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Prospects for Antifibrotic Therapy

ABSTRACT

Antifibrotic therapies should preferentially be targeted to the activated
hepatic mesenchymal cells. Those cells resemble wound healing
myofibroblasts and synthesize an excess of extracellular matrix (ECM)
proteins. They derive from quiescent hepatic stellate cells (HSC) and
portal/perivascular (myo-) fibroblasts (MF). Whereas various agents
have been shown to inhibit HSC/MF proliferation and collagen synthesis
in vitro, only few of them are effective. Established in vivo models are
rat secondary biliary fibrosis (chronic cholestatic liver disease) and
reversion of fibrosis after withdrawal of a hepatotoxin like
thioacetamide.

The interferons (IFN-y>a,8) have proven antiproliferative and
fibrosuppressive activity on mesenchymal cells in culture. Retrospective
data suggest that IFN-a therapy for hepatitis C can halt or even reverse
fibrosis. This has to be confirmed by large randomized prospective
studies, but an effect in biliary fibrosis is less probable. Strategies to
inhibit the key profibrogenic cytokine TGF-B, e.g. by soluble decoy
receptors, or molecules that are involved in TGF-B signal transduction
are evolving but targeted approaches have to be used, in order to
prevent unwanted side-effects.

Novel agents are being developed in the form of orally available small
molecule inhibitors (peptidomimetics). These include antagonists of
certain integrins (avp3 or avp6) that are involved in HSC/MF migration
or TGFB-activation, respectively, or of the endothelin A receptor that
causes contraction and proliferation of activated HSC/MF.

Future studies will have to show if and how far drug combination is
effective in man, combined with reasonable costs and no or irrelevant
side-effects. Some agents are antioxidants like silymarin, a defined
mixture of flavonoids, sho-saiko-to which contains related compounds
like baicalein, (glitazones, phosphodiesterase inhibitors like
pentoxifylline, inhibitors of the renin-angiotensin system, halofuginone
and some immunosuppressants like mycophenolate mofetil and
rapamycin.

Drug targeting to the fibrogenic liver cells is now possible by use of
small molecular ligands that bind to receptors which are specifically
upregulated on activated HSC/MF. These ligands can be exploited as
carriers for otherwise toxic drugs, antisense DNA or siRNAs directed
against profibrogenic mRNAs, such as those against procollagen | or
TGFB1.

It is likely that liver fibrosis of different etiology will need different
antifibrotic treatments. Quick progress in the clinical development of
antifibrotic therapies can only be expected with the evolving validation
of noninvasive, serological markers of fibrogenesis or fibrolysis. Govaresh
2004; 9: 34-44
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Genetic predisposition for hepatic fibrosis

- gender (protection by high dose oestrogens)

- pro/ antioxidative enzyme polymorphisms (MnSOD,
GSTP1, CYP2D6), e.g., in haemochromatosis

+ immune system (profibrogenic Th2 vs. Th1 response)

+ single nucleotide-polymorphisms (IL-1p, IF-y, MCP-1,
TNF-a., Factor V Leiden, MMP-3, TGF(31, DQB1*0503)

« genetically determined comorbidities: HFE mutations,
metabolic syndrome (NASH).........

- regulation of regeneration and apoptosis
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Activation receptor-targeted antifibrotic therapy

2. coupling of ligands to antifibrotic agents
anti-fibrotic .
agents, siRNA, C
antisense &% PDGFo. R

activation \ / j CVIR
of HSC/ MF 1. receptor binding
S \4 C0| lagen-  peptide analogues

g deposition
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Resveratrol

X H,0, |Quercetin
2 Apigenin
Silymarin

(Antioxidants Baicalein
TJ-135
fibrogenic coactivators (Vitamin E)
CTGF PDGF-B, ET-1 NAc

SAMe

....... PPARy agonists

FAS-L, FAS-activating
antibodies

Latent TGF-p1

peptidomimetic MMP-9, tPA, integrin aVP6
antagonists | » IGFIIR, TSP-1
= tissue i

PDGFBR antagomsls
ET RIATIR -

MMF, rapamycin, statins, inter-
ferons, angiogenesis inhibitors

~

e

prohferanon activated myofibroblast
mlgm tion

halofuginone

reversion to a
fibrolytic phenotype

oral integrin antagonists -
(aVB3, stress relaxation) NGFR

rnductlon uf ''''' targeted approaches

apoptosis
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AT: angiotensin, CTGF: connective tissue growth factors,
ET-1: endothelin-1, ET,R: endothelin A receptor,
IGFIIR: insulin like growth factor receptor 11,
MMF: mycophenolate mofetil, NGFR: nerve growth factor
receptor, tPA: tissue plasminogen activator,

PPAR-y: peroxisome proliferators receptor-y,
TSP-1: thrombospondin-1.
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Potential antifibrotic agents for combination therapy

* Interferon-o/Bly
+ Pentoxifylline, Phosphodiesterase-3/4-antagonists (Rolipram)
+ Antioxidants (Silymarin, Baicalein)
+ Halofuginone
+ Prostaglandin E2
+ Endothelin A receptor antagonists
+ Angiotensin system inhibitors
+ NO-donors (Pyrro-NO)
+ HMG-CoA-reductase inhibitors (statins)
+ Diuretics (Spironolactone, Cariporide)
+ Mycophenolate, Rapamycin
+ Histone diacetylase inhibitors (Trichostatin A, MS-275-Schering)
+ Thiazolidindiones (Pioglitazone, Rosiglitazone, Troglitazone)
+ Angiogenesis inhibitors (PTK 787-Schering, EMD409915 -Merck )
+ Specific integrin antagonists (ov36)
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Circulating matrix proteins as parameters of fibrogenesis

or fibrolysis
fibrolysis: MMP-2, MMP-9

MMPs
| fibrogenesis: PIINP, TIMP1, YKL-40, TGF-51|  degradation é‘

propeptide-
precursor cleavage #‘-’Ij—- ﬁ
N-&f%f P K

synthesis
g
T T

fibrogenesis___,

00T o

laminin, tenascin, hyaluronan ‘

Ford 9 Figmd oo sl S5l A S

ol;T (fibrogenic cells) 55,8 00isS g sl oo 51 a5 (5MISg (slaslo sions
A gl ge Al 5 i Sty (I g 3l gl Wsdise
b Tl lad o G lak b S 4 ke sty
procollagen type III o, w mlaw (5,Fojlal ol (o0 098 0
(5559 7mma®) 5N gy § Sl 00isS Sk wilgs oo propeptide
g eIl S le glapmiil S e 5l ail
Gl g yd) (oazn Sl 4y e (Matrix metalloproteinases; MMPs)
g ol Sl Jsho )15 S 5le 50 oS Wishioo 2latS s
L e ) ) okl el o235 oSt i oo LT o o
bl 8T et 50 LT 50 5 5 5 359508 (e 59

o WP S 50 )»pl> JL> ) Lgd..\s

o laslbeys Gl o 1y Gedgrad g $59,md) S90S j9ma 50
S (2l e
RUNE DN ST SR TINE SR
ol JoSii Olge 5l e A pasiad gl ol e oS el
Syg— S Glem bsles VAL o (sl )5 S0 50
Oldla o Sole (nl (parsis (35 a5 50,0 wed o0 )8 L)
ot Y el R il b S le Sl (See can
Lol o red 9o Sledleyd liyz )3 S jepmd Coyy b Cdpiny

D9l en G S ez e (ol 5l 5 oS OIS
b QT 0 aS (Calig ..\...;l)s Sl A6 GuS jepd )
5 Byb g (555 d) dies il S 5 el
D83 oo 7 (g ) Sl S8l 5 5 il
9) S 9 WS Sy Wl e b iy Jolie )0 Goped S Y

A WWAY oo /) oo /vgs Jlo /535165

Lalwgils piSS SO o0 b ol o j9pmd ws oo
Ol oy )0 @S lashe o ,Shoe g S5 S
9Dy g a5 0,5 olpan (6,500 Sleleyd L) 59,md o sleleys
G Jle Olsisan ws S S 0 0l slacewgils (2SS
sdobe 3,5 b s Glatawgls ol Sy ol sl )gis
ol ol e 1y 056 slaiawsila g5 g (stem cells) ol
b oly gl s Slallas jei abal, ol ys ax 51575,
Sl ol Glauasls a5 e j0 el jo ol (Saw iyl
Slallas 5 L8 0,5 oolawl Sl ol 51 olet ditins auS Wgw
rebae b5 5 bl Slilge 45 goanie Slalllae coul p3¥ Sl
S s Al e laleagls 055 S5 s
D9 503 (§05 Slaonzay

gy 9 359 rmd (o2l ju oy, o
sbo,Sile col oY oyt 0 byl Sl o) S
i (5B B D0t |y (ST 5o md i 4 ez lgin
A4S Wgd il oSl ceul p3Y ogasay CVues cil ans
bl S 5ol 5dored 5 5593 lie (Seeled) by & j90a
ko T Sl sl 5185 ooy slayS o 5l (S oS
Ol 5 695 syt (Stage) az o b e 9l oo vt
T O an @ Glges dhex b 5l S St ) Fe e
Yo oS Figpmd Olyz yo oSl (ol 0,5 o LI TIMP 5 I
Oy ot (035 piiie aslllae oyl Sea ¢ Schuppan) &g, e
oY 5 T O wiile aly lie slagnsisn 5l aleds
39y 4,5 L (hyaluronan) ;ls,glla (izeen 5 (laminin)
sySloe s onisS oSats wlgi oo Usyslla i ls LL3 |
YL oy s Lo 3l 55 oS lanSgjgien peligl
s asnlis Ceul Sas (MMP-9) 4 5licig ellia (oS ke

(A JS8) wib oS s gy cudled
(stage) a=>,0 utd Cuz gonie 2kl sloasls
WJlme lyear Haslans 8 )18 adllas 590 55 55
Jes s LS LS gy o 51 o) oyt (510 a5 “Fibroscore™
sS55I 5 GulsnslSsle elsaslSLUS sl il
C ol 13 605 Joymd 4230 (sl Sz 900 o0linu
10+ dga> Wlgi o Censs ol Jg TVl 48,5 )18 anlllas 590
i 50 53 T LY az o sl L az o b Lo )
Sl s wilgs _os Fibroscore Lo .oms (31,530 ¢ psbie

5. Metavir



Olsd Ao jguds

Ggymd Ad (59,0 Wiz 5l Glacgaze p Joiin olple,s O
Oleye samn] wliadss o Jleys o5l wl o e NI

Dgr Jdle> (uS 59 b

0,188 Sgupge 4

L ot Sdpien 5l S el> Baa b j,d as slleys Y

iyl 18 aalllas Cod julgmd & e

36,50 o5 Gl pol by aS gousie slagls F

GBS gyt ao Ol 31 ailgs so ciiiwd ookl 090 (S5

RS PURAN

Sl a5 G0 ey coll Sz w2l e Jelse F
5k 3590 iS5 8o 1) 3559 08 9 sy b sloosuy
Ok 93 (59 yR0

N

ol 0015 18 5155 alora LS )0 g 08,8 dez i oy b | allie ol Bliioeme (sage S BT siex | IS

oy el Fsge olfisls §o sond atd, Jrams 4y Jlo B e 4 VAVY Lo 5l oylinl el oLl 1525 5 V40T agie ol alis gy,

A By 0 095 61,58 S @ 3350 Jlo an Soe (b lojen 90,5 fass g (S olRils jo (S anh; 0 VAAZ VAV L 5l eew
Oloe L g eacS 55,08 0,00 1) 095 Sliding ¢ o iy 40 Sledlbl glo s cpidlo b (3,165 ats; jo olinccw] flote & alols ol 48 5 b cons
a0 V8AY Jlo o plasl o8 5T el s s Fhenle sleallasls 3165 slesisn jo «Jsbu |z, Jlisle o555y olsicas unduline o5 aseion
J}..f..w.cj Galc Lsm..ac Coow YooY B Y2424 6LQJLJ)¢ .0)9.‘— Cawd Q:J)f d‘)—‘ olf.;:,.;b)o |) 6)5..».95)4 Coww o 9 A &L} 4.....:) B G)L:.w.:L) LESD)
gy 0y Slgainn ol 4y HLLSSl a8l o oSl 5,168 sl Yoo ¥ Ll Bl 0 aSul b g 28,5 sngea |y oS Sl bl el (SHLSiS
)lS aQ sz l> UT ) aS conl gg‘:’l‘“ BN )..4[> Jl> 9 u'BJJ..\J g 03 p.s..&.m 5‘ O y..f JL..J JJ‘jl L aS ‘) ISA“JAT OFmgs ) \))|5)L€b oLisls ‘5.31.’1...4‘
Gastroenterology N EnglJMed Science Nature ;o ale> 5| Loy Jodloyn calize glaalxs 1o sole Cllas YO« 51 oo olio] ool
J9dgp ol 039 35 J. Hepatology s GUT (Gastroenterology e 4 3,55 Sl gae oliul .cunl 03,5 200 Hepatology o J Hepatology
Lo Gteples g spmbyy 9ai (ot 45 oymed isa) 0 ol &5 3 0T (Slatslost 0,K35 comages 59 59,5 s Sl 42 43838 Jlu o
ol 81 3165 Aloes gl el o 1) lasl Glidos bl oS | Allie ol g easdydy

~

Schuppan D, Ruehl M, Somasundaram R et al.
Matrix as a modulator of hepatic fibrogenesis. Sem
Liver Dis 2001; 21: 351-72.

Schuppan D, Krebs A, Bauer M et al. Hepatitis C

. and fibrosis progression. Cell Death Diff 2001; 10

(Suppl 1): S59-67.

. Benyon RC, Arthur MJ. Extracellular matrix

degradation and the role of hepatic stellate cells.
Semin Liver Dis 2001; 21: 373-84.

. Iredale JP. Tissue inhibitors of metalloproteinases

in liver fibrosis. Int J Biochem Cell Biol 2001; 29:
43-54.

. Knittel T, Kobold D, Saile B et al. Rat liver

myofibroblasts and hepatic stellate cells: different
cell populations of the fibroblast lineage with
fibrogenic potential. Gastroenterology 1999; 117:
1205-21.

10.

&=l

Friedman SL. Molecular regulation of hepatic
fibrosis, an integrated cellular response to tissue
injury. J Biol Chem 2000; 275: 2247-50.

Bissell DM, Roulot D, George J. Transforming
growth factor _ and the liver. Hepatology 2001;
34: 859-67.

Gressner AM, Weiskirchen R, Breitkopf K et al.
Roles of TGF-beta in hepatic fibrosis. Front Biosci
2002; 7: d793-807.

Issa R, Williams E, Trim N et al. Apoptosis of
hepatic stellate cells: involvement in resolution of
biliary fibrosis and regulation by soluble growth
factors. Gut 2001; 48: 548-57.

Issa R, Zhou X, Trim N et al. Mutation in
collagen-1 that confers resistance to the action of
collagenase results in failure of recovery from
CCl4-induced liver fibrosis, persistence of




Y

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

activated hepatic stellate cells, and diminished
hepatocyte regeneration. FASEB J 2003; 17: 47-9.
Soyer MT, Ceballos R, Aldrete JS. Reversibility of
severe hepatic damage caused by jejunoileal
bypass after re-establishment of normal intestinal
continuity. Surgery 1976; 79: 601-4.

Hammel P, Couvelard A, O'Toole D et al
Regression of liver fibrosis after biliary drainage
in patients with chronic pancreatitis and stenosis of
the common bile duct. N Engl J Med 2001; 344:
418-23.

Dufour JF, DeLellis R, Kaplan MM. Reversibility
of hepatic fibrosis in autoimmune hepatitis. Ann
Intern Med 1997; 127: 981-5.

Dienstag JL, Goldin RD, Heathcote EJ et al
Histological outcome during long-term lamivudine
therapy. Gastroenterology 2003; 124: 105-17.
Shiffman M, Hoffman CM, Contos MJ ef al. A
randomised controlled trial of maintenance
interferon therapy for patients with chronic
hepatitis C virus and persistent viremia.
Gastroenterology 1999; 117: 1164-72.

Poynard T, McHutchison J, Manns M et al. Impact
of pegylated interferon alfa-2b and ribavirin on
liver fibrosis in patients with chronic hepatitis C.
Gastroenterology 2002; 122: 1303-13.

Poniachik J, Bernstein DE, Reddy KR et al. The
role of laparoscopy in the diagnosis of cirrhosis.
Gastrointest Endosc 1996; 43: 568-71.

Regev A, Berho M, Jeffers L] et al. Sampling
error and intraobserver variation in liver biopsy in
patients with chronic HCV infection. Am J
Gastroenterol 2002; 97: 2614-8.

Bedossa P, Dargere D, Paradis V. Sampling
variability of liver fibrosis in chronic hepatitis C.
Hepatology 2003; 38: 1449-57.

Powell EE, Edwards-Smith CJ et al. Host genetic
factors influence disease progression in chronic
hepatitis C. Hepatology 2000; 31: 828-33.

Bahr MJ, el Menuawy M, Boeker KH et al
Cytokine  gene  polymorphisms and the
susceptibility to liver cirrhosis in patients with
chronic hepatitis C. Liver Int 2003; 23: 420-5.
Muhlbauer M, Bosserhoff AK, Hartmann A et al.
A novel MCP-1 gene polymorphism is associated
with hepatic MCP-1 expression and severity of
HCV-related liver disease. Gastroenterology 2003;
125: 1085-93.

Hellier S, Frodsham AJ, Hennig BJ er al
Association of genetic variants of the chemokine
receptor CCR5 and its ligands, RANTES and
MCP-2, with outcome of HCV infection.
Hepatology 2003; 38: 1468-76.

Satsangi J, Chapman RW, Haldar N et al. A
functional polymorphism of the stromelysin gene
(MMP-3) influences susceptibility to primary
sclerosing cholangitis. Gastroenterology 2001,
121: 124-30.

Wright M, Goldin R, Hellier S et al. Factor V

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Leiden polymorphism and the rate of fibrosis
development in chronic hepatitis C virus infection.
Gut 2003; 52: 1206-10.

Yoshizawa K, Ota M, Saito S et al. Long-term
follow-up of hepatitis C virus infection: HLA class
IT loci influences the natural history of the disease.
Tissue Antigens 2003; 61: 159-65.

Erhardt A, Maschner-Olberg A, Mellenthin C et
al. HFE mutations and chronic hepatitis C: H63D
and C282Y heterozygosity are independent risk
factors for liver fibrosis and cirrhosis. J Hepatol
2003; 38: 335-42.

Silvestri L, Sonzogni L, De Silvestri A ef al. CYP
enzyme polymorphisms and susceptibility to
HCV-related chronic liver disease and liver cancer.
Int J Cancer 2003; 104: 310-7.

Qi Z, Atsuchi N, Ooshima A et al. Blockade of
type beta transforming growth factor signaling
prevents liver fibrosis and dysfunction in the rat.
Proc Natl Acad Sci USA 1999; 96: 2345-9.

George J, Roulot D, Koteliansky VE ef al. In vivo
inhibition of rat stellate cell activation by soluble
transforming growth factor beta type II receptor: a
potential new therapy for hepatic fibrosis. Proc
Natl Acad Sci USA 1999; 96: 12719-24.

Yata Y, Gotwals P, Koteliansky V et al. Dose-
dependent inhibition of hepatic fibrosis in mice by a
TGF-beta soluble receptor: implications for
antifibrotic therapy. Hepatology 2002; 35: 1022-30.
Dooley S, Hamzavi J, Breitkopf K ef al. Smad7
prevents activation of hepatic stellate cells and
liver fibrosis in rats. Gastroenterology 2003; 125:
178-91.

Milani S, Herbst H, Schuppan D et al
Transforming growth factors 1 and _2 are
differentially expressed in fibrotic liver disease. Am J
Pathol 1991; 139: 1221-9.

Munger JS, Huang X, Kawakatsu H et al. The
integrin alpha v beta 6 binds and activates latent
TGF beta 1: a mechanism for regulating
pulmonary inflammation and fibrosis. Cell 1999;
96: 319-28.

Morris DG, Huang X, Kaminski N ef al. Loss of
integrin alpha(v)beta6-mediated TGF-beta
activation causes MMP12-dependent emphysema.
Nature 2003; 422: 169-73.

Iimuro Y, Nishio T, Morimoto T ef al. Delivery of
matrix metalloproteinase-1 attenuates established
liver fibrosis in the rat. Gastroenterology 2003; 124:
445-58.

Siller-Lopez F, Sandoval A, Salgado S er al
Treatment with human metalloproteinase-8 gene
delivery ameliorates experimental rat liver
cirrhosis. Gastroenterology 2004; 126: 1122-33.
De Bleser PJ, Xu G, Rombouts K et al
Glutathione levels discriminate between oxidative
stress and transforming growth factor-beta
signaling in activated rat hepatic stellate cells. J
Biol Chem 1999; 274: 33881-7.



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Olsd Ao jguds

Garcia-Trevijano ER, Iraburu MJ, Fontana L et al.
Transforming growth factor betal induces the
expression of alphal(I) procollagen mRNA by a
hydrogen peroxide-C/EBPbeta-dependent mechanism in
rat hepatic stellate cells. Hepatology 1999; 29: 960-70.

Jia JD, Bauer M, Ruehl M et al. Antifibrotic effect of
silymarin in rat secondary biliary fibrosis is mediated
by downregulation of procollagen I, TIMP-1 and TGF-
_1 RNA. J Hepatol 2001; 35: 392-8.

Shimizu I, Ma YR, Mizobuchi Y et al. Effects of Sho-
saiko-to, a Japanese herbal medicine, on hepatic fibrosis
in rats. Hepatology 1999; 29: 282-4.

Bruck R, Genina O, Aeed H er al. Halofuginone to
prevent and treat thioacetamide-induced liver fibrosis
in rats. Hepatology 2001; 33: 379-86.

Duncan MR, Hasan A, Berman B. Pentoxifylline,
pentifylline, and interferons decrease type I and III
procollagen mRNA levels in dermal fibroblasts:
evidence for mediation by nuclear factor 1 down-
regulation. J Invest Dermatol 1995; 104: 282-6.
Raetsch C, Boigk G, Herbst H et al. Pentoxifylline
retards collagen accumulation in early but not in
advanced rat secondary biliary fibrosis. Gut 2002; 50:
241-7.

Galli A, Crabb DW, Ceni E et al Antidiabetic
thiazolidinediones inhibit collagen synthesis and
hepatic stellate cell activation in vivo and in vitro.
Gastroenterology 2002; 122: 1924-40.

Cho JJ, Hocher B, Herbst H ef al. An oral endothelin
A receptor antagonist blocks collagen synthesis and
deposition in advanced rat secondary fibrosis.
Gastroenterology 2000; 118: 1169-78.

Bataller R, Sancho-Bru P, Gines P et al. Activated
human hepatic stellate cells express the renin-
angiotensin system and synthesize angiotensin II.
Gastroenterology 2003; 125: 117-25.

Jonsson JR, Clouston AD, Ando Y et al. Angiotensin-
converting enzyme inhibition attenuates the
progression of rat hepatic fibrosis. Gastroenterology
2001; 121: 148-55.

Paizis G, Gilbert RE, Cooper ME et al. Effect of

50

51.

52.

53.

54.

55.

56.

57

58.

59.

angiotensin Il type 1 receptor blockade on
experimental hepatic fibrogenesis. J Hepatol 2001; 35:
376-85.

. Morath C, Zeier M. Review of the antiproliferative
properties of mycophenolate mofetil in non-immune
cells. Int J Clin Pharmacol Ther 2003; 41: 465-9.

Zhu J, Wu J, Frizell E et al. Rapamycin inhibits
hepatic stellate cell proliferation in vitro and limits
fibrogenesis in an in vivo model of liver fibrosis.
Gastroenterology 1999; 117: 1198-204.

Rombouts K, Kisanga E, Hellemans K et al. Effect of
HMG-CoA reductase inhibitors on proliferation and
protein synthesis by rat hepatic stellate cells. J Hepatol
2003; 38: 564-72.

Beljaars L, Molema G, Schuppan D et al. Successful
targeting to rat hepatic stellate cells using albumin
modified with cyclic peptides that recognize the
collagen type VI receptor. J Biol Chem 2000; 275:
12743-51.

Kobayashi N, Ito M, Nakamura J et al. Hepatocyte
transplantation in rats with decompensated cirrhosis.
Hepatology 2000; 31: 851-7.

Malhi H, Irani AN, Gagandeep S et al. Isolation of
human progenitor liver epithelial cells with extensive
replication capacity and differentiation into mature
hepatocytes. J Cell Sci 2002; 115: 2679-88.

Matsuno Y, Iwata H, Umeda Y et al. Hepatocyte
growth factor gene transfer into the liver via the portal
vein using electroporation attenuates rat liver cirrhosis.
Gene Ther 2003; 10: 1559-66.

. Vassilopoulos G, Wang PR, Russell DW. Transplanted
bone marrow regenerates liver by cell fusion. Nature
2003; 422: 901-4.

Schuppan D, Stickel F. Markers of progression. In:
Blum HE, Maier KP, Rodes J et al., editors. Diagnosis
of Liver Diseases. Kluwer Lancaster; 2004. p. 15-25.
in press.

Bismut FI, Ratziu V, Pieroni L et al. Biochemical
markers of liver fibrosis in patients with chronic
hepatitis C virus infection: a prospective study: Lancet
2001; 357: 1069-75.

v




