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Introduction

Summary

Interleukin (IL)-17-mediated immune response has been shown to play a
critical role in inflammation-associated disease. However, its role in the
pathogenesis of chronic hepatitis B virus (HBV) in paediatric patients
remains unknown. We investigated the frequency of T helper type 17 (Th17)
cells and evaluated the association between the Th17 and clinical characters
in paediatric patients with chronic hepatitis B (CHB). The frequency of Th17
cells was detected by flow cytometry analyses from 65 paediatric patients
with CHB and nine healthy controls. The degree of hepatic inflammation
was graded using the histological activity index (HAI). Compared with
healthy controls, the frequency of Th17 cells in peripheral blood was signifi-
cantly higher in paediatric patients with CHB. The proportion of Th17 cells
was higher in the patients with higher HAI score (G2-G3) compared to those
subjects with lower HAI score (G0-G1), but the frequency of Th17 cells had
no correlation with serum HBV DNA loads or alanine aminotransferase
levels. Compared with the younger age group (age 1-6 years), Th17 cell fre-
quency was higher in the older age group (age 7-18 years). Peripheral Th17
cell frequency is associated closely with inflammation activity of liver tissues
in paediatric patients with CHB.
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producing cytokines [13]. Recently, a novel subset of inter-
leukin (IL)-17-producing CD4* Thl7 cells has been

Hepatitis B virus (HBV) infection remains a serious global
health problem [1]. There are more than 400 million people
around the world suffering from persistent HBV infection
[2]. Of these, 10-20% will develop liver cirrhosis and 1-5%
will progress to hepatocellular carcinomas. As a highly
endemic area for HBV infection, it is estimated that 93
million people are infected with HBV in China [3-5].
Approximately 90% adults with chronic infection were
acquired from infancy or in early childhood [6]. It is well
known that once the HBV infection is established, clearance
of the virus is determined by the interactions between the
virus and host factors [7,8]. A great deal of evidence has
suggested that the cellular and humoral immune responses
are essential for viral clearance, and that the non-HBV-
specific immune response appears to be responsible for liver
damage [9-12].

CD4" T helper type (Th) cells have been described
as playing a critical role in the pathogenesis of HBV infec-
tious disease by providing help for cytotoxic T cells and

reported, which is distinct from Thl and Th2 cells [14,15].
A wealth of data have supported the importance of the
Th17 cytokines in the development and progression of
autoimmune, allergic and infectious disease [16—19]. More
recently, it has been shown that Th17 cells are highly
enriched in livers of chronic hepatitis B (CHB) patients and
potentially exacerbate liver damage during chronic HBV
infection [20]. However, its role in paediatric patients with
CHB remains unknown. Therefore, in this study, we charac-
terized the frequency of Th17 cells, quantified the expres-
sion of Thl7 cytokines and analysed the correlation
between IL-17 and clinical characters in paediatric patients
with CHB from Beijing 302 Hospital.

Materials and methods

Sixty-five paediatric patients with CHB who visited
Beijing 302 Hospital from July 2011 to April 2012 were
enrolled into the study. All patients were anti-HCV- and
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Table 1. Clinical characteristics of the patients enrolled in the study.

Group HC CHB

Case 9 65

Sex (male/female) 6/3 45/20

Age (years) 7-7 (3-15) 8:6 (1-18)

ALT (U/1) 12+4 (8-19) 1295 (49-732)
HBV DNA (IU/ml) n.d. 1-78 x 10 (5-05 x

10°-1-37 x 10°)

Data are shown as median and range. ALT: alanine amino-
transferase; CHB: chronic hepatitis B; HC: healthy control; n.d.: not
determined.

anti-HIV-negative (45 male patients and 20 female patients,
mean age 8:6 = 4-7 years, range 1-18 years). The diagnostic
criteria were based on the Management Scheme of Diag-
nostic and Therapy Criteria of Viral Hepatitis, issued by the
Chinese Society of Infectious Diseases and Parasitology and
the Chinese Society of Hepatology, which have been
described in detail in our previous studies [21,22]. The
inclusion criteria were: all patients who were serum hepati-
tis B surface antigen (HBsAg)-positive for at least 6 months,
but there was no evidence for hepatocellular carcinoma
(HCC), or concomitant of HCV, HDV, HIV infection and
autoimmune liver disease. The exclusion criteria of HCV
infection were based on the American Association for the
Study of Liver Diseases (AASLD) practice guidelines
[23].The exclusion criteria of HDV were based on the man-
agement scheme of diagnostic and therapy criteria of viral
hepatitis [24]. The exclusion criteria of autoimmune liver
disease were based on the European Association for the Dis-
eases of the Liver (EASL) autoimmune hepatitis guidelines
[25]. The exclusion criteria of HIV were based on China-
CDC [26]. No patients received anti-HBV agent or steroid 6
months before sampling. Nine healthy subjects were
selected as controls. The study protocol was approved by the
Beijing 302 Hospital Research Ethics Committee, and
written informed consent was obtained from each patient’s
parents. The basic characteristics of these subjects are listed
in Table 1.

Detection of serological markers

The virological assay was performed according to our
previous description [27]. Serological markers and quanti-
tation of HBV DNA, serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total bilirubin
(TBIL) and other biochemical parameters were measured
by standard procedures. HBeAg/anti-HBe, HBsAg/
anti-HBs and anti-HBc were detected by enzyme-linked
immunosorbent (Kewei Diagnostic Ltd, Beijing, China) or
chemiluminescent assay (Abbott Laboratories, North
Chicago, IL, USA). HBV DNA loads were determined by a
real-time—polymerase chain reaction (RT-PCR) kit (Fosun

Pharmaceutical Co., Shanghai, China) with a lower limit of
detection of 500 copies/ml (about 100 IU/ml).

Flow cytometric analysis

For intracellular IL-17 staining, fresh heparinized peri-
pheral blood (200 pul) was incubated with phorbol
12-myristate 13-acetate (PMA, 300 ng/ml; Sigma, St Louis,
MO, USA) and ionomycin (1 pg/ml; Sigma-Aldrich, St
Louis, MO, USA) in 800 ul RPMI-1640 medium supple-
mented with 10% fetal calf serum (FCS) for 6 h. Monensin
(0-4 uM; BD PharMingen, San Jose, CA, USA) was added
during the first hour of incubation. The blood was incu-
bated with phycoerythrin (PE) anti-human CD8 and fluo-
rescein isothiocyanate (FITC) anti-human CD3 (BDIS).
After surface staining, the blood was then lysed with fluo-
rescence activated cell sorting (FACS) lysing solution (BD
PharMingen) and further permeabilized, stained with anti-
human IL-17 (eBioscience, San Jose, CA, USA), fixed and
analysed using FACSCalibur and FlowJo software (Tristar,
San Carlos, CA, USA), as described by Zhang [20].

Gene expression analysis by RT-PCR

Peripheral blood mononuclear cells (PBMCs) were isolated
and total RNA was prepared using Trizol reagent (Invitro-
gen, Carlsbad, CA, USA), according to the manufacturer’s
instructions. The RNA was reverse-transcribed to comple-
mentary DNA (cDNA) using oligo (dT) primers at 37°C for
15 min and at 85°C for 5s. Relative quantitative RT-PCR
was performed using SYBR-green I Premix ExTaq on the
ABI Prism 7500 (Applied Biosystems, Foster City, CA,
USA), following the manufacturer’s instructions. The spe-
cific primers were as follows: RAR-related orphan receptor
(ROR)¥t sense: 5-GTG CTG GTT AGG ATG TGC CG-3/,
RORyt anti-sense: 5'-GTG GGA GAA GTC AAA GAT GAA-
3’, B-actin sense: 5'-GAG CTA CGA GCT GCC TGA CG-3,
B-actin anti-sense 5-GTA GTT TCG TGG ATG CCA
CAG-3’ [28]. Quantitative expressions of RORYt transcripts
were determined by staining with the fluorogenic dye SYBR
Green (Takara, Beijing, China).

Thermal cycling consisted of 95°C for 30 s, 40 cycles at
95°C for 3 s and 60°C for 30 s. B-actin was used to normal-
ize the samples in each PCR reaction. Results were
expressed in terms of relative mRNA quantification calcu-
lated by using the arithmetical formula 2ACt.

Analysis of histopathological score

The degree of hepatic inflammation was graded using
Scheuer’s  scoring scheme. Formalin-fixed paraffin-
embedded liver tissues were cut into 4-um-thick sections
placed onto polylysine-coated slides and stained with hae-
matoxylin and eosin for histology analysis.
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Statistical analysis

Data were analysed with spss version 12-0 for Windows
(SPSS, Chicago, IL, USA). Statistical analysis was performed
using the Kruskal-Wallis H-test and Mann—Whitney non-
parametric U-test to assess the differences between groups.
Spearman’s correlation analysis was performed between the
frequency of circulating Th17 cells and other parameters. A
probable value of P < 0-05 was considered to be statistically
significant.

Results

The frequency of circulating Th17 cells in peripheral
blood from paediatric patients with CHB

We examined the frequency of circulating Th17 cells in
peripheral blood by flow cytometry analyses from paediat-
ric patients with CHB (n = 65) and healthy controls (n=9).
As illustrated in Fig. 1, the frequency of Th17 cells in paedi-
atric patients with CHB was significantly higher than that of
healthy subjects (P < 0-01).

The frequency of circulating Th17 cells is not
associated with serum ALT levels and serum HBV DNA
loads in paediatric patients with CHB

All paediatric patients with CHB were divided into different
groups based on their serum HBV DNA loads and ALT
levels, respectively. An HBV DNA load of 107 copies/ml was
taken as the cut-off of HBV DNA (Fig. 2a), while 150 U/l
and 250 U/l were taken as the cut-offs of ALT level (Fig. 2b).
There was no correlation between circulating Th17 cells and
HBV DNA loads (r=-0-01548, P=0-9051) (Fig.2c) or
serum ALT levels (r=-0-00790, P=0-9502) (Fig.2d) in
these subjects.

The expression of RORyt mRNA in PBMC

RORYt is an important transcription factor for the dif-
ferentiation of Th1l7 [29]; we investigated the expression
of RORyt in PBMC. The level of mean relative RORyt

Fig. 1. The frequency of CD4" T helper type 17
(Th17) cells in peripheral blood is significantly

Gated on CD4*CD8™ T cells

Th17 cells and clinical characters

expression in paediatric patients with CHB was significantly
higher than those in healthy subjects (Fig. 3).

The correlation between patient ages and Th17
cell frequencies

The correlation between patient ages and Th17 cell frequen-
cies was examined. As shown in Fig. 4, Th17 cell frequencies
were higher in the older age group (age 7-18, n = 38) com-
pared with the younger age group (age 1-6, n = 27).

Increased Th17 population is correlated positively with
liver inflammation in paediatric patients with CHB

To address whether IL-17 contributes to liver damage in
paediatric patients with CHB, we analysed the association
between the density of IL-17-producing cells and the
inflammatory activity grades of 65 paediatric patients with
CHB. The inflammation was assessed using Scheuer’s
scoring scheme [30]. The paediatric patients with CHB with
higher HAI scores (G2-G3) (n=31) had a greater propor-
tion of Th17 cells than those with lower HAI scores (GO-
G1) (n=34) (Fig. 5). These data suggested that peripheral
Th17 cell frequency was associated closely with liver injury
in paediatric patients with CHB (r = 0-29788, P = 0-0168).

Discussion

In the present study, we analysed the frequency of Th17
cells of paediatric patients with CHB in peripheral blood,
and also evaluated the association between the frequency of
Th17 cells and the inflammation grades of liver tissue as
well as clinical characters.

Our results showed that the frequency of Th17 cells in
paediatric patients with CHB was significantly higher in
peripheral blood compared with healthy controls. No
obvious correlation was observed between the frequency of
Th17 cells and serum HBV DNA loads, which was consist-
ent with the previous report in adults [15]. Although HBV
DNA is considered to be one of the important indicators of
viral replication, its expression level was affected by many
factors. No significant correlation was found between IL-17
expression and the serum HBV DNA loads in our study,
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Fig. 2. Association between the frequency of circulating T helper type 17 (Th17) cells and serum hepatitis B virus (HBV) DNA loads or alanine
aminotransferase (ALT) levels in paediatric patients with chronic hepatitis B (CHB). Patients were divided into different groups based on serum
ALT levels (a) or HBV DNA loads (b). The bars represent the (95% confidence interval) Th17 cell frequency for each group, and the significance
of differences was calculated using the Kruskal-Wallis H-test. (c) The frequency of circulating Th17 cells had no correlation with serum ALT
levels (r=-0-00790, P = 0-9502). (d) The frequency of circulating Th17 cells had no correlation with serum HBV DNA loads in CHB patients
(r=-0-01548, P=0-9051). The correlation between circulating Th17 cell frequency and serum ALT levels or HBV DNA loads was analysed using

Spearman’s correlation analysis.

which could possibly explain why HBV DNA was not a sig-
nificant abnormality in some patients with liver histopatho-
logical activity [31]. Additionally, Wu et al. [15] reported
that elevated prevalence of Th17 cells is associated positively
with increased serum ALT levels in CHB adults, but this
result was not supported in our paediatric patients. The dif-
ference between adult and paediatric patients in this respect
may be explained by the following reasons: the immune
system of paediatric patients developed incompletely; and
the immune response to infection might be different com-
pared to that of adults [32]. Compared with adult patients,
paediatric patients were more susceptible to immunological
tolerance. Therefore, ALT levels may not really reflect liver
inflammation activity in paediatric patients.

Interestingly, there was a close relationship between Th17
cell frequency and age in the current study. Compared with
the younger age group (1-6 years), the older age group
(7-12 years) had a higher Th17 cell frequency. According to
the description of Listeria monocytogenes in a model of L.
monocytogenes infection in the liver, IL-17 produced by yd T
cells was critical for protective immunity in the early stages
of infection [33]. The authors thought that IL-17-
producing yOT cells took part in protective immunity before
adaptive Th17 cells appear, and IL-17 can have opposing
effects on different infection stages due to the different
time-points of IL-17 appearance, which led to different
functions. Our studies agreed with the above views. We pre-
sumed that IL-17 is produced by innate immune cells at a
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Fig. 3. The relative quantitative expression of RAR-related orphan
receptor (ROR)yt in peripheral blood mononuclear cells (PBMC).
Thermal cycling consisted of 95°C for 30 s, 40 cycles at 95°C for 5s
and 58°C for 30 s. Relative expression levels of RORYt in the subjects
were presented as the Ct value ratio of RORyt/B-actin from PBMC
in paediatric patients and healthy controls. **P < 0-01, which was
calculated using the Kruskal-Wallis H-test.

very early stage of paediatric patient infection (1-6 years),
whereas in the older age group (7-18 years) who developed
adaptive immune responses, the Th17 was produced by
adaptive immune cells, and the fulfilled IL-17 functions lead
to immunopathology. This means that IL-17 did not con-
tribute greatly to inflammation if released in an early innate
environment, but it exerts more aggravating actions in the
context of adaptive immune reactions.

We also found that the patients with a higher HAI score
had a greater proportion of Th17 cells than those patients
with a lower HAI score, suggesting that Th17 cells might
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Fig. 4. There was a significant correlation between patient ages and
Th17 cell frequencies. The patients with older age (age 7-18, n = 38)
had a higher frequency of T helper type 17 (Th17) cells in their
peripheral blood compared with patients with younger age

(age 1-6, n =27, **P < 0-001).
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Fig. 5. Peripheral T helper type 17 (Th17) frequency was correlated
significantly with liver inflammation. Significant correlations were
observed between the Th17 frequency and inflammatory activity
grades. Patients with higher histological activity index (HAI) scores
(G2-G3, n=31) had a higher frequency of Th17 cells in their
peripheral blood compared with patients with lower HAI scores
(G0-G1, n = 34). *P < 0-05; horizontal bars represent the median
percentages of Th17 frequency.

participate actively in the immunopathogenesis of paediat-
ric patients with CHB, which is consistent with the observa-
tion in adult patients reported by Zhang et al. [20] and Ye
etal. [12].

In conclusion, our results demonstrated that Th17 cell
frequency was associated closely with grades of liver inflam-
mation as well as age in paediatric patients with CHB,
which showed a possible role of Th17 in the occurrence and
development of chronic inflammation in paediatric patients
with HBV infection.
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