ***p<0.001.

%48 miR-130 family FHEIZ X 5 BRI O EENMEFRET A o = X A DfEHT

o5 3 HiORE B X v miR-130 family 2SEEDERE O B T 2 E 54 2 TREME NV RIB ST
72, ORI A B =X BORNTEAT > 72, B OFREBICB O CHEMEITIZE AL
BOLNT, MEFAEICL D EBERITVRNVEEZL OGN TS, ZOEBKAIX I
EMT (2 X % Cell-Cell interaction OHEHE, & 5 WAL B FFRAIC K D EEME DS
Lo TIUET L Z L3 mbN TV D 6. BRSO 1T EBAND U 3, 5 2 47
DELE~DER Th 5. MATHEERT 5 & B2 b CHHBILENZnE 3, 4 i Th
L5200, EIMEESOREPBENREIESE O FEA N =ALTHLZ EITHBATHD
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51, EMT 2B L TiX miR-200 family ®FEIK FIZ L 5 ZEB1/2 BB LN 2 z2iF8 7T 5
T ENMBN TSI 17, AAFFRIZHE UV TIE miR-130 family 25 M E S R (2 LE 5 1E
EVETTHEIC 5 2 5 S8 A 5T L 72

FPTHILOEBINVEIZCEE 2 A ML AT 7 A 3—JEA % Phalloidin G242 X - TR L 72
FE 5, miR-301a/b BLEAIDE AIZ &> TZ N EEs§ N @iz iz (Fig. 5A). A b
VAT 7 A N3 S5 B (focal adhesion) % B AICHELTEBY, ZOMKESRDO—>
TH5HFAKD Tyrd6 D Y U ERGIZA R L AT 7 A N—TERARET D Z ERmbh TV 5
52, UL AL 7wy MEHTORRE, RV CEEGENLIT miR-301a/b BRERIOZAIZ LY
FEINDZERH LN ER o7 (Fig.5 B). 72 FAK @ TR T 5 Akts3 D Sert U
21t t miR-130 family BH5EIC L - THES L T 7= (Fig.5 C). fIRIEEEIX MMP (2 L~ T
L SN D0, ZDHH MMP-9 X PISBK/Akt > 7Lk v#lisSh b 54, 22T
MMP-9 # o /37 3Bl E%FHMI L7z & 25, miR-301a/b BHEIC L - THRELEOIK T ERA
Nl s (Figs ).

A miR-inhibitor (50 nM/DAPI F-actin)
miR-130b miR-301a miR-301b

B miR-inhibitor (50 nM) C miR-inhibitor (50 nM) D miR-inhibitor (50 nM)
NC 130b 301a 301b NC 130b 301a 301b NC _130b_301a 301b
PFAK [E R E ] PAkt [me—e— ] MMPO [ S o |

Total-FAK [ cm——— Total-Akt | e e e | B-actin | —— |

B-actin I I B-actin I-— — — -—I 2.0
c
¥ 39 b—te— 15 S 1.5
g < <15 20 S 15
E F § = = g
o & g 815 @
F2 3 210 & 2 1.0
) 2 = g >
5 > 9 210 >
— < < k3
>1 & gos 5 S 05
™ E e T 05 =
< = = ]
P = < =
a o 0.0 o 00 o. 0.0~
NC 130b 301a 301b NC 130b 30la 301b NC 130b 30la 301b NC 130b 301a 301b NC 130b 301a 301b
_miRNA inhibitor miRNA inhibitor miRNA inhibitor miRNA inhibitor . - —
miRNA inhibitor

Figure. 5 The effects of the miR-130 family inhibitors on stress fiber formation, phosphorylation status of FAK and
Akt, and MMP-9 expression in 5637 cells. (A) Stress fiber formation was observed by F-actin staining with
Phalloidin. Phosphorylation status of FAK at Tyr57 (D), Akt at Ser7 (C), and MMP-9 expression (D) were examined
by Western blot analysis and these graph showed the relative protein expression levels. Densitmetry of each
proteins were nomalized to B-actin or dephosphorylated proteins. In all experiments, 50 nM miRIDIAN hairpin
miRNA inhibitors were transfected in 5637 cells. Data are mean = S.D. of three independent experiments. *p<0.05.

12 Gelatin Zymography (2 LV ZO 7 a7 7 —EBIEHERMI L& 2 A, # /783
BB AR U7 R % 737 (Fig.6 B). BUBEZEV = 12 miR-130 family L% 13 MMP-2 i 14
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ICIFF2E L TE LT, RTPCR 1B\ TH MMP-2 EEICITFEL T\ aeh o7 (Fig.6
A). MMP-2/9 @ 5 & MMP-9 O 7 1 & — % —fEIRIZ O A5G T DGR 1% 5 AT
L5, Z0 95 PI3K/IAkt & 7 F VD FHZAFAET 2 DL NF-kB T 5 5. miR-130 family
EEER RS D 9 H MMP O Active form ~® Cleavage Z#Iifil T & 2K+ & L T TIMP2
M HIVTND A, Tt MMP-2 $52#)CTh 5 56 = L )25, FAK-Akt-axis fil{#l T ClHz5
LSRN TWE LD EHEISS.

A B N
20 miR-inhibitor (50 nM)

NC 130b 301a  301b

o

MMP-9

S

o

MVP-9 / GAPDH

Figure. 6 The miR-130 family suppresses
mRNA expression and protease activity of
MMP-9 (A) Expression of MMP2 and MMP9
in the miR-130 family inhibitor-transfected
5637 cells was examined by RT-PCR. (B)
Gelatin zymography was performed using
the supernatants of the miR-130 family
inhibitor transfected 5637 cells. Data are
mean =+ S.D. of three independent

MMP-2

0
NC 130b 301a 301b
miRNA inhibitor (50nM)

0.08+

o
o

o

1.0

05

MMP-2 / GAPDH
ol
@

MVIP-9 Activity
(Nomalized to NC)
MVIP-2 Activity

(Nomalized to NC)

F4
°
3
o
o

NC_ 130b_301a_301b .
miRNA inhibitor (50nM) miRNAInhibitor sonM)  eXperiments. **p<0.01.

.0
NC 130b 301a 301b NC  130b 301a 301b

miRNA inhibitor (50nM)

58 miR-130 family BRIFEH UM-UC-2 MIRIHR DRz

miRNA BHEFNIIER) & T2 miRNA O 472 57, BAAIFEFEE O E O iR O miRNA (%)
LTh MR RMER 2 BT 22 L AMON TS, AER T —RHL
miRNA-family |30 Z D% %117 <, miR-130 family (2360 T & IR R 72
TEHRBEEND. ZOFEEMEA PRI 5 72 9121% miR-130 family OIS BLFZER 2170,
FERERRESEER L W ORI A BT DR H 5. % Z T miR-130 family DR B &K
R ik T dH 5 UM-UC-2 fifid (Fig.3 A& AW T, ZERBBIE OB 21T - 72
(Fig.7). WNAEME miR-130 family 5 DR BEERE T EW 72D, miR-301a &R BN IC
BIL CIRARBREORE LFHICE EE o7, W o miRNA B LT S Sl 2
NP H T L STE,
Figure. 7 Establishment of the
miR-130 family-stably expressing
UM-UC-2 cells Each pmrZsGreenl
miRNA expression vector was
transfected into UM-UC-2 cells.
Representative images of ZsGreenl
positive colonies were showed in (A).
(B) Relative miR-130 family
expression in established UM-UC-2
stable cell lines. The expression
levels of each miRNA were
determined with RT-PCR by a AACT

method, and compared with a
mock-transfected cell line.

A B

ol miR-130b § SN

-
o
)

-
o
1

(Fold-change)

24
1

miR-301a

Relative miRNA expression

0
Mock 130b 301a 301b
UM-UC-2 stable cell line
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% 6 # miR-130 family @RIFE UM-UC-2 #ifaitk D RE BT

B SZ S 7o MlRaiR A FHV C miRNA BREAILEE &[RRI R BB fEAT 22 S0 U 7248 1, M
HgHRE (Fig.8 ANCIT2EE 7, Mz Mee (Fig.8 B QNI LRE (Fig.8 C, D)DIL
WERBE S NI, T ) DDy Z—fACEICER T 5 R TH 2 wRett 2 PR T %
eI, Bl7 m—r% 174 W AT - 7273, AR FERE 2 3 B IS &
EE EHSH D L WIHFERDE Bz (Data not shown). BHEAIOFERLEE TS &,

A B C miR-130 family (N2 IEBERE

400 < N —ra~

. : W OB T K T 5 & &

£ o &
2 _ 300 N
g 3 E 2 Hhb.
2 £$ 5
3 85 20 3
2 BN 4
2 B 100 2
& « z
-3
1 2 3 4 Mock 130b 301a 301b Mock 130b 301a 301b

Days after seecing UM-UC-2 stable cell line UM-UC-2 stable cell line

D UM-UC2 stable cell line Figure. 8 Stable expression of the
miR-301a miR-301b

miR-130 family promotes UM-UC-2 cell
invasion and migration. (A) Relative cell
growth was measured by WST-1 assay.
¢ (B) The cell invasiveness was examined
by BD BioCoat™ Tumor Cell Invasion
Systems. (C, D) Relative cell migration
was examined by a wound healing assay.
4 Data are mean + S.D. of quadruplicated
(A) or triplicated (C) or quintuplicated (D)
experiments. *p<0.05, **p<0.01,
**%p<0.001.

[FERIZA N VAT 7 A N—TERRICEE L T S I AEED GRS i (Fig.9 A Normal), Z D
A Tl E e TR W BHE TH - 7= (Fig.9 Aleading edge). FAK UL F D v 7 F VAR iE
FREEIZBI L CH FBRICHENT L2 & 2 A, BERERRE 2B & 13fC U B L L~ L do N 33

BENTHET 2EA A EHE S (Fig.9 A-D).
A UM-UC-2 stable cell line (DAPI F-actin)

Mock miR-130b

é”.
&
g
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Figure. 9 Stress fiber
2 formation, phosphorylation

2 | MiR-130b Z=| miR-301a 2 _ status of FAK and Akt, and

» MMP-9 expression in the
UM-UC-2 cells stably
. Y expressing the miR-130
s o ’ { | family. (A) Stress fiber
" formation was observed by
F-actin staining with
phalloidin. Phosphorylation
status of FAK at Tyr57 (B)
and Akt at Ser*’ (C), and
the protein expression of
Total-FAK [see == weww wow| Total-Akt [ e === w==] g 5ctin | == e -] \IMP-9 (D) were examined
B-actin  [em - —— B-actin  |em— w— w— =] by western blot analysis and
1 these graph showed the

Leading edge

miR-130b -~ w0 | MiR-3013
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£ 06 g 16 g o6 3 s > ;
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204 =1 = 04 = 20 .
3 kS kL g0 g * B-actin or dephosphorylated
Eo2 % os 3oz Zos = tei Dat +
3 H 2 K proteins. Data are mean
s
L 0. o 00 0.0- 0. 1inli
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BTHEN /A

fi&l # O miRNAR] CREM DO RGF I FET 523, REORFERD HmiR-130 familyd W4
& D3 A e O BB TLHE I T - LT D 2 & MR 4172, miR-130b DFERERR E Tl
A R VAT 7 A N=JERRAPFARD U A5 2 i E M 2 78 & 47, miR-130bi 7l 5 5L
UM-UC-2fifiElZ i\ T H Mt omiRNAME & b U CRB IG5 Th - 7=, HERefAE SR
(B LTI, 6 L72563THAE DO NAEMEmIR-130b R BLE M Z & ITHE KT 2 L HEll s h
%. F£7-miR-130bidFEIFHFHUM-UC-2MEIZ 8\ CTiE, miR-130b/ tumor suppressor & L
THEBE L72 ATRBIEDN B 2 B LD, AREEE2Hi 0 H BRI Nz Table. 1 TmiR-130bMDtumor
suppressor & L COMIHEIZ DWW TE & L7273, miR-130biX gy CSTAT324, JPELE T
ZEB157, H\ZHAME, 7V A —~, #EIGEE#E CPPARyZ £ N EHUER & L Tur 55860, =
D OFERREE T 1ZW 34 S BEBERE Tldoncogene & L THERE L TV 5. FFICPPARYIIAFE
DY 7 7 F ADREMEREIE TR L CEMLIZEHE 5T 20478 57, PPARMEEIZFE T
bHEF 7V EY AL DENEERIE Y A 7 bR STV B 66162, EEINEIE{R D A7
OTEEMA T B E 5 Z & T, miR-130bPDoncogenic/2HERENNEES L C L & - 7= Al HEME
MWEZHND. L L7 bmiR-130b2N i b Ml O E# M it lc & 532 2 L IEf T
HY, RFERN & L CGEYZZmIBNAO—D7E LB 2 5.

1D R BUEHTIZ I\ T, miR-130 family DFE L& TEDERE ORI &H 2 VT RBE I
FRI L Tz, Z o 52> HmiR-130 familyd FLEFI 2 b e o 5 g2l o 5 A
Zh T D AMREME A FRD 7203, FEERIZmiR-130 family 23 bt fifn oE &1 2 FHE cx 5 &
WO FERIZZOEBEZFEMT O LD TH DL LERD.
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3T BEBEEEICIIT D miR-130 family DIEREER THREE

1 EBRAE - EBROFIE
Plasmid/EH
HowE L RIEEDFETITo7-. B FPTEND 7 u—= ZZIXIE RNk TH 5

SV-HUC- 1l OcDNAZ AL L 7-.

Plasmid Vector

pcDNA3.0 empty vector

Primer

Target gene Sequence

PTEN WT1 Sense 5'-CTAGCGGCCGCTAGTTGGTTCACATCCTACCCCTTTGCACTTG-3'
Antisense [5'-"TCGACAAGTGCAAAGGGGTAGGATGTGAACCAACTAGCGGCCGCTAGAGCT-3'

Sense 5'-CTAGCGGCCGCTAGTTGGAACTGTACGATCCCCTAACGTGACG-3'

PTEN Mutl Antisense [5'- TCGACGTCACGTTAGGGGATCGTACAGTTCCAACTAGCGGCCGCTAGAGCT-3'

PTEN WT2 Sense 5'- CTAGCGGCCGCTAGTGACATTATAATGGGCTTTTGCACTGG-3

Antisense [5'- TCGACCAGTGCAAAAGCCCATTATAATGTCACTAGCGGCCGCTAGAGCT-3'

PTEN Mut2 Sense 5'- CTAGCGGCCGCTAGTGACAATTTTTAGGGGATAACGTGACG-3'

Antisense |5'- TCGACGTCACGTTATCCCCTAAAAATTGTCACTAGCGGCCGCTAGAGCT-3'

Sense 5'- TTGTGAGCTCTATTTTGCAGATTATGGGGA-3'

PTPNULWT | A ntisense |5~ TTGTGTCGACCATTTGGCGACCAAAAACAC3.

PTPN11 Mut Sense 5'- TTGTGTCGACCATTTGGCGACCAAAAACAC-3'

Antisense [5'- GACTCTTTAATGCCTCACGTTAGGTCAACT-3'

Sense 5-ATGGATCCATGACAGCCATCATCAAAGAGAT-3'

Human PTEN

Antisense |5'- GCGAATTCTCAGACTTTTGTAATTTGTGTATGC-3'

cF v A7 =23 (Plasmid DNA)

5637 iz plasmid DNA % k7 > A7 = 7 ¥ 3 3 HBEIZIX Lipofectamine 2000
(Invitrogen) % AT 7 # U — RIETE A L7z, 12 well plate D35A 6.0x 104 fH RN % 5
i L, 24 REZ I MIEARTINO RPMI-1640 AR H 800 uL (2 23#2 L 7=, fiEREIMO
RPMI-1640 {iZ{AE:# 200 uL o CTHAIEEE 1 ug @ plasmid DNA & Lipofectamine 2000 2.0
pLZ2FD 15 SRS, ZO T A7 27 22 baEwelllZiRINML, CO2A v F =X
— X —NIZT 4 FEEEER L7214, 10% FCS 01 RPMI-1640 E7HIICASHA L, S 51T 44 FEfH]
R4 (2 BRI L7z, 12 well plate LA @ well plate #5 L < I% dish THEERAZ1T 9 BRI
13 12 well plate DEHFE A B EICARIEOM P EZ LR TROMEM L7,

Dual-luciferase reporter assay, Wound healing assay, fljGEiLf
28 L [ARRD FILETITo 72, £7-PTPN11/SHP-203-UTRD 7 1 —=2 721, HHE
FHESERRIC B L7z Milakk CH 5 563THildDcDNAZ V=,
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Argonaute2 Immnoprecipitation (Ago2-IP)

1x 107{E LA EOmiR-301bmFEELUM-UC-2#lfu % & L, RIP Assay for microRNA kit
MBL)DIA 7' 1 b 22— LGV Ago26uE i 21T - 7=. UM-UC-2#f@iZ 351 % Ago2t
FEIRRRI TN A o — L D FEER CHER L 7= (Fig.13A). #ia[ElIX O H (ZProtein G sepharose
(GE healthcare) 50 pL & Anti-EIF2C2 (AGO2) (Human) mAb(MBL) & % \ M XIsotype
control IgG %20 pL§">, 1x Protease inhibitor cocktail (7% Z 1 7 A7), 1.5 mM DTT
(Wako), 40 U/mL RNase OUT™ (invitrogen){7{E I ®RIPA buffer (Invitrogen)+ T4 L,
4°C Covernight 2 —7 — MG S5 Z & THUARE B — X & ER L=, = H ITHIRRENY
ATV Y =/ —% — (UD-100, TOMY#L8 : Level 70/ 1R[] x 4[El% 1> & L, Kk
A CRF2IAI S NE) TR L 72, T A & — MERFEFORIPA buffer|ZIIHiik £ — XERIFE L v
H ERE 0200 U/mLORNase OUT™AIRM L=, 7 A &— M ZHUEREAE DProtein G
sepharose C4C/1Fffle—7 — 752 & T L2 U7 L, EEZRBEI L. B L7 B
BICHURE ©— X2 RA L, 4 CBREr—T — F&¥ 5 Z & T —X-HifE G IR Z K
SH7z. WashBZIZiEB L7 B — X &2 EIL L, ZIUZQIAZOLA 700 uLishn L7z, Z uLLpE
L1 O F 1HIZFEE L 72 FIEICHEL L, miRNeasy mini kitiZ £ Y B — X-HUFHEAR L
D ke L C & 7=mRNAZ [EIY L 72. mRNA[RIX D ZRIP Assay for microRNA kit Tl&72 <
miRNeasy mini kit®> 7' 1 k =—/L"C{T 9 F{kILUchino et al Difn L xS E|Z L 763,

Gene arrayf#tT

IR D F1ETHIH L7z total RNA O#iE % BioRad EXPERION (2 X 0 f8 L 7-1%,
Ambion WT Expression Kit (Applied Biosystems) (Z & ¥ [F]4Z L 7= RNA 4 &(Mock 100
ng, miR-301b 54 ng)% f\ T cDNA &k #1772, 554172 cDNA 5.5 pg % GeneChip
WT Terminal Labeling Kit (Affymetrix)Z L VW Wik, ©4F ALz, ©4F1b&h
7= ¢cDNA % % &2 Hybridization Cocktail % {Ef%f#%, GeneChip Human 1.0 ST Array
(Affymetrix)IZ7FEA L, 45°C/60 rpm T 17 Kifi] hybridization #17->7-. Z®1%, Fluidics
Station (Affymetrix) % f# /] L T GeneChip Hybridization Wash and Stain Kit
(Affymetrix)iZ & ¥ array @ HEPEE « Y2217\, GeneChip Scanner 3000 (2 X Y A%+
YL, TH R L.

miR-130 family#F #) AR =7 D H

Gene array D # % miR-301b VS Mock & C bk L £ #hiE s 15t % Fold-change = & |1
B L7z, 9% L Fold-cahnge?’31.3Lh EOBIE FHEIC B W TEMIZZ DBMME T L7729
(Fig.13 B), ZDi#InT& v ;& W TGOMHTCEERY AR F DRl & S0 L 72. GOfFHTIC
IZDAVID (https://david.nciferf.gov/) Z i L7z, GEfHEIR T DEEIZ 2V TlidmiRDB
(http://mirdb.org/miRDB/) - miRorg (http://www.microrna.org/microrna/home.do)
miR-130 familyEH e E s+ D _EA720007, miIRWALK (http:/www.umm.uni-heidelbe
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rg.de/apps/zmf/mirwalk/) O miR-130 familyfE I E B 1 « TR L 0 EB1ICER L
TVl %, TN Gene arrayfi £ HHIH L7-.

PTEN#MfE N RTE DB

UM-UC-2#fi 2 PTENHUAIZ L 0 S et 2470, HREFH oMo 5 HIEEZIZPTEN
WY RICRIEL T DA 7 o LTz, GEBHE LT L, HEHOPTEN
IRRAEM OEIE 2R L.

F AR R PR AR A D S R R (L

RT T ¢ A E N TR R AR SRR 7 7 b — 2% VT nmOEE YA
ZUIDHL, A4 RTTZ R~ T MLic. ATA4 R T A%68CA—7 > T10 4yl
HL7-%, 3L Asssym2miz L, =% 7 —/L (100% 2[8l—95%—80%—70%—50%),
ARBK, 78887k + Tween 20 (0.0375%)DNAIZIR L THL/RT 7 ¢ VALERZ (T 72, IRIZHUR
BRI (Z2 AT ¢ = AL o 2% v M HURIRIEALIRH ) & ATz o +—#
— N A& ANTI0 A — b7 L—T AT, PURORIE LA T2, ZOATA K
7 A5, 3%im b KB K ENEET 5 Z LT R v T EITo 7. TIRGURIZ4C/
overnight/WHE L, TBS-T CTHiF#% IC 2 BiiA % RiR45/ MWL L7z, Z 12 DABRS a3
(Dako) CALEE L 7=#, Gill HematoxilinTh 7 o ¥ — AT A » &{To 7=, /KK TATA K
7T Ak Peisth, 7REEK, =8 ) —(70%—80%—95%—100% x2[[]), ¥ L 1 x2E DJE
FICRL, BAFZHFLTHAR—T T AZHETT LT — FE{ER LT,
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#28 PTEN®OmiR-130 familyEH&EF & L T O

ZIVE TOfEHTH 5, miR-130 family (3D 12350 T FAK <° PISK/Akt & 7 ) ViR
R ZFRE L 5 2 2 EAMIRA SNT=DC, Z MR % A2 miR-130 family OGS 1
PR L7, miRorg X° miRDB & Wo 7R Tl VT U XA EZFIH L, EMEE & L
T PTEN (phosphatase and tensin homolog)iZ{EH L7=. PTEN (% PISK/Akt > 7 ) VniE

V@Wﬁ.¥f WO THA RGBS+ CTh D 2128 FLNFEORR LT X X7

WCHHRAT 7 X —BIEMEE/RL, FAK O Tyr L EE T2 @GSN T0b 2 En
5 66, ZTZEFTCTRINTWHRIAAZHE TX 5. PTEN @ 3-UTR (21X 2 2D
miR-130 family fEAEIRAFET D0, TNENCKTTDHLR—F—a A 77 b&1{E
L (Fig.10 A), miR-130 family &% 8 UM-UC-2 #ifziZ 35\ T Dual-luciferase reporter
assay & 1T o 7=HEH, miR-130b &R EBMALIZ 3V T Luciferase {H1EDOIK T #5807
(Fig.10 B).

A C

' ORF of PTEN !
5'ORFofpTeN || SUTRofpTEN(s302bp) |3 UMUC2 stable cell ine

............................... '.,‘. -“‘-"-‘..-“.-11-"' ......,_....... Mock 130b 301a 301b

PTEN 393:5' UGGUUCACAUCCUACCCCUUUGCACUU 3'  PTEN 2236:5' GACAUUAUAAUGGGCUUUUGCACUG 3’ PTEN I . ‘ I =: ; I

hsa-miR-130b 3 UACGGGAAAGUAGUAACGUGA C5’ hsa-miR-130b 3 UACGGGAAAGUAGUAACGUGAC 5’
hsa-miR-301a 3' CGAAACUGUUAUGAUAACGUGAC 5 hsa-miR-301a 3' CGAAACUGUUAUGAUAACGUGAC 5
hsa-miR-301b 3' CGAAACUGUUAUAGUAACGUGAC 5’ hsa-miR-301b 3' CGAAACUGUUAUAGUAACGUGAC 5’

B-actin I- -— — —|
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Mock 130b 301a 301b Mock 130b 301a 301b
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Figure. 10 Target gene validation of the miR-130 family and functional analysis of PTEN in 56387 cells. (A)
Schematic model of 3'-UTR of PTEN gene. (B) A dual luciferase reporter assay was performed with UM-UC-2 cells
stably expressing the miR-130 family. The cells were transfected with a reporter plasmid containing predicted
miR-130 family binding site in the PTEN 3-UTR. (C) Western blot analysis of PTEN in UM-UC-2 cells stably
expressing the miR-130 family. Data are mean + S.D. of five independent experiments. ***p<0.001.

—JFTH R E L YLIZE O TEImiR-301a, miR-301bE & BMARIZ 55\ ) T 3 HUK
TR =7 (Fig.10 C), Z#7 5 OmiRNAIZES L CIEM#MIIZPTENZ T 7l L
TS EHEI 5. PTENISMRURE FIZRIET 5 2 & TEOREMET ONTIENER M) -7
B 32180 ZAUIPIP3SoA 7 7 ) v L IHCBEEE AR B TR L T-FAK 2 & O IVE ﬂ,ﬁ
JaEAH T I RBET 5720 Th D, £ Z TmiR-301a, miR-301bi% = OIEFTEFE 2/ L
PTEN# o R 7 E &I ONTAR R 7 7 & —BIEMEEZIH] LTV 2 AIEEM: 2 MRGE L 72. miR-130
family = 5 B UM-UC- 2/ 2 % L CTPTENSE MYt %17 5 &, MRS I PTENAS
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A B C
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0 %k ¥k
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Figure. 11 The miR-130 family regulates PTEN localization via its phosphorylation. (A) UM-UC-2 cells stably
expressing the miR-130 family were stained with anti-PTEN antibody and DAPI (Nucleus). (B) Representative
images of subcellupLar localization of PTEN in miR-130 family-stably expressing UM-UC-2 cells. Localization of
PTEN on cell membrane is indicated by arrowhead. The number of cells in which cell membrane localization of
PTEN was detectable were counted and are shown as mean + S.D. of triplicate experiments (>34 cells/view).
#¥%<0.001. (C) The cell lysates were immunoblotted with anti-PTEN and anti-Ser38 antibodies, and relative
expression of phosphorylated PTEN (P-PTEN) is shown as mean +S.D. of three independent experiments.

JRIET DR LTz (Fig.11 A, B). PTENERTE A 1 = X LD —> & L TCRIHHE
WOV UEBERE LN TR Y, FEWO Y VLI L > TPTEND 2 VR A — 5 U RE
b3 % L IERBTEABRE S 567, CRME U U BRLERALD—>Td HPTEN Sersso|Z DU T
it L7efE R, PTENOBESTER T & Wi 57 C, PTEN® U (b3 JitE 7 5 i) 2 78
Wiz (Fig.11 C). YL EDOFEFE 25 miR-130 family X EZOFRILE DI Y bz It
U 7= 209 22 S 12 L W PTEN & o X7 @& NI AR A 7 7 &2 —B I 2 Jid] LT
5 EFEZBND. £72miR-130 family & = 78817 5 563 THIALIZ % L TPTEN Z 8 I Bl <
W72 L A, Akt Serd3 Y Rk (Fig.12 A) & flaifEERe O Il 23 fest < vz (Fig.12 B).
Z ORFZPTENSE Yeta 247 5 L e/ ICPTENORERE S L5 LTLW‘:@“(“, PTEN D55
TR M O MIEEI LIS T 55 5 £ B2 6D, —BHOF R 5, PTENIZEET
FEIZ BT 2 miR-130 family D EE 2 Pt 772 EHElI S 5.

5 CPTEN B RIF 5 & 4 C & FAKOTyrs™6 I S BI85 5 2 727 - 7= (Fig.12
A). FAKO T 572 Tyr U U BRALEAL X Tyr407/576/577/8T1/925 3 M H LTV A8, T I
WT B Srell Ko TY U RIERfi 252 1T 56869, Lo LALoDJE & 5 0 2 EMERE PR 125
W TCUESreDIEMEAME < 6, EFRIZmiR-130 family s EUM-UC-2#fdIZ 35 T 6 Sred
Tyr416 ) U ER{bIIHH S 72> 72 (Data not shown). ¥+ —EBDiEMALTRWVWE TS &
KA 7 7 2 —EOREEMENRK & L THER S 57290, PTEN2BE S L T 5 AlREMEIL{K
SRE L TEW. PTENAFAKZILE &5 Z & 13H Y U BETyriufk 2 FH 7= f@h T & 0s
Ehololod, N ET 5T X BIREORE L TITIEE > TV, DL EORER A1 E
2% &, FAKDOTYr56 LI D U AL R & 72 > T A ATREMEIZ R WIICE 2 6.
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Figure. 12 Transient expression of PTEN suppresses 5637 cell migration.

One pg pecDNA 3.0 (Empty) or pcDNA 3.0-PTEN (PTEN) vectors were transfected into 5637 cells. The following
experiments were performed 72 h after transfection: (A) Western blot analysis of PTEN, Akt, FAK and their
phosphorylated forms using lysates of the transfected 5637 cells. (B) A wound healing assay was performed and
relative cell migration was shown as mean + S.D. of triplicate experiments. *p<0 .05. (C) Representative images of
cell membrane localization of PTEN in transfected 5637 cells. The cells were stained with anti-PTEN antibody
(PTEN) and 4', 6-Diamidino-2- phenylindole dihydrochloride (DAPI, Nucleus). (D) The number of cells in which
cell membrane localization of PTEN was detectable (indicated by arrowheads in (C)), was counted. Data are mean
+ S.D. of triplicate experiments (> 27 cells /view). **p<0.01.

#3f PTPN11/SHP-20miR-130 familyZH#E=F & L TOFAM

%5 1 fiC PTEN 78 miR-130b OfEAJER T Th H Z & AR S 7203, J5] D8R 112
H R A Y T fifHT ©l1E miR-801a, miR-301b DIEWER TIIRFET D 2 LN TE e oz,
2 D miRNA AT DK AERER T RIS T 7 e —F 5 572012, MEERIENT FEZBE
fif U CHi7= 7m0 s T DR 23k 7+ 7=. miRNA X Argonaute2 % & e % L /37 g L 3LiC
RNA-induced silencing complex (RISC) % JEik L CTHHET 5 728 70, Ago2 Hifkz Hv =%
FEIERIC &5 C miRNA 2MERY & 4% mRNA 2GR 2 2 L3 a[fETH 5 63, A
MZEIZB W TR TR bmWRBEEL R L, FLHELRRBMAZRL TS
miR-301b ERBAILA M H LT Ago2 fZILEZ1T\, B L7 mRNA (2% L T Gene
array fifMT 217 o 7=, TR 2 W T GO fENT %247 9 &, Actin X° Cytoskeleton &\ 572
Ffa 4% BIE O Term 23 EALICE > 7 7 v 7 &, 5N miR-301b OHIHH 12 B4 FEfwk
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Figure. 13 Argonote2 immunoprecipitation (Ago2 IP)-Genearray analysis
(A) Quality check of immnoprecipitated endogenous Ago2 in UM-UC-2 cells. (B) Gene array data were classified based on

fold-change. (C) GO term analysis of genes with changed expression in miR-301b-overexpressing UM-UC-2 cells.
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Figure. 14 The predicted target genes of miR-130 family in UM-UC-2 cells
The fold-change of predicted target genes of each miR-130 family member (A) or miR-130 family (B). (C)
These potential target genes were summarized in venn diagram.
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GO fRHTIZ V7= Gene array fi D BFEIER TR 7L TV X L, W ONZ SCERFAAT IS &
DEBNZIER L CW B G+ %2 VT miR-130 family O FHIEER) 2 #iH L7- (Fig.14). <
DOFER 35 FFAO AR PR S, 2055 miR-130 family (23l OEH)ER T
O TR E M 2 il i T & 5815 115 ARHGAP12 & PTPN11/SHP-2 Th » 7-.
ARHGAP12 % Racl #5111 GAP (GTPase Activating Protein) T 278 71, [RlEIEF D
3-UTR % A\ T miR-130 family &R/ FEH UM-UC-2 #2355 T Dual-luciferase
reporter assay 17> CH, miR-130 family (2 X 2 FIERILE I38IE2 S 720 - 7= (Data not
shown). ft1 5 PTPN11/SHP-2 (Tyrosine-protein phosphatase non-receptor type 11)i%
FES AR R OWT I E LTHHEEETE 2 0 dH 585+ Th Y 2, FAK IZ
KLTHRRAT 7 2 —BIEEZRTZEbHONTND B LLEOBH G FERIT L
THlR—H—a A 77 h%&{ERLL T Dual-luciferase reporter assay (Fig.15 A, B),
ey =2 % 7 ay M (Fig.15 C)%17 9 &, PTPN11/SHP-2 | miR-130b K&K
miR-301b DIFEAEE T+ Th D Z LB LN E o7z,

A Target sequences of miR-130 family
PTPN113’UTR575:

5' | R G — > W 5'-GUCAGAAGUUGACCUUUGEACUGY

. Mut 5’-GUCAGAAGUUGACCUAACGUGAG-3’
pmirGLO-PTPN11 - hsa-miR-130b 3’-UACGGGAAAGUAGUAACGUGAC-5"
% hsa-miR-301a CGAAACUGUUAUGAUAACGUGAC
5" | Luciferase | hsa-miR-301b  CGAAACUGUUAUAGUAACGUGAC
pmirGLO-Empty pmirGLO-PTPN11 WT pmirGLO-PTPN11 Mut
15 15 15 .
:§> ‘; ‘E UMUC2 stable cell line
3 T [—] 3
$ 10 g 10 S 1o NC 130b 30la 301b
§ . X g
E g 5 PTPNIII- N ._-.I
245 208 205 /SHP-2
_g _g _§ B-actin I- — — -I
k] 5 k|
S & 0o & oo

Fd
°

Mock 130b_301a 301b
UM-UC-2 stable cell line

Mock 130b_301a 301b
UM-UC-2 stable cell line

Mock 130b_301a 301b
UM-UC-2 stable cell line

UM-UC-2 stable cell line (F-acti

F-actin

FAK

Merge

miR-130b
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miR-301a

miR-301b

Figure. 15 PTPN11/SHP-2
is a direct target gene of
miR-130b and miR-301b (A)
Schematic model of 3'-UTR
of PTPNI11 gene. (B) A
dual luciferase reporter
assay was performed with
UM-UC-2  cells stably
expressing the miR-130
family. The cells were
transfected with a reporter
plasmid containing a
predicted miR-130 family
binding site in the PTPN11
3-UTR. (C) Western blot
analysis of SHP-2 in
UM-UC-2  cells stably
expressing miR-130 family.
(D) Focal adhesion
formation was observed by
FAK staining at leading
edge of cell migration. Data
are mean + S.D. of five
independent experiments.
*p<0.05.



PTPN11/SHP-2 X% OHREALEZLRAEDEANIZ LY A N L AT 7 A N—DHE N #2
HP R OMEEN S STV 528 74, miR-130 family 52 8 UM-UC-2 #2383\ T 6
Ja i A RV B2 S BE O TR ERARHE AN 58 B 7z (Fig.15 D). LA LSRN DRI BV TH
miR-130 family OflfE T~ CTHIKE & FRAIZ &5 L T D ATREMED /R S u7e.

BAE  BEREBERRREIZI81T 3 PTEN & PTPN11/SHP-2 D4 & k8L

Z 2 E T in vitroBEREINTHE RS ERIRANICE R O & 5 & O 2 72012, ok
PR A Z I T PTEN 36 ONC PTPN11/SHP-2 O 5ol Al 52 24T - 7= 12 45 O BB iR
RO miR-130 family % H & % RT-PCRIZ X W HIE L, @K 3 Fl9>%%H L= (Fig. 16
A, B). Syt ofk B, A F 212 miR-130 family [EFEHBE CEOIC B SN X L3y
BN TE, WIS ERBERIE CILE DY EBG 8T LT\ ie, W& o3y gk
miR-130 family %8 &7 b X\ Patient® TIlEZ OEFIIFHCEEE TH Y (Fig. 16 O),
BEIR LU Z BN T Y 1n vitro BEREMFAT DRGSR 2 X FF T DR L 72 o 72,

A C
Patient @ Patient @ Patient@
Age - ' :
Median 69 E
&
Range 61-79 g
Gender 3
Male 5 -
Female 1 E ‘
'E Patient @ Patient ® Patient
Pathological > 5
tumor stage E
Ta 3 g
Tl 2 <
T2 1 T
Pathological
tumor grade
G1 1 ;
G2 1 &
G3 4 8
N
a |2
B &
51 23 miR-130b >
44 3 miR-301a E
s R
3 =
g2 %
£
1
0
1 2 3 4 5 6
Low High
miR-130 family

Figure. 16 Immunohistochemistry of PTEN and PTPN11/SHP-2 in bladder cancer clinical samples.

(A) Clinical information of bladder cancer specimens for immunohistochemistry. mRNA expresseion of miR-130
family determined by RT-PCR (B) and the protein expression of PTEN or PTPN11/SHP-2 determined by
immunohistochemical staining (C) in bladder cancer clinical samples are shown.
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SB6H0 /NE

ARFETIIBEMREICE T 5 miR-130 family O E A E &+ %2 %HE % L, PTEN &
PTPN11/SHP-2 £ \9 2 DDKRAT 7 X —BERET HIZE-T-. BEN L2, i
HDORATZ 7 2 —BILHRAIITHEEE L TWD LW IHE LW OFEET 5. il X 13X/
JREFEE PTEN / v 7 77 b~ 2BV L PTPN1L BBUK FABIZR I TR Y, R
BRFEIEFNC BT E, PTEN & PTPN11/SHP-2 i J7 ORI BUE G i 3 BUE R & Heig LT
FHRARTHDLZ EDVRENTWD. 2 PTEN/PTPN11 BEUL Fic k- T &N
SASP (Senescence-Associated Secretory Phenotype) (ZHE[K4 5 & # 2 LT3 75, i
L WIEMIRIC BN TN D DORA T 7 X —E)0 Rb/E2F (KN T R h—3 R &gk
T5Z L HME SN TEY 6, miR-130 family 73 PTEN & PTPN11/SHP-2 % [RIHEF 2 FZH) &
T5Z L0, EEERICBNTHM O NOERPRNERZFOZ LA SRS,

% 2 #ilc BT miR-130 family 78 PTEN @V Vb2 L CEREZRHE+5 L0 )
FERAZ1FT20, PTEN @ Sersso 221y & 95 U VU F{bE%# X PICT-1 & ROCK1/2 TH 5 Z
EMHEEINTWS 64, 2?5 B ROCKL/2 1% RhoA (2 k& v ik b & 2 28,
PTPN11/SHP-2 X RhoA # il T& % Z L 2VREN TS 7. 9F Y miR-130 family 73
PTPN11/SHP-2 O#IFRILE %2/ L T ROCK1/2 #iEME(L L, PTEN @ Sersso U »ER{L 23T
HE L7 EHER S5, FEBRIC, miR-130 family iBFIFEE UM-UC-2 #ildiZisi) 5 PTEN @
U b U & BERENMEOIL T I miR-130b & miR-301b & THRCEEE Toh v (Fig. 11), =
U5 1% PTPN11/SHP-2 % EH#FFHET 2% miRNA Th D, Joilk LA O XL 512, BE
FEIZBWTH PTEN & PTPN11/SHP-2 23 WsiaUICHERE S 2 2 & T, Bt bic & 5 L
TWD ATREME I A .
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% 4 Z miR-130 family ® seed-targeting LNA £IJH & HsEARNT

Z 2 E TOMNTA S, miR-130 family Z#%595 miRNA W3 41 H 2% oncomiR & L CTHE
BT 2 Z L ARI Tz, 1o TR OFHIERIZER & L CHEbli e+ Thd e&ER DN
0%, EEARISAICIEZENZENO miR-130 family 73 k3257 T A4 IX 7 LA
F RIFEHEONANMLETH L. Z Do GEOHMNE ZHICHE S AHER ARG S, E
FERRE OBLRD O BIAMO EFHIZT AU > hE72 5. £ Z T miR-130 family 33658 L 72fd
FlAHT 5LV AL, miR-130 family & HIMOZEE 1 CRIFFICILEF TE 2
MEDFERIZE -T2, B P THRAFE SN TV D miRNA-family OF) 5003 2 FELL EO miRNA
MO I TERY 20, 20 seed BHNZIERI & T 5 2 & THAEERICEME L T\ 5 miRNA
B2 RIRFICPRE T & D arRethlE, AR STz, 2o =7 I Kauppinen
ST X o THRHNINLEEE 1 78, miRNA @ seed BeHIZFEAHAY 72 7-8 HE K @ LNA (Locked
Nucleic Acid) % VT miR-221/222, let-7 family OEHRERJINHI 2 R L TV 5b. 2D k9
72 "seed-targeting LNA" @ A ) ¥ 1X miR-3419, miR-1579, miR-3380 & \» o 7= flt ™D
miRNA-family (2B W THRINTHE Y, HMOREFEA LY bEm0nES 2L TWa. BLE
DO AH S5 miR-130 family (Z2%f L T % seed-targeting LNA Z/ESL L, B A2 54
BHHEHERRESES & U COREEMN % in vitro/ in vivo W 2> B AR L 7.

BIET  EBAE - RS

LNA (Locked Nucleic Acid) D&%

£ L 7= Control/miR-130 family seed-targeting LNA |Z 8-mer X T/ LNA ‘G CTh
D, RARTVERAT ) PORGEFRATeTFA=—F POBAICEBR LT TR
FVIX T VAF RELTO— 0TS CEREFE LT,

Locked Nucleic Acid Sequence
Control TCATACTA
miR-130 family seed-targeting LNA | ATTGCACT

Primer

Target gene Sequence

Human PTEN |Sense 5'-CTAGCGGCCGCTAGTTGGTTCACATCCTACCCCTTTGCACTTG-3'

Entire 3'UTR |Antisense |5'-"TCGACAAGTGCAAAGGGGTAGGATGTGAACCAACTAGCGGCCGCTAGAGCT-3'

hsa-miR-130a-3p 5'-CAGTGCAATGTTAAAAGGGCAT-3'

hsa-miR-454-3p 5'- TAGTGCAATATTGCTTATAGGGT-3'

PlasmidfE®, b5 > A7 =7 3 3V, Dual-luciferase reporter assay, Wound healing
assay, HIRRSAEGLEA

H2EE L [FAIEE D TE TIT o 72, LNAITKIEESO nM T 7 + U — RYETEHEA L. ¥7PTEN
Entire 3“UTR® 7 v —=1 721X, BEREFHEERRIC &A1 L7 Mifukk T 2 563 THEAL D
cDNAZ w7z,
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In vivo xenograft model
miR-130 family seed-targeting LNA 2592 2 & 23R ST\ 5 5637 M 2

TR PRS2 /ERL L 7=, 5637 i (1x107 cells / mouse) % %5 serum free RPMI-1640
(IR L, Z 1% Matrigel® Matrix High Concentration (Corning®) & 1:11 & 725 X 9 121
A L=b 0% 8l BALB/c nunu ~ 7 A 20 PLiZxt L TR PR L7z, 1 2 H%IZ
JEFER 2B LT~ 7 200 BIEG AR EAL 10 IED~ 7 A 285, FEEGRFE AR5
(272289122 507 N—7 =BT LT-. LNA O ZEE X7 LT — Bt
ZEE L, F513E 18] (Day 1, 7, 14, 2150 L7z, BE5HIRIZIT AteloGene® Local Use
(KOKEN)Zf# i L, 2 nmol / mouse & 725 K 2 IZiH#& L 7= in vivo 7' L — K™ LNA (HPLC
R, U— T YA AR X W EEA) 2 L 72, AteloGene® Local Use : LNA &A% 200 pL
Z 100pL 372 2 o BIEGEFHICT v B 7B L &5 LT,

%28 miR-130 family seed-targeting LNA OF ¥ A > & EH M

WEOME N D, seed-targeting LNA D7 A 2BV CTIIER miRNA @ 2-9 55 H 1T
FEAHR 72 BES S, B & 2D HRAVICHER) miRNA ZHEREFLE 92 2 L BB & 7o TN 5 17,39,
miRNA (31%E# mRNA & OFERAM TR & BFRAEFALITO 2 LB ARETH 575, seed
RS DI T N—T =7 b~ v FNRER IS, Target scan X° miRDB 72 & OFER)FH| 7 /L
Y X2 E, miRNA O seed BLA & AZF) mRNA & DO/N—7 =7 b~ v FEMHERELE LT
WD, ZOFEMEREIC LU ERROEGES KIBIIK T2 2 nmbnTey 1, v
— X =T w4 TY seed FlS & & £ 720 LNA X miRNA OFLESENE LK T2 78
FLWMEOILNA A UV —=2 T OHEIZBWTY, & 52N miIRNA-family Z @&/

WP L7280 miIRNA @ 2-9 I ETThHo72700 80, ABFRICHE WV TH miR-130
family ¢ 2-9 HILIZHIMIAY 722 LNA 25%5F L7z (Fig.17 A).

Dual-luciferase reporter assay (2L > TZ D
LNA 7% 5637 ﬂ’?ﬂﬂﬂ@@lﬂf'i miR-130 family OV T

N %HETS - LREERINE-DOT (Flg 17 B) m!R-130b 5'-c[El:{l:{«F|ugaugaaagggcau-3’
miR-301a 5'-c E:{T:{Eluaguauugucaaagc-3’

% 3 HiLAETIE Z 0 LNA Z HUWO CTHREBEEMILIZ & miR-301b 57-c Bl ] ugauauugucaaagc-3’

TOMREfRT 2 FE T 52 L & L. B e "
—
lLl
= 1501
.E
Figure. 17 Design and functional verification of seed-targeting @
LNA in 5637 bladder cancer cells. § 1001
(A) Seed-targeting LNA complementary to nucleotides 2-9 E
containing a common seed region of the miR-130 family was 'g
designed. (B) MiR-130 family reporter vectors containing E 501
perfectly matched target sites of miR-130b, miR-301a or =
miR-301b (50 ng) were cotransfected with 50 nM miR-130 E
family-targeted LNA or negative control LNA into 5637 cells. miR-130 family®™ T T
Luciferase activity was determined using a Dual reporter assay argetedLNA 9 g Z
(50 ) 5

system. Data are mean + S.D. of more than three independent pMirGLO ""e‘-"”'nm .
c

experiments. *p<0.05, **p<0.01. (50 ng) 130b 301a 301b
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% 3H miR-130 family seed-targeting LNA DR IEIMENT

5 2 % L [RIERIC 5637 MIRIZH 1T 5 LNA OFBIBUENT & 520 U 7-fE R, 1 F B A
FE SV-HUC-1 M oM fa s FERE (Z 6 L Cldsg 4 52 9710 (Fig.18 A), 5637 il /i o il il #
jtne (Fig.18 B), #ifuilzEne (Fig.18 O, MluiRiEAE (Fig.18 D) & W\ 9 4L b BHE 4l L
7o, RRC BB EA] T 40%F2 5 L2 & 4v7p 0o 7o ifaiREaE c B L Tt (Fig.4 B),
miR-130 family seed-targeting LNA |2 X ¥ 80%3iT < & THifil ST 7= (Fig.18 D).

HESHRE DM T L 72 BRHIZE D> TIE 722 W28, miR-130 family (213 seed B4 73 H L 7=
miR-130a & miR-454 NFEL T 5 (Fig.19A). 2415 ® miRNA (ZW 31t oncomiR
& U THIISETRTCHEIC 595 2 E R H TR Y 4243 5637 Hild TH E DRELRD 5
N2 (Fig.19 B). #5712 5637 #2315 % miR-454 @ SV-HUC-1 a2 k42 ARk 38 B &
I bmE <, seed fEIRLIANOBES G 2 =— 27 Th D, ZO7HMO family member & |35
72 DB ' Yy FEA LTV D AREMED G <, seed-targeting |2 & > T miR-454 & 21
EENTZ LT, BEMGIERZ R LI RN E 2 b b,

B
SV-HUC-1 5637

== NC
=== LNA
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N
h

Relative cell growth
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12h

Seed-targeting LNA

Figure. 18 miR-130 family-targeted LNA suppresses 5637 cell growth, migration, and invasion The effect of
miR-130 family-targeted LNA on SV-HUC-1 (A) or 5637 (B) cell growth was measured by a WST-1 assay. (C) Cell
migration was determined using a wound healing assay. The wound was formed by scraping at 60 h after
transfection and then relative cell migration was measured after 12 h. (D) The invasion assay was performed using
the xCELLigence real-time cell monitoring system at 72 h after transfection. In all experiments, 50 nM miR-130
family-targeted LNA was transfected. Data are mean = S.D. of four (A), nine(B), or three (C) independent
experiments. **p<0.01, ***p<0.001.
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A

Common seed sequence

—t—

miR-130b-3p 5'-cfEl:{Il:{E) ugaugaaagggcau-3’
miR-301a-3p 5'-cfEl{I:{£F) uaguauugucaaagc-3’
miR-301b-3p 5’-cfEr:{Il:{=E) ugauauugucaaagc-3’
miR-130a-3p 5'-clel{Il{«Ef uguuaaaagggcau-3’
miR-454-3p 5’-ulel{(TEE] uauugcuuauagggu-3’

Figure. 19 The expression levels of
miR-130a and miR-454 in bladder
cancer cell lines.

The sequence (A) and expression
levels (B) of miR-130 family,
including miR-130a and miR-454.
Expression of these miRNAs in
bladder cancer cell lines was
measured by RT-PCR in duplicate.

§ = 207 3 miR-130b-3p

29 | BB mR-301a-3p

5 T 154 H@ miR-301b-3p

55 J miR-130a-3p

% 2 404 B miR-454-3p

xT

EN

2E 9

55

< o n“ n ﬂllpn l'lllpn
SV-HUCA1 RT4 UM-UC2 T24 EJ-1 Jg2 5637
Normal Superficial Invasive

Low Grade High Grade

HHACMAZ TCINETICBEINTA N AT 7 A X—ERE° FAK & Akt U VU g{b L
SO T HELTE (Fig.20), 053 Cldd % 78 LNA §i© PTEN » PTPN11/SHP-2 |2
% HEERLE OS] (Fig.21A, B) &, # o 7 EREHOMEE LB T~ (Fig21C,D
Left panel). miRIDIAN Hairpin Inhibitor % 8 FEHHRIFRHIEA L72HETHL I NHDH
R EORBAENMIE SN TS Z LD (Fig.21 C, D Right panel), seed-targeting
LNA (5 C miR-130 family ORIFFEE & FIZEOIEHEZHB L TWDH I EAVURIB S L7z,

A B

NC LNA

miR-130 family seed-targeting LNA (DAPI F-actin)
F-actin

NC LNA
P-FAK (Tyr576) P-Akt (Serd73)

Merge

¥ e N ——
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X k3
< 1.0 1.0 2 —* =
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Seed-targeting LNA Seed-targeting LNA Seed-targeting LNA Seed-targeting LNA

Figure. 20 Effect of miR-130 family-targeted LNA on stress fiber formation and phosphorylation of FAK and Akt in
5637 cells (A) Stress fiber formation was observed by F-actin staining with phalloidin. (B) Phosphorylation of FAK
at Tyr576 and Akt at Ser4’™ was examined by western blot analysis and these graph showed the relative protein
expression levels. Densitmetry of each proteins were nomalized to B-actin or dephosphorylated proteins. Data are
mean + S.D. of three (B) independent experiments. **p<0.01.
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A

>
£ 12, '_| o Lo
pirGLO-PTEN 2 0] miR-inhibitor (50 nM)
@ 5ol NC 130b 301a 301b Mix
5' | [on S UTRGTPTEN GO — 3 ¢ Nc LNA
e - 7 S el PTEN PTEN | — = - |
" a012mp S éa_z. 10 1.55 1.0 148 2.28 2.34 2.0
poan == poin === — —]
Seed-targeting LNA NC NC LNA
pmirGLO Vector ‘Mock PTEN
£129 Lonny miR-inhibitor (50 nM)
. ¥ T 1.04 [
PMIrGLO-PTPN11 S 0ol NC LNA NC 130b 301a 301b  Mix
©
5' ”ORFH _3UTRof PTPN1L(4138 bp) -3 2 os prenti =]  PTPNIL| == = e e -]
------ = 0.4 1.0 1.5 1.0 0.58 1.29 1.22 1.67
“ay ]
........ Z 0.2 -acti FACHIN | — — — — —
i, i pacin [==] i | I

5’ -| Luciferase H 3'UTRof PTPN11 l— 3’ seed-targetingLNA NC NC LNA

pmirGLO Vector Mock PTPN11

Figure. 21 The miR-130 family seed-targeting LNA can de-repress both PTEN and PTPN11/SHP-2 A dual luciferase
reporter assay was performed in 5637 cells. The cells were co-transfected with LNA and reporter plasmid containing
the predicted miR-130 family binding site in the PTEN (A) or PTPN11 (B) 3-UTR. Protein expression levels of both
PTEN (C) and PTPN11(D) were evaluated by western blot analysis using seed-targeting LNA or miRIDIAN Hairpin
Inhibitor-transfected 5637 cell lysate. Data are mean + S.D. of six (A) and twelve(B) independent experiments.
*p<0.05, ***p<0.001.

% 3% miR-130 family seed-targeting LNA DOHifiEE/EFH O FEAH

%2 miR-130 family seed-targeting LNA N HUEISEIEH 2773202 E 9 W in vivo
xenograft €7 L& AW CTHF 21T o 72 (Fig.22 A). 5637 iR sk D fEE 2% L T, control
LNA & L < % seed-targeting LNA #2770 a o —/4 2K E LT 1 RIS L.

A B
Tumor volume mesurement
Day A ) e e Control LNA
-30 0 3 6 10 13 17 20 23 27 Q’J o
| = > - P
Y W : T 1, 7 ‘ : ° T« -
LNA administration L 4 &
Subcutaneous implantation c &
of 5637 cell (1x10’ cells / 200 pL) + 2nmol/mouse
Il * Atelocollagen conjugated - ¢
= - Once a week (4 weeks)
C -»- NC administration D 0.4+ E
= LNA (2 nmol / mosue) * ‘ * *
=) *hk k. k
2.0- ¢ * Jv ‘ . 2 0.3+ 30 Ry
] e
E * =)
3 15 x g 0.2 3 20
5 5 £
2 1o : s
2 S 0.1 é -»- NC
g = 10- = LNA
= 0.54
o
K3 0.0
o l—r—a—7—"-"T"T"T""" NC LNA 0 T r "
0 3 6 10 13 17 20 23 27 - .
. i Seed-targeting LNA 0 10 . _20 . 0
days after administration days after administration

Figure. 22 The miR-130 family seed-targeting LNA suppresses tumor growth in vivo. (A) A schematic diagram of
experiment schedule.The control or miR-130 family seed-targeting LNA were subcutaneously injected around 5637
cell-drived tumor. Resected tumor image (B) and tumor weight (D) after the LNA administration experiment. (C)
Relative tumor volumes are shown in this graph. Tumor volume was calculated by the following formula: tumor
volume [mm? ] = (major axis [mm]) x (minor axis [mm])2 x 0.5. (E) Mice weight was measured at the same day as
LNA administration. Data are mean + S.D. of five independent experiments. *p<0.05, ***p<0.01.
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Z DR, HAEGEEOR BRI ABE s (Fig.22 B), i IES & EOK T EN b
Ao (Fig.22 C). Seed-targeting LNA # 5-REIZ B W THE T OMREL F 258D 720
(Fig.22 E), EARIGSRICES L CIdfRERE 52 18E L T\ 5. SV-HUC-1 Mlifalxf LT
FEIGIER Z RS2V Enb b (Fig18A), Z oG HXTHIVIENWERIIFHFE I
WEEZHND. L LR b I E SRR ESEIT R & B~ 2 EE R &
L. ZOTOREZREH L CBIBICBITT 2 EIBE SN RETHY, FEET5
miRNA OHHEER S LE ) LIV, Genecards (278 315 RNA-Seq D7 — ¥ Tl
miR-130b O AT IEF B35\ T HFEHAGED 511 5. miR-130b OEEBLEMIEICIIT 5
FEA 3D miR-130 family member (2T 5 EI859 TH L7280, ZNERA LT
miR-301a/b targeting LNA O G BRAKO—D B2 b A,

BaH NE

ARFETIL miR-130 family [RIFFPHE % BHAYIZ seed-targeting LNA 27 %A L, D
miR-130 family OPFHE D3R OFHAM & 15 DO M4 2 REVRUENT 21T > 72, Z DR R
miR-130 family member 4 T % B CHE L, {# % @ miR-130 family member [ RE 28]
REINERIM 2z M THETE 5 Z & bRahic. MMATRIIFETRIE S 7z miR-130
family OFENE 1T 2EREE 1 CTh 5 PTEN, 1 N PTPN11/SHP-2 O 5 OFHFR .
EEAEEIESLZ L HREINZ. miR-130 family Z1BFER ST 5854, LNA (255
Loss-of-function UAMZ HEA G LUV THITET 58K S B X HLd. LNLARBLE 1 ED
IIMETIRER72 X 912, miR-130 family (IZNZEAEA ORBGHEHEL AT 5 IS
% . Genomic localization 7% miR-301a & miR-130b/301b & THix> T 5 Z & (Fig.2 B)
b, ZORAEIFFL TS, 2FY family 5 ZFRIRHCMZ 2 ITITERG 230855 Lo
H A% IZ LNA C capture 3" A HkIE D 50358 L T\ 5 &3 2 1, seed-targeting LNA 73
family 70 F2AEZHETE L2 RIFMO THE LWHERTH L. LLEOFRER G, it
B TH seed-targeting & WO BEEZFEH T 5 Z & T, miRNA HERIR ZH98 TX 5 AlHE
PEDSRIE S L7C.

8-mer &\ 9 HHHE LNA (tiny LNA) TlEZ OES| DY =— 3 3B k- 48 =65,536
FEE 7220, ZOTiEe N7 L0 30 EHE IR Z ER D Z L3 TE 72202, offtarget
MRS SIND. Lo LEFINIZ DNA 247 % LNA gapmer X° siRNA & #2720, 2
FE73 LNA B 46 THERK S 415 tiny LNA JZAEAR mRNA 2% U CYIBNENE 27~ Z 7211 39, Obad
1% Luciferase i&/n %) & 3% LNA gapmer, siRNA, tiny LNA % f\ 7= Dual
luciferase reporter assay Z 171", tiny LNA 75 Luciferase activity Z{& T S 472\ 2 & 2R
LTW5. JIZ TIiTRAQ (T K 2 HEFEAIMATIZ L U, tiny LNA f5A 8812 A3 % mRNA (2
S UCHBIERIE 275 L0 2 & bR LTS, DLEOWEND, i LT ting LNA
D off-target N FNTFFCHEB TE D LT LEEZHZ TS, LM LAFFRIZE W T,
HASENHEIVER 72 £ miR-130 family seed-targeting LNA O A THEE I N-RKIVMN G H 57
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O, ERFEIEM % In silico THRET L7, £7 seed-targeting LNA OGBSI TH 5
"AGTGCAAT"%# 7§ % 1417 {8® mRNA %, #&#E s HE 7w/ 7 5 GGRNA
(https://ggrna.dbels.jp/jal) & AV THIH L 7=, Seed-targeting LNA MIEFRFEAITHEA L 5
DB Y IR, EDOX DRy IS IMREREICET 5 DA DAVID & HWTHEE
L7=. KEGG pathway fi##T D& H, " Pathways in cancer " <° Cell cycle" & Vo 7= JlE5 B
VT IVAREERIE RN E E L TEY, seed-targeting LNA O ZA CTHIEL X L7 M BEFE AN ] 1
FHIEZ 9 W o 7z off-target IR F 2 AIREMEIZ G E TE 220,

Z OREIZES L Cidaiat L72 miR-301a/b targeting LNA OAIRNFTRHK & 725 L& %
TV, 72 Y XA (Exigon f: : LNA™ QOligo Tm Prediction, https:/www.exiqon.com/
ls/Pages/ExiqonTMPredictionTool.aspx)(Z & B HEEME Tidd 5 2%, AFFETH - 8-mer
seed-targeting LNA @ RNA (Z%}9 % Tm fElZ 55°CTH v, FERIIKT 2B FMETR L T
<720, 2T miR-130 family @ seed BAI28 AT U » FThHH Z LIZEK T 573, Aldl
ZIER L7c miR-301a/b targeting LNA %7 %A 95 Z & T, off-target ZWRDIK T &
on-target WFD A L& FIRFIZER T 5 AlRetE & 5. IR ILER &Ml ~DEL Y A H%)
FIXTM = FF7ORICH L0, HERNBETE 5L DDS W RICHENREL L.
GGRNA |Z L » Toff-target IR ZHEET 5 &, 16-mer THIVZIEFFRAITHE S T 2 BI5 1
BULOMEE 722 Z L3 rhoTc. 16-mer ~DIERANZ > T Tm EOHEEE ¢ 80°CE T L5-
T 5T END, ERERMEITZSICR B2 2 EalREES S, HCV IR & L CHEIRR
BRSNS T O antimiR-122 (Miravirsen)s3 78 15-mer T 5 Z L6 b, in vivo THRh %~
T OIREN 2 WEIRLE 72 5 2 5. KIFZEI230) T miR-130 family seed-targeting LNA
DIEMEIRIFEE L L TORT oy Vv ERT 2 ENTEL. SRITARETIHRAT L 9 224E
MIBLHID A 7 ) — = 7 REBEM O KL & Wolo, BEEERE L TOT T v aT v
TINEERREE RS TLDH1EA9.
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R¥E

AWFFEIZ £V miR-130 family 23EDEEAIIRER I35V C, PTEN & PTPN11/SHP-2 & \»
9 2FHDRAT 7 4 —BEHIFHI & T 5 2 L3I S 7z, PTPN11/SHP-2 Ok I
T OBEREITIZ & A IR STV RN, B ORISR T O InHl R 2 g e A B R T
5l BEEICB WL T HEMEER & L THEEL TW A IREHIT &2 oivd 72, £
PTEN (3R EM L E BTG L TWD Z ERMBN TS, RIEMERENEICB VLT
I% PTEN 234119~ % PISK/Akt ¥ 7" /AR EERR I DR F HITEPEAL S R D 72% TRl Sh
TWAIED 84, JEBEEE D Two-pathway £ 7 /LB T PTEN ARIEME(LS pT1 226124
PERERERE CpT2)~D R U H—&7225 Z EPUREN TS 6. ZHUiE miR-130 family 23=H
FEdD D VITRBED EFICHEVREBL EF R A LN A EFELTEY, PTEN 24035
Z L THEMEEMICFES LT D SN D, BEREICI VT AT kIZ L DS PTEN
DOVA Ly 7R SN TR 5T %, LOH bEEMESET 16%EEIZiEE 720 86, 5
F Y miRNA (2L > THIHl ST 5 PTEN b H07FET 5 L5 2 541, miR-130 family
PREFIC L2 BBEE & +olifFTE 5.

—77 T PTEN & PTPN11/SHP-2 % miR-130 family FEEE(RF DO —EICi &9, iz b
Racl #iffi| 2/ L CTA b L AT 7 A _—JEpkiE N ilEEREE FLE S 5 TSC187, EMT % il
4% Smad4 88 I NZ RUNX3 89 72 &) AW THOLN-RBEUZHE L 5 2 miR-130
family FEAVERIEAS TIXZBAFET 5. AR CITHBNEOBLE D b I B # I CHE S A Y
TN 286D 7273, miR-130 family 23 EMT Z##4 2 A6t HoicEx 6N 5.
miR-130 family OIEFIERHE{S T AL 600 2% H\ 72 KEGG pathway fi##riz ¢, v
T 1D miRNA (2B T H TGF-8/Wnt/Gap junction & Vo7 EMT BHHE D o 7 WRERR
BHEy 77 v 7ENTW5S. Bk L7z EMT BE O s T O 2 b 5 = & T,
X 0 FEM 72 miR-130 family OEBMETTHE A W= X AR IN L7259, 2O L H T
miRNA [ ZZ S &R T2 AT 572, miRNA O 7 F ) UAREMBITIIIE T B b
D725, 29 LIS T 7' e —F 3 572912 Ago2 51k & Gene array fi##T 2%
FE W T MR B s R BUAT & 32, FrBUERE{S & LT PTPN11/SHP-2 Z[F&E 7
DICE - Tz, IO miIRNA RISV TREBIERER 17200 T <, MR AN 6%
BOEEGFRICOESZY T THERT I ENFRE 2V o055 0, EH SR
F® mRNA OZZEMHT 2 N T VA7 VT N — AT FIEEBE T LY, AIFED
KEREBE EEZEZ TS, ABITSILACRITRAQIZ L 2 7' 0 74— AT 1TV, hT
VAT YT R =L E G Lo~ 7 m AN O RERE IR RETEA S 29 LIz
FEMOMENTAE SR 2> D miR-130 family OFEE LR T-HEA i, REA S 2 28 E 70 & bl
DEWVWSTENAFA T H~T 47 AR FELZMEST 22 LT, XV EKEEIC
miR-130 family OBEREDO BIKBRIZT 7 e —F TXH Z LM SN 5.

ZIVE TOREMEEIZE T S miRNA-family OHFSEE miR-200 family O3EHK A EMT
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| EH 29 &) tumor suppressor miRNA O DA ToH Y 17, oncomiR-family & L
TOHEIT miR-130 family 235 9] & 72 % . miR-200 family OGRS 25 2 7254,
miRNA @ mimic Z 757 5 Mg & 72 5723, 2 A8 miRNA mimic [3FERFRA 724 0 X —7
TR UNEESIER T LW AN B 5 0. Z OREITEFR%E I pHISE MY R
VY — AO—FETH % neutral lipid emulsion NLE)Z | L, # &0 O pH BREE TOH
BV AR A ARME S &5 Z L Tl T X % 92 NLE (X pH7~7.5 Th 5 KN TITAER 2 H
O D T2 O MIaEE & OREEE Z B 72208, BRI T CIXEEM~ & B3 2 2 &L TR
MBI D IAE LD NLE Z DDS v U 7 &35 2 & T, IEFpRIRA ¥ —T 1
VIS & A mIRNA mimic OJEEHBAL~DEEN AIRE L 725 9. L LAy b A2 pE
BOSRIE T & e L 72 £ 00 miRNA 2358 L C L E 9 AlRetRIRIR E L CTHERR T & 37 94,
AAAFER TRVELBRFETHFREL CLEI VR ZZETH L 9%, FHEH LTS
oncomiR #7 »F LV AAY IX 7 LAF RIZL > THIfIT % Loss-of-function 75 53
NIZIEHEIE - B 2 b5, (i1l 0 4 Gain-of-function T miRNA-family Z 73 5%
&, £NE 0 miRNA mimic & BIENEANT 2 0B0 6 2 720, EEFIFEFRM: & HEReryEE
AT 5 E Vo7 mIRNA-family OFRBEE2V, 29 LEFEENG G, BEPE TR
Bl E5-4 % miR-130 family W\ 941 % 23 oncomiR & U CHERET 25 Z &I, TRHAERY & LTk
DTHEHBERT RN T—U LS55,

BATE G AR TR B P12 B D b 1R 361X PISK/Akt M ONZ mTOR v 7 F V&A= &35
1K AL EMH 2 < 9%, miR-130 family seed-targeting LNA 73 [F] > 7 /L Z i) TX 5 i
I F L, T4 Tk PISK/mTOR (NVP-BEZ235)97 <> mTORC1/mTORC2 (MLN0128)98
&\ 572 Dual targeting inhibitor DA 204 H 8 STV 5. F 72 REMEREE O 10-15%
FEEEClE PISK/IAkt o~ 7 F v D #7253 Ras ZEAKFHY 72 MEK ¥ 7 /L OIE AL & 1
S 55, PISK/mTOR FHEHA] (PF-04691502) & MEK FHEHAI (PD-0325901) 0 3:ALEE T &
D, PDXET/UICx L CBERTUEEFEH AR LI WO BEDFET 59, 2D L9 ICE
TAVEREERE ORI DB NI, B0 1T HDWIIY 7R ERK 2N & 95 O Tk
<, ROV 7T NEFRHIER & T DIBREIEO G IMENEH SN >2d 5. 23
RZAEHIBEAR T 8 D WIS 7 T VR 2 il © & 5 miRNA OFHE & 58T 56D T
HY, BEEREER & L ToO miR-130 family DENMEICEN D EE X 5.

Z D& 512 miR-130 family I1ZIAHFER & L TN 720 1 Tldd 203, ik X Z iR
LESN TV D, AT L V55728 LIE RNA H# OBEEHI T o 5 miRIDIAN
Hairpin Inhibitor & LNA ‘B4 T7 1 > & 1172 seed-targeting LNA & % Lbifs U 7= fgbT ik
RETHD. EAAROLREME NI 7 LT —BMlER R 2> TWD 720, 0l
EEREINHIE LTS E R XTI LNA OF T 2 mWEENM & f5E IR L T2 AlEE
PRIEAE T 72V, A 81% PS i S iz LNA B4 % A9 % antimiR-130b, -301a, -301b
ZVERL L, seed-targeting LNA & lWHGHFTT 2 BN LETH A 9. £7- miR-130 family
OHEREDO ARG I XEENETTHETH D Z LD, 1n vivo HFHIIEE T LV CHEIET H &
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ThbdH. LoL2Rn s 5637 Hifld TOEEE T /L O MO B EARESR 12 L 2 s
ETNLBIORZTHY 100, X— K~ T 2A~OEBREKENLZ L. EERETVITHE
MRS A8 SMBE I U 72 1%, D F 0 EEIEE D% B ITkT- 2 5Hili-R Td v, Ml A3 1 bt
JAPIZIRIE L T < BB ORI 28152 25 iR & LTI AEE THD. FE,
miR-130 family i FIFH UM-UC-2 iz A\ CREARES I X 2 st 7 L Coiml
RERTAMI 21T > 7273, miR-130 family iFIFEIUS L DB EE O ERIFBE TS 2o
(Data not shown). VA FOERZZE 42 L, Btk o RSt T V25 H L T,
JFE 70~ B HEJE PHA~RHE L T < BRF 2 FFBLRIEEZR 1n vivo 1RIEE T )V ORBINLALET
b5, Lo LIENA~D BIf 72425 3% ~9 UM-UC-3 MEfaIZ 35\ CTIXNTEM: miR-130
family # ®¥ BT 2600, LR—F—7 vt A TEZOFFILEN R TE TR NTZD
(Data not shown), miR-130 family seed-targeting LNA OFEREFEAM TR H TE 72\, i
eI A3 FTRE D> D INAENE miR-130 family 23H6HE L T D M HIRK OERRE &, in vivo 7
HEFHIE T VORI EH Th 5. Z OFHliRIZH LT LNA ‘B4 4 A7 % antimiR-130b,
-301a, -301b & seed-targeting LNA $¢5- L, ZEINHIRE ) O bl 5123 72 S v,
miR-130 family Z5EH) & L7 BZRRRISRICIR S 5 & & 2 5.

ARSI L0 BEERE 23 1T D oncomiR-family & LT miR-130 family & % OFfER)ES T
Z[FE L, FIZ[F family (2%9° 5 seed-targeting LNA 2 EBGEEIZ B W T H AL TH 5 Al ke
PERRIE S 7z (Fig.23). SEITR L7 BITIE 2 7%, AWFZEDY 20 RAFMUSEH L T 7ot
TR ORIR L —B) 70D Z & & TRER.

Bladder Cancer

miR-130 family

Seed-targeting LNA [ief.le(c] g g

miR-130b-3p 5’-c El:{I:{<Flugaugaaagggcau-3’
miR-301a-3p 5'-c EE{I:{+Fluaguauugucaaagc-3’

Up-regulation

miR-301b-3p 5’-c [El:{Il:=Flugauauugucaaagc-3’

1

Target Genes

PTEN PTPN11/SHP-2
Translational repression (miR-130b) Translational repression ?
Inactivation (miR-130 family) (miR-130b/miR-301b)

Akt
<=

Stress-fiber
formation

Migration & Invasion

Figure. 23 Summary of the miR-130 family function as an oncomiR-family in bladder cancer.
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AW L0 LT OfER A2 157,
B T R AR ONC B e B R A AR 12 38V TmiR-210 &, miR-130b, miR-301a,

miR-301b% & #ermiR-130 familyS IEEEL L 0 LS CTRRBRE L, FIOREESRPE
DOHERIZLEVIEHR R4 2 2 LRI SNz, (B1%)

miR-130 family|ZBEMEE ML OEEMETTHEICHF G L TEBY, A RLVAT 7 A4 N—JEK
EHECFAK & Akt U U Fgfb L~ v D T, W ONIMMP-9% > /R 7 B R EFH3 %D

BFANZALD—THDHZ ENRENT. (FE2E)

. EMERE AR IZ 3\ ) TmiR-130biZPTEN & PTPN11/SHP-2%, miR-301bi%
PTPN11/SHP-2% EH:DOIEHEL T &+ 5 2 & MR S 7=, (§33)

miR-130 family seed-targeting LNAIF# miRNA{#ABIBHEC & 2 FHI 4 Bl ¢
L, ®|Zin vivo xenograft modeliZxt L CHUEBEM 2~ L7z, (GF47)
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