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Abstract To study the extend of ongoing tissue remoghtroduction
elling in end-stage cirrhosis, the expression of different
matrix ~metalloproteinases [interstitial  collagenasknhe development of hepatic cirrhosis is characterized by
(MMP-1), M, 72000 gelatinase (MMP-2), stromelysin-h substantial increase in the collagen content of the liver
(MMP-3) and stromelysin-3 (MMP-11)] and of TIMP-laccompanied by major changes in liver architecture [22].
was studied in 13 cirrhotic livers explanted at transplaim-can therefore be described as a process of tissue re-
tation. The results were compared with those obtainechiodelling. The net accumulation of collagen in this pro-
normal liver. Western blot, northern blot, ELISA, RTeess may reflect increased synthesis as well as decreased
PCR and zymogram analysis were used. Proenzyme$mrefakdown of collagenous proteins, so that the rate of
stromelysin-1 and -3, interstitial collagenase angd Mxtracellular deposition of collagen exceeds its rate of
72000 gelatinase were positive in normal liver, while agegradation [7, 11, 15].
tivated enzymes were not detectable in western blot analCollagen turnover and extracellular matrix remodel-
ysis. In cirrhosis proenzyme levels of the studied MMRag is largely the effect of matrix metalloproteinases, a
were reduced to a mean of 60-70%, but mRNA exprésmily of neutral proteases requiring zinc ions for activity
sion and gelatin-degrading activity increased. TIMPeind digesting different collagens and gelatines (denatured
expression was detectable on mRNA level and by ELISAllagen derivates) [2, 10]. Their activity is regulated
in normal liver and also increased in cirrhosis. Our rbeth at the transcriptional level, by proenzyme activation,
sults show that mRNA expression of certain matrix mand finally by inhibitors, which are coexpressed and are
talloproteinases is increased in end-stage liver cirrhogigesent at the tissue sites of enzyme activity [20]. Earlier
while the amount of proenzyme is decreased, indicatirgports suggest that hepatic perisinusoidal cells (Ito cells),
enhanced MMP proenzyme turnover. These data sugggsiides producing different collagens, are also capable of
that besides increased TIMP-1 activity, altered MMP exxpressing matrix metalloproteinases (MMPs) and their
pression may also play a part in fibroproliferation in livénhibitors (TIMPs) [4, 5, 19]. During the process of liver
disease. fibrosis and finally cirrhosis the Ito cells seem to dediffer-
entiate into myofibroblast-like cells. In this process the
Key words Liver cirrhosis - Matrix metalloproteinase - spectrum of proteins and enzymes secreted by these cells
MMP - Collagenase - Stromelysin - TIMP changes, to the effect that more collagens, but also more
metalloproteinase inhibitors, are produced [11]. Little is
known, however, about the changes that may occur in
MMP production during the process of liver fibrosis and
may also contribute to the tilting of the balance between
matrix production and degradation.

We have recently raised antibodies against human
R. Lichtinghagen - K. Breitenstein - B. Arndt - T. Kilhbacher ~ MMPs and were able to show that in normal liver there
Institute of Clinical Chemistry |, is expression of quite a number of these enzymes, most
'[\)"_e?%é'znésﬁgir';'o‘:/‘g}’s%h:r'%:%““o"er' notably stromelysin-1, stromelysin-3, interstitial collage-

nase and both gelatinases, (2000 and M92000) [17].

g' H. W. Bf’kefr(g]) | 4 Heoatoloai In the study reported here, we examined the expression
popariment o] Sastrdeniere ody and Hepatologle, of stromelysin-1, stromelysin-3, interstitial collagenase
D-30623 Hannover, Germany ' and M 72000 gelatinase in end-stage cirrhosis and com-
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Materials and methods

Polyclonal antibodies wre raised gainst ecombinant MMP fu
sion poteins (haemopén-like domain) as desbed peviously
[17]. The fusion poteins consisted of thelfowing sements of

To esthlish whether thez was aly MMP mRNA in the xam-
ined tissues & perbrmed everse tansciption-polymerase tain
reaction (R-PCR) analsis. 1o exclude possike amplifcation of
DNA contamingion, a pior DNase digstion vas perbrmed and
the amplifcation products vere dcamcteized ty their speciic
molecular sies after pofaclylamide @l electophoesis. Then

the naive enzymes: stmelsin-1 (amino acids 263-327 [24]),5 g total RN\ was incubted with 10U RNase-fee DNase

stromelysin-3 (amino acids 227-347 [6]), institial collagenase
(amino acids 257-340 [12]), and,M2000 glainase (amino ac
ids 315-437 [9]).

Normal liver tissue was obtained dm explanted Ivers tha had
been meantdr liver transplantdon but could not be utilied for
reasons umlaed to this stugd The cirhosis samples &re ob
tained fom eplanted lvers from pdients undegoing liver trans
plantaion for end-stge liver diseaseLiver slices vere cut flom
the explanted Iver immediely after excision and vere kept ster

(Boehinger Mannheim) ér 1 h & 37°C. After phenol/loroform
extraction and ethanol pcipitaion reverse tansciption was pef
formed using Fst Stand Synthesis Kit (Pharacia) with andom
priming. PCR vas perbrmed under standdrconditions [21]. Tie
oligonudeotide pimer sequences ere desdbed peviously [17].
Nested olignudeotide pimers were used dr intestitial collage-
nase (5'-CAA AAT CCT GTC CA5 CCC AC G-3, rudeotides
856-877; 5-CGG CAA CTT CGT AS CAG CTT C-3, udeo-
tides 1051-1072),0f M, 72000 @lainase (5'-CTC TCC TGA

ile and placed on ashed ice Samples wre cut into aliquots and CAT TGA CCT TGG CAC-3', nudeotides 1294-1317; 5'-CAA

frozen to —70°C. Clinical da of the p#ents were talen from
their dinical files; histola@ical scoes were done fom routine slie
es of the gplanted lvers. Inflammaion was gaded fom O to +++
as no, slight, modere and seere lymphogtic infiltration. Hbro-
sis was assessed as 0 to ++#presenting no, slight, modae or
severe fibrosis /cirhosis, espectiely. Histological slides vere ex-
amined ly two different irvestigators.

Pieces pproximately 100 mg in weight were homaenized in
300 pl Tris huffered saline (50mmol/l Tris/HCI, pH 7.5,
100 mmol/l NaCl) using an ula-turax (Kinemdica). After cen
trifugation & 10,000g the supemaant was stoed @ —70°C. The
total potein concenstion was measwd using Biuet reggent
(Boehinger Mannheim) [23] on a Hitét 747 automtc anayser
Protein was diluted to 1Qug/ul.

The Amesham Biotak TIMP-1, human ELISA systemas
used br deteminaion of TIMP-1 concengtions in the tissue su
pemaants (20-10Qug total potein per assg accoding to the
marufactuer’s instuctions.

Aliquots (5 pul) of the tissue ®racts (50ug total potein/lane)
were subjected to angical SDS-RAGE (gl siz: 6.0x 8.5cm)
and then tnfered to nitocellulose sips (BA85; Sdleicher &
Sahill) in a Satohlot2 transkr gpawetus (Satorius) for Westen
blot anaysis. A set of pestained prtein standats was sinulta-
neousy run on SDS-RGE and tanskred to the ecised stip.
The Hotted membane vas HBocked oemight with 1% locking
reagent (Boehinger Mannheim) in Tis-buffered saline (5Gnmol/I
Tris/HCI, pH 7.5, 100mmol/l NaCl). Subsequentl membane
strips were incubded for 2h a room tempeature with the pimary
antiseum diluted in 5g/l blocking reagent in Tris-buffered saline
(dilutions ae indicded in legend to kg. 1). Membane stips were
washed twice in fis-buffered saline with Ig/l Tween 20, twice in
5 g/l blocking reagent in Tris-buffered saline and incubted for a
further hour with pesxidase-conjugted shep anti-rabbit 1gG
(Boehinger Mannheim; 1:1000 in &/l blocking reagent in Tris-
buffered saline). After dur washing stps in Tis-buffered saline
with 1 g/l Tween 20, immnoreactive bands wre visualizd using
a luminol-based detection system (Bdeber Mannheim) andxe
posue to X-OMAT AR film (Kodak). Quantitation on deeloped
films was perbrmed ly scanning densitomstrusing a scientit
digital documentdon system (Kdak) and Signgel software
(Jandel). Pufied human MMP prenzymes wre obtained fom
Biogenesis.

For nothem blot anaysis, frozen liver tissue s puherized in
liquid nitrogen using a maar and pestleThe tissue pader was
then dissoled in 4 mol/l guanidine isothigande, 25 mmol/l so
dium acetge, pH 6.0. Total RNA was isoléed ty pelletting
through 5.76mol/l cesium aloride, 25 mmol/l sodium aceta,
pH 6.0. The concenttion of RNA was detemined ty measuing
the @sorbance 260 and 280 m [18]. Then 10ug RNA per lane
was gplied to brmaldelyde, 1% aarose @ls and electphoe-
sed befre tranfer onto positiely chamged rylon membanes
(Boehinger Mannheim). ie RNA was UV cposs-linked to the if -
ters and Wybridized using standdr conditions [18]. Cloning of
MMP-specifc cDNAs was desdbed peviously [17]. The cDNA
probes vere labelled with a $2P)dCTP using aandom pimer la
belling kit (Boehmger Mannheim). Hters were exposed to Hy
perflm-MP (Amersham) &a—70°C.

GGT GCT GGC TGA GA GAT CAC-3, nudeotides
1574-1597) dr stomelsin-1 [5-GTA CCC ACG GAA CCT
GTC CCT C-3', mdeotides 867-887; 5'-&C TTC CTG AG
GAT TTG CGC C-3’, mdeotides 988-1008) anaif stomelysin-
3 (5'-CAA CAC CTA TAT GGC CAG CCC TGG-3', mdeotides
769-792; 5-A5G GCT GGG C& TCC CTG CCA GTG-3', o-
cleotides 1012-1035). PCRaatucts vere run on poyactylamide
gel and vere silver stained [16].

Geldin-degrading actvity of the liver samples (5Qug total
protein/assy) was assessedybelectophoesis on noreducing
SDS-10% potaciylamide gls incoporating 1.5mg of celatin/ml
[14]. MMP actvity was detectedyban oemight incubdion step
in 5 mmol/l CaC}, 100 mmol/l Tris/HCI, pH 8.0 & 25°C bebre
Coomassie Blliant Blue staining of the gls.

Results

Polyclonal antibodies wre raised gainst the haemope
in like domain of diferent MMPs. The amino acid se
guences in these domains of the enzymesvshbesser
extent of sequence homgy than other domains, espe
cially in the case of the stmelysins. Thereby cross-e-
actvity of the antibodies with other membkenof the
MMP family could be aoided Antibody specifcity was
assessed yb ELISA and vesten Hbot as peviously
descibed [17].

Clinical daa of the cirhotic pdients whose lvers
were anaysed and the histoffical gradings of the x
planted lvers ae gven in Table 1. Three péients (5, 7,
and 11) had histotgcally incomplete cirhosis. Tey
had been ansplanteddr small HCCs (5 and 7) and and
for pronounced pépheral wasting (11).

Figure 1 shavs the esults of the wsten blot assgs.

In the cirhotic livers studied (lanes 1-13), the amount of
detecthle marix metallopoteinases stmelysin-1,
stromelysin-3, intestitial collagenase and M72000 @-
latinase vas quite wariable. In geneal thee was a ten
deng towards a eduction in the detedbee amount of all

of these MMPs compad with nomal liver. Figure 2
summaizes the intensities of the detected bands in all
westen blots. For eat enzyme the peentaje deviation
between the mean peakear of bur nomal livers and
the indvidual aea of all nomal and diseasedvirs was
calculaed For all MMPs we found a mean intensityer
duction of &out 60-70% in end-gya cirrhosis.

To assess hether the molecular masses of the detected
bands caespond to the inas® poenzyme or the ace
forms of the MMPs @ compaed imnunoreactve bands



Table 1 Clinical dda of pdients and histolgical scoes of the &-
planted Ivers studied AST aspatate aminotanskrase ALT ala
nine aminotanserase AP alkaline phosphase y-GT y-glutanyl
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transkrase Alc alcoholic liver cirhosis,HBV hepatitis B-induced
liver cirhosis,HCV hepatitis C-induced Wer cirhosis,PBC pri-
mauy biliary cirrhosis,PSCprimary sderosing tolangtis)

No.a Age AST ALT Bilirubin AP yGT Prothrombin  Fibrosi¢  Inflammadiond Diagnosis
(yeas) timed
1 27 70 35 17 458 53 48 1] I Alc
2 42 112 55 89 267 75 35 1] I Alc
3 43 75 43 594 147 29 18 Il Il HBV
4 34 39 37 21 151 58 60 1] I HBV
5 50 24 10 20 194 17 85 Il I HBV
6 51 68 77 50 288 27 49 11 Il HCV
7 39 31 43 107 162 41 55 Il I HCV
8 61 25 16 127 296 28 41 1] 0 PBC
9 52 303 70 129 151 32 22 1] I PBC
10 54 43 39 55 492 79 82 1] I PBC
11 50 17 22 7 318 94 94 Il 0 PBC
12 60 263 80 36 690 63 61 1] i PBC
13 37 82 48 44 1044 168 56 1] Il PSC

aSame mmbes as in kg. 1

b Percentayes of nomal values

¢ 0 no fibrosis tolll fibrosis with destiction of nomal ogan ar
chitectuee (i.e cirrhosis)

d 0 no relevant ymphogtic infiltration and no cell neosis tolll
severe lymphogtic infiltration of potal and lolilar aeas accom
panied ly multiple cell necosis

Ale. tox. HBV HCV PBC PSC Norm. Liver
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 [153]
I ST IS R
Stromelysin-1
- - - e e wen | |- | - | — ¢
Stromelysin-3
- |-—- - Teow
F il | ? » — 50

Interstitial collagenase

- - o - - - .- - U g — 67
Mj- 72000 gelatinase

Fig. 1 Westen blot assa of different liver samplesdr mérix
metalloppteinases (MMPs). @de tissue mparations (see “Ma
terials and methods’olr details) vere s@arated by 9% SDS poj-
actylamide el electophoresis and immnoHotted using pajclo-
nal antibodies gainst stomelysin-1 (dilution 1: 2000), sbtmely-
sin-3 (1: 1000), intestitial collagenase (1: 500) and M2000 @-
latinase (1: 2000). i$sue peparations were from: alcoholic ver
cirrhosis (, 2), hepaitis B-induced cirhosis 38-5), heatitis C-
induced cirhosis 6, 7), primary biliary cirrhosis stge IV (8-12),
primary sderosing tolangtis (13) and nomal liver (14-17. Im-

in human Wer with puified poenzymes of stmelsin-1,
interstitial collagenase and M72000 glainase The con
trol enzymes wre commecial prepatations puified from
cultured fbroblasts, vhich secete these mteins in tvo
individual poenzyme érms of diferent sizs [2]. Fgure
3 shavs the esults of this compaon. The imnunoreac
tive bands of stmelysin-1, intestitial collagenase and M
72000 glainase in humanier comigated with the lag-

munoreactie bands wre visualizd using a luminol-based detec est coresponding seeted fbroblast ppenzyme

tion system. No bands of msignificance vere obseved in other
regions of the gls. Molecular mass miers were a set of p-

stained poteins [pestained SDSAGE standat solution (Sig

ma)] with molecular masses ofthae poteins (M, 1) of 45 and
58 with gopaent molecular masses of 50 anc: 67

The eldin-degrading actvity of the diferent liver
samples s assesseq lzymagram anaysis as shwn in

Fig. 4. In nomal liver only bands with molecular masses

of approximately [M, 10%] 95 were detecthle. The inten
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Fig. 5 Qualitdive identifcation of MMP transcipts in total RM

from nomal and cirhotic human fier using R-PCR tebnique

Fragments, vhich ae siz2 specit only for mRNA of stomelysin-1
(141 bp), stomelysin-3 (266bp), intestitial collagenase (216p)

and M 72000 glainase (303p) were amplifed with specit oli-

gonudeotide pimers using cDM templaes copied m DNase-di
gested total RN after reverse tansciption and andom piming.

Total RNA samples wre from nomal liver (laneN) and pmary

biliary cirrhosis (laneC). Molecular mass mker was a 100-bp lad
der (Phamacia’

collagenase  geatinase

Fig. 2 Semiquantitdve anaysis of MMP epression in diferent
samples fom cirhotic and namal livers. The scanned agms of
immunoractve bands (see “Marals and methods”) ere e-
pressed as peent@gye deviations of the meanalues of the nanal
liver samples.N nomal liver samples (m)C cirrhotic liver sam
ples (I),bars mean \alues of edt group]

M . . o
a b a b a b [log] sities of these bandsere inceased in crhosis. Moe-

over main bands of pproximately [M, 105 61 and 67

— 116 were onl detectale in cirhotic liver samples.
— 76 RT-PCR dealy demonstated the pesence of mRAN
for all MMPs studiedFgure 5 shas tha both in nor
— 53 mal and in cirhotic livers PCR yielded ampliation
products of the ppropriate mMRMNA sizes br MMP-1,
MMP-2, MMP-3 and MMP-11. In cordst, dassic
— » northem anaysis ony detected signalf M, 72000 g-
Stromelysin-1 g”ggﬁr?gge Icr:)tﬁgztggse latinase and somelysin-3, vhile MRNA levels for inter
stitial collagenase and simelysin-1 were gopaently too
Fig. 3 Compaison of MMPs fom human ker and the coe- |ow to be detected without ipr amplification. In Fg. 6
sponding poenzymes pufied from cultued fbroblasts. Cude the esults of Nothem anayses with stmelsin-3 and

tissue peparmtions from nomal human Wer (@) and puified pio- : .
enzymes (stmelsin-1, M 72000 @latinase interstitial collage- M, 72000 gldinase-specié probes a shovn. Stome

nase) k) from cultued ibroblasts vere sgarted by 9% SDS lysin-3 was not detecttie_ _in _n0|mal liver samples,
polyaclylamide @l electophoesis and immnoHotted using wheras it vas stongly positive in the placenta cormi

polyclonal antibodies gainst haemopen-like domain of the cer A slight increase in some of the diosis samples as

responding MMPs. & antibog dilutions see Igend to kg. 1. For ;

molecular mass misers see lgend to Ry, 4 notab'le. M, 72000 @lainase mMRM was V\_eaky detect
able in nomal liver and stonger positve in total RM
from cirhotic liver samples. Stmelysin-1 and intestiti-

Alc.tox. HBV HCV PBC Normal Liver
MI’
12 3 4 5 6 7 8 9 10 1 12 13 14 [10%]

— 170
— 116
— 76
x
— 53

Fig. 4 Zymogram ana}sis of samples &ém nomal and cirhotic  cirrhotic samples lik alcoholic Wer cirhosis Alc.tox.; 1, 2), hep-
human Ivers. Aliquots of the ppared liver samples ere subject atitis B-induced cirhosis @BV, 3-5), hepdtitis C-induced cirho-
ed to SDS-RGE in 10% acylamide gls containing 0.15%dala sis HCV, 6, 7), and pimary biliary cirrhosis stge IV (PBC;
tin (see “Mderals and methods”). Gdia-degrading actiity in  8-10. Molecular mass m&ers were a set of mteins with mole
four nomal liver samples1(1-14 was compaed with diferent cular sizs [M, 1C%] of 53, 76 and 116 and 170 (Sigr+a)



Fig. 6 Northem blot anaysis

of mMRNA encoding br stome
lysin-3 and M 72000 glati- 1
nase in total RN prepared
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from nomal and cirhotic hu
man liver. Results with total
RNA from nomal liver (anes
1-5) and cirhotic liver samples
(lanes 6-12are shavn. Cir-
rhotic liver samples ardvided
into primary biliary cirrhosis

(PBO), hepatitis B-induced cir
rhosis HBV) and heaitis C-

induced cirhosis HCV). Prep-
arations from dholangdocellular
carcinoma CCC, lane 13 and
from placentaléne 19 are
shavn as positie contols. Hy
bridization with a GAPDH-spe
cific probe was perbrmed as
an temal standaf. Reldive

positions of the 28S and 185 r

bosomal RM bands ag indi
caed as molecular gight stan
dads. For a compason of the
cirrhotic samples with \&sten
anaysis in Rg. 1 the core-
sponding mmbes ae put in
parentheses: 6(12), 7(11), 8(8),
9(3), 10(5), 11(6) and 12(7)

Normal Liver PBC HBV HCV  CCC Placenta
2 3 4 5 6 7 8 9 10 12 13 14
= |
TIMP-1
Lo lPAS
Stromdysin-3
- &S
LA
Mr 72000
gdatinase
- |8
. ﬁ GAPDH

2500

500

TIMP-1 [ng/mg total protein]

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17
Cirrhotic liver Normal liver

Fig. 7 ELISA quantifcation of TIMP-1 in samples &ém nomal
and cirhotic human kers. TIMP-1 concenétions in tissue m@pa
rations from 13 cirhotic human lers and 4 nanal livers (see
legend to Kg. 1) was perbrmed accading to the maufactuer’s
instructions (Amesham). Meas@d mean alues vere in nomal
livers 100ng/mg total potein with a standalr deviation of 65. In
cirrhotic livers we found 455 (270) ng/mg total @ein with a
standad deviation of 690 (156). hie \alues in pantheses ar
those obtained len sample 9 isxeluded

al collagenase wre ne@ative using Nothem tedinique
(daa not shan).

Fig. 5). Coresponding} increased amounts of TIMP-1
protein were detected in the chiotic sampled ¥ ELISA

(see kg. 7).

Discussion

The emeging hypothesis conceing marix metabolism
in liver cirhosis sugests thachangs in collgen po-
duction and aeduction in collgen beakdavn contib-
ute to the net accumhation of extracellular méix [3, 8,
11]. Recentesults sugest tha this is mainy due to in
creased TIMP xpression in bronic liver disease [7,
15].

Our results confm tha TIMP-1 mRMNA and potein
are increased in cihotic human Wer. Futhemore, we
find increased mRN levels of MMP-2 and -11 and 4n
creased gldin-degrading actvity in cirrhosis. At the
same timeproenzyme leels for the MMPs studied &re
unchangd or &en lover in cirhotic than in namal liv-
ers. These indings sugest inceased actetion and
turnover of MMPs in cirhosis. In cultued @t kidney
mesangl cells, Ailenbeg et al. [1] desdbed enhanced
steay stae mRMA levels for gelainase A (MMP-2) 6l-

In summay, we found a educed amount of MMP lowing increasing actiation of MMP-2 Ly cytochalasin

proenzymes in crhotic human ler, while the gldin-

degrading actvity in cirrhotic livers was inceased
TIMP-1 mRNA was deally detectale in all nomal

livers, and inceased amountsexre seen in cihosis (see

D tregament. W& propose thain fibroproliferative liver
diseases a similar mieanism might be opdtive (in
creased actetion of MMPs accompaniedybelevated
MRNA levels).
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MMPs ae seceted as inacte pioenzymes, and after 5. Arthur MJ Friedman SL, Roll FJBissell DM (1989) Lipe

activation they are rapidly degraded It is thus not sur
prising thd only the ppenzyme can be assesseg@-
tein level. The poenzyme pool functions as asevoir
from which actve enzyme can beecwuited pidly. We

found educed amounts of MMP @enzymes in some of

our cirhotic samples, sugsting tha the poposed in
crease in @nsciption does not compentgathe inceased
degraddion of MMPs in all cases.

While all four metallopoteinases angéed in our
study were deally detecthle on potein level and using
RT-PCR also on mRA level, the high arability of the
results obtained in the samples gsald shws tha there
are substantial inténdividual differences in thexent to
which tissue emodelling pesists in the | staes of liv-
er diseases. e dinical tem “end-stge cirhosis” does
not reflect a pecise and will-defined stae in the fbrotic
process.

Histological and biobemical analsis evealed no
correldaion between infammaory actiity and the elati-
nolytic actvity demonstated by zymagraphy. Also thee
was no coreldion between the amount ofifrosis and
the poenzymes detected inesten biot anaysis. We ae

therefore undle to speculee ebout mebanisms inducing

MMP-regulatory processes, hich hare been vieed by
othes as a counteggulatory medanism gainst inceas
ing collagen synthesis [11, 13, 22].

Ealier we demonstted tha in nomal human ker,
apart from marilysin (MMP-7) vittually the whole fami-
ly of MMPs can be detected [17]. Ourepent indings
suggest tha marix degraddion and tissue emodelling
contirue e/en in \ery late stges of ogan fbrosis. The
level of MMP epression and actity is not signifcantly
different fom tha found in h@atic tumour tissughut it
is rather laov compaed with the lgels in highy dynamic
tissues, sutas placenta.

Further studies mst estalish whether measement
of MMPs in liver tissue leads to a better urstanding
of the pahoptysiology of fibroproliferation and allev an
assessment of theggnosis in indiidual cases.
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