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Abstract

Background: Biliary Atresia (BA) is still a challenge because its
pathogenesis remains unclear. It is suggested that interferon gamma (IFN-y)
has important role in its pathogenesis.

Aims: To analyze correlation between IFN-y expression, cholestasis
grading, and biliary atresia incidence in neonatal cholestasis.

Methods: It is an analytic observational study within neonatal cholestasis
subjects 1-12 months age. Liver biopsies were performed on these subjects.
Subjects were divided into biliary atresia and non-biliary atresia according to
its histopathology. Then, cholestasis severity were analyzed in its liver
specimens and divided into mild, moderate and poor groups.
Immunohistochemistry were performed to all of the specimens. Spearman
Rank test, Eta Contingency, and Coefficient contingency were performed as
statistical tests.

Results: There were 34 subjects consists of 20 biliary atresia and 14 non
biliary atresia. The average IFN-y expression in BA group was 11 + 3.145
cells whereas in non-BA group was 5.928+1.439 cells. Cholestasis severity
in BA group were mild (0%), moderate (5%) and 95% had poor grade
whereas in non BA group were 21.43%, 50%, and 28.57% respectively.
There was significant correlation between IFN-y expression and BA
incidence (r=0,904; p=0,00). There was significant correlation between IFN-
y expression and cholestasis severity grades (r=0,639; p=0,000). There was
significant correlation between cholestasis severity grades and BA incidence
(r=0,574; p=0,000).

Conclusions: IFN-y was expressed higher in biliary atresia. Biliary atresia
had poor cholestasis grade than non-biliary atresia in cholestasis patients.

Keywords: Biliary atresia, [FN-y, cholestasis severity grade

Background
Biliary atresia (BA) is a liver dysfunction caused by progressive

intrahepatic and extra hepatic obstruction and fibrotic of biliary duct which



is marked by cholestasis (Hartley, 2009; Sokol, 2003). Almost 90% of this
disease occurred in perinatal period, suggested its caused by inflammation
process that produced fibrotic and obstruction of biliary duct lumen
(Carvalho, 2007; Makin, 2009). The incidence of biliary atresia
approximately 5 to 20 in 100,000 birth (Hartley, 2009; Yoon, 1997).
Pathogenesis of biliary atresia is suggested caused by viral infection in the
liver which is followed by secondary immunology process. This process
leads to progressive inflammation and produces fibro-obliteration of the
biliary duct lumen as final stage (Lee, 2010; Muraji, 2009; Neimark, 2011;
Shivakumar, 2007).

Immunology process which is mediated by T cell in biliary duct
epithelia produces progressive autoreactive inflammation (Fujinami, 2006;
Huang, 2010). Interferon gamma (IFN-y) is a cytokine which is produced by
Thl has main role in producing biliary atresia through autoreactive
inflammation (Shivakumar, 2004; Schoenborn, 2007). Inflammation process
which is mediated by IFN-y runs progressively will be ended as fibrotic of
biliary ducts (Shivakumar, 2004). Animal model research had shown that
biliary atresia incidence closely related to high expression of IFN-y.
Expression of IFN-y increases between day 7% to 14" after Rhesus
Rotavirus injection (Erickson, 2008; Mack, 2006; Mack, 2005; Nakashima,
2014).

Cholestasis severity grade in histopathology examination revealed
obliteration grades of biliary duct (Sharma, 2011). Cholestasis manifestation
will be better by inactivation of IFN-y in biliary atresia animal model

(Kuebler, 2006; Shivakumar, 2004).

Aims
This research was aimed to analyze correlation between IFN-
expression, cholestasis severity grades, and biliary atresia incidence in

neonatal cholestasis.



Methods

This research was an analytic observational within cholestasis
patients 1-12 months as subjects. Liver biopsies were performed to all of the
subjects. Then, subjects were divided into biliary atresia (BA) and non-
biliary atresia (non BA) according to its histopathology examination.
Cholestasis severity were graded according to histopathology examination to
all liver specimens. There were mild, moderate and poor grade. Interferon-y
expression were examined by immunohistology examination. Then, data
were analyzed by using Spearman Rank test, Contingency Eta test, and

Contingency Coefficient.
Results
There were 34 subjects, comprise of 20 biliary atresia and 14 non

biliary atresia. Characteristics of these subjects were showed in table 1.

Table 1. Characteristics of subjects

Variable Biliary atresia Non biliary atresia p
(n=20) (n=14)
Percentage
Sex 0.051
Male 6 (30%) 9 (64.29%)
Female 14 (70%) 5(35.71%)
Hepatomegaly 20 (100%) 13 (92.86%) 0.232
Splenomegaly 16 (80%) 12 (85.71%) 0.672
Nutritional status 0.457
Normal 14 (70%) 8 (57.14%)
Wasted 3 (15%) 3 (21.43%)
Poor 3 (15%) 3 (21.43%)
Median (interquartile)
Age (months) 8 (1.75) 5.5(2.25) 0.186
Duration of sickness 7(2) 5.5 (2.125) 0.341

(months)



Weight (kg) 6.1 (0.96) 4.55 (1.04)

Height (cm) 63.5 (4.63) 56 (4.25)
Direct bilirubin (mg/dl) 11.09 (2.29) 9.63 (2.94)
Total bilirubin (mg/dl) 14.49 (5.60) 11.32 (4.47)
SGOT (mg/dl) 264 (76.88) 204 (63)
SGPT (mg/dl) 185 (100.88) 151 (50)

0.007*

0.005*

0.237

0.054

0.142

0.421

The average of IFN-y expression in biliary atresia group was 11 +
3.145 cells whereas in non-biliary atresia group was 5.928+1.439 cells.
There was significant correlation (r=-0.467; p=0.038) between IFN-y
expression and age in BA group (picture 1). Correlation between IFN-y
expression, cholestasis severity grade, and biliary atresia incidence were
described in table 2. Cholestasis severity grades in BA group were mild
(0%), moderate (5%), and poor (95%), whereas in non-BA group were
21.43%, 50%, and 28.75%, respectively. There was significant correlation
between IFN-y expression and biliary atresia incidence (r=0,904; p=0,00).
There was significant correlation between IFN-y expression and cholestasis
severity grade (r=0,639; p=0,000), and also between cholestasis severity
grade and biliary atresia incidence (r=0,574; p=0,000).
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Picture 1. Correlation between age and IFN- y expression in CD4

lymphocyte

Table 2. Correlation between IFN- y expression, cholestasis severity grade,

and biliary atresia incidence

Variable IFN-y Cholestasis Biliary atresia

severity grade incidence

IFN- y expression

r 1.000 0.639* 0.904**

p 0.000 0.000 0.000

Cholestasis

severity grade

r 1.000 0.574%**

p 0.000 0.00

Biliary atresia

incidence

r 1.000

p 0.000

Discussion

Interferon-y is a substance which is produced by TH1, NK cells and
APC as a response to viral infection. This substance has role in innate and
adaptive immune response (Schroder, 2004). Interferon-y stimulates class I

and class II MHC as co-stimulator to APC, promotes differentiation of T



helper naive into THI cells, and activates PMN and cytotoxic cells, and also
increases NK cells cytotoxic (Baratawijaya, 2009).

Investigation of liver biopsy specimens revealed that IFN-y
expression in BA and non BA groups were significant difference (p< 0.05).
Interferon -y expression in BA group was higher than non BA group. This
result was similar to previous study that IFN-y was expressed excessively in
biliary atresia patients than other type cholestasis (Vejchapipat, 2012).

Interferon-y expression revealed decreasing trend by age in BA
group (Picture 1). The highest expression of IFN-y was at 3 months. This
result appropriates to previous study in animal model which shows
significant enhancement of IFN-y in day 7 and then decrease at day 14 to
normal level (Shivakumar, 2004). According to conversion reference, 7 days
mice equals to 2-3 months in human (Dutta, 2015). This study had shown,
the highest expression of IFN-y was at 3 months old equals to 7 days in
mice. Flowcytometry examination revealed there was 40 times increase of
IFN-y expression in CD4+ lymphocytes at 7" day after induction. Interferon
-y is important effector for TH1 phenotype, thus excessive expression of
IFN-y in the liver consistent to IFN-y roles in inflammation and obstruction
of biliary duct. Elimination of IFN-y expression will decrease inflammation
by decreasing lymphocytes population at triad portal then there will be
repairing of icterus(Shivakumar, 2004).

Interferon-Y has roles in progressivity of biliary duct obliteration
through fibrotic phase (Jian, 2015; Bezzera, 2006). Cholestasis severity
grades by histopathology examination describes obliteration grades of biliary
ducts (Sharma, 2011). In this study, there was indirect correlation between
IFN-Y and cholestasis severity grade through fibrotic phases.

In this study, there was significant correlation between cholestasis
severity grade and biliary atresia incidence. Cholestasis severity grade
describes biliary ducts obstruction. Thus, it can describe non direct
correlation between cholestasis severity grade and biliary atresia incidence.
According to Sharma (2011), there was close correlation between cholestasis

grades in biliary atresia patients and lumen diameter of obliterated biliary



ducts. Cholestasis severity grade in zone 2 and 3 acini closely related to
biliary ducts and hepatocytes damage and poor prognosis (Cielecka-Kuszyk,
2006; Gupta, 2012).

Conclusion

Interferon-y is highly expressed in biliary atresia patients. Highest
expression is at 3 months age; thus, it is suggested that intervention avoid
progressivity of biliary atresia would have better results at this age. Biliary
atresia patients have poor cholestasis severity grade than non-atresia biliary
patients according to its histopathology.

This study has limited samples. Ideally, liver biopsy is performed by
surgical operation. However, this study had given additional evidence
regarding hypothesis the role IFN-y in pathogenesis of biliary atresia. It is
suggested that this study could overcome future studies in biliary atresia

management.

References

Baratawijaya K, Rengganis 1., 2009. Imunologi dasar. Jakarta: Balai
Penerbit FKUI, 217-30.

Bezerra JA., 2006. The next challenge in pediatric cholestasis: deciphering
the pathogenesis of biliary atresia. J Pediatr Gastroenterol Nutr, 43,
23-9.

Carvalho E, Ivantes CA, Bezerra JA., 2007. Extrahepatic biliary atresia:
current concepts and future directions. J Pediatr (Rio J), 83, 105-20.

Cielecka-Kuszyk J, Czubkowski P, Bacewicz L, Pawlowska J, Jankowska 1,
Szymanska-Debinska S., 2006. Comparison of histological changes
in liver biopsy specimens in patient with biliary atresia of poor and
good prognosis. Annals of Diagnostic Paediatric Pathology, 10:37-
42.

Dutta S, Sengupta P., 2015. Men and mice: Relating their ages. Life Sci, 10,
1-5.



Erickson N, Mohanty SK, Shivakumar P, Sabla G, Chakraborty R, Bezerra
JA., 2008. Temporal-spatial activation of apoptosis and epithelial
injury in murine experimental biliary atresia. Hepatology, 47, 1567-
77.

Fujinami RS, von Herrath MG, Christen U, Whitton JL., 2006. Molecular
mimicry, bystander activation, or viral persistence: infections and
autoimmune disease. Clin Microbiol Rev, 19, 80-94.

Gupta L, Gupta SD, Bhatnagar V., 2012. Extrahepatic biliary atresia:
correlation of histopathology and liver function tests with surgical
outcome. J Indian Assoc Pediatr Surg, 17, 147-52.

Hartley JL, Davenport M, Kelly DA., 2009. Biliary atresia. Lancet, 374,
1704-13.

Huang L, Si XM, Feng JX., 2010. NF-kappaB related abnormal hyper-
expression of iNOS and NO correlates with the inflammation
procedure in biliary atresia livers. Pediatr Surg Int, 26, 899-905.

Jian Z, Wang L, Lin C, Wang J., 2015. The correlation between plasma
cytokine levels in jaundice-free children with biliary atresia. World J
Pediatr, 15, 1-6.

Kuebler JF, Czech-Schmidt G, Leonhardt J, Ure BM, Petersen C., 2006.
Type-1 but not type-II interferon receptor knockout mice are
susceptible to biliary atresia. Pediatr Res, 59, 790-4.

Lee HC, Chang TY, Yeung CY, Chan WT, Jiang CB, Chen WF, dkk., 2010.
Association of interferon-gamma gene polymorphisms in Taiwanese
children with biliary atresia. J Clin Immunol, 30, 68-73.

Mack CL, Sokol RJ., 2005. Unraveling the pathogenesis and etiology of
biliary atresia. Pediatr Res, 57, 87-94.

Mack CL, Tucker RM, Sokol RJ, Kotzin BL., 2005. Armed CD4+ Thl
effector cells and activated macrophages participate in bile duct
injury in murine biliary atresia. Clin Immunol, 115, 200-9.

Mack CL, Tucker RM, Lu BR, Sokol RJ, Fontenot AP, Ueno Y, dkk., 2006.
Cellular and humoral autoimmunity directed at bile duct epithelia in

murine biliary atresia. Hepatology, 44, 1231-9.



Mack CL, Feldman AG, Sokol RJ., 2012. Clues to the etiology of bile duct
injury in biliary atresia. Semin Liver Dis, 32, 307-16.

Makin E, Quaglia A, Kvist N, Petersen BL, Portmann B, Davenport M.,
2009. Congenital biliary atresia: liver injury begins at birth. J Pediatr
Surg, 44, 630-3.

Muraji T, Suskind DL, Irie N., 2009. Biliary atresia: a new immunological
insight into etiopathogenesis. Expert Rev Gastroenterol Hepatol, 3,
599-606.

Nakashima T, Hayashi T, Tomoeda S, Yoshino M, Mizuno T., 2014.
Reovirus type-2-triggered autoimmune cholangitis in extrahepatic
bile ducts of weanling DBA/1J mice. Pediatr Res, 75, 29-37.

Neimark E, Leleiko NS., 2011. Early detection of biliary atresia raises
questions about etiology and screening. Pediatrics, 128, 1598-9.

Schoenborn JR, Wilson CB., 2007. Regulation of interferon-gamma during
innate and adaptive immune responses. Adv Immunol, 96, 41-101.

Schon P, Tsuchiya K, Lenoir D, Mochizuki T, Guichard C, Takai S, dkk.,
2002. 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. Hum Genet, 110, 157-65.

Schroder K, Hertzog PJ, Ravasi T, Hume DA., 2004. Interferon-gamma: an
overview of signals, mechanisms and functions. J Leukoc Biol, 75,
163-89.

Sharma S, Das P, Gupta DS, Kumar L, Gupta KD., 2011. Liver and portal
histopathological correlation with age and survival in extra hepatic
biliary atresia. Pediatr Surg Int, 27, 451-61.

Shivakumar P, Campbell KM, Sabla GE, Miethke A, Tiao G, McNeal MM,
dkk., 2004. Obstruction of extrahepatic bile ducts by lymphocytes is
regulated by IFN-gamma in experimental biliary atresia. J Clin
Invest, 114, 322-9.

Shivakumar P, Sabla G, Mohanty S, McNeal M, Ward R, Stringer K, dkk.,
2007. Effector role of neonatal hepatic CD8+ lymphocytes in



epithelial injury and autoimmunity in experimental biliary atresia.
Gastroenterology, 133, 268-77.

Sokol RJ, Mack C, Narkewicz MR, Karrer FM., 2003. Pathogenesis and
outcome of biliary atresia: current concepts. J Pediatr Gastroenterol
Nutr, 37, 4-21.

Vejchapipat P, Poomsawat S, Chongsrisawat V, Honsawek S, Poovorawan
Y., 2012. Elevated serum IL-18 and interferon-gamma in medium-
term survivors of biliary atresia. Eur J Pediatr Surg., 22, 29-33.

Yoon PW, Bresee JS, Olney RS, James LM, Khoury MIJ., 1997.
Epidemiology of biliary atresia: a population-based study. Pediatrics,
99, 376-82.



