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Primary biliary cirrhosis (PBC) is a progressive autoimmune liver disease that can cause a series of 
complications, including cirrhosis, liver failure and hepatocellular carcinoma.  Interleukin-33 (IL-33) is 
expressed in various non-hematopoietic cells and a certain population of immune cells, and exerts its 
biological effects by binding to the specific receptor, suppression of tumorigenicity 2 (ST2).  A soluble form 
of ST2 (sST2) has been postulated to act as a decoy receptor for IL-33.  In this study, we aimed to 
investigate the role of IL-33 in the pathogenesis of PBC.  The study included 20 healthy controls and 68 
patients with PBC.  We thus found the increased serum IL-33 levels in PBC patients.  Its elevated levels 
were positively correlated with serum alkaline phosphatase levels (a key parameter for the definition of 
PBC) and with Child-Pugh scores, which were used to determine the prognosis of liver cirrhosis.  Moreover, 
the serum concentrations of sST2 were significantly higher in PBC patients compared with healthy subjects, 
irrespective of the disease severity.  Importantly, the cells that express IL-33 and/or myeloperoxidase (a 
marker for neutrophils) were accumulated in the livers of PBC patients, and their number increased with the 
severity of liver lesions.  Lastly, in vitro chemotaxis assays revealed that IL-33 enhanced the migration of 
neutrophils.  These data suggest that IL-33 may affect the progress of PBC by recruiting neutrophils to the 
liver.  This expanded knowledge of IL-33 in PBC patients is important for developing therapeutic strategies 
(e.g., neutralization of IL-33), selecting optimal clinical management, and predicting prognosis.
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Introduction
Primary biliary cirrhosis (PBC) is a progressive auto-

immune liver disease that causes substantial loss of intrahe-
patic bile ducts and subsequently, cholestasis, advanced 
fibrosis, cirrhosis, liver failure, and hepatocellular carci-
noma (Lindor et al. 2009; Selmi et al. 2011).  A widely 
accepted notion is that PBC arises as a consequence of 
combinations of genetic predisposition and environmental 
mutagens.  Collective evidence nevertheless has shown that 
immune cells, such as autoreactive pyruvate-dehydro
genase-complex-E2-specific CD4 or CD8 T cells, are 
clearly associated with its pathology or etiology (Shimoda 
et al. 1995; Kita et al. 2002; Takahashi et al. 2012).  
Currently, ursodeoxycholic acid is the only drug that has 

been specifically approved for the treatment of PBC.  
However, 40% of patients have incomplete responsiveness 
to ursodeoxycholic acid therapy (Leuschner et al. 2000), 
and this fact emphasizes the need to identify immunopatho-
genesis of PBC and to develop new therapeutic strategies.

Interleukin (IL)-33 is a cytokine belonging to the IL-1 
family that was described in 2005 (Schmitz et al. 2005).  It 
is expressed in various nonhematopoietic cells (e.g., endo-
thelial cells, fibroblasts, bronchial and epithelial cells) and 
immune cells (e.g., macrophages and dendritic cells) 
(Kakkar and Lee 2008).  IL-33 exerts its biological effects 
by binding to its specific primary receptor, suppression of 
tumorigenicity 2 (ST2), and the coreceptor, IL-1 receptor 
accessory protein.  Soluble ST2 (sST2) has been postulated 
to act as a decoy receptor for IL-33, thereby attenuating its 
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biological activity (Jovanovic et al. 2012; Milovanovic et 
al. 2012).  The role of the IL-33/ST2 axis has been exten-
sively studied in Th2-driven chronic inflammatory diseases, 
such as asthma, rheumatoid arthritis, inflammatory bowel 
disease and allergic rhinitis (Milovanovic et al. 2012).  In 
the field of hepatology, IL-33 has been identified as an 
important factor contributing to liver injury and was previ-
ously shown in in vitro models to be induced by chronic 
hepatitis B and C, and fibrosis (Wang et al. 2012a, b).

As yet, it is still unclear whether IL-33 is associated 
with the severity of disease progression and liver lesions in 
PBC patients.  The primary aim of this study was to analyze 
the characteristics of IL-33 in the serum and livers of PBC 
patients.  The secondary aim was to examine the possible 
pathogenic mechanisms by which IL-33 may act.

Methods
Subjects

Sixty-eight treatment-naive patients with PBC and twenty 
healthy controls (HC) were enrolled in this study.  These patients 
were diagnosed with PBC based on the presence of an anti-mitochon-
drial antibody titer > 1:40, and serum alkaline phosphatase (ALP) at 
least twice the upper limit of normal in the absence of biliary obstruc-
tion, which was in accordance with the American Association for the 
Study of Liver Diseases practice guidelines (Lindor et al. 2009).  The 
Child-Pugh scores used to determine the prognoses of liver cirrhosis 
were calculated at the time of enrollment and higher scores indicated 
poor prognosis (Pugh et al. 1973).  Paraffin-embedded liver tissues 
were obtained from ultrasound-guided needle liver biopsies from 16 
patients who had approved the use of excess tissue from biopsies.  
Healthy liver tissues were collected from 6 healthy donors whose liv-
ers were subsequently used for liver transplantation.  Blood samples 
were taken from seven healthy subjects for isolation of neutrophils.  
The liver lesions grading systems (Scheuer 1973) was used to 
describe the pathologic features of chronic nonsuppurative destructive 
cholangitis.  Briefly, stage I-inflammatory destruction of interlobular 

bile ducts; stage II-proliferation of ductules; stage III-fibrosis; and 
stage IV-cirrhosis (Scheuer 1973).  Patients with concurrent hepatitis 
B virus, hepatitis C virus or human immunodeficiency virus infection, 
or alcoholic liver disease were excluded.  The Institutional Committee 
for Human Research of Beijing 302 Hospital approved this study and 
written informed consent was obtained from each subject.  The 
patients’ baseline clinical data are shown in Table 1.

Immunohistochemical staining
Anti-IL-33 antibody (ab118503) and anti-myeloperoxidase 

(MPO) antibody (ab45977) were purchased from Abcam (Cambridge, 
UK) and used for immunohistochemical staining.  Paraffin-embedded, 
formalin-fixed liver tissue sections (5 μm) were incubated with anti-
IL-33 antibody or anti-MPO antibody overnight at 4°C after blocking 
endogenous peroxidase activity with 0.3% H2O2.  3-Amino-9-ethyl-
carbazole (red color) was used as the substrate, followed by counter-
staining with hematoxylin, according to previously described proto-
cols (Zhang et al. 2010).  The percentage of IL-33 positive cells was 
analyzed semi-quantitatively based on the red-positive area under 
lower-power fields (200×) with the software, IPP6.0.  As shown in 
Table 2, the quantitative scores of IL-33 in liver tissues were calcu-
lated by adding the score of positive areas with the score of intensity 
of positive areas.  For counting MPO positive cells, high-power fields 
(400×) were used and the numbers of MPO positive cells were 
counted in three different areas by two independent investigators.

IL-33 mRNA quantification
Liver tissue RNA was extracted using the RNeasy Mini kit 

(Qiagen) according to the manufacturer’s instructions.  The RNA was 
reverse-transcribed to complementary DNA using oligo (dT) primers 
at 42°C for 30 min and at 95°C for 5 min.  Quantitation of the IL-33 
mRNA was determined by staining with the fluorogenic dye SYBR 
Green as previously described (Marvie et al. 2010).  Each measure-
ment was performed in duplicate.  The primers used for IL-33 were 
as follows: forward 5′-aatcaggtgacggtgttg-3′, reverse 5′-acactccaggat 
cagtcttg-3′.  Beta-actin was used to normalize the samples in each 
PCR reaction.  The primers used for beta-actin were as follows: for-

Table 1.  Clinical characteristics of the participants enrolled in the study.

Healthy control
(20 cases)

PBC
(68 cases)

Child A
(21 cases)

Child B
(29 cases)

Child C
(18 cases)

NLR   1.33 ± 0.15   2.35 ± 0.30   1.86 ± 0.24   1.93 ± 0.17   2.88 ± 0.33
ALB (g/l) 39.27 ± 0.89 31.97 ± 0.73 35.60 ± 0.73 27.68 ± 0.84 25.80 ± 2.08
Age 49.80 ± 1.78 54.01 ± 1.28 50.29 ± 1.48 58.27 ± 2.00 61.00 ± 5.82
AST/ALT   1.47 ± 0.24   1.93 ± 0.13   1.65 ± 0.12   2.37 ± 0.28   1.85 ± 0.23
ALP (U/L) 128.67 ± 20.89 283.21 ± 28.69 300.47 ± 39.03 280.92 ± 49.99 163.40 ± 36.39
GGT (U/L) 28.53 ± 3.09 200.56 ± 27.64 249.68 ± 44.32 155.08 ± 27.87   54.60 ± 10.27
TBIL (μmol/l) 14.33 ± 3.78 52.73 ± 9.70 21.45 ± 3.47 61.41 ± 9.77 246.99 ± 79.57
CHE (U/L) 9,342.56 ± 389.90 4,277.43 ± 245.43 5,529.58 ± 249.94 2,957.16 ± 259.83 1,362.40 ± 150.74
IgA (g/l)   2.04 ± 0.69   2.98 ± 0.22   2.36 ± 0.18   3.68 ± 0.42   5.02 ± 1.19
IgG (g/l) 13.08 ± 0.98 19.98 ± 0.84 19.03 ± 1.13 20.91 ± 1.43 23.55 ± 1.42
IgM (g/l)   2.21 ± 0.36   3.30 ± 0.30   3.44 ± 0.46   3.20 ± 0.37   2.61 ± 0.75
γPro (%) 15.30 ± 0.65 25.87 ± 1.08 22.57 ± 1.20 29.87 ± 1.68 30.03 ± 4.94

NLR, neutrophil to lymphocyte ratio; ALB, albumin; ALT, alanine aminotransferases; AST, aspartate aminotransferase; ALP, alka-
line phosphatase; GGT, r-glutamyltransferase; TBIL, total bilirubin; CHE, cholinesterase; IgA, immunoglobulin A; IgG, immunoglo
bulin G; IgM, immunoglobulin M; γPro, γ-Protein.
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ward 5′-cactcttccagccttcctt-3′, reverse 5′-tgtgttggcgtacaggtct-3′.  RNA 
samples from 5 healthy individuals were used in each RT-PCR as 
quality controls.

Chemotaxis
 Blood from healthy subjects was lysed with fluorescence-

activated cell sorting lysing solution (BD Pharmingen) and neutro-
phils were further purified using easySep™ human neutrophil enrich-
ment kit following the manufacturer’s recommendations (Stem Cell 
Technologies).  Cells were loaded in the upper chamber with a 5 μm 
pore size semi-permeable polycarbonate membrane.  Medium with 
serum from HCs and PBC patients, or in the presence of IL-33 (1 ng/
ml) were loaded in the lower chambers.  After incubation for 5 h at 
37°C, the total number of neutrophils in the lower chamber was 
counted using Vi-CELL.  Each condition was performed in duplicate.  
The results were expressed as index of migration compared to the 
negative control.

Enzyme-linked immunosorbent serologic assay (ELISA)
The concentrations of serum IL-33 and sST2 in PBC patients 

and HCs were determined by ELISA using human IL-33 and sST2 

ELISA kits, according to the manufacturer’s instructions (Roche 
Diagnostics).  Briefly, individual serum samples at 1:4 dilutions were 
subjected to ELISA analysis, and the concentrations of serum IL-33 
in individual samples were calculated according to the standard curve 
established using the recombinant IL-33 and sST2.  The detection 
limits of IL-33 and sST2 ELISA kit were 0-16 ng/L and 1.6 ng/L, 
respectively.

Statistical analysis
Data analysis was performed with SPSS 16.0 software for 

Windows (SPSS Inc. Chicago, IL, USA).  Multiple comparisons were 
done between the various groups using the Kruskal-Wallis H non-
parametric test and the Mann-Whitney U test.  Comparisons within 
groups were performed with the Wilcoxon matched-pair t-test.  
Correlations between variables were evaluated with the Spearman 
rank correlation test.  For all tests, a two-sided P value < 0.05 was 
considered significant.

Results
PBC patients show increased serum concentrations of IL-33

As shown in Fig. 1A, the serum concentrations of 

Table 2.  Quantitative scoring of IL-33 immunohistochemistry.

Score 0 1 2 3
Percentage of positive areas 0 < 5% 5-20% > 20%

Score 1 2 3

Intensity of positive areas Weak Moderate Strong

Total quantitative scores of IL-33 in liver tissues were calculated by adding the score of the percentage of positive 
areas to the score of the intensity of positive areas.

Fig. 1.  Serum concentrations of IL-33.
	 (A) Pooled data from the serum of IL-33 in 20 healthy controls and 68 treatment-naive PBC patients relative to Child-

Pugh scores.  (B) Pooled data from the serum ST2 in 20 healthy controls and 68 treatment-naive PBC patients relative 
to Child-Pugh scores.  (C-F) Correlations between IL-33 levels and ALP, ALT, AST, or GGT in 68 PBC patients.  One 
dot represents one individual.  **P < 0.001.  ALP, alkaline phosphatase; ALT, alanine aminotransferases; AST, aspartate 
aminotransferase; GGT, r-glutamyltransferase.
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IL-33 were significantly higher in patients at Child A, B, 
and C (57.24 ± 6.55, 74.93 ± 6.56 and 75.61 ± 7.95; for 
Child A, Child B and Child C patients, respectively) when 
compared with HC (32.24 ± 8.37).  In addition, the levels 
of IL-33 in Child B and C patients were increased com-
pared to Child A patients, whereas there was no significant 
difference between Child B and C patients.

Serum sST2 has been assumed to act as a decoy recep-
tor for IL-33, thereby attenuating its biologic activity.  
Therefore, we measured the serum concentrations of sST2.  
Fig. 1B shows that the sST2 concentrations were signifi-
cantly higher in patients compared with HC subjects 
(144.94 ± 224.60).  However, the sST2 concentration was 
similar in PBC patients irrespective of the severity of liver 
disease (1,343.84 ± 583.28, 1,438.31 ± 485.42, and 1,439.37 
± 503.73 for Child A, Child B and Child C, respectively).

Fig. 1C shows that the serum concentrations of IL-33 
were significantly correlated with the levels of ALP (R = 
0.421, P < 0.001).  No noteworthy correlations were 
observed between the concentrations of IL-33 and ALT, 
AST, and GGT levels (Fig. 1D-F).

Increased quantitative scores of IL-33 are markedly associ-
ated with the severity of liver lesions

We examined the distribution of IL-33 positive cells in 
the liver of healthy individuals and PBC patients.  As 
shown in Fig. 2A (left), a small number of IL-33 positive 
cells were observed in the liver of healthy individuals.  

Interestingly, increased numbers of IL-33 positive cells 
were found not only accumulated in the portal areas but 
also in the lobules of the liver in PBC patients (Fig. 2A 
middle and right).  Most importantly, the quantitative scores 
of IL-33 in liver tissues were distributed differentially in 
patients with different degree of liver lesions.  Specifically, 
significantly higher quantitative scores of IL-33 were 
observed in the liver tissues from stage III or IV patients 
compared to stage I or II patients (Fig. 2B).

To further investigate the relationship between IL-33 
and degree of liver lesions, we quantified the mRNA levels 
of IL-33 in liver biopsies from patients using real-time 
qPCR.  As showed in Fig. 2C, IL-33 mRNA levels were 
significantly higher in patients with advanced liver lesions 
than control liver or livers from patients with less advanced 
lesions.

The presence of neutrophils increases with advancement of 
liver lesions and are associated with IL-33 levels in patients

We examined the distribution of MPO positive cells in 
the livers of healthy individuals and patients.  As shown in 
Fig. 3A (left), there were a small number of MPO positive 
cells.  Interestingly, increased numbers of MPO positive 
cells were found accumulated in the portal and lobular areas 
in the livers of patients (Fig. 3A middle and right).  We also 
found that MPO3 positive cells were differentially distrib-
uted in the livers of PBC patients.  Specifically, significantly 
more MPO positive cells were observed to have infiltrated 

Fig. 2.  Quantitative scores of IL-33 in the livers of patients with PBC.  (A) Immunohistochemical staining for IL-33 in the 
livers of 6 healthy controls (magnification, 200×) and 16 PBC patients (magnification, 200×).  Positive cells and areas 
are stained red.  (B) Quantitative scores for IL-33 in the livers of 6 healthy controls and 16 PBC patients with various 
liver lesions.  The methodology for obtaining the quantitative scores of IL-33 is provided in Table 2.  One dot represents 
one individual.  Horizontal bars represent the median quantitative scores for IL-33.  **P < 0.001.  (C) IL-33 mRNA lev-
els in 5 healthy controls and 12 PBC patients, these 12 patients were divided into stage I (n = 2), stage II (n = 4), stage 
III (n = 3) and stage IV (n = 3), respectively.  **P < 0.001.
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the portal and lobular areas of stage III or IV patients com-
pared to stage I or II patients (Fig. 3B).  In addition, as 
shown in Fig. 3C, the numbers of MPO positive cells in liv-
ers were closely correlated with the quantitative scores of 
IL-33 positive cells.

Increased IL-33 enhances chemotaxis of neutrophils
To define the effect of IL-33 on neutrophils, chemo-

taxis assays were performed, as shown in Fig. 4A, B.  

Serum from patients induced more neutrophils to migrate 
compared to serum from HC.  When IL-33 was added to 
the serum from PBC patients, the neutrophil chemotaxis 
index was further increased compared to neutrophils cul-
tured in serum from PBC patients (Fig. 4B).

Discussion
PBC is characterized by a number of well-defined 

abnormalities in immune dysfunction.  Firstly, there is a 

Fig. 3.  Neutrophils in the livers of patients with PBC.
	 (A) Immunohistochemical staining for MPO positive cells in livers of HC (magnification, 400×) and PBC patients 

(magnification, 400×).  Positive cells are stained red.  (B) Numbers of MPO positive cells in the livers of 6 HC and 16 
PBC patients of various histology stages.  One dot represents one individual.  Horizontal bars represent the median 
numbers of MPO positive cells.  **P < 0.001.  (C) Correlations between numbers of MPO positive cells and quantitative 
scores of IL-33.  One dot represents one individual.

Fig. 4.  IL-33 effects on neutrophil chemotaxis.
	 (A) Effects of serum samples from PBC patients with or without IL-33 on the chemotaxis of neutrophils.  (B) The data 

are representative of seven independently performed experiments with serum samples from seven healthy subjects and 
serum samples from four PBC patients.  **P < 0.001.
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multi-lineage loss of tolerance to pyruvate-dehydrogenase-
complex E2, including the presence of autoreactive CD4 
and CD8 cells and a highly directed B cell response 
(Shimoda et al. 1995; Kita et al. 2002).  There is also evi-
dence that the pathogenesis of the disease may involve dif-
ferent cytokines at different stages of disease activity 
(Takahashi et al. 2012).  Despite these accumulating data, 
the effects of IL-33 in patients with PBC remain unknown.  
It is therefore of clinical importance to investigate the char-
acteristics of IL-33 in PBC patients.  We found that serum 
IL-33 levels were increased in PBC patients.  The quantita-
tive scores of IL-33 and neutrophils increased in the livers 
of PBC patients, and increased with severity of liver 
lesions.  We also noted that increased quantitative scores of 
IL-33 in liver tissues were associated with neutrophil infil-
tration.  In vitro, the administration of IL-33 increased the 
chemotaxis index of neutrophils.  These data extended the 
knowledge about the properties of IL-33 from a mouse 
fibrosis model to human fibrosis and cirrhosis.

IL-33 is a cytokine involved in type 2 immunity and 
inflammatory responses, and has major effects on innate 
and adaptive cells, including innate lymphoid cell-2, T 
helper 2 cells, and alternatively activated M2 polarized 
macrophages.  Recently, an increasing body of literature 
has shown that IL-33 is related to the pathogenic mecha-
nisms of fibrosis (Marvie et al. 2010; Volarevic et al. 2012; 
McHedlidze et al. 2013).  For example, IL-33 expression 
correlates with ST2 expression, and with collagen expres-
sion in fibrotic livers in mice and humans (Marvie et al. 
2010).  IL-33-dependent innate lymphoid cells have also 
been reported to mediate hepatic fibrosis.  However, very 
little is known about the characteristics of IL-33 in the 
pathogenesis of PBC.  In view of this, we, for the first time, 
characterized IL-33 in a cohort of patients with PBC.  The 
present study indicates that the overexpression of IL-33 
may represent a potential mechanism leading to disease 
progression of PBC.  There are four aspects of evidence to 
support this notion.  First, the increased serum IL-33 levels 
in PBC patients were positively correlated with serum ALP 
levels, which is a key parameter for the definition of PBC.  
In addition, the serum concentrations of IL-33 increased 
with Child-Pugh scores, which were used to determine the 
prognosis of liver cirrhosis.  Third, sST2, which could 
attenuate the biologic activity of IL-33, did not increase 
with Child-Pugh scores.  Lastly and most importantly, we 
found that the quantitative scores for IL-33 and IL-33 
mRNA levels were positively correlated with advanced his-
tology stages.  For example, stage III liver lesions are char-
acterized by a distortion of hepatic architecture with numer-
ous fibrous septa and stage IV is characterized by liver 
cirrhosis with the existence of regenerative nodules.  Taken 
together, these results indicate that the overexpression of 
IL-33 is closely associated with disease progression in 
patients with PBC.  Notably, although the quantitative 
scores for IL-33 were increased in livers of PBC patients, 
we cannot definitely claim that this improvement is related 

to a type of lymphocyte or hematopoietic cell.  It is of inter-
est to identify the cell types responsible for the IL-33 pro-
duction.

The present observations related to neutrophils are 
consistent with previous literature on neutrophil biology in 
a mouse model of cholestatic liver damage (Gujral et al. 
2003; Sitia et al. 2004).  These reports indicated that accu-
mulated neutrophils in liver were significantly associated 
with PBC progression.  In addition, IL-33 has been shown 
to induce neutrophil migration to the inflammatory tissues 
(Alves-Filho et al. 2010; Verri et al. 2010; Hueber et al. 
2011), a finding consistent with our current data which sug-
gested that serum from PBC patients induced more neutro-
phils to migrate compared to HC.  These results indicated 
that the overexpression of IL-33 in the liver, at least in part, 
contributes to the accumulation of neutrophils.  Future stud-
ies are necessary to investigate the mechanisms that under-
lie neutrophil-induced liver damage and fibrosis in PBC 
patients.

Taken together, our data demonstrated, for the first 
time, that IL-33 may participate in the modulation of PBC 
progression.  These findings extend the knowledge about 
the properties of IL-33 from the previous mouse fibrosis 
model to patients with PBC and suggest that the neutraliza-
tion of IL-33 could be a potential therapeutic strategy for 
PBC treatment.
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