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Jagged/Notch signaling pathway contributes to the progress of
hepatic fibrosis induced by copper overload in rats
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Abstract : Objective To investigate the role of Jagged/Notch signaling pathway contributing to the pro-
gress of hepatic fibrosis induced by copper overload in rats. Methods Thirty-six male Sprague-Dawley rats
were randomly divided into normal group(n =6) and model group(n =36). The model group was further di-
vided into five subgroups of 8 weeks,12 weeks,16 weeks,20 weeks,and 24 weeks with six rats in each sub-
group ,according to different time after modeling. The model group was fed with powdered diet containing 1.
5g/kg of copper sulfate and deionized water containing 0. 185% copper sulfate. General condition of the rats
was observed. Serum levels of alanine aminotransferase ( ALT) ,serum aspartate aminotransferase ( AST) ,hy-
aluronic acid (HA) ,laminin (LN) ,type of Il procollagen(PC),and hydroxyproline content in liver tissues
were tested dynamically according to different time points mentioned above. Liver pathological changes were
observed with HE and Masson staining. Expressions of TGF-changes were observed ere tes and Jaggedl/
Notch3/Hesl proteins were detected dynamically with RT-PCR and Western Blot. Immunohistochemistry was
used to detect expressions of Hesl and a-SMA. Results The serum levels of ALT,AST,HA and PCIII, LN, Hyp
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after 8 and 12 weeks of modeling were significantly higher than those in control group (P <0.05). The degree

of inflammation and fibrosis increased progressively. The expressions of TGF-B1, Notch3, Hes] mRNA and

Jaggedl ,Notch3,Hesl protein increased (P <0.05). The Hesl protein was expressed in a large amount in the

fibrotic region,which coincided greatly with the a-SMA ( myofibroblast marker protein) expression,and the

two proteins increased synchronously (7 = 0. 952, P < 0. 05). Conclusion

Jaggedl/Notch3/Hesl signaling

pathway is possibly involved in the occurrence and development of liver fibrosis in rats with copper overload,

and is closely related to the severity of liver fibrosis.

Keywords : Jagged/notch signaling pathway; Copper overloaded rat; Liver fibrosis
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B 530 F AL RE T [B) S 45 A SRR BRIk &
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10min WA I 5 BUFRERR BT &L, 550 4141 4% Hhk
FH S (#5122, 7 L R B 3 AL AR ARG, 4% 2 29 T YA
RIBAEIG , —80°C vKAFARAF R
2.2 AR
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10mM dNTP 2.0l RNasin 1.0l %5,42°C 60min—
70°C 5min, JZ W EIN ¢DNA, 2)SYBR Green Re-
al-time PCR: JZ W /& & & ¢DNA2. Opl,2 x SYBR
Green mixturelOpl, 5|4 0. 4l 2 x ROX 1 0. 4pl
45 P 40 MRS (95°C ,55;60°C ,34s) ,95°C
155—60°C ,60s—95%C ,15s, I RQ i (24%) FIR
FRIE R mRNA AR ik

k1 351457

AR 5 4 /%) FHKE

B-actin L% .5 -CCCGCGAGTACAACCTTCTTG-3" T1bp
TF# .5 -GTCATCCATGGCGAACTGGTG-3’

Tef-B1 L% .5 -CTGCTGACCCCCACTGATAC-3’ 94bp
TFi#:5” -AGCCCTGTATTCCGTCTCCT-3"

Notch 1 L% .5 -TGCGTGGACAAGATCAACGA-3’ 171bp
TFi#:5° -GGTCCCCGTGTAACCTTCTG-3”

Notch3 L% .5 -CACCTGCCCATCAGGATTCA-3’ [17bp
TFi#:5° -CGACACTCATAGCCGTCAGG-3’

Hesl L+ % .57 -CGACACCGGACAAACCAAAG-3’ 148bp
TF# .5 -TGCCGGGAGCTATCTTTCTT-3’

Hes5 % .57 -GAAAAATCGACTGCGGAAGC3’ 123bp
TFi#:5° - AGTTTGGAGTTGGGCTGGTG-3’
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R 5% WG W5k -TBST 22 g ik A7 5 5 P 4k
¥, —31 4°CIEF 137K (beta-actin 1: 1000, Jaggedl 1
1300, Notch3 1:400,Hes1 1:400) , TBST &M 3 ¥%,
IAKERE ) — 5t (L =E4H0/N L 1: 10000, 134T 4
1: 5000) , % & 1h, TBST 234 PVDF i, £2 K I ¥k
W5 ECL &l & il H i H . R H] Quan-

tity one JKEE AT 8534, AR H AR R (R
B-actin JKFEAELEP A H B8 H AN Rk

2.2.7 LU A A RS E IR
WR-LEAYBEE S Y (SABC) ik, Z i, v s
B2 )5, B HBOBE 25 min, i i1 —HT (a-SMA Al
Hes1 $45 1: 200 #i %) , PBS Wit 5 i A= ¥ &= 4
WA ZH(1:100) K EEFE R R -AEY R - ALY
B2 5%, DAB (., FHEARA B PBS fAH —
UEBAMEXT IR, Tmage Pro Plus 6. 0 &7 4 R 48
I S22 S B4 WO BE (A) L[ R3Ot/ 4
ZUmAR ], AR BRI R A 2 2R B K-

2.3 GHFH %

K SPSS16. 0 Ge 4%k s 2 47 534, 11
WPRER I x + 5 o8, 24 LECR FHR R ZR J7
2203 M, IR LU AR Y LSD &G 36, AH 5 43 A R
Pearson F15¢, DA P <0.05 HA G E X,

3 HR

3.1 —fE AR

TEH AR R B ARG 16 R 3l ATsh i, &
ARG, MR R SR  n o ABY 21 O B R o I ) S
KW BURG  2E E, B AROCR AL 72, s Bl 2%
18, B HOBGR A BLAR, MRS 16 JAJT 46 Hh B A
KIS g8, B AR O, AR IE A
RS L0AE (8, LT SR 4K, JORURL) s BRI 2 R
SRUTFIE I (T 21, JS0) , i %Al , 465 20 J] J 24 JH
R ST v m] DL R AN, S VRAR p) ORE )
SIEH A BT NER 16 J8 T 46 TRk 45 o
R, ZAAGIHERL(P<0.05) . W2,

A2 BRFITEIEHAT ) e AT L YA FEAF (X £5,n=6)

s JHF R4 4 B 7 #4547 (U/L) I ¢F e A5 A7 (pg/L)
(/%) ALT AST HA LN PCII

EFA 3.58 £0.22 77.41 £7.35 127.39 +8.41 89.09 +5.21 41.37 +3.58 48.92 +5.03
BEA 20

8 & 3.59 +0.15 92.05 £5.59 * 137.64 +2.67* 100.27 +3.61* 41.52 £1.73 49.62 +4.05

12 A 3.77 £0.09 105.17 +6.19* 209.77 £6.90 * 116.51 £13.00 * 52.46 +3.93* 58.68 +5.59

16 A 4.29 £0.32" 156.94 +6.62* 322.71 +13.35" 162.20 +5.57* 81.09 +5.66 * 83.25+3.15"

20 A 5.38 £0.48" 240.72 +19.66 * 413.55 +8.17" 188.83 +9.83* 86.05 +6.00 * 105.61 £9.70*

24 13 5.54+0.16* 302.14 +£10.93* 486.08 +7.08 * 221.45 +13.71* 89.41 £5.97* 106.23 £9.43*

E G EFAE, « P <0.05
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FaG L PCITLLN A58 12 FHF T, 5IEH
AL ZEF A G FE L (P<0.05), WLik2,
3.3 ZMKRAMML Hyp K-FE AL

REAYZH R BB @& 12 JE Hyp & & 7He,
HIEFHAMEZE RAG S i2# 3 XL (P <0.05), W
S
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E: 5 EF ks, « P <0.05
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3.4 RAMFALREBARFLER

HE 348 J% Masson Je @45 R, IEH 4L/
M-ZEH ST I , AN R ARSI LR . BTN B
I S0 P ) S A, P2 R R A AL PEIR AL (2T 4
HAEA R HATIEINTE . AR 8 JH R BN T 40
JHL R K I D5 AR A RURIR IR A R AR R 5
55 12 ARG TE IRSLINE , Al WA 4 5
I L YELHUT ARG AE 5 55 16 JAZRBUN /i 254
AL, SR IBPENR W AR, R AR N, Al WAz
FEWE T REIRAE, 2T 4R /B . 5 20 JRI R B 1
FrARIRFEAE A BEATHRIRTE , 7] DL R A 27 48 2 2R il
OPETHERIBRIE . 5 24 JARBUNIE FARIRIE K
27T 1 N == ea 4 115 A ] R 2 A

W23,

B3 KK AAMEREALE F 2R (Masson &, x200)

3.5 X & TGF-B1. Notchl, Notch3 . Hesl . Hes5
mRNA & &4 L

WAL ZH H 565 12 i T 4f Tef-B1 | Notch3 | Hesl
mRNA Fk T 5, SIEFH M 2E S A S22 E L
(P <0.05), #1 % 75 # 45 R & 7" Notch3 |
HeslmRNA 5 Tef-BImRNA & ik /K & 1F 41 5%,
W3,

%3 BmMK AL Tef-pl Notchl Notch3 Hesl \Hes5 mRNA &£ (x £5,n=6)

285 Tef-B1 notchl notch3 Hesl Hes5
B 1.00 £0.00 1.00 +£0.00 1.00 £0.00 1.00 +£0.00 1.00 +£0.00
ikl

8 7 1.02+0.10 0.98 +0.07 1.01 +0.08 0.97 £0.06 0.96 +0.07
12 1.42£0.23* 0.97 £0.10 1.29£0.19° 1.28 +0.04 " 0.97 £0.09
16 2.38+0.32" 0.99 +0.09 2.23+0.38" 1.83+0.10" 0.99 £0.07
20 7 2.89+0.42" 0.96 +0.11 3.16 £0. 15" 2.00+0.10" 0.98 £0.07
24 J 3.12+0.53" 1.12+0.16" 3.30+£0.38" 2.64+0.24" 0.98 £0.09

E G EFMLE, « P <0.05;Notch3 . Hesl mRNA 5 Tgf-B1mRNA /K-F48 % H(r =0.944,0.941,P <0.05)

3.6 K RHAFA 2% Jaggedl  Notch3  Hesl & & & &
A
T EPIR gl S B A TR 2H K BRI o 4 €7 A B

[A)SE K, T2 2R Jaggedl  Notch3 \Hesl 4 [ £ iA &
BN, 2 24 RN BUA B m i, Jaggedl
FI S5 12 J&] \Notch3 [ #5555 16 J& (Hesl H i
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Notch3 Hes1
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E B2, A 8 B3 A 12
4,35 16 835, A5 20 836, 4L 24 )
5 EF ki, « P <0.05
B4 B8R AL Jaggedl Notch3  Hesl
EOEEENL(x+s5,n=6)
3.7 AKX AMFALE Hesl .a-SMA & & £ 35 H
IEH 2 Hesl SR RIBTIRE R A0 M
JEF2 A, 200 D 00 o 2 A B B e 8, A AR A
0 BRI ZH Bl AR N [A] RE K, Hesl 2R R IK B
WG, FEAR/ N U 5 24 Ja k3 e, B4R
o T 27 A Ak DX, Y38 DORIE S 27 4 Ak XY
RN EAE b B 20 e AL AR IR AT 2Rk o LA
ST YA AT R B T a-SMA FE 1E - 41K B JIF 44
R VLB ek s LR A ISR 16 J 21 2 5 RIE T
LR FIR WG, 26 24 FIR BT, b THEE X

AT 2 ] PR i 27 4E 2k R o Hesl 5 a-SMA KA IX
WS K 6,

OGRS T A 4EAL X S

i KA Sk WU A 2 G e
5 i B ikAhm &40 K RIF 28 4R Hesl
B G &k L (SABC %, x400)

VE AT Sk VLR A Y fm e
B 6 %fEinss ik A K RIF4 R
a-SMA & & & ix # 0L (SABC 3%, x400)

B PTPIOGEE (A) A5 5 , 5 TE 3 41
e HERALK BUIFALSY Hes]  a-SMA 25 [ % 4T
K EF 4k 2 RIS 16 JELU B0, 51 1B
N BRI 55 24 JE 8 H3A N R HIDESMT
/R Hesl 5 a-SMA 2 163 BESE B TR ARG (r =
0.952,P<0.05), W4,

k4 B KENMAELE Hesl .a-SMA & G
TR E (A A (X +s,n=6, x107?)

28 5 Hesl a-SMA
EFL 5.27+0.22 1.06 +0.20
BEA

% 8 Jd 5.18 £0.08 1.12 £0.06

#1274 5.74 +0.46 " 1.17 £0.33

% 16 A 8.04 +0.26 * 2.49 +0.41*

% 20 A 8.36 +0.44 * 3.0220.11°

% 24 ) 10.00 £0.40 * 3.62+0.16"

E: 5 EF iR, « P<0.05
4 itig

Jagged/Notch {553 ##E Ak & B2 ORSF, il
AEIS 2 L =2 190 1% R E A T ke 4 L A L O 1 3
5o FEINAMXT Jagged/Noteh {5 53 -5 9 BF 52
DAFE A P e e | 3t AL PR 46 i 1 % B
A 5 T LT EAR I A o s MR e o e e
Sy B R AR HSC 20 i v Al S E1] Noteh Ptk (Jag-
gedl) S 214 (Notchl |2 .4 ) (R R34, BU2T 4
LG HE R ¥ TGF-B1 RS 1k HSC 41 4% Ak L
T4 20 it )5, Notchl  Notch3 mRNA M 25 H #£ ik
B TR, a-SMA FI LA R K" 1
USR5 & T 2T 4 AR 7Y, B AR Jaggedl , 57 4
Notch2 Notch3 FI'F /3§ Hesl [) mRNA ik 1
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Jl, Noteh {5516 fLJE X NICD Hl Hes1 7E451 473 111
XK IR, B Notch3 FEF MY siRNA 1
Notch3 [ &35 W] {5 UL 2T 4% 40 A 43 006 2y i B (. %
K" HATWF HLD TR B T2 44k, i%
TG Jagged/Notch {5553 B F AR SCHIESE o

JHAE 2 HLD e 25 FH 5 SR04 5, B/ S — Fil
s AP , AU 3 28 RT 5 R 1 v 40 R R A AR
PR I S92 , 0T B R 20 B 3 Ak Sk LT 4
UM, J5 & R o A R 2T 4 |2 36 4R 11 5 4 4
HEFT(ECM) , EUHR B K ik ECM 5 15 B
AT, 5 R IFEF 4R

ARSCRE 1. Sg/kg B B A9 453 IR GR) A O.
185% B 2 B 1 /K M AR) R B, & 30 i 4 il 6 11T
JIE A 25 AR, I3 I ) g B 48 2t Ak 4 b 4 41
Hyp & 5 34 5 3 250w a5 i A A A JE 20 17 A
YR PERR AP I S PRI 48 IR AL TP B 58
IR, AWESE HLD LR 4e b it 7 — S %
B, LESE i FE R, Jaggedl/Notch3/Hesl {5 5 i
FRELREOE , PUFI LR Hes] 7ELF AL IX R &
iR, SIS ET 4E A0 M br 75 2 a-SMA 23K X I
KISy EA , FFBEE I 4 A TP = i [ 45
FEIRWE N B R FRATIN i U RR AT LA TR Jag-
gedl/Notch3/Hesl {553 % , /-3 AR 40 a4k
o WLSCETR 2 4 e A A g, 0 T 4R 44k
R ES KR,

MR SCEER  FRATTHEWT Jagged/ Noteh {5 51
FEATRE S HLD JFFEF4EAL B VARG, TF ARG HESE
A LA AR HLD JF2F 4E 4k i & m L, b 5
Bt HLD JH-F 2 Ak i) 7T 8 A 0 S 4R i 22 4k
Fo BT, 8 U0 FE o A AR 40 i 2 [F] Jaggedl/
Notch3/Hes1 {553 4 , Hl ¥ LB 2T 48 20 a0 1L 3
FE VR FHBILR 0 ARG AE , FA TR i — 2B TR AT 5T
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