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Abstract

AIM: To explore the relationship among interferon-y
(IFN-y) activity, fibrogenesis, T cell immune responses
and hepatic inflammatory activity.

METHODS: Peripheral blood samples from a total of 43
hepatitis B cirrhotic patients (LC) and 19 healthy controls
(NC) were collected to measure their serum levels of
IFN-y, interleukin-2 (IL-2), soluble interleukin-2 recep-
tor (sIL-2R), interleukin-10 (IL-10) and three serological
markers of fibrosis including hyaluronic acid (HA), procol-
lagen type III peptide (PIIIP), and type IV collagen were
measured using a double antibody sandwich ELISA. Also,
serum total bilirubin (TB) and alanine aminotransferase
(ALT) were measured by routine measures.

RESULTS: The concentrations of serological markers of
fibrosis in patients with active cirrhosis (ALC) were sig-
nificantly higher than those in stationary liver cirrhosis
(SLC) or NC groups. The levels of serological markers in
HBeAg-positive patients were significantly higher than
those in HBeAg-negative patients. In SLC and ALC pa-
tients, a negative linear correlation was found between
IFN-y levels and the serological markers of fibrosis. IFN-y
and IL-2 levels in the ALC group were significantly higher
than those in the SLC and NC groups, but the statistical
difference was not significant between the latter two. In
contrast, IL-10 levels in the SLC group were significantly
higher than that in the NC group, but no significant dif-
ference was found between SLC and ALC groups. The
sIL-2R level was elevated gradually in all these groups,
and the differences were significant. Positive linear cor-
relations were seen between IFN-y activity and ALT lev-
els (r = 0.339, P < 0.05), and IL-2 activity and TB levels
(r = 0.517, P < 0.05). sIL-2R expression was positively
correlated with both ALT and TB levels (» = 0.324, 0.455,

P < 0.05), whereas there was no statistically significant
correlation between IL-10 expression and serum ALT and
TB levels (r = -0.102, -0.093, P > 0.05). Finally, there
was a positive correlation between IFN-y and IL-2 levels.

CONCLUSION: T cell immune responses are correlated
with fibrosis and hepatic inflammatory activity and may
play an important role in liver cirrhosis.
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INTRODUCTION

In Chinese population, infection with the hepatitis B
virus is the major cause of liver injury. Inflammation
stimulates hepatic stellate cells, which have been shown
to be involved in fibrogenesis. Liver fibrosis is primarily
due to an imbalance of proliferation and degradation of
the extracellular matrix (ECM) triggered by hepatocytic
necrosis and inflammation. Liver fibrosis is characterized
by a frequent release of cytokines, such as transforming
growth factor B1 (TGF-B1), platelets-derived growth
factor (PDGF), tumor necrosis factor o, (TNF-a), 1L-0,
interferon-y (IFN-y), hepatocyte growth factor (HGF),
insulin-like growth factor (IGF) and IL-10". Currently,
the serum markers of fibrosis are hyaluronic acid (HA),
procollagen type III peptide (PIIIP), and type IV collagen.
These markers are used to reflect the activity of hepatic
fibrotic process'”.

The relationship among immune response, viral
clearance, inflammatory process, and liver fibrosis is very
complicated. IFN-y is not only an anti-fibrotic agent,
but also a Thl-type cytokine, which participates in the
immune response involved in fibrogenesis, as well as the
inflammatory process. Thus, the role of T cell immune
response in hepatic fibrosis is not clear.

The goal of this study was to characterize the
relationship among T cell immune responses, inflammatory
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activity and liver fibrosis. Thus, we assayed serum levels
of IFN-y and other T cell-type cytokines and serological
markers of fibrosis in patients with varying degrees of
liver inflammation stemming from hepatitis B cirrhotics.

MATERIALS AND METHODS

Patients
Forty-three patients with LC (18 females and 25 males
with a mean age of 58.4 years) and 19 normal healthy
adults (NC) (9 females and 10 males with a mean age
of 51.4 years) were enrolled in this study. The patients
with LC were all diagnosed by the same pathologist and
classified according to WHO?’s histological classification
of LC. Among them, six patients were HBeAg-positive.
The patients were confirmed to have moderate hepatic
fibrosis pathology, according to the Scheuer and Chevallier
scoring system™, stemming from chronic hepatitis B for
6 months to 30 years and none had received any form of
antiviral therapy. Twenty-three of the cases were placed
in the stationary LC (SLC) group and twenty cases in
the active LC (ALC) group. Group designations were
made according to the “2000 National Prevention and
Treatment Plan of Viral Hepatitis”, in which inflammation
grades (G) were classified as GO, G1-2, G3 and G4 for no
inflammation, mild, moderate and severe inflammation,
respectively. SLC was defined as LC patients with normal
level of aminotransferase, no obvious jaundice and no or
mild inflammation according to pathologic inflammation
grade. ALC was defined as LC patients with elevated
aminotransferase and bilirubin, and moderate or severe
inflammation according to pathologic inflammation grade.
The clinical pathological features of each patient were
reviewed and are shown in Table 1. Written informed
consent was obtained from all subjects before study entry.
Peripheral whole blood samples were collected from
patients and normal controls and serum was frozen at
=70 °C until used.

Enzyme-linked immunosorbent assay (ELISA)
We measured the serum levels of IFN-y, IL-2, sIL-2R and
IL-10 as well as HA, PIIIP, IV-C by the double antibody
sandwich ELISA. The IFN-y assay kit was provided by
the American R&D Corporation, IL-2 detecting reagents
were purchased from the French Diaclone Corporation,
and the kits for sIL-2R and IL.-10 were obtained from
Beijing Jinmei Biotech, Beijing. HA, PIIIP and collagen
IV were determined using kits from Shanghai Maoyuan
Biotech, Shanghai. Assays were performed following the
manufacturer’s instructions. Optical density of each well
was determined within 30 min, using a microplate reader
set at 450 nm.

Serum total bilirubin (IB) and alanine aminotransferase
(ALT) were measured by routine methods.

Statistical analysis

All biochemical data were expressed as mean = SD. SPSS
PC+ software package was used to analyzed differences
between groups for statistical significance using # tests.
Differences were considered significant when P values
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Figure 1 PIIIP, HA and type IV collagen levels in the three groups. There was a
statistically significant difference between ALC and NC (°P < 0.01, ALC vs NC) and
ALC and SLC (°P<0.01, ALC vs SLC).
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Figure 2 Relationship between serologic markers of fibrosis and HBeAg. There
were statistically significant differences in levels of serologic markers of fibrosis
between HbeAg (+) and HbeAg () groups (°P < 0.01).

were < 0.05. Additionally, Pearson’s correlation coefficients
were calculated.

RESULTS

Serological markers of fibrosis and HBeAg

Figure 1 shows the concentrations of serological markers
of fibrosis in NC, SLC and ALC patients [PIIIP: 2.322
+ 2209, 16.730 + 11.142 and 41.315 £ 20.635 ng/ml;
HA: 79.247 £ 28.531, 752.870 * 114.838 and 1 013.300
+ 252.988 ng/mlL; type IV collagen: 101.974 + 27.855,
323.661 + 104.021 and 747.950 £ 160.929 ng/mL (/’P <
0.01 for all)]. The concentrations of serological markers of
fibrosis in the ALC group patients were significantly higher
than those in the SLC or NC groups. In addition, levels
of serologic markers of fibrosis were significantly higher
in HbeAg-positive patients as compared with the HBeAg-
negative patients [PIIIP: 49.774 + 21.831 »s. 24.665 *
17.996 ng/mL; HA: 1 207.650 + 79.832 »s. 819.866 £
203.495 ng/mL; type IV collagen: 1 007.614 + 286.012 »s.
442,105 * 84.827 ng/mL (/’P < 0.01 for all, Figure 2)].

Association of IFN-y with fibrosis

A negative linear correlation was observed between serum
IFN-y levels and serological markers of fibrosis HA, PIIIP
and type 1V collagen in patients with LC. The correlation
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Figure 3 Serum IFN-y, IL-2, sIL-2R and IL-10 levels in the three groups. IFN-y
and IL-2 levels were significantly higher in the ALC group compared to the SLC
and NC groups (°P < 0.01, ALC vs SLC; °P < 0.01, ALC vs NC), but no obvious
difference was found between the SLC and NC groups (P > 0.05, NC vs SLC).
IL-10 levels were significantly higher in the SLC group compared to the NC and
ALC groups (P < 0.01, SLC vs NC; P< 0.05, SLC vs ALC). sIL-2R levels elevated
gradually in all three groups (*P < 0.01, ALC vs SLC; °P < 0.01, ALC vs NC; °P <
0.01, NC vs SLC).

coefficients () of HA, PIIIP and type IV collagen with
IFN-y are listed in Table 2.

Association of T cell immune responses with inflammatory
activity

Figure 3 shows IFN-y, IL-2, sIL-2R and IL-10 levels in
NC, SLC and ALC groups (IFN-y: 21.213 £ 5.876, 23.619
1 8.183 and 35.881 £ 9.032 pg/mlL; IL-2: 5.404 £ 2.161,
6.003 £ 2.174 and 11.989 *+ 7.232 pg/mlL; IL-10: 320.684
1 59.864, 480.455 £ 169.554 and 570.500 + 230.451 pg/
ml; sIL-2R: 94.917 £ 33.672, 380.571 £ 92 and 848.656
* 268.105 pg/mL). IFN-y and IL-2 levels in the ALC
group were significantly higher than those in the SLC
and NC groups (P < 0.01), but no significant difference
between the SLC and NC groups was observed. 1L-10
levels in the SLC group were significantly higher than
that in the NC group (P < 0.01), likewise, there was no
significant difference between the SLC and ALC groups.
sIL-2R levels elevated gradually in all three groups, and the
differences were significant (P < 0.01).

Positive linear correlations were found between IFN-y
activity and ALT levels (» = 0.339, P < 0.05) and IL.-2
activity and TB levels (» = 0.517, P < 0.05; Table 3). sIL-
2R expression was significantly positively correlated with
both ALT and TB levels (» = 0.324, 0.455, P < 0.05). But
the correlation between 1L-10 expression and ALT and
TB levels was not significant (» = -0.102, -0.093, P > 0.05).
Furthermore, a positive correlation between IFN-y and
IL-2 levels (r = 0.324, P < 0.05) was observed.

by IL-10, 11.-4, IL-5 and IL-6 production. The cytokines
produced by Th1 and Th2 cells can influence and restrain
each other.

The present study showed that IFN-y levels were
remarkably high in the ALC group and positively
correlated with ALT levels. In fact, several studies have
shown that IFN-y is associated with elevation of ALT
levels in chronic hepatitis B patients[s’ﬁ]. This might be
due to different immune responses in chronic versus acute
infections.

Using IFN-y and 1L-2 levels to report the functional
state of Th1 cells and IL-10 levels to report the functional
state of Th2 cells in patients with L.C, we found that Th1
cells predominated in the ALC group, while Th2 cells
predominated in the SLC group. Recently, an imbalance
of Th1/Th2 cells was found in HBV-infected chronic
patients, and T cells were activated in the patients with
chronic hepatitis B". The majority of peripheral blood
mononuclear cells shown in hepatitis B patients were ThO
cells, but the proportion of Th1 cells increased remarkably
along with the hepatic inflammatory activity[sl. Thi-
type cytokines levels were higher in patients with serious
inflammation than those with milder inflammation. Our
results also showed that there was no significant difference
in IFN-y or IL-2 levels between SLC and NC groups,
thereby suggesting that Thl-type cytokines decrease with
alleviation of inflammation.

An imbalance of Thl and Th2 cells exists in patients
with LC. Our results indicated a predominance of IFN-y,
IL-2 and sIL-2R in LC patients with active inflammation
and a predominance of Th2-type cytokine IL-10 in ALC
patients. Detection of serum levels of these cytokines
might provide insight into the occurrence of liver
inflammation, immune response and outcome of the
patients.

IFN-y plays a crucial role in modulating immune
responses for HBV-induced cirrhosis”'?. Our study
showed that serum IFN-y levels were negatively correlated
with serologic markers of fibrosis in ALC and SLC
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patients, suggesting that IFN-y may play a role in the
fibrogenesis process in patients with LC. Many scholars
hypothesize that there ate two mechanisms involved in
the anti-fibrotic role of IFN-y. One role is to lower the
mRNA expression level of precollagen I, I1I in fibroblasts.
Sakaida e# a/"” found a decrease in precollagen I, I1T levels
and myofibroblasts in a rat liver fibrosis model, after
giving the rats IFN-y (50000 U) daily. A second role is
to inhibit activation and proliferation of hepatic stellate
cells. In IFN-y-treated animals, activation of hepatic
stellate cells induced by liver injury was reduced, as shown
by the decrease of proliferating hepatic stellate cells and
the reduction of parenchymal area occupied by smooth
muscle-specific alpha-actin (a-SMA)-positive cells. In
addition, there may be some other explanations. For
example, IFN-y can cause changes in the expression of
Bcl-2 and Bax genes in liver fibrosis in rats. Additionally,
IFN-y may promote myofibroblasts apoptosis and inhibit
ECM synthesis'”. Results from this study showed that
levels of serologic markers of fibrosis were much higher
in ALC than in SLC patients. Additionally, our results
showed significantly higher levels of serologic markers
of fibrosis in HBeAg-positive as compared with HBeAg-
negative patients. Taken together, the data suggest that
inflammation and viral replication promote the process of
fibrosis.

HBYV activates T cells, B cells and macrophages to
express IL-2R with high competency. It has been proposed
that sIL-2R as well as IL-2 might cause hepatic injury
in chronic active hepatitis C". SIL-2R levels decreased
substantially after IFN treatment in patients with chronic
hepatitis C. Consistent with our results, Sawayama e /'
reported an increase of sIL-2R levels in L.C patients and
a positive correlation between 1L-2 and ALT levels. The
reason for the sIL-2R increase is still unknown, but it may
be due to changes in cytokine clearance in the liver. On the
other hand, activated T cells can promote the production
of sIL-2R and may therefore augment serum sIL-2R
levels.

A low IL-10 level could lead to an increase in pro-
inflammatory cytokines and a worse prognosis. But in this
study, we found non- significant correlation between I11.-10
expression and ALT and TB levels (» = -0.102, -0.093, P >
0.05). In fact, an imbalance of 1L.-10 and IFN-y may play
an important role in promoting inflammatory reactions
leading to massive liver damage'*'”, since excessive I1.-10
secretion would restrain the immune response against the
virus. This imbalance may thus lead to a sustained hepatitis
B viral infection™**",

Because of the existence of interactions between
IFN-y and IL-2 in the immune response, we examined
IL-2 levels in the L.C patients. Our results showed that
1L-2 levels in the ALC group were significantly higher
than those in the SLC or NC groups, but IL-2 levels in the
SLC and NC groups did not differ significantly. A positive
correlation was found between IFN-y and IL-2 levels as
well as between IL-2 and TB levels.

In conclusion, IFN-y ameliorates liver fibrogenesis
and also participates in the cellular immune response as
an important Thil-type cell, which enhances the action
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Figure 4 Simplified schemes showing the effects of IFN-y on fibrosis. (+):
upregulate; (-): downregulate.

of cytolytic T cell (CTL) to clear HBV and slows the
progression of fibrosis (Figure 4). However, Thl-type
cellular immunoresponses can cause liver injury during
viral clearance. Inflammatory cells are recruited to the sites
where hepatocytic necrosis has occurred and initiates and
augments liver fibrosis. Thus, when IFN-y is given as a
treatment for LC patients during an active stage, the pro-
inflammatory role of IFN-y must be considered. At the
Annual meeting of the Americans for the Study of Liver
Disease (AASLD), IFN-y has been formally recommended
to be the preferred anti-fibrotic drug. Our results indicate
that there still remain many problems to be solved in
the course of treatment, such as IFN-y dosage, and how
to assess the efficacy of the treatment, as linked to the
stage of fibrosis, inflammatory processes and serum
concentration levels of IFN-y in those patients. However,
our results are important for evaluation and discussion of
the feasibility of IFN-y use in treating patients with liver
cirrhosis.
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