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Summary. Hepatic perisinusoidal cells (PSCs) proliferate 
and are thought to be the principal source of extracellu- 
lar matrix proteins during the development of  liver fibro- 
sis. We have studied the classical model of  carbon tetra- 
chloride induced liver fibrosis in order to evaluate the 
possible modulation of  PSCs into a synthetically active 
and contractile cell: the myofibroblast (MF). At the ul- 
trastructural level, this modulation was characterized by 
reduction of  lipid vacuoles and appearance of  a devel- 
oped rough endoplasmic reticulum as well as of microfil- 
ament bundles. On investigating the cytoskeletal equip- 
ment of  PSCs and MFs using light and electron micro- 
scopic immunohistochemistry, we found a heterogeneity 
of phenotypic features. While typical PSCs in normal 
and fibrotic livers always contained desmin, MFs ex- 
pressed c~-smooth muscle (SM) actin in areas of  tissue 
injury and active fibrogenesis. Cells co-expressing e-SM 
actin and desmin were most prominent in the prevenular 
zone of  the lobule (known to be vulnerable to carbon 
tetrachloride toxicity) and in developing fibrous septa. 
As demonstrated by immunogold electron microscopy, 
labelling of microfilament bundles by e-SM actin anti- 
body was noted in PSCs containing lipid droplets in 
early stages of  fibrosis; here MFs gradually accumulated 
and showed c~-SM actin containing microfilament bun- 
dles. In scar tissue, e-SM actin expression decreased in 
both PSCs and myofibroblasts. Our observations sup- 
port  the concept of  phenotypic plasticity of  PSCs and 
confirm, at the ultrastructural level, previous suggestions 
of  modulation of  these cells into MFs in the course of  
liver fibrosis. 
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Introduction 

The evaluation of  intermediate filament (IF) and actin 
isoform expression has revealed that stromal cells may 
express, both in normal and pathological situations, cy- 
toskeletal and contractile proteins typical of muscle cells 
(for review, see Sappino et al. 1990). Perisinusoidal cells 
(PSCs) of  rat liver, also called lipocytes, fat-storing - 
or Ito -cel ls  (for review, see Aterman 1986) are an exam- 
ple of  a resident stromal cell containing desmin in vivo 
(Yokoi et al. 1984) and in vitro (for review, see Ramadori  
1991). Moreover, rat PSCs may express a-smooth muscle 
(SM) actin under culture conditions, while lacking it 
when freshly isolated (Ramadori e ta l .  1990; Rockey 
et al. 1992; Runnger-Brfindle and Gabbiani 1983). PSCs 
of normal adult human liver are devoid of  desmin con- 
taining IFs and exceptionally stain for e-SM actin (Skalli 
and Gabbiani 1988). The occurrence of  an appreciable 
number of e-SM actin positive PSCs is a feature of  var- 
ious pathological settings generally associated with fi- 
brogenesis (Schmitt-Gr/iff et al. 1991). Only a subset of  
these cells, that is to say, those observed in fibrous bands 
of  connective tissue in cirrhosis and neoplastic or tumor- 
like lesions may co-express desmin (Schmitt-Gr/iff et al. 
1991). It is well accepted that fibrotic lesions in humans 
and animals are characterized by the presence of  fibro- 
blasts rich in rough endoplasmic reticulum (RER) and 
bundles of microfilaments, also called myofibroblasts 
(MFs, for review, see Skalli and Gabbiani 1988). These 
cells express e-SM actin and desmin more or less perma- 
nently. 

One of the unresolved problems concerning the biolo- 
gy of  MFs is their origin (Gown 1990). Liver fibrosis 
in man, rat and baboon is known to be characterized 
by the presence of  numerous MFs (French et al. 1988; 
Leo and Lieber 1983; Mak et al. 1984; Mak and Lieber 
1988; Martinez-Hernandez 1985; Nakano and Lieber 
1982). Whether or not they are derived from PSCs has 
been a controversial issue. Takase et al. (1988) demon- 
strated desmin staining only in cultured PSCs and not 
in MFs and concluded that the two cell types were dis- 
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tinct.  In  cont ras t ,  it  has  been sugges ted  tha t  an a p p r o -  
p r i a te  s t imula t ion  m a y  induce  a progress ive  m o d u l a t i o n  
o f  PSCs into  M F s  (French  et al. 1988; M a k  et al. 1984; 
Tsu t sumi  et al. 1987). This  a s s u m p t i o n  is s u p p o r t e d  by 
the f inding  tha t  cu l tured  PSCs exhibi t  a r educed  n u m b e r  
o f  v i t amin  A con ta in ing  vacuoles ,  p r o d u c e  increased  
a m o u n t s  o f  ex t race l lu la r  ma t r i x  p ro te ins  and  show a 
m o d u l a t i o n  to M F - l i k e  cells ( F r i e d m a n  e t a l .  1985, 
1989). In  exper imenta l  models ,  d a m a g e  inf l ic ted to liver 
t issue has  been shown to resul t  in an enhanced  expres-  
s ion o f  desmin  (Geer ts  et al. 1991 ; O g a w a  et al. 1986) 
and  to ta l  act in  ( G a b b i a n i  et al. 1975; O g a w a  et al. 1986) 
and  in an  increased  col lagen synthesis  by  mesenchymal  
cells (Mi lan i  et al. 1989, 1990). Recent ly ,  the a p p e a r a n c e  
o f  c~-SM act in  posi t ive  cells wi th in  scars fo rming  in zones 
o f  necrosis  induced  by c a r b o n  t e t r ach lo r ide  has  been 
d o c u m e n t e d  ( R a m a d o r i  et al. 1990; T a n a k a  et al. 1990). 
However ,  ne i ther  doub le  label l ing with  an t i -desmin  and  
a n t i - e - S M  act in  an t ibodies ,  no r  e lec t ron  mic roscopy ,  has  
been p e r f o r m e d  to charac te r ize  these cells fur ther .  In  
h u m a n  c i r rhot ic  l iver (Schmi t t -Gr f i f f  et al. 1991), cells 
con ta in ing  l ipid d rop le t s  and  express ing c~-SM act in  have 
been seen, bu t  the s tudy was obv ious ly  n o t  fo l lowed 
chronolog ica l ly .  In  the p resen t  s tudy,  we have examined  
var ious  s tages o f  a well accep ted  l iver f ibrosis  m o d e l  
in the ra t  sys temat ica l ly  in o rde r  to answer  to the ques- 
t ion o f  the poss ib le  m o d u l a t i o n  o f  PSCs  into  typica l  
M F s .  Our  results  suppo r t  the a s s u m p t i o n  that ,  a t  least  
in par t ,  M F s  are  der ived  f rom local  PSCs.  

Materials and methods 

Adult Wistar rats were treated with weekly intubation of carbon 
tetrachloride in corn oil or with corn oil alone (controls). 0.2 ml 
carbon tetrachloride was administered from the 1st until the 10th 
week, 0.25 ml from the 11th to the 20th week, and 0.3 ml from 
the 21st to the 37th week of treatment in corn oil, adjusting the 
total volume to 0.5 ml. Before sacrifice, rats were fasted for 12 h 
and anaesthetized with ether. Liver tissue was perfused for 5 rain 
either by sodium chloride 0.9% through the portal vein to wash 
blood out of hepatic sinusoids for further light microscopic studies, 
with 2% gtutaraldehyde in cacodylate buffer for electron micro- 
scopic studies, or with 2.5% freshly prepared paraformaldehyde 
for immunoelectron microscopic studies. 

Liver tissue was fixed in formaldehyde 4%. Paraffin sections 
were stained with haematoxylin and eosin, Giemsa, Prussian blue, 
Masson's trichrome for collagen and Gomori~ reticulin method. 
Elastic staining was performed with VerhoefFs iron haematoxylin. 

For immunofluorescence, liver tissue samples perfused with 
phosphate-buffered saline (PBS) were snap frozen in isopentane 
pre-cooled in liquid nitrogen. Cryostat sections (3 gm thick) were 
fixed in acetone for 5 rain at - 2 0  ~ C. As primary antibodies, 
monoclonal c~-SM actin antibody (hybridoma supernatant; Skalli 
et al. 1986) diluted 1:10 and affinity-purified rabbit anti-desmin 
(Kocher et al. 1984) at an IgG concentration of 0.025 mg/ml were 
employed. The secondary antibodies were rhodamine-conjugated 
goat anti-mouse IgG (Nordic Immunology, Tilburg, The Nether- 
lands) diluted 1:20 and fluorescein isothiocyanate-conjugated goat 
anti-rabbit IgG diluted 1:10 (Nordic Immunology). For double 
immunofluorescence staining, both primary antibodies were ap- 
plied simultaneously, as were the secondary antibodies. Controls 
were performed using non-immune IgG in place of the primary 
antibody. 

Photographs were taken with a Zeiss photomicroscope (Carl 
Zeiss, Oberkochen, Germany) equipped with epi-illumination using 

a Kodak TMAX400 black and white or Ektachrome colour films 
(Kodak Limited, Hemel Hempstead, UK). 

Immunoperoxidase staining for c~-SM actin and desmin was 
performed on formalin-fixed and paraffin-embedded tissues. Sec- 
tions were subsequently exposed to hydrogen peroxide in methanol, 
and subsequently in 0.1 mol/1 periodic acid, 0.005 mol/1 sodium 
borohydride, normal horse serum and then to the primary anti- 
bodies for 2 h at room temperature. Anti-e-SM actin was used 
at a dilution of 1:500 and anti-desmin at IgG concentrations of 
0.010 mg/ml. Control sections were incubated with non-immune 
IgG from mouse or rabbit, After washing in PBS, the avidin-biotin 
complex peroxidase staining was performed, according to the man- 
ufacturer's instructions (Vectastain ABC Kit, Vector, Burlingame, 
Calif., USA). The peroxidase activity was revealed with 30% 
3,3'diaminobenzidine (Serva, Heidelberg, Germany), containing 
0.015% hydrogen peroxide. Sections were counterstained with 
Mayer's haematoxylin, dehydrated and mounted in Eukitt. 

For electron microscopy, tissue perfused with cacodylate-buf- 
fered glutaraldehyde was minced in I mm diameter blocks, fixed 
for 30 rain, post-fixed in osmium tetroxide for 2 h, dehydrated and 
embedded in Epon 812 (Fluka, Buchs, Switzerland) (Geerts et al. 
1991). Thin sections were examined with a Philips 400 electron 
microscope. 

For immunoelectron microscopy, samples of liver tissue were 
cut into pieces of less than 1 mm 3, fixed for 2 h in 2.5% parafor- 
maldehyde - 0.1% glutaraldehyde in 0.1 M phosphate buffer and 
rinsed overnight in phosphate buffer. Dehydration, tissue embed- 
ding in Lowicryl K4M resin (Chemische Werke Lowi, Waldkrai- 
burg, Germany) and polymerization in ultraviolet light were done 
as previously described (Darby et al. 1990). Thin sections were 
mounted on Formvar-coated nickel grids, exposed to 5% normal 
goat serum in PBS containing 0.8% bovine serum albumin and 
0.1% gelatin, and incubated for 2 h within drops of anti-c~-SM 
actin antibody diluted 1:20 in PBS containing 1% goat serum. 
Control specimens were incubated with non-immune mouse IgG. 
After washing three times for 10 min in PBS containing bovine 
serum albumin and gelatin, sections were exposed to the secondary 
antibody diluted 1 : 300 for 2 h (goat anti-mouse IgG labelled with 
1 nm gold particles; Janssen Life Science Production, Olen, Bel- 
gium), rinsed three times for 5 min in PBS and then in distilled 
water. The gold staining was amplified by reaction with colloidal 
silver (Danscher 1981) for 15 min. All staining procedures were 
performed at room temperature. Grids were counterstained with 
uranyl acetate and lead citrate and examined with the electron 
microscope. 

Results 

Liver  f rom rats  t rea ted  ch rono log ica l ly  with c a r b o n  te t ra-  
ch lor ide  showed  the charac te r i s t ic  h is to logica l  features  
o f  the  m o d e l  ( M a r t i n e z - H e r n a n d e z  1985). However ,  
since we used c a r b o n  t e t r ach lo r ide  a t  low doses  given 
to female an imals  by  m o u t h ,  t issue d a m a g e  was estab-  
l ished re la t ive ly  slowly. Thus,  we h a d  the o p p o r t u n i t y  
to s tudy  the cy toske le ta l  c o m p o s i t i o n  o f  PSCs and  M F s  
at  d i f ferent  phases  du r ing  the ongo ing  process  o f  pheno-  
typic  m o d u l a t i o n ,  wi th  only  sl ight  va r i a t ions  in individ-  
ual  an imals .  In the first  phase  (1-8 weeks o f  t r ea tment ) ,  
no s ignif icant  f ibrosis  was noted .  In  the second  phase  
(8-12 weeks),  pe r ivenu la r  f ibrosis  deve loped  g radua l ly  
bu t  cons tan t ly .  The  th i rd  pe r iod  (13 17 weeks) was char-  
ac ter ized  by  the d e v e l o p m e n t  o f  f ib rous  septa  expand ing  
f rom the pe r ivenu la r  area.  In  a fou r th  phase  (18-32 
weeks),  act ive b r idg ing  f ibrosis  was present .  In  the las t  
phase  (32-37 weeks),  mos t  an imals  showed extensive 
bands  o f  scar  t issue wi thou t  signs o f  act ive remodel l ing .  
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Fig. 1 a-i. Sequential changes induced by carbon tetrachloride, a, 
b Normal rat liver tissue, which shows a a thin layer of smooth 
muscle cells staining for e-SM actin around a terminal hepatic 
venule and b is devoid of Prussian blue stained macrophages, e-e 
After 8 12 weeks of carbon tetrachloride treatment, the prevenular 
zone contains numerous anti-e-smooth muscle (SM) actin positive 
cells (e, d) and macrophages loaded with haemosiderin (e) . f, g 

After 12 14 weeks, scattered loci of typical perisinusoidal cells 
(PSCs) lining liver cell plates are positive for e-SM actin staining. 
h, i After 17 20 weeks, numerous e-SM actin containing cells are 
present in septa spreading from the prevenular zone and portal 
tracts (h) and in zones of bridging fibrosis (i). a-e, e, f x 1000; 
d ,g ,h  x 4 0 0 ; i  x200 
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Fig. 2. Double immunofluorescence staining of rat liver tissue with 
anti-desmin (a, e, e, g) and anti-~-SM actin (b, d, f, h). In a control 
animal (a, b) the vessel wall is stained with both antibodies, while 
PSCs within the liver lobule contain desmin only. Chronical treat- 
ment with carbon tetrachloride results in an increased number of 
desmin positive PSCs (e, e) and the appearance of cells co-express- 

ing e-SM actin (arrowheads) within newly formed slender fibrous 
bands (d) and scattered within the lobules (f, arrowheads). In ad- 
vanced stages of fibrosis cells co-expressing desmin and c~-SM actin 
are essentially confined to the centre of inactive scar tissue and 
rarely present adjacent to hepatocytes (g, h). a-h x 630 

D u r i n g  the first  phase ,  lesions essent ia l ly  consis ted  o f  
mic roves icu la r  fa t ty  m e t a m o r p h o s i s  and  scanty  coagu-  
la t ion  necrosis  o f  l iver cells. C o u n c i l m a n  bodies  were 
conf ined  to the p revenu la r  and  m i d z o n a l  a reas  o f  lob-  
ules. A recent  s tudy  has  addres sed  the mechan i sm o f  

the i n t r a l o b u l a r  he te rogene i ty  o f  c a r b o n  te t rach lor ide  
hepa to tox i c i t y  (Suematsu  et al. 1991). I t  has  been p ro -  
posed  tha t  the h ighest  vu lnerab i l i ty  o f  zone 3 to c a r b o n  
t e t rach lo r ide  induced  ox ida t ive  stress m a y  be due to the 
low oxygen  tens ion  and  the h igh  act iv i ty  o f  a rad ica l -  



generating enzyme, cytochrome P-450, in the prevenular 
region (Suematsu et al. 1991). 

In the second phase, deposition of increasing amounts 
of collagen and elastic fibres emerging from the prevenu- 
lar zone developed concomitantly with hepatic cell inju- 
ry. Accumulation of cells expressing ct-SM actin was con- 
spicuous around terminal hepatic venules (Fig. 1 c, d) 
while in controls only smooth muscle cells of vessel wall 
stained for this actin isoform (Fig. 1 a). Prussian blue 
staining failed to show macrophages loaded with haemo- 
siderin in controls (Fig. lb) ;  carbon tetrachloride treat- 
ment produced an inflammatory infiltration of the pre- 
venular area adjacent to liver cell necrosis. In addition 
to polymorphonuclear leucocytes and mast cells, numer- 
ous macrophages containing haemosiderin were noted 
(Fig. 1 e). Foci of PSCs lining liver cell plates in the cen- 
tral and midzonal areas stained for e-SM actin (Fig. I f, 
g). In the third phase, ~-SM actin staining was prominent 
in fibrous septa expanding from the prevenular zone 
and to a lesser degree also from the portal fields 
(Fig. 1 h). In the fourth phase, trichrome stain for colla- 
gen revealed fibrous bands joining central veins and por- 
tal fields resulting in the formation of focal nodules of 
small size (data not shown). These irregular fibrous septa 
contained numerous cells positive for c~-SM actin 
(Fig. 1 h). Until 30-32 weeks, there was a progression 
of bridging fibrosis giving a nodular appearance to liver 
tissue. After about 33 weeks, progression of the fibrogen- 
ic process was no longer obvious and complete cirrhotic 
remodelling failed to develop, suggesting that animals 
became less susceptible to carbon tetrachloride hepato- 
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toxicity. In foci of apparently inactive scar tissue lacking 
inflammatory cells and necrosis, staining for c~-SM actin 
was less pronounced than in active fibrous septa. 

Double immunofluorescence staining of normal rat 
liver tissue with anti-desmin and anti-c~-SM actin con- 
firmed the previous observation (Yokoi et al. 1984) that 
PSCs express desmin (Fig. 2a) but not e-SM actin 
(Fig. 2b). Chronic carbon tetrachloride treatment re- 
sulted in an increase in PSCs delineated by a strong 
positivity for desmin (Fig. 2c, e, g). Moreover, cells co- 
expressing desmin and c~-SM actin were noted in slender, 
newly formed septa (Fig. 2d, f) and scattered throughout 
the liver lobule in a characteristic perisinusoidal localiza- 
tion (Fig. 2d, f). However, PSCs expressing only desmin 
were encountered more frequently than PSCs staining 
for both proteins during all phases of the experiment. 
In advanced stages, cells co-expressing desmin and e-SM 
actin were essentially confined to the scar tissue (Fig. 2g, 
h). 

Electron microscopically, control PSCs were charac- 
terized by a stellate configuration of the cytoplasm form- 
ing numerous irregular processes and by the presence 
of abundant lipid droplets. Examination of liver tissue 
obtained from treated animals at about 13-17 weeks 
showed PSCs in the Disse space containing still lipid 
droplets but exibiting a well-developed RER and micro- 
filaments at the periphery of the cytoplasm and particu- 
larly in cell processes (Fig. 3). This cell type was most 
frequently encountered in the prevenular area and was 
associated with a deposition of collagen fibres. Inter- 
spersed between extracellular matrix (ECM) containing 

Fig. 3. Ultrastructural appearance 
of a perisinusoidal cell (P) situ- 
ated between a hepatocyte (H) 
and a sinusoidal endothelial cell 
(E) after 10 weeks of carbon tet- 
rachloride treatment. Typical lipid 
droplets are still present, and in 
addition microfilament bundles 
(arrows) appear at the cell periph- 
ery; the inset shows a detail of 
cytoplasmic microfilaments. L, 
sinusoidal lumen (x 16000; inset 
x 30000) 
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Fig. 4. After 12 weeks of carbon 
tetrachloride treatment, a periven- 
ular area of fibrosis contains 
macrophages (M) and myofibrob- 
last-like cells showing a well-de- 
veloped rough endoplasmic retic- 
ulum and thin bundles of micro- 
filaments; the inset shows a detail 
of cytoplasmic microfilaments 
(arrows) (x 16000; inset x 30000) 

Fig. 5. Immunoelectron micro- 
scopic localization of c~-SM actin 
within a typical perisinusoidal cell 
(P) of a rat treated for 10 weeks 
with carbon tetrachloride. Silver 
particles delineate thin microfila- 
ment aggregates present beneath 
the plasmalemma and in cell pro- 
cesses. H, Hepatocyte; x 17500 

bundles of  collagen fibres were few macrophages,  mast  
cells, and several slender mesenchymal cells devoid of 
lipid droplets. They showed oval or indented nuclei and 
cytoplasmic microfilaments, marking them as MF-like 
cells (Fig. 4). However, when compared with characteris- 
tic MFs  described in granulation tissue previously 
(Darby et al. 1990; Geerts et al. 1991), microfi lament 
bundles appeared less numerous,  were often confined 
to at tenuated cell processes and only occasionally 
showed the presence of dense bodies scattered within. 
In more advanced stages of  fibrosis, these MF-like cells 
and more typical M F  were encountered in fibrous septa 
expanding in the liver lobule and adjacent to hepatocytes 
in the space of  Disse. Here, deposition of ECM resulted 
in a capillarization of hepatic sinusoids. 

Immunogold  electron microscopy performed on con- 
trols failed to show staining of PSCs for c~-SM actin 
(not shown) and was positive only in smooth muscle 
cells of  vessel walls. Starting around 10 weeks, scattered 
PSCs were stained with anti-e-SM actin. Labelling with 
colloidal silver was confined to faint aggregates of  mi- 
crofilaments (Fig. 5), whereas PSCs devoid of  microfila- 
ments were negative. At 20 weeks, several MF-like cells 
surrounded by collagen bundles in the zone of  prevenu- 
lar fibrosis and in expanding septa showed moderate  
to marked staining of  microfilaments. Moreover,  typical 
PSCs still containing few lipid droplets were clearly la- 
den with microfi lament bundles decorated by anti-e-SM 
actin (Fig. 6 a, b). In advanced stages, zones of  scar tissue 
contained MFs labelled with colloidal silver over micro- 
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Fig. 6 a-d. Immunoelectron microscopic localization of c~-SM actin 
in non-parenchymal hepatic cells of liver during different stages 
of carbon tetrachloride induced damage, a, b After 20 weeks of 
treatment, c~-SM actin is localized within microfilament bundles 
arranged parallel to the long axis of perisinusoidal cells (P) and 
in slender subendothelial cell processes. Note the presence of colla- 

gen fibrils (arrows) located between PSCs and hepatocytes (H). 
e, d In later stages, dense collagen deposits in a perivenular scar 
and expanding septa contain typical myofibroblasts with irregular 
nuclear outlines (d). Bundles of microfilaments are decorated by 
anti-a-SM actin. E, Endothelial cell; L, sinusoidal lumen; a 
x 17300; b x7500; e x 12400; d x 10000 

filaments (Fig. 6c, d). However, a propor t ion of  MFs 
showed little or no labelling. 

Discussion 

Although it is generally agreed that MFs may bear tem- 
porary or permanent  muscle-like features, the question 
of their lineage and relationship to other cell types has 
been a subject of  debate since their initial description 
(Gabbiani  et al. 1971 ; Gown 1990). Recent experimental 
data (Darby et al. 1990) confirm the postulate that gran- 
ulation tissue MFs  develop f rom local fibroblasts (Gab- 
biani et al. 1971). Moreover,  it has become apparent  that  
MFs may  be derived f rom histogenetically diverse tissues 
such as serosal tissue (Bolen et al. 1986), ovarian theca 
(Self et al. 1988), bone mar row s t roma (Schmitt-Grfiff 
et al. }989), lens (Schmitt-Gr/iffet  al. 1990) or m a m m a r y  
gland s t roma (Ronnov-Jessen et al. 1990). Developmen- 
tal studies have shown that  the PSCs of  the liver origi- 

nate f rom the mesenchymal cells of  the septum transver- 
sum (for review, see Blomhoff  and Wake 1991). Our 
results suggest that  PSCs can modulate  into MF-like 
cells during experimental liver fibrosis. By means of  light 
microscopy and ultrastructural immunohistochemistry,  
we provide evidence that lnicrofilamentous bands decor- 
ated with e-SM actin ant ibody develop in several PSCs 
of treated animals, containing lipid droplets and abun- 
dant RER.  The filaments were observed in cell processes 
branching along the space of  Disse. Moreover,  fibrous 
septa expanding f rom the prevenular zone contained me- 
senchymal cells generally devoid of  lipid droplets but 
strongly labelled by e-SM actin. This cell type occurred 
in close topographic  relationship to the predominant  lo- 
calization of  hepatocyte necrosis, macrophage  infiltra- 
tion and collagen deposition, and may correspond to 
an advanced stage of  transition f rom a perisinusoidal 
to a M F  phenotype. However,  we cannot  exclude the 
possibility that a subset of  MF-like cells arises f rom 
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other cell types such as vascular smooth muscle cells, 
fibroblasts or pericytes. Indeed, PSCs have been desig- 
nated as liver-specific pericytes (for review, see Blomhoff  
and Wake 1991). The absence of  e-SM actin in normal 
human (Schmitt-Gr/iff et al. 1991) and rat PSCs does 
not contradict this assumption, since this isoform of  ac- 
tin is not common to all microvascular pericytes (Nehls 
and Drenckhahn 1991). Consistent with the suggestion 
that the expression of  c~-SM actin by pericytes may be 
significantly modified by increased hydrostatic pressure 
(Nehls and Drenckhahn 1991) is our observation that 
chronic venous congestion is associated with the appear- 
ance of  e-SM actin positive PSCs in human liver tissue 
(Schmitt-Gr/iff et al. 1991). There have been previous 
indications that MFs in carbon tetrachloride induced 
liver cirrhosis are contractile (Irle et al. 1980). Using this 
model, contraction of  fibrous septa in complete cirrhotic 
transformation was demonstrated; however, our study 
is focused on the slowly progressing remodelling of liver 
tissue. In this condition, MF-like cells are, at least in 
part, still located perisinusoidally. PSCs, which acquire 
microfilaments in ramified cytoplasmic extensions, show 
some resemblance to pericytes and may influence sinu- 
soidal blood flow by contractile mechanisms. The co- 
expression of  e-SM actin and desmin by rat PSCs may 
be considered to be a hallmark of  a contractile function; 
in addition, MFs have been shown to be synthetically 
active (for review, see Rungger-Brfindle and Gabbiani 
1983). In foci of  fibrosis that were quiescent, judged 
by the absence of  hepatocyte necrosis or of  inflammatory 
cells, most PSCs failed to be decorated by e-SM actin 
and only expressed desmin. This is in accordance with 
the observations that the expression of e-SM actin is 
more pronounced in active fibrotic processes in human 
lung (Kuhn and McDonald 1991) or liver (Schmitt-Gr/iff 
et al. 1991) tissue than in inactive stages. The appearance 
of  e-SM actin in PSCs was accompanied by a deposition 
of increased amounts of  ECM in the space of  Disse 
resulting in a capillarization of  sinusoids. 

Although much new information has emerged regard- 
ing PSCs as the predominant source of  collagen in the 
fibrotic liver (Milani et al. 1989, 1990; for review, see 
Friedman and Bissell 1990), relatively little is known 
about the stimuli responsible for activation and pheno- 
typic modulation of PSCs under in vivo conditions. Acti- 
vation of  PSCs may be mediated through various path- 
ways of  signalling including ECM constituents, cell-to- 
cell contacts and soluble factors. 

Proteoglycans are probably implicated in the modula- 
tion of  cytoskeletal proteins in cultured rat PSCs (Ba- 
chem et al. 1992; Gressner 1991). The expression o fp ro -  
to-oncogenes, such as c-fos and c-jun by carbon tetra- 
chloride damaged rat hepatocytes and PSCs has sug- 
gested subtle relationships between parenchymal and 
non-parenchymal cell populations in toxic liver injury 
(Herbst et al. 1991). Cytokines may have multiple im- 
pacts of  ECM synthesis, cytoskeletal protein expression 
and production of  tissue retraction by PSCs. Based on 
in vitro and in vivo observations, transforming growth 
factor-fi (TGF-fl), tumour necrosis factor-a, (TNF-e),  
platelet derived growth factor (PDGF)  and Kupffer cell 

derived factors may be important  candidates to exert 
various effects on PSCs (Czaja e ta l .  1989; Friedman 
and Arthur 1989; Matsuoka et al. 1989, 1990; Pinzani 
et al. 1989; Weiner et al. 1990). Miao et al. (1990) have 
shown that elevated TGF-fl  levels are associated with 
an increased synthesis of  type I collagen in carbon tetra- 
chloride induced fibrosis. Studies performed on fibrotic 
reactions of  rat subcutaneous tissue failed to show an 
induction of  e-SM actin expression by TNF-e  or PDGF,  
while granulocyte-monocyte colony stimulating factor 
upregulated this isoform in skin fibroblasts (Rubbia- 
Brandt et al. 1991). In view of  the possible heterogeneous 
nature of  stromal cells, we cannot exclude the possibility 
that a coordinate release of  cytokines in the microenvi- 
ronment of  the liver has different effects when compared 
with a local application to the subcutaneous tissues. It 
is conceivable that soluble factors produced by Kupffer 
cells and other inflammatory cells including mast cells 
and macrophages infiltrating areas of  tissue damage may 
not only regulate PSC proliferation and ECM deposi- 
tion, but also induce MF differentiation, characterized 
by the appearance of  e-SM actin. 
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