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Biliary Atresia - Translational Research on Key Molecular
Processes Regulating Biliary Injury and Obstruction
Jorge A. Bezerra, MD
Biliary atresia is the most common cause of pathologic jaundice in young infants and
results from the obstruction of the extrahepatic bile ducts by an inflammatory and fibroobliterative process. Although the pathogenesis of the disease is multifactorial, recent
patient- and animal-based studies began deciphering the molecular pathways involved in biliary injury and duct obstruction. Using large-scale genomics and immunostaining of livers
from children with biliary atresia, investigators have discovered unique molecular signatures
of dominant proinflammatory cytokines at the time of diagnosis. To study hypotheses generated from these patient-based studies, the anatomical and inflammatory profiles of a mouse
model of rotavirus-induced biliary atresia were analyzed and found to share striking similarities with the human profiles. Then, using these mice in mechanistic studies, interferongamma (IFNγ) has been shown to regulate the biliary tropism of lymphocytes to the biliary
system, and to play a critical role in the inflammatory obstruction of extrahepatic bile ducts.
The ability to combine human studies with a laboratory model of neonatal biliary injury and
obstruction opens a new era of opportunities to advance the field of biliary atresia, and to
develop new therapeutic strategies to improve long-term outcome with the native liver of
children with biliary atresia. (Chang Gung Med J 2006;29:222-30)
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iliary atresia is the most common cause of
pathologic jaundice in children and the most frequent indication for liver transplantation in the pediatric population worldwide.(1) It results from a progressive fibrosing and inflammatory cholangiopathy
that begins in early infancy and rapidly progresses to
the complete obstruction of the extrahepatic bile
ducts. As a consequence, the young infant presents
clinically as jaundice, acholic stools and
hepatomegaly, features that may be shared with other
causes of neonatal cholestasis. Therefore, the initial
task is to differentiate biliary atresia from other
forms of neonatal cholestasis. This is an important
task because early surgical intervention to re-establish biliary flow offers the greatest chances for long-

term outcome with the native liver in children with
biliary atresia. In the absence of surgical intervention, ongoing injury leads to biliary cirrhosis, portal
hypertension, and end-stage liver disease. At this
stage, liver transplantation is the only therapeutic
option for long-term survival.
Despite the severe consequences to child’s
health, research that directly addresses pathogenic
mechanisms of disease has been limited. One of the
main factors limiting studies of etiology and pathogenesis of biliary atresia is the multifactorial nature
of the disease and the advanced stage of biliary
injury at the time of diagnosis in most patients. This
notwithstanding, important observations in patientand laboratory-based studies have identified poten-
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tial etiologies and pointed to possible pathogenic
mechanisms of disease. We are now entering a new
phase of research in which the availability of an
experimental model of biliary atresia serves as a
model for mechanistic studies to directly test
hypotheses regarding disease pathogenesis generated
from patient-based studies. In this article, we analyze
the current views on mechanisms of disease, and
summarize recent work in which we used complimentary human- and mouse-based studies to demonstrate that inflammatory cytokines may play a central
role in epithelial injury and duct obstruction in biliary atresia.
Proposed mechanisms of disease in biliary
atresia

Any proposed mechanisms of disease in biliary
atresia must take into account two important clinical
features that are exclusive to biliary atresia: (1) the
onset of disease is restricted to the neonatal period,
and (2) the target of injury is limited to the biliary
system. In addition, there is no evidence of recurrence of hepatobiliary lesions typical of biliary atresia following liver transplantation. Integrating these
features with the increased incidence of non-hepatic
congenital malformations in a group of infants with
the embryonic type of biliary atresia, it appears that
the pathogenesis of biliary atresia obeys biological
rules dictated, at least in part, by prenatal and postnatal development.
Despite the variability in clinical phenotypes,
the intra- and extrahepatic biliary tree of all patients
undergoes an inflammatory and fibrosing process

triggered by an as yet unidentified agent. Conflicting
evidence exists in regards to the etiological agent,
the exact timing of onset of injury, and the factors
that perpetuate the persistent hepatobiliary inflammation. Based largely on epidemiologic and clinical
features, evaluation of the liver and biliary tree at
different phases of disease, potential predisposing
genetic factors, and the pace of disease progression,
five mechanisms have been proposed to be involved
in pathogenesis of biliary atresia: (1) defect in morphogenesis of the biliary tract, (2) defect in fetal/prenatal circulation, (3) environmental toxin exposure,
(4) viral infection, and (5) immunologic/inflammatory dysregulation (Table). (2) Integrating these concepts, a working hypothesis of disease pathogenesis
can be proposed in which the atresia phenotype
derives from an interplay between environmental and
genetic factors that results in biliary injury and progression to complete obstruction of extrahepatic bile
ducts (Fig. 1).
Defective morphogenesis

Biliary atresia may belong to a spectrum of diseases characterized by the inappropriate persistence
or lack of remodeling of the embryonic ductal plate
forming an anatomic variant known as “ductal plate
malformation.” This potential contribution of ductal
plate malformation as a contributing or causative factor for biliary atresia is supported by the persistence
of the embryonic shape of interlobular bile ducts in
some infants at the time of diagnosis.(3) In agreement
with a prenatal onset of injury, a cystic dilatation of
the biliary system was detected in three fetuses dur-

Table. Potential Mechanisms Involved in the Pathogenesis of Biliary Atresia (Adapted from Balistreri et al.2).
Mechanism

Supporting data

1. Defect in morphogenesis

Coexistence of non-hepatic embryologic abnormalities
Abnormal remodeling of the “ductal plate”
Mutations in laterality genes (CFC1, ZIC3) in patients with biliary atresia and laterality defects
Epigenetic factors: overexpression of regulatory genes in children with the embryonic form of biliary atresia
Inv mouse: model of biliary obstruction and situs inversus
Intrauterine devascularization results in abnormal extrahepatic bile ducts
Increased expression of intercellular adhesion molecules
Increased frequency of the HLA-B12, B8 or DR3 alleles
Hepatic profile displaying a predominant Th1-like phenotype
Prevention of inflammatory obstruction of bile ducts in mice deficient in IFNγ
CMV, reovirus, rotavirus, and other viruses detected in infants with biliary atresia
Biliary obstruction in newborn mice infected with rotavirus
Time-space clustering of cases

2. Defect in prenatal circulation
3. Immunologic dysregulation

4. Viral infection
5. Toxin exposure
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Environmental
Factors

Susceptibility
Genes

Viral, toxic insults? Abnormal prenatal circulation?
Genetic defects? Immunologic dysfuction?
Fig. 1 Working hypothesis on the pathogenesis of biliary
atresia, in which the injury and obstruction of extrahepatic
bile ducts result from an interplay between environmental
(viral and toxic insults) and genetic/developmental factors
(abnormal prenatal circulation, genetic defects, and immunologic dysfunction)

ing routine prenatal ultrasound. Evaluation of the
neonates after birth showed only duct remnants proximally and distally to the cysts, which histological
features akin to typical findings of biliary atresia.(4)
The earlier onset of disease and the presence of
non-hepatic malformations in a group of infants with
biliary atresia also suggest a prenatal onset and a
pathogenesis that differs, at least in part, from that of
infants with the perinatal form. The main associated
malformations, poly- or asplenia, cardiovascular
defects, abdominal situs inversus, intestinal malrotation, and anomalies of the portal vein and hepatic
artery, point to potential defects in embryogenesis
and asymmetric left-right determination of visceral
organs.(5) In support of this concept, abnormalities in
organ symmetry and biliary drainage have been identified in the inv transgenic mouse. In this transgenic
mouse, a recessive insertional mutation of the
inversin gene results in complete abdominal situs
inversus, severe jaundice, poor weight gain, and
death within the first week of life in 100% of
homozygous mice. (6) In a detailed morphological
analysis of the hepatobiliary system in the inv
mouse, a defect in patency of the extrahepatic ductular system was identified by trypan blue cholangiography and absent excretion of 99mtechnetium-labeled
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tracer.(7) Interestingly, although the livers displayed
ductular proliferation, there was no inflammation or
necrosis within the hepatic parenchyma or portal
tracts. This histological discrepancy with the typical
features of infants with biliary atresia suggests that
the biological basis of the obstruction in extrahepatic
bile ducts may differ in both settings. In agreement
with this concept, the full nucleotide sequence and
mutational analyses in children with laterality defects
and biliary atresia failed to identify mutations in the
inversin gene.(8) The identification of loss-of-function
mutations in the CFC1 gene, which encodes the
CRYPTIC protein, in patient with heterotaxy and biliary atresia maintains alive the potential role of laterality genes in contributing to the phenotypic determination of biliary atresia.(9)
Another gene that may participate in pathogenesis of biliary atresia is Jag1. Mutations in the Jag-1
gene cause the Alagille syndrome, an important
cause of intrahepatic cholestasis in children.(10,11)
Interestingly, sequence analysis of the Jag-1 gene in
children with biliary atresia identified a high frequency of single nucleotide polymorphisms in those
infants with biliary atresia with poor outcome. (12)
Taken together, these data suggest that genetic factors governing morphogenesis of the biliary system
may play an important role in development and/or
progression of liver disease in biliary atresia.
Defective fetal/prenatal circulation

Impaired blood flow through the hepatic artery,
which supplies the intra- and extrahepatic biliary
system, in early development has been proposed to
be an initiating factor for duct injury in biliary atresia. This is an attractive concept based on the presence of vascular abnormalities associated with biliary atresia, and the arterial hyperplasia and hypertrophy described in liver specimens of affected
infants.(13) Additional data from humans or the development of experimental models to study the impact
of blood flow on biliary development will be necessary to further validate a potential role of impaired
circulation in the pathogenesis of biliary atresia.
Toxin exposure

Toxin exposure may play a potential role in
pathogenesis of biliary atresia. To date, the only supportive data in humans is the time-space clustering of
cases.(14,15) In animals, unusual outbreaks of hepatobil-
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iary injury in lambs and calves in New South Wales,
Australia occurred in 1964 and 1988, with pathological specimens displaying features akin to the pathology seen in humans with biliary atresia. Despite the
localized geographical distribution of the outbreaks,
an extensive investigation for causative phytotoxins
or mycotoxins did not prove fruitful in revealing the
toxic agent.(16)
Viral infection

The isolation of different viruses in livers of
infants with biliary atresia points to a potential role
as an initiating factor in pathogenesis of disease. The
types of virus vary with the geographic region and
patient population. For example, hepatitis B virus
(HBV) antigens were detected in livers of infants
with biliary atresia in Japan, but these findings were
not reproduced in the U.S.(17-19) Likewise, there is little evidence to support the role of HAV or HCV in
spite of histological findings suggesting the presence
of non-A, non-B viruses in the liver. (17,20) Other
reports using a variety of techniques and substrates
for viral detection have implicated cytomegalovirus,
retrovirus, human papiloma virus, human herpes
virus-6, reovirus, and rotavirus in specific groups of
patients with biliary atresia, but also with neonatal
intrahepatic cholestasis and choledochal cyst. (21-31)
The etiologic role for one single agent, however, has
not been validated due to the inability to reproduce
the association in other patient populations. (31-35)
Nevertheless, among these viruses, reovirus type 3
and rotavirus type C continue to emerge as potential
triggering agents for biliary atresia.
Reovirus type 3. Prevalence of antibodies
against reovirus type 3 and the detection of the virus
in hepatobiliary specimens of patients with biliary
atresia have varied according to patient population
and laboratory techniques. This is demonstrated by a
high prevalence of immunoglobulin (Ig) G and IgM
to reovirus in infants with biliary atresia,(28-30,36) but at
least two studies could not find such an association. (33,37) More recently, the use of virus-specific
amplification by reverse transcription-polymerase
chain reaction identified reovirus in hepatobiliary
samples of 55% of patients with biliary atresia and
78% with choledochal cyst, while the virus was present in tissues of only 8-21% of appropriately
matched controls. (24) The putative association
between reovirus and biliary atresia was initially sus-
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pected based on studies in young mice, which
showed that reovirus infection in the weanling period
resulted in the “oily fur syndrome”, marked by
growth failure, jaundice and oily fur. Histologically,
reovirus induced hepatitis and intra- and extrahepatic
biliary epithelial necrosis with surrounding edema
and inflammation.(38-40) With repeated intraperitoneal
injections, weanling mice develop fibrosis of the
extrahepatic biliary tree, but do not progress to irreversible luminal obstruction.(38) The analysis of the
cytokines mounting the inflammatory response in
this animal model or in infants with biliary atresia
infected with reovirus has not yet been performed.
Rotavirus. Rotavirus was reported in a cohort of
infants with biliary atresia.(22) Administration of rhesus rotavirus-type A to newborn mice orally or
intraperitoneally produces a notable phenotype
resembling biliary atresia, with progressive jaundice,
acholic stools, bilirubinuria, and growth failure,
eventually culminating in death in many infected
animals.(41-43) The histological appearance of the liver
and biliary tree in late stages of biliary obstruction
shows similarity with the histological features of biliary atresia. Analysis of the extrahepatic bile ducts
before and after the onset of jaundice shows inflammation and edema of the duct wall, progressing to
sloughing of the biliary epithelium, closure of the
duct lumen by inflammatory cells and other cellular
debris, and finally concentric fibrosis of the extrahepatic bile ducts (Fig. 2). This processes results in a
segmental or continuous obstruction of the extrahepatic duct lumen. The precise mechanisms of viralinduced injury have not yet been established, but
recent studies have begun elucidating cellular and
molecular pathways regulating duct injury and
obstruction (reviewed below).(41-44)
Inflammatory/immunologic dysregulation

Cellular phenotyping and molecular studies of
liver samples from infants/children with biliary atresia suggest that the inflammation observed in the biliary system is not simply a non-specific response to
an injury, but rather it may play an important effector
role in the biliary injury. For example, cholangiocyte
pyknosis and necrosis have been associated with
infiltration of mononuclear cells into the walls of
interlobular bile ducts, as well as lymphocytic infiltration into portal tracts, the duct walls at the portahepatis, and common hepatic duct remnants of
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Fig. 2 Hematoxylin-eosin staining of cross sectional views of the extrahepatic bile ducts at 3, 7, and 14 days after the intraperitoneal administration of rotavirus into mice in the first 24 hours of life.

infants with biliary atresia.(45-47) Phenotypic characterization of these inflammatory cells has identified
CD8 + T cells infiltrating proliferated bile ducts,
although the cells did not express perforin or
granzyme B, markers of activated cytotoxic T lymphocytes.(48) In general, however, the lymphocytes
infiltrating portal tracts in biliary atresia are CD4+
rather than CD8+ T cells. These cells express markers
of T helper (TH) lymphocyte activation and proliferation, such as the interleukin-2 receptor (CD25) and
the transferrin receptor (CD71).(49-51)
Differentiation of TH lymphocytes to a proinflammatory phenotype (TH1) often requires CD4+ T
cells to encounter exogenous antigens complexed
with an MHC class II molecule on the surface of an
antigen-presenting cell (APC). In the context of biliary atresia, cholangiocytes, which normally express
MHC class I but not class II antigens, are induced to
aberrantly express HLA-DR (a major MHC class II
molecule) and act as APCs.(49,52,53) Furthermore, intercellular adhesion molecule-1 is expressed on bile
duct cells of patients with biliary atresia, while one
of its ligands, the leukocyte functional antigen-1, is
expressed on infiltrating mononuclear cells. (51,54)
Interaction between these two molecules is one of
the mechanisms necessary for inflammatory cell
recruitment and perpetuation of the immune
response. The immune response may also be influenced by Kupffer cells (resident hepatic
macrophages). In biliary atresia, Kupffer cells have
been shown to express MHC class II antigen HLADR, and comprise a higher population of nonparenchymal cells. (51,55,56) A potential pathway that

would explain the interaction of Kupffer cells and
lymphocytes in the pathogenesis of biliary atresia
involves infiltration of portal tracts by CD14 +
Kupffer cells, which are induced to express IL-18, a
pro-inflammatory cytokine that promotes interferongamma production and TH1-differentiation of lymphocytes.(55,56)
Molecular basis of neonatal biliary obstruction
Patient-based studies

The potential interplay of genetic, toxic and
infectious agents in the pathogenesis of biliary atresia underscore the multifactorial basis of disease.
Therefore, we interrogated the liver-specific transcriptional program in search for dominant molecular
pathways in early phases of disease. In these studies,
we compared the levels of gene expression in the livers of children with biliary atresia at different phases
of disease using gene chips. For controls, we used
liver biopsies from age-matched subjects with intrahepatic cholestasis. Analysis of over 12,000 genes
using highly stringent statistical parameters revealed
a unique transcriptional footprint for age-matched
patients with biliary atresia. Interestingly, this footprint contained a significant number of the genes that
were functionally related to a proinflammatory activation of lymphocytes, with an increased expression
of osteopontin, a regulator of TH1 immunity, and
suppression of immunoglobulin genes. Notably,
these findings were associated with the production of
IFNγin 65% of infants with biliary atresia, and no
detectable IFNγin disease-controls.(57) Histologically,
the degree of inflammatory infiltrates was similar in
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both groups, implying differential activation states of
similar cell types.
Further support for the role of the hepatic
inflammation as a key mediator of biliary injury was
gained by a recent detailed immunohistochemical
analysis and gene expression studies in livers of children with biliary atresia at the time of diagnosis (312 weeks of age), age-matched disease controls
(neonatal giant cell hepatitis, choledochal cyst, and
total parenteral nutrition-induced cholestasis), and
healthy control subjects. Liver samples from subjects
with biliary atresia had a greater infiltration of portal
tracts by CD4 and CD8 lymphocytes as well as
CD68 (Kupffer) cells, with no obvious differences in
the number of cells stained with antibodies against
CD20 and NK1 (markers of B and NK lymphocytes,
respectively). Consistent with a proinflammatory
response, there was also an increased expression of
IL-2, IL-12, IFNγ, TNFα, with a distinct pattern of
cytokine expression in the portal environment. (58)
Although circumstantial, the collective data from
patient-based studies clearly support a working
hypothesis in which a TH1, proinflammatory commitment of lymphocytes is an important effector of
epithelial injury in biliary atresia. Testing this
hypothesis, however, required the use of in vivo and
in vitro experimental models that permitted mechanistic studies.
Studies using the experimental model of biliary atresia

To circumvent experimental difficulties in performing mechanistic studies in humans, we used the
mouse model of rotavirus-induced biliary atresia in
neonatal mice. Studying the liver and biliary system
of these mice, we found that rotavirus has a unique
tropism to bile duct cells, as demonstrated by the
detection of rotavirus in the biliary epithelium 3 days
after viral inoculation.(59) In vitro, we found that a
murine cholangiocyte cell line is susceptible to
rotavirus infection, but does so at a 100-lower multiplicity of infection when compared to MA104 cells
(monkey kidney epithelial cells known to be susceptible to rotavirus). Following infection of cholangiocytes, recovery of live virus was only 11-fold lower
than in MA104 cells. Collectively, these data supported the concept that the ability of rotavirus to
destroy cholangiocytes was not the sole mechanism
of injury to the epithelium and lumenal obstruction.
Therefore, we investigated whether the inflammatory
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response to rotavirus contributed to the tissue-specific injury.
IFNγ as a key mediator of duct obstruction.
First, we used flow cytometric analysis of hepatic
mononuclear cells to determine the phenotypic adaptations of lymphocytes following rotavirus challenge.
We found that rotavirus-infected mice displayed a 3fold increase in CD3+ lymphocytes above controls at
7 and 14 days, which consisted of both CD4+ and
CD8+ cells.(59) These cells created a hepatic environment rich of proinflammatory cytokines, with an
increased expression of IFNγ and IL-12, and the
complete clearance of rotavirus by 10-14 days after
viral challenge. This increased production of proinflammatory cytokines was also reported by another
laboratory recently, which showed the overexpression of IFNγ, TNFα, and inducible nitric oxide synthase (iNOS) in the same murine model of rotavirusinduced biliary atresia.(60) To directly examine the
role of IFNγ in biliary injury, we applied the same
model of rotavirus infection to mice deficient in
IFNγ due to a mutation in the IFNγ gene. We found
that mice lacking IFNγ developed jaundice after
infection, but the symptoms gradually disappeared
and were followed by improved weight gain and
long-term survival.(59) Morphological analysis of the
biliary tree showed that the extrahepatic bile ducts
were patent and maintained continuity between the
liver and duodenum. In addition, there was a marked
suppression of the inflammatory infiltration by T
lymphocytes, with complete prevention of the
inflammatory and fibrosing obstruction of extrahepatic bile ducts.
To more directly demonstrate the critical role of
IFNγ on duct obstruction, we administered recombinant IFNγ to IFNγ-deficient mice after rotavirus
infection. We found that reconstitution of IFNγ
resulted in the timely development of cholestasis in
more than 80% of the mice, with the extrahepatic
bile duct displaying recurrence of the obstruction in a
fashion indistinguishable from the duct injury
observed in wild-type mice. Collectively, these data
demonstrate that IFNγ plays a critical role in the
inflammatory obstruction of extrahepatic bile ducts,
and may constitute a therapeutic target to stop disease progression in children. These data also suggest
that the pathogenic mechanisms of biliary atresia
obey a biological continuum previously not recognized.(2,61,62) The initiating events of this continuum,
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namely the immediate jaundice and inflammation,
were not dependent on IFNγ. In contrast, the progression to duct obliteration by lymphocytes and fibrosis
was prevented by the loss of IFNγ.
The challenges ahead

One obvious implication of the findings that
loss of IFNγ prevented bile duct obstruction is
whether the timely removal of IFNγ has the potential
to restore duct patency or to decrease the intrahepatic
inflammation and fibrosis that are typically seen following portoenterostomy. Before these concepts are
extended to clinical trials, pre-clinical studies must
be carried to test whether the removal of IFNγ at or
after the onset of symptoms restores patency to bile
ducts and improves long-term survival in experimental biliary atresia.
Since IFNγ plays such a dominant regulatory
role in duct obstruction, it is possible that other
proinflammatory cytokines such as IL-2, IL-12, and
TNFα and other soluble mediators (such as iNOS)
work in synergism to drive the pathogenesis of biliary atresia. In this context, the nuclear factor-kB
(NFkB) was recently shown to increase after
rotavirus challenge in neonatal mice. Interestingly,
blocking of this expression by an NFkB inhibitor
decreased the inflammation in the liver and extrahepatic bile ducts.(63) The rapid succession of mechanistic
studies reviewed above clearly show an expansion of
the field, with an increasing interest to apply stateof-the art technology to decipher the pathogenic
mechanisms of disease, and to ultimately identify
agents that serve as therapeutic targets to stop disease progression in children with biliary atresia.
Acknowledgements

This work was supported by the grant DK64008 from the National Institutes of Health, USA.

REFERENCES
1. Balistreri WF. Pediatric hepatology. A half-century of
progress. Clinics in Liver Disease 2000;4:191-210.
2. Balistreri WF, Grand R, Hoofnagle JH, Suchy FJ,
Ryckman FC, Perlmutter DH, Sokol RJ. Biliary atresia:
current concepts and research directions. Summary of a
symposium. Hepatology 1996;23:1682-92.
3. Desmet VJ. Congenital diseases of intrahepatic bile ducts:
variations on the theme “ductal plate malformation”.
Hepatology 1992;16:1069-83.

228

4. Hasegawa T, Sasaki T, Kimura T, Sawai T, Nose K,
Kamata S, Okada A, Wada K, Kanzaki T. Prenatal ultrasonographic appearance of type IIId (uncorrectable type
with cystic dilatation) biliary atresia. Pediatr Surg Int
2002;18:425-8.
5. Carmi R, Magee CA, Neill CA, Karrer FM. Extrahepatic
biliary atresia and associated anomalies: etiologic heterogeneity suggested by distinctive patterns of associations.
American Journal of Medical Genetics 1993;45:683-93.
6. Yokoyama T, Copeland NG, Jenkins NA, Montgomery
CA, Elder FF, Overbeek PA. Reversal of left-right asymmetry: a situs inversus mutation. Science 1993;260:67982.
7. Mazziotti MV, Willis LK, Heuckeroth RO, LaRegina MC,
Swanson PE, Overbeek PA, Perlmutter DH. Anomalous
development of the hepatobiliary system in the Inv
mouse. Hepatology 1999;30:372-8.
8. Schon P, Tsuchiya K, Lenoir D, Mochizuki T, Guichard
C, Takai S, Maiti AK, Nihei H, Weil J, Yokoyama T,
Bouvagnet P. Identification, genomic organization, chromosomal mapping and mutation analysis of the human
INV gene, the ortholog of a murine gene implicated in
left-right axis development and biliary atresia. Human
Genetics 2002;110:157-65.
9. Bamford RN, Roessler E, Burdine RD, Saplakoglu U,
Cruz Jd, Splitt M, Towbin J, Bowers P, Marino B, Schier
AF, Shen MM, Muenke M, Casey B. Loss-of-function
mutations in the EGF-CFC gene CFC1 are associated
with human left-right laterality defects. Nat Genet
2000;26:365-9.
10. Oda T, Elkahloun AG, Pike BL, Okajima K, Krantz ID,
Genin A, Piccoli DA, Meltzer PS, Spinner NB, Collins
FS, Chandrasekharappa SC. Mutations in the human
Jagged1 gene are responsible for Alagille syndrome. Nat
Genet 1997;16:235-42.
11. Li L, Krantz ID, Deng Y, Genin A, Banta AB, Collins CC,
Qi M, Trask BJ, Kuo WL, Cochran J, Costa T, Pierpont
ME, Rand EB, Piccoli DA, Hood L, Spinner NB. Alagille
syndrome is caused by mutations in human Jagged1,
which encodes a ligand for Notch1. Nat Genet
1997;16:243-51.
12. Kohsaka T, Yuan ZR, Guo SX, Tagawa M, Nakamura A,
Nakano M, Kawasasaki H, Inomata Y, Tanaka K,
Miyauchi J. The significance of human jagged 1 mutations detected in severe cases of extrahepatic biliary atresia. Hepatology 2002;36:904-12.
13. Ho CW, Shioda K, Shirasaki K, Takahashi S, Tokimatsu
S, Maeda K. The pathogenesis of biliary atresia: a morphological study of the hepatobiliary system and the
hepatic artery. J Pediatr Gastroenterol Nutr 1993;16:5360.
14. Danks DM, Campbell PE, Jack I, Rogers J, Smith AL.
Studies of the aetiology of neonatal hepatitis and biliary
atresia. Arch Dis Child 1977;52:360-7.
15. Strickland AD, Shannon K. Studies in the etiology of
extrahepatic biliary atresia: time-space clustering. Journal

Chang Gung Med J Vol. 29 No. 3
May-June 2006

229

Jorge A. Bezerra
Pathogenesis of biliary atresia

of Pediatrics 1982;100:749-53.
16. Harper P, Plant JW, Unger DB. Congenital biliary atresia
and jaundice in lambs and calves. Australian Veterinary
Journal 1990;67:18-22.
17. Balistreri WF, Tabor E, Gerety RJ. Negative serology for
hepatitis A and B viruses in 18 cases of neonatal cholestasis. Pediatrics 1980;66:269-71.
18. Tanaka M, Ishikawa T, Sakaguchi M. The pathogenesis of
biliary atresia in Japan: immunohistochemical study of
HBV-associated antigen. Acta Pathologica Japonica
1993;43:360-6.
19. HH AK, Nowicki MJ, Kuramoto KI, Baroudy B, Zeldis
JB, Balistreri WF. Evaluation of the role of hepatitis C
virus in biliary atresia. Pediatr Infect Dis J 1994;13:657-9.
20. Scotto JM, Alvarez F. Biliary artresia and non-A, non-B
hepatitis? Gastroenterology 1982;82:393-4.
21. Gomez MA, Drut R, Lojo MM, Drut RM. Detection of
human papillomavirus in juvenile laryngeal papillomatosis using polymerase chain reaction. Medicina
1995;55:213-7.
22. Riepenhoff-Talty M, Gouvea V, Evans MJ, Svensson L,
Hoffenberg E, Sokol RJ, Uhnoo I, Greenberg SJ, Schakel
K, Zhaori G, Fitzgerald J, Chong S, el-Yousef M, Nemeth
A, Brown M, Piccoli D, Hyams J, Ruffin D, Rossi T.
Detection of group C rotavirus in infants with extrahepatic biliary atresia. Journal of Infectious Diseases
1996;174:8-15.
23. Tarr PI, Haas JE, Christie DL. Biliary atresia,
cytomegalovirus, and age at referral. Pediatrics
1996;97:828-31.
24. Tyler KL, Sokol RJ, Oberhaus SM, Le M, Karrer FM,
Narkewicz MR, Tyson RW, Murphy JR, Low R, Brown
WR. Detection of reovirus RNA in hepatobiliary tissues
from patients with extrahepatic biliary atresia and choledochal cysts. Hepatology 1998;27:1475-82.
25. Fischler B, Ehrnst A, Forsgren M, Orvell C, Nemeth A.
The viral association of neonatal cholestasis in Sweden: a
possible link between cytomegalovirus infection and
extrahepatic biliary atresia. Journal of Pediatric
Gastroenterology & Nutrition 1998;27:57-64.
26. Drut R, Drut RM, Gomez MA, Cueto Rua E, Lojo MM.
Presence of human papillomavirus in extrahepatic biliary
atresia. Journal of Pediatric Gastroenterology & Nutrition
1998;27:530-5.
27. Mason AL, Xu L, Guo L, Munoz S, Jaspan JB, Bryer-Ash
M, Cao Y, Sander DM, Shoenfeld Y, Ahmed A, Van de
Water J, Gershwin ME, Garry RF. Detection of retroviral
antibodies in primary biliary cirrhosis and other idiopathic
biliary disorders. Lancet 1998;351:1620-4.
28. Glaser JH, Balistreri WF, Morecki R. Role of reovirus
type 3 in persistent infantile cholestasis. J Pediatr
1984;105:912-5.
29. Morecki R, Glaser JH, Cho S, Balistreri WF, Horwitz MS.
Biliary atresia and reovirus type 3 infection. N Engl J
Med 1984;310:1610.
30. Morecki R, Glaser JH, Johnson AB, Kress Y. Detection of

Chang Gung Med J Vol. 29 No. 3
May-June 2006

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

reovirus type 3 in the porta hepatis of an infant with extrahepatic biliary atresia: ultrastructural and immunocytochemical study. Hepatology 1984;4:1137-42.
Domiati-Saad R, Dawson DB, Margraf LR, Finegold MJ,
Weinberg AG, Rogers BB. Cytomegalovirus and human
herpesvirus 6, but not human papillomavirus, are present
in neonatal giant cell hepatitis and extrahepatic biliary
atresia. Pediatr Dev Pathol 2000;3:367-73.
Jevon GP, Dimmick JE. Biliary atresia and
cytomegalovirus infection: a DNA study. Pediatric &
Developmental Pathology 1999;2:11-4.
Brown WR, Sokol RJ, Levin MJ, Silverman A, Tamaru T,
Lilly JR, Hall RJ, Cheney M. Lack of correlation between
infection with reovirus 3 and extrahepatic biliary atresia
or neonatal hepatitis. Journal of Pediatrics 1988;113:6706.
Bobo L, Ojeh C, Chiu D, Machado A, Colombani P,
Schwarz K. Lack of evidence for rotavirus by polymerase
chain reaction/enzyme immunoassay of hepatobiliary
samples from children with biliary atresia. Pediatric
Research 1997;41:229-34.
Steele MI, Marshall CM, Lloyd RE, Randolph VE.
Reovirus 3 not detected by reverse transcriptase-mediated
polymerase chain reaction analysis of preserved tissue
from infants with cholestatic liver disease. Hepatology
1995;21:697-702.
Richardson SC, Bishop RF, Smith AL. Reovirus serotype
3 infection in infants with extrahepatic biliary atresia or
neonatal hepatitis. Journal of Gastroenterology &
Hepatology 1994;9:264-8.
Dussaix E, Hadchouel M, Tardieu M, Alagille D. Biliary
atresia and reovirus type 3 infection. New England
Journal of Medicine 1984;310:658.
Bangaru B, Morecki R, Glaser JH, Gartner LM, Horwitz
MS. Comparative studies of biliary atresia in the human
newborn and reovirus-induced cholangitis in weanling
mice. Laboratory Investigation 1980;43:456-62.
Wilson GA, Morrison LA, Fields BN. Association of the
reovirus S1 gene with serotype 3-induced biliary atresia in
mice. Journal of Virology 1994;68:6458-65.
Szavay PO, Leonhardt J, Czech-Schmidt G, Petersen C.
The role of reovirus type 3 infection in an established
murine model for biliary atresia. Eur J Pediatr Surg
2002;12:248-50.
Riepenhoff-Talty M, Schaekel K, Clark HF, Mueller W,
Uhnoo I, Rossi T, Fisher J, Ogra PL. Group A rotaviruses
produce extrahepatic biliary obstruction in orally inoculated newborn mice. Pediatric Research 1993;33:394-9.
Petersen C, Biermanns D, Kuske M, Schakel K, MeyerJunghanel L, Mildenberger H. New aspects in a murine
model for extrahepatic biliary atresia. J Pediatr Surg
1997;32:1190-5.
Petersen C, Kuske M, Bruns E, Biermanns D, Wussow
PV, Mildenberger H. Progress in developing animal models for biliary atresia. European Journal of Pediatric
Surgery 1998;8:137-41.

Jorge A. Bezerra
Pathogenesis of biliary atresia

44. Czech-Schmidt G, Verhagen W, Szavay P, Leonhardt J,
Petersen C. Immunological gap in the infectious animal
model for biliary atresia. Journal of Surgical Research
2001;101:62-7.
45. Bill AH, Haas JE, Foster GL. Biliary Atresia: histopathologic observations and reflections upon its natural history.
Journal of Pediatric Surgery 1977;12:977-82.
46. Ohya T, Fujimoto T, Shimomura H, Miyano T.
Degeneration of intrahepatic bile duct with lymphocyte
infiltration into biliary epithelial cells in biliary atresia.
Journal of Pediatric Surgery 1995;30:515-8.
47. Gosseye S, Otte JB, De Meyer R, Maldague P. A histological study of extrahepatic biliary atresia. Acta Paediatrica
Belgica 1977;30:85-90.
48. Ahmed AF, Ohtani H, Nio M, Funaki N, Shimaoka S,
Nagura H, Ohi R. CD8+ T cells infiltrating into bile ducts
in biliary atresia do not appear to function as cytotoxic T
cells: a clinicopathological analysis. Journal of Pathology
2001;193:383-9.
49. Broome U, Nemeth A, Hultcrantz R, Scheynius A.
Different expression of HLA-DR and ICAM-1 in livers
from patients with biliary atresia and Byler’s disease.
Journal of Hepatology 1997;26:857-62.
50. Dillon PW, Belchis D, Minnick K, Tracy T. Differential
expression of the major histocompatibility antigens and
ICAM-1 on bile duct epithelial cells in biliary atresia.
Tohoku Journal of Experimental Medicine 1997;181:3340.
51. Davenport M, Gonde C, Redkar R, Koukoulis G, Tredger
M, Mieli-Vergani G, Portmann B, Howard ER.
Immunohistochemistry of the liver and biliary tree in
extrahepatic biliary atresia. J Pediatr Surg 2001;36:101725.
52. Kobayashi H, Puri P, O’Briain DS, Surana R, Miyano T.
Hepatic overexpression of MHC class II antigens and
macrophage-associated antigens (CD68) in patients with
biliary atresia of poor prognosis. Journal of Pediatric
Surgery 1997;32:590-3.
53. Nakada M, Nakada K, Kawaguchi F, Wakisaka M,
Kashimura T, Yamate N, Maeyama S, Uchikoshi T.
Immunologic reaction and genetic factors in biliary atre-

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

230

sia. Tohoku Journal of Experimental Medicine
1997;181:41-7.
Dillon P, Belchis D, Tracy T, Cilley R, Hafer L, Krummel
T. Increased expression of intercellular adhesion molecules in biliary atresia. Am J Pathol 1994;145:263-7.
Tracy TF, Jr., Dillon P, Fox ES, Minnick K, Vogler C. The
inflammatory response in pediatric biliary disease:
macrophage phenotype and distribution. Journal of
Pediatric Surgery 1996;31:121-5; discussion 125-6.
Urushihara N, Iwagaki H, Yagi T, Kohka H, Kobashi K,
Morimoto Y, Yoshino T, Tanimoto T, Kurimoto M,
Tanaka N. Elevation of serum interleukin-18 levels and
activation of Kupffer cells in biliary atresia. Journal of
Pediatric Surgery 2000;35:446-9.
Bezerra JA, Tiao G, Ryckman FC, Alonso M, Sabla GE,
Sneider B, Sokol RJ, Aronow BJ. Genetic induction of
proinflammatory immunity in children with biliary atresia. Lancet 2002;360:1563-659.
Mack CL, Tucker RM, Sokol RJ, Karrer FM, Kotzin BL,
Whitington PF, Miller SD. Biliary atresia is associated
with CD4+ Th1 cell-mediated portal tract inflammation.
Pediatr Res 2004;56:79-87.
Shivakumar P, Campbell KM, Sabla GE, Miethke A, Tiao
G, McNeal MM, Ward RL, Bezerra JA. Obstruction of
extrahepatic bile ducts by lymphocytes is regulated by
IFN-gamma in experimental biliary atresia. J Clin Invest
2004;114:322-9.
Mack CL, Tucker RM, Sokol RJ, Kotzin BL. Armed
CD4+ Th1 effector cells and activated macrophages participate in bile duct injury in murine biliary atresia. Clin
Immunol 2005;115:200-9.
Perlmutter DH, Shepherd RW. Extrahepatic biliary atresia: a disease or a phenotype? Hepatology 2002;35:1297304.
Sokol RJ, Mack C, Narkewicz MR, Karrer FM.
Pathogenesis and outcome of biliary atresia: current concepts. J Pediatr Gastroenterol Nutr 2003;37:4-21.
Feng J, Li M, Cai T, Tang H, Gu W. Rotavirus-induced
murine biliary atresia is mediated by nuclear factor-kappa
B. J Pediatr Surg 2005;40:630-6.

Chang Gung Med J Vol. 29 No. 3
May-June 2006

