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Abstract

Liver fibrosis, which leads to cirrhosis, occurs as
a result of various injurious processes and it is
the common pathologic basis of all the chronic
hepatic diseases. At present, a good many re-
searches demonstrate that the activation of
hepatic stellate cells play a critical role in fibro-
genesis. Prolonged liver injury results in hepato-
cyte damages and secretion of many fibrogenic
cytokines such as transforming growth factor-
beta 1, angiotensin, and leptin, which triggers
the activation of hepatic stellate cells through
different intracellular signal transduction path-
ways. In this article, we reviewed the research
advancement in the signal transduction pathway
of nuclear receptor and membrane receptor dur-
ing the activation of hepatic stellate cells.
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A5 M smads(R-smads)">"*, Tfjsmad6, smad7
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FERT s mad3 e PR R B /s BRI S8 b R B, 5 B
AN R, BRI R BR AN R P a1 (1),
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FXR 526 14 S HEfCAE. Fiorucei er al W
TR, FXRAF W5 512 5 HSCIH A i
5 A % V)5 &, i 6-ECDCAR DL I
I3 R R A &5 FL U 4T 4k A Sh RS AL I 2T 44k
FERE, FURAT AR TGEP, a-SMA, TIMPI¥]
Lk, ATHENLHISE6-ECDCAMEH TFXRIG 5
BN N 7 SHPK A, SHPHIHIAP-145 4 DNA
e PE. W9 R, 6-ECDCAYE TFXR
J&i, PPAR-yRIETHHi54014%, PRFXRIE M H 5
PPAR-y.2 [F] {28 SCHA % 1T R T HS C A s,
B, ARG R EeR I AR T, &R S
SIBBM R E A, — Bl R 7T LS £ 4%
G557 T, —&E5 K M X2
AR F0eE, ARISERZ AR 2 A8 |

R, TR SR R AR S T &% TR T
HS R 2 (45 5 5 3 75 1 (i s ik e
& FUBr H 5, T B2 5 e S ik i it
LRYEfbin T ok TORrME L, (Ho2 H iR
Z RSB Y s, LB s S 2T
LYK Z G = Ay sk, AR BT 2
A2 AU T IR, R S A 410 1 4 i Ak
R A BE A, 10 T AT A S E ST

3 ZEXM

1 Bataller R, Brenner DA. Liver fibrosis. | Clin Invest
2005; 115: 209-218

2 Tsukada S, Parsons CJ, Rippe RA. Mechanisms of
liver fibrosis. Clin Chim Acta 2006; 364: 33-60

3 Iredale JP. Hepatic stellate cell behavior during
resolution of liver injury. Semin Liver Dis 2001; 21:
427-436

4 Benyon RC, Arthur M]J. Extracellular matrix
degradation and the role of hepatic stellate cells.
Semin Liver Dis 2001; 21: 373-384

5 Pinzani M, Marra F, Carloni V. Signal transduction
in hepatic stellate cells. Liver 1998; 18: 2-13

6 Tsukamoto H. Cytokine regulation of hepatic
stellate cells in liver fibrosis. Alcohol Clin Exp Res
1999; 23: 911-916

7 Pinzani M, Marra F. Cytokine receptors and
signaling in hepatic stellate cells. Semin Liver Dis
2001; 21: 397-416

8 Wu ], Zern MA. Hepatic stellate cells: a target for
the treatment of liver fibrosis. | Gastroenterol 2000;
35: 665-672

9 Beljaars L, Meijer DK, Poelstra K. Targeting hepatic
stellate cells for cell-specific treatment of liver
fibrosis. Front Biosci 2002; 7: e214-e222

10  Prosser CC, Yen RD, Wu J. Molecular therapy for
hepatic injury and fibrosis: where are we? World |
Gastroenterol 2006; 12: 509-515

11 Gressner AM, Weiskirchen R, Breitkopf K, Dooley
S. Roles of TGF-beta in hepatic fibrosis. Front Biosci
2002; 7: d793-d807

12 Kitamura Y, Ninomiya H. Smad expression of
hepatic stellate cells in liver cirrhosis in vivo and
hepatic stellate cell line in vitro. Pathol Int 2003; 53:
18-26

13  Liu C, Gaca MD, Swenson ES, Vellucci VF, Reiss
M, Wells RG. Smads 2 and 3 are differentially
activated by transforming growth factor-beta (TGF-
beta) in quiescent and activated hepatic stellate
cells. Constitutive nuclear localization of Smads in
activated cells is TGF-beta-independent. | Biol Chem
2003; 278: 11721-11728

14 Inagaki Y, Mamura M, Kanamaru Y, Greenwel
P, Nemoto T, Takehara K, Ten Dijke P, Nakao
A. Constitutive phosphorylation and nuclear
localization of Smad3 are correlated with increased
collagen gene transcription in activated hepatic
stellate cells. | Cell Physiol 2001; 187: 117-123

15 Stopa M, Benes V, Ansorge W, Gressner AM,
Dooley S. Genomic locus and promoter region of
rat Smad7, an important antagonist of TGFbeta
signaling. Mamm Genome 2000; 11: 169-176

16  Schnabl B, Kweon YO, Frederick JP, Wang XF, Rippe

www.wjgnet.com



PR & HE2RDREESESKRS

877

17

18

19

20

21

22

23

24

25

26

27

28

29

30

RA, Brenner DA. The role of Smad3 in mediating
mouse hepatic stellate cell activation. Hepatology
2001; 34: 89-100

Dooley S, Hamzavi ], Breitkopf K, Wiercinska E,
Said HM, Lorenzen ], Ten Dijke P, Gressner AM.
Smad?7 prevents activation of hepatic stellate cells
and liver fibrosis in rats. Gastroenterology 2003; 125:
178-191

Tahashi Y, Matsuzaki K, Date M, Yoshida K,
Furukawa F, Sugano Y, Matsushita M, Himeno Y,
Inagaki Y, Inoue K. Differential regulation of TGF-
beta signal in hepatic stellate cells between acute
and chronic rat liver injury. Hepatology 2002; 35:
49-61

Tsukada S, Westwick JK, Ikejima K, Sato N, Rippe
RA. SMAD and p38 MAPK signaling pathways
independently regulate alphal(I) collagen gene
expression in unstimulated and transforming
growth factor-beta-stimulated hepatic stellate cells.
] Biol Chem 2005; 280: 10055-10064

Yoshida K, Matsuzaki K, Mori S, Tahashi Y,
Yamagata H, Furukawa F, Seki T, Nishizawa M,
Fujisawa J, Okazaki K. Transforming growth factor-
beta and platelet-derived growth factor signal
via c-Jun N-terminal kinase-dependent Smad2/3
phosphorylation in rat hepatic stellate cells after
acute liver injury. Am | Pathol 2005; 166: 1029-1039
Breitkopf K, Haas S, Wiercinska E, Singer MV,
Dooley S. Anti-TGF-beta strategies for the treatment
of chronic liver disease. Alcohol Clin Exp Res 2005;
29:1215-131S

Liu X, Hu H, Yin JQ. Therapeutic strategies against
TGF-beta signaling pathway in hepatic fibrosis.
Liver Int 2006; 26: 8-22

Gressner AM, Weiskirchen R. Modern pathogenetic
concepts of liver fibrosis suggest stellate cells and
TGF-beta as major players and therapeutic targets. |
Cell Mol Med 2006; 10: 76-99

Jiang W, Yang CQ, Liu WB, Wang YQ, He BM,
Wang JY. Blockage of transforming growth factor
beta receptors prevents progression of pig serum-
induced rat liver fibrosis. World | Gastroenterol 2004;
10: 1634-1638

Nakamuta M, Morizono S, Tsuruta S, Kohjima M,
Kotoh K, Enjoji M. Remote delivery and expression
of soluble type II TGF-beta receptor in muscle
prevents hepatic fibrosis in rats. Int ] Mol Med 2005;
16: 59-64

Isbrucker RA, Peterson TC. Platelet-derived growth
factor and pentoxifylline modulation of collagen
synthesis in myofibroblasts. Toxicol Appl Pharmacol
1998; 149: 120-126

Britton RS, Bacon BR. Intracellular signaling
pathways in stellate cell activation. Alcohol Clin Exp
Res 1999; 23: 922-925

Breitkopf K, Roeyen C, Sawitza I, Wickert L, Floege
J, Gressner AM. Expression patterns of PDGF-A, -B,
-C and -D and the PDGF-receptors alpha and beta
in activated rat hepatic stellate cells (HSC). Cytokine
2005; 31: 349-357

Adachi T, Togashi H, Suzuki A, Kasai S, Ito J,
Sugahara K, Kawata S. NAD(P)H oxidase plays
a crucial role in PDGF-induced proliferation of
hepatic stellate cells. Hepatology 2005; 41: 1272-1281
Kreuzer J, Viedt C, Brandes RP, Seeger F,
Rosenkranz AS, Sauer H, Babich A, Nurnberg
B, Kather H, Krieger-Brauer HI. Platelet-derived
growth factor activates production of reactive
oxygen species by NAD(P)H oxidase in smooth

www. wjgnet.com

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

muscle cells through Gil,2. FASEB ] 2003; 17: 38-40
Gabele E, Reif S, Tsukada S, Bataller R, Yata Y,
Morris T, Schrum LW, Brenner DA, Rippe RA. The
role of p70S6K in hepatic stellate cell collagen gene
expression and cell proliferation. | Biol Chem 2005;
280: 13374-13382

Tsutsumi N, Yonemitsu Y, Shikada Y, Onimaru
M, Tanii M, Okano S, Kaneko K, Hasegawa M,
Hashizume M, Maehara Y, Sueishi K. Essential role
of PDGFRalpha-p70S6K signaling in mesenchymal
cells during therapeutic and tumor angiogenesis in
vivo: role of PDGFRalpha during angiogenesis. Circ
Res 2004; 94: 1186-1194

Borkham-Kamphorst E, Herrmann J, Stoll D,
Treptau J, Gressner AM, Weiskirchen R. Dominant-
negative soluble PDGF-beta receptor inhibits
hepatic stellate cell activation and attenuates liver
fibrosis. Lab Invest 2004; 84: 766-777
Borkham-Kamphorst E, Stoll D, Gressner AM,
Weiskirchen R. Inhibitory effect of soluble PDGF-
beta receptor in culture-activated hepatic stellate
cells. Biochem Biophys Res Commun 2004; 317:
451-462

Di Sario A, Bendia E, Taffetani S, Marzioni M,
Candelaresi C, Pigini P, Schindler U, Kleemann
HW, Trozzi L, Macarri G, Benedetti A. Selective
Na+/H+ exchange inhibition by cariporide reduces
liver fibrosis in the rat. Hepatology 2003; 37: 256-266
Benedetti A, Di Sario A, Casini A, Ridolfi F, Bendia
E, Pigini P, Tonnini C, D'Ambrosio L, Feliciangeli
G, Macarri G, Svegliati-Baroni G. Inhibition of the
NA(+)/H(+) exchanger reduces rat hepatic stellate
cell activity and liver fibrosis: an in vitro and in vivo
study. Gastroenterology 2001; 120: 545-556
Landsberg L. A teleological view of obesity,
diabetes and hypertension. Clin Exp Pharmacol
Physiol 2006; 33: 863-867

Saxena NK, Ikeda K, Rockey DC, Friedman SL,
Anania FA. Leptin in hepatic fibrosis: evidence for
increased collagen production in stellate cells and lean
littermates of ob/ob mice. Hepatology 2002; 35: 762-771
Tsochatzis E, Papatheodoridis GV, Archimandritis
AJ. The evolving role of leptin and adiponectin in
chronic liver diseases. Am | Gastroenterol 2006; 101:
2629-2640

Marra F, Aleffi S, Bertolani C, Petrai I, Vizzutti
F. Adipokines and liver fibrosis. Eur Rev Med
Pharmacol Sci 2005; 9: 279-284

Dai K, Qi JY, Tian DY. Leptin administration
exacerbates thioacetamide-induced liver fibrosis in
mice. World | Gastroenterol 2005; 11: 4822-4826
Saxena NK, Saliba G, Floyd JJ, Anania FA.
Leptin induces increased alpha2(I) collagen gene
expression in cultured rat hepatic stellate cells. |
Cell Biochem 2003; 89: 311-320

Ahima RS, Osei SY. Leptin signaling. Physiol Behav
2004; 81: 223-241

Saxena NK, Titus MA, Ding X, Floyd ], Srinivasan
S, Sitaraman SV, Anania FA. Leptin as a novel
profibrogenic cytokine in hepatic stellate cells:
mitogenesis and inhibition of apoptosis mediated
by extracellular regulated kinase (Erk) and Akt
phosphorylation. FASEB | 2004; 18: 1612-1614

Cao Q, Mak KM, Lieber CS. Leptin enhances
alphal(I) collagen gene expression in LX-2 human
hepatic stellate cells through JAK-mediated H,O,-
dependent MAPK pathways. | Cell Biochem 2006;
97:188-197

Xue X, Lin J, Song Y, Sun X, Zhou H. RNA



878

ISSN 1009-3079 CN 14-1260/R

BRENBHE

200783818H 165 588

47

48

49

50

51

52

53

54

55

56

57

58

59

interference targeting leptin gene effect on hepatic
stellate cells. ] Huazhong Univ Sci Technolog Med Sci
2005; 25: 655-657

Bataller R, Sancho-Bru P, Gines P, Brenner DA. Liver
fibrogenesis: a new role for the renin-angiotensin
system. Antioxid Redox Signal 2005; 7: 1346-1355
Friedman SL. The answer: angiotensin II. The question:
what do inflammation, oxidant stress and fibrogenesis
have in common? ] Hepatol 2004; 40: 1050-1052
Bataller R, Schwabe RF, Choi YH, Yang L, Paik YH,
Lindquist J, Qian T, Schoonhoven R, Hagedorn CH,
Lemasters JJ, Brenner DA. NADPH oxidase signal
transduces angiotensin II in hepatic stellate cells
and is critical in hepatic fibrosis. | Clin Invest 2003;
112: 1383-1394

Griendling KK, Ushio-Fukai M. Reactive oxygen
species as mediators of angiotensin II signaling.
Regul Pept 2000; 91: 21-27

Li X, Meng Y, Cai SX, Yang XS, Zhang Y], Wu PS.
Angiotensin II and aldosterone stimulate alphal-
(I) procollagen mRNA expression in hepatic stellate
cells via activation of ERK1/2 and AP-1. Zhonghua
Yi Xue Za Zhi 2005; 85: 1831-1835

Ueki M, Koda M, Yamamoto S, Matsunaga Y,
Murawaki Y. Preventive and therapeutic effects of
angiotensin II type 1 receptor blocker on hepatic
fibrosis induced by bile duct ligation in rats. |
Gastroenterol 2006; 41: 996-1004

Yokohama S, Tokusashi Y, Nakamura K, Tamaki
Y, Okamoto S, Okada M, Aso K, Hasegawa T,
Aoshima M, Miyokawa N, Haneda M, Yoneda
M. Inhibitory effect of angiotensin II receptor
antagonist on hepatic stellate cell activation in non-
alcoholic steatohepatitis. World | Gastroenterol 2006;
12:322-326

Wagatsuma Y, Naritaka Y, Shimakawa T, Kanako
H, Keiichiro I, Shunichi S, Konno S, Katsube T,
Ogawa K. Clinical usefulness of the angiotensin II
receptor antagonist losartan in patients with portal
hypertensive gastropathy. Hepatogastroenterology
2006; 53: 171-174

Yang L, Chan CC, Kwon OS, Liu S, McGhee ],
Stimpson SA, Chen LZ, Harrington WW, Symonds
WT, Rockey DC. Regulation of peroxisome
proliferator-activated receptor-gamma in liver
fibrosis. Am | Physiol Gastrointest Liver Physiol 2006;
291: G902-G911

Hellemans K, Michalik L, Dittie A, Knorr A,
Rombouts K, De Jong J, Heirman C, Quartier
E, Schuit F, Wahli W, Geerts A. Peroxisome
proliferator-activated receptor-beta signaling
contributes to enhanced proliferation of hepatic
stellate cells. Gastroenterology 2003; 124: 184-201
Miyahara T, Schrum L, Rippe R, Xiong S, Yee HF Jr,
Motomura K, Anania FA, Willson TM, Tsukamoto
H. Peroxisome proliferator-activated receptors and
hepatic stellate cell activation. | Biol Chem 2000; 275:
35715-35722

Hazra S, Xiong S, Wang ], Rippe RA, Krishna
V, Chatterjee K, Tsukamoto H. Peroxisome
proliferator-activated receptor gamma induces
a phenotypic switch from activated to quiescent
hepatic stellate cells. | Biol Chem 2004; 279:
11392-11401

Yavrom S, Chen L, Xiong S, Wang J, Rippe RA,

60

61

62

63

64

65

66

67

68

69

70

Tsukamoto H. Peroxisome proliferator-activated
receptor gamma suppresses proximal alphal(I)
collagen promoter via inhibition of p300-facilitated
NF-I binding to DNA in hepatic stellate cells. | Biol
Chem 2005; 280: 40650-40659

Toyama T, Nakamura H, Harano Y, Yamauchi N,
Morita A, Kirishima T, Minami M, Itoh Y, Okanoue
T. PPARalpha ligands activate antioxidant enzymes
and suppress hepatic fibrosis in rats. Biochem
Biophys Res Commun 2004; 324: 697-704

Zhao C, Chen W, Yang L, Chen L, Stimpson
SA, Diehl AM. PPARgamma agonists prevent
TGFbetal/Smad3-signaling in human hepatic
stellate cells. Biochem Biophys Res Commun 2006;
350: 385-391

Ohata M, Lin M, Satre M, Tsukamoto H.
Diminished retinoic acid signaling in hepatic
stellate cells in cholestatic liver fibrosis. Am | Physiol
1997; 272: G589-G596

Chen C, Zhang J, Li ], Huang ], Yang C, Huang G,
Shi J. Hydrodynamic-based in vivo transfection of
retinoic X receptor-alpha gene can enhance vitamin
A-induced attenuation of liver fibrosis in mice. Liver
Int 2004; 24: 679-686

Hellemans K, Verbuyst P, Quartier E, Schuit F,
Rombouts K, Chandraratna RA, Schuppan D,
Geerts A. Differential modulation of rat hepatic
stellate phenotype by natural and synthetic
retinoids. Hepatology 2004; 39: 97-108

Okuno M, Sato T, Kitamoto T, Imai S, Kawada N,
Suzuki Y, Yoshimura H, Moriwaki H, Onuki K,
Masushige S, Muto Y, Friedman SL, Kato S, Kojima
S. Increased 9,13-di-cis-retinoic acid in rat hepatic
fibrosis: implication for a potential link between
retinoid loss and TGF-beta mediated fibrogenesis in
vivo. | Hepatol 1999; 30: 1073-1080

Wang L, Potter J], Rennie-Tankersley L, Novitskiy
G, Sipes ], Mezey E. Effects of retinoic acid on the
development of liver fibrosis produced by carbon
tetrachloride in mice. Biochim Biophys Acta 2007;
1772: 66-71

Milliano MT, Luxon BA. Rat hepatic stellate cells
become retinoid unresponsive during activation.
Hepatol Res 2005; 33: 225-233

Fiorucci S, Antonelli E, Rizzo G, Renga B,
Mencarelli A, Riccardi L, Orlandi S, Pellicciari R,
Morelli A. The nuclear receptor SHP mediates
inhibition of hepatic stellate cells by FXR and
protects against liver fibrosis. Gastroenterology 2004;
127: 1497-1512

Fiorucci S, Rizzo G, Antonelli E, Renga B,
Mencarelli A, Riccardi L, Orlandi S, Pruzanski M,
Morelli A, Pellicciari R. A farnesoid x receptor-
small heterodimer partner regulatory cascade
modulates tissue metalloproteinase inhibitor-1
and matrix metalloprotease expression in hepatic
stellate cells and promotes resolution of liver
fibrosis. | Pharmacol Exp Ther 2005; 314: 584-595
Fiorucci S, Rizzo G, Antonelli E, Renga B, Mencarelli
A, Riccardi L, Morelli A, Pruzanski M, Pellicciari
R. Cross-talk between farnesoid-X-receptor (FXR)
and peroxisome proliferator-activated receptor
gamma contributes to the antifibrotic activity of
FXR ligands in rodent models of liver cirrhosis. |
Pharmacol Exp Ther 2005; 315: 58-68

Wi Fat mE EBRE

www. wjgnet.com



