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Abstract: Background: The alpha isotope of actin expressed by Hepatic stellate cells (HSCs) reflects their 
activation to myofibroblast-like cell and is directly related to liver fibrogenesis in chronic liver disease. Aim: To 
study the correlation between the activation of HSCs and the degree of fibrosis in patients with recurrent HCV 
chronic hepatitis after Living Donor Liver Transplantation (LDLT). Methods: A total of 69 biopsies from 17 
patients with post transplant recurrent HCV hepatitis, 17 cirrhotic liver and 17 normal control liver were 
retrospectively studied. Paraffin sections of all 69 biopsies were stained with anti-alpha-smooth muscle actin 
antibody by immunoperoxidase method and semi-quantitatively evaluated. Liver fibrosis was assessed by Masson's 
trichrome stain. HCV-PTR patients received standard antiviral therapy. Results: The grade of alpha-smooth muscle 
actin-positive HSCs were significantly higher in the HCV-C group (35.3% G3, 35.3% G4) and HCV-PTR group 
(58.8% G1) compared to DL group (70.6% G0). HSCs activation preceded the detection of fibrous tissue deposition 
in some patients with HCV-PTR. There was a statistically significant correlation between the grade of HSCs and the 
stage of fibrosis in HCV-PTR group. After antiviral therapy HSC grade significantly decreased, in both clinically 
responders and non-responders; the decrease in HSC grade also correlated with the improvement in activity grade. 
HSCs increased after episodes of acute cellular rejection. Conclusion: Our study confirmed the value of alpha-
smooth muscle actin expression as a reliable marker of HSCs activation that could be useful to identify early stages 
of hepatic fibrosis and monitor the efficacy of therapy. In the presence of advanced cirrhosis other factors, rather 
than alpha-smooth muscle actin-positive HSC, may sustain fibrosis deposition. 
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1.Introduction: 

The clinical presentation of acute HCV hepatitis 
is mild and produces symptoms in only 20% of 
patients (1). However, 80% of patients do not clear the 
virus and become chronically infected with HCV. Of 
the chronically infected individuals, 20% will develop 
cirrhosis within 20 years and, once the disease is 
established, will go on to develop hepatocellular 
carcinoma at a rate of 1% to 4% per year (2).Chronic 
HCV-related cirrhosis is the most common indication 
for liver transplantation (LT). Although recurrent 
hepatitis C virus (HCV) after liver transplantation (LT) 
is universal (3), the cumulative probability of 
developing graft cirrhosis estimated to reach 30% at 5 
years (4). The accumulation of extracellular matrix 
observed in fibrosis and cirrhosis is due to the 
activation of fibroblasts, which acquire a 
myofibroblastic phenotype. Myofibroblasts are absent 
from normal liver; they are produced by the activation 
of precursor cells, such as hepatic stellate cells (5). 
Hepatic stellate cells (HSC), which account for about 

5–8% of cells in the normal liver, are characterised by 
a perisinusoidal distribution in the Disse space. On 
activation, the HSC acquire a myofibroblastic 
phenotype, contributing to the excessive extracellular 
matrix deposition observed in the pathological 
conditions of fibrosis and cirrhosis. Capillarization of 
the sinusoids also occurs, with a continuous 
endothelium formed, and the presence of a true basal 
lamina (6). 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 LT. 
The alpha isotype of actin expressed by HSC 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(7). 
The hope to avoid HCV devastating effect on the 
Egyptian society and its enormous negative impact on 
our economy fueled our study. 
2.Material and methods: 
Tissue samples 
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Eighty- three patients underwent living donor 
liver transplantation for end-stage liver disease from 
chronic hepatitis C at Wady El Neel hospital, Cairo, 
Egypt from 2001 to 2005. All recipients were hepatitis 
C RNA-positive by quantitative polymerase chain 
reaction. The studied group included 17 patients who 
had recurrent HCV in the graft. This retrospective 
study involved 69 hepatic tissue samples divided into 3 
groups: Group I: HCV cirrhosis (HCV-C) (n=17) from 
explanted cirrhotic liver. Group II: post-transplant 
HCV recurrent hepatitis (HCV-PTR) (n= 35), 3 of 
these patients had episodes of acute cellular rejection. 
Liver biopsy was done when clinically indicated at an 
average interval of 11.2 ± 6.4 months post-transplant 
(HCV-PTR 1), 19.4 ± 8.6 months post-transplant 
(HCV-PTR 2), and 26 ± 8.8 months post-transplant 
(HCV-PTR 3). Group III: normal donor livers (DL) 
(n=17). Liver tissue samples were routinely stained 
with haematoxylin-eosin and Masson's trichrome 
stains to identify collagen fibres. 
Immunohistochemical staining was done using 
Monoclonal anti-alpha smooth muscle actin 1A4 
(ready to use) 
Immunosuppression: 

Standard immunosuppression consisted of 
calcineurin inhibitors, prednisone, that was tapered and 
discontinued within 3 months following 
transplantation ,and mycophenolate mofetil. Patients 
initially receiving cyclosporine (Neoral, Novartis 
Pharmaceutical) were treated with a dose of 2.0-4.0 
mg/kg/day orally in 2 divided doses with a target 
trough whole blood concentration 200-250 ng/ml for 
the first month after transplantation followed by 100-
150 ng/ml thereafter. Patients initially receiving 
tacrolimus (Prograf, Fujisawa Healthcare) were treated 
with a dose of 0.08-0.12/kg/day orally in 2 divided 
doses with a target trough whole-blood concentration 
of 8-10 ng/ml for the first month after transplantation 
followed by 3-5 ng/ml thereafter. Patients with HCC 
were maintained by low dose CNI and mTOR inhibitor 
(everolimus) to decrease the chance of tumour 
recurrence  
 Interpretation of Results 
Histopathological Evaluation 

 In the HCV-C group, Activity is graded as 
follows (8):  
 0=No inflammation and intact limiting plates 

around septa which are fibrotic.  
 1=Mild inflammation; segmental erosion of 

limiting plates.  
 2=Moderate inflammation and damage of limiting 

plates.  
 3=Marked inflammation, extensive damage of 

limiting plates, piecemeal necrosis and 
parenchymal damage. 

In the HCV-PTR group, histopathological lesions 

of recurrent chronic HCV hepatitis were evaluated 
according to the METAVIR group’s algorithm, which 
is an example of a simple carefully evaluated method 
easily applicable to routine use and intra- and inter-
observer variation had proved to be least(9). The 
METAVIR algorithm for histological activity and 
fibrosis scores were given separately, to distinguish 
ongoing hepatitis from parenchymal remodelling with 
fibrosis.  
Immunohistochemical Evaluation 

Alpha-SMA positive HSCs were assessed in 
perisinusoidal spaces but not in portal tracts. The 
staining results were graded semi quantitatively as 
described by Schmitt-Graff et al., 1991. Score 0 = no 
staining or occasional cells stained; Score 1 = minimal 
staining (stained HSC occupying approximately 1% to 
10% of the sinusoidal liver cell surface); Score 2 = 
more cells stained (stained HSC occupying 
approximately 10% to 30% of the sinusoidal liver cell 
surface); Score 3 = extensive staining (stained HSC 
occupying approximately 30% to 70% of the 
sinusoidal liver cell surface); and score 4 = highly 
extensive staining (stained HSC occupying more than 
70% of the sinusoidal liver cell surface). 
Statistical Analysis 

The collected Data was revised, verified, 
edited on P.C. Data, then analyzed statistically using 
SPSS statistical package version 15, then the following 
tests were done: mean, standard deviation, anova, chi 
square and probability. 
3.Results 

The age of the studied recipients ranged from 12-
60 years (mean 44.7) and of the donors 23-40 years 
(28.4 years). The study group included 14 (82.4%) 
male recipients and 3 (17.6%) females; 11 ( 64.7%) 
male donors and 6 (35.3%)female donors. There was a 
significant higher male: female ratio among both 
recipients and donors groups (p <0.05).  
Hepatic histology 

All the DL biopsies showed no abnormalities. 
While the HCV-C explanted liver specimens showed 
active cirrhosis, 29.4% (n= 5/17) being mild, 5.9 % 
(n=1/17) moderate, and 64.7% (n=11/17) severe. As 
for the HCV-PTR group, all specimens showed 
recurrent HCV hepatitis with low fibrosis stage (F0- 
F2 METAVIR score) and low activity grade (A0-A2 
METAVIR score). All specimens from HCV-C 
showed METAVIR F4 (100%). In HCV-PTR biopsies, 
47.1% were METAVIR F0, 35.3% F1, and 17.6% F2. 
The stage of fibrosis was significantly highest in HCV-
C than HCV-PTR and DL, respectively (P< 0.001). In 
HCV-PTR group, activity grade was METAVIR A1 in 
52.9%, A2 in 41.2%, and A3 in 5.9%. This showed 
highly significant difference in activity grade among 
the 3 groups (p < 0.001). Stage of fibrosis in 
subsequent biopsies in HCV-PTR was different; in 
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HCV-PTR 1 biopsies, 47.1% were METAVIR F0, 
35.3% F1, and 17.6% F2. In HCV-PTR 2 biopsies, 
18.2% were METAVIR F0, 72.7% F1, and 9.1% F2. 
In HCV-PTR 3; 14.3% were METAVIR F0, 57.1% 
F1, and 28.6% F2. The stage of fibrosis significantly 
progressed in successesive biopsies (p = 0.001).  
Immunohistochemical analysis of the HSC 

expression of alpha-SMA 
HSC grade in HCV-C was highly significant 

towards the more advanced grades; In HCV-PTR 
biopsies, HSC were highly significant towards the 
lower grades. Absence of HSC activation was 
significantly high in most of DL biopsies as outlined in 
table 1.  

 
Table 1.HSC Grade in HCV-C, HCV-PTR Compared to normal DL 

HSC grade HCV-C HCV-PTR Donor 

G0 1 (5.9%) 0 (0%) 12 (70.6%) 
G1 2 (11.8%) 10(58.8%) 5 (29.4%) 
G2 2 (11.8%) 3 (17.6%) 0 (0%) 
G3 6 (35.3%) 3 (17.6%) 0 (0%) 
G4 6 (35.3%) 1 (5.9%) 0 (0%) 
X= 43.78; P= 0.0001 (highly significant) 

 
Relationship among Immunohistochemical and 
histological parameters 

 HSC grade and fibrosis stage  
Within the HCV-C group (METAVIR F4), HSC 
grade were more towards the highest grades (i.e G3 
and G4). In HCV-PTR group HSC activation 
preceded fibrosis. In the same specimen, HSC grade 

was equivalent or greater than the stage of fibrosis. 
This relation was statistically highly significant (p 
<0.005). During the follow up period, progression of 
the fibrosis stage was observed in those recipients 
who showed a HSC grade higher than the stage of 
fibrosis on the initial follow up biopsy (Figure 1). 
HSC Grade and Activity Grade  

  
The reticulin stain showing mild periportal 
fibrosis in only one of the portal tracts (MTx100) 

Immunohistochemistry for alpha-SMA of the same 
biopsy demonstrating HSC activation 
disproportionate to fibrosis. (IHCx400). 

 
The reticular stain of the above case showing bridging fibrosis in later biopsy. HSC activation precedes fibrotic 
accumulation (MTx100) 
Figure 1: Showing that HSC activation preceded fibrosis. 
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In HCV-C, HSC grade was directly proportional 
to grade of activity (figure 2). Biopsies with 
METAVIR A3 (n=11) had significantly advanced 
HSC grades, G4 (n=6), and G3 (n=5). While biopsies 
with METAVIR A1 (n=5) had HSC G0 (n=1), G1 
(n=3), and G2 (n=1). This relation was statistically 
significant (p < 0.05). In HCV-PTR group, the first 
biopsy in the follow up period, no significant relation 
was observed between grades of activity and HSC (p 
>0.05). METAVIR A1 (n=10) had HSC G1 (n=8) 
and G3 (n=2). METAVIR A2 (n=7) had HSC G1 
(n=2), G2 (n=3), G3 (n=1), and G4 (n=1). In DL, 
although their biopsies had no activity, five biopsies 
(5/17) had HSC G1. 
 

 
Figure 2: Activated stellate cells are located 
mostly in areas of inflammatory activity 
(IHCx400) 
 
HSC expression with antiviral Therapy  

Response to antiviral therapy was investigated 
in the HCV-PTR group (n=17). Two recipients did 
not tolerate therapy and were excluded(n=15).Nine 
recipients showed clinical and biochemical response 
(responder group=R). Six recipients did not have any 

clinical or biochemical response (non-responder 
group=NR). Biopsies performed before and after 
suspending the antiviral treatment were compared in 
R and NR groups. 

Regardless of the clinical distinction between 
responders and non-responders, biopsy specimens 
showed a significantly less severe histological 
activity grade after therapy than before therapy (p < 
0.05). After therapy activity decreased from A2 (n=4) 
to A0 in 2 R, and A1 in 2 NR. In A1 grade (n=11), 
activity decreased from A1 to Ao in 5 R, did not 
change in 1 R and 4 NR and increased to A2 in 1 NR 
(Table 2). 
 
Table 2. The stage of fibrosis detected before and 

after antiviral therapy. 

Fibrosis before therapy 
Fibrosis after therapy 

F0 F1 F2 
F0 (n=4) 2 (1NR) 0 2 (NR) 

F1 (n=9) 1 7 1(NR) 
F2 (n=2) 0 0 2(NR) 
X= 3.792 
P= 0.150 (non-significant) 

 
Though histological activity was more often 

found improved in responders, no significant 
correlation was found between pathological and 
clinical outcome. After IFN therapy in R group a 
significantly lower HSC grade was detected in the 
second biopsy (p< 0.001), which correlated with the 
improvement in activity grade found in the same 
biopsy (p < 0.05) (Figure 3).No significant 
modification was observed in the histological 
assessment of fibrosis after therapy regardless of the 
clinical distinction between responders (R) and non-
responders (NR). 

 

  
Immunohistochemistry for alpha-SMA demonstrates 
activated HSC, before IFN therapy (IHCx400). 

Inactivation of HSC, after IFN therapy. Time of biopsy 18 
months post-transplant. (IHCx400). 

Figure 3: Showing HSC before and after antiviral therapy: HSC expression in post transplant recurrent HCV during 
episodes of Acute Rejection (AR) 
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Three (17.6%) male patients had 1-3 AR at a 
range of 16 days to 7 months post-transplant (4.04 ± 
2 months post-transplant). Comparison between 
recipients with AR (Group 1 AR) and recipients 
without AR (Group 2 non-AR) showed similar results 
for all the general transplantation related parameters: 
type of surgery, postoperative monitoring, and 
immunosuppressant regimens. Histological, rejection 
activity index (RAI) values ranged from 3-5. 
Immunohistochemically, the HSC grade in group 2 
was greater than group 1. After AR in allograft with 
HCV-PTR, HSC grade increases in follow up 
biopsies. No relationship between rejection and the 
stage of fibrosis. No statistical differences were noted 
in the number of episodes of rejection, increased 
HSC activation and time of post-transplantation 
biopsy. 
 
4.Discussion  

Fibrosis is a key histological feature in chronic 
hepatitis useful for evaluation of severity of the 
disease, for treatment decisions, and for assessing 
drug efficacy. Our series adds to the understanding of 
recurrent hepatitis C after liver transplantation. 
Although the number of patient is small, we have a 
relatively pure population of patient with recurrent 
HCV in whom the natural history of infection can be 
carefully studied. Post-transplantation HCV re-
infection represents a human model of the earlier 
stage of fibrosis, (10,7) which is very useful because we 
exactly know the moment of the infection. HSC are 
the principal cells involved in fibrogenesis in chronic 
liver disease(7). The presence of few alpha-SMA-
positive HSCs is consistent with a normal-appearing 
liver histology. This was in accordance to previous 
studies(7,11-18). The present study showed that 
expansion of alpha-SMA positive HSCs was an early 
event in human viral hepatitis, occurring during the 
early phase and related to cirrhotic evolution. This is 
evident by the grade of alpha-SMA HSCs that was 
higher in the HCV-C group and HCV-PTR group, 
when compared to the DL group. Previous study (13) 
concluded from this same findings that it provides an 
indirect ‘in vivo’ evidences that HSC activation is a 
key factor in the natural history of human HCV 
chronic liver disease and that it precedes fibrotic 
hepatic accumulation. In our study, in HCV-PTR 
group, HSC grade was equivalent or greater than the 
stage of fibrosis, suggesting that HSC activation 
preceded fibrotic tissue accumulation. The present 
study also demonstrated that patients with minimal or 
no fibrosis had lower HSC activity, HSC activity was 
increased in recipients who subsequently developed 
bridging fibrosis or cirrhosis (Figure1).The number 
of alpha-SMA-positive HSC in HCV recurrence after 
transplantation is related to a subsequent cirrhotic 

evolution. This agrees with the findings of several 
other studies (13,19-22).  Hepatic inflammation is 
usually associated with the progression of liver 
fibrosis (23). A study (10) showed that the change of 
histology activity index score (HAI) score after 
interferon (IFN) therapy, which has an anti-
inflammatory action, had correlated with alpha-SMA 
index. This supports the possibility that proliferation 
and differentiation of stellate cells is stimulated by 
necro-inflammation. In the current study, HSC 
immunoreactivity was topographically observed in 
close association with necro-inflammatory areas 
(Figure 2). However, the absence of statistical 
differences between severe inflammation and 
increased expression of HSCs observed in the first 
biopsy post-transplant in our series might be related 
to autocrine effects. Inhibiting the activation of HSC 
is a key point to regulate fibrotic progression. 
Antioxidant therapy, cytokines and signal-
transduction based therapies are effective therapeutic 
approach for inhibiting the activation of HSC. Anti-
inflammatory agents, beside the above mentioned 
therapeutic approaches are effective in regulating 
fibrotic progression. However testing a potential 
inhibitor of hepatic fibrosis in clinical trials 
represents unique challenges (23), since a clinical 
benefit may only be apparent after a prolonged period 
of treatment (24). In our study the drop in alpha-SMA-
expressing HSCs was significant after therapy 
(Figure 3). This effect seems comparable with that of 
IFN, which has proved capable of strongly inhibiting 
HSC proliferation and alpha-SMA expression in 
experimental models 25 . 

Previous reports (26,27) have suggested that INF 
therapy may have an anti-fibrogenic effect, though in 
other studies (28,29) it has failed to modify the 
histological score for fibrosis. The previous results 
were in accordance to our study in which IFN therapy 
did not decrease the stage of fibrosis during the 
follow up period. Fibrosis decreased in only one 
biopsy. However, this was explained by the fact that 
fibrosis is patchy. Our finding of increased 
expression of HSC in acute rejection speculated that 
HSCs may play a role, shared with sinusoidal 
endothelial cells (SECs) and Kupffer cells, in the 
clearance of foreign antigens that occurs during 
allograft rejection. Further, a study (30) concluded that 
they might express antigen-presenting cells which 
probably contribute to hepatic immune surveillance 
in the post-transplantation period. This was in 
agreement with previous studies by (13,17). If further 
research proves that HSCs are a protective factor in 
episodes of acute rejection (AR), activation of HSCs 
may be a valuable method to treat AR in hepatic 
allograft patients (17). HSC grade increases following 
AR. These patients may be of higher risk for fibrosis 
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progression. Clearly, the association between 
rejection and recurrent hepatitis C after 
transplantation needs further study. In conclusion, 
HSC activation and proliferation precede fibrosis, 
and it may be that patients with increased HSC 
relative to fibrosis are at risk for disease progression. 
As a consequence, alpha-SMA expression could have 
a prognostic role also in the follow-up after liver 
transplantation. However longitudinal studies would 
be needed to investigate this possibility. The presence 
of activated HSCs and the lack of histologically 
discernible fibrosis necessitate the start of treatment. 
Inactivation of HSC monitors the success of therapy 
(17). 
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