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Anti-liver fibrosis activities of human insulin-like growth factor-1 in vitro

WAN Aini', XU Dongsheng”, CAI Yanfei’, CHEN Yun®, JIN Jian’, LI Huazhong'"
"School of Biotechnology; > School of Pharmaceutical Science, Jiangnan University, Wuxi 214122, China

Abstract This study was focus on investigating the anti-liver fibrosis effects of insulin-like growth factor-1 ( IGF-
1) in vitro. The effects of IGF-1 on human liver L-02 cell viability and cell cycle were observed. CCl,-induced L-
02 cell injury was set up to detect the anti-apoptotic activity of insulin-like growth factor-1 (IGF-1). Transforming
growth factor 1 (TGF-B1) induced hepatic stellate cell line ( HSC-T6) were used as a liver fibrosis model in
vitro to analyze the effects of IGF-1 on the expression of liver fibrosis proteins and intracellular TGF-B1/Smad
signaling pathway in HSC-T6 cells. The results showed that IGF-1 could relieve the growth inhibition effects of
TGF-B1 on L-02 cells, increase the viability of L-02 cells injured by CCl,, decrease the expression of liver fibrosis
proteins, and inhibit the TGF-B1/Smad signaling pathway by inhibiting the phosphorylation of Smad3. Our study
suggested that IGF-1 exerted anti-liver fibrosis effects by stimulating L-02 cells proliferation, reducing cell damage
and inhibiting ECM accumulation via interfering TGF-B1/Smad signaling pathway.
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L, T Kupffer 4 LR i— R 54 -, S 20
ERAME (hepatic stellate cells, HSC) B 7E 4L, 231
MM A R T (extracellular matrix, ECM) |, 5[5

JHFFFE PR 3/ T8 P 4 L 9 ot B AR, DA T IS £F
Hifp> ) IEH R OUR, HSC 4L T BUR A, AT
EAEA= 2R A 1 TR, X N B Al i A S HE A
I AZ A0S, HSC 32 Z2 00 PR 5 il B0 80 , 44
R A WUEGH R, B B S Wi kT
AE R JILISET 45 40l ( myofibroblast, MFB) , K443
ECM, Jf-75 | 3 5t 45 J 2 11 1 ( MMPs ) #1462 J& 2
Bt ZH 2L 77) ( TIMPs ) F)~F- 65 2% 34 , 3 7 ECM 7T
RS HELH UG Az BADTE U ET AL, B 2 R e A
AL

JHF B2 R 200 140 5 A s JHF 21 4 A TR RN 4 1Y
MR, B T HFAFAEAL Y & R R Bk
AR AT BL(TGF-B1) 2k HSC i%ifk & ECM &
A B T, A HSC 20 3658 & ECM 7=
Az, Horp TGF-B1/Smad {5 75 J8 B% /2 45 ECM ik
MR P & B, B IGF-1 3 ik 1Y
BMSC 4b P AT£1 44k /N B, B 20855 HSC 16 1k,
3 AT 40 i A K Bl F (hepatocyte growth factor,
HGF) Tl TGF-B1, 47 5t AT ahfig™

e i WA A A B -1 (IGF-1) J2 iy 70 A28 4k
PR LB 22 Bk, FLA TR 5 3R A8, %A
KRB SAMAEA L E ] . ik b 1GF-
1 =2l R A R 3 W, JF 2 A KR (growth
hormone , GH) g3 42" . IGF-1 B3 5 #F S RE
Pre BEAROC 18 M L E AR 1Y TGF-1 7K -1 2
WA, HLLRRAR AT 5 Zh e 400 1 A 3 5 TE AR OG .
JREAL A8 P A AR DD RE ZE AL, Qe 5 R AKhL E
FARR A E A, #5 1GF-1 fez A 56,
WF5E M, CCL, 55 i RS AL R B, 2 H 25 TR
i IGF-1(20 pg/kg) , BEW] 235 T 2 RE , 22 fif JIT
LRYEAR L IR IGF-1 B ET R ARIATT IR 34
o AWFFER BT LR 4EAL H - IGF1, #1857 HAK
SMTUF LT AEAL TG PETT W) B R R IGF-1 (RSB IF&F
AL L]

1 # #

L1 3K
CIGF-1 il TGF-B1 (24 [E R&D 237 ) ; RPMI
1640 15 5% & | & B DMEM 15 5% 2% | i 4 1M 3

(FBS) Ji#ef ( 25 [E Gibco /A ] ) ; TRIzol RNA $2H
) (S Invitrogen 23] ) 5 39155 S50 & (&=
R Fermentas A7) ) 5 5| ¥y il B2 TAEY) A w5
;75 6 E e B SYBR Green ( H 4~ TaKaRa 7y
] ) ; CellTiter-Blue il fifd % J3 6l & 4 ( 35 [& Pro-
mega /A H ) s ECL & OG5 &  BCA # 1 I % i
| RAPA LN PMSF (_E i3 = KAV ARA
MR s bt - UILEIEE 1 (a-smooth mus-
cle actin, a-SMA ) Hi {4 . /N B PT B-actin Hr {4 . HRP
PRc Pt/ B Pt HRP ARIC I 400 — 91 (3£
[E Proteintech Group /A#]) ; Syt COL1A1 $Hiiffk (£
[E Santa Cruz Biotechnology /A7) » HABIRF 14 h
m At

1.2 B %

AT L OB B B A TR A it A )
(3£ Bio-Rad 24 H]) ; S 70 5E it PCR R S8 (Fin
+: Roche 24 #])

1.3 wmpetk

NIEH A0 MR 102 (b3 ol A= W RH A
FRAAT]) 5 K EUIF B AR 40 HSC-T6 (B Rk 27 B B
W20 ML ) o
P I
2.1 mpedEi

L-02 40 }td FH & 10% FBS 1) RPMI 1640 3% 37
J HSC-T6 ZH i & 10% FBS () =% DMEM 15 55
55, T 37 CH 5% CO, BB FRARh G %, M40 il
B IR 80% I}, 1 0. 25% [l H Ak A% AR sl 4l %
FEHL, A AL TR o
2.2 IGF-1 #= TGF-B1 #t L-02 %m e 3% 78 ¢4 %5 *m

BOR R K0T 102 4, LA%EFL 2 x 10° A4~
AN HeRP T 96 fLAiR, K % 24 h, B4 E 0. 4% FBS
(1) RPMI 1640 3552565557 12 ho 43 50 A [A] v
Ji£ IGF-1(0,2.5,5,10,20,40,80 nmol/L) , TGF-B1
(0,0.1,0.2,0.4,0. 8 nmol/L) i A[E] e &F IGF-1 +
0.4 nmol/L. TGF-B1 ) RPMI 1640, £ 40 4 &
flo #3824 h J5, & L fn Cell Titer-Blue i 7l
10 wL, T 37 CHER 2 b, HREUIIIEAE (A, =
560,Ag, =590),

2.3 AR s IGF-1 xf L-02 4@ i A A7 6%
EAL

B 102 AHH AL 2 x 107 ANt P vk J32 2
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T 6 fLAR, 5555 24 h ISV IE 12 h )5, 525555
2 4:20 nmol/L IGF-1 + RPMI 1640 0.4 nmol/L
TGF-B1 + RPMI 1640 .20 nmol/L IGF-1 +0. 4 nmol/L
TGF-B1 + RPMI 1640 F1 RPMI 1640 ( 25 [ %] #R) , 4k
SERESE 24 h, WEEANNE,70% LB 2t . B0
FE W, PBS ¥ 2 k)5, A 50 wg/mL RNase F
37 CHFR 30 min, B0 FF F W, 50 pg/mL PI T
4 CHEYLtE 30 min, it ORI 20 e 1
2.4 IGF-1 3§ CCl, 5 5 2m fe. 4 45 69 PR 37 4F A

IO H0b 102 40, AKEFL 2 x 10* 441 gz
P96 fLAR, 3555 24 h J5, ARG R, AN
[ ¥k B CCL, (0,1.25,2.5,5,10,20 mmol/L) , £
FH 2 h J5, CellTiter-Blue £ Jif1 7 71 K60 25 45 K60 20
JHLIE 22 B ol B R . L-02 R A AL 2 x
10* A1 B4 9k B2 2 Fh T 96 FLAR, 528615 48 6t
HE 4, CCl, BERIZ (% 5 mmol/L) ,CCl, + IGF-
1(2.5,5,10,20,40 nmol/L) 41, 4115 4 8 fL.
YER 2 h J5, &L CellTiter-Blue if5f] 10 wL, F
37 CWEE 2 h, BEhn ORI 2 Y AE o
2.5 Real-Time RT-PCR # | HSC-T6 %8t ¥ o-
SMA .COL I .MMP-2 TIMP-1 % mRNA %k

Pl TGF-B1 7551 HSC-T6 4 s o {4 & T2 24
PRI O B AR K 8T A HSC-T6 41 i, LA
L2 x 10° N4 (4 v BE J2 80 T 6 FLAR, 15 5%
24 h J5 i 35 YUHR AL L S25R 43 A AS O BRA
(DMEM }53:38) [TGF-B1 4 (% 0.4 nmol/L TGF-
B1 [) DMEM) . TGF-B1 + IGF-1 41 ( % 0.4 nmol/L
TGF-B1 F120 nmol/L IGF-1 f) DMEM) , 4 21 % 3
AL BESR 24 h s R . AR A TRIzol 7
VLIRS RNA A AF oI e RNA 5 & 4l
JE Ao/ Aggo BITE 1.8 ~2.0 Z i) o i FH 3 e s i3]
B0 34 RNA 354 5%k ¢DNA, £ GenBank 7545t
P51 9, 519 e 5 N3k 2 fif s, B-actin
ERNZ . qPCR FESEE i PCR X LT,
2.6  Western blot # M| HSC-T6 #m jt, P «-SMA
COL I & & &y &3k

HSC-T6 41 ity 4% “2.5” Wi F J5 ¥4 40, 85 3%
24 h J5, il RIPA 2% (£ 1 mmol/L PMSF) Z4fi#
40,12 000 r/min B5.0> 20 min Y 4E W, BCA
A & B E W, R E 100 pg, 4 10%
SDS-PAGE 47 B J5 L% % MR 4 4 = B b,
5% WERE W ¥y W BT 2 b, 43 50 A $i-a-SMA |

$i-COLIAL Fi-B-actin —37,4 CHFF LK, TBST
GBSV 3 W, 43 I AR R ) HRP FRic 1)
ThU EIRFE 2 he [FFEREE 3 K ECL ALAE A0
AL Sn T e
2.7 Western blot #-m] HSC-T6 48 fitt P Smad3 49 %%
B &k

HSC-T6 4 fu 4% “2.5” Wi F Jr 4y 4, W &
30 min J5,#°2. 67T T k2R A0, IE A .
2% 10% SDS-PAGE 73 2§ )5 , L% 2 NC 52, 5% I g
A 45 Z R B A 2 hy 4 B A $i-p-Smad3 | $i-
Smad3 $i-B-actin —41,4 CHFF LK AN
HRP #rid —#¢, ECL fk2= kot i .
2.8 Guitspam

TEGEHE DL x £ s RO, AL 2 KR A ¢

3.1 IGF-1 FAk TGF-BL * L-02 4m i 48 5 45 37 5
A

IGF-1 1 TGF-B1 X} L-02 4 Jif AF K A A [ (1)
S, IGF-1 75— Wk B 31 il P B g A2 0 1L-02 4
M3 AE (] 1-A) B 3 58 2% 5K 31 (194. 68 =+
13.1) % ,1fii TGF-B1 — 7 ¥k Ji£ ¥ [l o9 1] St 41 i) -
02 4K (& 1-B), L4 0. 4 nmol/L 41 | /E FH
R, %A 0.4 nmol/L. TGF-B1 VE h 1E FH e
JE L IMAARR R EE 1Y IGF-1,fEF] 24 h J5, 451 &
71, IGF-1 W S fif [4 TGF-R1 X L-02 45 (14 i /5
FH, HAE 0 ~20 nmol/L ¥ &£ ¥ [l P 52 771 s MO O
A (K 1-C) , Mk R 5] 20 nmol/L, IGF-1 14E
&R,
3.2 IGF-1 4= TGF-B1 %} L-02 4a i B 3 49 % v

IGF-1 #1 TGF-B1 %f L-02 41l fitd J& # [F] £ LA
ANIRIRFEN o 455 o, IGF-1 4b B L-02 41 fifd ( &l
2-B) J& , 525 6 BEZE (18] 2-A) A LG, G /G, Y
YN E o A B b B AE AR B[ PL = (S + G/
M)/ (Go/G, +S + Gy,/M) | H(42.78 +1.92) % i
TN%(53.56 £2.34)% (£ 1), F W IGF-1 GEI i
fE 1-02 4 it J5 #H 33E Jie . TGF-B1 ] 1-02 4 ity
(& 2-C) J& , %5 &t e o S 5L BH S g BV VE . 5
Z5 FXT AL AR B, TGF-B1 AbHZH G/ G, A 41 Y
TSR WA R B (42,78 £1.92) % AL
(30.95 +3.24)% , IGF-1 REHH R A% TGF-B1 Xt
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L-02 4 ffd Jii] 99 A9 BEL i 4 T, 55 TGF-B1 Ab 3 241 #H
kb, IGF-1 + TGF-B1 AR (K] 2-D) G,/ G, B4

T 425 B Sk R AT, 39 5 45 el (30.95 £3.24) %
HEHNZE (46,51 +4.11)% (1),

B C
1201 i
100
g ES S 801
= £ £
z E Z 601
8 S S
> > > 40]
201

0 25 5 10 20 40
c(IGF-1)/(nmol/L)

0 0.1 02 04 08 16
o(TGF-B1)/(nmol/L)

O..
Control0 2.5 5

10 20 40 80
c(IGF-1)/(nmol/L )+
0.4 nmol/L TGF-B1

Figure 1 Effects of insulin-like growth factor-1 (IGF-1) or/and transforming growth factor 31 (TGF-B1) on L-02 cells proliferation (x +s,n=4)
A ; Proliferative activity of IGF-1 on L-02 cells;B: Growth inhibitory activity of TGF-B1 on L-02 cells;C; Inhibition effect of IGF-1 on TGF-B1 induced
L-02 cell apoptosis. ** P <0.01,* * * P <0.001 ws control group;*P <0.05,*P <0.01,"* P <0.001 vs 0. 4 nmol/I. TGF-B1 group

=3 Debris 3 Debris [ Debris [ Debris
2400 B et 1600 = Hirca 2800 B ppegRtes 2000 B ppegetes
B Dip G, B Dip G, I Dip G, I Dip G,
5 1800 Epips 51200 Epips 5 2100 Epips 5 1500 Epips
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Channels(FL2-A) Channels(FL2-A) Channels(F1.2-A) Channels(F1.2-A)
Figure 2 Cell cycle analysis of L-02 cells
A ; Control ; B:20 nmol/L IGF-1;C:0. 4 nmol/L TGF-B1;D:20 nmol/L IGF-1 +0. 4 nmol/L TGF-B1
Table 1  Effects of IGF-1 and TGF-B1 on cell cycle progression of L-02 cells (x +s,n=3)
Group G/ Gy /% S/ % G,/ M/ % PL/'%
Control 57.22 £1.92 35.45 +£1.42 7.34 +1.30 42.78 £1.92
IGF-1 46.44 £2.34" 47.90 £3.93* " 5.67 £3.00 53.56 £2.34"
TGF-B1 69.05 +£3.24* 25.07 £2.79 5.89 +1.04 30.95 £3.24 "¢
IGF-1 + TGF-B1 53.49 +4. 11% 41.56 £2.04™ 4.95+£2.07 46.51 4. 11%

** P <0.01 vs control group;™P <0.01 vs TGF-B1 group

3.3

IGF-1 2} CCl, # AT 345 AL AL 64 PR 47 1 A
AN B CCL, AbFE L-02 4l fifl)5 , 545 X}
HREZHAH B, L-02 40 i i) £7 3% 22 e CCl, Wk B2 1 KM
REAIG, HLEE RO R (18] 3-A) o vk S 2 i 1)
AT A5 B A M o IGF-1 %o JHF- 40 L 453 405 9
L AL ] 5 mmol/ L CCl, AF 2 il 45 44t ffa 453
Dbk B . 455 WoR  IGF-1 g 45 CCL, $if
(1) L-02 2 55, H bl IGF-1 ¥ B2 45 i, AR 9P 1E
BTG (K 3-B) .

3.4 IGF-1 3y HSC-T6 #m ffLi& AL A7 & 4 69 % vfn
TGF-B1 434 HSC-T6 4iiffd 24 h J5, 5 X HR4H

HH E, HSC-T6 4fl it 1% fb #5 & ¥ «-SMA | COL 1,

TIMP-1 /1y mRNA /K-8 2 #2 & , MMP-2 ) mRNA

KB B FEAIG. 17 IGF-1 Ab¥E4 5 TGF-B1 4B
FHEL,a-SMA (COL I, TIMP-1 (/) mRNA 7K 5F-HH i, %
fik, MMP-2 () mRNA 7K VB &8 F+ &5 (&l 4-A)
Western blot [145 5 i 7~ , TGF-g1 A4b ¥ HSC-T6 41
LS, 40 LN 9 o-SMA [ COL T [ 4 1 23k 7K SF- B
BItE . 1 IGF-1 0] DL B9l TCF-B1 i (1)
a-SMA [COL T {3 FRB/KF- (8 4-B) .

Table 2 Primer sequences for real-time RT-PCR
Gene Forward primer 5'—3’ Reverse primer 5'—3’
a-SMA tgggacgacatggaaaagatctgge atacatggcagggacattgaagg
COL 1 tgccatcaaggtetactgeaacat ggaalccalcggleatgeletetee
MMP-2 cctgageteccggaaaagattgat caggctggtcagtggctigegeta
TIMP-1 tcatcgagaccaccttataccageg tgagaaactcctegetgeggtictg
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Figure 3  Protective effects of IGF-1 on L-02 cells viability (x+s,n=4)
A :Effects of CCl, on L-02 cells viability ; B: Effects of IGF-1 on CCl,induced L-02 cell injury
**P<0.01,*** P<0.001 vs control group;*P <0.05,™P <0.01," P <0.001 vs CCl, group
= =
.S el
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8 s
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Figure 4 Effects of IGF-1 on the activation of HSC-T6 cells induced by TGF-1

A . Effects of IGF-1 on mRNA levels of a-SMA,COL I, MMP-2 and TIMP-1 in HSC-T6 cells (x +s,n =3) ;B:Effects of IGF-1 on the expression of a-
SMA and COL I in HSC-T6 cells

**P<0.001,***P<0.001 vs control group;* P <0.01,**P <0.001 »s TGF-B1 group

3.5 IGF-1 2y HSC-T6 #m fie. *F TGF-B1/Smad 15 5

B0 h TGE-Bl - + - .
RIS IGF-1 4 TGF-BI {5 516 50111 i o

H Western blot £ ill] IGF-1 X} TGF-B1 {5 5@ g T -

I Smad3 BEFRAL IV MR, 25 W, TGF-B1 i34 p-Smad3

HSC-T6 4 fifl ' Smad3 1% i iR L, M IGF-1 b33 SMadl ——— —

HSC-T6 4l J5 , 5 TGF-B1 4b 3 4H %L, Smad3 (1) - ——

PR AR L AR, S IE 7K (181 5) |, i IGF-1
ﬁgjﬂ]fﬁu TGF—BI/Smad 15%@%, 1)%—”,% TGF-BI %l@ Figure 5  Effects of IGF-1 on phosphorylation of Smad3 in HSC-T6
E/g#gﬂ/_gk%%yjﬁg ) cells induced by TGF-B1
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JHEF i fl 2 — AR A2 n e Bt 2, %
SN E H40 4 BR 2% S B0OH 4 M AE P IR S B R E
S, & B Ay JHF 4 Jf o0 5 o aok B DO AR, £ 4 1 21
Wk PR R NS T L BERE X T AT 4R Y
I Z RS AR Z 0 58 UE S - £F 4 fb ab T 3h 28
A FE—RE RS A R, B 5 | B
WL 2 305 A JHT 1 2 Al 2 1 7 18 1 I B e 1) T
B

L-02 242 N IE 5 S0 B AR , A At 41 i
PR, B AR IE & A A T RS, & —Fh AR
JFAREIA A L, CCl, B SR 2, i AR
Frat AL R G R 2 MBI, CCL, S Atk
P95 2 — ol 28 3L 1 S 36 P B 202 ecl
ZEJHAOREAAR PN TR B D e I T 98 A — S 3
TFR R (CCL ) Ayt L (OH - ) 45 GxX2E g |y 3
A Beks A b AR o3, 5 R AR Bt A Ak i
AR i I O RS IS S @ R DA I N
FEHP L ARBFFE R, IGF-1 %} CCL, i S 1 T 43t
Pk B4 B 2 0 DR AP A T, L5250 RO OC &R
IGF-1 (/4 ORI fE AT RE 5 IGF-1 MHT A LT
PEAOG, JEATE B B B2 B YU ARG R S, T
AR ST 400 P S A0 005 , R A s g

HSC ()75 1k S ECM 1370 U JH2F 4E 46 TE B
BRI o FEF4EAb Ak i Fi v, Z2Fh 40 A5
ik 8 4y W B 5% 43 W B AR 1T T HSC, 45
HSC 305 J45E AT &% ECM 23w, TGF-Bl
& H T C R A AR AR 7 A R R 40
MO T S HSC IR i ™ 2k K & ECM i /R
FI' . TGF-B1/Smad {5 538 2 5 ECM (1 5&
HRBMEZ RS, TCF-g1 5 1T BIZ{A(TRRIL)
GG, HEIFEE 1 BZR(TRR 1), MG M
TRR I Bk R-Smads ( Smad2 Fl Smad3) , i f5 5
Co-Smad (Smadd ) &5, FH5 545 5 R AN, il id
O IR B %, R HE A 2 0 T Smad3
SRR, B3R5 HSC (R BE 5 A S ik
JEHIE AR A, 32 75 Collagen FY IR o AHFSY %
B IGF-1 X} TGF-B1 55 1Y Smad3 (1 R 1L A W
S AIIRIAE T, #E R TCF-B1 i S/ — &R I L
N, BELWT 27 defb i fE . 25 E ik IGF-1 H A fig
20 S 8 5 DR A5 200 B A/ T 3 5 5 e

SHEAL S B P B LUR 3R ] TGF-B1/Smad {5
AL TV T 1 2, AR M D 1Y
itk , S SDIE T 445 SRR iR ALk T B 2571, e 263K
BN GfRFLTAEALHE R
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