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Viral infection and type I interferon have been implicated in the pathogenesis of biliary atresia (BA), but the
expression of toll-like receptors (TLRs) that recognize viruses, as well as of type 1 interferon specific signaling
molecules are still unknown in BA. Fresh liver tissues were obtained from patients in early and late stage of BA
and from patients with choledochal cyst (CC), as well as from normal controls receiving liver resection for
benign lesion other than cholestasis or fibrosis. Archived liver tissues from patients with neonatal hepatitis
(NH) were obtained for immunohistochemical studies. TLR2, 3, 4, 7 and 9 that recognized Gram-positive
bacteria, double-stranded RNA virus, lipopolysaccharide, single-stranded RNA virus and DNA virus,
respectively, were studied. Real-time quantitative reverse transcription polymerase chain reaction (QRT-PCR)
was used to quantitate TLR, type I interferon specific molecule MxA, interleukin-6 (IL-6) and IL-8 mRNA
expression and immunohistochemistry for TLR 7 and MxA protein staining. These results show that there were
significantly higher TLR7 and lower TLR3 and TLR9 mRNA expression in early stage of BA than in CC. MxA
mRNA expression was also significantly higher in early stage of BA and in CC than in late stage of BA.
Immunoreactive TLR7 and MxA staining was higher in early stage of BA than in late stage of BA, NH and CC,
which was associated with significantly higher IL-8 mRNA expression in BA than in CC. The results implicate
involvement of TLRs, particularly TLR7, and type 1 specific interferon signaling in the pathogenesis of BA,
especially in early stage, which is associated with upregulation of inflammatory cytokines IL-8.
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Biliary atresia (BA) is characterized by progressive
destruction and obliteration of the extrahepatic bile
ducts within months of birth. The exact etiology and
pathogenesis of BA is still unknown. Despite
improvement of survival with the use of Kasai’s
Procedure, more than half of the patients still end
up with liver cirrhosis necessitating liver transplan-
tation.1,2

Infectious pathogens, particular viruses, have long
been suggested as the causative agents, but none are
universally isolated or identified in every case of
BA.3–6 In animal models of extrahepatic bile duct
injury, mice infected with reovirus type 3 or
rotavirus causes a fibrosclerosing lesion of the
murine extrahepatic bile duct, which mimics BA
and supports the infectious etiology of BA in
humans.7,8 In Shivakumar’s study of neonatal mice,
rotavirus has a unique tropism to bile duct cells,
which triggers hepatobiliary inflammation by IFN-g-
producing CD4þ and CD8þ lymphocytes.9

The infectious etiologies are frequently associated
with their characteristic activation of the innate
immune system by triggering pattern recognition
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receptors on the immune cells. Toll-like receptors
(TLRs) are the most recognized pattern recognition
receptors and TLR signaling is the telltale sign of
activation of the innate immunity.10 TLR2, 3, 4, 7
and 9 recognize Gram-positive bacteria, double-
stranded RNA virus, lipopolysaccharide, single-
stranded RNA virus and bacterial DNA containing
the unmethylated CpG motif and DNA viruses,
respectively.11 None of the receptors have been
implicated in the pathogenesis of BA.

Interferons (IFNs) are recognized for their ability
to impede viral replication. IFN signaling is becom-
ing an emerging bridge between TLR-mediated
innate immunity and microorganisms.12,13 In the
mouse model of extrahepatic biliary obstruction,
IFN-g are implicated in the disease process.9,14 It is
reasonable to assume that IFN signaling is impli-
cated in the pathogenesis of BA. The aim of present
study was to characterize the expression of TLRs
and MxA. The latter is an important signaling
molecule specific for type I IFN.15,16 The expression
of pro-inflammatory cytokines interleukin-6 (IL-6)
and interleukin-8 (IL-8) was also studied to charac-
terize their association with TLR expression in BA.17

Materials and methods

Patients and Samples

Fresh liver tissues were obtained from four male and
six female patients at the early stage of BA when
they received Kasai’s Procedure (KP) and three male
and six female patients at the late stage of BAwhen
they received liver transplantation (LT). Ten liver
samples, which served as disease controls, were
from fours male and six female patients of choledo-
chal cyst (CC) when they underwent surgical
intervention.

Most patients in this study did not have evidence
of hepatitis B virus infection. The rationale to use
CC as disease control is that the etiology is more
likely to be a congenital abnormal anatomical
arrangement than be infectious origin, as anomalous
pancreaticobiliay ductal juction is still prevalent in
CC.18 In support of the congenital theory is the fact
that CC have been reported at 15 weeks’ gestational

age.19 The pathogenesis of CC is also different from
BA and the change of the liver histology is milder,
especially in children. Five normal control (CO)
liver samples were from two male and three female
patients undergoing liver resection for benign lesion
of various causes in which the livers were devoid of
fibrosis and cholestasis. Detailed history of the
patients was recorded, including age when the
patient received operation, sex and serum aspartate
aminotransferase, alanine aminotransferase and
total bilirubin (Table 1). Our entire BA patients
belonged to nonsyndromic type. The mean age of
these patients in the early and the late stage of BA,
CC and CO was 2.170.6, 18.178.9, 36.7730.8 and
30.5728.5 months, respectively. After surgical re-
moval, all the liver samples were immediately
divided into four pieces, put into cryogenic vials
(CORNINGs), immersed in liquid nitrogen and then
stored at �801C until use. The study was executed
after approval of the Ethics and Clinical Research
Committee of the Chang Gung University, and
informed consent had been obtained from the
parents.

RNA Isolation and Real-Time Quantitative RT-PCR

To quantitate the tissue amount of TLR2, 3, 4, 7 and
9, MxA, IL-6 and IL-8 mRNA, we used real-time
quantitative reverse transcription polymerase chain
reaction (QRT-PCR) with ABI 7700 Sequence Detec-
tion System (TaqMan, Perkin-Elmer Applied Bio-
systems). The system is a sensitive and reliable
method for RNA quantitation.20 The reagent mixture
was prepared according to the protocol provided
by the manufacturer (Protech technology, Taipei,
Taiwan). Total RNA (2 mg) extracted from the liver
was used to generate cDNA using an oligodeoxynu-
cleotide primer (oligo dT15) following the protocol
for transcription (Promega, Madison, WI). PCR was
performed in 50ml SYBR Green PCR Master Mix
(Applied Biosystems) containing 10 mM forward
primers and reverse primers, and approximately
30ng cDNA. The primers sequences were listed in
Table 2.

Amplification and detection were performed
with the following profile: one cycle of 951C for

Table 1 Demographic and clinical data in 35 children for QRT-PCR study

Clinical feature Early stage of BA Late stage of BA Choledochal cyst Control
n¼ 10 n¼ 10 n¼10 n¼5

Age (month) 2.170.6 18.178.9 36.7730.8 30.5728.5
Gender (male:female) 4:6 3:7 4:6 2:3
AST (IU/l) 1517118 3867530 1127152 WNL or NA
ALT (IU/l) 108790 114751 80798 WNL or NA
Total bilirubin (mmole/l) 160744 2127116 38748* WNL or NA

Value expressed as mean7s.d. *Po0.05 compared to early stage of BA.
WNL¼within normal limit; NA¼not available.
n¼number of patients.
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10min, 40 cycles of 951C for 15 s, 621C for 30 s
and 721C for 15 s. After amplification was complete,
a final melting curve is performed with 2min of
denaturation at 951C, then cooling to 601C and
heating slowly until 951C (15min) according to
the dissociation protocol of the ABI7700 instrument.
Real-time fluorescence measurement was read
and a threshold cycle (CT) value for each sample
was calculated by determining the point at
which the fluorescence exceeds a threshold limit,
that is 10 times above the s.d. of the baseline. The
CT value from the samples was plotted on the
standard curve, and the copy number was calculated
automatically with Sequence Detection Version 1.6
(PE Applied Biosystems). Each sample was tested
in duplicate and the mean of the two values were
chosen as copy number of the sample. Samples
were defined as negative if the CT values exceeded
50 cycles. Primers and Probes for the target genes
were chosen with the assistance of computer
program Primer Express (Perkin-Elmer Applied
Biosciences, Foster City, CA). The mRNA of the b-
actin was chosen as internal control in each sample
to control sample to sample variations in RNA
concentration. To validate the transcripts obtained
by QRT-PCR, cDNA from three random liver sam-
ples were used for serial dilution (1:2, 1:4, 1:16 and
1:32) to obtain a relative standard curve, which
revealed a perfect correlation throughout the dilu-
tions (R2¼ 0.99). The validation experiments were
carried out in triplicate and amplification efficien-
cies were validated.21

Immunohistochemistry

Immunoreactive TLR7 and MxA staining were
performed on paraffin-embedded, formalin fixed,
archival liver tissues obtained from the Department
of Pathology. Two micrometer sections were depar-
affinized, treated with 3% hydrogen peroxide to
inactivate the endogenous peroxidase activity and
microwaved for 10min in 10mM citrate buffer to
retrieve antigen. Then the sections incubated in 2%
normal horse serum (Vector, Burlingame, CA, USA)
for 10min to block the background. The sections

were incubated with rabbit anti-TLR7 antibody
(Zymed Laboratories, South San Francisco, and
Cat. no. 36-6500, 1:100 dilution) at room tempera-
ture 1 h and mouse monoclonal anti-MxA antibody
(M143), a gift from Dr Otto Haller (University of
Freiburg, Germany, 1:100 dilution) at room tempera-
ture for 1 h and overnight, respectively.22 The
sections were then washed with TBS and detected
by second antibody with SuperPicTuretPolymer
detection kit (Zymed Laboratories, South San
Francisco, and Cat. no. 87-8963) and DAB chromogen
(DAKO, USA, Cat. no. K3467) according to manu-
facturer’s instructions. As TLR7 and MxA were
expressed in hepatitis C and B virus infected liver,
respectively,23,24 a liver sample from one hepatitis C
and B infected patient served as positive control.
Negative controls were the sample from a patient in
the early stage of BA without treatment with the
primary antibody. The CO was the liver tissue
obtained from patients without liver fibrosis and
cholestasis and disease control was from patients
with CC and neonatal hepatitis (NH), respectively.
The immunoreactivity was scored with semiquanti-
tative scoring method: score 1–3: the areas of
positive cells in hepatic lobules, hepatic sinusoid,
portal areas and fibrous plate were less than 10%,
10–50%, more than 50% of total liver tissues,
respectively.

Statistical Analysis

All values in the figures and tables are expressed as
mean7s.e. Student’s t-test (unpaired, two-tailed)
was used for comparison between experimental
groups. Differences in the distribution of staining
score between groups were assessed with Mann–
Whitney U test. A P-value o0.05 was considered as
statistically significant.

Results

TLR, MxA, IL-6 and IL-8 mRNA Expression

Among the five TLRs studied, we found that only
TLR7 expression significantly elevated in the early

Table 2 Primer sequences of TLRs, MxA, IL-6, IL8 and b-actin

Genes Forward primers Reverse primers

TLR2 50-GATGTCCGCCTCTCGGTGT-30 50-GCAGGAACAGAGCACAGCAC-30

TLR3 50-TGGTTGGGCCACCTAGAAGT-30 50-CCATTCCTGGCCTGTGAGTT-30

TLR4 50-ATGGCTTGTCCAGTCTCGAAGT-30 50-CAGGAAGGTCAAGTTTCTCAGCTC-30

TLR7 50-TGCTGTGTGGTTTGTCTGGTG-30 50-CTCCTGGCCCCACACAAGT-30

TLR9 50-CCACAACAACATCCACAgCC-30 50-GTGCATTGCCGCTGAAGTC-30

MxA 50-GTGAGATCAGCTCCCGAGATG-30 50-ATTGCCCACAGCCACTCTG-30

IL-6 50-GTGTGAAAGCAGCAAAGAGGC-30 50-TGCAGGAACTGGATCAGGACT-30

IL-8 50-TCTCTTGGCAGCCTTCCTGA-30 50-CGCAGTGTGGTCCACTCTCA-30

Human b-actin 50-TCACCCACACTGTGCCCATCTACGA-30 50-CAGCGGAACCGCTCATTGCCAATGG-30
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stage of BA than in CC (P¼ 0.02) (Figure 1). There
was no significant difference in TLR2 and TLR4
expressions between the early stage of BA and CC.
On the contrary, we found significant decrease of
TLR3 and TLR9 mRNA expression in the early stage
of BA than in CC (P¼ 0.01 and 0.001, respectively)
(Figure 1).

We further studied TLR7 mRNA expression and
found the level was significantly higher in the early
stage than in the late stage of BA (P¼ 0.03) (Figure
2). Although TLR7 mRNA expression was higher in
the early stage of BA than in CO (relative ratio
3.6270.98, P¼ 0.09), the difference was not sig-
nificant, probably due to small sample size of
normal control. As TLR7 is a receptor for RNA virus
that can induces type 1 interferon specific gene and
protein expression, we studied MxA mRNA expres-
sions. The results demonstrated higher MxA expres-
sions in the early stage of BA and in CC than in the
late stage of BA (P¼ 0.02). However, there was no
significant difference between early stage of BA and
CC and CO, too (P¼ 0.53 and 0.13, respectively)
(Figure 2).

In order to clarify TLR-induced proinflammatory
gene expression, we studied proinflammatory
IL-6 and IL-8 expression. There was significantly
higher IL-8 mRNA expression in both the early
and late stages of BA than in CC (P¼ 0.03 and
0.04, respectively) (Figure 3). There was also
significantly higher expression of IL-6 mRNA
expression in the late stage of BA than in CC.
There was no significant difference in IL-6 and IL-8
mRNA expression between the early and late stages
of BA.

Immunoreactive TLR7 Staining in BA

To further characterize TLR7 protein expression in
the liver, immunohistochemical staining was car-
ried out. Strong TLR7 immunoreactivity was present
in the bile ductular epithelial cells, some nonpar-
enchymal cells morphologically identical to Kupffer

Figure 1 Comparison of TLR2, 3, 4, 7 and 9 mRNA expressions by
QRT-PCR between early stage of BA and CC. Data are expressed as
mean7s.e. of 10 samples in each group. *Sign indicates
significant difference between groups (Po0.05).

Figure 2 TLR7 and MxA mRNA expression in the early stage and
late stage of BA, CC are shown. Data are expressed as mean7s.e.
of 10 samples in each group. *Indicates significant difference
between groups (Po0.05).

Figure 3 Comparing the IL-6 and IL-8 mRNA expressions in the
early and late stage of BA with CC. Data are expressed as
mean7s.e. of 10 samples in each group. *Indicates significant
difference between groups (Po0.05).
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Figure 4 Immunohistochemical studies of TLR7 protein expression in the liver tissue. The representative normal control was the non-
neoplastic part of the liver tissue obtained from a patient with hepatoblastoma receiving surgical resection. The representative disease
control was obtained from a patient with CC and with NH. The liver tissues of BAwere obtained from the same patient when she received
Kasai operation at one month old and then liver transplantation at 23 months old, respectively. (a) In control liver, TLR 7
immunoreactivity is mainly found in the neutrophils (arrows) and faintly present in the hepatocytes. (b) In CC, TLR7 immunoreactivity is
also found in few neutrophils (arrows) and weakly present in the hepatocytes. (c) In NH, TLR 7 immunoreactivity is mainly found in the
neutrophils (arrows) and no immunoreactivity in the hepatocytes. (d) In early stage of BA, increased TLR 7 immunoreactivity is noted in
the cytoplasm of the hepatocytes and the bile ductular epithelial cells as well as in the neutrophils (arrows). (e) This figure is a high
power image of (d) and it shows increased TLR 7 immunoreactivity in the cytoplasm of the hepatocytes as well as in the darkly staining
neutrophils (arrows). (f) In the late stage of BA, only weak TLR7 immunoreactivity is shown in the hepatocytes and the neutrophils but
not in the bile ductular epithelial cells. (Original magnification �400, except (e) �800).
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cells and neutrophils, and weaker expression in the
cytoplasm of hepatocytes in the early stage of BA,
which was higher than in the late stage of BA, CO,
NH and CC (Figure 4). In the late stage of BA, TLR7
expression decreased significantly in the hepato-
cytes and the bile ductular epithelial cells. The
results demonstrated significant increase in TLR7
expression in the early stage of BA than in the
late stage of BA and CC (Table 3). In CC, TLR7
immunostaining, although weaker than BA, became
more conspicuous in hepatocytes, not in the bile
ductular epithelial cells and Kupffer cells. The trend
of TLR7 protein expression was consistent with
TLR7 mRNA expression.

Immunoreactive MxA Expression in BA

Comparing to the late stage of BA, NH and normal
control, there was stronger MxA immunostaining in
the bile ductular epithelial cells, Kupffer cells and
the cytoplasm of hepatocytes in the early stage of BA
(Figure 5). The trend of MxA protein expression
was also consistent with the results of MxA mRNA
expression (Table 3).

The relative expression levels of mRNA and
immunoreactive staining scores were listed on
Table 4.

Discussion

Our results demonstrate for the first time the
expression of TLRs in BA and found significantly
higher TLR7 and protein expression in the early
stage of BA than in the late stage of BA, and CC.
Meanwhile, there was significantly higher type I
interferon specific MxA mRNA and protein expres-
sion in the early stage of BA than in the late stage.
TLRs are the most recognized pattern recognition
receptors, which recognize infectious pathogens and
activate type 1 interferon and induce inflammatory
response gene expression. The latter includes IL-8 in
this study.

TLR7 has been identified as the receptor for
single-stranded RNA virus and induces type 1
interferon inflammatory cascades for antiviral activ-
ity mediated by MxA.15,16 MxA is a 76 kDa GTPase
protein which possesses many of the biophysical
properties of conventional dynamin proteins known
to be involved in intracellular membrane traffick-
ing.16 In vivo and in vitro studies show that MxA is
able to inhibit a broad spectrum of negative and
positive strand RNAviruses.25–28 High levels of MxA
protein were found in the peripheral blood cells of
the patients with acute viral infections such as
rotavirus, adenovirus, respiratory syncytial virus,
cytomegalovirus and hepatitis C virus but not
elevated in bacterial infections.27,28 Therefore, its
quantitation can be considered as a specific marker
of acute viral infections.27 As infectious pathogens,
particular viruses, have been suggested as the
causative agents in BA, we speculate from this
study that elevated TLR7 and MxA expression in
the early stage of BA may represent a response
to viral infection, but evidence to prove it is still
lacking.

In addition to their roles in mediating infection,
TLRs are also known to involve in complex tissue
damage and remodeling inflammatory pathways.29

There is evidence that endogenous ligands such as
damaged cells or stressed cells in the abscess can
initiate an immune response through TLRs and
trigger an immune/inflammatory response.30,31 Up-
regulation of TLR7 expression has been reported in
noninfectious condition, such as in the skeletal
muscle in early stage of Duchenne muscular dystro-
phy.31 From these perspective, upregulation of TLR7
in the early stage BA may also imply a simple
immune response to active inflammation and liver
tissue damage characteristic of that stage of BA.

TLR7 can modulate human CD4þT cells to
upregulate proliferation and IL-8 production.32 The
function of IL-8 is not only a potent recruiter of
neutrophils and T cells but also a potent stimulator
of the degranulation and of the respiratory burst in
neutrophils.33 More recently, elevated serum IL-8 is
found in BA and higher serum IL-8 significantly

Table 3 Intensity of TLR7 and MxA immunostaining

Immunostaining Early stage of BA Late stage of BA Choledochal cyst Neonatal hepatitis Control
n¼6 n¼ 4 n¼ 7 n¼4 n¼ 4

TLR7*
1 0 1 2 3 2
2 0 3 3 1 2
3 6 0 2 0 0

MxA**
1 0 2 0 1 2
2 3 2 5 3 2
3 3 0 2 0 0

n¼numbers of the patients, *Po0.05 compared early stage of BA to late stage, choledochal cyst, neonatal hepatitis and control, **Po0.05
compared early to late stage of BA and control.
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correlated with the degree of fibrosis scored with the
histologic activity index, patient with jaundice, and
portal hypertension.34,35

One interesting finding is significantly lower
expression of TLR3 and TLR9 in the early stage of
BA than in CC.TLR3 and TLR9 are receptors for

Figure 5 Immunohistochemical studies of MxA protein expression in the liver tissue. The liver tissues were from the same patients as
described in (a) In control liver, no MxA immunoreactivity is present. (b) In CC, MxA immunoreactivity is demonstrated as scattered dot-
like signals mainly in the hepatocytes. (c) This figure is a high-power image of (b), which shows MxA immunoreactivity staining mainly
in cytoplasm of hepatocytes. Some bile pigments may be present in the image. (d) In NH, MxA immunoreactivity is mainly found in the
cytoplasm of the hepatocytes, bile ductular epithelial cells. (e) In early stage of BA, distinct MxA immunoreactivity is noted in the
cytoplasm of the hepatocytes, bile ductular epithelial cells and Kupffer cells (arrows). The Kupffer cells demonstrate the most intense
immunoreactivity. (f) In the late stage of BA, only focal, dot-like signals of MxA immunoreactivity are noted in the hepatocytes. (Original
magnification �400, except (c) �800).
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recognition of double-stranded RNA virus and
CpG dinucleotides, respectively. Th2 cytokines
including IL-4 and IL-13 are known to decrease
TLR3 mRNA and protein expression in human
intestinal epithelial cells, which is suspected to be
a protective mechanism that prevents host from
excessive TLR signaling.36 Improved graft accep-
tance in young infants comparing to the elder
children with BA receiving liver transplantation
also implies a protective role of Th2 cytokines.37

Whether the observed decreased hepatic TLR3
expression in the early stage of BA is a protective
reaction from ongoing inflammatory process is
unknown at present, because of lack of sufficient
data that address the expression of Th2 cytokines
in BA. In the normal infants, the T-helper phenotype
in circulating mononuclear cells are toward a
Th2 polarity before antigen exposure.38 Bezerra
et al39 demonstrated that an upregulation of proin-
flammatory cytokine osteopontin and interferon-g
that regulate Th1 immune response and down-
regulation of immunoglobulin domain consistent
with suppression of Th2 response at the time of
diagnosis of BA and during the progression to
biliary cirrhosis.

Diminished TLR9 expression was found in one
report of lymphatic filariasis and was suspected to
be a likely consequence of chronic antigen stimula-
tion that could explain dysfunctional immune
response in filariasis.40 It is also uncertain if in the
early stage of BA, the decreased TLR9 expression is
the consequence of chronic stimulation by some yet
unidentified antigens.

In conclusion, the results of this study indicate
that TLR signaling might play an important role
in the pathogenesis of nonsyndromic BA, which
is associated with upregulation of type I interferon
specific protein MxA and inflammatory cytokine
IL-8. However, the exact mechanism that underlies
up-regulation of TLR7 and down-regulation of
TLR3 and TLR9 in the early stage of BA when
the disease is first diagnosed is waiting to be
clarified.
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