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ARG S IBWTEILL T DOWERE & VT2,

ALT Alanin aminotransferase

AMO Anti-miRNA oligonucleotide

Amp Ampicillin

ANOVA Analysis of variance

APS Ammonium persulfate

APMSF (p-Amidinophenyl)methanesulfonyl fluoride
ATP Adenosine triphosphate

atRA All-trans-retinoic acid

Bcl2 B-cell lymphoma 2

CAR Constitutive androstane receptor
cDNA Complementaly deoxyribonucleic acid
Col Collagen

CYP Cytochrome P450

DEPC Diethylpyrocarbonate

DMEM Dulbecco’s modified Eagle medium
DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

dNTP Deoxyribonucleotide 5’-triphosphate
DTT Dithiothreitol

EDTA Ethylenediamine-N,N,N’,N’-tetraacetic acid disodium salt
EGTA Ethylene glycol tetraacetic acid

FBS Fetal bovine serum

FXR Farnesoid X receptor

GAPDH Glyceraldehyde-3-phosphate dehydrogenase



HE
HEPES
HNF4a
IgG
LXR
MEND
miRNA
MMP
MRE
mRNA
Neaa
NPC
NT
PAGE
PBS
PCR
PSR
PLB
PPAR
Pre-miRNA
Pri-miRNA
PVDF
PXR
RA
RAR
RISC
RNA

RNase A

Hematoxylin* Eosin
4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
Hepatocyte nuclear factor 4a
Immunoglobulin G

Liver X receptor

Multifunctional envelope-type nano device
MicroRNA

Matrix metalloproteinase

MicroRNA recognition element
Messenger ribonucleic acid

Non-essential amino acid
Non-parenchymal cell

No transfection

Polyacrylamide gel electrophoresis
Phophate-buffered saline

Polymerase chain reaction

Picrosirius red

Passive lysis buffer

Peroxisome proliferator-activated receptor
Precursor miRNA

Primary miRNA

Polyvinylidene fluoride

Pregnane X receptor

Retinoic acid

Retinoic acid receptor

RNA-induced silencing complex
Ribonucleic acid

Ribonuclease A



rNTP Ribonucleotide 5’-triphosphate

RT Reverse transcriptase
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SIRT1 Sirtuin 1

SD Standard deviation
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snRNA Small nuclear RNA
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MicroRNA (miRNA) |4 > /37 B % 22— R L7g\ 22 S PR O NTEM: DR 5y
RNA ThH 2, HIDICHRBTHL I TLE (Lee et al.,, 1993; Wightman et al., 1993),
N 2 B kR 2 7o R FE T S AL, mEAMIZ i STV D miRNA OFfE
BN\, Fig. 1 121X miRNA O pLRGEFERS L OB I BLIMTI#E L2 = LT,
miRNA (T EF X "I EHZ2a— F T 58 FERAKICRNARY AT —PIIIZL-
THE S5 (Kim, 2005), $55PEY) T % primary miRNA (pri-miRNA) (3N T
Drosha & FEIZIL B BEHKIZ LY T at v o v 7 &%}, 60~80 HE kO precursor miRNA
(pre-miRNA) & 725, D%, Exportin 5 {2 K VN S HIIRE ~ & ik T
v A IEE Sy )3 Dicer (2 & - THIHF & 41, 20~25 ¥ 3£ miRNA duplex 24K SN D,
RISC (RNA-induced silencing complex) (ZEL VA E 1, 1 AEH RNA & 72 o 7= il
miRNA (Mature miRNA) [3FE#) mRNA O 312 3>-FERRFRGEIK (3°-UTR) (ZH#B45y FAA
ACAE S U CHEME {7 OBHRR 240 & 5 ) mRNA 2085 Z LIz X v %8
ZHIZHIET 5 (Bartel, 2004),

Cytoplasm cher
Dicer
TRBP
J

Nudeus Exportm 5 IRBP \

Precursor-miRNA Mature miRNA

(Pre-miRNA) R]SL

(RNA induced silencihg
complex)
GTMpppG =B AAAAA
DGCRS Ribosome
Drosha
GTMpppG AAAAA Translational repression
Primary miRNA or .
{Pl‘i—l‘I‘liRNA) mRNA degradation

Fig. 1. Mechanism of gene silencing by miRNAs. miRNAs are first transcribed by an RNA
polymerase II, generating the primary miRNA (pri-miRNA) transcripts. Pri-miRNA is prosessed to
~80-nt precursor miRNA (pre-miRNA) by the microprocessor complex composed of the RNase 111
enzyme Drosha and its cofactor DiGeorge syndrome critical region 8 protein (DGCRS). Pre-miRNA
is exported from the nucleus by the nuclear export factor Exportin 5, processed to miRNA duplex
by the cytoplasmic RNase III enzyme Dicer. miRNA duplex is incorporated into the effector
complex RISC. After strand separation, the mature miRNA strand recognizes target mRNA and
causes translational repression or mRNA degradation.



BIfEE MZHBWT 2,500 FEEILL D miRNA V& SN TR Y
(http://www.mirbase.org/), = OMEIEEFIIFEZ = 2 TIA<RFSIN TV 5, miRNA
D 5K 2~7 HEFEDOELS (seed sequence) |L miRNA 2MEREMIICEI < 72 DICEHETH
HZENMBITEY (Lewis et al., 2005), L% HIZHE 4 O in silico > — IV TH
miRNA OIERERF %2 TS 25 Z &3 TE S (TargetScan,
http://www.targetscan.org/; miRanda, http://www.microrna.org/microrna’/home.do; Pictar,
http://pictar.org/; RNA22, http://cbesrv.watson.ibm.com/rna22.html), & F 4 mRNA O
60%F2 23 miRNA (2 L » THIE STV b EHEE X4 TE Y (Friedman et al., 2009),
miRNA OB -CHRE R I3 72 EOBRBORIE, EITOHERK Lo TNH EHE
ZHNTWD, HifF5E= TliL. miRNA 73 cytochrome P450 (CYP) 1B1 X° pregnane X
receptor (PXR) & o 72 B EIEESR °F ORBUCEH 59 2855 K 1 O3 Bl Hi
WZHBEELTWDHZEZB LI LTETEY (Table 1), HEMERESEFIZBNTH
HERKF B2 N5,

Table 1. Drug metabolism-related genes that are regulated by miRNAs in human.

Target miRNA Reference
CYPI1B1 miR-27b Tsuchiya et al., 2006
Drug-metabolizing enzyme CYP24 miR-125b Komagata et al., 2009
CYP2EI1 miR-378 Mohri et al., 2010
PXR miR-148a Takagi et al., 2008
VDR miR-125b Mohri et al., 2009
Transcription factor HNF4a miR-24, 34a Takagi et al., 2009
PPARa miR-21, 27b Kida et al., 2011
ARNT miR-24 Oda et al., 2012
Other Cytochrome b5  miR-223 Takahashi et al., 2014

CYP, cytochrome P450; PXR, pregnane X receptor; VDR, vitamin D receptor;
HNF4a., hepatocyte nuclear factor 4a; PPARa, peroxisome proliferator-activated receptor o;
ARNT, aryl hydrocarbon receptor nuclear translocator.

miR-34 7 7 2 U —{|% miR-34a. miR-34b, miR-34c ® 3 miRNAs 7> LA S, =2
U5 miRNAs @ seed sequence (LAl —CTh D72, Wl LB T2ENETDHEH
ZHNTWE, =7 AZB T, miR-34a (LT & A EDIEERICRE DB O SN DD



(2 L, miR-34b/c 13 Z RN T2 OFEBLE DS miR-34a L LR TIRIETH 5 Z &>
5 (Bommer et al., 2007), ZE/RN TILEIZ miR-34a DMERER T O I BLHIEIZEF 5 L
TW5 &% 2 b5, miR-34a |% B-cell lymphoma 2 (Bel-2) %1% U & 9% fEi&in 1
DFBAIET 5 Z &b EMHER L L THALATVWS (Liuand Tang, 2011),
IR OREALIZE, miR-34a & 2 — KT 285 T 0ME(ET 2 YetafR o 1p36 fHik D —
A KRIT H Z &R (Calinet al,, 2004), miR-34a @O 7' 1 & — X —FHIK D & A T L1k
ENDHZENRMESINTEDY (Lodygin et al., 2008). FEHIILIZ IV T miR-34a DFEHL
IV =X T 4y 7 BIOTE Y =X T 4 v 7RI VIR S TWD, ZOX

912 miR-34a ([ZBHT DRI S EFIC B WV TIEFRITIT DA TV 5, HIfFEEIZE
THIRIZIB T D5k % 7 iBIn1 DOl 2 5 5 hepatocyte nuclear factor 4o (HNF4)
25 miR-34a |2 KX W il S5 Z & (Takagi et al., 2009) ZEHH LML TWDHHD D,
FELIAMZ B 1T 5 miR-34a DFRENCET S IF#RITD 720,

AWFFETIITIEIZ BT 5 miR-34a DEFIZHL T LHZ A HME L, H1E
TiX. t b retinoid X receptor o (RXRa) FELIZ 52 % miR-34a DB Z T L7,
I, miR-34a OFBLFHEICE 53 5 p53 MIHMRMEL OHEITIZE G525 2 & @i
S (Kodama et al., 2011) . — 5 T RXRalIAFRRHEILIT 6 L CREAERICE < = &8
W S (Wangetal, 2011) Z &5, RXRoFEHIZ 52 5 miR-34a DB EH
FH) REFRERICOWTIFRMLICE B LRGET Lo, 35 TR Ti, i kiR
(carbon tetrachloride, CCly) % HWTHFBRMELET L~ R Z/ER L, IFMEbicE
7 % miR-34a OEENZSOWT LV ZEMICHRR LT,



RXRoUIAT B A RAENEVZERA—/=T 7 I U =T/ L TV DGR T
OO IO B, s, . E RS IS m W REBLFE D 515 (Mangelsdorf et al.,
1992), RXRalZ retinoic acid receptor (RAR), VDR, thyroid hormone receptor (TR), PXR,
constitutive androstane receptor (CAR). peroxisome proliferator-activated receptor (PPAR),
farnesoid X receptor (FXR). liver X receptor (LXR) 72 EDZRIKE~T R H A ~—%
L., ZNEDZREKD Y I KT % all-trans-retinoic acid (atRA) <CE A B
Z X v D, WARBRA VR 30 R, RRVFERISIGE LT, KRR O
e A KEER 72 & OEREG O 7 8T — 4 —fEIRNICEET DSBS AEE T
5 & TRBZHET 5, £72. PPAR/RXRa# L OV LXR/RXRa~T 124 A < —[d,
RXRa®D7 T =A s T 5 9-cis-retinoic acid (RA) (Z X > THiHFMHLI LD
(Shulman et al., 2004), Z® X 912, RXRalxZ < DB+ ORI D 5 EE RN
TTH D,

RXRoaDFEHIFHICEH L TE, 28X F /7077 YV —LRICK DR MEN
TH Y . mitogen-actiated protein kinase pathway (Lattuada et al., 2007) I3 X O protein
kinase C pathway (Tsao et al., 2005) (2 XV Z Do ENHAEIND Z NS T
W5, oo Ty PLHMRICENTEZ L a - ARBRICE VA CBRER F L X
(&Y RXRaD X N7 ARBEDMET 25 2 LB RESNTNDLDOHT, G H
i, RERFEICET A E®RITD 72y, Target scan & H U /-2 2 0 B = — XTI &
DERFE L= &L Z A, B b RXRomRNA 12 miR-34a 234 LIS 2 SIMFAE LTz 2 &
G AFETIE, RXRaDFHHME A 7 =X 24 & LT miR-34a OG-0 ATHEM: % /R
L7z,



2 REAMERS L ORI

1-2-1  SEEBAMFHS L OV S

DMEM % H /K#3E (Tokyo, Japan) X WEEA L7z, 7 U ARIRMLIE (FBS), FEMZET

X /## (Neaa), T4 ligase, Lipofectamine 2000 Reagent, Lipofectamin RNAIMAX,
Pre-miR hsa-mir-34a, Pre-miR negative control #1, TagMan MicroRNA Assay ¥ JL O
TagMan MicroRNA Reverse Transcription Kit {& Life Technologies (Carlsbad, CA) X ¥
ff A L 72, LB broth iZ Merck (Darmstadt, Germany) (Z & Y i A L72, TagDNA 7R U A
77— EBLWAINTPs 1377 A F— v (Tokyo, Japan) X V&AL 7=, HilfREEHE
¥ & OY Ribonucleotide Solution Mix (& New England Biolabs (Ipswich, MA) L U EA L
72 pGL3-promoter (pGL3-p). pGL4.74-TK. pRL-SV40, Dual-Luciferase Reporter Assay
System 33 2 (Y RNasin Ribonuclease Inhibitor | Promega (Madison, WI) X D A L7,
Plasmid Midi Kit 5 JX O RNase A Solution (% Qiagen (Tokyo, Japan) L VA L7=, +
— 7 = A2 1L GE Healthcare Bio-sciences (Buckinghamshire, UK) ¢ Thermo
Sequence Cy5 Dye Terminator Kit & Thermo Sequence Cy5.5 Dye Terminator Cycle
Sequencing Kit % A\ 7=, RNAiso, SYBR Premix Ex Taq (2x), ROX B8 L W7 ¥ A
XY= —(XH 7 31 4 (Shiga, Japan) L VA L72, ReverTra Ace | HVEH5
(Osaka, Japan) KX VEA LTz, 7T A ~—IZdbiFE > AT LA = & (Sapporo,
Japan) |26k % {&#E L 7=, Bio-Rad Protein Assay Kit /X Bio-Rad (Hercules, CA) X ¥ |
Immobilon-P PVDF /% Millipore (Billerica, MA) X VA L7=, V¥ FHk b RXRa
PUAR (K'Y 27 v—7 V) I Santa Cruz (California, Japan), 7% ¥$Hit b B-actin HL{K
(AR U 7 v —7F /L) |Z BioVision (Mountain view, CA), IRDye 680LT ¥ X517 ¥ IgG
I% LI-COR Biosciences (Cambridge, UK) £ U i A L 72, NE-PER Nuclear and
Cytoplasmic Extraction Reagents |X Pierce (Rockford, IL) £ Y. a-7~v=F X
Calbiochem (San Diego, CA) X VA L7z, & O OIS TS O Rk £
TR O b O & A,

dwell 7L — T, R2well 7L —hF, 6well 7L — FBIRI100mm T 1 v =21%



Becton Dickinson Labware (Flanklin Lakes, NJ) LY AF L7, KIGHEORKELEFEIZIT
TAITEC (Saitama, Japan) ¢ Bio-shaker BR-33FM %! % N, ££ 1 0D 72 6D D 1 1045 B
I% KUBOTA (Tokyo, Japan) @ KR-20000T !4 v /-, 77 XA I N DNA OEmIZIT
NanoDrop Technologies ?® NanoDrop ND-1000 Z i/ L7=, ¥ — 7 = > A fEHTITIX
Siemens Medical Solutions Diagnostics (Deerfield, IL) @ Long-Read Tower DNA *— 7
=Y —%HEH L, VI ) A—F —|L PerkinElmer (Osaka, Japan) @ Wallac 1420
ARVOsx ¥~ /VF TN A T o252l L7c, 77 A R DNA BELURNA OEEIC
IZ NanoDrop Technologies (Wilmington, DE) @ NanoDrop ND-1000 z £ A L 7=,
Real-time RT-PCR (2} Stratagene @ Mx3000 ZfEH L7z, DL FICARE CHEMH L7ZE
ks L OMEOMKZ R LTz, BEDOHLLOEA— 7 L—7 (121°C, 20 45
F 7203 40 R HEOBRENLEEZIT - T,

7z ) =)V 7 v a Ry AERIK
1 M Tris-HCI (pH 7.4) TYAHL ST 7 =/ —L 7 uafR/Liad 1: 1 DIREBIR.

0.1%8-t Fuxvx /U 02%2-ANAT hxX ) —)b

VA=0=F NN~ ]

ruauaR)LV LA YT INTILa—LE 241 DLETIRE LT,

LB-Amp 55
LB broth 5 g, FERAK 2.5 g ITHRKZM A2 200mL & L, 121°C, 20 34—k

7 L—"7 LTz, itk ampicillin (Amp) % &R 100 pg/mL (2725 X H 2z 7=,

LB-Amp F& K5

LB broth 5 g, FERAK 2.5 g ITHERKZMZAL£&E 200mL & L, 121°C, 20 43ff4— k
7 L—"7 Uiz, mth. Amp & A&IRE 100 pg/mL (225 X212z, T4 v
2R T2,



Buffer P1

50 mM Tris-HCI £ &% (pH 8.0). 10 mM EDTA. 100 pg/mL RNase A

Buffer P2

100 mM /KER{LF KU o7 A, 1% SDS

Buffer P3

SMEEE S U o 2 (pH 5.5)

Buffer QBT
750 mM ¥ b7 K U 7 250 mM MOPS (pH 7.0), 15%-1 ~ 7' ®2 /X —/L0.15% Triton

X-100

Bufter QC

I MIEAEF U » A0 50mM MOPS (pH 7.0). 15%1 Y 7 a/3 ) — )b

Buffer QF

1.25M b7~ U 7 A 50 mM Tris-HCl 2@ #& (pH 8.5). 15%A Y 1 /X ) —)L

TE

10 mM Tris-HCI #&###% (pH 7.4). 1 mM EDTA

TGE FE

10 mM Tris-HCl $% &% (pH 7.4). 20%7 V-t v —/L. 1 mM EDTA

N U 7 EDTA &k

0.05% kU 7> >, 0.02% EDTA % PBS |Z{Afi#



DEPC ZLFR S Sl 7k
BRECTEEEDN 0.1%I1272 5 X 912 DEPC 2Nz 7= k58K % 37°C T 2 RefInE L 7=,

o T IVALERR
SDS 6.0 g. 2 M Tris-HCI f%fi% (pH 6.8)20mL, 2 =Y 6.0mg, 7 U ku—/

60 mL IZKEKZ A2, 8% 192mL & L7-,

30%7 7 YT IR
T7UNLNT IR 22g EXTZUAT IR 08glliHEHAKEZMZ &% 100 mL &
L7,

VKB AR IR (pH 8.4)
Tris2.4g, 7V 11.5g, SDS08¢g

55 AR K (pH 8.4)

Tris3.0g, 7V 144¢g, A%/ —/L 200 mL

PBS
WAET R UL g bV T A 02g, VUMAKFEZST NI UL+ KW 2.9

g. VUmZIKFEHNI UL 02g

0.1% PBST

PBS 12 0.1%& 72 5 K 912 Tween 20 Z RN L 7=,

Transcription #% & &
50 mM Tris-HCI £% % (pH 8.0), 150 mM b h U 7 A 5mM Hifb~27 32> 7 A

0.5mM b~ >, 1mMDTT, 0.1 mM EDTA, 10%7 U tu—/



RE VT A X RRE R
0.1 M Tris-HCI #2#&#& (pH 7.4). 0.1 MKCI, 1 mM EDTA

[-2-2  HifafkE X O fa R &

bt ISR 3k HEK293 #iifd i American Type Culture Collection (Rockville, MD) X
DEEA L. b MIFEE Bk HepG2 fifd s L OY HuH7 #fif@iE Riken Gene Bank (Tsukuba,
Japan) X VWA L7-, HEK293 Hifdl 10%FBS., 4.5¢g/L 7 /L =2—A_ 10 mM HEPES
%% Te DMEM T, HepG2 #ifidi% 10% FBS. 0.1 mM Neaa % % ¢» DMEM T, HuH7

HR1E 10% FBS 2 %% DMEM T. 5% CO, fF/E F. 37°C THEEE LT~

[-[2-3 LAR—F—75 23 ROREE

RXRa® 3°-UTR & FHERENIC B &7 MRE % £ 10C10 MREL, MRE2 & 4
L7 (Fig.2), 25D MRE # &t LAR—4%—7 7 A K (Fig. 3) OEE L% L

TR T,
Human RXRoa mRNA (NM_002957) 0 Coding region @ MRE
1163 CD5S +551 UTECS +5547
GMpppG —] Poly (A)
CDS AS / *— UTR-AS
/ MRF2\ MREI
+714 +735 +3506 +3539

Human -GGzlurclslcelGTGcczﬁ T1|\(|2'|I'(‘E‘-(‘J‘CG Human -CCGG{‘jc‘:AGCTGGGcCCCchczﬁG?ACTG?c‘JJ?-
miR-34a  UGUUGGUCGAU-UCUGUGACGGU miR-34a  UGUUGGUCGAU---------- UCUGUGACGGU

Fig. 2. Schematic representation of human RXRo mRNA and sequence of predicted miRNA
recognition element (MRE) of miR-34a. The numbering refers to the 5’ end of mRNA as 1 and the
coding region is from 163 to 1551. Sequence of MRE is located on +714 to +735 in the coding
region and +3506 to +3539 in the 3’-UTR. The primers used for plasmid construction are indicated
with arrows. Bold letters, seed sequence.



Table 2. Sequence of primers used for plasmid construction.

Primer Sequence Position

UTR-S S'-TTT TCT AGA CCC TGC CCG ATC CAC CG-3' 3449 — 3465
UTR-AS 5'-TTT TCT AGA CCT GCA CCC TCC TGC CAT TTC-3' 3570 — 3591
CDS-S 5'-ACC TGA CCT ACA CCT GCC GC-3' 659 — 678
CDS-AS 5'-GCA CGG CTT CCC GCT TCA TG-3' 759 — 778

Nucletide position on cDNA when the 5’ end of mRNA is 1.

bt M total RNA 725 7 o X Akt~ —%2 HWT, %ikd 5 [-2-11 IZTHEL T
cDNA Z 5 L7=, 2@ ¢cDNA Z#f L LT, 10pmol/uL D& AT T4 ~—L 7T
IRV AT T A~ —%FNE 1 uL, PCR FEEKR 2.5 uL, 2.5 mM dNTP 2.5 uL,
25mM b /v v A 1.5, TagDNA AR U A 7 —F 0.2 uL (0.1 U), HREHERIK
A TAa®E25ul & LT PCR #1757, MRE1 O¥IEIZIE UTR-S 77 14 ~—¢&
UTR-AS 77 A ~— (Table 2) % V). 94°C T3 /0 RBIN i S 7-#.94°C T30 B,
65°C T 30 #f#]. 72°C T 40 B[4 45 %A 7 /b, i T 72°C T 5 RIS S E T,
MRE2 O HEEIZ (X CDS-S 77 A ~—& CDS-AS 77 A ~—% >, 94°C T 3 4[]
B S/ 721, 94°C T30 . 63°C T30 ., 72°C T30 W% 45 %1 7 1,
VT 72°C TS MBS STz, ZNENDOBAIZLL T OHETEUL L7, EtBr
EET 2% T T — AV CEKIKB ATV, BROWARNE TN 55280 H
LIic, 2N Z2H o0 U 2% (wiv) [IREEAKFET MU 7 A3 KT 1 mM EDTA (pH 8.0)
G /KA T T 10 S A ILEL A2 4T > 72BN 2 VTR L, DNA B 28
U7z, BERUILL T O FEICE -T2, 7=/ —/V/7 1 a k)L LGSR 400 uL % 0 %
TSHMALT v 7 AL, 7,000 rpm, =i T 5 008 L < EiFE2RIX L7z,
PRI 7 1 v 30 LW 400 uL 2 N2 T 5 AR vT v 7 2 L, 7,000 rppm, =T 5
i OBl L7, EWEIC3MEERRT U U A% 40 ul & 100%4 =% / —/V % 1 mL
Mz, -80°C THH. 15,000 rpm. 4°C T 30 im0 mBE L., tEEE 70%5 = %
J—/V 1mL CHg Lo, W% gtk TE ICIER S+, DNA #1EH# L7-, MREIL
(143 Y FEEX)) 13 Xba 1 TiHAL L. MRE2 (220 ¥ 55%}) 13 Klenow fragment ZLEE(Z 2 1
R b L7z, F£72 pGL3-p X7 X —% Xbal TIHIL L, & E (2 U T Klenow
fragment 2 W TUL F O HVEIZ KV iR L L7c, pGL3-p X7 #—10ng IZ
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Klenow Buffer % 2.5 uL,2.5 mM dNTPs % 1 uL,Klenow fragment (5 units/uL) % 1 L,
WHEBRKEZMA CTRBEE 25uL & L, bh—~ ¥ A7 T —%H\T37°C T30%
MBS EH 7z, 70°C, 5 /M CHESR 2 KI5 S 7-1% DNA ZHH L 7=, Xba 1 ALER L
e Z—F BRI E LT~ 7 # —IZ ik D DNA Wr i % T4 ligase 2 T
A4 —3ar L, DHSa2 BT > bRV BRI LT,

Positive control D77 A I KT % pGL3/c-miR-34a (Fig. 3) 1ZLL F D HEIZ LD
M LT, MAREIC Xba 1 BFKALS Z 4 ¥ 72 c-miR-34a & o A $H: 5'-CTA GAA
CAA CCA GCTAAG ACA CTG CCA T-3'5 L (Nc-miR-34a 7 > F & > A$H: 5'-CTA GAT
GGC AGT GTC TTA GCT GGT TGT T-3'% & L7= (FHRENI Xba 1 37BFRECS . £
R1X miR-34a & FAMHAGZ2EC4), KF1E miR-34a OFELS % 7~x97), 100 pmol/pL 7 > A
HBLXOT v FR o AEEREN 35 UL IZ, 0.1 Mk~ 27 3> 7 A1 ul, 0.5M 1
fbF U oA 2uL MM 2E%Z 10pul & L7=, 90°C T3 /MMmE . 60 53t T
HmEICHHATH L TT=— v &E, “ARBEIEEINTA Y IX 7 L AT RIiLiim
N Xbal HAL KRG & 72D KO ICREFSNTWD, ZOZAKEHA Y IX T LAFF R 2
uL |2, Protruding end kinase buffer 2z 10 pL, 100 uM ATP % 1 puL, T4 kinase % 2 pL
INZ., WERERK Ce2E% 100l & L, 37°C T60 /0MA > F2-~<— kL., DNA
Wrh S KImIC U YA L7, Zivak, Xbal TiH{E L THE W2 pGL3p X7 # —
IZ T4 ligase # AWV CT A #— 3 L, DHSa=2 > 7 v M EIVICIEEIEHRT 5 2
& T pGL3/c-miR-34a %157,

Xba 1
pGL3-p 9 9
Xba 1
+3449 +3591
. 40 poly (A
Luiferase SVAOPOly (M) 1 GL3/MRE] 0 1O
+659 +778

L3 t pGL3/MRE2 9  HO
p -promoter

vector .

pGL3/c-miR-34a ) o)
SV40 promoter
O SV40 promoter O SV40 poly (A)
OMREl DOMRE2

O miR-34a complementary sequence

Fig. 3. Schematic representation of luciferase reporter gene constructs. Various target fragments
were inserted into the Xba I site, downstream of the luciferase gene in the pGL3-promoter (pGL3p)
vector.
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[-2-4 o =—PCR

HEJD DNA B M A SN TWD Z L 2R T 5720, pGL3-p X7 X —D /L
7 = 7 —VBEE T EICEE S 7z pGL3-Lucend-S 77 A <~ — (5-AAT CAG AGA
TCC TCA TAA AG-3") (10 pmol/uL) & pGL3-p X2 ¥ —@ SV40 poly (A) ¥ 7 F /L |k
IZa%7F L 72 SV poly (A)-AS 77 A ~— (5-TAC TTG CTT TAA AAA ACC TCC C-3"
(10 pmol/uL) % Z# €41 1 uL. PCR FEME#K 2.5 uL, 2.5 mM dNTP 2.5 uL, 2.5 mM &
fb~27 %+ 7 5 1.5ul, TagDNA /KU 27— 02 uL (0.1 U), KRR Z Nz T
EE2SuL & L7z, BREHNOHBEL /220 =— %222 oW lE TG H 2 AT
JBE L. 94°C T3 RIS SHTt%, 94°C T 30 ], 54°C T30 B, 72°C T 30
%z 30 A 7 v, T 72°C T3 S STz, Bz, —#%Z 53 L EtBr
Zate 2% T Ha—AF AW CERIKE 21T - 72,

[-2-5 77 A3 F DNA O KEFHH

Hio DNA BT n & Eh b an=—%, LB-Amp 5 3 mL 1 C 37°C, 8 K¢fi]hs
L7, TOEEFEIK SO UL 12, 60% (viv) 7V u—/L%& 50uL Mz T, 2z K
HOZ Ve — /L ARy 7 L 1L T8 °C CHRIFLTZ, 7V Er—ILR by T ZIREHE
N Co2 & LB-Amp 5511 25 mL CT—#t (16~20 FEfH]) 558 L72, 6,000 rpm,
4°C T 15 spfm OoEd 2 2 £ 12 X W E L Plasmid Midi Kit Z W77 2 X R
KEFRIT- 7=, KIBE XL >~ b % 4 mL @ Buffer P1 (28 %) X+, 4 mL @ Buffer P2
M Z BB HR L 7o, =T 5 /0 MIFHE L7, 4 mL @ Buffer P3 21z, 72725
(CHAEIR IR L7, KH T 15 & L7z, 5,000 rpm, 4°C T 10 5y [0 0Bk L
7 EEEZ15mL F2—7 2oL, & 512 15,000 rpm, 4°C T 5 sym DB L T
BRI EERY W, 20 REEH 55 L Buffer QBT 4 mL T F-fii{k L 7=
QIAGEN-tip 100 (257 &+, Buffer QC 20 mL T¥ii% L 7= . Buffer QF 5 mL % /Il 2.
TDNA ZIRH &Rz, 3.5mL DA Y 718 ) — L& @ L7=#%. 15,000
rpm, 4°C T30 /OBl L, LA 70% =% / — /LT L, il s w-1%,
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TE 100 pL (2R LT-, 77 A ROEEIZIL Nanodrop % V7=,

[-2-6 > — 7 = ZfEHT

HAEID DNA BLAIATRA S TO D BT 2720, 1-2-5 THE L LR—4 —
TIAI Nz, UTFOHIEENY — 7 2 A Uiz, 2Oy —7 = ARIKIC
L. pGL3-p X7 X —D )T T = T —BiEsF LITXEF S 417 pGL3-Lucend-S 77 A
~— (5AAT CAG AGA TCC TCA TAAAG-3") & pGL3-p X2 & —d SV40 poly (A)
7 F v EIZEREF LT SV poly (A)-AS 77 A ~— (5-TAC TTG CTT TAAAAA ACC
TCC C-3") Z H\ 7=, Thermo Sequence Cy5 Dye Terminator Kit & 7= | Thermo Sequence
Cy5.5 Dye Terminator Cycle Sequencing Kit Z FIVWTLL N O X S ICRISHK 2R L 7=,
Cy5 TlX, 77 A N 1uL @2 ug L), Reactionbuffer3.5 uL, 771 ~— (10
pmol/pL) 0.5 uL., Thermo Sequence DNA polymerase 1 uL, JEFEAGERK A2 N2 C2E%
27 uL & L. JEI250E L TH W 7z ANTP/Cy5-ddNTP 2 pL (2 6 uL T D00 2 SR & L
72. Cy5.5 TlZ, 77 A X R 1 uL (2 pg LA I), Reaction buffer 3.5 uL, 77 1 ~— (10
pmol/uL) 0.5 uL, Thermo Sequence DNA polymerase 2 pL., J&EGRKZ N2 TLEY
31.5uL & L. B2 L TRz ANTP/Cy5.5-ddNTP 1 pL & 7 uL 200 2 Sk
ELTeoh—~A% A2 T —%MHT95C T 1RMMIESE721%.95°C T 30 B,
54°C T30HMH.72°C TR Z 45 A 7 VDR Ty — 7 2 AREZAT > T2,
FOSH T #, OGS Z 1.5 mL F 2 —7 1B LT 2 —7IC TSMBIRT »E=7 A
2uL, 7'V 3 — 7 UPRHR 2 uL, K L TRV 100% = % / —/L 30 uL iz -20°C
T 20 /W& Uiz, & D% 15,000 rpm, 4°C T 30 i OmBE L, b % 70% T
Z ) — )T L, LA LS S8 7%, Formamide loading dye 6 puL % /il X C A%
¥, D95 2 ul % Long-Read Tower DNA ¥ — 7 > % — |2 X 0 fif#T L 7=,
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[-2-7 77 A3 FDNA & pre-miRNA @ HEK293 flfli ~DEAL LMLy 7 =T

—B7 vt AiE

LiR—HX—77 23 K& pre-miRNA ® HEK293 i~ AL Lipofectamine
2000 % HV 7= forward transfection {52 L VA1To72, DT AT =7 va U EH
ET2720, UIVAXTNY T =2T7—BREATT A R (pGL4.74-TK) % 3
47z, Cellmatrix GITH¥ 7 F 2, Osaka, Japan) T2 T —4~ 2 a— h L7z 24 well 7
L — NZ HEK293 % 1x10° cells/well (2722 & 9 ICHERE L, 5% CO2f#fE F, 37°C T
24 BFfEEE#E L7=, 190 ng @ pGL3 77 A X KB LT 10 ng @ pGL4.74-TK & 25 pmol
® pre-miRNA (2 FBS JEG AR A N2 TS50 L (ICFH L7z, £/~ 1ul @
Lipofectamine 2000 Reagent & FBS 3E5 AE A & o1 T 50 uL & L7 2 B
ML, BRTIS A FaX—FLTt, 2TNHDOBEKEZEAL T, S HIZ=EIRT
1500 A ¥ ax—h L7tk Milah b2 RE L, 1well 729 100 uL § 2%
MU, 5% CO,fF1E T 37°C T 48 Ry 2E L 7=,

Dual-Luciferase Reporter Assay System Kit Z V>, V7 =7 —B7 v& A1 Z21T-
Too BEF LTI DREAZ B BRE . PLB % 100 pL/well 95212 CT=IE T 15 4
MIRE S L, 1.5mL OF =2 —7I1ZB LT 15,000 rpm, 1 3Lz ODEELZ, BHh
hEEEHLOFa—7IZBIRL, ZhEzEeLrT74E—FE L7, 96well 7L — b
(220 uL To BT A B — M &437E L 721, Wallac 1420 ARVOsx ¥ /L F 7L 1 D
A2ty FLULARITIOO uL Z23MNT 52 & TRE VAT T =T —BIEM% | Stop
& Glo Reagent 100 pL I $ 252 & TUITAZ TN 7 =7 —BIEHZHIE L
Too TEMEMEIZR NN T T 2T —BORNEZ TV ITAZINT T =T —BORN
FEThRTHZ LTV RkDT,

[-2-8  HepG2 A~ pre-miRNA DEH A

HepG2 #lifi~® pre-miRNA D AL Lipofectamine RNAIMAX % FV 7= reverse

transfection 512 & W 17> 72, FBS FE& A 1 HIIC Lipofectamine RNAIMAX 7.5 uL & |
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150 pmol @ pre-miRNA Z Nz 6 well 7L — K 1 well H72 Y 28 500 uL 12725 XK 9
(2L, Sl T20 00 A »Fa—F Lz, 8%, 6 well 7L — MIEMM L,
5x10° cells/2.5 mL & 72 % X 52 FBS & A H i CAVR L 7= HepG2 Mz M % T, 5%
CO, fFE T, 37°C T 72 FefliLs# L7,

[-2-9 Total cell homogenate DFHHL & &7 L XV EE &

[-2-8 (Z#E U T pre-miRNA Z3E A L7-fifaz ~ VY 7' -EDTA A CHIBEL T 1.5
mL F = —7IZEUL L 7=, 3,000 rpm, 4°C T 5 /MmO EER, EiEE2T7 AL —X
— TSI L, LB % 1 mL @ PBS (Z8&# L 7=, 3,000 rppm, 4°C T 5 4y [ Do B |
EiEET AR L—%—TWF| L, 50 uL & TGE MEMEHRIZIRE LT, kikEF L 37°C
B CHERME L 3RV IR L, 77 e R U A Y —% A L., K ET 30 /-
RETF A XL T total cell homogenate % #57-, # > /N7 'EE&IX Bradford £
(Brdford, 1976) (Zf€V>, Bio-Rad @ Protein Assay kit 2\ 7z, y-7' a7 U U IEHK 0,
5. 10, 15, 20 mg/mL % R &2, FEHK T 10 %478 L 7= total cell homogenate 10 pL
&RERLK T 5 £ 77 L 7= Dye Reagent (Bio-Rad) 490 pL # 784 L. SR{E TG SH 7=,
595 nm DWW % Biotrak II plate reader (GE Healthcare Bio-Sciences, Piscataway, NJ)

ZHOTHE L,

[-2-10  SDS-PAGE ¢ W= REZ T uavr 47

[-2-9 THi#L L 7= total cell homogenate % I\, Laemmli (1970) 35 & O Towbin &
(1979) O HIEIEIEE M Z ., SDS-PAGE #1T->7, EE I mm, 10%KV 727 VL7
I RTWIZE NT B A 2030 ug 77T A LTz, SDS-PAGE 1%, Transfer cell Z JfJ\»
BRI EHET 7 VT I RS H 5 Immobilon-P PVDF R EXHIICHERE L7z,
ZORE, Ak, 727 VT I K5V, PVDF BRI G HMEER ISR L TiT > 72, 83
‘Bt%. PVDF Ji£% Odyssey blocking buffer (LI-COR Biosciences, Cambridge, UK) T 1
Kl 7wy X7 L, 1 IRPUERRISE IR TITo 72, 1 IkPukE LT, ¥ FhHie b
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RXRoFUE (200 f5758) 72137 ¥ FH b b B-actin FLIE (100 (5747K) 2, £
NEN—BLUS SH 72, WIZ, 0.1% PBST T 5 43f7 2 4 BIBEHE, 2 IHUAG
ZRILTITo 7=, 2 RPIAR L LT, IRDye 680LT fZikY¥ £H v VX Hi{K (PBST T
10,000 57 fR) 2 Hu, 1 REREISOL S/ 72, £ D%, 0.1% PBST T 5 43372 3 [a],
S 51T 0.1% PBST/0.01% SDS T 5 7y [MVEH L. /& #%IZ PBS T 5 i Lz, N
RORRHIZIX Odyssey 1 > 7 7 Ly KA A— 7 2 A7 I (LI-COR Biosciences)

ZFEH L. E&IZIX Odyssey software (ver 1.2) % 7z,

[-2-11 Total RNA Oif#l L cDNA ~D 55 X it

AR B EEHZ B D R & . RNAiso & 500 puL/well 3201 %, 10 7y M=IEIZHE L
72, 15mLF =2—71CB LT, 100ul 27 makR/LhZ Mz <HEHBL, 55
MZIRIZE V7214 15,000 rpm, 4°C T 15 O oL 72, KEZBIO 1.5mL F

—ZNZEUL L, 250 uL DA Y TR ) — )L a2z, EEEEE L 2% RIEIC 5 0
JgiE L7z, 15,000 rpm, 4°C C 10 sy o BE L, L% 1 mL O 70% =% / —)L
T Lz, T OWEA R L, DEPC ABRERIKZ %, 60°C ORI T 10 47
Vi 7=, 260 nm (233 1F D WG EE % NanoDrop (2 X W HIE L7z, Z @ total RNA
ZHWTUTO L S ICHERE G EIT > 72, Total RNA2 pg, 7 v X L~FHh~—
(150 ng/uL) 1 uL & DEPC ALBERERLK Z M AT 29 ul & L, —~ ¥ A1 27 T —% [
VT 70°C T 10 43S K# L7z, Reaction buffer for ReverTra Ace 8 uL., 10 mM
dNTPs 2 uL, ReverTra Ace (100 units/pL) 1 pL # /12 CL&®% 40 uL & L7z, 30°C T

53f.42°C T 1HERTL98°C T 10 3 Y —~ WA 7 T —% TS S H cDNA
ER LT,

[-2-12 Real-time RT-PCR |Z & 5 mRNA FI & D H|E

[-2-11 TH72 cDNA H > 7L 1 uL iZ 10 pmol/pL DB AT F 4 ~—L T v F k&

VAT T A ~— (Table 3) ZF4 %4 0.8 uL, ROX 0.25 uL, SYBR Premix Ex Taq 10
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uL & N2 EERERIK Ca2EE 20 ul & Lz, RIS Fo 7 e ha— /L Tir-o 7,
RXRa/E AR —/V REi% 95°C C 1 3T o 724, fEBERL % 94°C T 15 B, 7 =
— U 7% 62°C T30 M., MEMKIGE 72°C T30 & L, 40 A1 7 1707,
B-actin [T —/V RS %A 95°C T 1 3 MAT - 72, RBESUGZ 94°C T 20 B/, 7
==V 7 L MERIGE 64°C T20 R & L, 40 YA 7 V1T o7, CYP26 IR —/1
R % 95°C C 1 43 MAT o 724 MRBESUS A 95°C T 10 B, 7 =—V 7 Lk
BO&% 68°C T30 Fpfl & L, 40 1 7 AT o7z, p21 1A —/V R % 95°C T 1
ST o 7ot FRBERIS % 94°C T20 M. 7=—U v 7 LHEKIE% 65°C T 20
e L, 40 A 7 W4T 572,

Table 3. Sequence of primers used for real-time RT-PCR analysis.

Primer Sequence

RXRa forward 5'-TGC GCA AGG ACC TGA CCT ACA C-3'
RXRa reverse 5'-GAC TCC ACC TCA TTC TCG TTC CG-3'
B-actin forward® 5'-TCA CCC TGA AGT ACC CCA TC-3'

B-actin reverse® 5'-GAT AGC ACA GCC TGG ATA GC-3'

CYP26 forward 5'-CCG CTG CTG CTC TTC CTG GCT GCG A-3'
CYP26 reverse 5'-GAC CGA CAC CAG CCG GTC GTC TCC GA-3'
p21 forward" 5'-CTG TCA CTG TCT TGT ACC CTT GTG C-3'
p21 reverse® 5'-GGA GAA GAT CAG CCG GCG TTT G-3'

%0Oda et al (2012); "Takagi et al (2009).

[-2-13  RXRa mRNA Z27E M D 2E4H

[-2-8 (Z#E U T pre-miRNA % & A L 72 HepG2 MIfRIZ[FAIFFIC 10 pg/mL Da-7 v =F
VEME L. 5%CO, [FAE T, 37°C TEEE L7-, 3. 6. 9. 12 BEf#%. 1-2-11 IZHELT
T total RNA Z #H# 35 I O cDNA ~DWlEE RS A2 470, [-2-12 126> T

RXRao mRNA 88 & % HE L 7=,
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[-2-14 O HEE L Nuclear run-on assay

[-2-8 (Z#E U C pre-miRNA %8 A L 7= HepG2 #ilffl & 5% CO, f#1£ F. 37°C T 48
RrfilEE L. MY 73 -EDTA WK CHIBEL C 1.5 mL F = — 7 IZEUX L7z, 3,000
rpm., 4°C T 5 /MmO mBEts . B2 7 AL —4% —TWlR3g| L, b4 1 mL ® PBS

& L7, 3,000 rpm, 4°C T 5 pfiliE O oBE%,. FEE T AL —% —Tlkg| L.
CER I #&1E % % 100 uL/40 mg cells TMA P L < BH L, 10 5K ETA o F a2 _X—
N L72%. CERIIABMEK % 5.5 uL/40 mg cells T A LB L=, 1 oRPK ET
A F a2_—hk L7z, 15000 rpm, 4°C TS5 oEmOnBtL., EiFZBREL A
HLEE L. 300 uL @ Transcription #% i ik |2 %48 L 7=, RNase A Solution (50 pg/mL) 1 puL
ZMZ., 37°C T 20 5[ s & 7 1% . RNasin Ribonuclease Inhibitor (40 units/uL) 2.5
uL 2002 ,37°C T 543t & RNase A % K7 & H 72, Ribonucleotide Solution Mix
(80 mM each INTP) 1 uL Z /il x., 25°C T 30 43 [ )is &H mRNA O de novo & K= 1T
72, RNAiso Z# 1 mL Nz, [-2-11 [Z# U T total RNA D55 JL O cDNA ~D i

R B 24T, 1-2-12 125> T RXRo mRNA FHL &2 HE LT,

[-2-15 CYP26 mRNA DOFFE L CYP3A4 7 1 & — ¥ — DA EEME O ZEAN

[-2-8 ([ZH#E U, HepG2 MifEiZ pre-miRNA Z3E A L, 5% CO, f7/E F. 37°C T 72 I
538 % . DMSO ICIEfE L 72 atRA 38 X O 9-cis-RA Z R AIREN ZNZE1 1 nM B
FR20M 12725 K D IR L 72 B I A HE L. 5% COL f77E . 37°C T 24 W
FlLiz, 2> br— Xt LTO0.1%DMSO % RIERICALE L7z, 1-2-11 |24 L T total
RNA % il XU cDNA ~DO WG S 21TV, 1-2-12 129€ > T CYP26 mRNA %
BlE A HE LT,

CYP3A4 7't & — & — DA GIEMEIZ KIE T miR-34a @ FIFE BLO 21T L Mt
T1%.290 ng @ pCYP3A4-362-7.7K,10 ng @ pRL-SV40 & 10 pmol @ pre-miRNA (Z,
DNA : TransFast Transfection Reagent = 1 : 6 (272 % J 9 |2 TransFast Transfection
Reagent Z ¥R L. FBS JEG AR AN 2 T200 uL & L7, = T20 001 > %
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2aX— F L THEARLZIER S %, Ml bE A2 FREL, 1 well H721D 200 pL
T DAIT 5% COL fF7E T 37°C TH:#E L 7=, 48 FEfi] % . DMSO |Z¥&fi# L 7= rifampicin
TR EEDN 10 uM 2722 X D WCIIN L 7= BE o ss#a L. 5% CO, f7/E F. 37°C T
24 BEfEIEEZ LT, 2 bue—L & LT O0.1%DMSO (v/v) % RIFERICALE LT, 1-2-7

W TN 72T —8BT viAf 2ITo72,

[-2-16 e ~Dx= F AR NiLiE

[-2-2 |[ZHE U, HepG2 #fn+ O HuH7 M % 5% COL f74E F. 37°C T 48 Kyfijhs
FBL, REBENIMIZRD L) bARY RERN L2 L, 5% CO,
AT, 37°C T 48 RS L7z, 1-2-11 (2% U C total RNA % #5835 1OV cDNA ~
DR G i ATV, 1-2-12 126> T p21 mRNA BEHEAZHE L7-, £721-2-9 (2%
U Ciffifa Z [FIIY L total cell homogenate Z si#4 L, 1-2-10 IZ9¢ > T RXRa ¥ /N7 &
FEEL A E LT,

[-2-17  Real-time RT-PCR (Z X % mature miR-34a & 81 & O | &

TaqMan MicroRNA Assay % V7= real-time RT-PCR 4|2 £ ¥ mature miR-34a % il
E L7z, 1-2-16 T#37- total RNA 7> 5 TagMan MicroRNA Reverse Transcription Kit %
FAWT cDNA % &k L7z, Total RNA 75 ng. 100 mM dNTPs 0.075 puL. Reverse
Transcription Buffer 0.75 uL, MultiScribe Reverse Transcriptase 0.5 pL, RNase Inhibitor
0.095 uL. miR-34a ff] RT primer 1.5 uL, Nuclease-free water Z J1 X 2= & 7.5 uL & L,
5 ke Lz, £ D%, 16°C T 30 7of], 42°C T 30 7o, 85°C T 577, Ph—~
WY AT T =% HNTRIGSH cDNA Z 55k L7z, 5 57z cDNA 2 7°/L 1.33 uL
(Z. TagMan Universal PCR Master Mix 10 uL, TagMan MicroRNA Assay mix 1 pL.
Nuclease-free water Z X R&E 20 uL & L7z, KISIFUTO 7w 2 — L TiTo7-,
=V R % 95°C T 10 73T - 721%, MRS G 2 95°C T 15 M, 7=—1U
7 LR ERIG % 60°C T 60 B & L, 40 ¥ 7 /L1T - 7=, U6 small nuclear RNA (U6
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SARNA) (22T [AERIZIT - 72,

1-2-18 & MFH 7 EBIT 5 RXRaH > 737 E ¥ 1L O mature miR-34a H &

DM E

E MFY T2 O TZERIIERRFB LW FERRFEOE b7/ L - 8
TR EMBEEFE AR B2 O AR L/ TITo 7o, & MIFY U 7WIEFERRY: B
FENEESGEE I OFAR R E L X OVE IR R B EIEE N B2
WrrdeBR oIl E=— XV EEEETEWZ, R —IEHIX Table 4 IZF & 072,

Table 4. Characteristics of 14 donors used in the present study.

No. Age(yr) Sex Fibrosis Diagnosis

1 82 F  None Mild fatty degeneration around central vein
Nuclear glycogen deposition
Lung cancer without liver metastatis

2 68 F  None Death from cold
Normal liver 3 72 F  None Asphyxia
4 72 M  None Bile duct cancer
5 83 M  None Acute myocardial infarction
6 64 F  None Colorectal cancer with liver metastasis
7 78 F Mild Mild hepatic congestion
Multiple myeloma without liver metastatis
8 49 F  Severe Primary biliary cirrhosis
9 70 F  Mild Moderate hepatic congestion
Mild fatty liver
Acute myocardial infarction
Fibrotic liver 10 78 M  Severe Hepatocellular carcinoma with cirrhosis
(hepatitis C virus positive)
11 75 M  Severe Hepatocellular carcinoma with cirrhosis
12 55 M  Mild Mild alcoholic liver fibrosis
13 62 M  Severe Alcoholic cirrhosis
14 61 F  Severe Primary biliary cirrhosis

HF#I 1 g 120 3MERDRET YT A ARz N, 7 7 v potter AT ) A

P—T3 A b —7 L L total cell homogenate % 157=, % > /37 EHEEIT [-2-9
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ICHECCTHIE L, 1-2-10 ([CHEC X X7 EH % 30pug 777 A4 LT, SDS-PAGE 5 &
RNy RETayT 4 T EToT,

JF#I 50 mg 12 RNAiso & 1 mLINZ  H 7 AKRE DT AP —THREDF A ALK,
1.5mL F =2 —7 2L L7z, 1-2-11 (124 U T total RNA @
mature miR-34a 8L &% HE L 7=,

R 1-2-17 ICHEL T

[-2-19  FEEHEAT

T HEM O LT Student’s -test |2 XV L REM O LT One-way ANOVA & Tukey’s
test (2 LV EMT L7, IEWITY 70 L BHELIT Y 71T E 1T D mature miR-34a

B L O RXRa¥ "7 HRBLEO LT Mann-Whitney’ U test (Z L 0 . FHBIBIFRIZ

Spearman’s product-moment method |2 X Y fififfr L7-, P<0.05 O, #EHFIICAE
& L7,
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3T FEEAE R
[[3-1 Vo 7=27—E7 vEAI125L% MRE OFRE

32— ZEHTIZ L Y RXRa® mRNA (2 fLH & 317 MRE 23M&HER) T & 2 0>
R 72, HEK293 MR L2 L AR— 2 —7 T A3 R&EA L, miR-34a i
FIFRHOHE L Fa L7z, Pre-miR-34a O AIZ L Y pGL3/c-miR-34a TILIFMEN =
YEhE—AD 13%E TR T LEZ &6, HA LT pre-miR-34a 23BERERI I8 C
W52 LEARENT (Fig 4), LA L., 3°-UTR IZ{EET D MRE1 % & dolkt i & i 7
ANTET T 2 RIZBWTCUIEROIR TIERO b v o7, —J7, BEREEIC A
H X372 MRE2 % & Lol i 2 fLAGA AT 7T A X RIZB W CIEA B RIEEOIK T2
BOSNT-, > T, MRE2 7% miR-34a (& LV 3Bk S v, FEIRHIENCRERE A 1BV
TWbHZ EBRSNT,

O Precursor for control
B Precursor for miR-34a

Xba 1

+1898 +2040
pGL3/MREI § 10

+659 +778

*
pGL3/MRE2 9  HO __|— I *
pGL3/c-miR-34a () Luc F) . —I

*¥®

O SV40 promoter O SV40 poly (A) 0.0 0.5 1.0 1.5
OMRE1 OMRE2

_ Relative luciferase activity
0O miR-34a complementary sequence

(Firefly/Renilla)

Fig. 4. Effects of overexpression of miR-34a on luciferase activity in HEK293 cells. The reporter
plasmids (190 ng) were transiently transfected with pGL4.74-TK vector (10 ng) and 50 nM
precursors for miR-34a or negative control #1 (control) into HEK293 cells. The firefly luciferase
activities for each construct were normalized with the Renilla luciferase activities. Values are
expressed as percentages of the relative luciferase activity of pGL3p. Each column represents the
mean + SD of three independent experiments. **P < (.01 and ***P < 0.001 by Student’s t-test.
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[-3-2  HepG2 MIEIZ 31T D RXRaH > /)7 B3R BLEIZ M IF T miR-34a BRI H O

B
Pre-miR-34a (50 nM) % HepG2 MIfEIZEA L, 72 KFH#& 2B 5 RXRa¥ 737
BB MIE T miRNA BRIFEBOZE L M LT (Fig. 5). € O#EFE RXRa¥
NG R B EIL pre-miR-34a DEAIC KV AEIZIK T LZ (22 Fa—/10 49%),
7€ > T miR-34a 7° RXRoDIFEHAENZ D D Z & AR S L7z,

< 20 Fig. 5. Effects of overexpression of various
= miRNA on expression level of endogenous
E —~15 - * Ak RXRa protein in HepG2 cells. The precursor for
0 .E - ‘ | | miR-34a and negative control #1 (control) (50
o o) nM) were transfected into the cells. After 72 hr,
g" s - the cells were harvested and total cell
[ E 1.0 1 homogenates (20 pg) were subjected to Western
ES = blot analysis. RXRa protein levels were
0 normalized with the B-actin protein levels.
; = 0.5 1 Values are expressed as percentages relative to
% no transfection (NT). Data are the means = SD
(% of three independent experiments. *P < 0.05 and
0.0 %P <0.001 by Student’s t-test.
RXRC( —— .
B-actin | e— — —

NT Control miR-34a

[-3-3  HepG2 #lfIZ 517 %5 RXRo mRNA FEHL & M 13 miR-34a i o) 56 B 0 5 28

miR-34a (2 &L %5 RXRa# /"7 BHREBEEOK T2, RXRa mRNA FH &DK TIZ
BRI 2 S D057, miR-34a i FIFE BLF O RXRa mRNA FEHL & 2 5~ 72
(Fig. 6), negative control #1 Zq A L7235 TiX. RXRa mRNA FEL&I(TEA®R 6 K
&t T 12 FERIC 245, 24 FERI T35 f5IC EH L7k, 48 KT 7 h—¢&
720 72 WERELLARE CIERFRMKFEROICIR T L7z, 24, 48, 72 Rzl WT, = |
71— b & H T pre-miR-34a 3 AIZ L Y RXRo mRNA BEHEOHERK TR0 5
ATz fE > T miR-34a (TR F 2 Jifil & 2 VM E mRNA D4R % it 4 % Z & C RXRa
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DFRBZHIFE L TWD Z ERRE ST,

Fig. 6. Effects of overexpression of
miR-34a on expression level of
endogenous RXRa mRNA in HepG2
cells. The precursor for miR-34a and
negative control #1 (control) (50 nM)
were transfected into the cells. After the
indicated times, the cells were harvested
and total RNA were isolated. RXRa
mRNA levels were determined by
- NT real-time RT-PCR and normalized with
the B-actin mRNA levels. Values are
expressed as percentages relative to no
transfection (NT) at time 6. Data are the
0 — r . 1 T T T T means + SD of three independent

0 24 48 72 96 120 experiments. **P < 0.01 and ***P <

Time (hr) 0.001, compared with the precursor for

control by Student’s t-test.

(/p-actin mRNA)

-+ Control
- miR-34a

Relative RXRa mRNA level

1-3-4  HepG2 I 31F 5 RXRa mRNA D% EMIT K I1E 9 miR-34a 55 B D &

i3

miR-34a {2 & % RXRo mRNA FHLE DK F73, mRNA 3RO TLHEIC X 5 & D7
N5, BHELERTH Da-7T~v=F 2 AE L, RXRa mRNA OFEBLLH) % FF
fili L7z (Fig. 7). AL 3 BFRE] & il L C. negative control #1 %8 A L7234 Tl
RXRo mRNA #H &% 6 FEfL. 90%FE TIL T L7, pre-miR-34a ZE A L7445 T
X 73%FE TR T L, ZORTFRICAEZEZNPRBD b, 9 FEfiif4. negative control #1
2 A L7254 Tl RXRa mRNA ZEBL&E 1T 75%F TR T L7225, pre-miR-34a % &
ALTEHATIEZ61%E TR T L, TOETRICAEENRD bz, 12 R,
negative control #1 % A L 72354 TiX RXRo mRNA ¥ H &1L 76%F T T L7273,
pre-miR-34a ZH A L7256 TIE 58%E TR T L. Z DR TRICHEENRD bl
RXRo mRNA %518 o =984 13 negative control #1 &3 A L7354 TIEHI 19 FFR,
Pre-miR-34a Z 38 A L 72356 TIEK 12 K] ThH o 72, 6> T, miR-34a X mRNA ©
SRz TS S 2 & TRXRaDFEHZHIE L TV D Z &R S LT,

24



1.2

)

3 104

< —_

Z < 08 -

=

=2 ok

o 5= 067 L

" Q

% T 04

S —= NT

E 0.2 1 -0+ Control

r_% - miR-34a
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Fig. 7. Effects of overexpression of
miR-34a on stability of RXRa
mRNA in HepG2 cells. The cells
transfected with the precursor for
miR-34a and negative control #1
(control) (50 nM) were
simultaneously treated with 10
pg/mL o-amanitin. After the
indicated times, the cells were
harvested and total RNA were
isolated. RXRa mRNA levels were
determined by real-time RT-PCR
and normalized with the -actin
mRNA levels. Values are expressed
as percentages relative to the value
at time 3. Data are the means £ SD
of three independent experiments.
**P <0.01 and ***P < 0.001,
compared with the precursor for
control by Student’s t-test.

[-3-5 HepG2 HifIZ 1T 5 RXRo DHAGFIZ KIX T miR-34a i 5l Bl o F2 28

miR-34a |2 X 5 RXRa mRNA EHEDIL TN, BBEROIKTFICL Db O0iH5

7= ®. Nuclear run-on assay % 17> 7= (Fig. 8), &5 ItAl & 55N IT D

RXRo mRNA &% b U7z Kf, EH-23 NT (no transfection), negative control #1 £

721% pre-miR-34a ZE A L72WTHICEW T HRIBRE CTH -7, - T, miR-34a

12 RXRODEZBEREIZCEE A 5 2 TWA DT TIER W LR X7,
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Relative RXRa mRNA level

1.5-fold

1.7-fold 1.4-fold

NT Control miR-34a

[0 Beforerunon W After run on

Fig. 8. Effects of overexpression of
miR-34a on RXRa mRNA transcription in
HepG2 cells. The precursor for miR-34a
and negative control #1 (control) (50 nM)
were transfected into the cells. After 48 hr,
the cells were harvested and nuclei (15 mg)
were used for Nuclear run-on assay. The de
novo expression levels of RXRo mRNA
were determined by real-time RT-PCR.
Values are expressed as percentages
relative to no transfection (NT) before run
on. Data are the means = SD of three
independent experiments.

[-3-6 CYP26 mRNA FEEE L ONCYP3A4 2B TEMEIZ M1 3 miR-34a B\ FIF L O

E/ Y
A

=g
=

CYP26 1ZLVF / A VERALEIZ L W RARRXRa~T B X A4 ~—Z L CHEIN

HZENHMBATWSD (White etal., 1997), % Z T, miR-34a |2 X % RXRa¥ /37

B ORELINH] S CYP26 mRNA OFFEREIZEE LY KIF T E 9 D, pre-miR-34a %3

AL THEZ1T->7- (Fig. 9A), RAR DU > RTH 5 atRA £721X RXRaw DV

v RTCTHD 9-cis-RA ZHLETH Z L1128V .CYP26 mRNA [T A EIZHE I N 3.2

& 49 1%, —J. preemiR-34a ®EAIZ LY, U H FALEIZ LD CYP26 mRNA

OFHEREITHE L 1.6 F5L 1.1 65,
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FIERIC, &9 1 2D~T I A ~—/3— b F—PXR O Tii#fs 1 ThH S CYPIA4
DAY T, HepG2 i CTIL CYP3A4 mRNA OFRHENMEL . FELEBD S
Niphhoil=, CYP3A4 &5 1@ Lt PXR/RXRoDfE Al & 8 754 A 72 LR
— 4 =7 F7 A3 R W TIEGIEMELREZ 3l L 7= (Fig. 9B), PXR D U > R TH
LV 77 T ERNET D ZEIZEY, CYP3AL DERBIEEDHE 2 LA RRD
BT (4.1 F%), miR-34a OWFEFBUZ LV Z O EFHIFERITHER LE (1.2 %),
PLEXY | miR-34a (I~T 1 ¥ A v—/3— F =2 53 RXRaD FitiEs 10
IR EL KT TZ LRI N,

>
>~

10 8
]
% 2
< ~ 87 ‘ Z |
7 < 4.9-fold S5 4.1-fold
% QZﬂ | eoksk Q "g e sk sk
o & © S
S S 4
= Q
=~ S 41 1.6-fold 2% \
O g . o .= 1.2-fold
s 1.1-fold T
27, ] - i
= o
- * n B
0 0
atRA -t - -t - Rifampicin - F -t
9-cis-RA - -t - -t Control miR-34a

Control miR-34a

Fig. 9. Effects of overexpression of miR-34a on induction of CYP26 and transactivity of CYP3 A4
in HepG2 cells. (A) The precursor for miR-34a or control (50 nM) was transfected into HepG2 cells.
After 72 h, the cells were exposed to 1 nM atRA, 2 nM 9-cis-RA, or 0.1% DMSO for 24 h, and the
total RNA was then prepared. The CYP26 mRNA levels were determined by real-time RT-PCR and
normalized to the B-actin mRNA levels. (B) The reporter plasmid pCYP3A4-362-7.7K (290 ng)
was transiently transfected with the pRL-SV40 plasmid (10 ng) and the precursors for miR-34a or
control into HepG2 cells. After 48 h, the cells were treated with 10 uM rifampicin for 24 h, and the
luciferase activity was measured. The values are expressed as percentages relative to that of the
precursor for control (-). Data are the means = SD of three independent experiments. **P < 0.01
and ***P < 0.001, compared with vehicle treatment (-); "P < 0.05 and """P < 0.001 compared with
the precursor for control.
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[-3-7 RXRa% /X7 E3EBLEIZ KT T p53 iEMHEAL DL

ZZETOMRT, & b RXRaDFEHAENC miR-34a 3D TWDH Z L EHAL
AT L2, miR-34a ITEENHIEL T pS3 O FiELFTH Y. p53 OIFEMEIZED
miR-34a DFEHNFHEE XD (Raver-Shapira et al., 2007), UT4E. p53 MRRAE(L DL
IZPB9 54 % connective tissue growth factor DRI 2 FHET 5 = & THHRME(L DEITIC
5425 &) Z ENME ST (Kodama et al., 2011), BUBEZR Z &1, FFRRAESE
ET /L7 v b (50% CCly in vegetable oil 1.5 mL/kg, p.o., 8 week) Tl RXRa¥ > /37
ERABNER 7 v PEVIREEZRTZEDME SN TS (Wangetal, 2011), —
Ti. VFUANANT Z—Z W THIFBRAEIEE T /LT » M2 RXRoZ B EF 8L S
5 LRI~ — I —TH D27 =T ORTHRRDLND Z LD, RXRa
IZIFRRHE L LT U TR < 2 & Bl ST d (Wangetal., 2011), LA E X
V. miR-34a ZJ7 L 7= RXRaDFEBUK TIIAFFMEIL OEITIZEI G L T\ 5 ArRgtEds
Ez b (Fig. 10A),

% Z T, p33iEMEIGIZ £ D miR-34a DFEBLFHE D RXRa ¥ /37 EIRBLE IR
ZRAFT D, pS3iEMAbEEEZH T 5 = RN Y K% HepG2 fifld (B4 p53 HBLHHIa
BR) \ZALE URRFET 21T > 72, Fig. 10BIZ/RT L D18, = FARY ROLEIZLY p53
D FiEETTH D p21l mRNA FEHED 9.9 %0 EFHNZED S, p53 NiEME(L &
NTWDZ ENRENT, £72%F DO, mature miR-34a BHE L HER EH (1.51%)
Z L (Fig. 10C), RXRa# > N7 ERBLEDOH BT (82%) 1@ biviz (Fig.
10D), iV CAFA p53 FHHAMAUL TH D HuH7 Milgic = F AR R & ALiE LIREED
at 24T 5 7=, HepG2 #fa & F72 v . HuH7 HIM TlE p21 mRNA. mature miR-34a
FELE, RXRaZ X7 ERELEICEITRD b o 7o (Fig. 10E-G), YL E X D |
p53 OIEMALZ A L 72 miR-34a OFFE X RXRoDFEHEZ K FSE 25 2 LR S
720
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Fig. 10. Effects of induction of miR-34a through p53 activation on expression of endogenous
RXRa protein in HepG2 and HuH-7 cells. (A) Schema showing previous findings and new insights
on the progression of liver fibrosis through p53 activation. (B-E) HepG2 and HuH-7 cells were
treated with 1 pM etoposide or 0.1% DMSO for 48 h, and the total RNA and total cell homogenates
were isolated. (B and E) The p21 mRNA levels were determined by real-time RT-PCR and
normalized to the -actin mRNA levels. (C and F) The mature miR-34a levels were determined by
real-time RT-PCR and normalized to the U6 snRNA levels. (D and G) The RXRa protein levels
were determined by Western blot analysis and normalized to the -actin protein levels. The values
are expressed as percentages relative to that of HepG2 cells treated with DMSO. Data are the means
+ SD of three independent experiments. *P < 0.05 and ***P < (0.001 compared with the DMSO
treatment by Student’s t-test.

[-3-8 AL OIRD BN DAFICE T D mature miR-34a & RXRo X v /37 B I H &
D fEHT

miR-34a {2 & 5 RXRoaDFEBLHIE & THRAEL & OBEZ B 6200 T 5720 #iifk
fbe MFY > 7% T mature miR-34a & RXRa¥ > 37 HRBLELZRIE L, E
W 7 g U, B ATER & S TR (L DGR B3 5 ITHRE CIx
mature miR-34a (3AE TIERWVH DD (P=0.08) Bl A R~ IH AR b (Fig.
11A), — 5 . RXRa % v N7 BRI FITIAEIC (P<0.05) KWMEZ R L7 (Fig. 11B),
F 72, mature miR-34a & RXRoa% /37 ERBE L OMIZITARER Rs=-0.79, P <
0.001) HAHBIRAFR N FE D H a7z (Fig. 11C), it > T, miR-34a D EFE I RXRall X
D ARHEVEH & e S, B LOBALICBE B LT\ D Z AR S LT,
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Fig. 11. Expression levels of mature miR-34a and RXRa protein in fibrotic and normal human
livers and their relationship. (A) The mature miR-34a levels were determined by real-time RT-PCR
and normalized to the U6 snRNA levels. The bars represent the means. (B) The RXRa protein
levels were determined by Western blot analysis and normalized to the B-actin protein levels. The
bars indicate the means of each group. (C) Relationship between the mature miR-34a and RXRa
protein levels. The values are expressed as percentages relative to the lowest value. Each point
represents the mean of two independent experiments.
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AR ETIE RXRaDFELFHENC miR-34a 2388595 AlfEME &2 Wit L7z, WL O
A miRNA JZAEF) mRNA O (2 3-UTR IZHE G L CTIEERIBAR 7 DR BL 2 A Hl A5
% (Wuetal., 2004), 3’-UTR ® MRE Z #4371 7' Z A TargetScan Z T, RXRa
mRNA @ 3’-UTR (T MRE 3MFEET 205 Lz 2 A, 1 D bl (MRE]),
L7 L, O MREL TR TRWZ ENNLT 727 —EBT vEAICEL D RSN
(Fig. 4), miRNA [ZFHEREEE D MRE (Z b AERERIZME) < Z & A HRE STV D (Tay et
al., 2008), %+ Z . BHFRSEIICHSOWTH MRE # R T&X 57175 L RNA22 %
W T RXRaDFHERBEIKIC MRE 2MFEET D 0MRFT LT & 2 A1 D7 bl (MRE2),
% MRE2 DHERERICTH 5 Z & A/R &7z, miR-34a & OFHAM:IX MRET (-38.6
kcal/mol) @ J5 5 MRE2 (-27.9 kcal/mol) XV @En o7z, L7225 T, MRE M HEARER
NE D DrE miRNA & DD BRI 2 Z LIETE RV, 20 Z LT
ot shcnwsZ &8T5 Xiaetal., 2009), —f%Z =2 > B 2 — X fifHTiIC &
% MRE DO[REILAGHEOHE R E N E STV D (Alexiou et al., 2009), Tl 7' =
T LEENEFNTHNWST LT Y XLANRRLE->TEY, SERFESENIZLD T
H &5 miRNA O L2725, £72, miRNA 28 mRNA % 78#% 7 5 5. mRNA
D2RBEHEHETH LD, 2B 2 —FITIZ K D MRE OREDERIZITZE S
NTWRY, LVEOENT LI XADEENRD LN TEY . TOEDITIE
BERERIZ2 MRE & Z 5 TRWH DD Y, N REME EET 20BN’ H D
EEZBND,

HepG2 fifEiZ miR-34a Z @RI BEL S/ 2 A, RXRa¥ /N7 EREEDIKT
D H AL (Fig. 5). F£72. RXRa mRNA BEEOK TN D 5z (Fig. 6) =
&6, miR-34a 1T K5 RXRa¥ /37 B3 BL& DK T X mRNA B & O NI fE
IHLDTHDH I EDNRBENT-, Z D, RXRa mRNA O EMENME T L (Fig. 7).
RXRoaDEZEREIZIZHENRO bR~ 7- 2 & (Fig. 8). 7°5, miR-34a |< mRNA
D%z TS 5 Z & T RXRaDFEH A L TWDH Z & 23R Sz, miRNA 23H
A O MRE 2387 256, BIERENH Tld72 <. mRNA Oz L CTERRE
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BT ORBEEZHIET 2 Z & NHE SN TVWD (Duursma et al., 2008; Ott et al., 2011),
WAFZE R I BV T miR-24 73 HNF4a O B R fEIRIZ 124695 MRE % 285#% L T mRNA
DR ZTLET D Z L 25N L TW5 (Takagi et al., 2010), ARRETOfE H1
AR D MRE 2MERERI TH 5555 . mRNA O3RN FEBLHIE A 1 = X LT %
ZEEIRTOILDEE XD,

miR-34a 7% RXRo®D FiEs 12 KIFE T BRI OV THET L 72 FBf | miR-34a O 1
FHEIWZLD, VA RIZX 5 CYP26 mRNA DOFFEMNHA L= (Fig. 9A), 9-cis-RA
X RAR £V & RXRalZ WAL R T 28, atRA IE RAR IZO BB MM A R~
(Marill et al., 2003), 7> T, ~T XA ~v—_X— K F—D U T KOEFHTH-T
H miR-34a |2 X 5 RXRaDFEBMENL T IELEFOF LI EL RTT L& PRI
Ho ZDZEIXPXROY AT RTHDHI 77 U EVUAEIZEY EF L7z CYP3A4
HA GIEME DS miR-34a OMWMFIFHUZ LV IHE L7 Z & (Fig. 9B) O b XFFa 5,
CYP3A4 [T DEH LD 50%L L2 #HT 5 2 £ 025 miR-34a (TEMGEHIZE
BAERIETT AR B X bivd, M T, RXRaBIEMESC 2 L 27 o — L ORGEH

IZBIE L CTWD Z &5 (Wan et al., 2000), miR-34a IZIEE RGBT HHIE L TV 500 %
L7,

pS3 iEMALREZ B % etoposide & HepG2 #lfiK (/£ p53 S BIAMAOKR) 1CALE L
7-Wf. mature miR-34a FEEEOFHE 72 LA D 54 (Fig. 10C), RXRa¥ /37 'E
FEEITAREIZIK T L7 (Fig. 10D), HuH7 fifd (2254 p53 BEMIEE) CTidz o
L RBBITRO BN o122 EnD ., p53 OIFEMALE N L7z miR-34a DIEHTF
3 RXRo VX7 BEHRBEOKTICEEG LTS Z ERNRIEBI L, p53 1% DNA
G, EERRERE, KRR TEELT 222206, RXRaDFHIBUIA ML A
THIE ATV D AREMER B 2 H AL D,

IR TR & TR OFB D B D B MR Tld RXRa¥ > /37 B 38L&
IFEME AR Z & 29D T 522 L7z (Fig. 11B), —J5. mature miR-34a J 5 &%
Bl & R 2338 8 B (Fig. 11A), mature miR-34a & RXRa ¥ v /X7 ERBLE &
ORIZIZAE R WHBENERD bz (Fig. 110), fit-> T, FFEHELIZFE S RXRaD
FBIEB) O I miR-34a 12 K 2R BUHIE B G- LT\ D 2 EARIBE N, Ak
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SFCHWERHE L e NFY > 7 icid, B ORERRE 2L O (n=3) L EHE
2H O (n=5) BNFELE LT (Tabled), L2vL. #ME(LOFEE & mature miR-34a £ 72
I RXRa % "7 BEHEBL&E & OMICHEZRBRITRD b/enr - 7o (data not
shown), miR-34a [ZAFHRMEAL DFIE £ 72 1TEITICE B L CW A AREMER B 2 b5,
RXRoZ & 2 IFRRHEL O MRS IR TH H 2, atRA ZWUET HE T —F G
R BE 53 % activator protein 1 #REE A3 INHl S 41, RXRaT & =2 MLEIZ LD
ZOMENTFII T2 Z L RHEINTWVWD, 4%, miR-34a 12 K 5 RXRaD I B
TR IR 2T =57 7 PO L~ — D —IC 52 5 EEBICHOVTHE L TV B
WhdHEEZDL, KRFHZEL V. miR-34a [INFRRHALICK L THLEETHDL Z LN
RIE ST,

7 v MFEMIIZE O T RXRaDFEH A miR-27a/b (2 X 0 Hilfl S b = & AAdfss
S TW3D (Jietal, 2009), miR-27a/b @ seed sequence /%~ v b RXRo mRNA & @
FIRHPEDS 8 HEdL L i< . MRE OFSINE hE T v P TRESATWAZ LB, B
F RXRaDFEHFAF W T HEERNIE < ATRetEn &5 & &2 bhiz, LaL,
HepG2 fifEIZ miR-27b Z @ EIFHL S 7= & 2 A, & b RXRa¥ /37 EHRIEDIK
TIERRD H 7 hv > 7= (data not shown), miRNA [ZFBi%k & 1 D E 00 & (s 1 OBELYI %
KLAIA AT sponge & IEIZN B RBLT T A I REMI~EAT S & NIRMEOER &
B ~DO miRNA DFEABFTHT 5 Z ERMBILTND Z 5 (Ebert et al., 2010),
HepG il Tl miR-27b CTHlfH & 2D R+ 23 % < 71E L RXRa~D1EH % 855
SETWDLHREENRE X LD,

LU b (AR FTIE miR-34a 73 RXRaDFEHL 4 mRNA O3 FIC L AIZHIE L TR Y |
Z 38 RXRoD Tt s FOFFERRICHEL KETZ L 2P 60T Lz, ZHVE T,
miR-34a OFEREITRAEIR A F.OCFE SN TE 22, A EORFHT X 0 EHAH
FFBRMEL DOFIE, EATICH G T2 & W) B2 157,
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FIE miR-34a / v 7 X U7 ORFRRHEL~D 2

3
3
2

i

FHERRAESE XL R E 2 2 AR I ORE R, 1R a7 — 5 7 K ofifuit~
N w7 ZADBENCERE LTCRETH D, ITRMEEDNEITT 5 & P, Fm~&
ERT L2, BUEE TICAERRIBFEIED L SN TWRY, ZHE T miRNA 1R
BN & T DB NN L D)7 S 4TV 5 (Takeshita et al., 2010; Liu et al., 2011), {31
AL, miR-122 13 CBUPFR U A VA DBERIIHME L SNDH D TH DM, CRIAFR
DANABBYSEEF R D=7 o F A4 ) T2FH 5 LT miR-122 % /
I HETTHE UANAEDOIKR T X OFEEDRIENR D bivie 2 & Bl
STV 5 (Lanford et al., 2010), 1 F Tik-<7= £ 5 12, miR-34a OFET & ITAFHHEL
W ERTHZ D, miR-34a / v 7 XU O ~DRELZRFT 5 Z
CAIATRAEE 2 1R T2 L THM LB 2 D,

HRAERGFD RNAIZAEERNTX 7 LT —BIZ K DN INDd Z R mbn
TWD, 2-0-A F LR AR AR v F AT — ME LW o T AL FHERIEIX 7 LT — B
KT oREMEZR ESELT NG, BUET U F R AF Y TOEMICIA NS
NTWb, LL, ZOX D723 FIEE OO E S5 AR EMENZ L <,
B VT T AREZT THECHITEIMNCPRE S LT L E S 72D, BORMIE~0E
ANZhZR O X N FREEIZ 72 > TV %, Multifunctional envelope-type nano device (MEND)
(TALHEE KORGS5 #d% 512 L o CTHI% SNz pHIREME D T4 IR E ¢
b5, IMFTIL, MEND IZEXKHNZH ML R L, ApoE Z /X7 H &G LT low
density lipoprotein receptor Z FHL 4 D IFEEMLIC = RO A b — XX DY

IAEND (Fig. 12), =2 RY —LDEBILIZE> Ty RY — AN T 5 &
MEND |4 F A HIcZB b L=y Y — Al s OB BERICHEER L T ToNE
L7cBWe M A MBI R R RET D ZENARRTH D,

ARE T, Mz sl S E T bFWE E L THEHA SN TS CCly & -V THF
MHELTT L~ A2 ERI L, miR-34a |23 D7 v F A4 TE2EHALE
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MEND % #5- L, miR-34a / v 7 X 07 O FFRRMAL ~D B L KET LT,

MEND

Blood vessel

Fig. 12. Delivery of nucleic acid
by MEND. MEND have the
potential to behave as neutral
liposomes in blood vessel,

% — acquirirng apoE. MEND is taken
up by hepatocytes through

Hepatocyte
LDLR-mediated endocytosis.
: @ After uptake, the membrane
y h’ h h structure of MEND changes in
LDLR response to endosomal
Endosome acidification. Nucleic acid
encapsulated in MEND is released

from endosome via membrane
fusion.

SECs: Sinusoidal endothelial cells
LDLR: Low density lipoprotein receptor

928 FEERMERS L OFERTTIE

-2-1  SEEMEHS K OV %

CCl, AV =T, ~A¥—~~ XTI URK, AP UER 77 ATV
—Y FCF, UV F—Y R PIFRIEMIE TR I VIEA L7z, ALT EREHOE £ K
TA 7 LAAT A RITE L7 4 /L. (Saitama, Japan) & U A L7-, Direct red 80 I
Sigma-Aldrich (St. Louis, MO) & Y i A L 72, Optimal cutting temperature (O.C.T)
compound (X% 7 Z 7 7 A4 T v 7 ¥ x /3 (Tokyo, Japan) L VBN L 7=, BRIETED
B AR Mount-quick 1 KiEFEZ# (Saitama, Japan) L VA L7z, > h3re s —L
TR U T AFHE ALY T3 (Tokyo, Japan) K VA L7-, _==— T i#IREE S
SS-7 (24GX25mm) & k> 7 (Tokyo, Japan) L VA L7z, ~URZR X7 b
— (Tokyo, Japan) @ SJ-1211 #3 KOV SJ-1220 R A H L7z, £ TOHEIE 2°-0- A
F AL KR A v F 4= — MBS L 72 anti-miRNA oligonucleotide for miR-34a
(AMO miR-34a, 5'“-ACAACCAGCUAAGACACUGCCA-3") (Tt AT LA =
VAICEREEKRE L, U AFE /7 vB—7 /L cytochrome ¢ LKL Abcam

(Cambridge, UK), IRDye 680LT -V ¥ i~ 7 A IgG % LI-COR Biosciences & D [lif A L
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7o ZOMORIEITFEMIE THEE DR E T2 IZENTFHO b DO Z v,

LLFICARTE T Lo KOO R LTz, WEHEDHDHHDITA— |
7 L—"7 (121°C, 20 73l E 7213 40 53 FOWELELZ AT > 7o, Al TREICHEH
L 7= RS O FRLHEITE I L,

Picrosirius red (PSR) VA%
Directred 80 B LTV 7 7 A MU — 2 FCF02g %V > ¥— Y ik P 200 mL (ZIRfiR &
w7,

EGTA ¥ (pH 7.8)
HAEFT RO AROg LT Y U A04g, VU EE— T N UL+ KF¥ 0.121g,
U U ZIKFEH VUL 0.06 g, REEKFET Y A 035g, Z//ba—A 1.0 g, HEPES

2.383 g. EGTA0.19 ¢

Hanks #&# (pH 7.6)
HALFT FY T A80.0g ALY U A 40g, ULEE—T RN T A+ KR 1.21 g,
Ut KFZAI U L06g, KIEKFZT M) UL3S5g, Z/a—A 100g

a7 — /7 —BIEE (pH 7.8)
Wils~ 7 3% ALK 0.04 g, ALV T AT KW 0147 g, 27— F—
£ (IV) 0.1 g, Hanks % 20 mL IZFFRUKZ N2, 28 % 200 mL & L7,

Percoll ¥5#% (pH 7.6)

Percoll 450 mL. Hanks & 50 mL

NP-40 lysis buffer (pH 8.0)
1 M Tris-HCI (pH 8.0) 10 mL., {7~ U @ A 1.75 g, Nonidet P-40 (NP-40) 2 mL,

EDTA 75 mg (5 Bk 2 2 &% 200 mL & L7z,
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[1-2-2 ~ 17 ZA~®D CCly B X N AMO34a MEND D3 5 & £E1fi 72 & QN AT O £ B

A ERIL, SIRKFEY ERIESWE > TIT o7, C5TBL/6) v~ T A (BfEME, 8
R 22~25g; HA SLC, Shizuoka, Japan) ZBI{LEH L=tk 4V —7 T 5 H4 R
L7-CCly l mL/kg 238 2 [A], 1, 2, 4. 8#M. MEEENEE Lz (n=4), 2> b
—AHE (n=3) XA LA EOA Y — T Mz EREAKR S Lz, k&&EEG L0 72 FFH
BT TTATRENR KL 0 R 21TV IFlEE I Lz, BRiiZiZ~ U A4 X L7
YW,

MEND ~® AMO miR-34a O£ AL, ALiE K7 RFBE FPmF7ERe A oy 7 i%
AT FEE OPERRISIT I HIKIE U 7o, TTRRAE (L D IIE~ DB 2 i~ 2 M5 Tl
PBS T#AifR L 72 MEND ft. AMO miR-34a (AMO34a MEND) (1 mg/kg, & &3 10 mL/kg)
£ 7213 AMO miR-34a % E A L TV 722\ empty MEND (10 mL/kg) %~ 7 AR
B U, 24 B[t L 0 1122 IZ#E U T CCly 0 e 5% 1 AT - 72, CCly Fef e b &
D 72 RE#ZIC TATRERIR & 0 Bl 2470 I A2 5B L 7o IR (L D AT ~ D32
BEPFANDBET TR, 22 IZHELC T U A0 CCLY OF L% 4 ATV, CClL &
HBAMEH 5 21 B HIZ AMO34a MEND (1 mg/kg, &% 10 mL/kg) % 7213 empty
MEND (10 mL/kg) % &R# 5 L7- (Fig. 13), CCl &5 L 0 24 B2 B # R
K OBIMAITV, 72 RERE B2 I PR A B L 72,

AMO34a MEND
l' Sacrifice
_____________________ N/
t t 1 t t
CClsa CCl4 CCl4 CClds CCl4
1 4 7 8 21 22 25 28 (Day)

Fig. 13. Timeline of in vivo experiments to determine the effects of AMO34a MEND admisitration
on the progress of liver fibrosis. CCl, (1 mL/kg in olive oil) was intraperitoneally administered
twice a week for 4 weeks. On 21th day after the first administration of CCls;, AMO34a MEND (1
mg/kg) was intravenously administered in a single dose.
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1-2-3  1fAE D43 EER KO ALT fE O HIE

11-2-2 CERIfL U 7= 1L & 12,000 rppm, 4 °C T 5 ZyfElE OB L. 2 =g L7z,
Z D%, MIE 10 uL # 27 A NIZT7 774 L, DRI-CHEM 4000V (& L7 1 /L A4) %
MWT ALT fE 2 JE L7z,

1I-2-4 HE 4435 1L OV PSR 4414,

O.C.T. compound TH A L7 Fflik%E I 7 v — 2t 7 U A A%~ ~ HM505E
(Walldorf, Germany) Z T 10 um DESIZAT A AL, AT A RIZHE D AT /L%
YU 2 ERL L 72, IR C 1 B REL %, 30 BRI KICIE LT L 72, HE Y Tl
YAV =T FF VU UBEKRIZ I RIR L, KEELIEER, =AY UOBRIRIC 1 MR
L7z, PSR B4 Tld, PSR IEIKIZ 30 srfiliR L7z, AKBEL 7212, 70% =% / —/b 90%
TH =), 995%TF ) —b, 100% =% /) —/b T L DIEIC S 4R LT

K L. JAFHZ# IZ Mount-quick & HWTEA L7,

-2-5 ~ 7 AFY o F 28T 5 mature miR-34a 3 L O mRNA JEEH & O HIE

~ U A I mglZ RNAiso & ImL Nz, HIARETFA P —THREIS ST A X
L7z, 1.5mL F 2 —7ZEI L7-, 1-2-11 ([CH#E U T total RNA ZFH8L L, 1-2-17 i
#£ 1 C mature miR-34a B EHL &2 HE L7,

[-2-11 {2 U T ¢cDNA ~D WG S 2 T, Table 5 IR LT 74 ~—Z2HW
T [-2-12 (Z#E U T real-time RT-PCR Z1T> 72, Alb, aSMA ¥ X O Collal 4 —/1
R J& % 95°C T 30 BT - 72tk MRBESUS A 94°C T20 B[, 7=—U 7 &1fh
RS % 64°C T20 PRI E L, 40 A 7 W T o7z, TefBl (A —/V &% 95°C
T30 AT - 7%, fREEROS & 94°C T B, 7=—1 > 7% 60°C T 30 o[,
RIS % 72°C T R E L, 40 A 7 W4T 572, B-actin (F4—/L R % 94°C
T30 AT - 724, fREEROS %2 94°C TR0 MM, 7T=—1 v 7 L EMIG% 68°C
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T20FR & L. 40 A4 7 N TH T,

Table 5. Sequence of primers used for real-time RT-PCR analysis.

Primer Sequence

Alb forward 5'-AAGACGTGTGTTGCCGATGAG-3'

Alb reverse 5'-AGCCTCTGGCCTTTCAAATGG-3'
aSMA forward 5'-AAC ACG GCA TCA TCA CCA AC-3'
aSMA reverse 5'-ATA CAT GGC GGG GAC ATT GA-3'
TgfB1 forward 5'-ACC GCA ACA ACG CCA TCT ATG-3'
TgfB1 reverse 5'-CGT CAA AAG ACA GCC ACT CAG-3'
Collal forward 5'-GCC AAG AAG ACA TCC CTG AAG-3'
Collal reverse 5'-CCT CGA CTC CTA CAT CTT CTG-3'
B-actin forward® 5'-ACG GCC AGG TCA TCA CTATTG G-3'
B-actin reverse® 5'-CTA GGA GCC AGA GCA GTA ATC TC-3'
"Kobayashi et al (2009).

[1-2-6 ~ U AFFE Mk X OIEFEMIEIZE 1T D Alb mRNA ¥ & TN mature

miR-34a B EDO R E

22 IZHEL T~ U A~D CCly O 5% 1 AT o 72, s G- L 0 72 REZIC
ARy RV E X =L B U A (100 mgkg) ERERENEE L CRRFEL ., BHAE L 7=,
FIR FIchea %2 < B, MIRTF D OIA Lo = a2 — T IR E S 2/ 0 |
FIRPNICIE & LTz, Y ZZ R 7% AW T EGTA R E R L, 7272 B2 Tk
WRZBIWr LC 5 pflEm Lc, =2 7 — 5 T —8#k % 15 MR U7 Z ISR 2 £ 1
L7-, 10%FBS, 4.5g/L 7 /L2—A_ 10 mM HEPES % & #¢ DMEM % 20 mL ¥ L
7210 cm ¥ v — L A Y] U & Tl L7z 3R 12437 L T 500 rpm,
4°C T3 rfilE Doy L=, B % 10% FBS, 4.5g/L 7 /L2—A_ 10 mM HEPES
% &1 DMEM 5 mL [Z8% L. Percoll iK% 5 mL Z ¥ L T 500 rppm, 4°C T 10 %y
[ OB L 7o, TEEIIATEE M & L TEU L, RNAiso 2 1 mL @1 L., 10 47 f#
FIRICHE L% 1.5mL F 2 — 7128 Lz, THEZ 3 0RERE 128 L. 2,000 rpm,
4°C T 10 syl 0oy iE L7, TREHFIEFEE MM (non-parenchymal cells, NPCs) & L
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TEUX L. RNAiso Z I mL &ML, 10 /M =RICHE L72#%,. 1.5 mL F2—7(Z
B U7, 1-2-11 IZHE U T total RNA OFHE IS LU cDNA ~D Wi G S 2470, 11-2-5
IZHE L T Alb mRNA BEEAZHE L7z, F72, 1-2-17 (2% L T mature miR-34a &5
E2HE LT,

II-2-7  Whole cell lysate D & 7 o X7 HE &

~ 7 AHFKI 20 mg (2 F IR FE DY 500 pg/mL APMSF, 50 ug/mL & A X752 100
ugmL 7 70 F =272 5 L 5 IZUSI L7z NP-40 lysis buffer Z 1z, 77 1 VKT
VAP —EFHWTHRET T A AL, KETIHRRA v Fax—FL7T, TOEE,

SN 1B L < PR L72, 13,000 rppm, 4 °C T, 15 srfliE OB, Rig# (A
X L whole cell lysate 2157, & /327 BT 1-2-9 ([ZHE L THIE LT,

[I-2-8  SDS-PAGE & UV = AFZ T vuvT (7
11-2-7 T#%+ 5 4172 whole cell lysate Z VT, 1-2-10 (2% U T SDS-PAGE B L O}
Vo ARZ Ty T 4T EIToT, 15%R VT 7 VAT I RF1IZ whole cell
lysate 20 ug 7 77 A4 L7z, 1 kPuikL LT, v~V AE /7 m—F /L cytochrome ¢
PUAR (500 58 2 v, SR C—BAS S ¥ 7, 2 Itk & LT IRDye680LT 4%
ik v FHi~ 7 X 1gG (PBST T 10,000 54 R) 2 My, =i T 1 RIS S ¥ 7z,

11-2-9  #EEtfEMT

CREM O LR IT Student’s #-test 1T K D ZHEM O EL#R I One-way ANOVA & Tukey’s
test |2 & D MEMT L7z, P<0.05 DR, FFHFRICHELE L,
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11-3-1  AF#RHELE 7 L O REM

CCly KHE#G5-1% 1, 2, 4, B ICHI L= miE%2 AT ALT fE % JE L7 (Fig.
14), CCLEH 1 BN DAY — 7L & bR TEMEZ R T Em AR50 i, 8 H
TIIARICEMEZ R LT,

D Olive koK Fig. 14. Plasma ALT levels in mouse
W CCl4 1

200 - model of liver fibrosis induced by the
administration of CCly. CCly (1 mL/kg
in olive oil) was intraperitoneally

—~ S 150 1 administered twice a week for 1, 2, 4, or

N 8 weeks. Seventy-two hr after the last

< E administration CCly, plasma specimens
100 - were collected and ALT levels were

measured. Data are the means + SD
(Olive, n = 3; CCly, n=4). *P < 0.05 by
Student’s t-test.

Nim F‘I.ﬁir‘l

1 week 2 weeks 4 weeks 8 weeks

HE Q26T &5 1 26 RIEMIEORIHI K OISR D biv, £
DOFLFE I G YRR FANCH R L7 (Fig. 15), £72. #5138 B TlT—#5 0 PR
JEZHRAEL RO AL, O#IPIIR G IIRERFESICIERL, &5 48EB, 8
B CIIBEEE S 2 PRI O B BRMEMEZAE O TE ST H 47z, PSR Y Tk, #5
1EENS a7 =7 OREPROLN, K5 4B, 8B TlX=a7—7 U EHEE
DIERB LOREDO BB bivlz, LEX Y | CCly DRAER G XV #MEbE
TIUDMERL I NT- 2 L s L=,
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<HE staining>

1 week 2 weeks 4 weeks 8 weeks

<PSR staining>

Fig. 15. Histopathological changes of liver in mouse model of liver fibrosis induced by the
administration of CCl,. CCly (1 mL/kg in olive oil) was intraperitoneally administered twice a week
for 1, 2, 4, or 8 weeks. Seventy-two hr after the last administration CCly, Liver sections were
collected and stained with HE and PSR (original magnification x40).

I1-3-2 Mature miR-34a O & EH A BhfEAT

miR-34a 2N THRAE(L OO & D BERE THEZH) L TV 2 23X 2% 728 mature miR-34a
BHEAZRE L (Fig. 16), CCL#E 5 1 @B 5 AV — 7 JMEE & lE~<T mature
miR-34a BELENHEICEMEEZ R L, €O EHOREITHBMELOESWICED ST
—ETh-oT= (5~8 %),

e T miR-34a OFBL EFA N EOMIATE Z > TV D572, CClL % 1
[ 5% (I J2E M 35 L OV NPCs (1236517 % mature miR-34a B &4 JE L7z, I
FEMEDO~—I—TH 5 AbmRNA EREZHEL7-L A, AU =7, CClL
BEHEOWTNOHAICBWTYH, NPCs TIEFEE NI b CTEHFE ITRUVME (10%.

13%) ZR L., KHROSBEENR TE TV D Z LR S (Fig. 17A), AU — 7 H
e h.~ 7 22BN T, NPCs Tl mature miR-34a 8B 2N BEE (TR MVl (FFS2E M
D 13%) R Ll &b, IEFH~ T AFO NPCs Tid miR-34a (FiT & A EREBLL

43



TWRWZ RSz, Lo, CCLEHICL DAY =Tt L LERTEL LD
AR IZ 3V T 8 mature miR-34a BELED EH 321%. 9.01%) NBOLNT-Z &»
5 (Fig. 17B), miR-34a (FIF#RHE(L D I BB 2> & IF F2E M 3 K OV NPCs THEL L

HLTWAZ Sz,
15 .
OOlive
BCCl4
e sfe e

<
1

n
1

Relative mature miR-34a level
(/U6 snRNA level)

sk

ﬁiﬁ'

1l

>

1 week 2 weeks 4 weeks 8 weeks

B

1.2

1.0 4

0.8 1

0.6+

0.4

(/P-actin level)

0.2 4

Relative Alb mRNA level

O Olive
BCCla

Relative miR-34a level

.

Hepatocytes

NPCs

(/U6 snRNA level)

Fig. 16. Expression levels of mature
miR-34a in liver of mouse model of
liver fibrosis induced by the
administration of CCl,. CCly (1 mL/kg
in olive oil) was intraperitoneally
administered twice a week for 1, 2, 4, or
8 weeks. Seventy-two hr hr after the last
administration CCly, liver samples were
collected and mature miR-34a levels
were determined by real-time RT-PCR
and normalized with the U6 snRNA
levels. Data are the means = SD (Olive,
n=3; CCly, n=4). **P <0.01 and
**xP <0.001 by Student’s t-test.

4

) B CCl4
3 ]
2 1 s ok

_'..;._;.
1 .
i
0
Hepatocytes NPCs

Fig. 17. Expression levels of mature miR-34a in hepatocytes and NPCs isolated from liver of mouse
model of liver fibrosis induced by the administration of CCl4. CCl, (1 mL/kg in olive oil) was
intraperitoneally administered twice a week for 1 week. Seventy-two hr after the last administration
CCly, hepatocytes and NPCs were isolated. (A) The Alb mRNA levels were determined by real-time
RT-PCR and normalized with the f-actin mRNA levels. (B) The mature miR-34a levels were
determined by real-time RT-PCR and normalized with the U6 snRNA levels. Data are the means +
SD of three independent experiments. ***P < 0.001. """P < 0.001, compared with hepatocytes.
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[1-3-3  AFHRAHME(LFEIE ~D AMO34a MEND Fii#% 512 X %2 miR-34a / v 7 X7 D

B2 YR
oA

miR-34a / > 7 X0 N XD ITRMEIL D RIE~ DB Z XD 72012, CClL&E-

ATIZ AMO34a MEND % $¢5- L B H LV CClLy & LB RER G L THiET L 72, Mature
miR-34a HHLEIT, 4V —7 WA &G L2846 Tld, AMO34a MEND # 5-1C
empty MEND % 52 lb R CBEEIZIRVWME A 7R L72 (Fig. 18A), F£7-. CCLHIZ &
D #8672 mature miR-34a FEBLE D 5 $ AMO34a MEND #¢ 5-12 & 0 A & A2 )
SN2 LD, AMO miR-34a 25 ITHEAN TREREAIICEINTWD Z &R ST,
ALT fEIZ%, CCly # 512 £ U empty MEND Ff CTBEE 2 =V ME 2 = 3B AR 1 PBAFEAE L
70, CCL I L ViR bz ALT {0 _E5H-~?D AMO34a MEND # 5.0 588 %
RO Lo T2 (Fig. 18B),

A B

10 1200

O Empty MEND o O Empty MEND .
T _ 8 {® AMO34a MEND,_ | 1000 1 ® AMO34a MEND
L3
> 800
3 2 6 A
oz o j: S 600
ERE 4 | =
.Qa) o ° 400 A
=
R ° .'%' 2001
g [ ]
0 _ O_M—OOO 00 ..#'._
Olive oil CCl4 Olive oil CCla

Fig. 18. Effects of AMO34a MEND admisitration on mature miR-34a in liver and plasma ALT
levels. AMO34a MEND (1 mg/kg) was intravenously administered 24 hr before the first
administration of CCl,. CCly (1 mL/kg in olive oil) was intraperitoneally administered twice a week
for 1 week. Seventy-two hr after the last administration CCly, (A) mature miR-34a and (B) ALT
levels were measured. The bars indicate the means of each group. Data are the means = SD (empty
MEND+olive oil and AMO34a MEND-+olive oil, n = 3; empty MEND+CCl,, n = §; AMO34a
MEND+CCly, n = 7). ***P < (0.001, compared with empty MEND+olive oil. **P < 0.01.
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ftv T, AMO34a MEND #¢5-(C & 0 IF#RHE(L OREE 2N AL T 2 0 dif~ 2 BEYT
Yeti 3 OV PSR YefalC K A iR BRARRR 00 21T > 7= (Fig. 19), CCly#% 512 &
0RO HAVIZAEIE (HE Yeth), B O—HO 37—~ ks (PSR Yeth) 73,
AMO34a MEND #5-1Z K 0 i35 L Tz, > T, miR-34a [3FRHME(L O 5 IE I BY
HLTH Y. AMO miR-34a (TAFRAMEILIZG L CTFRIER R H 2 Z R STz,

<HE staining>
Olive oil CCl4
Empty MEND AMO34a MEND Empty MEND AMO34a MEND

<PSR staining>

Fig. 19. Effects of AMO34a MEND admisitration on histopathological changes of liver in mouse
model of liver fibrosis induced by the administration of CCl,. AMO34a MEND (1 mg/kg) was
intravenously administered 24 hr before the first administration of CCl,. CCl, (1 mL/kg in olive oil)
was intraperitoneally administered twice a week for 1 week. Seventy-two hr after the last
administration CCly, liver sections were stained with HE and PSR (original magnification x40).

11-3-4  JF#RHEb~ — 7 —mRNA BB EEENTIZ L D miR-34a / v 7 X7 Dfff
FRHEALTRIE ~ D 5 BEETA T

AMO34a MEND £ 5-12 X 2 FFRRHEA L ~D FEIVER 2 X 0 SECI~ 5 72, iF#k
Mefb~—— D mRNA BE &2 HE L72, oSMA mRNA FH &% CCL 52XV
EH L. 20 EFHI1X AMO34a MEND % 5-12 X 0 I S B 338 b v (Fig.
20A), aSMA [FTEMEIL L7 IFEMIICEHEI L TV L EEFTHLZ & H, AMO
miR-34a |[ZATE ML OTEMEAL, ¥ Z M L T D RN B Z bz, —J7, T
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BN EAT LA~ R v 7 A TH D Collal B X ORFE MO IEMEALIR
BIIRO BN

ANV

Td 5 TgfPl mRNA F B EIZE) L CTiX AMO34a MEND #5-12 L % &

72 7= (Fig. 20B, C),

oc

A

50 12
o O Empty MEND E O Empty MEND .
L 40 {® AMO34a MEND o i 10 1@ AMO34a MEND
< A
£ 9 30 A £ 0
%ﬂ = E E 6 - Q©
2% ] z 8
D O 4 4
v = o= Y
Z Z
§ 10 A E 2 %o
2 oo tte] e
() l=000— _—ege  "00° 0
Olive oil CCl4 Olive oil CCl4
10 Fig. 20. Effects of AMO34a MEND
< O Empty MEND admisitration on mRNA expression levels of
E g | ® AMO34a MEND ¢ fibrosis-related factors in liver of mouse
< _ model of liver fibrosis induced by the
é T}) administration of CCl;. AMO34a MEND (1
£ 2 0 1 mg/kg) was intravenously administered 24 hr
= g before the first administration of CCl,. CCl,
T8 4 - (1 mL/kg in olive oil) was intraperitoneally
T) é o} * administered twice a week for 1 week.
E = 7 _OETEOQ_ Seventy-two hr after the last administration
= ; o CCly, (A) aSMA, (B) Collal, (C) TgfB1
[ ] 45 s ’
& oG mRNA levels were determined by real-time
0 RT-PCR and normalized to the $-actin mRNA

Olive oil CCl4 levels. The bars indicate the means of each
group. Data are the means = SD (empty
MEND+olive oil and AMO34a MEND+olive
oil, n = 3; empty MEND+CCl,, n = 8; AMO34a
MEND+CCl,, n = 7).
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[[-3-6 7HR h—A~DmiR-34a / v 7 Z 0 DR

FFBRFEAC AT IR 23 R S 4L, U T 2RI IR O R, =27 =7 v lo
s~ U 7 AR EFE L 72Kk BE T H 5, miR-34a 1T Bel-2 <0 Sirtuin 1 (SIRT1)
BREDPT R b= ABBFEFRBIHT 52 TTHR M=V REFETLH 2 L0
b TW5 (Lietal,2013), £Z T, 7R h—YADO~—FH—T& % cytochrome ¢
&Ry R B R & 7= (Fig. 21), Cytochrome ¢ % > /37 B3 B 1X CCly #% 5-12
£V EHL, 2D EH 1T AMO34a MEND # 512 X 0 GFEICHHI Sz, LEXD
AMO miR-34a 17 R h— T A ZWH S5 2 L1 X o TH FFRHE(L O FIE & ]
LTV D A[REMED R S vT,
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Fig. 21. Effects of MEND of AMO34a MEND admisitration on apoptosis in liver of mouse model
of liver fibrosis induced by the administration of CCl,. AMO34a MEND (1 mg/kg) was
intravenously administered 24 hr before the first administration of CCl,. CCl, was (1 mL/kg in olive
oil) intraperitoneally administered twice a week for 1 week. Seventy-two hr after the last
administration CCly, cytochrome ¢ protein levels were determined by Western blot analysis and
normalized to the B-actin protein levels. Values are the means + SD (empty MEND+olive oil and
AMO34a MEND+olive oil, n = 3; empty MEND+CCl,, n = 8; AMO34a MEND+CCly, n = 7). **P
<0.01 by One-way ANOVA and Tukey’s test.
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[1-3-6 AT ME(L ST~ AMO34a MEND #5121 % miR-34a / v 7 X7 L D

Z8I

=

miR-34a / v 7 Z7 Z K 0 AR O HEITIS 6 LT b HIHITER 253850 & 411 5 )
FARD 2012, 4 M CCly & KE R G L CTHFRMELZ BT S E TV D EMET, CCly
PGB S 21 H HIZ AMO34a MEND % HimlFe 5. U, FFAELIC 33 2 18 6E
it L7z, Mature miR-34a JHi & (Fig. 22A) B X OV ALT f& (Fig. 22B) 1. CCl, #
Hizk v EH L. %0 ERIE AMO34a MEND #: 512 X 0 #ifil S 2 A28 51
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Fig. 22. Effects of AMO34a MEND admisitration on mature miR-34a in liver and plasma ALT
levels in late-stage fibrosis. CCl, (1 mL/kg in olive oil) was intraperitoneally administered twice a
week for 4 weeks. On 21th day after the first administration of CCly, AMO34a MEND (1 mg/kg)
was intravenously administered in a single dose. (A) Seventy-two hr after the last administration
CCl,, mature miR-34a levels in liver were measured. (B) Twenty-four hr after the last
administration CCly, Plasma ALT levels were measured. The bars indicate the means of each group.
Data are the means = SD (olive oil, n = 6; CCl,, CCl;+empty MEND and CCl;+AMO34a MEND, n
=5).
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FeV N T, AMO34a MEND #% 512 & 0 IR 23 il S D i~ 2 72, HE 4%
B3 L OVPSR Yeta 21T - 7= (Fig. 23), HE Y2 Tld, CCly 512 X 2 AFfiikkE £ 2
%9 % AMO34a MEND $¢ 5- D 8358 H 72 b o 7o, — 7 PSR Y4 Tlx, AMO34a
MEND #5280 5L 2 LT CCLEGIC LD 2T =7 o DOUWA DN D 5
iz, 7€- T, miR-34a IIAFRMELOEITIC HBI5 L TR Y . AMO miR-34a [3T#E
HALDEE LI/ CE D Z &R ahi,

<HE staining>
Olive oil CCl4
Empty MEND AMO34a MEND

<PSR staining>

Fig. 23. Effects of AMO34a MEND admisitration on histopathological changes of liver in mouse
model of liver fibrosis induced by the administration of CCl,. CCl, (1 mL/kg in olive oil) was
intraperitoneally administered twice a week for 4 weeks. On 21th day after the first administration
of CCls, AMO34a MEND (1 mg/kg) was intravenously administered in a single dose. Seventy-two
hr after the last administration CCly, liver sections were stained with HE and PSR (original
magnification x40).

11-3-8  AF#RHEL~ — 7 —mRNA FEEEEFENTIZ LD miR-34a / v 7 X7 OfF

FBRHEAL R T ~ D BB ST
AMO34a MEND #¢5-12 X 2 R HE( L EIT ~DIHIERH 2 X 0 SR 5 728,

AR~ — 27— mRNA REL &% HE L7, aSMA mRNA %3l &|% CCl £ 5-1C
£V ES L. ZD LS IZ AMO34a MEND # 5:-12 £ 0 Jiifill S 4L 58338 b4 (Fig.

50



24A), AMO miR-34a I3 HEL OEITEEREIZ B W T H I EMAa OTE AL, HE5H & Bl
LCWDAREMEMNE 2 Bz, —J7. Collal X O TgfBl mRNA HEHE(ZE LTI
AMO34a MEND # 5-12 X 2 280358 b e o 7o (Fig. 24B, C),
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5 Fig. 23. Effects of AMO34a MEND

admisitration on mRNA expression levels of
fibrosis-related factors in mouse model of liver
fibrosis induced by the administration of CCl,.

CCly (1 mL/kg in olive oil) was intraperitoneally
administered twice a week for 4 weeks. On 21th
[ ]
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day after the first administration of CCly,
AMO34a MEND (1 mg/kg) was intravenously
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° after the last administration CCly, (A) aSMA,
‘og (B) Collal, (C) Tgff1 mRNA levels were
determined by real-time RT-PCR and
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& %{) _\§) bars indicate the means of each group. Data are
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AREETIL CCly Z W TFMRMELET L~ T A 2/ER L. FfHEbIZ T 5
miR-34a DEFNZ DWW THF L7z, CCly & 5- Lz & Z A 11l H 7> 5 mature miR-34a
HREBENFRICEMEEZ R L, O LRAORETRMECOEASWVICELLT —ETH
7= (Fig. 16), Z D Z Lid, FIZEIZBWTE MFYV U 7L ORHILOEE W L
mature miR-34a FEH & L ORICHERBEBRPBO bR oTZ & & —ET DRk
TH -T2, CClLlE~ T ARFEIZIB VT Cyp2el 12X > T CCly 7 VA MIARHEH S,
ZDTVANPIEE R AT L. RIESMIBEZ 5 & Z 9, miR-34a |3 DNA
HESCBILA MLV AR EITLY pS3 OIEMHEALEZ T L TRENFEINDL Z D
(Raver-Shapira et al., 2007), CCly #2582 12 X D/ A & L 278 miR-34a OFEHLFHE
HELTWEB2605,CCL % 1 BRRERGZO~ T ARFIEMILE L TVNPCs
231 % mature miR-34a FHLEAPE L/ Z A, AV —THHELHEITELLOD
HEIZ BT H mature miR-34a BEEO EH 3B =2 Lo (Fig. 17B).
miR-34a [ZIFHARAEIL ORI BERE D & IF 2B Ml ds KL OV NPCs THBL LA L. JIF#HE
fEDFIE, EITIZEE L TWAD Z EAURBR ST,

miR-34a / v 7 Z'0 N2 XD FFRMELFEIE~ DO MEER 2 MET 2729, CCly &
H-HIZ AMO34a MEND Z##5- L, #H XV CCly % 1 HEXERS L THRFT L &
A, CCLFEHETRO b Milastis KW= 7 — 7 ik 0355 Lz (Fig. 19), =
DIE, CCly # 5 THEH H 1 7-aSMA mRNA R I & D 5H 1 AMO34a MEND # 5-|Z
L OIH SN AHEENED -2 & (Fig. 20A).  AMO miR-34a (3T 2 #iliE
OIEMAL, HFEZ I L CTW A RREMENE 2 b vz, —J7. Collal & TgfBl mRNA
FEBLE X AMO34a MEND # 5-1C X 5 203380 b7 (Fig. 20B, C), PSR Yt D
RETFETLLDOTHoTz, TORKE LT, AMO miR-34a 7% Collal OFER S
L<IIWAEZIME LIcREEnEzonsd, a7 =7 kB ICEETLRF & LT
X, 27— &5+ % matrix metalloproteinases (MMPs) <> MMPs % #jifil] 9~ %
tissue inhibitor of matrix metalloproteinases (TIMPs) 235N T\ 5, FEEIZ, b M E

@ b B AR IZ miR-34a A FIFEBL S 72 KE, MMP9 3 KT MMP14 O FBL)3
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KTFT2Z ENWEINTWVD (Jiaetal, 2014), F7-, CCLES TRO LN
cytochrome ¢ % > /37 B3 Bl & D E5H H AMO34a MEND #5012 X 0 HEIZHH S
7= (Fig. 21); AMO34a MEND 512 XV CCLEHIZ XL 27 R =T ARl s
HZ LT, Z20HOaT—r U OFEBMPEI VIS K RoTCAEBERB X b D,

PRAE(L2SHETIT L TV D T CI, JRFEPHICIE Y fIFfiaiES . =29 — 7 OWmE R
EETBY, HREELNHEHT 2720 IEBRCEE L Tnbd a7 =7 U2 RES
L2 EIFTETREEMGTERVWEEDbNL S, AT, 4 M CCL % KER S
LU CTHFRAE L 2 AT STV D54 F L CClLy £ 5-B467> 5 21 H HIZ AMO34a MEND
FHEREG L TH, CCLEHIZXL D a7 =57 v Ok OWRE D HER S T ERAE
FELT-Z B (Fig. 23), miR-34a %/ v 7 X0 925 2 & TRIMEOIEE & WifF
TEDLZENREINT, MMPs 22 8 a7 — 5 O fRIZE G 5 K23 &L S
T ATREMEN & V) . AMO miR-34a (ZHRAE(L OHEFTIZ B 28k & 7ol BRI A/ A
THZLETEEZRELZEEZOND,

N E TITHFRRHELICBE P 5 miRNAs 3 W < Ol STV s, miR-16 1%, 7
v MZBWTIFEMROTEECIC > THREENMET T2 EBHmEINLTEDY
(Guo et al., 2009), L > F 7 A )L A% T miR-16 Z i@ EIFH B < & 72 2MiE Tl
TR =VANTTHET D Z EARENT VD, miR-29 7 7 2 U — R OIS M
fEAZfE > THRBEPK T 5 miRNAs TH D | Collal mRNA @ 3>-UTR (Z#EH L3
B9 2% 2 & TR ZIEH T 5 &5 2 5T\ 5 (Roderburg et al., 2011), —
77, miR-27a/b 3T E M OTEHEAGIZ > TREEN LA T2 01T v MTEM
I CRENTEY, miR-27a/b DT o F L AA4 Y THEAT S Z & THEMA)
RIELT D Z ERRESH TS (Jietal, 2009), SEIOHFIZ LY miR-34a & AT
EMEOTEMLLIEI, 27—V IREICEE T2 S 2t oz L, 2
NHDOBRICEAD SR & miR-34a & OB Z RT3 2 2 L IR L o3 IE,
ITA T =X LD DI ST Fil I IGRIEORRBIC SRR B2 biLd,
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ABFFETITNFIBIZ 81 2 miR-34a DEHNIZHA LN TLHZ &2 HE L, B R
RXRa FEHUC G 2% miR-34a OB 2T L, £ OEFSR), WEHFIEERIZ O
THFRRAEGICE B LB L7z, VT, IR b ET v~ 0 2 2R L IT#HE(L
2B % miR-34a DEFHIZOWNWT S HITHRE LTz,

% 1% TlE, miR-34a 234559 2 AIREMEDS insilico TP Sz e b RXRalZ D\
T, TORIEL LOZOEEEICS 2 2 B2 BF L7z, © F RXRo mRNA (T fLi
ENTZ2 OO MRE ® 95, EH 50 MRE DMEREMIIERT 2020y 727 —8
T yEAIZLVRE Lo, ZORER, 3-UTR IZ/F1ET 5 MREL [IHERER Tld7e < |
FIERAEIKICIFET 2 MRE2 7% miR-34a (2 £ 0 %% v, R BIRE B EER @ C
WD ZEPRENT, Pre-miR-34a DFEAIZ LV b MK HepG2 MfIZ 51
TAKRMED RXRa X7 BB LU mRNA BB ENFRIIKFT5 2 L2 A L7,
Z DX, RXRoaDEEFREDIR FIFFR D H 417 RXRo mRNA O 23 80H L7- 2 &
225, miR-34a 1< mRNA 3D TUHEIZ £ D RXRaDFEEL A AICHIET 5 2 &R S
N7z, & 51T pre-miR-34a MEAIZ LV | RXRa®D FitiEfs 1T D CYP26 mRNA
DFFER LU CYP3A4 DR GIEMAL A HA L2 Z £ 725 miR-34a {3 RXRadD Tt
BRFICHEET L2 E2VURSNTE, £72. miR-34a 1T X % RXRaDF Ll D 4
R L OYRB I E R TR L & OBE B RRET LT, pS3 IEMELiEEZ A T
% MR Y RZ& HepG2 Mllfd (BpAMY p53 FEBUMIFRAR) (CALE L 72 IKf, mature miR-34a
HHEOAE R EANED LI, RXRa¥ 37 BREBEITIARICIKT Lz, —7F,
IR FA p53 FEAMAL TH D HuHT MR TIX Z D X 5 2 BHBITRO b o= 2
EMD ., pS3 OIEMELZ I L7z miR-34a DR BLFHEE N RXRaH > /37 BB & DK
TICHELTWD Z e rRmInT, MMELOED b D e MIFHA CITIERITH
fik & Ho T mature miR-34a I3 & EZ <A 28O 57z, —J7. RXRa¥ 737
BHRBEIIABICERWMEZ R L7 Z & D, miR-34a 1T X 2 BLNH 2 AR HE RIS
£ 9 RXRaDFEFE FICEEG L TWDH Z ERRB a7, LLEX D, miR-34a 23
RXRaD ¥ Hl % mRNA 3O TLHEZ It L CRICHIE L T\ D Z & 2R L, fadnlE
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o & LTHIE ST & 72 miR-34a 28 YO RTARAE(L O FIE . HEATICH B G-T
HZ EEHOLMT LI,

#IETIE, st zsl sk 3P wEE LTS TWnS CCly & v
THRRHEILET L~ 7 A Z/ER L, miR-34a iIZxtT D57 v Fv A4 U TEEHAL
72 MEND Z#45- L C miR-34a & / v 7 X U L JHFHHEAL OFEE N ZEAT D st
L7z, CClLy #5102 & 0 | 1 H 2> 5 mature miR-34a HHENFREICHEZ R L, CCly
Z AR5 % O~ U ARFRE MR X OVNPCs 128 T % mature miR-34a JE 81 &
O EAPED B2 Z & D, miR-34a TR ORI EERE D O IF R E MR s X
UYNPCs THEL LS L. IFRME(LOIRIE, EITIZBE L TWD Z &R S iz,
~ U ARFIZH T D miR-34a DFBL LR OREITHECOEEWZEDLT—ETH
olz, TOZEIE, B MFY U T A OB O EA VY & mature miR-34a FEBLE & O
FICHBRBERPBO DN holc 2 & & —HTHHERTH 72, AMO34a MEND
FBHIZE D miR-34a DFBLNR ) v 7 X0 Ed, CCLFEE TR b ifustis
FOa 7 =7 WAENET Lz, Z DK, aSMA mRNA 36 K U cytochrome ¢ # > /3
7 ERBLEO EHOME B b, £7o, CClLy & KIEHR G L TH#ML A 1T
SHETWVDHLEMAETIZE TS, AMO34a MEND #5125V CClL 5 TR L
37— UAEDES LT RS FAE L. AR OBEHZ LY miR-34a 23T 2K D
[EMAEOHE, =7 =7 iE., 7R b= A2 0T 5 2 & THBHE LD RE,
HATICFHGTHZ &2/ eI LT,

LA b ARBFE TIEFIBIZ 381 T miR-34a A3 ETEE 3R O 78 BN o I AR HE L D R JE |
ETICEET 52 L2 60T Lz, ZHUE T miR-34a (2R3 2 A28 300 Sk &
DIATONTE N, ARIOKBFNZ X D IFICS W T HERERBHE 2H 5 2 L0R
SA. NFBRHEIL OTRF RN R O 1h) ECRIE OB 0 TR 2GR & R34 5 2
EBTE,
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