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Serum IL-33 Levels Are Associated with Liver Damage
in Patients with Chronic Hepatitis B
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This aim of this study was to assess the potential role of IL-33 in the pathogenic process of chronic hepatitis B
(CHB). The levels of serum IL-33 and soluble ST2 (sST2) in CHB patients and healthy controls (HC) were
determined using enzyme-linked-immunosorbent serologic assay, and the Th1 (IFN-y, TNF-q, IL-2) and Th2 (IL-
4, IL-6, IL-10) cytokines by cytometric bead array. It was found that the levels of serum IL-33 in CHB patients
were significantly higher than that of HC at the base line, but decreased after treatment with adefovir dipivoxil
for 12 weeks. The levels of serum sST2, as a decoy receptor of IL-33, were significantly higher in CHB patients
than the HC. There was no correlation between the levels of serum sST2 and IL-33. The concentrations of serum
Thl (IFN-y, IL-2) and Th2 (IL-6, IL-10) cytokines in CHB patients significantly increased after treatment com-
pared to the baseline. These results suggest that IL-33 is involved in the pathogenesis of CHB and that adefovir
dipivoxil therapy can attenuate the production of IL-33 in patients with CHB.

Introduction

HEPATITIS B virus (HBV) is one of the major causes of
chronic liver disease in the world. There are about
130 million patients with HBV infection and 20% of them
develop chronic hepatitis B (CHB) (Lavanchy 2004). More
importantly, many of those patients with CHB eventually
develop cirrhosis and hepatocellular carcinoma (Crockett
and Keefe 2005; Rehermann and Nascimbeni 2005). Previous
studies have revealed that the persistence of viral infection
and chronic inflammation are dependent on the interaction
between the virus, hepatocytes, and the host immune system
(Rehermann 2000). The viral infection and related hepatocyte
injuries are known to suppress the immune system (Gon-
zalez and others 2005; Martini and others 2005). Although
experimental evidence suggests that antigen-specific Thl
immunity and pro-inflammatory cytokines play an impor-
tant role in the HBV related liver injury and clearance of
viruses (Falasca and others 2006; Katia and others 2006;
Grzegorzewska and others 2011), the pathogenesis of chronic
HBV infection has not been fully understood.

Interleukin-33 (IL-33) is one of the newly described
members in the IL-1 family and can be produced by epi-
thelial tissues and vascular endothelial cells (Schmitz and
others 2005). IL-33 binds to its heterodimer receptors com-
posed of IL-1 receptor-related protein ST2 and IL-1 receptor

accessory protein (IL-1RaP), and can activate the MyD88 and
NF-kB-related signal pathway (Schmitz and others 2005).
ST2 has transmembrane form of ST2 (ST2 or ST2L) and sol-
uble form of ST2 (sST2). ST2 is expressed on Th2 and mast
cells, and functions as a mediator of IL-33 bioactivities, while
sST2 acts as a decoy receptor for IL-33. Biologically, 1L-33
induces Th2 cell differentiation and activates mast cells,
leading to Th2 cytokine production and Th2 response and
pulmonary and mucosal Th2 inflammation (Schmitz and
others 2005). Further, IL-33 can antagonize the lipopoly-
saccharide (LPS)-mediated mortality in a model of septic
shock (Chackerian and others 2007), and the levels of 1L-33
were elevated in systemic lupus erythematosus (SLE) and
rheumatoid arthritis (RA) patients (Yang and others 2011).
Recently, IL-33 has been found to be an important factor in
the pathogenesis of human immunodeficiency virus (HIV)
infection and dengue virus infection (Becerra and others
2008; Miyagaki and others 2011). However, little is known
whether IL-33 could participate in the pathogenic process of
HBV infection.

In the current study, we examined the concentrations of
serum IL-33 and sST2 in patients with CHB and healthy
controls (HC) to evaluate the potential role of IL-33/ST2 axis
in the pathogenic process of CHB. Further, we determined
the concentrations of serum IL-33 before and after antiviral
therapies in patients with CHB.
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Materials and Methods
Patients

A total of 33 patients with CHB were sequentially recruited
at the inpatient service in the Second Part of First Hospital.
Another 20 gender-, age- and ethnic-matched HC who had no
history of liver diseases and no evidence of hepatitis B virus
(HBV), hepatitis C virus (HCV), and hepatitis D virus (HDV),
infections were recruited. Subjects with HBV infection were
confirmed positive for HBsAg and detectable HBV virions for
at least 12 months (Yim and Lok 2006). Individuals with
history of infection, current hepatitis C, D virus or human
immunodeficiency virus (HIV) infection, autoimmune hepa-
titis, or metabolic liver disease, who had received immuno-
suppressive therapy or antiviral therapy during the past 12
months before entry, were excluded. All patients denied drug
use or exposure to obvious hepatotoxin.

Patients with CHB were orally treated with 10 mg adefovir
dipivoxil (Gilead Science) daily for 12 weeks. The concen-
trations of serum IL-33, sST2, HBV DNA, alanine amino-
transferase (ALT), and aspartate aminotransferase (AST)
were measured before and after treatment. Individuals with
100-fold reduced serum viral load were defined as drug-re-
sponsive patients; otherwise, individuals were defined as
drug nonresponsive. Written informed consent was obtained
from individual participants, and the study was approved by
the First Hospital Ethical Committee of Jilin University.

Blood samples were obtained from individual subjects,
sera were prepared and then stored at —80°C till needed.
The levels of serum IL-33 were measured before and after
treatment, and the concentrations of serum IFN-y, TNF-o,, IL-
2, IL-4, IL-10 and IL-6 were determined.

Measurement of IL-33 and sST2 by enzyme-linked-
immunosorbent serologic assay

The concentrations of serum IL-33 and sST2 in individ-
ual patients and HC were determined by enzyme-linked-
immunosorbent serologic assay (ELISA) using human IL-33
and sST2 ELISA Kits, according to the manufacturer’s in-
struction (Roche Diagnostics). Briefly, individual sera at 1:4
dilutions were subjected to ELISA analysis, and the concen-
trations of serum IL-33 in individual samples were calculated
according to the standard curve established using the recom-
binant IL-33 and sST2 provided. The detection limit of 1L-33
and sST2 ELISA kit was 0-16ng/L and 1.6ng/L, respectively.

Cytometric bead array of serum cytokines

The concentrations of serum cytokine levels (IFN-y, TNF-
o, IL-2, IL-4, IL-10, and IL-6) were determined by cytometric
bead array (CBA) (Morgan and others 2004), according to the
manufacturer’s protocol (BD Biosciences) with minor modi-
fications. Briefly, 25 uL of individual sera was used in du-
plicate for analysis, as previously described (Tarnok and
others 2003). The concentrations of serum cytokines were
quantified using the CellQuestPro and CBA software (Becton
Dickinson) on a FACSCalibur cytometry (BD Biosciences).

Serological analysis of hepatitis

HBV-related HBsAg, HBsAb, HBeAg, and HBeAb were
detected by a chemiluminescent microparticle immunoassay
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(CMIA) using an Abbott I 2000 automated chemilumines-
cence immunoassay analyzer (Abbott Laboratories) (Li and
others 2010). The levels of serum ALT and AST were de-
tected using a Biochemistry Automatic Analyzer (Roche
Diagnostics). The amount of serum HBV DNA was measured
by quantitative PCR assay using a luciferase quantization
detection kit, following the protocols (Roche Amplicor). The
detection limit of viral DNA was 300 copies/mL (Jiang and
others 2010).

Treatment of HepG2.2.15 cells with IL-33

The human hepatoma cell line, HepG2.2.15, was main-
tained in Dubecco’s modified Eagle’s medium with 10%
fetal bovine serum and 200ug/mL G418 in 5% CO,-
humidified air as previously described. Cells were cultured
at a density of 1x10° cells per well in 12-well plates.
Twenty-four hours after incubation, the culture medium
was removed, and fresh culture media containing 1, 10, 50
and 100ng/mL of IL-33 (eBioscience) were added, while
the control group was refreshed with new culture media.
After 2 days, supernatant from 3 flasks of each group were
independently collected for determination of HBsAg,
HBeAg, and HBV DNA, and cells were harvested by
trypsin digestion and washed 3 times with phosphate
buffered solution (pH 7.3).

Determination of HBsAg, HBeAg,
and HBV DNA in supernatant

Supernatant from each flask was collected at different
times after oxymatrine treatment and stored at —20°C until
measurement. HBsAg and HBeAg were simultaneously de-
tected by a CMIA using Abbott I 2000 automated chemilu-
minescence immunoassay analyzer (Abbott Laboratories).
HBV DNA in the supernatant was purified with QIAamp
DNA Mini Kit (QIAGEN Inc.) following the manufacturer’s
instruction.

Statistical analysis

The data are expressed as median and range unless
specified. The differences between the groups were analyzed
by Wilcoxon-rank sum test and Chi-square tests using SPSS
16.0 software. The relationship between variables was eval-
uated using the Spearman rank correlation test. A two-side P
value <0.05 was considered statistically significant.

Results

The potential role of IL-33 in the pathogenic process of
CHB was studied in a total of 33 CHB patients and 20 HC.
There was no significant difference in the distribution of age
and gender among both groups of subjects, but the concen-
trations of serum ALT and AST in patients with CHB were
significantly higher than the HC (Table 1).

Analysis of serum cytokines indicated that the concen-
trations of serum IL-33 in CHB patients were significantly
higher than the HC (P<0.001, Fig. 1A). Further, the study
didn’t found any correlation between serum IL-33 and ab-
normal levels of serum ALT or AST (r=0.113, P=0.552;
r=0.123, P=0.519, respectively). Further analysis revealed
that the levels of serum sST2 were significantly higher in



250
TaBLE 1. THE DEMOGRAPHIC AND CLINICAL
CHARACTERISTICS OF SUBJECTS

Parameters CHB patients Healthy controls
NO 33 20
Age (years)

Mean+SD 35.7+£9.8 324+8.1

Median (range) 37 (19-62) 34 (21-55)
Sex N (%)

Male 27 (88) 16 (80)

Female 6 (12) 4 (20)
HBV DNA (log10 copies/mL)

Median (range) 7.397 (5.6-9.9) NA
ALT (U/L)

Median (range) 1357 (12-914) 14 (5-26)
AST (U/L)

Median (range) 104.5% (22-445) 13 (8-21)

HBsAg,pos/neg 33/0 0/20

HBeAg,pos/neg 33/2 0/20

Anti-HBe,pos/neg 1/32 0/20

Normal values: ALT <40IU/L; AST <40IU/L; HBV DNA <3
log10 copies/mL.

“P<0.05 versus HC Data were expressed as median and range.

HBYV, Hepatitis B virus; CHB, chronic hepatitis B.

CHB patients than the HC (P <0.001, Fig. 1B), but there was
no significant correlation between the levels of serum IL-33
and sST2 (r=-0.011, P=0.952). Further, the concentrations
of serum IFN-y, IL-6, IL-2, and IL-10, but not TNF-o and IL-4,
in CHB patients were significantly lower after 12 weeks of
treatment (Fig. 2). Following treatment of CHB patients with
adefovir dipivoxil for 12 weeks, 30 out of 33 CHB patients
had dramatically reduced levels of serum HBV virus. The
levels of serum IL-33 in patients with CHB significantly de-
creased after treatment with adefovir dipivoxil (P=0.001,
Fig. 3A). Meanwhile, the 12 weeks treatment did not signif-
icantly change the levels of serum sST2 in CHB patients
(P=0.202, Fig. 3B).

After treatment with different concentrations of IL-33 for 2
days, HBsAg and HBeAg secreted into the medium were
significantly reduced in a dose-dependent manner (P =0.004,
P<0.001, respectively, Fig. 4A, B). As demonstrated in
Fig. 4C, treating HepG2.2.15 cells with IL-33 resulted in a
significant reduction in hepatitis B virions in the supernatant
in a dose-dependent manner (P <0.001).
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Discussions

IL-33 is a multifunctional cytokine involved in various
disease conditions (Barksby and others 2007; Liew and oth-
ers 2010; Mok and others 2010). IL-33, through the receptor
complex composed of ST2 and IL-1RaP, can activate the
MAP-kinase and NF-kB signaling pathways and promote
Th2 response and cytokine production (Schmitz and others
2005). Indeed, intra-nasal administration of IL-33 triggered
an immediate allergic response in the airway and endoge-
nous IL-33 contributes to airway inflammation (Louten and
others 2011). A recent study revealed that the levels of serum
IL-33 were elevated in SLE and RA patients, and correlated
with the levels of serum ESR and CRP, the two inflammation
markers, indicating that IL-33 may participate in the acute
phase response. (Yang and others 2011). In addition, IL-33
can protect against septic shock by enhancing neutrophil
infiltration at the site of inflammation (Chackerian and oth-
ers 2007). Other studies suggest that IL-33 participates in the
pathogenic process of acute hepatitis induced by Con-A
(Arshad and others 2011; Volarevic and others 2011) and IL-
33 overexpression is associated with the development of
HBV/HCV-related liver fibrosis (Marvie and others 2010).
We are interested in further examining the mechanisms un-
derlying the action of IL-33/sST2 axis in HBV-related liver
injury. We found that the levels of serum IL-33 in CHB pa-
tients were significantly higher than the HC. Our results are
consistent with recent studies demonstrating that IL-33
production is associated with chronic inflammation such as
Crohn’s disease (Carriere and others 2007). In addition,
treatment with adefovir dipivoxil to inhibit the replication of
HBV dramatically decreased the levels of serum IL-33 in
CHB patients. These confirm that IL-33 can play a significant
role in the progression of CHB and our data suggest that IL-
33 may be a pathogenic factor in the pathogenic process of
CHB patients. A recent study revealed that the level of IL-33
was correlated with activity of SLE (Yang and others 2011),
but no correlation was found between the levels of IL-33 and
ALT or AST in our study. Further, the levels of serum sST2
were significantly higher in CHB patients than the HC, but
were not correlated with the levels of IL-33 in the patients.
Treatment with adefovir dipivoxil for 12 weeks did not sig-
nificantly change the levels of serum sST2. A previous study
has shown that the levels of serum sST2 in acute liver failure
patients are higher than patients with chronic liver failure
and HC (Roth and others 2010). It is possible that high levels
of serum sST2 are an early marker for liver injury, while high

FIG. 1. The levels of serum IL-33 A 80- P<0.001 B 15000 - P<0.001

and sST2. The concentrations of se- °

rum IL-33 and sST2 in individual

CHB patients and HC determined = g - e —_ 4

by enzyme-linked-immunosorbent £ ° - £ 100004 .

serologic assay. Data are expressed &, o o ) e

as the mean values of individual Q. 40 ®gee® o

participants from two separate ex- ;;' * .° : ° :
periments. The horizontal lines in- ¢ -0—.'.1'.- = =  5000- @

dicate the median values of different ~_') 201 ®e%a® (7))

groups. (A) Thebasal levels of serum = : : hd . a

1L-33; (B) The basal levels of serum °® 'fm'

sST2; HC, Healthy controls; CHB: L 0 m
Patients with CHB; CHB, chronic 0 CHE oo CHB HC

hepatitis B; sST2, soluble ST2.



IL-33 LEVELS ASSOCIATED WITH LIVER DAMAGE IN CHB 251
20+
A
15+ At FIG. 2. The changes of serum Thl
e A ns AA He P=0.011 P=0.023 and Th2 cytokines. The concentrations
E of serum Th1(IFN-vy, IL-2, TNF-o) and
S . At " Th2(IL-4, IL-6, IL-10) in individual
=3 A o " participants were determined by CBA.
2 104 % e . e * Data are expressed as the mean values
£ . A o of individual samples from two sepa-
~ L] ?“: A A & . . .
S ®. el | [ ‘ ﬁ: rate experiments. The horizontal lines
< ~ < AA A My * i A. show the median. e represent the level
C ° pe " o™ * R L oo’ of serum cytokines in CHB patients
54 ﬁ 2: o0 at o before treatment; A represent the le-
°g thed | Co 4 .® vel of serum cytokines in CHB pa-
° ': tients after treatment.
0 Ll Ll Ll Ll L] L T T T T L) L
IFN TNF IL-2 IL-4 IL-6 IL-10

levels of serum IL-33 may be associated with the develop-
ment and progression of liver fibrosis and damage (Marvie
and others 2010). We are interested in further examining the
mechanisms underlying the action of IL-33/sST2 axis in
HBV-related liver injury.

We found that the levels of serum IFN-y, IL-2, IL-6, and
IL-10 in CHB patients were significantly higher after 12
weeks of treatment than the baseline, supporting the notion
that pro-inflammatory cytokines, such as IFN-y and IL-6 are
not only important factors for the clearance of infected HBV,
but also for liver injury (Frese and others 2002; Ghoneum
and Matsuura 2004; Li and others 2004). The lower levels of
IFN-y, IL-2, IL-6, and IL-10 in CHB patients at baseline were
unlikely to have come from the antagonization of IL-33-
induced Th2 responses in those patients, because we failed to
detect significant difference in the levels of serum IL-4 and
TNF-o in CHB patients between baseline and after 12 weeks
of treatment. Given that IL-6 is a critical factor in the func-
tional development of Th17 cells (Chun and others 2007),
and IFN-y and IL-2 are effectors of Th1 response (Jiang and
others 2010), the lower levels of serum IFN-y, IL-2, and IL-6
in CHB patients at baseline indicated continual viral repli-
cation and pathogenic progression. IL-10 promotes the de-
velopment of type 2 cytokine pattern by inhibiting IFN-y
production of T lymphocytes, particularly via suppression of
IL-12 synthesis in accessory cells (Knapp and others 2003),

and the low levels of serum IL-10 may be the result of multi-
cytokines interaction. Although IL-33 has been shown to
promote IFN-y production by invariant NKT and NK cells
(Bourgeois and others 2009), IL-33 may, through an un-
known pathway, downregulate the functional development
of HBV-related Th1 response and inhibit IFN-y production.
However, the precise mechanisms remain to be further in-
vestigated.

As indicated by our study results, secretion of HBsAg and
HBeAg from HepG2.2.15 cells could be inhibited after incu-
bation with a low concentration of IL-33 for 2 days, and this
decrease was more significant following the increase of the
dose of IL-33. The copy of viral DNA can also be inhabited
by the IL-33 in a dose-dependent manner. HBsAg and
HBeAg could be rapidly secreted into the blood and elicits
T-cell tolerance (Rehermann and Nascimbeni 2005). Our re-
search indicates that IL-33could alleviate host immune tol-
erance induced during HBV infection.

In conclusion, our data indicate that the concentrations of
serum IL-33 are significantly higher in HBV infected patients
than HC and are significantly decreased after 12 weeks of
treatment, suggesting that IL-33 may be a pathogenic factor
in HBV-related liver injury in CHB patients. The study found
that IL-33 can inhabit the replication of HBV-DNA and the
secretion of HBsAg and HBeAg by HepG2.2.15. The limita-
tions of the study include the absence of source for IL-33 and
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FIG. 4. Effect of IL-33 on the secretion of HBsAg and HBeAg and the replication of HBV-DNA in the HepG2.2.15 cell line.
Data are expressed as the mean values of individual participants from the separate experiments. (A) After treatment with
different concentration of IL-33 for 2 days, HBsAg in the supernatant significantly decreased in a manner of dose-inde-
pendent; (B) HBsAg in the supernatant significantly decreased in a dose-independent manner; (C) the HBV-DNA signifi-
cantly decreased in a dose-independent manner. HBV, Hepatitis B virus.

histopathological examinations of liver tissues were not
conducted. Although more detailed studies are necessary to
determine the role and mechanisms of IL-33 in the patho-
genic process of CHB, our novel findings may provide new
insights into understanding the pathogenesis of CHB.
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