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The Effects of Interleukin-10 on the Expression of Fas and FasL in Rat

Hepatic Stellate Cells
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Abstract: Objective: To study the effects of interleukin-10 on the expression of fas and fasL in hepatic stellate cells in
experimental rat hepatic fibrosis.

Methods: Sixty clean SD rats were divided into control group (8 in group N), the model group (28 in group C) and the IL-
10 treated group (24 in group I) randomly. The rats were administered CCly with or without IL-10 treatment.
Hepatic stellate cells (HSCs) were isolated from these rats at the beginning of the seventh and eleventh weeks during the
course of liver fibrosis, respectively. Semi-quantitative RT-PCR and Western-blot were used to analyze mRNA and pro-
tein expressions of Fas and FasL from freshly isolated HSC. The liver tissues were harvested from three groups.

Results: The CCly- induced experimental rat hepatic fibrosis model was established successfully. The IL-10 could de-
crease the fibrotic degree of rat liver. The Fas and FasL mRNA can be measured in HSC of 3 groups. The mRNA of Fas
and FasL in group C were significantly increased time-dependently compared to those of control group. In the 7th week,
the expression level of Fas and FasL in group C was 0.66+0.02 and 0.45+0.33 respectively, and in the group I, the level
was 0.74£0.02 and 0.52+0.05 respectively. In the 11th week, the level in group C was 0.72+0.02 and 0.624+0.04 respec-
tively, and in the group I, the level was 0.73+£0.04 and 0.83+0.04 respectively. The western-blot analysis showed that there
was no FasL expression in group N, the expression of Fas and FasL in group C was significantly increased time-
dependently compared to those of control group. After being treated with IL-10, the expression level of Fas and FasL was
higher than those of group C. In group C, the expression level of Fas and in the 11th week was 0.92+0.02and 0.99+0.02
respectively, and in group I, the level was 0.96+0.16 and 1.2240.03 respectively. In group C, the level of FasL in the 7th
week and in the 11th week was 1.244+0.03 and 1.33+0.03 respectively, and in group I, the level was 1.36+0.16 and
1.39+0.19 respectively.

Conclusions: The expression of Fas and FasL increased in the course of the liver fibrosis, and would be furthered by IL-
10. The IL-10 could cause the apoptosis of activated HSC, and making antifibrogenic come into effect in these ways.

Key Words: Liver fibrosis, rat, hepatic stellate cell, interleukin-10, Fas/FasL.

INTRODUTION

Liver fibrosis is the excessive accumulation of extracellu-
lar matrix (ECM) proteins including collagen that occurs in
most types of chronic liver diseases. Advanced liver fibrosis
results in cirrhosis, liver failure, and portal hypertension and
often requires liver transplantation [1-3]. Activated hepatic
stellate cells, portal fibroblasts, and myofibroblasts of bone
marrow origin have been identified as major collagen-
producing cells in the injured liver. These cells are activated
by fibrogenic cytokines such as TGF-B1. Cellular investiga-
tions of liver fibrosis have been suggested that the hepatic
stellate cells (HSCs) are central to the fibrotic process, and
HSCs are the main resource of ECM [4-6]. Following
chronic injury, HSCs activate or transdifferentiate into myo-
fibroblast-like cells, acquiring contractile, fibrogenic proper-
ties, secreting cytokines, and expressing o-smooth muscle
actin (a-SMA)[7-8]. HSCs are the final target cells of liver
injury factors. Many of the mechanisms of liver fibrosis
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showed that liver fibrosis is generally considered irreversible
condition inhibit or block the process of liver fibrosis could
prevent the liver cirrhosis effectively, which has stimulated
researchers to develop antifibrotic drugs. The drug that
inhibits the activation of HSCs or promotes the acti-
vated HSCs into apoptosis could inhibit the liver fibro-
sis, which maybe an ideal route to treat the liver fibro-
sis. During the fibrosis resolution, apoptosis was the main
way to remove the activated HSCs. Some data demon-
strate apoptosis of HSCs in the course of activation
accompanied by an increased expression of FasL by the
HSCs themselves [9]. Fas/FasL system is the key path-
way for HSCs apoptosis. Cytokines are soluble autocrine
and paracrine mediators [10]. Interleukin-10 could pro-
duce by several cells and have several functions, the
main effects of IL-10 was shown to downregulate the
inflammatory [11]. In vitro experiments have shown that
HSCs express IL-10 receptor and produce IL-10 [12-13]. In
the model of CCly induced chronic liver injury, IL-10 defi-
cient animals had a persistent increased inflammatory infil-
trate, and developed a more extensive fibrosis than the ani-
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mals able to produce IL-10, indicating that IL-10 is involved
in the control of fibrogenesis [14-16]. In the present study,
the expressions of Fas and FasL in HSCs were exam-
ined and their changes were investigated in the pres-
ence of interleukin (IL-10), to study the effects of inter-
leukin-10 on the liver tissues and hepatic stellate cells
in experimental rat hepatic fibrosis, and to investigate
the potential anti-fibrogenesis mechanism of IL-10.

MATERIALS AND METHODS
Materials

Sixty clean male Sprague-Dawley rats (used for isolating
HSCs), weighing 400-500g were divided into 3 groups, 8 in
control group (group N2), 28 in fibrogenesis group (group
C2) and 24 in fibrosisintervention group (group 12). All rats
were bred under routine conditions (room temperature, 22
+2°C; humidity, 55%+5%,; light, 12 hrs per day; drinking tap
water and eating in any time; animal feed was provided by
BK Company in Shanghai, China). The control rats were
injected intraperitoneally with saline at a dose of 2 mlkg™,
twice a week. The rats in the other groups received intraperi-
toneal injection of 50% CCl, (2 ml'kg"), twice a week, as
described previously. From the third week, the rats in inter-
vention group were given intraperitoneally IL-10 (4 mgkg”,
dissolved in saline) 20 minutes before CCl,; administration,
as proposed by Nelson ef al. [17]. All injections were per-
formed at Monday and Thursday, with their body weights
being determined before each injection. To the end of the
experiment, 12 rats in fibrogenesis group and 8 in fi-
brosisintervention group died. No animals died in con-
trol group. In the seventh and eleventh weeks, 3 rats in
control group and 5 rats in other two groups were sacri-
ficed to collect their hepatic stellate cells.

Methods
Hepatic Stellate Cells Isolation and Culture

Nonparenchymal cells were isolated from rats of the ex-
perimental groups by means of sequential perfusion with
collagenase and pronase E as described previously [18-19].
Briefly, at the beginning of the 7th and 11th wk, five rats of
each group were selected randomly to perfuse successively
with 0.13% pronase E and 0.025% type-IV collagenase
through a portal vein catheter. The liver tissue suspension
was incubated with 0.02% pronase E and 0.025% type-1V
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collagenase with agitation. Then the suspension obtained
from the digested liver was spun by centrifugation with 11%
Nycodenz density gradient to purify HSCs. Thereafter, HSCs
were seeded at approximately 1x10° cells/mL of Dulbecco’s
modified eagle medium (DMEM) with 20% fetal calf serum
in 96-well plates. Then HSCs were kept in culture at 37 °C in
a 50 mL/L CO, atmosphere for 24 h. They were identified by
their typical phase-contrast microscopic appearance and by
fluorescence microscope. Cell vitality was checked by trypan
blue exclusion.

RNA Extraction and RT-PCR

Total RNA was extracted from freshly isolated HSCs,
according to the RNA isolation kit instructions (Jingmei Bio-
technology Company of Shenzhen). Measuring the optical
density at 260 and 280 nm assessed its quantity and purity.
After measurement of RNA amount, samples were either
used immediately for reverse transcription (RT) or stored at -
70°C.

For RT, 1pg total RNA was reversely transcribed follow-
ing the instructions of first strand cDNA synthesis kit (Jing-
mei Biotechnology Company of Shenzhen). Reaction mix-
tures of 20 ul were transcribed using the following program:
at 42 °C for 60 min, 99 °C for 5 min, and stored at -20 °C

PCR system contained 2 pl cDNA, 5 pl 10xbuffer, 5 pl
25 mmol/L MgCl,, 1 pl 10 mmol/L dNTP, 1 pl 20 pmol/uL
target gene sense and anti-sense primer, 1 pl 20 pmol/uL B-
actin primer pair, 3 U Taq DNA polymerase. PCR was car-
ried out as follows: initial denaturation at 95 °C for 5 min, 30
amplification cycles (denaturation at 94 °C for 45 s, anneal-
ing T see Table 1, extension at 72 °C for 1 min) and final
extension at 72 °C for 7 min.

Electrophoresis and Semi-Quantitative Analysis

The PCR products were run on 2% agarose gel electro-
phoresis and visualized with ethidium bromide staining. Bio-
imagine system was employed to detect the density of bands
of PCR products. The values of detected products expression
were semi-quantified by scanning densitometry using the
ratios of detection/B- actin to assess the relative level. The
detection was analyzed five times.

Protein Extraction and Western Blot Analysis

Total protein was extracted from freshly isolated HSCs
according to the protein isolation kit instructions (Promega
Co. USA). HSCs specimens were homogenized, sonicated

Table 1. Primer Sequences Used in this Study
mRNA Sense primers Antisense primers product annealing
length (bp) T(°C)
Fas GAATGCAAGGGACTGATAGC TGGTTCGTGTGCAAGGCTC 414 55
FasL GGAATGGGAAGACACATATGGAACTGC CATATCTGGCCAGTA GTGCAGTAATTC 239 58
B-actinl AGC ACT TGC GGT CCA CGA GAG CTA TGA GCT GCC TGA 410 55
B-actin2 CCA ACC GTG AAA AGA TGA CC CAG GAG GAG CAATGA TCT TG 660 55
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for 15s twice in 300ul of lysis buffer, and placed on ice for
30 min. The lysate was centrifuged at 25 000 g for 15 min at
4 °C, the supernatant was collected. Measuring the optical
density at 260 and 280 nm assessed their quantity and purity.
Each 20 1 g protein sample was treated with SDS sample
buffer, denatured in boiling water for 5 minutes, separated
by SDS-PAGE on a 10% acrylamide gel, and transferred
onto a nitrocellulose (NC) membrane. After blocking for 1
hour at room temperature with 3% skim milk, the NC mem-
brane was incubated for 1 hour at room temperature with Fas
and FasL primary antibody (1:300) respectively diluted in
antibody buffer (10 mmol/L Tris-HC1 pH 7.4, 0.8% NaCl,
0.02% KCl, 0.1% Tween 20, and 3% skim milk). The NC
membrane was washed three times with washing buffer and
incubated for 30 minutes at room temperature with horserad-
ish peroxidase-conjugated secondary antibody diluted (1:
1000) in antibody buffer. After 4 washes in washing buffer,
the NC membrane was processed for autoradiography using
chemilumi nescence techniques (ECL kits), according to the
manufacturer’s instructions. The molecular mass of the pro-
tein was estimated to be relative to pre-stained size marker
(Bio-Rad Laboratories, USA).

Statistical Analysis

All data were expressed as mean+SD; t test was used for
comparison between groups. SPSS10.0 was used to describe
the difference between groups. P values less than 0.05 were
regarded as statistically significance.

RESULTS
Animal Model

Liver fibrosis, as shown histologically, became remark-
able during the treatment with CCly. In the fifth week, stea-
tosis and ballooning degeneration were obvious. In the sev-
enth week, the collagen fibers increased and began to extend
to the parenchyma. In the ninth week, complete fibrous septa
were seen and pseudobulbar structures were also present
occasionally. In the IL-10-intervention group, the CCly-
caused alterations as described above seemed to be markedly
alleviated, with no evident changes observed in the fifth
week, less profound steatosis and necrosis noted in the sev-
enth week, and only early-stage fibrosis found in the ninth
week (Fig 1A-C).

Fig (1A). Liver of rats in group C (7th week, H-E staining, x100).
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Fig (1C). Liver of rats in group I (11th week, H-E staining, x100).

Hepatic Stellate Cells Identification

The HSCs were isolated successfully. Stellate cells were
identified by immunohistochemistry with a monoclonal anti-
body against desmin. Greater than 95% of the isolated cells
were stellate cells (Fig. 2A). The cells’ viability was deter-
mined by trypan blue exclusion staining with viability over
90%. In group C, the cells contained pseudopodium and re-
fracted particles. In the eleventh week, the HSCs of group I
become surrounded with pyknotic nucleus, as the vigor of
cells was weak (Fig. 2B).

Fig (2A). Desmin staining of HSC (x100).
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Fig (2B). HSC of rats in group I (11th week, x200).

Relative Quantities of Fas and FasLL mRNA in HSCs

The Fas and FasL mRNA can be measured in HSCs of
control group. The mRNA of Fas and FasL in fibrotic group
were significantly increased time-dependently compared to
those of control group. After being treated with IL-10, the
expression level of Fas and FasL mRNA was higher than
those of fibrotic group. The expression of Fas and FasL
mRNA increased in the course of the liver fibrosis, and
would be furthered by IL-10 (Fig 3 A-B). Comparison of Fas

12 3 M 45 6

Fig (3A). Fas mRNA expression on HSCs (414bp).

Lane 1- group N, Lane 2- group I (11th week), Lane 3- group I (7th
week), M- maker, Lane 4 - group C (7th week), Lane 5- group C
(11th week), Lane 6- group N.
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and FasL mRNA expression levels between 3 groups shown
in Table 2.

The Expressions of Fas and FasL Protein in HSCs

The western-blot analysis showed that no FasL protein
was found in control group and that the expression of Fas
and FasL protein (48KD and 40KD, respectively) in fibrotic
group was significantly increased time-dependently com-
pared to those of control group. After being treated with IL-
10, the expression level of Fas and FasL protein was higher
than those of fibrotic group. (Table 3 and Fig. 4 A-B).

DISCUSSION

Hepatic fibrosis is a wound healing response comprising
reversible scarring that occurs in almost all patients with
chronic, but not self-limited liver injury. Ultimately, hepatic
fibrosis leads to cirrhosis, characterized by nodule formation
and organ contraction. The causes of cirrhosis are multiple
and include congenital, metabolic, inflammatory, and toxic
liver diseases. In all circumstances, the composition of the
hepatic scar is similar. In normal liver, HSCs are nonparen-
chymal, quiescent cells whose main functions are to store
vitamin A and probably to maintain the normal basement
membrane-type matrix. However, numerous in vivo and in
vitro studies indicate that in response to liver injury, HSCs
undergo an activation process in which they lose vitamin A,

B-actin

Fas L

Fig (3B). FasL mRNA expression on HSCs (239bp).

Lane 1- group I (11th week), Lane 2- group I (7th week), Lane 3-
group N, M- maker, Lane 4 —group N, Lane 5- group C (7th week),
Lane 6- group C (11th week).

Table 2. Expression Levels of Fas and FasL. mRNA in HSCs Between 3 Groups

Fas FasL
Group
Group N group C group I group N group C group I
7" week 0.36+0.02 0.66+0.02 0.74+0.02° 0.34+0.03 0.45+0.03 0.52+0.05*
11" week 0.40+0.01 0.72+0.02* 0.73+0.04° 0.36+0.05 0.62+0.04 0.83+0.04"

a: vs. group C and group N P<0.05, b: vs. 11" week of group C P>0.05.
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Table 3. Expression Levels of Fas and FasL Protein in HSCs Between 3 Groups
Fas FasL
Group
Group N Group C Group 1 Group N Group C Group I
7" week 0.56+0.02 0.92+0.02 0.99+0.02° 1.24+0.03 1.36+0.16"
11" week 0.58+0.02 0.96+0.16 1.2240.03" 1.334+0.03 1.3940.19°
a P<0.05.

j R SR J—

Fig (4A). Fas protein expression on HSCs (48kD).

Lane 1- group N, Lane 2- group C (7th week), Lane 3- group C (11th
week), Lane 4 - group I (7th week), Lane 5- group I (11th week).

o230 d 6

— — —— — 3-actin

e s — — s |

Fig (4B). FasL protein expression on HSCs (40kD).

Lane 1- group N, Lane 2- group C (7th week), Lane 3- group C (11th
week), Lane 4 - group I (7th week), Lane 5- group I (11th week).

become highly proliferative, and synthesize fibrotic matrix
rich in type I collagen. HSCs are central to the process of
hepatic fibrosis; the activation, proliferation and apoptosis of
HSCs have close relationship with the formation and devel-
opment of liver fibrosis. This understanding has helped to
identify underlying mechanisms, and will likely lead to new
therapies for fibrotic diseases of many organs, including
liver. To inhibit the activation and proliferation of the HSCs
and promote their apoptosis has become the most important
therapeutic approach for liver fibrosis. Attention is now in-
creasingly focused on how liver fibrosis regresses, and in
particular, on the fate of activated stellate cells as fibrosis
recedes. The fate of activated stellate cells during resolution
of liver injury is uncertain, but may include reversion to a
quiescent phenotype and/or selective clearance by apoptosis
[20]. Saile B [21] reported that resting HSCs displayed
no sign of apoptosis and spontaneous apoptosis became
detectable in parallel with HSCs activation, suggesting
that apoptosis might represent an important mechanism
terminating proliferation of activated HSCs. Recent
animal studies have used gliotoxin, which provokes

selective apoptosis of stellate cells in culture and in
vivo, leading to reduced fibrosis [22]. So, as the liver
injury resolves, apoptosis of activated HSCs may in-
volvein the reversion of liver fibrosis [23]. Stellate cells
contain several families of apoptotic mediators, includ-
ing Fas/FasL, TNF receptors (including those for nerve
growth factor), and Bcl/Bax, so that additional targets
to promote apoptosis will likely be exploited in the fu-
ture [24]. Fas is known as an important mediator of apopto-
sis, and act as an inducer of apoptosis in Fas-expressing cells
in response to ligand binding (FasL) [25]. Apoptosis of
HSCs in course of activation is accompanied by an increased
expression of FasL by the HSCs themselves. The activated
HSCs possess more Fas and FasL, compared with HSCs in
the resting and transitional phase, the apoptosis of HSCs
could largely be inhibited by blocking Fas, indicated that
Fas/FasL system is the major tool for initiation of apoptosis
[26]. Our data shows that with the development of liver fi-
brosis, the Fas/FasL system mRNA and protein express in-
creased, this result is coincident with the literature, in addi-
tion, IL-10 could promote the expression of Fas and FasL in
activated HSCs, implying that IL-10 may promote activated
HSCs into apoptosis through binding FasL to Fas on the cell
membranes of HSCs.

IL-10 is an important immunoregulatory cytokine pro-
duced by many cell populations, such as lymphocytes and
macrophages as well as cells within liver such as Kufffer
cells, hepatocytes and HSCs. It has profound inhibitory ac-
tions on macrophages and inflammation. The main biologi-
cal function of IL-10 is to limit and terminate inflammatory
responses and to regulate differentiation and proliferation of
immune cells such as T cells, B cells, natural killer cells, and
granulocytes [27-29]. Previous studies showed that IL-10
had additional effects on liver fibrogenesis, such as on HSCs
[30]. In highly purified preparations of rat HSCs, messenger
RNA (mRNA) for IL-10 was detected by reverse-transcrip-
tion polymerase chain reaction (RT-PCR), from the time of
isolation to 120 days of culture on plastic. Long-term cul-
tures of unstimulated mouse HSCs secreted IL-10 protein as
detected by immunoblotting and specific enzyme-linked
immunosorbent assay (ELISA). IL-10 protein was undetect-
able by immunohistochemistry in mouse HSCs for the first 3
days in culture. After this, the percentage of IL-10-positive
cells increased to 45% at day 7 and 100% by day 14, and
expression of IL-10 continued in long-term cultures of up to
120 days. These indicated the important role of IL-10 in liver
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fibrosis [31]. IL-10 could inhibit the activation of HSCs by
inflammatory cells [32], relieve the inflammation of liver
[14-15,33], suppress the function of NF-xB [34], affect the
expression of collagen I and collagenase [35], and thus exert-
ing an antifibrogenesis effect [36]. Failure for HSCs to sus-
tain IL-10 expression might underlie pathologic progression
to liver cirrhosis [15, 35]. IL-10 plays a role in inflamma-
tory, malignant and autoimmune diseases and recombinant
human IL-10 has been produced and tested in clinical trials,
suggesting that IL-10 may become a new therapeutic target
[37]. IL-10 may be useful in the treatment of chronic liver
diseases regarding the prevention of advanced fibrosis and
cirrhosis [38].
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