1188 s BRBTRE R 2 55 41 58 689202546 B J Clin Hepatol, Vol. 41 No. 6, Jun. 2025

. EEE - DOI: 10.12449/JCH250628

By AR A - T AGF- DAL B PEAS RG]

,/‘3:_}%_‘1’;1,23’ %Ig j[EZa,Zh, gﬁ,%‘%lﬂa, l%%ﬁ;lla, ,’:—'J/J‘ 51,2a, F’Z'J—_\JEJZ%ZLZL,ZC

1 ZMKRFH—EREF, 21 730000
2 ZMRFHE—ER a HAA, b HF A HLERREREFHLT S, c. LAY S, 21 730000

SBASAEH . RIS | zhfchen@lzu.edu.cn (ORCID: 0000-0001-5623-6432)

BE: REFFEKEAT-1 (IGF- 1 JIEARBEHERKEFRENXERR, TREFBERF Z0HT AR, S5H
FRIEE DL R RATEFEELE. BRRWE,ICH- | KESHEATERE2 0EX, TEBLING AL (2t
DNA 518 8 ORFZBERRSE SRR WAEARRHERE, KW ICE- [ KFEFEINERELBREMRR MG
B RIAIGE- 1 MERR RS0 HRIAKFEFER A FBEURET H 1A, AXERT IGF- | BRI REHtE,
PUEA A FHE L B2 TR 1R (A3 B RS o

KW FFREL; FAEN; REEHEKET 1 BF

E£WB: HFRERNEERTI (23JRRA1487)

Role of insulin-like growth factor- I in prognostic evaluation and treatment of liver cirrhosis
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Abstract: As a key member of the insulin-like growth factor family, insulin-like growth factor- I (IGF- 1 ) is mainly synthesized
in the liver and is widely distributed in the human body, and it is involved in the physiological processes such as cell proliferation,,
differentiation, metabolism, and apoptosis. Studies have shown that the level of IGF- I is negatively correlated with the severity of
liver cirrhosis, and IGF-1 mainly affects the progression of liver cirrhosis by inhibiting liver fibrosis, promoting DNA damage
repair, and regulating lipid metabolism. Monitoring of IGF- I level is expected to provide an evaluation indicator for improving the
prognosis of patients with liver cirrhosis, and stimulating the action pathway of IGF- 1 or regulating its expression level may
become a new method for the treatment of liver cirrhosis. This article reviews the research advances in IGF- [ in liver cirrhosis, in

order to provide new ideas for the diagnosis and treatment of liver cirrhosis.
Key words: Liver Cirrhosis; Hepatic Fibrosis; Insulin-Like Growth Factor 1 ; Prognosis

Research funding: Gansu Province Science and Technology Major Project Plan (23JRRA1487)

FFBE A S — b phy Z2 AR R I S R T R BT T eSS AL O AR A A3 T )
BLIRAS , FUARAE AT 4 SUR IR 1B LT AR AL BN R B R A HLBUS #2224 SBUBRFIET D AR,
LA AR S5 o IFREAL B AL or S 0% 0 EERT T REAL i DO RS . RIS T AL L = R
L 2 i (5 3 i 2 (8] A9 3 0 L AP s A T A ST AR T LB Y, DR ke, AR AR S A BIL ) |



EEF,E. BREHEEKETF- | (IGF- | ) EFEXTURIEE G P HER

1189

SRR A 1 i R Pk A SRS T - Boxd T 1T A4k
SR IS SR ): E 2 pa ey e S W S = N i =P O R
A 1 Al 5 UG P AR S AE AR S WO BESE 5 5 H
w2, Ho RS ZAEA K- 1 (insulin-like growth
factor- | ,IGF- I J/E N —FhEZ MRS ZREAEKE T,
BGIE THREE R RTE . 2SRV IGE- T K
5T Al i J 52 AR OC  IGE- /KPR, 2 2k
T B AT B e d ) R, IGR- 1 323k /K S b T g
iR AL B B AR 5 o AR SO IGK- T A AL A T
HRAE FBILAR I PR T8 SC IR T8 1 555 AT 2304
BT TR 2 iR R B L

1 IGF- I #fid

IGF- T J&—Ff 1 70 1 FEFR 41 ALY BBk 22 ik, H 4y
55 5 1 AR, 2 48% (W LR Y 51 5 I 15 AH
[F], J& T B AR N F5K06 . IGF- 1 £990% i FE
R A R 3 TS A R A, B
BB A3 A I K A 2 B T 2 o g A
Hop A KRB R R - S R AE R A - 1 8
(GHRH-GH-IGF- T Bl 734755 IR I 20 4 1 25 SC £
0, 5B ) 2% B A5 53 5 e IR A A A K A
FERNEF YAl A5 S A B B R . 18 GH-IGF- T i
- UERAT H P, GHRH ZE P 42 R 58 5 4R SE RS B h
WA Tz Rk i s R KRR W R Z K 1a, K
AT GH 5 IGF- 1 (1923 S5 IhE ™ . 76 GH IR T,
JHEREA R IGE- T, J5 % i i HZ K (IGF- T R)7E7R
ARG LLIGFNGEBP-3 & AR B &4 , B 2 5 i

DNARAIEE

& F
J—
B
1
A,

m . wE =
RERAZHAR HSC

FEA G B0, A R RE ARG Y B AT L IGF- T Y
F2 3K FIE M 32 ) GHRH/GH 13 538 5 4 98 154 | J] b
IGF- 1 AT LA 1o 4 GH 43 , 76 V-4 GH FHIGF- 1 43
R RS A, GH-IGF- T %l 84 LA
JFCE AR BN, M 45 1 A e A s

2 IGF- I 7ERFEF e ey E AL

FENFH LU IGF- T JHAZ R IGE- 1 R X T4k R Tk
IEH A PRI RE EA AN TSR GVE] . IGF- T/IGF- T R{5%
e R R 3 O TR AR 538 6 (40 PI3K/AKT F1 MAPK/
ERK) , TR ZI5% Wi % 4t Ff A A< (Rl DNA & BURT 200 14
B ) AR Bl CRTOBE R G 40 R D R & L SR
P FE AR ) S 405 )5 16 52 (AR s JH 4 L 7 40 o 9 T 0
B R ) 5 2 A J7 1, 2 AR AR A Ay R 1Y)
SCEEPE AT F IGE- T XA b B LA
TR, ML 35 LA 24 i (1)

2.1 IGF- 1 /IGF- [ R 4= DNA 345 14 & b 4 12 3t 45 A
it 138, DNA $53 47 98005 19 AF 4 A5 RNA (noncoding RNA
activated by DNA damage, NORAD) i#k— 84 BT 1 44k,
HERR , 3752 98 DNA 534 76 IF 25 4 Ak b i oA 0
NI EF 4L RS0 S0 530, 4 R 49 5 DNA 452 403 A DG BE 1]
Fik kAR BEAE 78 DNA B E WL ZET 4L A R
B AAAREMEMRY . %258 % B, IF 240 4 DNA 4
A3 2 P AT 2 A A rp i DG B £ ifF DNA B AZ A
IR T EF ARG RV AE S g 222 BFSE KW IGF- 1 3
it PI3K/AKT & p38/MAPK il i {2 i DNA & & , [Fl i 5
pS3 3 [ A2 B AE R, e [R] I 4 40 AR 3 5 R AF 4k Ak

ip
5l

1 HSC, T AL AR L
BEl1 IGF-I/IGF- I RZEFFEFEN P EERALE
Figure 1 The mechanism of IGF- I /IGF- I R in liver fibrosis



1190 s BRATRE R 2 55 41 B H 6 #2025 £ 6 B

J Clin Hepatol, Vol. 41 No. 6, Jun. 2025

2270 WL DNA S5 516 5 10 T T 4 AL v 4 i o6
S, 0 IGF- T /IGF- 1 R RS0l 1) 22 1 DNA &
8 MR LT AEAL Y 2 5 R
22 IGF- 1 /IGF- 1 R &/ F a0 fe 32 & A 5 AT 4 e 1k
WF5E 2B IGF- T ] 3 o i K A R ), Il A% 0 pS3 5
WER MGG, A S T IE 0 1 5 A8 2 A0 2 2 1tk
A5, HET A A AL BT & B P A B R e 2 (A
(R, pS3 I 263k b i 5 T T dE AL B M G, it 1GF- 1 )
FLA ) p53 4% P9 6 7 1 BE 1, I HL 3 1 348 o ik 2 fige
PRI B i
23 IGF- I /IGF- | R /2 B AL Bk A S04 AT £F et vh %
FIRFER  AREHIEIE L FANE AL AL AL
il P SR o 2RSSR F TG PR AU (ROS) i R,
TCit & ROS Wy & A il S p A AR i e =, Y BB &
SRR B ARG . ROS RV 2 Fi Z K, 445 NADPH 4
1L B (NADPH oxidase, NOX) & EG . —F L A & B . 7%
VL V4 401 il R 400 M €0 2% 4SO 25 2 RP S . (HASTE Y
S R LR TE HSC I, NOX 35K i 2
L X S ROS K& AR IFTE HSC ik e 2
G A A A A

FE CCL 75 5 1) JTF LT 2 AR AU v TR 240 B 28 3 el 1
S AL R RN IR TG F- T ¥R B2 R 5 AR . 4
17, IGF- T {5 2235 T BT p53-F 2 R 5 Sl ik, 5 5%
i JF 240 B 1) S A N 3 5 R R DR 0 T o g A 4
FUFLF AL, [ IGF- 1 5@ 5 HAZ A IGF- 1 R4%
A RENSfil & PIBK/AKT {5538 F 1O TG AL , 3 — 2 AR X T
PN 032 AL AR 3 SRR T BEZE L A B 4N e o4
TCRA LR A DS H, IGF- 13 i MAPK/
ERK1/2 14l p38 MAPK i % , {847 20 il fo 32 SE Ab P s , i
M A7 0D F FFEFAEAR R i ARS8 R BLIGF- 1 38
I R R (H 3UCP3 IR AR LAY, AT AR ROS
TP, T RELE T LT Al b A QR 9T a7
25 H,0, A0 BG5S 22 RET- A0 v | 7 R S P 7 800 4 1R
T B microRNA-1 YR8 28 E 3 M IGF- T W ge
T LR I, PE T R A B AL T 5 | R I 3
HHE AT UL IGE- 1l VR T 2 F 5530 2, e A0 S
HLUVAAR B R h R AR X i — SR R
T HAEF A AR YT TP AR . (E15 R R,
IGF- T 7R 251 T 75 T A1 ik S0 AR 0 98K, G2 i s 4t
v 8 ROS A K, 35 I 105 T 40 3 Ao 0%
U, IGE- T 78 JF2F 2 Ak i/ FH BT LR 1 | 75 AR 4 L
VRS T DAY 5 8 4

2.4 IGF- 1 s AR 69 A4 R IGF- | ZERRF AL
W R R R R . 7R IGF- T 8fa /N g 5
PRI AR DG Bl Y 2R 3K KT 1 28 T B, Ui i =8, R W
IGF- 1 5 B = Wl fr e S 27 . el i+
20 g, IGF- 1 38 i AKT/mTOR/PPAR-y 18 472 #E J5 i
Az WAk AR WUBE T 40 i v, IGE- T 3% p-CREB, 5
BMP2 33 () pSmad PrEIVEH , 1 PPAR-y By 2%k , iF
T3 i LR T4 A ) B i 26 A f B o B TG -1 7]
£ 55 i B AR AR 56 , 38 52 PPAR 175 HSC 0 |, 3 7] RS2
IGF- 1 38 i B AR A T 47 2 A 1 38 7 s 4454
IGF- 1 7Efg AR i B E M. BR T2 A
BoRg Wi 43 Ve F A0 IGF- T iR REAE LR 4514 38c7i% B W
LU RIIE IR B A AL EHEREREIFE 0 X — &
FEH T AT IGE- T ThREAIASN , IR 7R IGF- T 7R 5
R i k. B4, GHAE R IGE- T MY EZE
TR R 7, 76 g TR Qg RN B 27 4 Ak b th & 15 25 T 2 AR
o GHIE L HIFL ICE- T 194 5 431, ) 422 8 4 g ot
FRFFTHSC HE AL

25 L TR IGF- 1 38 i &2 24 115 538 % R A ot 1 Gt
AR TENFEF AL R vh & P B AE . IR AR
fift IGF- 1 518 BARi  HSC 1% £k =2 18] 4 A0 EAE FHHLE
XF TR A AEA R 7 B R s B F 2 5 S
25 IGF-1 &% uRiMtezPreEizmée IGF-1]
22 5 ENE A 2B R AR 0 R A | AR g (2
R 59 R 0 A LB BB o AR, 330 ML B A - £ 1Y)
MR B CEE, R RN, IGF- [ i HA& Y A & Bk
AR HAF DG i (451 L 25 22 1R 58 S0 ) 105 M X T g, 3 T X 4
SR e 1) ARG R e A R T — R G 2
B A WA SRR RV IGF- 1 #5140 M0k 15 00 %
(P BE B 58 SR HE MR S A ) A K S 3 (EAS
TR SR , 3% SE ARG 3 5 JF2F 4E Ak 3 B 22 2 ) A7
TEBEHVIBE R . I, IGF- 38 iR B 8 42 i e AR g4
3 B3 5 27 e A 1 2 S e R 5152

3 IGF- 1 EfffEHRESTERITEGEPHNER

3.1 IGF-1 R-F5iFHaeed % 7 W58 RN, LR
MG IGF- T 7K 7 i 3541 T {d BN, ELBE T 2 g
Child-Pugh 434 3% 5 1 HEA T4 R e 0 tbah, shipi
RIS R B IGK- 1 IRYTRENS B 25 FAIC il CCL i1 &
PR3 /0N BRI ALT 7KF X R W IGF- 1 fgfg el
AR A5 5 A F SR RE S A3 1 1GF- T XHIF S R i f 4
1EH .



EEF,E. BREHEEKETF- | (IGF- | ) EFEXTURIEE G P HER

1191

3.2 IGF- I ERFARACTRG T F eg i — I AGHE T
G AR GH [ BN 50, 1GF- T KF- A b vl
S W FFF I VAR LA B ST 2 A/ PR A i) & S AR, 3 ]
RETIUR B A BB RS 515 teah, k2B BA B BIF 50 45
R IGE- T 2R M g 5 P A 28 Ji2 v (1 S5 A= 9
Basy , HoKSP-0k 50 5 2T i Ak ™ s R BE 2 DA G, A 2
I T £ 5 16 PR AL 0 ) T BT A F AR LR
FERW L IGK- T ACEAEIFRE A Rt rh 2 G 2, A7 Bh T4
THIF D RE A 5 s HIRER 0 LA S 0 8 3 5 . — I %o
148 151 JHF- R A 8 5 1 [ A A 5, AR I L 26 1M 385 IGF- 1

IR Y AR P L, 2R e A
1 1GF- 1 AP 2 Tl s 5L 22 [ ir A 28 35 - KU LL (HR) =
0.967, P=0.004; &£ f8. % : HR=0.927, P=0.002 | F1 A,
53k J% (HR=0.939, P<0.001) 1 37 PRI 17 k5 45 5
SR T IGF- T 76 PPAk A 1 £ 2 I 2 RE it £ K 10 35
Je TR B, I, TGF- T ] A Sy F0300 R 3 BT 4k
B RAREEA SRR — A FAE A5, W 1M 75 1GF- 1

KA Bl TR R DA R, B S
A 5] B BF 58 23 AT IGF-CTP 343 2 48 % e AC B2 A BT
T4k H 3 1 AR PE R (0 T RE 7 , I 5 15 50 09 CTP ¥4y
2R3 55 B0 (MELD) $F- 3 47 L 85, % B IGF-
CTP P53 132 38 5 B AR 28 i AR AE F0 1 495 5
%5 1 525 7 F CTP I MELD 3431, #5275 , IGF-CTP
PEOr 2R 55 A% G2 9 CTP HTMELD ¥4 6 5 v 6 1 750
A AL £ 38 G 1A AL, SR Il PR A e 42
SO A A 28 25 4 T ) e At 25 RN R0 g PR AL T Y
TER I T E . 25 b IGF- [ 7K 7% A 4k 2 25 19 5 L
A B TR AR ACE IGF- 1 T RETR %5 & Tils
AR U S A I R E & AR AR BERARIER . L,
IGF- T nJ /A 0 Ak 8 3 1005 VAL 1) — A S %45
brvo BRI, ARBIFSE 4 A/ NS ) [ B 5, AT BEA7AE
Ve o DRI, 78 AR R T B2 i R 1) RS AT 9 ke i
—UESE

4 IGF-1 LT RrE N

T B 5 16 RECE , IGF 2 50 78 T JIE 935 14
e N S PR T AR 4 R TGF- T 7R 4R AT
Fazs IR T 20 Mo 55 0 T A DA B T I T 44k
= TR AL A 5 o B R R AT AR TR 20 7
JFFRE AL S T | IGF- T YAYT 5035 7T Bl I Th g6 4% ,
I AST ALT /K-, A 3k i 18 ks e sz 1. )
B, —JOU X T A 7 A /T e P P T 2

BHIBFE R, 3 IGF- 1 Z4E P K P A Bkt i %
{9 T FERIBC, , AV T 47 28 £ R T RSB e IR 62

RBFSEIFRI IGE- T X A DA r 4 1
FAT W T AR5 05 ARSI S REROVE I, 3275 IGF- T 75
PULT A S HU T RE AL 7 18 9957 , 7 BEAE A7 P g AL
R A5

5 RE¥

BEH IGF- 1 75 FFAE AL ST T 5T O A WA, R R AF
TR T ZYEFE 22 )2 M o3 BT HEAE B 1E i 4% B B
(O TEZRPE HIBLA , I Hef R AL #E R . 1GF- T G
HoAb A= bR 50 B9 TN AL BE L GH-IGE- T Rl /e JHFJUE A
AT T IGF- 1B BARAE IR SR S v
2 A VA8 AT i B i o i PR A 22 v WFE, AT
AE A I ¢ 5 114 5 A 2R R 96 97 B TS T4l 2 B
p e

FIMPRER: ALRA LA B R,

fEETREAERR: 22 F ATk, Xkt i 5 ik ik, A
BE. KRS ITEHR LIBALS L EL Hik;H
T HRk%EGAMEBHELR ZFREXZTHRE
=

SE Lk

[1] PUCHE JE, SAIMAN Y, FRIEDMAN SL. Hepatic stellate cells and liver
fibrosis[J]. Compr Physiol, 2013, 3(4): 1473-1492. DOI: 10.1002/cphy.
c120035.

[2] WANG YK, WANG MQ, LIU CR, et al. Global burden of liver cirrhosis
1990-2019 and 20 years forecast: Results from the global burden of
disease study 2019[J]. Ann Med, 2024, 56(1): 2328521. DOI: 10.
1080/07853890.2024.2328521.

[3] ASRANI SK, DEVARBHAVI H, EATON J, et al. Burden of liver diseases
in the world[J]. J Hepatol, 2019, 70(1): 151-171. DOI: 10.1016/j.jhep.
2018.09.014.

[4] NIJENHUIS-NOORT EC, BERK KA, NEGGERS SJCMM, et al. The
fascinating interplay between growth hormone, insulin-like growth fac-
tor-1, and insulin[J]. Endocrinol Metab (Seoul), 2024, 39(1): 83-89.
DOI: 10.3803/EnM.2024.101.

[5] VALENZUELA-VALLEJO L, CHRYSAFI P, KOUVARI M, et al. Circu-
lating hormones in biopsy-proven steatotic liver disease and steato-
hepatitis: A multicenter observational study[J]. Metabolism, 2023,
148: 155694. DOI: 10.1016/j.metabol.2023.155694.

[6] DICHTEL LE, COREY KE, HAINES MS, et al. The GH/IGF-1 axis is
associated with intrahepatic lipid content and hepatocellular dam-
age in overweight/obesity[J]. J Clin Endocrinol Metab, 2022, 107
(9): e3624-e3632. DOI: 10.1210/clinem/dgac405.

[7]1 BAILES J, SOLOVIEV M. Insulin-like growth factor-1 (IGF-1) and its
monitoring in medical diagnostic and in sports[J]. Biomolecules,
2021, 11(2): 217. DOI: 10.3390/biom11020217.

[8] JENSEN-CODY SO, POTTHOFF MJ. Hepatokines and metabolism:
Deciphering communication from the liver[J]. Mol Metab, 2021, 44:
101138. DOI: 10.1016/j.molmet.2020.101138.



1192

IGRFFREfR L EE 415568202546 A J Clin Hepatol, Vol. 41 No. 6, Jun. 2025

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

LEROITH D, HOLLY JMP, FORBES BE. Insulin-like growth factors:
Ligands, binding proteins, and receptors[J]. Mol Metab, 2021, 52:
101245. DOI: 10.1016/j.molmet.2021.101245.

YAN KY, DENG HL, ZHANG YF, et al. Association between insulin
like growth factor-1 and severe hand, foot and mouth disease[J/
CD]. Chin J Exp Clin Infect Dis (Electronic Edition), 2023, 17(3):
151-157.

EEN, BER, KER, & REFHERKAF15FEOREEMLN
XM R [J/CD]. IR RSB & (B FhR), 2023, 17
(3):151-157.

HAN B, SHAO Y, WANG Y. Effect of insulin-like growth factor-1 on
vascular remodeling and apoptosis of cardiomyocytes in rats with
coronary heart disease[J]. Trauma Crit Care Med, 2024, 12(2): 121-
125. DOI: 10.16048/j.issn.2095-5561.2024.02.13.

K, B, IE RSB EHERKEFAINBORERARMETLER
CHARATEmJ]. B 5 RRERES, 2024, 12(2): 121-125.
DOI: 10.16048/j.issn.2095-5561.2024.02.13.

YANAGI S, SATO T, KANGAWA K, et al. The homeostatic force of
ghrelin[J]. Cell Metab, 2018, 27(4): 786-804. DOI: 10.1016/j.cmet.
2018.02.008.

ADAMEK A, KASPRZAK A. Insulin-like growth factor (IGF) system
in liver diseases[J]. Int J Mol Sci, 2018, 19(5): 1308. DOI: 10.3390/
ijms19051308.

van der VELDEN LM, MAAS P, van AMERSFOORT M, et al. Small
molecules to regulate the GH/IGF1 axis by inhibiting the growth hor-
mone receptor synthesis[J]. Front Endocrinol (Lausanne), 2022, 13:
926210. DOI: 10.3389/fend0.2022.926210.

FANG F, GOLDSTEIN JL, SHI XM, et al. Unexpected role for IGF-1
in starvation: Maintenance of blood glucose[J]. Proc Natl Acad Sci
USA, 2022, 119(32): e2208855119. DOI: 10.1073/pnas.2208855119.
SHAN XY, YEO GSH. Central leptin and ghrelin signalling: Compar-
ing and contrasting their mechanisms of action in the brain[J]. Rev
Endocr Metab Disord, 2011, 12(3): 197-209. DOI: 10.1007/s11154-
011-9171-7.

SHIMIZU K, NISHIMUTA S, FUKUMURA Y, et al. Liver-specific over-
expression of lipoprotein lipase improves glucose metabolism in
high-fat diet-fed mice[J]. PLoS One, 2022, 17(9): e0274297. DOI:
10.1371/journal.pone.0274297.

KREIN PM, WINSTON BW. Roles for insulin-like growth factor | and
transforming growth factor-beta in fibrotic lung disease[J]. Chest,
2002, 122(6 Suppl): 2895-293S. DOI: 10.1378/chest.122.6_suppl.2
89s.

LIU YL, GUO W, PU ZY, et al. Developmental changes of Insulin-like
growth factors in the liver and muscle of chick embryos[J]. Poult
Sci, 2016, 95(6): 1396-1402. DOI: 10.3382/ps/pew043.

ZOU L, SHI CF, WANG DW, et al. Long non-coding RNA-non-
coding RNA activated by DNA damage inhibition suppresses hepatic
stellate cell activation via microRNA-495-3p/sphingosine 1-phosphate
receptor 3 axis[J]. Bioengineered, 2022, 13(3): 6150-6162. DOI:
10.1080/21655979.2022.2037841.

SARFRAZ S, HAMID S, ALI S, et al. Modulations of cell cycle check-
points during HCV associated disease[J]. BMC Infect Dis, 2009, 9:
125. DOI: 10.1186/1471-2334-9-125.

BARTSCH H, NAIR J. Oxidative stress and lipid peroxidation-
derived DNA-lesions in inflammation driven carcinogenesis[J]. Can-
cer Detect Prev, 2004, 28(6): 385-391. DOI: 10.1016/j.cdp.2004.07.
004.

ICHIKAWA K, OKABAYASHI T, SHIMA YS, et al. Branched-chain
amino acid-enriched nutrients stimulate antioxidant DNA repair in a
rat model of liver injury induced by carbon tetrachloride[J]. Mol Biol
Rep, 2012, 39(12): 10803-10810. DOI: 10.1007/s11033-012-1974-4.
BEZERRA MES, BARBERINO RS, MENEZES VG, et al. Insulin-like
growth factor-1 (IGF-1) promotes primordial follicle growth and re-
duces DNA fragmentation through the phosphatidylinositol 3-kinase/

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

protein kinase B (PI3K/AKT) signalling pathway[J]. Reprod Fertil
Dev, 2018, 30(11): 1503-1513. DOI: 10.1071/RD17332.

WESTON VJ, WEI WB, STANKOVIC T, et al. Synergistic action of
dual IGF1/R and MEK inhibition sensitizes childhood acute lympho-
blastic leukemia (ALL) cells to cytotoxic agents and involves down-
regulation of STAT6 and PDAP1[J]. Exp Hematol, 2018, 63: 52-63.
e5. DOI: 10.1016/j.exphem.2018.04.002.

WANG J, LI JM, CAO NQ, et al. Resveratrol, an activator of SIRT1,
induces protective autophagy in non-small-cell lung cancer via in-
hibiting Akt/mTOR and activating p38-MAPK[J]. Onco Targets Ther,
2018, 11: 7777-7786. DOI: 10.2147/0TT.S159095.

XIONG L, KOU F, YANG Y, et al. A novel role for IGF-1R in p53-me-
diated apoptosis through translational modulation of the p53-Mdm2
feedback loop[J]. J Cell Biol, 2007, 178(6): 995-1007. DOI: 10.1083/
jcb.200703044.

LUO XY, JIANG XK, LI J, et al. Insulin-like growth factor-1 attenuates
oxidative stress-induced hepatocyte premature senescence in liver
fibrogenesis via regulating nuclear p53-progerin interaction[J]. Cell
Death Dis, 2019, 10(6): 451. DOI: 10.1038/s41419-019-1670-6.

LI J. IGF-1 alleviates hepatocyte premature senescence and liver fi-
brosis by regulating nuclear p53/progerin pathway[D]. Henan: Zheng-
zhou University, 2019.

23 . IGF-1@iT 4% A p53/progerin i@ i E M AT i 2 = A AT 7 4
1K [D]. iTEg: A K=, 2019.

PAIK YH, IWAISAKO K, SEKI E, et al. The nicotinamide adenine di-
nucleotide phosphate oxidase (NOX) homologues NOX1 and NOX2/
gp91(phox) mediate hepatic fibrosis in mice[J]. Hepatology, 2011,
53(5): 1730-1741. DOI: 10.1002/hep.24281.

JIANG JX, VENUGOPAL S, SERIZAWA N, et al. Reduced nicotin-
amide adenine dinucleotide phosphate oxidase 2 plays a key role in
stellate cell activation and liver fibrogenesis in vivo[J]. Gastroenter-
ology, 2010, 139(4): 1375-1384. DOI: 10.1053/j.gastro.2010.05.074.
JIANG JX, CHEN XL, SERIZAWA N, et al. Liver fibrosis and hepato-
cyte apoptosis are attenuated by GKT137831, a novel NOX4/NOX1
inhibitor in vivo[J]. Free Radic Biol Med, 2012, 53(2): 289-296.
DOI: 10.1016/j.freeradbiomed.2012.05.007.

CUI WH, MATSUNO K, IWATA K, et al. NOX1/nicotinamide adenine
dinucleotide phosphate, reduced form (NADPH) oxidase promotes
proliferation of stellate cells and aggravates liver fibrosis induced by
bile duct ligation[J]. Hepatology, 2011, 54(3): 949-958. DOI: 10.
1002/hep.24465.

PAIK YH, KIM J, AOYAMA T, et al. Role of NADPH oxidases in liver
fibrosis[J]. Antioxid Redox Signal, 2014, 20(17): 2854-2872. DOI:
10.1089/ars.2013.5619.

TOUSSAINT O, MEDRANO EE, VON ZGLINICKI T. Cellular and mo-
lecular mechanisms of stress-induced premature senescence (SIPS)
of human diploid fibroblasts and melanocytes[J]. Exp Gerontol,
2000, 35(8): 927-945. DOI: 10.1016/s0531-5565(00)00180-7.
REDDY S, COMAI L. Lamin A, farnesylation and aging[J]. Exp Cell
Res, 2012, 318(1): 1-7. DOI: 10.1016/j.yexcr.2011.08.009.

LIU WT, LI J, CAl'Y, et al. Hepatic IGF-1R overexpression combined
with the activation of GSK-38 and FOXO3a in the development of
liver cirrhosis[J]. Life Sci, 2016, 147: 97-102. DOI: 10.1016/j.Ifs.2016.
01.037.

FRASCA F, PANDINI G, SCIACCA L, et al. The role of insulin receptors
and IGF-I receptors in cancer and other diseases[J]. Arch Physiol Bio-
chem, 2008, 114(1): 23-37. DOI: 10.1080/13813450801969715.

HAO CN, GENG YJ, LI F, et al. Insulin-like growth factor-1 receptor
activation prevents hydrogen peroxide-induced oxidative stress, mi-
tochondrial dysfunction and apoptosis[J]. Apoptosis, 2011, 16(11):
1118-1127. DOI: 10.1007/s10495-011-0634-9.

YANG SY, HOY M, FULLER B, et al. Pretreatment with insulin-like
growth factor | protects skeletal muscle cells against oxidative dam-
age via PIBK/Akt and ERK1/2 MAPK pathways[J]. Lab Invest, 2010,



EEF,E. BREHEEKETF- | (IGF- | ) EFEXTURIEE G P HER

1193

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[563]

90(3):391-401. DOI: 10.1038/labinvest.2009.139.
HILSE KE, KALINOVICH AV, RUPPRECHT A, et al. The expression
of UCP3 directly correlates to UCP1 abundance in brown adipose
tissue[J]. Biochim Biophys Acta, 2016, 1857 (1): 72-78. DOI: 10.1016/
j.bbabio.2015.10.011.

CADENAS S. Mitochondrial uncoupling, ROS generation and cardio-
protection[J]. Biochim Biophys Acta Bioenerg, 2018, 1859(9): 940-
950. DOI: 10.1016/j.bbabio.2018.05.019.

LOMBARDI A, BUSIELLO RA, NAPOLITANO L, et al. UCP3 translocates
lipid hydroperoxide and mediates lipid hydroperoxide-dependent mito-
chondrial uncoupling[J]. J Biol Chem, 2010, 285(22): 16599-16605.
DOI: 10.1074/jbc.M110.102699.

van ROOIJ E, OLSON EN. microRNAs: Powerful new regulators of
heart disease and provocative therapeutic targets[J]. J Clin Invest,
2007, 117(9): 2369-2376. DOI: 10.1172/JCI33099.

LI'YX, SHELAT H, GENG YJ. IGF-1 prevents oxidative stress induced-
apoptosis in induced pluripotent stem cells which is mediated by mi-
croRNA-1[J]. Biochem Biophys Res Commun, 2012, 426(4): 615-
619. DOI: 10.1016/j.bbrc.2012.08.139.

BROWN-BORG HM, RAKOCZY SG, ROMANICK MA, et al. Effects
of growth hormone and insulin-like growth factor-1 on hepatocyte
antioxidative enzymes[J]. Exp Biol Med (Maywood), 2002, 227 (2):
94-104. DOI: 10.1177/153537020222700203.

AGUIRRE GA, RODRIGUEZ DE ITA J, de la GARZA RG, et al.
Insulin-like growth factor-1 deficiency and metabolic syndrome[J].
J Transl Med, 2016, 14: 3. DOI: 10.1186/s12967-015-0762-z.

LIU J, CHEN L, ZHOU Y, et al. Insulin-like growth factor-1 and bone
morphogenetic protein-2 jointly mediate prostaglandin E2-induced
adipogenic differentiation of rat tendon stem cells[J]. PLoS One, 2014,
9(1):e85469. DOI: 10.1371/journal.pone.0085469.

LEE JH, LEE SH, LEE HS, et al. Lnk is an important modulator of
insulin-like growth factor-1/Akt/peroxisome proliferator-activated receptor-
gamma axis during adipogenesis of mesenchymal stem cells[J].
Korean J Physiol Pharmacol, 2016, 20(5): 459-466. DOI: 10.4196/
kjpp.2016.20.5.459.

VAZQUEZ-BORREGO MC, DEL RIO-MORENO M, KINEMAN RD. To-
wards understanding the direct and indirect actions of growth hor-
mone in controlling hepatocyte carbohydrate and lipid metabolism
[J]. Cells, 2021, 10(10): 2532. DOI: 10.3390/cells10102532.

ZHAO YQ, WANG Q, WANG Y, et al. Glutamine protects against oxi-
dative stress injury through inhibiting the activation of PISK/Akt sig-
naling pathway in parkinsonian cell model[J]. Environ Health Prev
Med, 2019, 24(1): 4. DOI: 10.1186/s12199-018-0757-5.

DEVESA J, ALMENGLO C, DEVESA P. Multiple effects of growth
hormone in the body: Is it really the hormone for growth? [J]. Clin
Med Insights Endocrinol Diabetes, 2016, 9: 47-71. DOI: 10.4137/
CMED.S38201.

WANG X, WANG YL, YAN H. Study on the relationship between the
levels of serum insulin-like factor 1, retinol-blinding protein and liver
function in liver cirrhosis[J]. J Clin Hepatol, 2002, 18(4): 237-238.
DOI: 10.3969/j.issn.1001-5256.2002.04.020.

ERR, R, B FEAREMERSETFEKEFI, NEREE

o

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

REKEZSHERRRITI]. ImKRAFERZE, 2002, 18(4):
237-238. DOI: 10.3969/j.issn.1001-5256.2002.04.020.
MORALES-GARZA LA, PUCHE JE, AGUIRRE GA, et al. Experimen-
tal approach to IGF-1 therapy in CCl,-induced acute liver damage in
healthy controls and mice with partial IGF-1 deficiency[J]. J Transl
Med, 2017, 15(1): 96. DOI: 10.1186/s12967-017-1198-4.

WU DX, ZHANG LJ, MA SS, et al. Low growth hormone levels pre-
dict poor outcome of hepatitis B virus-related acute-on-chronic liver
failure[J]. Front Med (Lausanne), 2021, 8: 655863. DOI: 10.3389/
fmed.2021.655863.

MARQUES V, AFONSO MB, BIERIG N, et al. Adiponectin, leptin,
and IGF-1 are useful diagnostic and stratification biomarkers of NAFLD
[J]. Front Med (Lausanne), 2021, 8: 683250. DOI: 10.3389/fmed.
2021.683250.

SAEKI C, KANAI T, UEDA K, et al. Insulin-like growth factor 1 pre-
dicts decompensation and long-term prognosis in patients with com-
pensated cirrhosis[J]. Front Med (Lausanne), 2023, 10: 1233928.
DOI: 10.3389/fmed.2023.1233928.

YAO YF, YANG DL, HUANG YD, et al. Predictive value of insulin-like
growth factor 1-Child-Turcotte-Pugh score for mortality in patients
with decompensated cirrhosis[J]. Clin Chim Acta, 2020, 505: 141-
147. DOI: 10.1016/j.cca.2020.02.031.

CRISTIN L, MONTINI' A, MARTININO A, et al. The role of growth hor-
mone and insulin growth factor 1 in the development of non-alcoholic
steato-hepatitis: A systematic review[J]. Cells, 2023, 12(4): 517. DOI:
10.3390/cells12040517.

VETRANO E, RINALDI L, MORMONE A, et al. Non-alcoholic fatty
liver disease (NAFLD), type 2 diabetes, and non-viral hepatocarci-
noma: Pathophysiological mechanisms and new therapeutic strat-
egies[J]. Biomedicines, 2023, 11(2): 468. DOI: 10.3390/biomedi-
cines11020468.

ZHAO TY, ZHU Y, YAO LY, et al. IGF-1 alleviates CCl,-induced he-
patic cirrhosis and dysfunction of intestinal barrier through inhibition
TLR4/NF-kB signaling mediated by down-regulation HMGB1[J]. Ann
Hepatol, 2021, 26: 100560. DOI: 10.1016/j.aohep.2021.100560.
DICHTEL LE, CORDOBA-CHACON J, KINEMAN RD. Growth hor-
mone and insulin-like growth factor 1 regulation of nonalcoholic fatty
liver disease[J]. J Clin Endocrinol Metab, 2022, 107(7): 1812-1824.
DOI: 10.1210/clinem/dgac088.

WHSHH: 2024-10-08; FAHH: 2024-11-13
A4 XBEa

5[1EA L : WANG YP, ZHENG Y, ZHANG HF, et al. Role of

insulin-like growth factor- I

in prognostic evaluation and

treatment of liver cirrhosis[J]. J Clin Hepatol, 2025, 41(6):
1188-1198.

AEF, B, KEF, T REEIHEKEF-1 (IGF-1 ) 7EAFE
1L S V& F0SE 5T B B E A [J]. G PR AT RE S 2+ 75, 2025, 41
(6): 1188-1198.



