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Abstract

Background. The alpha isotype of actin expressed by hepatic stellate cells reflects their activation to myofibroblast-like cell and has been
directly related to experimental liver fibrogenesis, and indirectly to human fibrosis in chronic liver disease.
Aims. To evaluate the changes in distribution and percentage of alpha-smooth muscle actin-positive hepatic stellate cells and the correlation

with the degree of the fibrosis in cirrhotic livers, as well as in patients with recurrent HCV chronic hepatitis after liver transplantation.
Methods. Human liver biopsies were divided in four groups: (1) normal livers obtained from cadaveric liver donors (n= 35), (2) cirrhosis

post-HBV hepatitis (n= 11), (3) cirrhosis post-HCV hepatitis (n= 10), and (4) post-transplant recurrent HCV chronic hepatitis (n= 13).
Samples were stained with anti-alpha-smooth muscle actin antibody by immunoperoxidase method and semi-quantitatively evaluated. Liver
fibrosis was assessed from specimens stained with Masson’s trichrome and quantified by computer image analysis.
Results. The percentage of alpha-smooth muscle actin-positive hepatic stellate cells was significantly higher in the HBV cirrhosis, HCV

cirrhosis and post-transplant HCV recurrent hepatitis groups (36.1± 15.2, 23.8± 19.7 and 27.8± 16.4%, respectively) compared to the liver
donor group (2.9± 4.0%). The alpha-smooth muscle actin-positive hepatic stellate cells to fibrous tissue ratio were significantly higher in the
post-transplant recurrent HCV hepatitis group (2.36± 1.12) compared to both the donor livers and the HCV cirrhosis groups (0.74± 1.09
and 1.03± 0.91, respectively). The alpha-smooth muscle actin-positive hepatic stellate cell percentage and fibrosis correlated positively in
the post-transplant recurrent HCV hepatitis group and negatively in the HCV cirrhosis group. No difference in the immunohistochemical and
morphometrical variables was found between the HCV cirrhosis and HBV cirrhosis groups.
Conclusions. These results indirectly confirm that, in vivo, alpha-smooth muscle actin expression is a reliable marker of hepatic stellate

cells activation which precedes fibrous tissue deposition even in the setting of recurrent HCV chronic hepatitis after liver transplantation, and
it could be useful to identify the earliest stages of hepatic fibrosis and monitoring the efficacy of the therapy. In the presence of advanced
cirrhosis other factors, rather than alpha-smooth muscle actin-positive hepatic stellate cells, may sustain fibrosis deposition.
© 2005 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Hepatic fibrosis, the common final manifestation of
several chronic liver diseases, is the result of a prominent
accumulation of extracellular matrix (ECM) materials
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and ultimately can lead to cirrhosis. Several studies have
described that hepatic stellate cells (HSC) play a central role
in the pathogenesis of fibrosis [1–5].
In normal liver, HSCs are non-parenchymal, quiescent

cells that have three main physiological functions as Vita-
min A storage, production of ECM in the space of Disse
and a role in the regulation of the sinusoidal microcircu-
latory flow [4,6]. However, numerous studies indicate that
in response to liver injury HSCs undergo an ‘activation’
process characterised by proliferation and myofibroblastic
transformation [1,3,5]. Activated HSCs increase production
of fibrillar collagen (collagen type-I and type-III) and they
are the major cell type for matrix production in damaged
liver tissue [5]. In response to their activation HSCs show
an intense cytoplasmic alpha-smooth muscle actin (alpha-
SMA) immunoreactivity. Alpha-SMA is an actin isoform
and a specific marker for smooth muscle cell differentiation
[7]. Therefore, alpha-SMA expression has been used to iden-
tify activated HSCs that show a myofibroblastic phenotype
[3,8,9].
The in vivo evidence that alpha-SMA-positive HSCs

are responsible for fibrotic tissue accumulation in human
chronic liver disease, can be indirectly based on their
increased number in the liver of patients with chronic
liver disease, compared to the normal liver, and on the
correlation between their number with the extent of fi-
brosis. Discrepant data, some obtained on a very small
number of samples, have been reported on the number
or percentage of anti-alpha-SMA-positive HSCs in normal
liver [8–16]. On the other hand, the number of alpha-
SMA-positive HSCs has been related to the extent of hu-
man hepatic fibrosis assayed by quantitative morphometrical
analysis, in only one study performed in patients with
chronic hepatitis C in which no normal liver was examined
[17].
HCV recurrent hepatitis is a common clinical problem

after liver transplantation [18]. However, only one study has
measured the number of alpha-SMA-positive HSCs in HCV
recurrent, mostly acute, hepatitis which was found to predict
the subsequent evolution to cirrhosis, while no data on the
relation between the number of alpha-SMA-positive HSCs
and fibrosis quantification in HCV recurrent chronic hepatitis
have been reported [14].
In this study, we measured the percentage of alpha-SMA-

positive HSCs and quantified the volume fraction occupied
by fibrosis using morphometry in the liver of HCV and
HBV cirrhotic patients undergoing liver transplantation, in
allografted livers from patients with recurrent chronic HCV
hepatitis and in a large number of normal livers. Our aims
were: (i) to evaluate the correlation between alpha-SMA-
positive HSCs and the degree of fibrosis at different stages
of chronic liver disease and clarify whether alpha-SMA ex-
pression is a precocious marker of fibrosis even in the post-
transplant setting; (ii) to determinate possible differences
of alpha-SMA expression related with the aetiology of the
disease.

2. Materials and methods

This study involved 66 hepatic tissue samples divided in
donor livers (DL; n= 35), HBV cirrhosis (HBV-C; n= 11),
HCV cirrhosis (HBV-C; n= 10) and post-transplant HCV re-
current hepatitis (HCV-PTR; n= 13) groups. Liver specimens
were obtained fromheart-beating cadaveric liver donors at la-
paratomy for the DL group, from explanted cirrhotic liver at
liver transplantation for the HBV-C and HCV-C groups, and
from percutaneous needle biopsies with histological aspect
of recurrent HCV hepatitis and fibrosis after orthotopic liver
transplantation for the HCV-PTR group, taken for diagnostic
purpose with the informed consent of the patients. The study
followed the ethical procedures approved for the Policlinico
Umberto I of the University of Rome “La Sapienza”.

2.1. Light microscopy and immunohistochemistry

Liver fragments were fixed in buffered formalin for 2–4 h
and embedded in paraffinwithmelting point 55–57 ◦C. Three
to four micrometers sections were cut and stained with
haematoxylin-eosin and Masson’s trichrome stains.
For immunohistochemical studies, the sections were

mounted on glass slides coated with 0.1% poly-l-lysine.
After deparaffination, and subsequent blockage of the en-
dogenous peroxidase activity by incubation in 2.5%methano-
lic hydrogen peroxide (30min), the endogenous biotin was
blocked by Biotin Blocking System (Dako, Milan, Italy) ac-
cording to the instructions received from the vendor. The
sections were then washed three times in phosphate-buffered
saline (PBS). Mouse monoclonal anti-alpha-SMA antibody
(Dako 1A4) diluted 1:40 was used as primary antibody. The
sections were incubated for 1 h at room temperature. After
threewashings inPBS, the sectionswere incubated for 30min
with the appropriate secondary biotinylated antibody labelled
with the Avidin-Biotin Complex (LSAB, Dako code K0675).
The sections were developedwith 3-3′ diaminobenzidine and
finally counterstained with haematoxylin. Negative controls
were performed using normal mouse antiserum instead of the
primary antibody,whichuniformlydemonstratedno reaction.
Estimation of the number of anti-alpha-SMA immunore-

active HSCs was done independently by two researchers.
Intra-observer agreement resulted higher than 90%. HSCs
were distinguished from the other myofibroblasts of the liver
(such as portal myofibroblasts, interface myofibroblasts and
septal myofibroblasts) by their specific position in the liver
parenchyma [19,20]. The number of alpha-SMA-positive
HSCs and alpha-SMA-negative HSCs was counted under
light microscope at 200 magnifications: only the cells which
displayed nuclei on the section were considered. For each
slide, at least 7–10microscopic fields were randomly chosen.
The percentage of alpha-SMA-positive HSCs was calculated
on the total number of HSCs counted in each slide. The av-
erage percentage of activated HSCs was then calculated for
each group.
In the HCV-PTR group, histopathological lesions of re-

current chronic HCV hepatitis were evaluated according to
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Table 1
Demographics and serum aminotransferases of study populations

DL (n= 35) HBV-C (n= 11) HCV-C (n= 10 HCV-PTR (n= 13)

Age (years) 49.6± 19.3 55.9± 5.8 57.1± 4.9 55.5± 5.7
Male sex (n) (%) 12 (34) 10 (91)a 6 (60) 8 (62)
AST (U/l) 45.0± 26.5b 65.8± 20.1c 70.4± 29.0 131.9± 98.5
ALT (U/l) 38.5± 29.3d,e 52.6± 14.1 55.0± 23.0 134.2± 120.0f

a P< .01 by χ2 test.
b P< .01 vs. HBV-C, HCV-C and HCV-PTR.
c P< .05 vs. HCV-PTR.
d P< .001 vs. HCV-PTR.
e P< .05 vs. HBV-C and HCV-C.
f P< .05 vs. HCV-C and HBV-C.

the histology activity index (HAI) of Knodell et al. [21]; how-
ever, necro-inflammatory and fibrosis scores were given sep-
arately, to distinguish ongoing hepatitis from parenchymal
remodelling with fibrosis. In the HBV-C and HCV-C groups,
active cirrhosis was defined by the presence of fibrotic septa
heavily infiltrated by inflammatory cells, the latter also in-
vading the nearby parenchyma; the lack of the heavy inflam-
matory infiltrate and, more importantly, of interface activity
defined inactive cirrhosis.

2.2. Morphometrical analysis

Quantitative analysiswas performed on specimens stained
with Masson’s trichrome as previously described [22,23].
In brief, light microscopy micropictures were captured by a
Videocam (SPOT Insight; Diagnostic Instrument, Inc., Ster-
ling Heights, MI) connected to an Olympus BX-51 light mi-
croscopy (Olympus, Tokyo, Japan) and processed with an
Image Analysis System (Delta Sistemi, Roma, Italy). The
green-stained collagen fibres were automatically measured
as the volume fraction of the entire liver tissue specimen, in-
cluding the collagen fibres that normally existed in the portal
tract or central vein. The volume fraction occupied respec-
tively by portal triads (arteries, veins and bile ducts) and by
the parenchyma (hepatocytes and sinusoids) was then sepa-
rately measured.

2.3. Statistical analysis

Results are presented as the mean±S.D. Statistical anal-
ysis was conducted by using the Mann–Whitney-U test. To
assess significant correlations, the Pearson or Spearman cor-
relation coefficients were calculated in case data had normal
or not-normal distribution, respectively. Values P< .05 were
regarded as statistically significant.

3. Results

3.1. Study population characteristics

The demographics and serum aminotransferase concen-
trations of theDL,HBV-C,HCV-C andHCV-PTR groups are

shown in Table 1. The percentage of males was significantly
higher in the HBV-C group. The HCV-PTR group had higher
serum aminotansferase values than all the other groups. The
HBV-C and HCV-C groups did not differ in terms of MELD
score (13.7± 4.2 and 11.8± 6.7, respectively).

3.2. Hepatic histology

The diagnosis of cirrhosis was confirmed by histological
examination of the explanted liver in all cases of the HBV-C
and HCV-C groups. The biopsies collected in the HCV-PTR
group were performed when clinically indicated at a mean
distance of 18.3± 20.2 months after the transplantation. The
biopsies of the HCV-PTR group showed chronic hepatitis in
all cases with low grading (6.2± 3.4) and staging (1.8± 1.0)
Knodell scores.

3.3. Hepatic alpha-SMA HSC immunohistochemistry

Fig. 1 shows the box plots of the percentage of alpha-
SMA-positive HSCs that was found in the four groups.
The percentage of alpha-SMA-positive HSCs was signifi-

Fig. 1. Box plots of the percentage of alpha-SMA-positive HSCs in hepatic
tissue of cirrhotic patients, normal DLs and patients with recurrent HCV
hepatitis after liver transplantation.DL, donor livers;HBV-C,HBVcirrhosis;
HCV-C,HCV cirrhosis; HCV-PTR, post-transplant HCV recurrent hepatitis.
*P< .001 vs. all the other groups.
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cantly higher in the HBV-C, HCV-C and HCV-PTR groups
(36.1± 15.2, 23.8± 19.7 and 26.8± 14.6%, respectively)
compared to the DL group (2.9± 4.0%). No other inter-
group difference was found in the percentage of alpha-SMA-
positive HSCs.
With regard to the distribution of alpha-SMA-positive

HSCs, in the DL group very few alpha-SMA-positive HSCs
were found only along the sinusoids, mostly in the peripheral
zones of the hepatic lobule close to the portal spaces (Fig. 2a).
In the HBV-C and HCV-C groups, alpha-SMA-positive

HSCs were strongly and diffusely immunostained (Fig. 2b).
In active cirrhosis, manyHSCswere present in the expanding
septa aswell as in the perisinusoidal spaces of residual hepatic
parenchyma (Fig. 2c), but in areas demonstrating steatosis
and/or regenerative activity alpha-SMA-positive HSCs were
confined to the periphery of the regenerative plates. HSCs
varied in shape and size, althoughmost of them stretched long
cytoplasmic processes along the endothelial lining (Fig. 2d).
In the HCV-PTR group, the stronger alpha-SMA expres-

sion was detected at the site of piecemeal necrosis.

3.4. Hepatic morphometry

The volume fraction of fibrosis and that occupied by arter-
ies and veins, bile ducts, hepatocytes and sinusoids is reported
in Table 2.
In the DL group, the volume fraction of fibrosis was rep-

resented only by the connective tissue of the portal tracts.
The volume fraction of fibrosis was significantly higher in
the HBV-C, HCV-C and HCV-PTR groups compared to the
DL group and in the HBV-C and HCV-C groups compared
to the HCV-PTR group. The volume fraction of fibrosis did
not differ between the HBV-C and the HCV-C group.
The volume fraction occupied by arteries and veins and

by bile ducts was higher in the HBV-C, HCV-C and HCV-
PTR groups compared to the DL group. The volume fraction
occupied by arteries and veins and by bile ducts did not differ
between the HBV-C and the HCV-C group.
The volume fraction occupied by hepatocytes and by si-

nusoids was significantly lower in the HBV-C, HCV-C and
HCV-PTRgroups compared to theDLgroup, and in theHBV-
C and HCV-C groups compared to the HCV-PTR group. The

Fig. 2. (a)Alpha-SMA-positiveHSCs, inDL.Very few alpha-SMA-positive
HSCs are present only along the sinusoids (arrowheads), in the peripheral
zones of the hepatic lobule close to the portal spaces. Immunohistochem-
istry for alpha-SMA, original magnification 10×. (b) Alpha-SMA-positive
HSCs in HCV-C. Activated HSCs are strongly and diffusely brown-stained
inside the liver. Immunohistochemistry for alpha-SMA, original magnifica-
tion 20×. (c) Alpha-SMA-positive HSCs in active cirrhosis. Many HSCs are
visible in expanding septa at the interfacewith the hepatocytes (arrowheads),
as well as in the perisinusoidal spaces of residual hepatic parenchyma. Im-
munohistochemistry for alpha-SMA, original magnification 20×. (d) Detail
of alpha-SMA-positive HSCs. Activated HSCs (arrowheads) show larger
size and long cytoplasmic processes expanding along both the hepatocytes
and the endothelial cell lining. Immunohistochemistry for alpha-SMA, orig-
inal magnification 40×.
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Table 2
Distribution of parenchymal and non-parenchimal compartments at hepatic morphometrical analysis

Fibrous tissue Arteries and veins Bile ducts Hepatocytes Sinusoids

DL 4.13 ± 0.78 1.97 ± 0.31 0.21 ± 0.07 76.18 ± 2.74 17.52 ± 2.90
HBV-C 23.63 ± 3.82a 9.12 ± 1.38a 2.58 ± 0.37a 52.95 ± 4.87a 11.71 ± 0.48a
HCV-C 25.68 ± 4.14a 8.89 ± 1.40a 2.35 ± 0.22a 51.07 ± 4.17a 12.02 ± 1.94a
HCV-PTR 13.62 ± 8.23a,b 2.73 ± 1.00c,d 0.35 ± 0.19c,d 68.76 ± 7.55a,c 14.14 ± 1.80b,d

a P< .0001 vs. DL.
b P< .02 vs. HBV-C and HCV-C.
c P< .001 vs. HBV-C and HCV-C.
d P< .01 vs. DL.

volume fraction occupied by hepatocytes and by sinusoids
did not differ between the HBV-C and the HCV-C group.

3.5. Relationships among immunohistochemical,
morphometrical and histological parameters

Fig. 3 shows the box plots of the ratio between the per-
centage of alpha-SMA-positive HSCs and the volume frac-
tion of fibrosis detected atmorphometrical analysis in the four
groups. The alpha-SMA-positive HSCs to fibrous tissue ratio
was significantly higher in the HBV-C and HCV-PTR groups
(1.57± 0.72 and 2.50± 1.17, respectively) compared to the
DL group (0.74± 1.09). The alpha-SMA-positive HSCs to
fibrous tissue ratio was significantly lower in the HCV-C
group (1.03± 0.91) compared to the HCV-PTR group. No
other intergroup difference was found in the alpha-SMA-
positive HSCs to fibrous tissue ratio. A positive correlation
was found between the alpha-SMA-positive HSC percentage
and the volume fraction of fibrosis in liver tissue measured
by morphometrical analysis in the HCV-PTR group (Fig. 4,
panel A). At variance, as shown in Fig. 4 panel B, a negative
correlation was found between the alpha-SMA-positive HSC
percentage and the volume fraction of fibrosis in liver tissue

Fig. 3. Box plots of the ratio between the percentage of alpha-SMA-positive
HSCs and the volume fraction of fibrosis in hepatic tissue of cirrhotic pa-
tients, normal DLs and patients with recurrent HCV hepatitis after liver
transplantation. DL, donor livers; HBV-C, HBV cirrhosis; HCV-C, HCV
cirrhosis; HCV-PTR, post-transplant HCV recurrent hepatitis. *P< .02 vs.
HCV-C, **P< .005 vs. HBV-C, ***P< .0005 vs. HCV-PTR.

when only the HCV-C group was considered. No correla-
tion between the alpha-SMA-positive HSC percentage and
the volume fraction of fibrosis in liver tissue was found in the
HBV-C group (Fig. 4, panel C) and in the DL group (data not
shown).
A positive correlation was also present when the alpha-

SMA-positive HSC percentage was plotted against the
histological fibrosis score (y= 12.863x+ 5.0125; Spearman
r= 0.807; P< .01; data not shown).

4. Discussion

In the present study, we provide indirect ‘in vivo’ evi-
dences that HSC activation is a key factor in the natural his-
tory of humanHCV andHBV chronic liver disease and that it
precedes fibrotic hepatic accumulation. The first evidence is
that the percentage of alpha-SMAHSCswas 9.7, 8.3 and 12.6
folds higher in theHCV-PTR,HCV-C andHBV-C groups, re-
spectively, when compared to the DL group. Our findings of
the increase of activated HSCs in chronic liver disease com-
pared to normal livers are in agreement with previous reports
obtained in both non-transplanted patients and in recurrent,
mostly acute, post-transplantation HCV hepatitis [8,10–17].
The magnitude of the increase of alpha-SMA HSC expres-
sion by immunohistochemistry in chronic liver disease with
respect to normal livers depends on the wide differences in
number and distribution of positive HSCs detected by differ-
ent investigators in normal livers [8,10,11,13–16], probably
due to variations in assay sensitivity among laboratories and
in the number of normal liver samples studied. In the present
study, we found that 3% of HSCs were alpha-SMA-positive
in a large number of normal livers.
The second evidence of the present study that relates HSC

activation tofibrosiswas that the volume fraction of fibrosis in
liver tissue was 3.3, 6.2 and 5.7 folds higher in the HCV-PTR,
in the HCV-C and in HBV-C groups, respectively, when com-
pared to the DL group. As a consequence, the alpha-SMA-
positive HSC to fibrosis ratio in the HCV-PTR group was 2.3
and 1.5 folds higher than in the HCV-C and HBV-C groups,
respectively, suggesting that even in the settings of human
post-transplantation HCV re-infection, HSC activation pre-
cededfibrotic tissue accumulation.Unfortunately, our data on
recurrent hepatitis were referred only to post-transplant HCV
group; in fact, post-transplant HBV-recurrent hepatitis is very
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Fig. 4. Panel A: positive correlation (y= 3219x+ 10.2; Pearson r= 0.828; P< .005) between the percentages of alpha-SMA-positive HSCs and the volume
fraction of fibrosis in liver tissue in the HCV-PTR group. Panel B: negative correlation (y=−3.5311x+ 114.46; Pearson r=−0.744; P< .02) between the
percentages of alpha-SMA-positive HSCs and the volume fraction of fibrosis in liver tissue in the HCV-C group. Panel C: no correlation (Pearson r=−0.024)
between the percentages of alpha-SMA-positive HSCs and the volume fraction of fibrosis in liver tissue in the HBV-C group.

uncommon with the effective antiviral prophilaxis available
nowadays. In addition, in the present study no biopsies of
both HBV and HCV chronic hepatitis non-transplanted pa-
tients were available. On the other hand, post-transplantation
HCV re-infection represents a human model of the earlier
stage of fibrosis [14,17], which is very useful because we
exactly know the moment of the infection. Our results are in
keeping with a previous study performed in the liver trans-
plantation settings byGuido et al. showing that the number of
alpha-SMA-positive HSCs in HCV recurrent, mostly acute,
hepatitis 3–6 months after transplantation was related to a
subsequent cirrhotic evolution [14].
A further line of evidence of the present study that re-

lates HSC activation to fibrosis was the positive correlation
between the alpha-SMA-positive HSC percentage and the
extent of fibrosis measured by both morphometrical analy-
sis and histological scoring in the HCV-PTR group. Vari-
ations in assay sensitivity among laboratories could explain
the lack of association between the prevalence of alpha-SMA-
positive HSCs and fibrosis severity in chronic liver disease
in non-transplanted patients reported by Levy et al., while
in their paper only a subpopulation of fibroblast activation
protein-positive HSCs correlated with fibrosis [15]. On the
other hand, two previous studies on chronic liver disease in
non-transplanted patients are in agreementwith our finding of
a positive correlation between the alpha-SMA-positive HSC
percentage and the extent of fibrosis [16,17]. Our data agree
with the models of fibrogenesis proposed by several authors
[24,25] where the activation of HSC are the central events
in hepatic fibrosis. The differentiation of HSCs precedes the

production of connective tissue and the presence of HSCs
expressing a myofibroblast-like phenotype is necessary for
deposition of scar molecules [5]. In addition, appearance of
the alpha-SMA HSCs as observed in the HCV-PTR group
before the massive accumulation of scar molecules could be
considered as an useful marker for an early diagnosis of post-
transplant hepatic diseases that will result in severe fibrosis
[14]. As a consequence, alpha-SMA expression could have
a prognostic role also in the follow-up after orthotopic liver
transplantation.
The identification of activated HSCs as a major source

of ECM in fibrotic livers [26,27] leads to considering them
as a major target for the treatment [5,28,29]. In addition,
alpha-SMA expression could be useful not only as an early
marker of hepatic fibrogenesis necessary to begin a treatment
before the process become irreversible, but also as a marker
for monitoring the efficacy of the therapy [12,17].
At variance from the HCV-PTR group, in the HCV-C

group we found a negative correlation between the alpha-
SMA-positive HSC percentage and the volume fraction
of fibrosis detected at morphometry, while we failed to
find any correlation in the HBV-C group. The lack of a
positive correlation between the alpha-SMA-positive HSC
percentage and the volume fraction of fibrosis in the cirrhotic
groups suggests that, once advanced cirrhosis is established
and progresses, other HSCs phenotypes and/or other cells
(such as portal, septal and perivenular fibroblasts) support
fibrogenesis in addition to alpha-SMA-positive HSCs [14].
Moreover, the evidence that HCV proteins can directly
induce fibrogenic effects in HSCs [30] and the decreased
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intra-hepatic HCV replication in advanced cirrhosis [31]
could explain the negative correlation between the alpha-
SMA-positive HSC percentage and the volume fraction of
fibrosis in the HCV-C group found in the present study.
By contrast, the lack of any correlation in the HBV-C

group between the alpha-SMA-positive HSC percentage and
the volume fraction of fibrosis could be also explained be-
cause HBV cirrhotic patients are currently submitted to liver
transplantation when very low or undetectable HBV serum
levels have been obtained, either spontaneously or under an-
tiviral treatment. The latter hypothesis is in agreement with
the positive correlation observed between the intra-hepatic
HBV content and degree of fibrosis [32]. Moreover, Kweon
et al. [33] showed that lamivudine treatment in HBV chronic
hepatitis decreased HSCs activation even in the cases where
the post-treatment biopsy demonstrated unchanged or wors-
ened fibrosis score.
Deeper studies should explain these data, and other mark-

ersmight be useful.At present, alpha-SMAexpression is con-
sidered as a reliable marker of the activated HSCs [3,8,11],
while other markers seem to present problems not yet solved.
In fact, GFAP is expressed only in a sub-population of acti-
vated HSC; N-CAM is expressed also in quiescent HSCs [4];
FAP, considered as a good marker of the production of colla-
gens, appears mainly in the advanced stages of fibrogenesis
[15].
The activated HSCs were seen mostly in the perisinu-

soidal spaces in case of active cirrhosis. High numbers of
alpha-SMA-positive HSCs were also detected in the areas of
inflammation and piecemeal necrosis, suggesting that HSCs
were activated by compounds that were present mainly in the
sites of inflammation. In inactive cirrhosis activated HSCs
were distributed throughout the entire nodules even though a
higher number was seen at the periphery of the regenerative
liver plates. The lack of an evident zonal distribution of ac-
tivated HSCs in advanced stages of cirrhosis even supported
our previous observations of a lack of zonal compartmental-
isation in the intra-nodular sinusoidal bed, together with loss
of the ultrastructural and metabolic zonation of the hepato-
cytes, detected in CCl4 cirrhosis experimentally induced in
the rat [34].
In the present study, the morphometrical analysis has

shown similar findings in both theHBV-C andHCV-Cgroups
compared to the DL group: fibrosis and the volume occu-
pied by portal tracts (arteries, veins and bile ducts) was in-
creased,while that occupied by parenchyma (hepatocytes and
sinusoids) was reduced. The HCV-PTR group was charac-
terised by intermediate values of fibrosis, portal tract and
parenchyma between normal and cirrhotic livers. The mor-
phometrical similarities in the two cirrhotic groups, together
with the fact that they did not differ in terms of HSCs acti-
vation and were of comparable staging, suggest that HSCs
activation with fibrosis deposition and parenchymal reduc-
tion are not directly related to the aetiological factors of the
liver disease, but represent stereotyped response to chronic
insults similar to the wound healing process in other tissue in-

cluding skin, lung and kidney [35,36]. HSC activation would
be caused by paracrine stimulation of compounds, such as
wound hormone TGF-Beta, PDGF, Il-1 and reactive oxygen
species, produced by all neighbouring cell types including
hepatocytes, Kupffer cells, platelets, sinusoidal endothelial
cells and leukocytes [2,5,37–39].
In conclusion, alpha-SMA represented a reliable marker

of HSC differentiation to myofibroblastic-like cells. Acti-
vation of HSC was correlated to the progression of hepatic
fibrosis, but it did not seem to be related to the aetiological
factors of the liver disease, probably because it represented
a stereotyped response to chronic insults. Appearance of
alpha-SMA-positive HSCs in recurrent HCV-hepatitis after
liver transplantation confirmed that re-activation of HSCs
coincided with the resumption of inflammatory stimuli and
preceded the (re-)accumulation of scar substances. Although
deeper studies are needed, the above findings suggest that
alpha-SMA could be a useful marker to identify the earliest
stages of hepatic fibrosis, as well as for monitoring the
efficacy of the therapy.

Conflict of interest statement

None declared.

List of abbreviations

Alpha-SMAalpha smooth muscle actin; DL, donor liv-
ers; ECM, extra-cellular matrix; HAI, histology activ-
ity index; HBV-C, HBV cirrhosis; HCV-C, HCV cir-
rhosis; HCV-PTR, post-transplant HCV recurrent hep-
atitis; HSC, hepatic stellate cell.

Acknowledgement

Funds by University of Rome “La Sapienza”, ex 60% 2001,
2002.

References

[1] Pinzani M. Hepatic stellate (ITO) cells: expanding roles for a liver-
specific pericyte. J Hepatol 1995;22:700–6.

[2] Gressner AM, Bachem MG. Molecular mechanisms of liver
fibrogenesis—a homage to the role of activated fat-storing cells.
Digestion 1995;56:335–46.

[3] Hautekeete ML, Geerts A. The hepatic stellate (ITO) cell: its role
in human liver disease. Virchows Arch 1997;430:195–207.

[4] Geerts PD. History, heterogeneity, developmental, biology, and
functions of quiescent hepatic stellate cells. Semin Liver Dis
2001;21:311–35.

[5] Safadi R, Friedman SL. Hepatic fibrosis—role of hepatic stellate cell
activation. MedGenMed 2002;4:27.



356 G. Carpino et al. / Digestive and Liver Disease 37 (2005) 349–356

[6] Carpino F, Gaudio E, Marinozzi G, Melis M, Motta PM. A scanning
and transmission electron microscopic study of experimental extra-
hepatic cholestasis in the rat. J Submicrosc Cytol 1981;13:581–98.

[7] Skalli O, Ropraz P, Trzeciak A, Benzonana G, Gillessen, Gab-
biani G. A monoclonal antibody against alpha-smooth muscle
actin: a new probe for smooth muscle differentiation. Cell Biol
1986;103:2787–96.

[8] Schmitt-Graff A, Kruger S, Bochard F, Gabbiani G, Denk H. Modu-
lation of alpha smooth muscle actin and desmin expression in peris-
inusoidal cells of normal and diseased human livers. Am J Pathol
1991;138:1233–42.

[9] Nouchi T, Tanaka Y, Tsukada T, Sato C, Marumo F. Appearance
of alpha-smooth-muscle-actin-positive cells in hepatic fibrosis. Liver
1991;11:100–5.

[10] Yamaoka K, Nouchi T, Marumo F, Sato C. Alpha-smooth-muscle
actin expression in normal and fibrotic human livers. Dig Dis Sci
1993;38:1473–9.

[11] Enzan H, Himeno H, Iwamura S, Saibara T, Onishi S, Yamamoto
Y, et al. Immunohistochemical identification of Ito cells and their
myofibroblastic transformation in adult human liver. Virchows Arch
1994;424:249–56.

[12] Guido M, Rugge M, Chemello L, Leandro G, Fattocich G, Giustina
G, et al. Liver stellate cells in chronic viral hepatitis: the effect of
interferon therapy. J Hepatol 1996;24:301–7.

[13] Ueno T, Sata M, Sakata R, Torimura T, Sakamoto M, Sugawara H,
et al. Hepatic stellate cells and intralobular innervation in human
liver cirrhosis. Hum Pathol 1997;28:953–9.

[14] Guido M, Rugge M, Leandro G, Fiel IM, Thung SN. Hepatic stellate
cell immunodetection and cirrhotic evolution of viral hepatitis in liver
allografts. Hepatology 1997;26:314–20.

[15] Levy MT, Mc Caughan GW, Marinos G, Gorrell MD. Intrahepatic
expression of the hepatic stellate cell marker fibroblast activation
protein correlates with the degree of fibrosis in hepatitis C virus
infection. Liver 2002;22:93–101.

[16] Martinelli ALC, Ramalho LNZ, Zucoloto S. Hepatic stellate cells in
hepatitis C patients: relationship with liver iron deposits and severity
of liver disease. J Gastroenterol Hepatol 2004;19:91–8.

[17] Sakaida I, Nagatomi A, Hironaka K, Uchida K, Okita K. Quanti-
tative analysis of liver fibrosis and stellate cell changes in patients
with chronic hepatitis C after interferon therapy. Am J Gastroenterol
1999;94:489–96.

[18] Bahr MJ, Manns MP. Recurrent hepatitis C in transplanted patients:
more questions than answers. Dig Liver Dis 2003;35:2–6.

[19] Cassiman D, Libbrecht L, Desmet V, Denef C, Roskams T. Hepatic
stellate cell/myofibroblast subpopulations in fibrotic human and rat
livers. J Hepatol 2002;36:200–9.

[20] Pinzani M, Rombouts K. Liver fibrosis: from the bench to clinical
targets. Dig Liver Dis 2004;36:231–42.

[21] Knodell RG, Ishak KG, Black WC, Chen TS, Craig R, Kaplowitz
N, et al. Formulation and application of a numerical scoring system

for assessing histological activity in asymptomatic chronic active
hepatitis. Hepatology 1981;1:431–5.

[22] Alvaro D, Onori P, Drudi Metalli V, Svegliati Baroni G, Folli F, Fran-
chitto A, et al. Intracellular pathways mediating estrogen-induced
cholangiocyte proliferation in the rat. Hepatology 2002;36:297–304.

[23] Alvaro D, Alpini G, Onori P, Franchitto A, Glaser SM, Le Sage G, et
al. Effect of ovariectomy on the proliferative capacity of intrahepatic
rat cholangiocytes. Gastroenterology 2002;123:336–44.

[24] Friedman SL. Hepatic stellate cells. Prog Liver Dis 1996;14:101–30.
[25] Gressner AM. The cell biology of liver fibrogenesis-an imbalance

of proliferation, growth arrest and apoptosis of myofibroblasts. Cell
Tissue Res 1998;292:447–52.

[26] Pinzani M. Liver fibrosis. Immunopathology 1999;21:475–90.
[27] Friedman SL. Molecular regulation of hepatic fibrosis, an integrated

cellular response to tissue injury. J Biol Chem 2000;275:2247–50.
[28] Wu J, Zern MA. Hepatic stellate cells: a target for the treatment of

liver fibrosis. J Gastroenterol 2000;35:662–5.
[29] Bataller R, Brenner DA. Hepatic stellate cells as a target for the

treatment of liver fibrosis. Semin Liver Dis 2001;21:437–51.
[30] Bataller R, Paik YH, Lindquist JN, Lemasters JJ, Brenner DA. Hep-

atitis C virus core and nonstructural protiens induce fibrogenic effects
in hepatic stellate cells. Gastroenterology 2004;126:529–40.

[31] Puoti C, Castellacci R, Bellis L, Montagnese F, Corvisieri P, Fes-
tuccia F, et al. Hepatitis C virus RNA quantitation in hepatic veins
and peripheral blood in patients with liver cirrhosis: evidence for
low level intrahepatic hepatitis C virus replication in advanced liver
disease. Dig Liver Dis 2002;34:802–7.

[32] Wong DK, Yuen MF, Tse E, Yuan HJ, Som SS, Hui CK, et
al. Detection of intrahepatic hepatitis B virus DNA and correla-
tion with hepatic necroinflammation and fibrosis. J Clin Microbiol
2004;42:3920–4.

[33] Kweon YO, Goodman ZD, Dienstag JL, Schiff ER, Brown NA,
Burchardt E, et al. Decreasing fibrogenesis: an immunohistochemi-
cal study of paired liver biopsies following lamivudine therapy for
chronic hepatitis B. J Hepatol 2001;35:749–55.

[34] Onori P, Morini S, Franchitto A, Sferra R, Alvaro D, Gaudio E.
Hepatic microvascular features in experimental cirrhosis: a struc-
tural and morphometrical study in CCl4-treated rats. J Hepatol
2000;33:555–63.

[35] Friedman SL. The cellular basis of hepatic fibrosis. Mechanism and
treatment strategies. N Engl J Med 1993;328:1828–35.

[36] Marra F. Hepatic stellate cells and the regulation of liver inflamma-
tion. J Hepatol 1999;31:1120–30.

[37] Li D, Friedman SL. J Gastroenterol Hepatol 1999;14:618–33.
[38] Poli G. Pathogenesis of liver fibrosis: role of oxidative stress. Mol

Aspects Med 2000;21:49–98.
[39] Svegliati-Baroni G, Saccomanno S, Van Goor H, Jansen P, Benedetti

A, Mashage H. Involvement of reactive oxygen species and nitric
oxide radicals in activation and proliferation of rat hepatic stellate
cells. Liver 2001;21:1–12.


	Alpha-SMA expression in hepatic stellate cells and quantitative analysis of hepatic fibrosis in cirrhosis and in recurrent chronic hepatitis after liver transplantation
	Introduction
	Materials and methods
	Light microscopy and immunohistochemistry
	Morphometrical analysis
	Statistical analysis

	Results
	Study population characteristics
	Hepatic histology
	Hepatic alpha-SMA HSC immunohistochemistry
	Hepatic morphometry
	Relationships among immunohistochemical, morphometrical and histological parameters

	Discussion
	Acknowledgement
	References


