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I. A/ &

T

X= AX ¢ 7]&(Extracellular matrix, ECM) @l &S A4 351

v

AR Aol FaF R Brh ole unse] A7) AR ¥u 5

9} W& o] 9]Z=H ¢t} (Scott L. Friedman, 2008). o] N¥X %W $8A5L i
o] ZFo vt YHA =Y gt=e 7= A A FA 2 (Growth factor) 18] 3l
o] E7}e1(Cytokine), A A (lipid mediator), AXZ ¢ 7|d& o] ), o]dl 7+

3} A] &

7] B T FEAES Soldd ATALAAE Sl T A 3

b
il
e

L

A 71t} (Coulouarn et al, 2012). =2 ¢ & transforming growth factor beta(TGF-p)
of 93t smad A& 2 A3} interleukin-6°] 93+ STAT3AZE A3} 18]
platelet derived growth factoro] 93 MAPK/ERK 2159 @A3E & 4+ Ut

(Lee et al, 2011).

AR BdS A F BA A -3 22 v E st RNAC|TE miRNA & 9

&< 5 vtk (Wang et al, 2012). 53] 1+ A miRNAS] o4 a1t
ARt 7149 v 4 Ak 22 miRNAES AlXE 9] 7|de] FAHAES #
Ao g sto] Aojste AoR 4 A vt (Christoph Roderburg et al, 2011). =L
o= BEFtetal 1 QAR EAdstel] #olsts ME BW FEAE FAH R d)
+ miRNAsel tHair = o 2AAE A57F dasia. 5ol 3F ALY &3}

of #odst= AV vE TR AEEY FEAE sAl FEA st AAlek=
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I. 43dAs 2@ ¥4

1. Al 2 &)

Anti-platelet—activating factor receptor (PAFR), anti—transforming growth
factor, beta receptor 1 (TGF-BR1), anti-insulin-like growth factor 1 (IGFR1),
anti-phospho Smad2, anti-phospho Smad3, anit-Smad 2/3, anti-p38, anti-
phospho p38, anti—-ERK, anti-phospho ERK 183 anti-PAIl &A= Cell
Signaling Technology (Beverly, MA) oA 43}t NK-«B &A= Santa Cruz
Biotechnology (Santa Cruz, CA)¢} R&D systems (Minneapolis, MN) ol A Z}7z}
A& AT}, Horseradish peroxidase—conjugated goat anti-rabbit Z} goat anti-
mouse IgGs ¥ Zymed Laboratories (San Francisco, CA) oA sk}
Human recombinant TGF-B1+ HumanZyme (Chicago, US) oA ujs}3i o™
anti-B-actin antibody, PAF 12|31 other reagents & Sigma (St. Louis, MO)

oA YA,

2. BEFRIH £4

i

A 32

Ed

HFEA

il
=]

Ao F Aox FAE+E miRNAE TargetScan

database (http://targetscan.org) °l 2¢l&] AAFH AT miRNALF EA7Fe] FA=}f

A Ag U ELIT=  GeneMANIA  (http://genemania.org)ol] 93] Llom

Cytoscape softwareel] ]3] A|z}3} = At}


http://targetscan.org/

3. 4} Alxe ¥

AxF FHAESE P ARAMAEE A ARREAE Bl s AF A
w28tk (Choi IJ et al, 2010). ¥=} M3+ 10% fetal bovine serum, 50 U/ml
penicillin, and 50 pg/ml streptomycin & X33+ Dulbecco's modified Eagle's
medium (DMEM) el|A] 37°C, 5% CO, ZZatell vt dct. dak Alxe 28 &
6-well plate o4 74 &t WEFHAT. =% £ P AFAECIBSRE 27

o= teme] AF7F FastH wjF Al IF QA EE s &4ds H AT

>
ki

4, AY AEF 89
o17F 2+ AAAIEFQ LX-2 AlEE Dr. S. L. Friedmann (Mount Sinai School
of Medicine, NY) o 2HEH A-&F@dAdr} LX-2 MEE 10% fetal bovine serum

(FBS), 1% L-glutamine, 50 units/m¢ penicillin ¥ 50 pg/ml streptomycin ©]

g% Dulbecco’s modified Eagle’s medium (DMEM) o4 37°C % 5% CO2

EN

A sl °F 80%-90%9] confluency & ZEEE wjksigith. SFHAA 7

S

JHMEE 88t 10% fetal bovine serum (FBS), 50 units/m¢ penicillin % 50
rg/ml streptomycin ©] E-F¥ Dulbecco’s modified Eagle’s medium (DMEM)
oA 37°C L 5% CO, =274 3te] F 80%-90%2] confluency & ZEE=
] %3t o HepG2 A X5+ American Type Culture Collection (Rockville, MD,
USA) oA 9433t HepG2 A ¥+ 10% Fetal Bovine Serum, 10mM HEPES,
o

50 units/mL penicillin % 50 g/mL streptomycin ©] ¥+ ¥ Dulbecco’s modified

Eagle’s medium oA 8} %s}3iTh.



5. ANZE G FHES A WY

% RNAT Trizol (Invitrogen, Carlsbad, CA) & AF&3Fo] A zAbe] A7 W
of w} FE33th FF3% total RNA (2ug) 9F d(T)16 primer ¥ AMV % #AL&
% (reverse transcriptase) & AFE3}o] cDNAE AT FHAAES] Aozl
%S SYBR Premix Ex Taq (Takara, Shiga, Japan) ¥} Applied Biosystems
(Foster City, CA) 9] StepOne™ Software v2.1S o]&3fe] A ZALe] A A]% =Y
of wg Real-time RT-PCR& stz A= B-actind
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) ¢ A&l gtoz BH

33tk DNA F29] A8% primerv= U3 2t : rat GAPDHI1 (sense: 5-

TCCCTCAAGATTGTCAGCAA-3’, antisense: 5 -
AGATCCACAACGGATACATT-3"); human PTAFR (sense: 5-
CTGCCCTTCTCGTAATGCTC -3, antisense: 5-

CCTGAGCTCCCCGAGAACTCA-3'); human TGFBR1 (sense: 5-
ACGGCGTTACAGTGTTTCTG-3’, antisense: 5-
GCACATACAAACGGCCTATCT-3"); human IGFIR (sense: 5~
AGGATATTGGGCTTTACAACCTG-3, antisense: 5-
GGCTTATTCCCCACAATGTAGTT -3"); rat Lin28a (sense: 5~
CCCGGTGGACGTCTTTGTG-3’, antisense: 5’ CACTGCCTCACCCTCCTTGA-
37); rat Lin28b (sense: 5= GGATCAGATGTGGACTGTGAGAGA-3’, antisense:
5- GGAGGTAGACCGCATTCTTTAGC-3’); and human PAIl (sense: 5'-
TCGTCCAGCGGGATCTGA-3’, antisense: 5 -CCTGGTCATGTTGCCTTTC-3");

pri-Let-7a (sense: 5-GATTCCTTTTCACCATTCACCCTGGATGTT-3’,

10



antisense: 5’ -TTTCTATCAGACCGCCTGGATGCAGACTTT-3");

6. miRNAS] AA|7F GAAL T a4 A4 ¥-H

M FE A FZ3F F RNA (2pg)9 miScript reverse transcription kit (Qiagen
GmbH, Hilden, Germany)Z ©]&3to] cDNAZ At} Precursor miRNA<9}
mature miRNA Z& &L miScript SYBR GREEN PCR kit kit (Qiagen GmbH,

Hilden, Germany)E& o]&3] A|ZAFe] AA1E Wbl o} 8893, 2A3gt

flo

O

U629 Afzel zto g BAsET. FZH A& 9 Eo]A4-& melting curve £41<

ul

Este] Ittt DNA F3o AR8¥ primere w53 Zth Let-7a (5'-
TGAGGTAGTAGGTTGTATAGTT -3"); Let-7b (5'-
TGAGGTAGTAGGTTGTGTGGTT -3"); Let-7c (5'-
TGATAGTAGTTGTATGGTT-3"); Let-7d (5’AGAGGTAGTAGGTTGCATAGTT
-3); Let-7f (5'- TGAGGTAGTAGATTGTATAGTT -37); Let-7g (5'-

TGAGGTAGTAGTTTGTACAGTT-3").

7. 9XH FAA 24

YFEE F-4x B8 98] Luciferase reporter assay system< AFE3F3 U}
LX-2 AZ(1 x 109 12 well platedl]A] 24AF FeF mjksigieh. 1 & Az
1ng® Luc-PTAFR-3'UTR (Product ID: HmiT015524-MTO01, GeneCopoeia)%}
Luc-TGFBR1 a fragment-3'UTR  (Product ID: HmiT018051-MTO01,
GeneCopoeia), Luc-TGFBR1 b fragment-3'UTR (Product ID: HmiT018051-

MTO1, GeneCopoeia)®} miR-Let7a mimics¥3+ control mimicsE 48A]7F &<t

11



A3 st dAAS © A¥+= 1% S X3t Eagle’s minimum
essential medium oA 24A17F FoF HlY . FAHHo|Ze AL dual

luciferase assay kit (GeneCopoeia) & ©] &3l =43} c}.

8. AL £ £

e Alze] wijx & A AS * PBS 2 AMHsL MEE Fo] Eof 3000 g

A 3w QAR SAT FEAS AAR T und Beak A e

M

0.5% Triton X-100, 0.5% Nonidet P-40, 1 mM dithiothreitol, 0.5 mM

phenylmethylsulfonyl fluoride] & 7}sle] 1 AlZF &< €5 HA

e
2

3 &

of

gk % 10,000 g oA 10 &3+ daEeste] 9L Aeis 1A

ke

FE0z A

O
flo

L3 tt, 9 A =% = Bradford % (Bio-Rad® protein assay kit, Bio—Rad,

Hercules, CA)& o]&3to] A= 313}

9. 99 345ty E4H

|
ot

Al

ke

gl AS Mighty Small I SE 250 &% (Hoefer, Inc., San

‘l (

Francisco, CA) & o]&3}9d sodium dodecyl sulfate-polyacrylamide gel
electrophoresis W o2 ®gstt Al8E AzZ9Ag=9a [63mM Tris (pH
6.8), 10% glycerol, 2% SDS, 5% mercaptoethanol, 0.0013% bromophenolblue]
of 343ste] 6%, 7.5%, 9%, 12%° A& A&ste] W7l &N (0.12M Tris,

0.96M glycine, 0.5% SDS) WA #7995 st d7]ds0] € A2 A7

12

A 2 1_]| &]



= AGHRE o] gty o] d=M (26mM Tris, 192mM glycine, 20% v/v

X

methanol, pH 8.3) WolA 190mA= 1A%+ E<F nitrocellulose Aol @1z S

oAz wESAE  wuwde d@ 1A @Ae WA

o]

X

o

Horseraddish peroxidase (HRP) ¢} ZA3tE o] A= 22 A9} 1A17F vEE-A]7] a1
ECL chemiluminescence A|2~® (Amersham Bioscience, Buckinghamshire, UK)

2 olgste] WAL,

10. 4 Ag

One-way analysis of variance (ANOVA) & o] &3} #4815, SAHo=
freldol & ol tlsiA = two-tailed Student’s t-test 2 1% {F H& H

WAt BAA F949S p<0.05 £ p<0.01S 7|Fo2 2453
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1. AIE ¥4 248 ¥4+ miRNA 9 9%

2 A

B

g]

=

Hol = ot T/ AEXEWH A7 A% (Scott L.
Friedman, 2008). TargetScan (Whitehead Institute for Biological Research,

Cambridge, MA)& &3 A=AH4 Z4 WHS o|&sto] 1t AT 243}

i
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rlr
X
23]
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re
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oo
i‘—";
(il
=5
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rlr
S
=
Z
o>
il
Y,
1
_OL
9%
=
wW
=
o
ox
o,
X
kel
=5

W FEAE FAO EAsHE miRNA 52 Let-7 family ¢ miR-130, miR-19,
miR-30, miR-128% 2238tk (Fig. 1A). o5 llA Let-7 family 7} 7P B2 9
e AlxEid FEAE £Ho2 ZHAa St ol F8Als = F
w2t growth factor, cytokine, lipid, extracellular matrix = 2%+ 4709 1&

OR BRI F glon, o5& e miRNA oo FuAdS UENAS §3

==

A3 ekeltk. 53] Let-7 family © EE 179 RHES sty o) x&s=
= 5]
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A)

miRMAs Targeting 3 or more HSC activating recaptors

mikts Humber of Targets
Let-7 9
mik-130 5
miR-19 3
miR-30 3
miR-128 3
P @ () Growth factor-mediated receptor
B) miR-30 () Cytokine-mediated receptor
— () Lipid-mediated receptor
- §3F'ﬂ12-;'l () ECM-mediated receptor
. A
JI_GGPTL\' ‘,’
s -

I snc; N focere
s .
r/.-—-n B! - ____-‘.%:_F;" y
i - - » 1
(MFGES [\ ’\rf 4"" NS
_ - ‘\ ITGAW __{ o
[sTAT1) ‘
A
‘
A
7N |PTPRY S
TaR4 | S
N,
[ mET | - _
b
\/‘—’ / iR-130
rf-—_ A1 il
| PAX3 | iR-128 -
RN

Figure 1. Identification of miRNA Targeting Cell surface membrane receptors

(@) Top 5 miRNAs targeting 3 or more HSC activating receptors were sorted by TargetScan

15



database (http://targetscan.org).

(b) 9 different HSC activating receptors targeted by Let-7 family. 9 receptors targeted by Let-7
family were classified in to 4 different groups based on the receptor-activating ligands as shown
in networks. Gene interaction network between the miRNAs and targets was achieved by

GeneMANIA (http://genemania.org) and visualized by Cytoscape software.
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1 52 7+ A3t 3xke] Zho A Let-7 family 7F
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A)

Let-Ta Let-Tb Let-Tc Let-Td Let-7f Let-Tg
N.S
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w
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Figure 2. Let-7 family expression in hepatocyte and hepatic stellate cell

(A) Comparison between the levels of Let-7 family and mir-122 in primary hepatocyte and
primary HSCs. Let-7a,b,c were significantly higher in primary HSC. Isolated primary HSCs
were cultured for 1 day as well as primary hepatocyte. miRNA levels were determined using

gRT-PCR assays. Values represent the meanzstandard error of mean (significantly different as

18



compared with control miRNA treated group *P<0.05, **P<0.01).

(B) Comparison between the levels of Let-7 family and mir-122 in human hepatocyte cell line
HepG2 and human HSC cell line LX-2. All Let-7 family miRNA levels were significantly
higher in LX-2 cell line. The cells were harvested after 1 day of incubation. miRNA levels were
determined using gRT-PCR assays. Values represent the meanzstandard error of mean
(significantly different as compared with control miRNA treated group *P<0.05, **P<0.01).

(C) Comparison of Let-7a miRNA levels between 0 day culture-activated primary HSCs and 12
day culture-activated primary HSCs. Let-7a miRNA level was significantly decreased in 12 day
culture-activated primary HSCs. Primary HSCs were culture-activated respectively for 0 day
and 12 days. mRNA levels were determined using qRT-PCR assays. Values represent the
meanzstandard error of mean (significantly different as compared with control miRNA treated

group *P<0.05, **P<0.01).
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3. 7+ ARAAMEANA Let-7 family £ A X TH A2 Hd

TargetScan (Whitehead Institute for Biological Research, Cambridge, MA)
S AFESE AEARSHY BAS £33 Let-7 family + 9719 AXEH FE8A5 1%
Aelar dutar FALJC. FAHE THE F 7P BE conserved site & 7FAH

Let=7 family ¢k & A< Jloleha +55= AEEW 784 F34= PTAFR

Kl

¢} TGFBRI1, IGFIR It} (Fig. 3A). 12 &<t vlgste] A3t A7 sF < U}
b AASAEANA ST AExH &A1l mRNA 28 F71E 383l (Fig. 3B)
Let-7 family 7} PTAFR ¥} TGFBR1 ¢ 3'UTR % AHH oz Ra3le] o
E° mRNA ZAL & S A=A #Fs7] 98 PTAFR 3'UTR ¥ H,
TGFBRI 3'UTR e} Let-7a mimics® Z+z A d2d F43 ¥ 3'UTR
luciferase assay = 2 A8t T) Let-7a mimics®t 3'UTR ®E = 48A17F Bt &

3

Aol 17t

-

)
O>”

5 /11]

b

9l LX-2¢] #"F9] =glvh. PTAFR 3'UTR #E <]
luciferase &AL Let-7acl 93 40% A= TGFBRI 3’UTR = E 9
luciferase @42 Z}7}9] fragment oA 20%% 743t} (Fig. 3C). ©o]+ Let-

7 family 7} PTAFR #} TGFBR1 ol #xdo =z Fztsto] oA|gHS o v g},

20



A)

Target gene Gene name Conserved site

total Bmer  Tmer-m8 Tmer-1A

PTAFR Platelet activating factor receptor 3 2 1 0
TGFBR1 Transforming growth factor beta receptor 1 2 1 0 1
IGFIR Isulin-like growth factor 1 receptor 3 1 1 1
TGFBR3 Transforming growth factor beta receptor 3 1 1 0 0
CCR7 Chemokine (C-C motif) receptor 7 1 1 0 0
FAS Fas (TNF receptor superfamily, member 6) 1 1 0 0
ITGB3 Intergrin beta 3(platelet glycoprotein Oz, antigen CD61) 2 0 1 1
IL6R Interleukin 6 receptor 1 0 0 1
TNFRSF1B Tumor necrosis factor receptor superfamily, member 1B 1 1 0 0
B)
1.4 100 1o
g :E H BDI s
Z03 % 60 |_| % 6
£06 E E 4
204 g 2
Q"éq‘ «é&\ \@{‘\Q‘

Figure 3. Cell surface membrane receptor expression in hepatic stellate cell as
putative targets of Let-7 family and their direct inhibition by Let-7

(A) The putative miRNAs which target the putative cell surface membrane receptor candidates
and their conserved sites in hepatic stellate cell were extracted from TargetScan database
(http://targetscan.org).

(B) PTAFR, TGFBR1 and IGF1R genes are selected among the targets since they showed most
affinity of conserved site. mMRNA level of these three cell surface receptor expression was
analyzed in quiescent rat primary HSCs 12 day culture activated rat primary HSCs by gRT-PCR.
(C) Conserved site in PTAFR 3’UTR and TGFBRI 3°’UTR for Let-7 family were shown
respectively. PTAFR 3°UTR has 2 8mer conserved sites and 1 7mer-m8 conserved site.
TGFBRI 3’UTR has 1 8mer conserved sites and 1 7mer-1A conserved site. Luciferase activity

was significantly(p<0.05) inhibited by Let-7a(10nM, 48hours) and PTAFR 3’UTR vector(1pg,

21



48hour) co-transfection. Values represent the meantstandard error of mean (significantly
different as compared with control miRNA treated group *P<0.05, **P<0.01). Luciferase
activity was significantly(p<0.05) inhibited by Let-7a(10nM, 48hours) with TGFBRI a 3’UTR
vector or TGFBRI b(1pg, 48hour) co-transfection. Values represent the meanzstandard error of
mean (significantly different as compared with control miRNA treated group *P<0.05,

**P<0.01).
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C)

let-7c 3 UUGGUAUGUUGGAUGAUGGAGU & let-7c 3 UUGGUAUGUUGGAUGAUGGAGU &
let-Th 3 UUGGUGUGUUGGAUGAUGGAGU § let-7h 3 UUGGUGUGUUGGAUGAUGGAGU &
let-7a 3 UUGAUAUGUUGGAUGAUGGAGU & let-7a 3 UUGAUAUGUUGGAUGAUGGAGU &
(ARRRAN LErrnn
2127 2140 3874 385
PTAFR —CAGGCACUGAAUUUCCUACCUCU— Homo. S TGFBR1 —GGGAGGUCAAUUGUUCUACCUCA—
FUTR  _CAGGCACUGAAUUUCCUACCUCU—  PanT FUTR  _GGGAGGUCAAUUGUUCUACCUCA—
—CAGGCACUGAAUUUCCUACCUCU—  Macaca.M —GGGAGGUCAGUUGUUCUACCUCA—
—UGGGAAUUUCAUUUUCUACCUCU—  Mus.M —AGGAGGCUGGUUGUUCUACCUCA—
—UGGGAAUAUAAUUUUCUACCUCU-—  Ratfus.N —UGGAGGCCGGUUGUUCUACCUCA—
let-7Tc 3 UUGGUAUGUUGGAUGAUGGAGU &' let-7c 3 UUGGUAUGUUGGAUGAUGGAGU &
let-Th ¥ UUGGUGUGUUGGAUGAUGGAGL &' let-7Th 3 UUGGUGUGUUGGAUGAUGGAGU §
let-7a ¥ UUGAUAUGUUGGAUGAUGGAGL §' let-Ta 3" UUGAUAUGUUGGAUGAUGGAGU &
TETTITT [(RRRERER!
158 2180 58 B2
PTAFR  —CUAUGAGGUUAAAGCUACCUCAU—  Homo.S TGFEBR1 —GGGAGGUCAAUUGUUCUACCUCAC—
FUTR —CUAUGAGGUUAAAGCUACCUCAU—  PanT IUTR —GGGAGGUCAAUUGUUCUACCUCAC—
——CUAUGAGGUUAAAGCUACCUCAU—  Macaca M —GEGAGGUCAGUUGUUCUACCUCAC—
—CUGGGAGGUUCAACCUACCUCAC—  Mus.M — AGGAGGCUGGUUGUUCUACCUCAC—
—CUGGGAGGUUCAACCUACCUCAC—  Rattus.N —UGGAGGCCGGUUGUUCUACCUCAC—
let-fc 3 UUGGUAUGUUGGAUGAUGGAGU &'
et-7Th 3 UUGGUGUGUUGGAUGAUGGAGU &
let-7a 3 UUGAUAUGUUGGAUGAUGGAGU &
s IIIIIIII135
PTAFR —AUUAGAUUUGGAGGCUACCUCAC— Homo.S
FUTR —AUUAGAUUUGGAGGCUACCUCAC— Pan.T
—AUUAGAUUUGGAGGCUACCUCAC— Macaca.M
Control PTAFR Control TGFBR1a TGFBR1b
FUTR IUTR IUTR JUTR IUTR
Z14 Z 121
= =
512 B 1.01 . x
% 10 * g 0.8
& 08 £ 061
Sos Eh
204 2049
g 0.2 2 021
0 0
Q@‘z‘ g & & & 0 & \pé\e & \9{"9
4 & v & o
23

Homo.&
Pan.T
Macaca.M
Mus M
Rattus.N

Homo.5
Pan.T
Macaca.M
Mus .M
Rarftus.N




o
T

LX-2
TGF-
o]
H

4%

1

s

-

1

]

R
Foleh (Fig. 4A).

°©

btk TGF-p 7

°©

[e))]
H

4%

€]

7} A FHTE 22y Let-7a mimics

!

T8A
7FA A (Fig. 4B). 134 Let-7a mimics ¢ ASO

Let-7a antisense oligonucleotide (ASO)

4817k

ki3

BAE B3N Let-7 o

=
=

7M1 71
S

AYA
-

Y

oA AlExH

ke S
oA Let-7 family ¢ 9&& &

Let-7a mimcis

P2, LX-2 A

-

Al
20|
A 3E

=]

A9 mRNA

o

il

24

e et (Fig. 4A,B).

-

T—

3}



A)

TGF-B
PAFR

TGF-gR1
IGF1R-B
PAI-1

B-Actin

B)

TGF-B
PAFR

TGF-gR1
IGF1R-B
PAI-1

B-Actin

con miRk

Let-Ta

+

- +

- - -

P

1 125

045 020

B

—

1 1.7

086 073

— —

1.27

049 054

L

1
] .w.ﬁ_
1

1.15

034 D25

1 0098

0.94 093

Let-Ta ASO

R +

255 236

193 1.88

334 327

1.1% 18

0.95

X

X1

PTAFR
N.5 NS
30
% 25
% 20
E 15
210
E 0.5
o
TGF-B (Sngiul) _- + . *
con miR Let-Ta
IGF1R
20 N3 M5
i
=9 1.5
2
= 1.0
2
205
&
0
TGF-B (Sngiul) - + - +
con miR Let-Ta
FTAFR
3.0 ne M3
% 25
< 20
=
E 15
R
5 05
o
TGF-B (Snglul) - + - +
con miR Let-Ta
IGF1R
NS M5
4
i
b 3
frd
E2
Z
m 1
[
14
]
TGF-B (Sngiul) + - +
con mik Lat-Ta

TGFRERI
NS W.5
16
g
S 1o
% o8
2 06
T 04
202
o
TGF-§ (Sngiul) _- = : +
con miR Let-Ta
TGFERI
M.S NS
4
< 2
S
E 2
z
m 1
&
0
TGF-g (Sngiul) - + - +
con miR Let-Ta

Figure 4. Role of Let-7 in TGF-B-mediated hepatic stellate cell activation
(a) Western blotting for Let-7a targeted receptors (PAFR, TGFBRI and IGF1R) was performed.

LX-2 cells were transfected with control miRNA or Let-7a mimics for 48hours prior to TGF-

B(5ng/ml) treatment for 3 hours. mRNA levels of Let-7a targeted receptors (PAFR, TGFBRI and

£0



IGF1R) were determined using qRT-PCR. LX-2 cells were transfected with control miRNA or
Let-7a mimics for 48hours prior to TGF-B(5ng/ml) treatment for 3 hours. Values

represent the meanzstandard error of mean (significantly different as compared with control
mMiRNA treated group *P<0.05, **P<0.01).

(b) Western blot assay for Let-7a targeted receptors (PAFR, TGFBRI and IGFIR) was
performed. LX-2 cells were transfected with control-ASO or Let-7a ASO for 48hours prior to
TGF-B(5ng/ml) treatment for 3 hours. mMRNA levels of Let-7a targeted receptors (PAFR,
TGFBRI and IGFIR) were determined using qRT-PCR. LX-2 cells were transfected with
control-ASO or Let-7a ASO for 48hours prior to TGF-B(5ng/ml) treatment for 3 hours. Values
represent the meanzstandard error of mean (significantly different as compared with control

ASO treated group *P<0.05, **P<0.01).
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5.Let-7 o &3 TGF-pAZTALS] A

45ty TGF-BRI & smad2/3 ¢ 4SS Este] AsE ALt Let-7a

mimicsE 2AFYol o] AEFH FEA 2 WEo] AAEJomR 1 Y AT H
A AZE AFsl= Aol L3I}, LX-2 Al¥E0] Let-7a mimicsE AT+ 3 &
TGF-B & 3AIZF HA & sF3Uth. TGF-B 9 AHX|+= smad2/3 o @A g AibstE

Let-7a mimicsi= TGF-BRI o] @& A= E35Fo] smad2/39] <4t

“EL

(Fig. 5A). M2 Let-7a ASO HAFUL2 TGF-BRI ¢ wd 7=
&ato] QIAbstE smad2/3 & S7HAAT (Fig. 5B). TGF-po] A A= F A2
A3} A% PAI1Y mRNA 2dS ZS7HA#HY. o]w] Let-7a mimics™ PAIL9]
mRNA &S ZAAZ I Let-7a ASO £ PAIl mRNA ¢ 2&dS Z7MA% 0

(Fig. 5A,B).
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Figure 5. TGF-f signaling pathway inhibition by let-7
(a) Western blot assay for TGF- signaling (smad2/3, p-smad2, p-smad3) was performed. LX-2

cells were transfected with control miRNA or Let-7a mimics for 48hours prior to TGF-B(5ng/ml)
treatment for 3 hours. PAI-1 mRNA level was determined using gRT-PCR. Values represent the

meanzstandard error of mean (significantly different as compared with control miRNA treated

group *P<0.05, **P<0.01).

(B) Western blot assay for TGF-f signaling (smad2/3, p-smad2, p-smad3) and HSC activating
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marker PAI-1 was performed. LX-2 cells were transfected with control-ASO or Let-7a ASO for
48hours prior to TGF-(5ng/ml) treatment for 3 hours. PAI-1 mRNA level was determined
using qRT-PCR. Values represent the meanztstandard error of mean (significantly different as

compared with control ASO treated group *P<0.05, **P<0.01).
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6. Let=79] 2|3+ PAF-mediated 7+ AANAXE &Xd3l9} PAF ASAEe] oA
23lel PAFR 2 ERK ¢} p389] Qh3lE %3te] AladdS sl NF-«B

o WAL

o|N

ZEAZ T PAF AA= Azad s8Ae] 23] SUHE frimshld.
ey PAFR o] 2de Let-7ol o8] A== PAF o 9% Alxxy
TEA HATIE Al Let=7ol of3] AAHAT (Fig. 6A). v50°] PAFR 49
Ao PAF A8 de @ul el ERK o p38e] a ) Qibsks oAlskgitt. PAF

o] AA= NF-«B o] &d& F7HA 7 o] 94 Let-7°l 9&f JA =AU (Fig.
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Figure 6. Inhibition of PAF medicated hepatic stellate cell activation and signaling
pathway by Let-7a
(a) Western blot assay for Let-7a targeted receptors (PAFR, TGFBRI and IGFI1R) and HSC

activation marker PAIL is performed. LX-2 cells were transfected with control miRNA or Let-
7a mimics for 48hours prior to PAF (10nM) treatment with 5% BSA for 3 hours. PAF and 5%
BSA were activated for 1 hour prior to treatment.

(b) Western blotting for PAF signaling protein (NF-xB, p38, p-p38, ERK, pERK) was
performed. LX-2 cells were transfected with control miRNA or Let-7a mimics for 48hours prior
to PAF (10nM) treatment with 5% BSA for 3 hours. PAF and 5% BSA were activated for 1

hour prior to treatment.
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7. 7t AAAIE B3} Al Lin28Be] 9% Let-7 maturation®] A

Lin28B 2 2% Let-7 family ¢ maturation ©AE A= miRNA
processing A Z&Ax}lo|t}. Lin28B 9] Let-7 family &4 &3 AEL £7]
Aol M= B A7 s gtovt, 1P ARAEA = A A€ vk gk
(Seung-Kyoon Kim et al, 2014). Let-7 family ¢ &3 8719 <AA ol A
dolym® Let-7 family o SAHEZ A= AARQIAF] &3k AL AR U=
Lin28B ol o AAL § xdd 7FeAde] ¥ =vh A9 dak b AdAEE
1290 st widete] 243t Azle W Lin28B ¢ mRNA 3ol A9
Z7telR o olE 3| Let-7 family ¢ maturation & A 24 Let-7 family ¢

HArsE AW 4 A} (Fig. 7A, B).
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Figure 7. Let-7 maturation Inhibition by Lin28B during stellate cell activation
(A) Comparison of Lin28B mRNA levels between 0 day culture-activated rat primary HSCs and

12 day culture-activated rat primary HSCs. Primary HSCs were culture-activated respectively
for 0 day and 12 days. mRNA levels were determined using gRT-PCR assays. Values represent
the meanzstandard error of mean (significantly different as compared with control miRNA
treated group *P<0.05, **P<0.01).

(B) Comparison of PAI1 mRNA levels between 0 day culture-activated rat primary HSCs and
12 day culture-activated rat primary HSCs. Primary HSCs were culture-activated respectively
for 0 day and 12 days. mRNA levels were determined using gRT-PCR assays. Values represent
the meanzstandard error of mean (significantly different as compared with control miRNA

treated group *P<0.05, **P<0.01).

33



—_
fite)

o
N

el

0

o] 7149 A

-
X

g 3ks o Al

s}
=

3)

w7 1Al £

!

= e

7}t

Nlo

3

o)

b4 vk (Min, H.

t} (Tiniakos et al, 2010). 18{= &

}

°
R8s

o2 2+ AF3E op7I3

a

42}

%

K. et al. 2012). & &0l A

o

Let-7 family ° %3}

= 2=

Z o
==

2
my

il 21514

o

g, o] ZbollA19] Let-7

M EFo| A Let-7 family2]

-

Let-7 family 7} 7+ Al6-3}o
e

2]
1)
=

=

Let-7a 9} -7f ¢

ju—y
-

[e)

T_E"

Ho]FAdoh () A3}). Lef-7 family 9]

[e)

ol A Let-7 family ¢

3

[€)

-

Ay
s Y

Ape] ghol A Ho] A

7}
Let-7a 9 47F ¢

<
o} FHA|

s}

[e]
i
-

J
ir
fn Y

A
=

T

1=

Z
A=A

o]
zE A

==
5 o

A 32

S

3

wrh 7

B

= Let—7 family”Z} %t

= YeEbsi e, o

SHAI

oA dA

ST
X

b1 9

X]o

34

3 Let-7 family9



714 Ao Fa3k gsts vl TGF-BRI & 11 & TGF-p ol ¥-3-3lo] slue] 5
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A AALS Ta 7 At 2 AelA = Let=7 o 9@ TGFBRI ¢ HA}

AAE QAR T AGAEF LX-2 oA BFESAT. LX-2 A E| Let-7a & 9

A

AF9] st9S Wl TGF-B ol o3 SMAD2/3 ¢ 24tslrl A=t w3k Let-
7a°] °]gk TGFBRI @iz o] W& A7} mRNA ] 7AE RbsHA & Z1o=
Kol Let-7a &= TGFBRI ¢ mRNA HE AAE 3 dudds iz Az4d
c}.

PAF & AAA=ZA 1+ &4 Al 99 AS5HAEES 43 A1 (Rui Yang

O

et al, 2014). 3+ M EAA PAF ¢ & Bol &&zl nf glov CCly ol 9
3 7+43 55 RdolM PAF ¢ PAFR ¢ F7b7F #+2d Aoz HWol PAF 7}
b QA FAdstel welgittal B 4 Qltk (Y Yang et al, 2003). H3F PAF
= WA XA MAPK/ERK AlsE &A4siste] Axe] 5248 X8k, 1+ 4
AAEANE 9A PAFR 3} MAPK/ERK 43l AlE F2d 7]o]d Ao|th,
A b AFMETo Let-7ae] FAFY Al PAF AA|o] ¢|gt PAFR ¢ #dy}
MAPK/ERK A1Ze] 243k ojAstaleon 1+ AdAx 448 Ax & syl
PAIl1 9A] Zdo] JAH ATt 2ol e B3l PAF9} Let-7 family 7+e] 214
A1 #A= ° A8 AFE ook & Blolt)
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ABSTRACT

Let-7 family as Regulator of

Hepatic Stellate Cell Activation

Young Jin Choi

Department of Pharmacology
College of Pharmacy

The Graduate School

Seoul National University

Hepatic stellate cell (HSC) activation plays a major role in liver fibrogenesis, which
results in part from the activation of cell surface receptors by growth factors, cytokines,
lipid mediators, and extracellular matrix components. Regulating these signaling
pathways can be effective means in the treatment of liver fibrosis. MicroRNAs regulate
a variety of physiological and pathological events. This study investigated the impact of
Let-7 microRNA family members on liver fibrosis mediated by HSC activation.
Bioinformatic analyses using TargetScan algorithm enabled us to predict candidate
microRNAs that may affect different cell surface receptors activating HSCs. Of them,

we focused on Let-7 family members because they might target a number of cell-
40



surface receptors. As an effort to find clinical relevance, the levels of Let-7 members
were determined in a group of patients with fibrosis; patients with severe fibrosis
showed significantly lower levels of Let-7a and -7f with greater accumulation of fibers
than patients with mild disease. Let-7 members were also repressed in the liver of mice
treated with carbon tetrachloride. The basal Let-7 expression was much greater in
quiescent HSCs than primary hepatocytes, suggestive of the role of Let-7 in regulating
HSC transdifferentiation. We found the ability of Let-7a to directly inhibit transforming
growth factor beta receptor 1 (TGF-BRI) and platelet activating factor receptor (PAFR),
as evidenced by 3’-UTR luciferase assays with Let-7a mimics or ASO transfection. Our
results demonstrate that Let-7 family members may prevent liver fibrogenesis by
inhibiting the expression of cell surface receptors including TGF-BRI and PAFR in
HSCs.

Keyword : Liver fibrosis, Hepatic stellate cell, Let-7 family, cell surface membrane
receptor, transforming growth factor beta receptor 1, platelet activating factor receptor
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