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(57) Abstract: The present invention relates to a liver fibrosis inducing vector and a method for establishing an animal model, using
the same. According to the present invention, treatment with tamoxifen at a specific time point allows a Cas9-ERT?2 protein complex to
translocate from the cytosol into the nucleus. As such, the protein complex that has translocated into the nucleus can more elaborately
modify a specitic DNA in a desired part at a desired time point with the aid of guide RNA (gRNA). Particularly, application of tamoxifen
to a Cas9-ERT?2 complex in which a gRNA of the liver fibrosis regulator gene TIF 1y is fused to a hepatic stellate cell-specific promoter
knocks out the TIF1y gene to cause liver fibrosis. TIF1y is a very important factor in the prevention and treatment of liver fibrosis or
liver cirrhosis. Theretfore, the present invention can be utilized for developing a technology for analysis of liver fibrosis disease and
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further is useful for clinical studies such as screening of candidate drugs for treatment of liver fibrosis, with the expectation of finding
applications to identifying novel proteins that may be targets of new drug development.
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TawEE g dasshs A9WE 130 ALNE 149 474D o] 2of
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sequence)”7} Al 7 ¥l Cas9 (CRISPR associated protein 9)2] N-Z ¢t 2 C-eto]
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gk, Bk o] ol o g ks = AR Q1 "I Al f-Shdiver fibrosis)"1=

RIS E Ol iz 3F 27 o] 4 A& HbEste], 22 Foll Fekzl
gedfdzAo] Hust HHE o2, F Ao FE (scar)7t A7 1= A3
ofv g}, b o 2 7k A F- 3= (b 8oz 2e] 7F A (reversible) ©] AL, gF
A1 B (thin fibri) 2 -4 ¥ ™, 2 (nodule) & 4 ©] $1ch. T3, 7t &=42] 21%10]
A w0l 7he @ o ot Ly o] 2 & 7k A -3} 7] 2ol
NS A 0 8 XS8R, A2 (k] wAE i (crosslinking)©] T 7F8ke] 574 &
SRR
T I
A&

orie

_&ﬂli_l
EO
S&ﬁ

st TS A AT EA A 5 2.
Ao AAIE A% I

o5}, ¥ g 2 o)d & 571 A sto] ukHE A E AA o) & A A FTE 1
7] 9] A A o= B wky S wr) A7) o8}y fEte] AT = AU B, 5
Ao ofsf & o] WEo] T H = A okth

AAe] 1.DNA W3 f = gl E3A o] A=

- EH A=, DNA 9 75 D d 539130 & Al 28] 9lsho], 5 19 Yerd
upe} o), gl Aol & W& o] F 3= Cas9S R} A alshA skl

Cas92] nuclear localization signal (NLS)= A A4 8}o] M3 (cytoplasm)©l]
EAS == SHLaL, 371 NLS7F Al 71 Cas92] N-2et Bl C-etol] ERT2E
G A A £ 3 Cas9-ERT2 Wil 2 15914 of) BF-Al ] (tamoxifen; TMX)S
Al ste] EGAI Al 8 (nucleus) HE ©]FA 2 4= 9J3= Cas9-ERT2 H A
E3FA)(ERT2-Cas9-ERT2)Y] T2 5 T3S tH(E 2a 7).

53], dst= Al Aol 54 FHAE HEA A 5 =5 DNA Y f 5

A B3 & dAst A, 2 A3 Al 2 (TIF1y) ] gRNA (guide

RNA), U6 Z2FE| 7P AN Eo] 2] T2 WE (LRAT T2 X E), 2
Cas9-ERT2E A A3 x5 7489 th(&E 2b JX%).

AA o2 AZET W AZ
2 kg o] o AA|d 2, B owkvg o] vhlal B3kA| & ¢ g slelE - AAE
F3el= A2 NE S A 2P (= 3a 2 £ 3b 32X, FAHo R,
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7

pX330-U6-Chimeric. BB-CBh-hSpCas9 (#42230) &} 2n] =& 7 u)| 549 1L, Santa
CruzZ % ¥ mouse TIF1y CRISPR/Cas9 knockout (KO) &&=V = (sc-430111)E
1| 3} % ©}F. mouse LRAT (Lecithin retinol acyltransferase) ™ 2 2. B A]H X
(promoter sequence)<= promoter prediction
(http://gpminer.mbc.nctu.edu.tw/index.php) & AF-8-3l] -2 &4 o] o S5 = Al A~
(-5,500 to + 72 bps)E A E15} 9] 31, H.%5-2] mouse DNA (C57BL/6N)E AF-&-3} <]
SH71 3 13 42 50) 4] Lo o ¢l PCRE 573 8l LRAT ZEEHE
g=aholt.

Primer sequence (5'-3")

Forward GACATTGATTATTGACTAGTCCTTAAAGAGAGGCATCCGGGG
TC

Reverse GTTCTTCTCCTTTGCTAGCCATGACGCTCACGCTAAAGAGCTT
GAAG

871 LRAT Z 25 E o] o] EZ| oA, BpEAldl o2 JF 41173} A 73 2}
(TIF1y) F& 24 o] ¥ = Setav| =8 A7 A, CAG Z 25 H 9}
pCAG-ERT2CreERT22] Crei= LRAT 3 2 2 ¥ 9} SpCas9(Streptococcus pyogenes
Cas9).2 & 242} o A & i o

o, U6 ZEEEE 2E= 317] 3 29 TIFly gRNA 371 & 7371

Eel v ol 1919k,

[3£2]

gRNA sequence (5'-3")

gRNA 1 GGTGCGGCTGGGCCCGACGA
gRNA 2 CTACATTCTTGACGACATAC
gRNA 3 GAAGATAATGCAAGTGCAGT

ol & 7| | 2% pLrat-ERT2Cas9ERT2-TIF1y gRNA Z&}21] == o] 7)Mo
W4 (Sanger Sequencing)©ll 2]} €1 =] A1}

AA 3 2 A R3] AA FAR (TIFy) 23 22 FA A3 A o] AA
SgAI Aol EREA 0 2 TIFLy -3 2] Y o} (knockout)o] -2 ] o]
AR e o] 2 ¥ = 82 A SHtransgenic; TG) A S A4HsH7] 514, 5
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WA 858 o] C57BL/6N &7 A F o] dnld A A 2 A= & = 2 (pregnant
mare serum gonadotrophin; PMSG) (7.5IU) ¥ {1 7F-g = 2+A]

AY 2 A 2= T = F-(human chorionic gonadotropin; hCG) (5IU) & 2} 484] gk
kA o 2 &7 (Intraperitoneal; IP) S=A}s}o] 2pwj] &h-& ‘Cr’r%/\] Ao hCGS

plugE Zal AR B AR5 G, hA AH 2R =4 H wjol&
T8kt
[71] 71 Hlokell, & 4o Yebl vlo} o], BF A2 -3 TIFLy 4 A1)
Yol f-%3}:= DNA (pLrat-ERT2Cas9ERT2- TIFly gRNA) 371 &
Avrll/Pvul 2. 2 ©] % A H(double cut)slo] A3 3} &
1] Al 5= %] (microinjection) & 2. & 1|5} a1, 1-4| 3£ 7] ¥l o} (one cell staged
embryo)®ll /7] DNA 37/l & & =2 v A =55t o9 & 2 %3t
Aol Aakel 5 v Al A7 AR E AT 2 A, A S, e ).
[72] 471 3712 DNA Z3= % 4ng/uls 5] &AM zygote)2] A 3l (pronucleus)©l]
u] Al 22} 7] (micromanipulator) & AR&-8Fo] ) 4 A 0 & 9] 8191 a1, ©] - ¥ DNA
=S VAFS §F ol E 37°Coll A 1241 ZF F ] vl F skl 7] ol =
14 WA 1671 & 7Hd 94418 of) 2] X (pseudo-pregnant recipient) A Z| (ICR)<]
whybol] o kA W& AFE-8Fe] o] 23T
[73] oj e} A& g o ALE = FAAS A= et RAN =,
o gkl =)ol A B A 7 gl 24 Stell J—]—HHQ}\}\#U:] E%}— A2
G2 A EEd 93 5e0E Tol A H A

[u—

74

H A Ao 4, 7 A58} oA A (TIFIy) B 24 S A8 47 el 24

[76] 4-1. PCR 31 (PCR analysis)

(771 AAdl 39 Wl o g Al TIFLy 04 0 28 AR A7 o
pLrat-Cas9ERT2-TIF1y gRNAE &2135}17] 9l 3to] DNA A+ 4] (genomic
tail) ] A PCR ¥-41 & 58315t AH8-5l el = ot7] % 33} o).

[78]

[79] [3£3]

Primer sequence (5'-3")
Cas9-ERT2 Forward TGCTACAGAACAGTTGCAGCC
Reverse ACCTTGTACTCGTCGGTGATC
TIF1y gRNA  |U6-F GTCGACGAGGGCCTATTTCCCATGATT
gRNA1-R TCGTCGGGCCCAGCCGCACC
gRNA2-R GTATGTCGTCAAGAATGTAG
gRNA3-R ACTGCACTTGCATTATCTTC
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[80]
[81]
[82]

[83]

[84]

[85]
[86]
[87]

4-2. A 2~¥1 B 2 (Western blot assay)

2A] e 32 Wi o 2 AAkE TIFly f-30 4 &d 24 3§27
A F 2] el Al #Hl (Tamoxifen; TMX) 2 & o] ©}-& TIF1y %3
G5 Aslol A28 R A2 SRR 7] 2D A
E}Eﬁl?ﬂg Aste] A Frg DA 712D TIFIYE in vivooll A Yo% A 71

o, AP 22 & 39l TIFLy @i d o] kg of -5 15l i), H a2
ol ‘?l(a—smooth muscle actin; a-SMA)= A HFA © 2 S 315 7HA] A A 3 of) A
FdE = P AR AR EA,L V] a-SMA @A of W g ¢l '
Fom WA A3 A= E Arbetalnt 2 Al =g ato] 223914k
—ri o|& B A(GAPDH)= # A el lo] A4 HstE AlMketr] ¢ &
W5 o &3 (internal control) & = AR % AT}

TA A o=, v ek M3 = 22 A E-2 protein lysis buffer(50mM Tris-HCI,
150mM NaCl, 0.5% deoxycholate, 1% NP40 2 protease inhibitor cocktail [Roche,
Indianapolis, IN, USA]7} 3£ &% 0.1% sodium dodecyl sulfate [SDS])Oﬂ

Sl A AT A A A FEE (2530pg)S S E995°CAl A 9l F
SDS-PAGE® -] gt 2 BioRad transfer unit(BioRad, Hercules, CA, USA)E
A}-8-3}o] polyvinylidene fluoride membranes(PVDF; Millipore, Darmstadt,
Germany) 2.2 5 tF PVDFi= 0.1% Tween-205 X $}38}5= Tris-buffered saline
(TBS)2. = 3] %t 5% skim milk % 238} ar, 12} 8+ 2 a-SMA(1:3000, Abcam)
£+ TIFLy 34)(1:1000, Abcam)E AF-8-5}o] Wl &F3}31 2.1, anti-a-tubulin
antibody (1:5000, Sigma-Aldrich) =+ anti-GAPDH antibody (1:30,000,
Sigma-Aldrich) & W th2 0 2 AL-&-3} 31t} o] F PVDFE A 2] 3k & 2x}
&} A 21 horseradish peroxidase-conjugated secondary antibodies= Wl %3} S}

A2 g the WY HEE-2 8213)9] TINA 2.0 (RayTest) == Imagel (Nat10na1
Institutes of Health) 3. % 1318 o] &3}o] A ek3}5} it}

1 A3} % 59 e vl o], pLrat-ERT2Cas9ERT2-TIF1y gRNA & 2 71 5}
AF 2 7S, TIFly F- A A7) Gol-$- 5 a1, a-SMA @ o] ¥kl ¥ of 71
A3t FeHldes w2 o 5 AT o= V] dEAS AHAE

Arakel A s R o1l f-85P0 AHE R 4 98-S AlAaL,

ﬂ(trans genic; TG)

al
=4

A6l 5 DNA W8] §5 ghold 2 gha] o] uhel ¥4
Ao 20] WP © & A% ¥ DNA W8 5 vhuld 28k o] whe] oF S
aelh7] 91l Aol AE & e shginh. o] B $13kel, LX2 Cell (Human

hepatic stellate cell lines)®ll transfection ¥, E}F&5-A] #l (Tamoxifen; TMX) InM<-
A 2] gk b, 4A)ZE = A7) TMX S| A 2] f-5-ol] W& Target 14} (TIF1
gamma; TIF1y)2] 749} gkt 4 f-7 ZHalpha SMA; a-SMA)2] 57 d-&
glstint.
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1A, 5 6a R 5 6boll YERA nEe; o], TMXE A gl 84 k&,
A 32 (cytosol)ol] W& ¥ Cas9-ERT2 WA &34 of &) = o] F o]
A E AL, a-SMAE Bk o, TIFIyE 3 Woll 34 28l ¥ A oh(s 6a Z2).
e TMX A 2] A] Al 32 o] 9Hel ¥ Cas9-ERT2 W2 E-3513) 71 8 ] o] 5312
gls 7 Ao, a-SMAT = 3kaL, TIFly: & o] o] TrAH Ao 6b
Z).

LeH A X E o] & 0]8-3}9] Intensity©l] upe} ¥-A1e A3} & 7 9 5 g
el vle} 2Ho], ROI 1 (up cell) @} ¥ ] 9] transfection®] ©] 50 2] 2] -2
A3 <1 ROI 2 (down cell)& B a3 & W (5 7 7)), Al 3220 S H
Cas9-ERT2 T2 5314 7F TMX A& & 3 ] o] 53& 2213 o= 3L, ROI
1°] ROI2E.T} &) 1] 9] Cas9o] =3k o, A Z Ao A a-SMA©] =31

HE o] Faslrh(s 8 Fx).

-

o

212 % tﬂ—Dé]

=° 5 =

1o
2
ihea
u
W
i)
>
(m
ule
o
N

i
N
o
m
iv

[
=

X

I
T

Forward Primer

X

e
i

Reverse Primer

X

e
i

transcriptional intermediary factor 1 gamma gRNA 1

X

e
i

transcriptional intermediary factor 1 gamma gRNA 2

X

transcriptional intermediary factor 1 gamma gRNA 3

X

e
i

Cas9-ERT2 Forward Primer

X

e
i

Cas9-ERT2 Reverse Primer

transcriptional intermediary factor 1 gamma gRNA U6-F

e
i
olow|lw|lalu|lea|lw]|w®

X

e
i

transcriptional intermediary factor 1 gamma gRNA gRNA1-R

X

e
u,
=

transcriptional intermediary factor 1 gamma gRNA gRNA2-R

X

e
i

transcriptional intermediary factor 1 gamma gRNA gRNA3-R

X

N
i
o

ERT2-Cas9-ERT2

X

e
i

RNA polymerase III promoter for human U6 snRNA

X

N
i
=

LRAT promoter

)

M| 2| A2 (R | | | 2| R | R 2| | | | | e
e
u,

X

e
i

Cas9 (Csnl) endonuclease from the Streptococcus pyogenes Type 11
CRISPR/Cas system

e
)
rot
re
i
o,
1o
i
o,
rlo
£
>,
il
do
e
PR
e
=
re
i
o,
e
Ipr
P‘L
rir
N
)
M
o
1o



PCT/KR2018/006451

11

WO 2018/236079

—_
o

wir

b

T

4 A 0] of

1

Aot Z1e] L2 o) Aol A 7] %

AAd ol 874

T

[96]
[97]
[98]



WO 2018/236079

@1

4T3 2]

[ 3]

[T 4]

(%% 5)

[ % 6]

(7478 7]

PCT/KR2018/006451
12

A9
TIF1y (transcriptional intermediary factor 1 gamma)$] gRNA (guide RNA) 2
Cas9 (CRISPR associated protein 9)ll ERT2 (Estrogen receptor 2)7} & ¥
il LA & destetE ALHE 129 VI LR o] Fol 3]
§A42 Filshs A8 5402 ah, A2 e (ector).
A 1ol AoyA,
A7 AET HE = U6 ZEEEH H G 2 5ol 4 ZEREE 7
I ALAE 13 % HAUE 149 7142 o Fol

§A4E U Feohs A B0 sz A2 Mel

A 1ol AoyA,
A7) @l 2313 = NLS (nuclear localization sequence)”F Al A ¥ Cas9
(CRISPR associated protein 9)2] N-"2+ 2 C-"Ztof] ERT2 (Estrogen
receptor 2)7F & H A 5 0 o=, A2 I H.
A 1ol AoyA,
7] TIF1y+= 3F A -2
a1 o] GAE Eghsl= 1A :
a) Cas9-ERT2 T 5314, TIF1y gRNA, U6 2= X B, W LRAT
(Lecithin retinol acyltransferase) T 2 X B & ¢35 8}5H= {2 AE
Az W E (vector)E Al 28 G A:
041 A S S Elel 582 vkl AT o A 3
0 471 WobE o) v B2 o] dgbol 91317 g o
A5akel] oA,
AF7] Cas9-ERT2 T84 5314 = NLS (nuclear localization sequence) 7}
A A1 ¥ Cas9 (CRISPR associated protein 9)] N-"4et 2 C-dehof] ERT2
(Estrogen receptor 2)7F § 318 A& 54 02 3h=, Al =W,
71 A5e = Aodte] i o Alxd AR s e B

offl
il
S
L,
1o
N
BN
o
L

E S A
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