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Abstract

AlIM: To observe the possible effects of transforming growth
factor (TGF) b, interleukin (IL)-6, tumor-necrosis factor
(TNF) a and IL-10 on experimental rat hepatic fibrosis.

METHODS: One hundred SD rats were divided randomly
into the three groups. Control group received intraperitoneal
injection of saline (2 ml-kg?), twice a week. Fibrogenesis
group was injected intraperitoneally with 50% carbon
tetrachloride (CCl,) (2 ml-kg?) twice a week. Fibrosis-
intervention group was given IL-10 at a dose of 4 ng-kg*
20 minutes before CCl, administration from the third week.
At the fifth, seventh, and ninth weeks, 7 to 10 rats in each
group were sacrificed to collect serum. Levels of TGF-by,
TNF-a, IL-6 and IL-10 were determined by enzyme-linked
immunosorbent assay (ELISA). The liver tissues were taken
for routine histological examination.

RESULTS: Hepatic fibrosis was developed with the injection
of CCl,. Values of the circulating TGFb,, TNFa, IL-6 and IL-
10 in the control group were 25.49+5.56 ng-L?, 15.18+3.83
ng-L*, 63.64+13.03 ng-L*! and 132.90+12.13 ng-L?,
respectively. Their levels in the CCl,-intoxication group were
31.13+6.41 ng-L?, 18.91+5.31 ng-L?, 89.08+25.39 ng-L* and
57.63+18.88 ng-L?, respectively, and those in the IL-10-
intervention group were 26.11+5.32 ng-L*,13.99+1.86 ng-L™,
74.71+£21.15 ng-L* and 88.19+20.81 ng-L™!, respectively. A
gradual increase was observed in the levels of TGFb;, TNFa
and IL-6 during hepatic fibrogenesis. These changes were
partially reversed by simultaneous administration of IL-10. The
histological parameters, characterized by CCl.,-intoxification,
also seemed to be improved with IL-10 treatment, the collagen
production was reduced at the ninth week and the histological
activity index was decreased from 7.9+1.2 to 4.740.9.

CONCLUSION: TGFb;, TNFa and IL-6 may play important
roles during CCl,-induced hepatic fibrogenesis, and IL-10
may counterbalance their effects.
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INTRODUCTION

Hepatic fibrosisis a common process of chronic liver injuries,
characterized by increased deposition and atered composition
of extracellular matrix (ECM)*3, Itsfinal stageis cirrhosis,
with the liver architecture distorted by collagen bands and
formation of islands of regenerating parenchymal cellg*®.
Advanced fibrosis and cirrhosis are generally considered
irreversible conditions. Many of the cellular mechanisms have
been associated to hepatic fibrosis. Cytokines are soluble
autocrine and paracrine mediators®. Expression of several
cytokines has been described in human liver diseases and
experimental liver injuries. Carbon tetrachloride (CCl,) isa
hepatotoxin, causing liver necrosis, fibrosisand cirrhosiswhen
administered sequentially. Hepatotoxicity isthought to involve
two phased”. First, CCl, is metabolized by cytochrome P450
in hepatocytes, giving rise to highly reactive trichloromethyl
radicals. Second, inflammatory responses caused by CCl, play
an important role. In the latter process, some hepatic cells,
including Kupffer cells (KCs), hepatic stellate cells (HSCs)
and sinusoidal endothelial cells (SECs), are activated to secrete
cytokines which mediate the liver fibrogenesis. Several
functions have been attributed to cytokines, including
activation of HSCs, modulating expression and deposition of
matrix proteins and regul ating the regeneration of hepatocytes.
Therefore, resolution of liver fibrosis could be associated with
the downregulation of inflammatory responses mediated by
cytokines®9. Among the cytokines, transforming growth factor
(TGF) b, is associated to the activation of HSC and the
following production of ECM™®, Tumor-necrosisfactor (TNF)
a and interleukin (IL)-6 are considered major hepatotoxicity
mediatorsin several experimental models of liver injuries®Y,
IL-10 can modulate the inflammatory response and alleviate
hepatotoxicity!*?. In the present study, levels of circulating
TGFb;, TNF-a, IL-6 and 1L-10 were measured to investigate
their possible roles during CCl,-induced hepatic fibrogenesis
inrats.

MATERIALS AND METHODS

Animals

One hundred SD rats, weighing 140 to 180 g, were divided
randomly into control (n=24), fibrogenesis (n=40) and fibrosis-
intervention groups (n=36). All rats were bred under routine
conditions (room temperature, 22 C+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). Thecontrol ratswereinjected intraperitoneally
with saline at adose of 2 ml- kg, twice aweek. Theratsin the
other groups received intraperitoneal injection of 50% CCl,
(2 ml- kg™, twice aweek, asdescribed previoudy*¥. From the
third week, the rats in intervention group were given
intraperitonedly IL-10 (4 ng- kg, dissolved in sdling) 20 minutes
before CCl, administration, as proposed by Nelson et alt*4,
All injections were performed at Monday and Thursday, with
their body weights determined before each injection. In the
fifth week, 3 rats in the fibrogenesis group and 2 in the
intervention group died. In the seventh week, 8 and 4 animals
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in these two groups died. In the ninth week, 10 and 6 died. At
this time point, 3 rats in the control group also died. In the
fifth, seventh and ninth weeks, 7 to 10 ratsin each group were
sacrificed to collect plasma from the common carotid artery
and their liver samples.

Histological examination

The formalin-fixed liver tissues were embedded in paraffin.
Sections were stained with hemotoxylin and eosin (HE) and
examined under a light microscope independently by two
pathologists. Stages of fibrosis were assessed using a semi-
guantitative score method as described previoudy. Histological
activity index (HAI) was evaluated using a numerical system
proposed by Knodell et al®*®l.

Enzyme-linked immunosorbent assay (ELISA)

Serum was collected by centrifugation at 4 °C and frozen till
use. The levels of TGF-b;, TNF-a, IL-6 and IL-10 were
measured by EL1SA using the kitsfollowing the manufacture’ s
instructions (Endogen Company, USA). Briefly, diluted serum
samples were added in duplicate to 96-well plates coated with
antibody and incubated at 37 °C for 2 hours. After each well
was washed five timeswith washing buffer, peroxidase-labeled
secondary antibody was added to each well and the plate was
incubated at 37 °C for 1 hour. After each well waswashed in a
similar manner, the plate was incubated with tetramethylbenzine
at room temperature for 20 minutes. The reaction was stopped
by adding 1 N sulfuric acid. Optical density was measured at
450 nm using aspectrophotometric reader. Sample concentration
was accessed by a standard curve.

Statistical analysis

All datawere expressed as x+s, t test was used for comparison
between groups. P values less than 0.05 were regarded as
statistically significance.

RESULTS

Animal model

Liver fibrosis, as shown histologically, became remarkable
during the treatment with CCl,. In the fifth week, steatosisand
ballooning degeneration were obvious. In the seventh week,
the collagen fibers increased and began to extend to the
parenchyma. In the ninth week, complete fibrous septa were
seen and psedolobular structures were also present
occasionaly. In the IL-10-intervention group, the CCl ,-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 seventh week,
and only early-stage fibrosis found in the ninth week. HAI
decreased from 7.9+1.2 in the fibrogenesis group to 4.7+0.9
in the IL-10-intervention group (P<0.05) (Figures 1-5).

Figure 1 Liver of mormal rat (H-E staining, x100).

x100).

Figure 3 Liver of rats in group C (the seventh week, H-E
staining, x100).

Figure 4 Liver of rats in group C (the ninth week, H-E staining,
x100).

Figure 5 Liver of rats in group E (the ninth week, H-E staining,
x100).

Serum levels of TGFb,, TNF-a, IL-6 and IL-10

Asshown in Figure 6, the level of circulating IL-10 was lower
in fibrogenesis group than in the control group (P<0.05). The
levels of TGF-b;, TNF-a and IL-6 in were higher in
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fibrogenesis group than in the control group (P<0.05).
However, values of these three cytokines were significantly
reduced after the intervention treatment with IL-10 (P<0.05),
being similar to the levels in the control group (P>0.05).
Therefor, serum concentrations of TGF-b,, IL-6 and TNF-a
were increased during CCl,-caused hepatic fibrogenesis.

Table 1 Concentrations of TGF-b;, TNF-a, IL-6 and IL-10 in
sera from different groups (ng-L%)

Numbers TGF-b;
of rats

Groups TNF-a IL-6 IL-10

Control (N) 21 25.49+556 15.18+3.83 63.64+13.03 132.90+12.13%°
Fibrogenesis (C) 30 31.13#6.41 18.91#5.31 89.08+25.39 57.63+18.88
1L-10- 30 26.114#5.32 13.99+1.86 74.71+21.15 88.19+20.81°
intervention (E)

2P<0.05 vs. C, ®P<0.05 vs. E, °P>0.05 vs. C.
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Figure 6 Levels of TGF-b;, TNF-a, IL-6 and IL-10 in serum
from control, fibrogenesis and IL-10-intervention groups.

Asshown in Figures 7-10, concentrations of TGF-b,, TNF-

a and IL-6 weregradualy increased d ong with CCl-intoxification

(P<0.05). These changeswere partialy reversed by the treatment
with IL-10, particularly in the ninth week (P<0.05).
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Figure 7 Levels of TGF-b; in serum from control (-4 -),
fibrogenesis (-M-) and IL-10-intervention groups (-A-).
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Figure 8 Levels of TNF-a in serum from control (-4 -),
fibrogenesis (-M-) and IL-10-intervention groups (-A-).
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Figure 9 Levels of IL-6 in serum from control (-4-), fibrogenesis
(-m-) and IL-10-intervention groups (-A-).
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Figure 10 Levels of IL-10 in serum from control (-4 -),

fibrogenesis (-M-) and IL-10-intervention groups (-A-).

DISCUSSION

Previous data have shown that rats chronically exposed to
CCl, wereresistant to cirrhosis. In rats, exposed to CCl, for
8 to 12 weeks could result in localized fibrosis?®®. In the
present study, fully developed hepatic fibrosis was observed
in the rats after 9 weeks of CCl, intoxication. The contents of
cytokines in serum were found to vary during the process.
Cytokines constitute a complex network involved in the
regulation of inflammatory responses and homeostasis of organ
functions. Following liver injury, a wound healing process
evolves, including proliferation of surrounding hepatocytes,
proliferation and differentiation of stem cells, and conversion
of parasinusoidal cellsinto activated HSCs capable of driving
the accumulation of ECM. If the injuries were persistent or
the wound healing process was aberrant, the final phenotype
might be afibrotic, dysfunctional livert®. A number of cytokines
and growth factors could augment or inhibit the fibrotic
response to injuries®®, Accumulating dataindicate that HSCs
arethe major source of fibrillar and non-fibrillar matrix proteins
during hepatic fibrogenesis. When activated, HSCs could
proliferate and transform to a myofibroblast-like phenotype,
expressing a-smooth muscle actin (a-SMA) and collagen
types|, 111 and IV, fibronectin and proteoglycani®®. It has been
found several cytokines play roles by acting on HSC, and
among them, TGF-b; isone of the most important cytokines
involved in the fibrotic and cirrhotic transformation of the
liver221 After afibrogenic injury, expression of three forms
of TGF-b isgreatly upregulated in HSCs. It was reported that
administration of TGF-b, in vivo induced an inflammatory
reaction, and knock-out of TGF-b; generesulted in widespread
inflammatory diseases. Therefore, TGF-b; may have a pro-
inflammatory effect.

TNF-a was originally identified as a circulating factor that
resulted in remarkable hemorrhage and necrosis of tumorswhen
administered to tumor-bearing mice. It has been implicated in
a number of liver diseases and is an important mediator of
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many physiological conditions. Several evidences suggest that
TNF-a is among the most crucial components in the early
signaling pathways leading to regeneration. However, there
has been evidence that TNF-a is a primary endogenous factor
mediating acute inflammatory conditions such asendotoxic
shock. It appears that inhibition of the TNF-a effect might
have a broader clinical application value than expected
previously?, In several anima models of immune-mediated
liver injury or hepatotoxin sensitization, TNF-a administration
could lead to hepatocyte apoptosis and liver failure?”. Besides
its modulation effect on ECM production, TNF-a has been
considered a mediator of cell injuries in liver caused by
alcoholism, reperfusion, primary graft nonfunctional, graft
rejection and endotoxic insult®??1, TNF-a is expressed by both
infiltrating inflammatory cells and hepatocytesin chronic liver
injuries, and it has been proposed to play an important role
during tissue damage'®!. Our data provide afurther evidence
for the role during hepatic fibrosis.

Theroleof I1L-6 during chronic liver injuriesand fibrogenesis
remains to be clarified. Some reports provided evidences for
an important role of IL-6 in reducing CCl-induced acute and
chronic liver injury and fibrosig®*, However, some other data
showed that the serum level of 1L-6 was associated with hepatic
necroinflammatory activity in patients with chronic hepatitis
and cirrhosig®=, Our results support the latter view. Animal
experiments showed that 1L-6 was associated to activated HSCs
during acute and chronic injuries, indicating that IL-6 is a
responsive element to liver injuries. Moreover, CCl,-induced
expression of TGF-b; and hepatocyte growth factor in liver
was shown to be associated with the serum level of IL-6. Thus,
IL-6 might be vitally involved in fibrotic changes, partly by
modulating intrahepatic expression of other cytokines®=7,

Recent studies have suggested a protective role of 1L-10
during liver transplantation and experimental liver injuries
induced by galactosamine and lipopolysaccharide’®®. However,
the mechanism of the protective effectsis not fully understood.
IL-10 is a potent anti-inflammatory cytokine that inhibits the
synthesis of pro-inflammatory cytokines by T helper type 1
cells. It is produced locally in the liver and actsin an autocrine
or a paracrine manner. Previous reports indicated that IL-10
had some role in remodeling ECMB%4%, |L-10 was shown to
downregulate the synthesis of collagen type | and to upregulate
expression of metalloproteinase. It could also play an
antifibrogenic role by downregulating the profibrogenic
cytokines including TGF-b; and TNF-al*4, Nelson et al
treated 24 patients with chronic hepatitis C using 1L-10, and
found that IL-10 administration resulted in reduction of the
serum ALT level, partia resolution of the hepatic inflammation
and alleviation of the fibrosis*¥, IL-10 may be useful in the
treatment of chronic liver diseases regarding the prevention of
advanced fibrosis and cirrhosis*?.
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