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Summary

Apoptosis in the liver is generated mainly by the Fas system. Tumour necrosis
factor-related apoptosis-inducing ligand (TRAIL) has been proposed recently
as a new apoptotic inducer. In the liver environment hepatocytes and biliary
epithelial cells express TRAIL receptors which are up-regulated by increased
levels of bile acids and during viral hepatitis. As for FasL, a soluble form of
TRAIL has been described. To explore the commitment and level of activation
of these two apoptotic systems in patients affected by primary biliary cirrho-
sis (PBC) or chronic hepatitis C (CH-C), a comparative study was drawn.
Thirty patients with PBC on ursodeoxycholic acid have been enrolled. This
group was compared with 30 patients with CH-C and with 20 healthy subjects.
Soluble Fas ligand (sFasL) and soluble TRAIL (sTRAIL) levels were evaluated
by double determinant immune assay and enzyme-linked immunosorbent
assay (ELISA), respectively. Soluble FasL molecules were higher in PBC com-
pared to CH-C (P = 0·009). Soluble FasL was not detected in controls. Soluble
TRAIL was significantly higher in CH-C patients compared to PBC
(P = 0·0001). Soluble TRAIL levels were higher in PBC and in CH-C than in
controls (P = 0·015 and P < 0·001, respectively). No correlation between sFasL
and sTRAIL, stage of disease, liver histology in each disease and cytolysis was
present. Our data show different levels of commitment of TRAIL and Fas
apoptosis-inducing systems in CH-C and PBC. Thus a different prominent
role of TRAIL and Fas systems in the pathogenesis of these two conditions can
be speculated: the former by inducing the death of infected hepatocytes, the
latter by mediating the disappearance of bile duct.
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Introduction

Primary biliary cirrhosis (PBC) is a cholestatic liver disease
in which only small bile ducts are destroyed, characterized
serologically by the presence of anti-mitochondrial anti-
bodies (AMA). The precise mechanisms of duct lesion and
destruction are still unknown.

Several groups [1–5] have demonstrated that apoptosis
occurs frequently in biliary epithelial cells (BECs), but the
apoptotic trigger remains elusive.

The Fas receptor–Fas ligand (FasL) pathway is the most
important apoptotic initiator in the liver [6], and increased
expression of Fas has been demonstrated in BECs from PBC
patients, as well as increased expression of FasL in infiltrating
mononuclear cells [2].

The native and functional forms of Fas and FasL are
membrane-bound proteins [2], but a soluble form can be
generated from alternative mRNA splicing for soluble Fas
(sFas) and metalloproteinase processing for soluble FasL
(sFasL), with controversial function [7]. The pathogenic role
of sFas and sFasL in PBC is still debated [1,8].

Tumour necrosis factor-related apoptosis-inducing ligand
(TRAIL) has been proposed recently as a new apoptotic
inducer in liver disease [9]. TRAIL is expressed by a wide
variety of human cells, including T cells, monocytes, den-
dritic cells and natural killer cells.

At least five TRAIL receptors have been identified:
receptors 4 and 5 (DR4 and DR5) are death receptors and
activate the apoptosis signalling cascade, whereas receptors
1 and 2 and the soluble osteoprotegerin are decoy
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receptors, lacking the death domain transducing the death
signal [10]. In the liver environment hepatocytes and BEC
do express TRAIL receptors [11], which are up-regulated by
increased levels of bile acids [12] and during viral hepatitis
[13,14].

Although expressed primarily as type II transmembrane
protein, TRAIL may exist in a soluble form (sTRAIL), gen-
erated either through enzymatic shedding, or realized in
association with vesicles.

Similarly to sFasL, sTRAIL, the surface-bound molecule,
was shown to induce apoptosis rapidly in susceptible tumour
cells [15,16] and to inhibit T cell activation and proliferation
[17]. Recently, we have shown high levels of sTRAIL in
chronic hepatitis C (CH-C) [18], but no data are available on
sTRAIL in PBC.

On such a basis, we have conducted a comparative study
to evaluate sFasL and sTRAIL levels in peripheral blood of
patients affected by PBC and chronic hepatitis C (CH-C),
another chronic immunomediated liver disease, to explore
the commitment and level of activation of these two apop-
totic systems in these diseases.

Patients and methods

Patients

Thirty patients with PBC, 30 patients with CH-C and 20
healthy subjects were enrolled in this study. Patients’ charac-
teristics are summarized in Table 1. Written informed
consent was obtained from all participants and the local
ethical committee approved the study.

PBC was diagnosed by positive anti-mitochondrial anti-
bodies, alkaline phosphatase 1·5 times above the normal limit
and compatible liver histology. All PBC patients were hepa-
titis B surface antigen- and antibody to HIV and hepatitis

C virus HCV)-negative; they were taking ursodeoxycholic
acid (12–13 mg/kg/day). Histological examination showed
patients with 18 stage II and 12 stage IV.

All CH-C patients were hepatitis B surface antigen- and
antibody to HIV-negative; they were naive to any anti-viral
treatment and no cirrhosis was present in the liver biopsy.
HCV RNA was detectable in all patients (Cobas Amplicor
HCV Monitor; cut-off 1000 copies/ml; Roche Spa, Milan,
Italy).

Blood samples from patients and healthy donors were
centrifuged shortly after clot formation. All samples were
stored at -80°C in aliquots and thawed only before the test.

Measurements of soluble molecules sFasL

Concentrations of sFasL were determined by double deter-
minant immune assay. Briefly, 96-well polyvinylchloride
microtitre plates (Becton Dickinson, Oxnard, CA, USA) were
coated overnight at 4°C with a solution of monoclonal anti-
body (MoAb) NOK-2 (10 mg/ml) in NaHCO3 buffer. After
three washings with 0·05% Tween 20/phosphate-buffered
saline (PBS), the wells were blocked by 10% antibody serum
for 1 h at 37°C. After additional washings, biotinylated
MoAb NOK-1 (5 mg/ml) was added and incubated for 1 h at
37°C. After additional washings, peroxidase-conjugated
streptavidin (Pierce, Rockford, IL, USA) was added at a con-
centration of 1 mg/ml for 1 h at 37°C. Plates were developed
with 100 ml of 1 mg/ml orthophenylenediamine in
50 mmol/l citrate phosphate buffer (pH 5·0) containing
0·03% H2O2 and stopped with 100 ml of 2 N H2SO4. Optical
density was measured at 490 nm on at automated enzyme-
linked immunosorbent assay (ELISA) reader. Serial dilutions
(0·1–100 ng/ml) of human recombinant sFasL (Alexis, Co,
Läufelfingen, Switzerland) were used to construct the stan-
dard curve and results were expressed as nanograms per
millilitre.

sTRAIL

Concentrations of sTRAIL were measured using a commer-
cially available solid phase sandwich ELISA kit (soluble
TRAIL/apo2L from Diaclone Research, Besançon, France)
according to the manufacturer’s instructions.

Briefly, 100 ml of sample or diluted standard in duplicate
were added to the plate wells precoated with a monoclonal
antibody specific for sTRAIL. Then, 50 ml of diluted biotiny-
lated anti-sTRAIL antibody was added to all wells and the
plate was incubated for 3 h at room temperature. After
thorough washing, 100 ml of streptavidin–horseradish
peroxidase (HRP)-conjugate was added and the plate was
incubated for 30 min at room temperature. Plates were
developed with tetramethylbenzidine (TMB) substrate solu-
tion and optical density was measured on a spectrophotom-
eter using 450 nm as the primary wave length and optionally
620 nm as the reference wavelength.

Table 1. Patients’ characteristics.

PBC

No. of patients 30

Median age (range) 62 (41–81)

Sex (male : female) 1 : 29

Mayo risk score (median and range) 5·0 (3·7–10·0)

Histological stage:

II 18

III 12

CH-C

No. of patients 30

Median age (range) 56 (26–77)

Sex (male : female) 21 : 9

HCV genotype (1 : not 1) 12 : 18

Controls

No. of patients 20

Median age (range) 35 (24–40)

Sex (male : female) 8 : 12
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Statistical analysis

The results were analysed with nonparametric tests (c2, Wil-
coxon, Mann–Whitney U-test and Spearman’s rank correla-
tion tests) as appropriate. All calculations were performed on
a personal computer with Statistica (StatSoft, Tulsa, OK,
USA).

Results

Soluble FasL levels

Soluble FasL was not detectable in controls, while it was
elevated significantly in PBC and in CH-C patients. Soluble
FasL was higher in PBC patients compared to CH-C
(P = 0·009) (Fig. 1). Values expressed as median and range
were: 2·63 ng/ml (0·57–20·50 ng/ml) for PBC and
0·22 ng/ml (0·0–17·84 ng/ml) for CH-C.

No correlation between sFasL and the histological stage of
the disease or with the Mayo score was found in PBC
patients. In CH-C patients no correlation between sFasL and
both cytolysis [expressed as alanine amino transferase (ALT)
levels] and HCV viraemia was present.

sTRAIL levels

sTRAIL levels were significantly higher in PBC and in CH-C
patients than in controls (P = 0·01) (Fig. 2). Values expressed
as median and range were: 1045 pg/ml (573–1558 pg/ml) for
healthy subjects, 2968 pg/ml (43–5620 pg/ml) for PBC and
3038 pg/ml (1181–6183 pg/ml) for CH-C. Soluble TRAIL
was higher in CH-C patients compared to PBC (P = 0·0001).

Similarly to sFasL, sTRAIL levels correlated neither with
the severity of the disease (histology and Mayo score) in PBC
patients nor with cytolysis or HCV viraemia in CH-C
patients.

Discussion

Several levels of evidence indicate that apoptosis is the major
mode of cell death in most liver disease [19].

In this study we have shown that soluble pro-apoptotic
molecules are elevated significantly in PBC and in CH-C
patients compared to healthy subjects. This indicates an
overall activation of the soluble pathway of apoptosis, which
correlates with the tissue-bound activation mechanisms
described previously in these diseases [2,11,20].

We have observed higher serum concentrations of sFasL
in PBC than in CH-C patients. Although the Fas/FasL system
has been proved widely to be pathogenic in PBC [2], the
demonstration of sFasL presence in peripheral blood is still
controversial [1,8], due to the different methodological
approach, to the different patient characteristics, or
treatment. Our study provides further evidence of an
increased concentration of sFasL in PBC, confirming an acti-
vated efferent arm of the Fas system, while no differences
related to the histological stage of disease were found.

A significantly higher expression of sTRAIL was found in
CH-C compared to PBC. This observation on serum soluble
molecules is in agreement with previous studies on liver
tissue, which reported an up-regulation of TRAIL receptors
(DR4 and DR5) and over-expression of TRAIL in hepatitis
virus infection [13,14,21], thereby activating the TRAIL-
specific death pathway solely in infected hepatocytes [14].
Moreover, high levels of sTRAIL have been demonstrated
recently for hepatitis B virus [22] and by our group for
hepatitis C virus [18]. The over-expression of TRAIL and
sTRAIL in viral hepatitis could be seen as a defensive mecha-
nism to eliminate infected cells and limit viral replication.

More intriguing is the sTRAIL behaviour in PBC. TRAIL
receptors are expressed on BECs and bile acid up-regulates
TRAIL receptors in hepatocytes, sensitizing them to TRAIL-
mediated apoptosis [12,23] and suggesting that TRAIL may

Min
25%
Median
75%
Max

24

20

16

12

8

4

0

ng/ml 

Controls PBC CH-C

Undetectable 

P = 0·009 

Fig. 1. Soluble Fas ligand (sFasL) in controls, primary biliary cirrhosis

(PBC) and chronic hepatitis C (CH-C). PBC and CH-C present high

levels of sFasL, which is undetectable in controls. Soluble FasL is

higher in PBC than in CH-C.
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Fig. 2. Soluble tumour necrosis factor-related apoptosis-inducing

ligand (sTRAIL) in controls, primary biliary cirrhosis (PBC) and

chronic hepatitis C (CH-C). PBC and CH-C present higher levels

than controls and sTRAIL is higher in PBC than in CH-C.
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be hepatotoxic in cholestasis. Our data on serum soluble
molecules mirror these previous histological findings,
showing increased levels in the context of an up-regulation
of the apoptosis system.

It can be argued that all our patients were receiving treat-
ment with ursodeoxycholic acid, which has been shown to
protect against apoptosis [24]. This makes a definitive evalu-
ation of sTRAIL in PBC difficult, and suggests a comparative
study before and after therapy to be useful. The same con-
sideration has to be established for the duration of the
treatment.

The lack of correlation between biochemical disease activ-
ity and clinical or histological state, on one hand, and soluble
pro-apoptotic molecules on the other hand, deserves two
considerations.

First, it is known that apoptosis may occur in the absence
of significant transaminase elevation, thereby confirming the
lack of correlation between biochemical activity and liver cell
histological injury [25].

Secondly, clearance of apoptosis debris through phagocy-
tosis may directly stimulate fibrogenesis [26], but fibrosis
occurs over a long period of time, whereas soluble molecule
expression is likely to be more dynamic, so that a linear
relationship between these two processes is difficult to
demonstrate.

One interesting point, which needs to be addressed in
future studies, is the impact of the different sex distribution
in the two diseases. The 90% predominance of females in
PBC is well known, while among CH-C patients a large
majority of men is present [27]. However, although our
cohort is clearly not adequate to underline possible gender or
age influences on pro-apoptotic molecule levels, Choi et al.
report no significant age- and gender-related differences in
Fas and TRAIL concentrations [28,29].

In conclusion, our findings indicate the possibility of
evaluating the level of activation of these two apoptosis
systems in liver diseases by their soluble molecules, which
appear to reflect the histological findings. Studies able to
show a linear correspondence between histological expres-
sion and serum levels of these molecules are therefore
warranted.

Moreover, our data show different levels of commitment
of TRAIL- and Fas apoptosis-inducing systems in the CH-C
and PBC. Thus, a different prominent role of TRAIL and Fas
systems in the pathogenesis of these two conditions can be
speculated: the former by inducing the death of infected
hepatocytes, the latter by mediating the disappearance of bile
duct.
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