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ABSTRACT Objective: To generate an inducible mouse line of conditional knockout of RBP-J in activated hepatic stellate cells,
thus disrupting the Notch signaling of activated hepatic stellate cells in liver fibrosis. Methods: The Sm22a“™" and RBP-Jiof
transgenic mice were crossed. The genotypes of their offspring were determined by polymerase chain reaction analysis and Sm22q ™,
RBP-J™" mice were obtained. Liver fibrosis model was established by intraperitoneal injection of CCl4. Sm22«, a marker of activated
hepatic stellate cells during the process of liver fibrogenesis, was evaluated by immunofluorescence. Specific knockout of RBP-J in
activated hepatic stellate cells was then realized by intraperitoneal injection of tamoxifen in mice. After purifying hepatic stellate cells
from the fibrotic liver, the Notch target genes of Hesl and Heyl were examined by using q-PCR and Western-blot. Results: Mice with
genotype of Sm22a“ ™ RBP-J"" were obtained by consecutive breeding. Intraperitoneal injection of CC14 for 4 weeks could establish
obvious liver fibrosis. During liver fibrosis, hepatic stellate cells were activated and began to express Sm22«. After intraperitoneal
tamoxifen injection, RBP-J was successfully suppressed in Sm22a+ activated hepatic stellate cells as evidenced by significantly reduced
expression (more than 70 %) of Notch target genes—Hes1 and Heyl. Conclusions: We have successfully generated an inducible RBP-J
conditional knockout mouse line and further developed a model of specific disruption of Notch signaling in activated-HSCs during the
process of hepatic fibrogenesis, paving the way for study of the role and mechanisms of Notch signaling in modulating liver fibrosis in the
future.
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% 5% [N -F RBP-] (J kappa recombination signal-binding
protein )J& Notch {5538 B OCHE /3o AR AR m i
Notch Bk 5244545 )5, B y-secretase fiff/K fig . HI%] Notch iy
B IX , Jf Bk Notch i P Bt (notch intracellular domain,
NICD) AZu iz 2. 3 A4 jaz iy NICD i@t 5 RBP-J A B AR
FRIF SR SRS B, VS B Hes (hairy enhancer
of split)5 Hey(hairy enhancer of split-related with YRPW motif-like)
K e N c-mye FIl CD25 %524, B F F5T 2 W, AT 24040
fitd (hepatic stellate cells, HSC) [ 1% 1k 15 Notch 15 518 1% 5 R %
Y. 1ER KL HSC 4ifif = v, Notch3 (i A BS54 15 HSC 1%
1 FEMZ AR AT a-SMA 1 1 i JFi(collagen type 1 ,Col 1)
HIFRIES, Ak, Notchl 1 TGFR/BMP {5538 i Wp R 4/ FI AT LA
TR R Hesl f3R1A,, TS HSC fyiGifk. RN S5
W AE 52 T T £F 48 J5 Notch3 Hesl .o — - ¥ LWL 38 4
(a-smooth muscle actin,a—SMA) Col | fFEiE = R T
Notch {5538 B IR+ HSC RG2S 5T 4efb it e (H2 A
RHLRIFEAAS RIRAN ML B B EAh  FIEEF 4 L0 A 305 R T
FET AR T AR5 W B S AR, 2R SCEXT I AL s
154k Ay HSC(activated hepatic stellate cell, aHSC )2 5 By 2T 4 fk
WL G KALHIBEAT T HGE>, B2 Noteh (55255 5
FFEF AL i 55 AT Al F2 DL R 5 5 aHSC (1) 3 & 5
TR A W AR AR TE , WA R4 5T aHSC H Noteh {55
T I A 1A PN 2 56N BB o ARAF 9 3 T3 B R (1 (transgelin,
Sm22a) 7E aHSC H i g8 RN G OLF R IR E A 3 e, FIH
Sm22a SR /| I RBP-J"™ /N Mg i T aHSC 1 A] 75 S 1
5 RBP-T JER Al B /1N BB ( Sm22 @2, RBP-J1ovx) | b\
AT LAAT 25 A1 O TERRSE (A [B] RS aHSC Hviiy RBP-J (K,
H— R AT AR Noteh {5538 4t HSC 1 fk
SRR LS aHSC fivia () IR SALHI 29 T RS2 1Y A

1 pHR 5 07

1.1 #4

TR B - Sm22a ™" /N FR A T AR AR S ) B SY
Jr, RBP-J™ /N (R [ Jackson SCI% %, B A3 5256 51 F 8l #3
$% WG 5 3 I (specific pathogen free, SPF)Z% b ifi 47 245
VTP

SN SEIAR ST S Tl (11 24 £ 141 : 69018028 ) | U4 1k
B (R R ) M5 H 7% (Sigma 24 R : T5648) |, K il (Sigma
NT) . C8267),

PCR #HEIR 7] : 2% Taq MasterMix (5 M40 : CW0682)
M K (M2 7). CW2584) | TRIzol Lk (Invitro-
gen /AT :15596018) . cDNA J 5% 55857 £ 5% PrimeScript RT
Master Mix (Takara 23] :RR036) ., 2x SYBR Premix Ex Taq II
(Takara /A7) :RR820)

HSC 43 B3 A5 B ) %% : HBSS 2% Wik (Hyclone A H] )
DMEM 5 5E 4L (Hyclone 24 &) ) IV BUEE I i (Sigma 23 A
C5138) .OptiPrep 43 B ¥ (AXIS-SHIELD PoCAS 7y #]
1114542) .DNase-I(Roche /3 7] : 10-104-159-001) ,100 wm i jfd

%M (BD /] :352360) ,Gentle MACSTM 4x [ gh4H 414 as
(Miltenyi A w]) IR =5 B.C-FL( Eppendorf) fHIEHEIR (Infors ) .

Western Blot 2 5¢ Y 4t (64 53K 7 : QuickBlock™ 47
PESFEHETH W (35 KA F] . P0260 ) \QuickBlock™ fu i Yo, —
B/ Y BR (325 K/ Al :P0262/P0265) Hoechst33342
(Thermo /A 5] :H3570) . /INEJEM: a-SMA $HifA (Servicebio 2>
F] :GB13044) .Sm22q« $i A& (Abcam 4\ 7] :ab14106) G i PE 4T
HESI $i{& (Sigma,SAB2108472). ElUEM:HT B-ACTIN $1 {4k
(CST,3700s) .Cy3 it i sEHi/ RSB 4 ( Servicebio A H] :
GB21301) \FITC #xic th 2341 K B2 6 =41 (Jackson 24 A]
112-095-003) HRP #Ric il Ehife / /MR =30 (A AF]
CW0103/CW0102).

1.2 ik

121 MEWHATA4ELEDR  DImELH 15 % W fk
B, ¥ B8 4 /g PR R 00t o JoT I M A S R O, % /N BRUS
FFEFAEARASE TR, FEFE S B H) s A T UM o

122 MREFEBBPLETE  Sm22a™ 2 /N 5 RBP-Jvix |\
RACHEL - A5 — A0, 153058 — AN BRI 2 0 Sm22q ™,
RBP-J"™, A4 F —/NRPF 47 22 B, B5A 15 5] 3 H A ol
Sm22 @C#R? RBP-Joiox SmD) Ok RBP-J1v* Sm22 o k™2
RBP-J* [ = P B BRI B /N B, o 3 3 ) 356 (R B0 Sm22a 2,
RBP-J"™"* f{)/NER,, BI3RAS aHSC A nl 75 Sk 4 {1 8] e ok
{2 /N B ( Sm220 SR RBP-J 11or) - Sm22q k™2 RBP-J* /]\
R X HEA

123 /NREFELZH DNA BoRE BRI/ N U 0.5~1 em,
A G K T tail buffer §1 55 CiEfki R E  RAEIAT & Ul
AR U FE K 4H DNA,

Cre SN YEE: FilE514) 5-CCGGTCGATGCAAC-
GAGTGATGAGG, F i 8| ¥ 5-GCCTCCAGCTTGCAT-
GATCTCCGG. f#iJf] Cre TEALMS | ¥Y /N REEF 41 DNA, %
FESET A Cre AL, 1.5 %I IEMREE I LK PCR 7=, 15 A
Cre B EHE 09/ RY 347 25 R 900 bp Ze47 , BFAERL/INR TG
PIGT SR
124 RBP-] EEAEFRBNEE &4 loxp (iS5 R 75
1S4 5-GTTCTTAACCTGTTGGTCGGAACC, FiEa|
¥ 5-ACCGGTGGATGTGGAATGTGT, /% loxp {7 /5 3L K P
H eS| 9 5-GTTCTTAACCTGTTGGTCGGAACC, Tt
24 5-GCTTGAGGCTTGATGTTCTGTATTGC, 1.5 %Iy /lghi
BEMCH IR S8 275 %4 PCR 74, %A loxp {5 i) RBP-J J&
R B WR/INA 250 bp 2247, A F loxp {57 4% RBP-J J&
KZH Y 387K /MR 500 bp 2245,

125 INR Cre BEMIFFRIE B 6-8 HIR LTI
Sm220 ™ RBP-J ™™ /N, & Hs i i 15 % PU s b , ¥ IR
4 pL/g R M5, BRI RSP IR, X/ B S T 2F 44k
) fd HSC 1AL IT 33k Sm22a, 5T 4 . 45 5 JHIT IR % 4%
5 R NTESHBSZE T IF 2 mg/ WGHE T 100 WL Tkl 15
/INERAR I — JA S A TR 37 o

1.2.6 HSC WA B R RBP-] SR ERE  RA%EHEE
L2578 HSC ¥, g-PCR K Western Blot ¥l Notch R {55
43+ Hesl Heyl FRikfHM .
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12.7 FFEEREYIR  HE Jefn, FRMELIG, SM22a Gl
FEIEYL ARG I B AR Ak L) K, Sm22o FEKAH M. R US4k
W75 AN [ B 1) st /N BB A T A A 3 kR 3 0
HE 4uffy, | JARSRET Y0 DL K S BE S Y (ol P () 20 2
54
1.3 &it=ZFHE

B € B e 1l ] Tmage-Pro Plus 6.0 i fF48it, R
SPSS19.0 FMAHAT G 22400, i mBER F aes F7m, A
M) HLBER ] KRR, P<0.05 Fm Bt R,

2 R

21 INREREBERE

H Sm22a R /N EF AT RBP-J oo 5 5L R /N FRAZ L, 451
83 F1 /ML, ZEE By Sm220 ™R RBP-J o F1 /)R AkZERS
Bic, 755 F2 /N, %08 ZE R 430 0 Sm22 o2 RBP-J s
Sm22, K2 RBP-JI Sm22o 2 RBP-J* = fifi i K 104k
HIHIZN 1:2: 1, fF AR AERER B g, Hph R
Sm22 o R RBP-Jx {lI % aHSC 1] i75 544 4% {41 RBP-J il
I /N B, Sm22 2, RBP-J* (1) /)N R BV A 87 A I (wild type,
WT) /il A RBP-J™ 5|3 /N L DNA B, A HA5 %]
250 bp ZEAT 4, WA IZ /N B 4% RBP-J 5503 B[R] 34 7
A loxp fir i, aNE 10 6.7 .8 S /NRET/R . # RA35 500 bp 42
Ay, W2/ NER W 4% RBP-T S5 (6 [ 134198 loxp i
R 1 4 SN TR o 5 R BAE 3 250 bp AT 500 bp (1477
W, WIS R — 2% RBP-J S K 1% loxp fii i, ARG
FLE L 1.2.3.5.9.10 5/NE 285 TR Cre Bl |94 1
JNEILP 4] DNA , ZRE1551] 900 bp 2245114 5545 , WIHH > 3t P
A Cre BESEA, anfel 170 1.2.3.4.6.7.8.9.10 F/hiL, 45
A PIFR PCR 255, Bl n] 257 /N BREE R Y, e 11y B e R /)N
o N 1 10 HU/NRIERA S e L5 R: 6.7 .8 S5/ NRIL R Y
A Sm22 KR RBP-Jitec 1 2 3 9 10 B/ B3 H AR
Sm22 R RBP-JW 4 /N B A Tk Sm22 Ot
RBP-J*, 5 S /N BE A B Sm22oe > RBP-J™",
22 MEKERE ST ELHERE

JIFEZH 2R 2 A T & 3 - & 2A BT 7R HE Ge 8, I 7R P4k
S I T /N B — RS, 7T DL PR 204 X I E S RE A
L, A U2 0 USRS =8 5, A X 4%
ST 2 FFNEZH S AN o DO LA S D s, A2

Marker 1 2 3 4 5 6 7 8 9 10

1000bp |

«— Sm22a-Cre (900bp)
500bp __,|

1000bp |
500bp .

250bp .
100bp —

. RBP-JWT (500bp)
«— RBP-Iflox (250bp)

B 1 FoR/NREREZEPCR EEHER
Fig.1 PCR genotype identification results of F2 mice

LUMEIRE I, I X R AR — 3 2 MR i
WFEIX I, 175 50 75 TR P 20 2O 3R B S e VR it — 25 T
WE 2B fits, KRARPELT Gy mT POl a5 — FE st Ay
B IX IR 2 B SRR, /Nt DX, 1 B R B DR AR, I JR
Bt 2 G R T ) S A R RV DX R /N it X e L R i
o, SRR Z
23 MEAHFSELFERMAAH Sm22a HIFRIE

e 3A BN, e g R W] Sm22a 43 F7E DU S Ak
HS— B ERE A 35, =85 Sm22a 437 #K AR .18
AR X AR R A Z /N XA ] L3RA . VG G
Sm22a fE AP LR IR G, T4 K LR /I X 3 2Rk 42
& RSN RZ . B 3B USRS UE G Sm22a 5
aHSC MIFREY o-SMA e e 25 5L, WoR Sm22a 5
a-SMA TEAEAR R HL A5 (92% ) i35 £ (B 46 IX 48 o e B US4k
B 3 S U 5 SR A B A K HSC & ETRfk, HisfkEm
HSC £iEFEEHH Sm22a 43+
2.4 NGB BT E R 4RRE 1 RBP-J B, S5 Noteh 15 518 1§
B BELIET

WE 4 frs, B s b S A A Sm22a®e,
RBP-J™ /NG WT BRI, 34 52 1 RN i T G s
PO AR IRy S o A4, RS 4318 /N FRUFFIIE aHSC, 483
aHSC " Notch {55 %18 % T Ii£43F Hesl, Heyl (WA FHL, N
E SA fizn, 5 WT XFRRZUA H , Sm22a O, RBP-Jiovter 2 7
mRNA /K FEA]F | Hesl Fl Heyl ¥ B AL 70 %Ll |, %5
HEit¥E X, B 5B n]F | Notch N4+ HEST (92 1 T
F Ik IK TFAE Sm220 R RBP-Jo¥x 2H 1, B 4 F &, WFEW] T
Sm220 R RBP-Jioviex 2] aHSC Ht RBP-J & P 4 it [%% , Notch
15538 B B LI BELIT .
3 3tig

Notch {5518 B 5 M EE A BA = AR ST, FERIG
AR RA G Tz Kk, RE R RSB THABAE LW
Notch SZ{ARFNELAR , ANAE P 19 R i St AL A a5 43
FHIEY, Notch {558 S S5 WIEIR AR AUH 4k 4
MO R R I B EER MY, ELEhYT Notch
ZAA 4 Fh, 5358 Notchl-4; BLf&AT 5 #4351 DLL(Delta
like)1.3 .4 #l Jagged1 .27 7 s NMTFAEH , 3244 Notchl-4 3545
Fik, 5 MR B Jaggedl H1 DLLA A RIS, Bk ¥
RBP-J {4 Notch {5553 4 H 1 558 5T, & Notch {5518
FIRX AL, A F 28 T2 FE A v 5 Pk ok RBP-J LB, ] LA
A 3% b BH T Noteh {5538 #22, ATt T4 Noteh {55 T i &
P 8 A

ST A A 208 PR I 20 7 e JB S IR R A 22 B B
R IR R RN & AL AR H & 2% cHSC 2 I B i — 24
fitl , HSC 114 5 252 380 136 Bk A O J2 1T £ 4k fb i J 1) S R A 1Y
Schumacher A4 T ] B 5% IE 52 T & B & 19 HSC I KA £ ik
Sm220 P, SRV N Z BG s R AR R, AL T EEAN
HSC &% A iE4k. 1A, aHSC 1 i BA Wik Fta b e 5+
FIRAAALFE U o —SMA Col 1 FEIE 124, Horb A 45
WUBET 2 A AN - 18 WLAT AR A BR 4 Sm22a™), AT 5: 350K &
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Fig.2 HE and sirius red staining of mice liver after different weeks CCl4 injection. ( n=3, *P<0.05, **P<0.01, ***P<0.001 )

A 15+ Sm22a
< é P=0.0167
2 g 104 —t—
< =
o = P=0.0052
:E g -
N

- a [ ]
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(40x)

merge+Hoechst

3 NRAFAEZES Sm22a BIBNASRIEM Sm22a 5§ o-SMA HEARE, (n=3, **P<0.01, ***P<0.001 )
Fig.3 Sm22a dynamic expression and Sm22« & a-SMA colocalization staining of mice liver. (n=3, **P<0.01, ***P<0.001 )

AN TTR . X EEARfh 5 ZANME Sl ARG, LT ik
TE I b, PR, BELIE HSC 164k I8 /b aHSC 21 fifd /0 J2 5 1)
FeAE ik aHSC B ok M T AR AL 1B YT A S5, th—
EURAFEF AR AL U FA AR A BTIIIFSE CLERH Notch
G502 5 TIFA AL &AIT5, o) 28 & 8 Noteh 7]
525 5@ MU R 2 595 HSC i1k, U TGF-B NF-kB,

WNT #iI Hedgehog {5 51t ", {H& T Notch {5 il f i)
TIREZS R LA KT R A 25 20 2 1) 553 B P P 9 A2 2
HARRIPLE ST HSC (35 AL AN 1 Ao 1 i 7 e 5
VEFIA B BAABLHI AW  HAh Noteh {5 Sl R TS5 T
aHSC AL R Tiof ot th o AR DLARE PRI ke, ARt — 2 I 1
JF£F 44k J5 Noteh {55 8 AE aHSC Fr 1R , ikl —Fif B4
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Fig.4 Programme of inducing mice liver fibrosis and RBP-J knockout in aHSC

BT XA aHSC H Notch {5538 % 1Y FF£F 4EAL sh A .

LR/ NBRAT AR ARSI SR IR D fE , BB R R
FHERR LT AR N B B R, mAs Rz n . BET,
T 2 8 TR 2 PR B R TE vk LA 2R R ) A S 4 =X
KIER B H S Wiy G & & AR, FBOCEREE
BURE T o AT S e R IR R SR B A T LA S8 S Rt
TR DR A BR B AR Bt s, I ELRT LUKE fff 76 R (R[] it
AN 2SR IS FE R A DI RE , 4N Cre/loxp A5 F: R %48, Cre
FE R AT gt —FPEL 2, TT DIR B 3 51 R AR ER A9 loxp fi
R ARAE loxp A7 a5 BY77 ), K I loxp 37 55 2Z [] () DNA J351]
By, TR B R m bR i H e, AT =51 T —F 52
Sm220 J& B F A%, Feib Cre MEEEER/NRPY, Sm22q J&—F
Mishi A R B, AT SR ISE X 4ie s,
B DL BACR VE RIS, Bk BRIA Sl aHSC FIT-i ULAH L A9 45
PebRaR a7, s 3h 73R 3h Cre ARG RIA, WL
T aHSC H5¢ R ZE P R o 7EIX R 4eHh , Cre H2 20 iRl
G T —Fh 3R ) ME R SZ AR (ERT2) , fE 4 R AT 25 5 5
AT, Cre-ERT2 W BSAE QAR Y, NRE R HEAE . M4 THlsa s
7% (ERT2 7R ALK ) J5, Cre-ERT2 H AL BIANIA% N, Cre
HZH EE R B H AR RBP-J E /Y loxp 1 5, $#F H RN
RBP-J {55 6.7 Sh VIR, fii RBP-J 7E aHSC HURBERE A
PR, IR FIAE aHSC ik RBP-T, BHWT Notch {55 # .

AT R L ERIE I T L R Al Sm22 o™,
RBP-J™* /N B 175 S T 41 44k 5 AR 4 HSC 364k, SR )5 4L 5
RIS S E Y, — 85 MFIE 4325 aHSC, ] q-PCR £
M Sm22 o2 RBP-J%¥tex /N i} 5 WT /)M aHSC H Notch {5
SRR TR RIL . g-PCR S5 R, Sm22aCreERT2,
RBP-J¥x s\ B aHSC 1 f) Notch {5538 i T i 4> T Hesl .
Heyl B & T8, Ui T RBP-J LB 7E aHSC gk % il
Western Blot 28 5411 i 715 Sm22¢ %™, RBP-J™¥ /|\ f{ aHSC
HES! & A FUKF RS T, 280, ARSIty T
RBP-J 1[5 Stk S Atk m B/ NRUIT 55 T /N AR i Ak A 2
IF7E AR 4 AL AR A Fh X aHSC H i Noteh {5538 5647 TR
Wi, NFEEIZH DNA J B 4558 , mRNA 1% K7, DU R A
B RIBAKE =AHTHIEM T/ R A 4E LB aHSC iy
RBP-J {4 , B Notch {5538 # I BHIT . NG SLERNEER
aHSC " Notch {5538 B0 FFEF 4 {8 Kot i 4 B e
ML BEE T RS2 S6A

MG N Cre-loxp F2 50 ML) b5 T b5 1 /)N BRUH2F 4k
fe A aHSC () RBP-J JL A, #E T ol % 51 2 1h 1
Notch {75538 BEBE T/ UL . SRR T2/ BRAE T £F 4 bt
JE LA K- AR il 336 5 b AR rh ) R B DL KO ZE LR O R

A Hes1
1.59
o —I—
2
[7]
£ 1.0-
s
3
@ P=0.0062
2 0.54 ok
g
e 1
0.0 T
wT SM220CreERT2 RBP- Jlov/le
Hey1
1.5+
c I
L
&
o 1.0
o
>
o P=0.0083
g 0.54 *%k
2 0.
<
[ i
0.0 '
WT SM22(CreERT2 RBP._Jflox/flox
B
HESI
ACTIN

wT SM22¢CreERT2 RBP-Jflox/flox
[ 5 aHSC H Notch {5 S1## Tilf 5 F mRNA KUK E A RFRIEER
(n=3,**P<0.01)
Fig.5 mRNA and protein expression of Notch signaling pathway

downstream molecule in aHSC(n=3, **P<0.01 )
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