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Background: Transforming growth factor-j? (TGFB) 
plays a central role iu the stimulation of matrix pro- 
duction during liver fibrosis. The action of TGF/? in 
different systems has been shown to be iniluenced by 
a2-macroglobulin (a&l’), a serum protein with strong 
protease-scavenging and cytokine-binding properties. 
Aims: In the present study, a2M derived from normal 
human plasma has been tested for its ability to modu- 
late the TGF/?-induced collagen production by human 
liver fat-storing cells (FSC), which had transformed 
into a-smooth muscle actin-expressing myofibroblasts 
in culture. 
Met/&s: a2M has been tested after activation with 
methylamine &M-Me), an in vitro equivalent of pro- 
tease activated azM. The binding of 1251-TGF/?l to 
activated forms of a2M was demonstrated by rate 
electrophoresis. Collagen synthesis was examined in 
human liver myofibroblast cultures obtained from 
three different human livers by incorporation of 3H- 
proline into TCA-precipitable, specific collagenase de- 
gradable proteins. Uptake of a2M was studied by 
means of immunofluorescence. 

T RANSFORMING growth factor-/I is considered to be 
the major pro-fibrogenic cytokine during liver 

fibrogenesis. Repeatedly, a positive correlation between 
the presence of TGFD and the degree of liver fibrosis 
has been reported in man (l-3) and rats (4,5). More- 
over, TGF/? has been shown to stimulate matrix pro- 
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Results: TGF/? (1 @ml) significantly stimulated col- 
lagen synthesis of controls in the absence of TGF/?. 
a2M-Me reduced this TGF/l-induced collagen syn- 
thesis dose-dependently, reaching signillcant inhibition 
from 10 &ml a2M-Me onward. Upon addition of 
100 &ml a2M-Me the effect of TGFj? was reduced 
by 60% to 128231% (mean&SD) of control values 
in the absence of TGFjl. Human liver myofibroblasts 
endocytosed a2M-Me added to the cultures as de- 
tected by immunofluorescence. Accordingly, reduction 
of TGFj?-activity by a2M-Me may be explained by 
receptor-mediated clearance of a2M-TGFjY complex- 
es by the cells. 
Conclusions: TGF/?-induced collagen formation by 
human liver myofibroblasts obtained from three differ- 
ent livers is reduced in vitro by activated a2M. From 
these results, we hypothesize that a2M may have an 
antilIbrogenic effect in vivo by interference with 
TGFj?-induced matrix synthesis during liver fibrosis. 

Key words: a2-Macroglobulin, Collagen; Fat-storing 
cell; Fibrosis; Human; Liver; Myofibroblast; TGF/l. 

duction by cultured human (6,7) and rat fat-storing 
cells (FSC) (89). FSC are generally viewed as the 
major producers of ECM in the liver (10-13). At sites 
of liver fibrosis and in culture the FSC undergo a grad- 
ual transition from a “fat-storing” phenotype char- 
acterized by presence of lipid droplets, to a myofibro- 
blast-like phenotype characterized by reduction or ab- 
sence of lipid droplets, appearance of the cytoskeleton 
filament a-smooth muscle actin and increased produc- 
tion of matrix components (10-13). 

TGFP is secreted in a latent, biologically inactive 
form by several cell types, including Kupffer cells 
(14,15) and FSC (6,1618). The primary mode of con- 
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version of latent TGF/I to its active form in the liver is 
unknown. Several hypotheses have been put forward, 
including acidification, proteolysis by plasmin, hep- 
arin-mediated dissociation from either az-macroglob- 
ulin (azM) or TGFj3 masking protein, or interactions 
between FSC and endothelial cells (14,19-22). Biolo- 
gically active TGF/3 exerts its effects on the cell by 
binding to one of the three known specific TGF/3 mem- 
brane receptors (19,21,23). In addition to interaction 
with membrane receptors, however, TGF/J can bind to 
other proteins, including several matrix molecules (e.g. 
decorin, biglycan) (14,19,24) and the serum protein 
azM (14,19,21,25-27). 

a2M is the major proteinase inhibitor in man and 
rat, blocking a wide spectrum of proteinases by 
means of entrapment and covalent binding of the 
proteinase (27-29). Human a2M is a 720 kD glyco- 
protein consisting of four identical subunits. Each 
subunit contains a bait region that can be cleaved by 
a proteinase. Bait region cleavage results in an im- 
mediate and distinct conformational change of the 
azM molecule, during which internal thiolesters are 
cleaved, resulting in “trapping” of the proteinase 
(25). In vitro, the conformational change after bind- 
ing of proteinases can be mimicked by incubation of 
azM with methylamine (30). Under nondenaturing 
conditions using rate electrophoresis, native aZM and 
azM activated by methylamine or proteinases exhibit 
an obvious difference in mobility (31), referred to as 
the “slow” and “fast” form, respectively (32). In ad- 
dition, partially activated a2M can be distinguished: a 
form intermediate between native and completely acti- 
vated azM due to the presence of one or two activated 
thiolesters, out of the four activable thiolesters (25). 
The conformational change induced by interaction of 
azM with proteinases or with methylamine leads to ex- 
pression of epitopes recognized by azM receptors pres- 
ent on different cell types including fibroblasts and 
liver parenchymal cells (26,27,33,34). 

In recent years, it has been established that activated 
azM can bind different cytokines, including TGFB, tu- 
mor necrosis factor-a (TNFa), platelet-derived growth 
factor (PDGF), interleukin-lfi (IL-la>, interleukin-6 
(IL-6) and basic fibroblast growth factor (bFGF) (25 
27,35-38). Binding of TGFP to azM has been reported 
to result in reduction (39-43), promotion (44) or no 
alteration (40,44) of TGFB activity, probably depend- 
ing on the type of target cell involved. 

Several studies suggest the involvement of azM in 
liver fibrosis. In patients suffering from liver fibrosis 
due to different causes, high serum levels of azM have 
been measured (4547). In addition, azM was present 
in extracts and secretions from murine Schistosoma 

mansoni liver granulomas (48), and we recently demon- 
strated its presence at sites of liver fibrosis in the rat 
(49). a2M was produced by nonparenchymal granu- 
loma cells as demonstrated by the presence of azM 
mRNA, and was taken up among others by liver par- 
enchymal cells surrounding the granulomas as demon- 
strated by the presence of azM protein in the absence 
of a2M mRNA in these cells (49). Since aZM is taken 
up only after its activation, these data suggest that 
aZM is activated at sites of fibroinflammatory lesions. 

In the present study we investigate the effect of a2M 
on the capacity of TGFP to stimulate collagen syn- 
thesis by human liver fat-storing cells which had trans- 
formed into a-smooth muscle actin expressing myo- 
fibroblasts in culture. 

We show that TGF/3-induced collagen synthesis in 
vitro is significantly reduced by methylamine-activated 
a2M (a2M-Me). Furthermore, we demonstrate that 
human liver myofibroblasts endocytose a2M-Me in cul- 
ture. This suggests that binding of TGFP to activated 
azM may be followed by uptake of a2M-TGF/? com- 
plexes by human liver myofibroblasts leading to re- 
duced availability of extracellular TGFP. 

Materials and Methods 
TGFP 
Highly purified natural human TGFfil (>95%) ob- 
tained from R&D Systems Europe Ltd (Abingdon, 
United Kingdom) was used in the collagen synthesis 
studies. Natural human TGFpl was activated accord- 
ing to the manufacturer’s instructions, using 4 mM 
HCl. 

Human recombinant 1251-TGF~1 (1283 Ci/mmol 
TGFPl) purchased from Amersham (Slough, United 
Kingdom) was used in the binding studies. Lyophilized 
protein was dissplved in 17.5 mM acetic acid, accord- 
ing to the manufacturer’s instructions. 

a2M 

a2M was purified from fresh, normal human EDTA- 
plasma according to the method of Sottrup-Jensen et 
al. (50) with slight modifications using Zn*+ chelate 
affinity chromatography (5 1). The concentration of 
a2M in purified preparations was determined from the 
absorbance at 280 nm using an absorption coefficient 
(l.O%, 1 cm) of 8.93 (52). 

Activated a2M (azM-Me) was prepared by reacting 
native a2M (azM) with 200 mM methylamine-HCl 
(Sigma Chemical Co., St. Louis, MO, USA) in 50 
mM Tris-HCl, pH 8.0, for 2 h at 22°C (30). Excess 
methylamine was removed by dialysis against PBS. 

azM and a2M-Me preparations were checked for ac- 
tivation by rate electrophoresis according to Van Leuv- 
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en et al. (31). Native azM was judged to be at least 
90% intact (“slow” form) on the basis of Phast Blue 
staining of the rate electrophoresis gels. Incubation of 
azM with methylamine rendered azM-Me greater than 
80% in the electrophoretically “fast” form. 

In the culture medium of human liver myofi- 
broblasts, a2M was measured with an ELISA using 
rabbit anti-human azM (A033, Dako A/S, Glostrup, 
Denmark) and sheep anti-human azM HRP (PP039, 
The Binding Site Limited, Birmingham, United King- 
dom). The sensitivity of this assay is 11 @ml. 

Formation of a#-TGFt3 complexes 
1251-TGF/? (20 nM) was incubated with a2M or a2M- 
Me (1.5 PM) for 2 h at 37°C. Complex formation was 
assessed by rate electrophoresis according to Van Leuv- 
en et al. (31). The gels were fixed in 45% methanol/lO% 
acetic acid, stained with Phast Blue (Pharmacia LKB 
Biotechnology AB, Uppsala, Sweden), destained with 
45% methanol/lo% acetic acid, and dehydrated using 
a gel dryer. Binding of ‘251-TGFp to a2M was detected 
by autoradiography at -70°C on preflashed Kodak X- 
Omat AR Imaging film (Eastman Kodak Company, 
Rochester, NY, USA). 

Isolation of human liver myofibroblasts 
Cells were isolated from tumor-free human liver tissue 
obtained during hepatectomy performed to remove a 
tumor from patients with no previous liver disease 
(VA5: male, 54 years old, VA6: female, 28 years old) 
and from a healthy donor liver unsuitable for trans- 
plantation because of the age of the donor (VA4: male, 
age over 55 years), as described previously (7). Briefly, 
after digestion of small pieces of liver tissue with pro- 
nase (Calbiochem, San Diego, CA, USA) and collagen- 
ase (Worthington Biochemical Corporation, Freehold, 
NJ, USA) cells were separated over gradients of Percoll 
(Pharmacia). FSC were recovered from the 5-15% in- 
terphase and were cultured in Dulbecco’s Modified 
Eagle Medium (DMEM) (Gibco Life Technologies 
Ltd., Paisley, United Kingdom) supplemented with 1% 
antibiotic-antimycotic (Gibco), 2 mM glutamine (BDH 
Chemicals Ltd, Poole, United Kingdom) and 10% fetal 
calf serum (FCS) (heat inactivated, Gibco). Experi- 
ments were performed with FSC which had transform- 
ed in culture into myofibroblasts co-expressing vimen- 
tin and a-smooth muscle actin (VA4, VA5, VA6) as de- 
tected by immunofluorescence (7). VA4, VA5 and VA6 
cells were obtained from three different human livers 
and were used between passages 2 and 9. The cyto- 
skeletal phenotype of the cells did not change between 
passages 2 and 9. 

Collagen synthesis 
Cells were seeded (25~ lo3 cells/O.5 ml DMEM supple- 
mented with 1% antibiotic-antimycotic, 2 mM gluta- 
mine and 5% FCS per well) in 24-well plates (Falcon, 
Becton Dickinson, Lincoln Park, NJ, USA) and grown 
for 72 h to reach confluency. After 72 h wells were 
washed with PBS and incubated in 0.5 ml per well of 
proline-free DMEM (Gibco) supplemented with 1% 
antibiotic-antimycotic, 2 mM glutamine and 4 mg/ml 
human albumin in the presence of different concen- 
trations of TGFB and azM-Me for 48 h. 3H-proline 
(1 &i/O.5 ml medium per well, specific activity 50 
Ci/mmol, Amersham, International plc., Buckingham- 
shire, United Kingdom), fresh ascorbic acid (50 pg/ml, 
Merck, Darmstadt, Germany) and P-aminopropioni- 
trile-fumarate (50 ,&ml, Serva) were added during the 
last 24 h. Experiments were performed in triplicate or 
quadruplicate wells of confluent cell cultures. 

Collager) synthesis was assessed by incorporation of 
3H-proline into collag enase degradable protein accord- 
ing to the method of Peterkofsky et al. (53). Collagenase 
(collagenase type VII, Sigma) was chromatographically 
purified on a G200 gel filtration column (Pharmacia Bi- 
otech, Brussels, Belgium) and was checked for purity by 
failure of the purified collagenase to digest proteins 
labeled with 3H-tryptophan (specific activity 27 Ci/ 
mmol, Amersham) synthesized by human liver myo- 
fibroblasts in experiments similar to the collagen assay. 

The relative collagen synthesis (RCS) was calculated 
with a formula (53) that takes into account the enrich- 
ment of proline in collagen compared with other pro- 
teins: 

% RCS={(dpm in CDP)/((dpm in NCPX5.4)+(dpm 
in CDP))} X 100% 

CDP represents Collagenase Degradable Protein (radio- 
activity in the sample treated with collagenase minus 
radioactivity in the sample not treated with collagenase, 
corrected with the dilution factor from the original 
sample), NCP represents Non Collagenous Protein 
(total radioactivity of the sample minus CDP). 

Effects of TGF/3 and a2M-Me on the number of cells 
in confluent wells after 48 h of incubation were investi- 
gated by measuring the amount of protein present. After 
removal of the medium, cell-layers were rinsed three 
times with PBS and the amount of protein was deter- 
mined in these cell-layers using the Bio-Rad DC Protein 
assay (Bio-Rad Laboratories, Hercules, CA, USA). 

Endocytosis ofa2M by human liver myojibroblasts 
Uptake of a2M-Me was investigated in nonconfluent 
cell cultures grown on glass coverslips in six well plates 
(Nunclon, Inter Med Nunc, Roskilde, Denmark). Cells 
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were rinsed twice with PBS and were cultured in 
DMEM supplemented with 1% antibiotic-antimycotic, 
2 mM glutamine and 4 mg/ml human albumin for 16 
h. Cells were then rinsed twice with PBS and were incu- 
bated in the presence or absence of ol,M-Me (100 ,ugl 
ml) in DMEM supplemented with 1% antibiotic-anti- 
mycotic, 2 mM glutamine, 4 mg/ml human albumin for 
5, 15, 30 or 60 min. The cells on the coverslips were 
washed three times with PBS before and after fixation 
with cold methanol (10 min). Presence of azM was de- 
tected by means of immunofluorescence using rabbit 
anti-human cxzM (1:lOO) (A033, Dako A/S, Glostrup, 
Denmark) as first antibody and goat-anti-rabbit-FITC 
(1: 100) (Sigma) as second antibody, as described pre- 
viously (7). Control sections were incubated without 
the first or second antibody, respectively. These control 
sections never showed any staining. 

Statistical analysis of the data 
Data are expressed as mean&SD when data within one 
experiment are presented or as mean?SEM when data 
from separate subsequent experiments are shown. Stat- 
istical analyses were performed using the SPSS/PC+ 
Statistical Software Package, version 5.0 (SPSS Inc., 
Chicago, IL, USA). 

ANOVA (two-way procedure) was used for compari- 
son of differences in collagen synthesis in the presence 

1 

and absence of TGFj? (Fig. 3). ANOVA (one-way pro- 
cedure) was used for differences in the presence of dif- 
ferent concentrations of TGFP (Fig. 2) or a2M (Fig. 3) 
and for differences between the experimental groups in 
Table 1. The Scheffe procedure or Student’s t-test was 
used for individual group comparison where appropri- 
ate. Levels of significance were set at ~~0.05. When 
significant, the results of the respective tests are in- 
cluded in the legends to the table and figures. 

Results 
TGFP binding to azA4 and q&f-Me 

To investigate whether the azM preparations used 
in the present study could bind TGFj?, we incubated 
‘251-TGFP with cx,M or azM-Me for 2 h at 37°C and 
screened for binding on a rate electrophoresis followed 
by autoradiography (Fig. 1). 

The native (x~M preparation seemed to contain some 
partially activated a2M (35) representing azM with 
one or two activated thiolesters out of the four activ- 
able thiolesters. The cx,M-Me preparation was com- 
pletely in the active form. TGFP bound to partially 
activated forms of QM present in the native prepara- 
tion (lane b), and to completely activated a2M in the 
a2M-Me preparation (lane c). We have used cx,M-Me 
in the following experiments. 

2 
I 

r.._--~.._____.__i r^-------------~ _A__--_._._..- _. _~. 

a b Ah3 b c 

Fig. 1. Binding of ‘251-TGF/3 to a2M and a2M-Me as determined by rate electrophoresis (1), followed by uutorudiogruphy 
(2). ‘251-TGFp (20 144) wus incubated without a2A4 or a2A4-Me (lane a), with 02A4 (1.5 pA4) (lune b) or with a2M-Me 
(I.5 ,uuM) (lane c) for 2 h at 37°C. An equal umount of a2M was louded in lanes b and c. The Phust Blue stained gel (I) 
and the autoradiograph (2) have been aligned so that mobilities of the bands may be directly compured. The “slow "form 
(s) corresponding to the conformationally unaltered state and the “f&t “form (f) corresponding to the methylamine-treated, 
conformationally altered state are indicated. Note that 1251-TGFp binds to partially activated forms of u,M (found at sites 
intermediute between the “slow” and ‘fast” form) present in the a2M preparation. Lane a shows that free ‘251-TGFp does 
not migrate at a position near 02M. 
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a 
b I 

0.00 1 0.1 1 10 

ng TGFI~ / ml 

Fig. 2. Effect of TGFP on CDP and RCS in confluent cul- 
tures of human liver myojibroblasts. Confluent cells were 
cultured in proline-free DMEM containing 4 mg/ml human 
albumin with different concentrations of TGFP for 48 h. 
3H-proline, ascorbic acid and /I-aminopropionitrile fumar- 
ate were added during the last 24 h of the culture. Combined 
data of three experiments with cell cultures obtained from 
three different human livers, each performed in quadrupli- 
cate wells, are presented. Data are expressed as percentage 
(mean?SEM) of control in the absence of TGF/3 (100%). 
ANOVA (one-way) for different concentrations of TGFP: 
~~0.05 both for CDP and RCS. Scheffk’s comparison for 
differences pcO.05 =VS 0, bvs 0.001, ‘vs 0.1 ng/ml TGFP. 

Effect of azM on TGFD-induced collagen synthesis 

Incubation of confluent cell cultures for 48 h with the 
highest concentrations of TGFj3 and azM used in the 
collagen studies did not alter the total amount of cellu- 
lar protein recovered from each well, indicating that 
the number of cells was not changed during this in- 
cubation period (data not shown). Therefore, we used 
confluent cell cultures to investigate the effects of 
TGFjI and qM on collagen production. 

Myofibroblasts obtained from different human livers 
reacted comparably to TGFP with respect to their ab- 
solute (CDP) and relative (RCS) collagen production. 
Addition of TGFP in concentrations of 0.1 ng/ml and 
higher stimulated collagen synthesis significantly (Fig. 
2), confirming previous results (6,7). 

The effect of a2M-Me was tested in the presence of 
1 r&ml TGFj?, a concentration of TGF/? that signifi- 
cantly stimulates collagen synthesis. azM-Me inhibited 
TGF/3-induced collagen production dose-dependently, 
reaching significant inhibition of the effect of TGFP 

from 10 &ml a2M-Me (a 350-fold molar excess of 
a,M-Me) onward (Fig. 3). 

The effect of a high concentration of azM-Me (100 
pg/ml) on TGFP-induced collagen production was 
comparable in myofibroblast cell cultures obtained 
from different human livers (Table 1). 

Using the native a2M preparation that contained 
partially activated forms of azM, similar inhibition of 
TGFP-induced collagen synthesis was observed (data 
not shown). This suggests that the partially activated 
azM present in the preparation binds and inactivates 
TGFj? sufficiently to reduce TGFP-induced collagen 
synthesis, or that during culturing native a2M becomes 
activated, binds and inhibits TGFP. 

azM-Me by itself sometimes slightly reduced basal 
collagen formation (Table 1, Fig. 3), probably by scav- 
enging collagen stimulating factors secreted by the cells 
in culture. 

t- 
0 0.1 1 10 100 wglml aPM-Me 

+- c- +- +- +- TWO 

Fig. 3. Effect of different concentrations of a2M-Me on 
TGFP-induced (I ng/ml) collagen synthesis (CDP) in con- 

fluent cultures of myojibroblasts (VA4 and VA6) obtained 
from two different human livers. Confluent cells were cul- 
tured for 48 h in proline-free DMEM containing 4 mg/ml 
human albumin with described mediators. 3H-proline, as- 
corbic acid and @-aminopropionitrile fumarate were added 
during the last 24 h. Values represent meantSD of repre- 
sentative experiments performed in triplicate wells. Data 
are expressed as percentage of control values (100%) in the 
absence of TGFB and azM-Me. AN0 VA (two-way) for the 
effect of TGFP in the presence of increasing concentrations 
of a2M-Me (within VA4 and VA6: both p<O.OS). ANOVA 
(one-way) for the effect of aaM-Me (within VA4 and VA6: 
both p<O.O.5), a2M-Me and TGFP (within VA4 and VA6: 
both pcO.O.5). Scheffk comparison for differences pcO.05 
aVS 0, bag 0.1, ?s 1 pg/ml azM-Me. Students t-test for 
differences for each concentration of azM-Me in the pres- 
ence versus absence of TGFP: ‘p<O.OS. 

1224 



uzM and TGF/Sinduced collqyn synthesis 

TABLE 1 

Effect of a,M-Me on TGFP-induced collagen production by three 
different human liver myotibroblast cultures 

VA4 VA5 VA6 

TGFP 1942 IO’,” 196+4”,**.” 175*7*.**3 

TGF,fI+a*M-Me 14126 159’2’**’ 85z2 

azM-Me 102kll 8721 5426 

Confluent cultures of myofibroblasts (VA4, VA5, VA6) derived from 
different human livers were incubated with TGFP (1 t&ml), a,M-Me 
(100 &ml) or a combination of TGFB and a,M-Me for 48 h. Data 
are expressed as percentage (mean?SD) of control values without 
TGFP and without a,M-Me (100%). Each experiment was performed 

in triplicate wells. 
ANOVA (one-way) for effects of TGFB and a,M-Me (within VA4, 
VA5 and VA6: each ~~0.05). 
Scheffe comparison for differences within groupsp<0.05 *vs Control, 
“vs TGF/I + cx,M-Me, **vs u,M-Me. 

Endocytosis of a&f by human liver myojibroblasts 
Since reduction of cytokine activity by a2M is suggested 
to be caused by endocytosis and subsequent degrada- 
tion of the a2M-cytokine complex, we tested whether the 
human liver myofibroblasts could endocytose QM. 

As shown in Fig. 4, CQM could be demonstrated by 
means of immunofluorescence in granules of the cells 
within 5 min after addition of a2M-Me (100 pgiml). 
Presence of azM positive granules was also observed 
after 15, 30, and 60 min incubation. When no azM-Me 
was added to the culture media, azM was not observed 
within the cells, indicating that the human liver myo- 
fibroblasts did not produce cx,M. The latter was con- 
firmed by the absence of clzM in the culture medium of 
these cells as measured in an ELISA (data not shown). 

Discussion 
TGFJS, which is considered to be a major stimulator of 
matrix production in liver fibrosis, has been shown in 
different studies to bind to azM (36,37,39,41,44,54,55). 
The effect of binding of TGFP to a2M on the activity 
of TGF/3 is variable: azM has been shown to have no 
influence (40,44), to reduce (39-42) or to enhance (43) 
the activity of TGFP on different cell cultures. 

In the present study we demonstrate that TGF/3-in- 
duced collagen synthesis by human liver myofibroblasts 
is significantly reduced by methylamine-activated (x*M 
(azM-Me), an in vitro equivalent of protease-activated 
azM (30). The TGFP preparation used was a commer- 
cial highly purified preparation which may have con- 
tained small amounts of contamination and which may 
lead to secondary production of other mediators in the 
cell culture. In future experiments these possibilities will 
be examined by use of neutralizing antibodies. 

In addition to effects on TGFP-induced collagen 
formation, azM-Me by itself sometimes moderately re- 

Fig. 4. Localization qf upi4 in granules of human liver myo- 
jibroblasts in nonconfluent cultures at 5 (A) and 15 min 
(B) after incubation with a#-Me, or without a&f-Me 
(C) us detected by immunojfuorescence. No jluorescence 
was observed when the primary or secondary antibody was 
omitted. (Magn$cation ~90). 
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duced basal collagen synthesis (see Table 1 and Fig. 3). 
This effect may partly contribute to the effects of oZM- 
Me on TGFP-induced collagen formation. The influ- 
ence of a2M-Me on basal collagen synthesis may be 
explained in different ways. FSC have been shown to 
express TGF/? mRNA (6,17) but to secrete TGFP pre- 
dominantly in its latent form (16,18,56). If, however, 
under the present culture conditions some of the TGF/3 
produced by the cells was activated, this may have con- 
tributed to the basal collagen production. a2M may 
interfere with this process by inhibition of the enzymes 
activating latent TGFB (14,19-21), or by the binding of 
activated TGFP. Alternatively, crzM-Me may interfere 
with other, not yet identified, mediators produced in 
culture which regulate basal collagen synthesis. 

In general, binding of TGFB to azM may prevent 
the interaction of TGF/3 with its receptor on the cell. 
Binding of TGF/I to azM, however, has been shown 
not to interfere with interaction of azM with its recep- 
tor (37). Hence, 02M-TGF/3 complexes may bind to the 
a2M receptor and be subsequently cleared via uptake 
of the complexes by the cells. To test the capacity of 
human liver myofibroblasts to endocytose olzM-Me, 
the uptake of a2M-Me in the cells was studied by 
means of immunofluorescence. Human liver myo- 
fibroblasts appeared to be very active in endocytosing 
azM-Me: olzM could be clearly demonstrated in gran- 
ules of the cells within 5 min after addition of azM-Me. 
This suggests that in addition to hepatocytes, which 
account for the majority of the clearance of azM-pro- 
teinase complexes from the circulation (33), myofibro- 
blasts may contribute to the clearance of crzM-protein- 
ase complexes at sites of human liver fibrosis. 

a2M could not be demonstrated in cells or super- 
natants of cell cultures that were not supplemented 
with czzM-Me, indicating that human liver myofibro- 
blasts did not produce arzM in culture. This is in con- 
trast to observations on cultures of human fibroblasts 
derived from skin and lung (57,58), and rat FSC 
(42,59,60). The difference in azM production between 
human and rat FSC may be explained by species differ- 
ences, as has also been observed for other features of 
FSC (61,62). Alternatively, differences in the state of 
activation of the human and rat FSC used may explain 
the variation in a2M production. All studies on rat 
FSC (42,59,60) were performed in primary cultures be- 
tween 5 and 11 days after isolation of cells, whereas we 
used human liver myofibroblasts between passages 2 
and 9. 

The effects of TGF/? on the ECM are not restricted 
to a direct stimulating effect on matrix synthesis. 
TGFP has been shown to enhance proliferation of hu- 
man FSC indirectly by upregulation of the PDGF re- 
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ceptor (13). In addition, TGF/3 is able to decrease the 
production of proteases degrading the ECM such as 
collagenase, transin/stromelysin and plasminogen acti- 
vator and to increase the synthesis of protease inhibi- 
tors like plasminogen activator inhibitor-l (PAI-1) and 
tissue inhibitor of metalloproteinases (TIMP) 
(19,20,24). Therefore, in vivo, binding of a2M to TGF/I 
could induce different effects. 

Based on the present in vitro study, we hypothesize 
that azM may induce antifibrogenic effects in vivo 
due to inhibition of TGFB-induced collagen syn- 
thesis. 
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