INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 27: 385-392, 2011

IL-17 expression is correlated with hepatitis B-
related liver diseases and fibrosis
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Abstract. IL-17-producing T cells (Th17) have been found
to play important roles in several liver diseases, but few
studies have evaluated the function of such cells in hepatitis B
(HBV)-related diseases, especially in hepatic fibrosis. In this
study, we examined the expression of IL-17 in patients with
different chronic HBV-related diseases, and assessed the asso-
ciation between IL-17 expression and the degree of fibrosis.
The method of immunohistochemistry was used to evaluate
the localization of intrahepatic IL-17. We demonstrated
significantly increased expression of IL-17 in HBV-related
chronic liver diseases, especially in liver fibrosis, and that the
level of IL-17 is strongly correlated with the degree of fibrosis.
Furthermore, we found that intrahepatic IL-17 was mainly
localized in the fibrosis region. Our data reveal important
roles of IL-17 and IL-17-producing cells in the progression of
HBYV related chronic liver diseases, especially in the forma-
tion of liver fibrosis.

Introduction

Hepatitis B virus (HBV) infection is one of the most impor-
tant infectious diseases in the digestive system, especially in
China, where the infection rate reaches over 58.6%. There are
more than 350 million people around the world suffering from
persistent HBV infection. Of these, 10-20% will develop liver
cirrhosis and in 1-5% the disease will progress to hepatocel-
lular carcinomas. The study of the pathogenesis of chronic
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hepatitis B and the early blocking of the disease progression
is important in order to reduce the incidence of liver cirrhosis
and hepatocellular carcinoma.

Traditionally, the imbalance of Th1/Th2 cells was consid-
ered the conventional mechanism that decided the clearance
and the development of HBV infection. Recent studies have
shown that, in reference to the different cytokines of the local
micro-environment, aside from Thl CD4* T cells producing
interferon y (IFN-y) and Th2 CD4* T cells producing IL-4,
IL-5, and IL-13, Thl7 cells comprise a newly discovered
proinflammatory T-cell subset producing IL-17. IL-17 can
mobilize, recruit, and activate neutrophils, leading to massive
tissue inlammation and can promote the progression of
autoimmune diseases (1-3). IL-17 was recently found to be
extensively involved in the pathogenesis of chronic liver
disease and antiviral immunity (4). In alcoholic liver disease,
IL-17 is also responsible for neutrophil recruitment into the
liver (5). In addition, there is research indicating a role of Th17
cells in liver damage of chronic hepatitis B (CHB) patients (6).
These studies provide evidence linking the IL-17 pathway
with immune-mediated liver injury. However, the relationship
between IL-17 and fibrosis in chronic HBV diseases remains
unclear.

Liver fibrosis is an important link in the development
of chronic viral hepatitis into cirrhosis. Recent studies have
found that both the natural and the acquired immunity systems
play important roles in regulating liver fibrosis and tissue
repair and recovery, which are vital for the maintenance of
tissue homeostasis. Macrophages regulate the induction and
resolution of liver fibrosis. Migration and positioning of T
cells is determined by patterns of cytokine and chemokine
secretion within the stroma (7). However, the participation of
IL-17 in chronic inflammation caused by HBV and its role in
liver fibrosis has not been reported.

The present study was undertaken to determine IL-17
expression in the serum, peripheral blood mononuclear
cells (PBMCs) and in liver tissues of patients with chronic
HBV-related diseases, such as chronic HBV hepatitis, chronic
severe hepatitis B, CHB, liver cirrhosis (LC), and hepatocel-
lular carcinoma; to associate liver fibrosis stages with levels
of IL-17 expression; to explore the significance of IL-17 in
HBV-related liver disease; and to suggest the possible role of
II-17 in the immune mechanism of hepatitis and liver fibrosis.
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Table I. Clinical characteristics of the populations enrolled in the study.

Chronic severe

Group CHB Cirrhosis HCC hepatitis ASC Healthy controls
Case 55 42 34 30 30 20
Sex(M/F) 32/23 29/13 24/10 22/8 18/12 14/6

Age, years (range) 31 (17-45) 51 (40-63) 54 (47-61) 47 (40-53) 31 (17-46) 34 (22-46)
HBsAg(+) 55 42 33 30 30 0
Child-Pugh (A/B/C) - 15/15/12 - - -

Materials and methods

Patients. Blood samples were collected from 55 patients
with CHB, 42 patients with post-HBV hepatitis cirrhosis,
34 patients with hepatic carcinoma, 30 patients with chronic
severe HBV hepatitis, 30 surface antigen carrier (ASC)
patients, and 20 age- and sex-matched healthy individuals
were enrolled as healthy controls. All the patients were adults,
with positive HBsAg, and all cases of cirrhosis were in the
active stage (Table I). The diagnosis was performed in line
with international diagnostic criteria. Individuals with concur-
rent HCV, hepatitis G virus, and human immunodeficiency
virus (HIV)-1 infection, autoimmune liver diseases or who
met clinical or biological criteria of bacterial or fungal infec-
tion were excluded from the study (8).

Liver samples were biopsy samples obtained from 30
patients of ASC, 55 CHB patients, and 55 LC patients.

Enzyme-linked immunosorbent assay (ELISA). Peripheral
blood samples of patients and normal controls were collected
and placed in tubes free of pyrogen and endotoxin. After
centrifugation at a speed of 1000 x g for 15 min, serum
samples were harvested and stored at -70°C until use. IL-17,
anti-HBVM and indicators of liver fibrosis including HA,
type IV collagen (IV-C), procollagen type III (PCIII) and LN
were determined in the serums using commercially available
ELISAs (R&D Systems Minneapolis, MN, USA), according
to the manufacturer's instructions. The sensitivity of the assays
was <15 pg/ml for IL-17 testing.

RNA extraction and reverse-transcription polymerase chain
reaction (RT-PCR). The RNA expression of IL-17 in PBMCs
was detected with the method of RT-PCR. The sequences
of the primers for IL-17 were 5-AGAGATATCCCTCTG
GATC-3' (forward) and 5"“TACCCCAAAGTTATCTCAGG-3'
(reverse), while the sequences of the primers for (-actin
were 5'-CATGTACGTTGCTATCCAGGC-3' (forward) and
5-CTCCTTAATGTCACGCACGAT-3' (reverse), both synthe-
sized by the BoYa Biological Reagents Company (Shanghai,
China).

Using EDTA as an anticoagulant, PBMCs were separated
by density gradient centrifugation with a lymphocyte separa-
tion medium. PCR amplifications were performed using
an Advantage cDNA PCR kit (Promega) with a 20 ul final
reaction mixture consisting of 2 ul cDNA samples, 0.3 ul of
the primers for each target cDNA, 9.9 ul of ddH,0, 12.5 ul
Advantage cDNA polymerase mix and 1 ul cDNA PCR

reaction buffer. The PCR conditions included an initial dena-
turation step at 94°C for 5 min followed by 35 cycles of 94°C
for 40 sec, 48°C for 40 sec and 72°C for 40 sec, and a final
extension step of 7 min at 72°C.

Immunohistochemical staining. Paraffin-embedded, form-
alin-fixed liver tissue sections (4 ym) were incubated with
anti-IL-17 (1:100) (H-132, sc7927, Santa Cruz Biotechnology,
lot#2407) overnight at 4°C after blocking endogenous peroxi-
dase activity with 0.3% H,0O,. Sections were then incubated
with a goat-anti-rabbit secondary antibody for 30 min. After
washing off the free antibodies with PBS, autoradiography
was performed with DAB (3,3'-diaminobenzidine) followed
by counterstaining with hematoxylin. Negative blank controls
were prepared during the staining, in which the first anti-
body was omitted and replaced with PBS. Scores were given
according to the level and the range of the color as follows: 0
points, no positive color; 1 point, <26% positive staining; 2
points, 26-50%; 3 points, 51-75%; and 4 points, >75% positive
staining.

Detection of biochemical indicators in the serum. ALT,
AST, TBil, albumin (A), globulin (G) and other indicators of
liver function were detected with an automatic biochemical
analyzer (Ci8200, Abbott Company).

Detection of serum HBV-DNA. Accurate quantification of
HBV-DNA was performed by real-time PCR. Real-time
quantitative PCR was run on a fluorescent PCR detector (PE
GeneAmp 7300) according to the manufacturer's recommen-
dations. The real-time quantitative PCR reaction contained
25 ul 2X SYBR Premix Ex Taq™ (Takara), 2 pl primer mix,
1 ul 50X ROX™ Reference Dye II, 4 ul cDNA, and 18 ul
deionized water to make a total volume of 50 pl. After setting
the amplification conditions, the experiments were repeated
twice. The primers for IL-17 were 5-AGAGATATCCCTC
TGTGATC-3' and 5-TACCCCAAAGTTATCTCAGG-3,
the primers for B-actin were 5-CATGTACGTTGCTATCCA
GGC-3' and 5'-CTCCTTAATGTCACGCACGAT-3.

Data presentation and statistical analysis. The SPSS 12.0
statistical software was used for the analysis, and the data
were displayed as mean + SME. The Kruskal-Wallis and
Mann-Whitney tests and the Pearson correlation analysis
were used to analyze all the data. A P-value of <0.05 was
considered to be significant. When pairwise comparisons
between groups with the Mann-Whitney test were analyzed,
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Table II. Serum levels and the relative ratios of cytokines in the different groups (pg/ml).
Group N IL-17 IFN-vy IL-4 IFN-vy/IL-4 IFN-y/IL-17
Control 22 28.2+7.88 78.75£12.76 30.90+4 .44 2.60+0.60 2.66+0.70
CHB 55 38.8+11.38a¢ 44.43+32 48 40.65+9.76* 1.08+0.66° 1.13+£0.852
Severe hepatitis 22 42.3+3.89b¢ 150.65+12.76%4 32.70+8.94 4.81+0.872¢ 3.68+0.423°
Hepatic cirrhosis 32 63.8+20.82° 77.49+£20.96¢ 32.83+6.87 2.38+0.49 1.69+0.922

Compared to normal controls, *P<0.05,°P<0.01; compared to hepatic cirrhosis, ‘P<0.01; compared to CHB, ‘P<0.05; compared to other groups,

P<0.01.

the corrected a-value was the applicator and a P<0.05 was
considered to be statistically significant. In order to compare
between each two data, t-tests of independent samples were
performed. Pearson correlation analysis was used to analyze
the correlation between the variables, and to judge the corre-
lation between the expression of IL-17 and the pathologic
degree, stage and serum liver fibrosis markers.

Results

Serum expressions of IL-17 and other cytokines in patients
of different groups. Compared with the normal control group,
the serum concentrations of IL-17 significantly increased in

patients with CHB, severe hepatitis B, and hepatic cirrhosis
(all P-values were <0.05). Meanwhile, the concentration of
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IL-17 in patients of the hepatic cirrhosis group was signifi-
cantly higher than that in patients of the other groups. P-values
were <0.01 compared to both the CHB and the severe hepa-
titis B groups, but there was no significant difference in the
expression of IL-17 between the CHB and severe hepatitis B
(P=0.260) groups (Table II).

Compared with the control group, IFN-y was found to be
significantly decreased in CHB group (P-values <0.01), but
it showed an opposite trend in patients with severe hepatitis,
in which IFN-y was significantly elevated compared with
the control group (P-values <0.01). Expression of IL-4 in the
CHB group was significantly higher than in the control group
(P<0.05), while no significant differences were found in the
severe hepatitis and liver cirrhosis groups compared to the
control group.

Hepatic
cirrhosis

IL-17 (519 bp)

Hepatic
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Figure 1. mRNA expressions of IL-17 in PBMCs of patients with different diseases. Lane M, marker; 1, normal control; 2, CHB; 3, severe hepatitis; 4,
hepatitis carcinoma; 5, liver cirrhosis. The expression of IL-17 in PBMCs of the four groups of patients were significantly increased compared with the control
group (P<0.01). Furthermore, the most significant increase of IL-17 expression was found in patients with liver cirrhosis, compared to the other three groups

of patients (all P-values <0.01).
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Figure 2. Different staining intensity of IL-17 in patients with different diseases (x400). Expressions of IL-17 increased in order in patients with (C) surface
antigen carrier (ASC); (D) CHB; (E) inactive liver cirrhosis; (F) active cirrhosis. The strongest expression of IL-17 was found in the patients with active liver
cirrhosis. (A) and (B) blank control.

Figure 3. Localization of IL-17 (x400). Strong positive staining was observed in the following regions: (C) fibroblasts of the fibrosis areas; (D) sinusoidal
endothelial cells; (E) lymphocytes of fibrosis areas and (F) periportal and fibrosis areas. Positive staining was mainly detected in the cytoplasm, cell mem-
brane and interstitium; (A) and (B) blank control.
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Table III. Score of intrahepatic IL-17 expression and markers of fibrosis in serum of patients with different diseases (pg/ml).

Group IV-C LN HA PCIII IL-17 score
ASC 108.25+20.23 92.67+10.35 92.46+17.88 8.77+1.46 0.87+0.63

CHB 256.54+10.83% 104.21£12.66 143.53+16.982 14.76+4.58° 2.58+0.19°
Cirrhosis 398.67+11.54° 361.33+10.89° 344 .23+15.64° 24.60+6.18° 3.75+0.44°

iP<0.05,"P<0.01 compared to ASC.

Table IV. Score of intrahepatic IL-17 expression and markers of fibrosis in serum of patients with different grades of fibrosis

(pg/ml).

Stage N IV-C LN HA PCIII IL-17 score
SO 12 101.38+17.23 89.38+14.94 85.75+9.98 8.38+1.41 0.75+0.71
S1 32 131.50+40.71¢ 103.00+18.92 108.36+31.69 922+1.44 1.36+0.76*
S2 48 275.14+90.51° 237.58+80.16 239 .42+70.04° 15.67+4 280 2.50+0.83¢
S3 27 348.06+72.31° 284.88+86.09 305.88+56.49° 17.65+3.33 3.12+0.69
S4 42 405.30+62.28¢ 380.05+58.28° 361.25+75.29 24.60+6.18° 3.75+0.44°

4P<0.05,°P<0.01 compared to SO.

mRNA expressions of IL-17 in PBMCs of patients of different
groups. IL-17 mRNA expression in PBMCs of patients of the
four groups was enhanced (all P-values <0.01), especially in
patients of the hepatic cirrhosis group, among which mRNA
expressions of IL-17 were significantly higher than in the other
three groups (all P-values <0.01). Meanwhile, mRNA expres-
sions of IL-17 in hepatic cancer were found to be higher than
in the CHB and severe hepatitis groups (all P-values <0.01).
No obvious difference in IL-17 mRNA expression was found
between patients of the CHB and the severe hepatitis groups
(P=0.857) (Fig. 1.

Histological expression of IL-17 in the liver of patients of
different groups. There was no positive staining in blank
controls (Fig. 2A and B), but with the progression from ASC,
to chronic hepatitis B, to post-HBV hepatitis cirrhosis, the
expression of IL-17 increased in order (Fig. 2).

IL-17 was mainly localized in periportal areas, in lympho-
cytes of the fibrosis area, in fibroblasts and in sinusoidal
endothelial cells (Fig. 3). Positive staining was detected in the
cytoplasm, cell membrane and interstitium.

Relationship between liver expression of IL-17 and the level
of liver fibrotic markers. As the liver diseases progressed,
the degree of hepatic inflammation and liver fibrosis got
higher, which were manifested by gradual increases in
the expression of four indicators of liver fibrosis, namely,
IV-C, LN, HA, and PCIII. In our study, expressions of these
fibrotic markers of patients with post-hepatitis cirrhosis
(398.67+11.54; 361.33+10.89; 344.23+15.64; 24.60+6.18)
were significantly higher than those of the patients with CHB
(256.54£10.83; 104.21+12.66; 143.53£16.98; 14.76+4.58).
Meanwhile, the expressions of IV-C, HA, and PCIII of the
CHB group were also significantly higher than those of the
HBV ASC (108.25+20.23; 92.46+17.88; 8.77+1.46) (P<0.05)
(Tables III).

When classified by the diseases, consistent with the altera-
tions of the fibrotic markers in the different groups of patients,
the intrahepatic expression of IL-17 in patients of the post-
hepatitis cirrhosis group (3.75+0.44) was significantly higher
than that of the patients with CHB (2.58+0.19) (P<0.01), and
the latter was also significantly higher than that of the HBV
ASC (0.87+0.63) (P<0.01) (Table III).

Table V. Score of intrahepatic IL-17 expression in different hepatic inflammation stages (pg/ml).

Stage N IV-C LN HA PCIII IL-17 score
GO-1 44 122.45+68.37 106.90+61.92 99.03+48.38 9.28+2.36 0.97+0.77

G2 53 224.74£92.39° 175.18+83.27° 189.67+£78.75° 13.38+5.62° 2.28+0.79°
G3 44 348.06+72.31° 284.88+86.09° 320.30+59.28° 19.50+4.87 3.30+0.75°
G4 20 418.14+£56 .43 396.00+65.322 411.43+65.00° 27.43+4.96° 3.86+0.372

“P<0.05,"P<0.01 compared to GO-1.
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Table VI. Correlation.
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IL-17 ALT  AST HA LN C3 Cc4 G S LGHBV
IL-17 Pearson correlation 1 225 367 .832 818 767 .849 783 812 -.081
2-tailed significance . 021 000 000 000 000 000 000 000 411
N 105 105 105 105 105 105 105 105 105 105
ALT Pearson correlation 225 1 .804 297 282 246 297 253 157 076
2-tailed significance 021 . 000 002 004 012 002 009 A11 441
N 105 105 105 105 105 105 105 105 105 105
AST Pearson correlation 367 .804 1 444 480 436 449 479 357 028
2-tailed significance 000 000 . 000 000 000 000 000 000 773
N 105 105 105 105 105 105 105 105 105 105
HA Pearson correlation .832 297 444 1 924 .887 938 .835 .861 -.064
2-tailed significance 000 002 000 . 000 000 000 000 000 517
N 105 105 105 105 105 105 105 105 105 105
LN Pearson correlation 818 282 480 924 1 878 936 789 .862 -.052
2-tailed significance 000 004 000 000 . 000 000 000 000 596
N 105 105 105 105 105 105 105 105 105 105
C3 Pearson correlation 767 246 436 .887 878 1 879 736 .824 -.078
2-tailed significance 000 012 000 000 000 . 000 000 000 428
N 105 105 105 105 105 105 105 105 105 105
C4 Pearson correlation .849 297 449 938 936 .879 1 779 .856 010
2-tailed significance 000 002 000 000 000 000 . 000 000 917
N 105 105 105 105 105 105 105 105 105 105
G Pearson correlation 783 253 479 .835 789 736 779 1 738 -.009
2-tailed significance 000 009 000 000 000 000 000 . 000 926
N 105 105 105 105 105 105 105 105 105 105
S Pearson correlation 812 157 357 .861 .862 .824 .856 738 1 -.151
2-tailed significance 000 d11 000 000 000 000 000 000 . 125
N 105 105 105 105 105 105 105 105 105 105
LGHBV Pearson correlation -.081 076 028 -064 -052 -078 010 -009 -.151 1
2-tailed significance 411 441 773 S17 596 428 917 926 125 .
N 105 105 105 105 105 105 105 105 105 105

When stratified by fibrosis degree, liver expression of
IL-17 was closely related with the degree of liver fibrosis of
the patients. The higher the degree of liver fibrosis, the more
strongly IL-17 was expressed in the liver, which was accompa-
nied by a higher expression of the fibrotic markers, IV-C, LN,
HA, and PCIII. The P-values were <0.05 compared between
each group from SO to S3, and <0.01 compared between the
S4 and S3 stage (Table I'V).

There was also a close relationship between liver I1L-17
expression and the activity level of liver inflammation. The
expression of IL-17 increased as the activity level of liver
inflammation got higher. From Gl to G3, the P-value was
<0.01 for comparisons between each group, and <0.05 when
comparing G4 and G3 (Table V).

Correlation analysis between intrahepatic expression of IL-17
and liver transaminase levels, stage and grade of liver fibrosis
and liver histopathology, and HBV DNA (Table VI). There
was no correlation between intrahepatic IL-17 expression

and ALT levels (r=0.225, P>0.05), but a positive correlation
existed between IL-17 expression and AST levels (r=0.367,
P<0.01).

Highly positive correlations were found between the IL-17
expression and all the markers of liver fibrosis (HA, LN, C3,
C4), r=0.832, 0.818, 0.767, 0.849, respectively; P<0.01 for
all). The stage and grade of liver fibrosis were also highly
correlated with IL-17 expression in the liver (r=0.812, P<0.01).
When analyzing the correlation between IL-17 expression and
the grade of liver inflammation a significant correlation was
observed (r=0.783, P<0.01). However, no significant correla-
tion was found between IL-17 expression and the serum level
of HBV DNA (r=-0.081, P>0.05).

Discussion
Our present study shows a significant increase in the expres-

sion of IL-17 in the serum, PBMCs, and liver tissues of patients
with different chronic HVB-related hepatic diseases, such as
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chronic HBV hepatitis, chronic severe hepatitis B, CHB, LC,
and hepatocellular carcinoma, especially in post-hepatitis B
cirrhosis. Our results demonstrate the possible role of Th17
in the occurrence and development of chronic inflammation
in patients with HBV infection. We also identified a signifi-
cant correlation between intrahepatic IL-17 expression with
the stage and grade of liver fibrosis and liver inflammation,
which shows a possible role of Thl17 in the development of
liver fibrosis.

Imbalance of Th1/Th2 used to be considered the critical
process that decides the clearance and the extent of HBV
infection. The type of cytokines secreted by special T cells
in the infection site may lead to different outcomes of HBV
infection. Advantage of Th2 cells would be more likely
to maintain a chronic carrier state, while advantage of Thl
cells appears to be associated with virus removal. When
viral hepatitis occurs, clearance of the virus mainly relies
on the CTL cells. In normal conditions, Thl cells produce
IFN-y and other cytokines to promote CTL cytotoxicity, and
effectively remove the virus, which exhibits a transient acute
inflammatory reaction. However, a significant decrease in
the expression of IFN-y and an increase in that of IL-4 was
found in the present study, which suggests a weakened Thl
response and an enhanced Th2 response. Beckebaum et al
(9), found a dysfunction of dendritic cells (DCs) in matura-
tion, self-differentiation, antigen presenting ability and the
ability to induce maturation and differentiation of Th cells.
This was presented as a deficiency of IL-12 secreted by DCs,
which in turn resulted in a decreased ability of DCs to induce
maturation and differentiation of Thl cells. Meanwhile, direct
destructive effects of the virus on the PBMCs also led to a
reduced number and a decline in the function of Thl cells
10).

Th17 comprise a newly discovered proinflammatory T cell
subset. The Th17 response can be induced by activation of
virus antigens. Th17 cells may regulate local antiviral immune
responses by secreting inflammatory cytokines, which may
in turn mediate tissue damage in humans. Mature Th17 cells
have the ability to produce a series of inflammatory cytokines
such as IL-17A (IL-17), IL-17F, and IL-6. IL-17 has strong
immune pathogenicity, which can promote T cell activation
and can stimulate fibroblasts, endothelial cells, macrophages,
and epithelial cells to produce a variety of inflammatory
factors (including IL-1, IL-6, TNF-a, NOS-2, metallopro-
teinases, and chemical activin), which lead to inflammation
(11,12). IL-17 was recently found to be extensively involved in
the pathogenesis of chronic liver disease and antiviral immu-
nity (4). A recent study has indicated that IL-17 up-regulated
anti-apoptotic molecules and thus induced persistent infection
by enhancing the survival of virus infected cells, suggesting
a novel pathogenic role of Th17 cells during persistent viral
infection (13). These studies suggest that IL-17 may contribute
to the immunopathogenesis induced by persistent viral infec-
tion; however, the role of IL-17 in liver fibrosis and cirrhosis
after HBV infection remains unknown.

Hepatic fibrosis is closely related to the complicated
changes in cell-cytokine-ECM (14,15), which lead to an
imbalance between the synthesis and degradation of the
ECM. An important role of non-HBV specific inflammation
in the progress of chronic HBV infection has been suggested
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(16-18). Recent studies have also found more important asso-
ciations between the immune system and liver fibrosis and
tissue repair and recovery that are vital for the maintenance
of tissue homeostasis. The inflammation of the liver induces
the active mesenchymal cells to express a large number of
TGF-p, which was an important pro-fibrosis factor, and was
demonstrated to play an important role in the differentiation
and development of Th17. The combined effects of TGF-f3
and IL-6 could initiate the rapid differentiation of CD4+ naive
cells to Th17.

In our study, we identified significant increases in the
serum levels and intrahepatic expression of IL-17 in patients
of hepatic cirrhosis. As the classification of hepatic fibrosis
got higher, IL-17 levels increased gradually. In patients with
liver cirrhosis however, there was no significant difference
in the score of staining between active and inactive hepatic
cirrhosis, yet the staining intensity significantly deepened in
patients with active compared with quiescent liver cirrhosis.
At the same time, our immunohistochemistry results showed
that IL-17 is mainly localized in the fibrosis area. All the above
results indicated an important role of IL-17 in the formation
and development of liver fibrosis. As mentioned above, there
is a close biological link between IL-17 and these hepatic
fibrosis-related cytokines such as TGF-§3, TNF-a, IL-6 and
IL-1. Previous studies have indicated the key role of TGF-§1
in the development of liver fibrosis (19,20), which was found
to be significantly increased in patients with hepatic fibrosis
and cirrhosis. Meanwhile, TGF-f1 has been shown to play an
important role in the differentiation and development of Th17
(21,22), and together with IL-6 can initiate the rapid differen-
tiation of naive CD4+* T cells to Th17 (23). Notably, a recent
study indicated that hepatic stellate cells (HSCs) can express
the IL-17 receptor (IL-17R). Following IL-17 stimulation
in vitro they can secret IL-8 and GRO-a and subsequently
recruit neutrophils into the livers of patients with alcoholic
liver disease (5). As activation of HSCs is the key process
responsible for the fibrosis, it is reasonable to believe that
IL-17 promotes fibrosis through the activation of HSC, and it
may also be a common product of a variety of factors causing
fibrosis.

Our study found a correlation between the serum concen-
tration of IL-17 and that of some indicators of liver function,
especially of ALT, which showed a negative correlation with
IL-17. This is probably because IL-17 is closely related to
chronic inflammation and is an important proinflammatory
cytokine that activates a variety of immune cells to release
inflammatory mediators, leading to repeated inflammation of
the liver and damage of liver function.

We also found extremely elevated IFN-y expression in
several cases of patients with acute hepatitis B, whose IL-17
levels were significantly lower than in healthy people (data not
shown). Therefore, chronic inflammation would not account
for the occurrence; the low level of IL-17 may result from a
strong suppression by IFN-y. Furthermore, in our study, there
was no significant difference in IFN-y expression in cases of
cirrhosis, chronic hepatitis and in the control group, but the
IFN/IL-4 ratio in cirrhosis group was significantly higher
than in the chronic hepatitis group. We speculated that was
due to the increased T cell-mediated specific immunity in
patients with cirrhosis compared with CHB; it may also be
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due to the anti-fibrosis effect of IFN-y consistent with some
other research (24,25).

In summary, our study confirms the enhanced expression
of IL-17 in HBV-associated diseases, such as CHB, hepatic
carcinoma, severe hepatitis, and especially post-hepatitis B
liver cirrhosis, in which the intrahepatic expression of IL-17
is significantly higher than in CHB cases. Furthermore, as the
degree of liver fibrosis gets higher, IL-17 expression increases.
Meanwhile, there is a significant positive correlation between
IL-17 expression and the inflammatory activity levels of
chronic hepatitis B and the grade of liver fibrosis. All these
results indicate the important role of IL-17-producing cells in
the development of chronic HBV infection and the formation
of liver fibrosis, which suggests that effective blocking of the
expression of IL-17 is important in controlling the inflam-
matory response in chronic hepatitis B and liver fibrosis
in addition to the occurrence as well as the development of
cirrhosis.
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