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Abstract

Aim of the study: To assess ductular proliferation (DP) and ductal plate malformation (DPM) in biliary atresia 
(BA) by means of immunohistochemical staining using cytokeratins CK7 and CK19 and neural cell adhesion 
molecule (NCAM) antibody CD56.

Material and methods: In 10 cases of BA, liver surgical biopsies obtained at the time of hepatoportoenterosto-
my were stained with H&E, PAS, Gomori and Azan methods. Immunohistochemical technique was used to outline 
bile ducts, ductular reaction, reactive bile duct/ductules and DPM by CK7, CK19 and NCAM antibody CD56.

Results: We found fibrosis, bile stasis and mild inflammation in all cases. In the routine staining DP was not seen 
in 3 cases. The immunohistochemical staining by means of CK19 was helpful in the detection of DP, and allowed 
it to be demonstrated in all cases. The biliary epithelial cell markers for CD56, CK7, CK19 were used for demon-
stration of bile duct cell but not hepatocyte alterations in the structure of intrahepatic biliary ducts and different 
stages of maturation. CD56 as a marker of immature bile ducts was expressed on biliary epithelium of bile ducts 
and bizarre forms of DPM in 6 cases. The positive expression of CD56 corresponded to the co-localization of CK19 
of DPM, but not CK7, to the ductular reaction at the limiting plate of portal tracts. CD7, considered as a marker 
of DP, also stained ductal hepatocytes and multipotential oval cells, and was a marker of DPM in 3 cases.

Conclusions: Use of CK7, CK19 and CD56 is helpful in BA diagnosis and allows differentiation of the stage of 
developing bile duct cells according to the expression pattern.
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Introduction

Biliary atresia (BA), even though a  rare disease, is 
the main cause of neonatal cholestasis [1]. The nature 
of the disease is the obstruction or enabling the outflow 
of bile from the liver due to progressive inflammation, 
fibrosis, and hypertrophy of the extra- and intrahepatic 
bile ducts. The clinical picture corresponds to the pro-
gressive damage to the biliary tract with symptoms of 
cholestasis from the first weeks of life. Most often, be-

tween 2 and 4 weeks of life, a child is diagnosed with 
jaundice, acholic stools, dark urine, and hepatomegaly. 
However, most of the time, children who were born 
with normal weight develop properly in the early stages 
of the disease. Symptoms appear after the jaundice-free 
period. In this type of BA, called isolated form, con-
genital anomalies are not observed. The second (fetal) 
type is associated with the biliary atresia splenic mal-
formation (BASM) syndrome [2]. In this case, the onset 
of symptoms occurs by three weeks of age. These can 
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include splenic malformation (usually polysplenia, but 
also asplenia and double spleen), cardiac anomalies, 
disorders of visceral symmetry (e.g. situs inversus and 
malrotation), and malformations of the intra-abdom-
inal veins (e.g. absent inferior vena cava, preduodenal 
portal vein) [3]. The pathogenesis of the disease is still 
unclear. It is a multi-factorial disease; factors include ge-
netic predisposition with glypican 1 (GPC1), adducin 3 
(ADD3) and ADP-ribosylation factor 6 (ARF6), genes 
important in embryonic development and organogene-
sis, such as a potential BA susceptibility gene [4], envi-
ronmental factors such as biliary toxin biliatresone [5],  
infectious causes including reovirus, rotavirus, cytomeg-
alovirus (CMV) and Epstein-Barr  virus (EBV) [6, 7],  
and immune dysregulation, e.g. decreased Treg subset 
of CD4+ function [8]. Still, BA requires urgent diagno-
sis due to the necessity to qualify patients for surgical 
treatment before the age of 8 weeks. The final diagnosis 
is based on an intraoperative evaluation of the biliary 
tract and cholangiography, but liver biopsy is a helpful 
tool for evaluation of microscopical changes in the liver, 
especially ductular proliferation (DP), ductal plate mal-
formation (DPM), fibrosis and cholestasis. However, 
these features, especially DP, and DPM, are not always 
distinct using routine staining. Visualization of cytoker-
atins and neural cell adhesion molecules in the imma-
ture ductal cells by means of the immunohistochemical 
method can be a useful tool for the microscopic exam-
ination of the immature biliary structures in the liver. 
The aim of the study is to assess the value of immuno-
histochemical staining in the diagnosis of BA.

Material and methods

In 10 cases of BA (6 males and 4 females) liver 
fragments consisting of surgical wedge biopsies were 

obtained at the time of Kasai hepatoportoenterostomy 
(Table 1). The age of the children at the time of the 
Kasai procedure ranged from 24 to 101 days (mean  
64 days). The laboratory results were presented as to-
tal bilirubin (mean 8.48 mg/dl), direct bilirubin (mean 
7.36 mg/dl), prothrombin time/international normal-
ized ratio (INR) (mean 1.13), alanine aminotransfer-
ase (ATL) (mean 148 IU/l), aspartate aminotransfer-
ase (AST) (mean 188 IU/l), γ-glutamyl-transpeptidase 
(GGTP) (mean 608 IU/l) (Table 1).

All 10 surgical biopsy specimens were fixed in 
buffered formalin and embedded in paraffin blocks. 
In each case 4 micrometer thick sections, displaying 
at least 10 portal spaces, were routinely stained with 
hematoxylin and eosin, the periodic acid-Schiff meth-
od with and without diastase, Gomori silver impreg-
nation and Azan stain. Histological interpretation was 
performed using internationally accepted criteria [9] 
and all histopathological features were finally scored 
using the four-degree scale for the grade (inflamma-
tory activity) and stage (fibrosis) of the disease. Ad-
ditionally inflammatory infiltrates around bile ducts, 
giant cell transformation of hepatocytes, proliferating 
ductules, DPM in the form of circumferential biliary 
structures within the connective tissue of portal tracts 
resembling primitive ductal structures, portal/acinar 
bile plugs and hepatocyte rosette formations were 
examined and categorized from absent (–), mild (+) 
to severe (++). Ductular reaction/proliferation was 
defined as the presence of increased ductular profiles 
without a lumen at the limiting plate or interface, of-
ten detected only by means of immunohistochemical 
methods. Portal stromal edema was observed as clear-
ing and separation of the extracellular matrix resulting 
in expansion of the portal tract. 

Table 1. Baseline clinical and laboratory characteristics of patients with biliary atresia

Patient no. Sex Age at birth
(hbd)

Age at Kasai 
procedure (days)

ALT
(IU/l)

AST
(IU/l)

GGTP
(IU/l)

Total bilirubin
(mg/dl)

Direct bilirubin
(mg/dl)

INR

1. GH F 39 87 145 264 514 6.58 6.00 1.03

2. BR F 36 35 126 176 504 11.11 10.27 1.14

3. KM F 38 101 176 228 1652 9.46 8.27 1.08

4. MD F 39 71 174 202 467 15.53 12.88 1.08

5. FK M 39 91 153 232 583 7.49 6.12 1.66

6. SA M 38 56 342 308 90 5.30 4.72 1.15

7. PA M 38 65 86 110 759 7.68 7.46 1.19

8. BN F 39 24 70 66 689 4.55 3.56 0.88

9. SzA M 41 62 100 152 587 8.39 7.78 0.99

10. SzP M 39 50 112 146 244 8.74 6.62 1.11
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Unstained slides were also examined by means of 
immunohistochemistry using mouse anti-human anti-
bodies (Dako) for cytokeratins CK 7, CK19 and neural 
cell adhesion molecule antibody CD56 to outline bile 
ducts and ductular reaction, reactive bile duct/ductules 
and DPM. Endogenous peroxidase was quenched and 
non-specific signals were blocked by addition of 0.1% 
bovine serum albumin. The antibodies (1 : 50-1 : 200) 
were incubated at 37°C overnight. The signals were 
revealed by the Dako EnVision System. The control 
group consisted of 4 surgical biopsies obtained during 
an operation from children with choledochal cysts and 
all specimens were stained with the same methods as 
the examined group (Table 2).

Results 

The histopathological diagnosis of BA was based 
on the presence of portal/bridging fibrosis, DP, pres-
ence of DPM, cholestasis, giant cell transformation 
and rosette formation of hepatocytes (Table 2). In all 
samples liver fibrosis as a  characteristic morphologi-
cal feature for BA was described as periportal fibro-
sis (2 patients with mean age 37 days at Kasai proce-
dure), bridging fibrosis moderate to severe stage (6 
patients with mean age 69 days at Kasai procedure) 
and cirrhosis (2 patients with mean age 76 days at Ka-

sai procedure). These changes were accompanied by 
mild inflammatory infiltrates composed of lympho-
cytes and rare granulocytes (8 patients with minimal 
and 2 patients with mild inflammation according to 
Batts and Ludwig scale). In 5 cases, inflammatory in-
filtrates were found in the wall of bile ducts/ductules,  
but in 4 cases inflammatory cells were also distributed 
in the fibrotic tissue between portal tracts.

Bile plugs were seen in every case and were accom-
panied by stromal edema. Accumulation of bile plugs, 
as a  hallmark of BA, was found in bile ducts, DPM 
structures in the portal tracts and inside acinar rosette 
formations. However, intralobular distribution of bile 
plugs was less frequent than those in portal tracts.  
Giant cell transformation and lobular extramedullary 
hematopoiesis were observed in 6 cases and were asso-
ciated with the presence of interlobular bile plugs and 
rosette formations of the liver cells. We found steatosis 
of 30% of hepatocytes in one case (Fig. 1).

In the routine staining (H&E, PAS, Azan, Gomori 
silver impregnation) DP was not seen in 3 cases. The 
immunohistochemical staining by means of CK19 was 
helpful in the detection of DP, categorized as increased 
ductular profiles at the limiting plate or interface in 
generalized distribution, and allowed this feature to be 
demonstrated in all 10 cases. The biliary epithelial cell 
markers for CD56, CK7, CK19 were used for demon-

Table 2. Histopathological and immunohistochemical characteristics of patients with biliary atresia

Patient no. G/S Ductitis/ductal 
proliferation

Giant cell 
transformation

DP DPM Bile plugs Rosette 
formationCK7 CK19 CD56 CK7 CK19 CD56

1. GH
3854/18

1/3 +/+ – + + – + + – + –

2. BR
508/20

1/3 +/+ – – + – – + + + –

3. KM
6926/17

1/3 –/– ++ + + – – – – + +

4. MD
4290/17

1/3 –/– ++ + + – – + + + +

5. FK
8150/17

1/4 +/+ + + + – – – – + –

6. SA
3551/19

1/3 –/– ++ + + – + + – ++ ++

7. PA
6069/19

1/3 +/++ + + + – – + ++ +

8. BN
3078/19

1/2 –/+ –
steatosis 30%

– + – – – – ++ ++

9. SzA
2686/19

2/4 –/+ – + + – – – – + –

10. SzP
8433/17

2/2 +/+ ++ – + – + + + ++ +

DP – ductular proliferation, DPM – ductal plate malformation
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stration of bile duct cell but not hepatocyte alterations 
in the structure of intrahepatic biliary ducts and differ-
ent stages of maturation. CD56 as a marker of immature 
bile ducts was expressed on biliary epithelium of bile 
ducts and bizarre forms of DPM in 6 cases. The positive 
expression of CD56 corresponded to the co-localization 
of CK19 of DPM, but not CK7 to the ductular reaction 
at the limiting plate of portal tracts. CD7 was usually 
considered as a  marker of DP, but also stained ductal 
hepatocytes and multipotential oval cells and in 3 cases 
was a marker of DPM. This DP was not always seen in 
routine staining with H&E, PAS or Azan methods but 
the application of immunohistochemistry allowed it to 
be detected in every examined case: the expression of 
CK7 was present in 7 examined biopsies, and CK19 in 
all cases (Fig. 2). The expression of CD56 was usually 
absent in the proliferating bile ductules. 

Ductal plate malformation was present in 6 and ab-
sent in 4 cases independently of the degree of fibrosis. 
Bizarre morphology of DPM was associated with a cen-
tral fibrotic core and small central vessel, similar to that 
observed during normal bile duct development in the 
fetal liver. DPM centrally located in the portal tracts, 
not always seen in routine staining, was associated with 
bile plugs but not with ductal or DP in the portal tracts. 
DPM showed expression of CD56 (4 cases), CK7 (3 cas-
es) and CK19 (6 cases). 

In the control group we found bile ducts and mild 
DP positive for CK19 and CK7. The immunostaining 
for CD56 was positive in the wall of blood vessels, sin-
gular cells in the bile ducts and along acinar sinusoids.

Discussion

The interpretation of liver biopsies in BA is chal-
lenging according to the histological features based on 
bile plugs in portal bile ducts/ductules, portal stromal 
edema, higher stages of portal fibrosis and character-
istic DP. These features, together with the presence of 
DPM, are helpful in the differentiation between BA 
and nonBA cholestasis. The presence of DP and DPM 
is not always obvious by routine staining and in our 
material has been shown as different, bizarre forms 
stained by CK7, CK19 and CD56. Microscopic pic-
tures of the histological changes in BA present similar 
features which occur in the embryonic development 
when the ductal plates are remodeled into mature tu-
bular ducts. In BA lack of remodeling results in DPM. 
DPM is found in approximately 20% of BA cases and 
its presence signifies an adverse outcome [10]. We did 
not find any DPM structures in 4/10 cases (40%) but it 
did not influence the prognosis of BA [11]. However, 
the immunohistochemical reactions by means of cyto-
keratins and neural cell adhesion molecule antibodies 
to outline immature bile structures are very helpful 
for the diagnosis of BA. Ductular proliferation is sug-
gested to be associated with liver regeneration in the 
state of liver fibrosis. The periportal ductular reaction 
occurs during hepatic regeneration in response to in-
jury. The acute stage of hepatic regeneration is char-
acterized by the proliferation of ducts, and during the 
chronic stage there is a  proliferative and metaplastic 
transformation of hepatocytes into metaplastic bile 

Fig. 1. Histopathological changes in BA. A) Intraductal bile plug H&E. B) Intralobular bile plug with rosette formation H&E. C) Giant cell transformation of 
hepatocytes, surgical hepatitis H&E. D) Ductular and ductal proliferation in the portal space. E) Macrovesicular steatosis of hepatocytes
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ducts [12]. This DP can be demonstrated by means of 
CK7, which reacts with biliary epithelial cells but also 
with progenitor hepatocytes. The reaction with CD56 
allows one to identify immature biliary epithelial cells 
and to determine that in the presence of DPM. Bili-
ary epithelial cells expressing CD56 positivity are also 
present in higher numbers compared to those with 
neonatal hepatitis and choledochal cysts. The presence 
of CK7 together with CD56 positivity can be a sign of 
a newly formed bile structure and often shows no lu-
men, suggesting inhibition of the maturation process 
in BA. As the developing intrahepatic bile ducts are 
classified into the ductal-plate stage, remodeling stage 
(migration of biliary cells from the ductal plate into 
the portal mesenchyme) and remodeled stage (ma-
ture bile ducts), the expression of CK7 begins at the 
remodeling stage and is characteristic for the remod-
eled stage (absent in the ductal-plate stage and weak in 
the remodeling stage), CK19 occurs in all three stages: 
ductal plate, remodeling and remodeled stage. CD56 is 
characteristic for the remodeling stage [13]. Applica-
tion of two different cytokeratins – CK7 and CK19 – 

and CD56 allowed us to speculate that the maturation 
arrest was established in 3 cases at ductal-plate/early 
remodeling stage (CK19 positivity), and 3 other cases 
at the remodeling/remodeled stage (CD56, CK7, CK19 
positivity). The use of routine staining in BA does not 
allow one to determine the possible stage of the liver 
injury, or the exact morphology of DPM. The presence 
of CD56 also implies the progression of BA to liver  
fibrosis [14]. Presence of DPM shows the potential se-
quence of the prenatal bile duct injury by congenital 
infection, environmental toxins or genetic susceptibil-
ity in BA and has been associated with a worse clinical 
outcome [15, 16]. Some authors did not find any histo-
logical features that predicted successful bile drainage 
after Kasai portoenterostomy, apart from severity of 
portal fibrosis. DPM and bile duct injury were associ-
ated with shorter survival with the native liver [17, 18].  
Most cases of BA (80%) are considered perinatal or 
acquired, while a  minority (20%) are congenital and 
are expected to lead to DPM [6]. However, many au-
thors report a worse outcome with increasing fibrosis, 
lobular inflammation, biliary proliferation and DPM 

A

B

C

Fig. 2. Immunohistochemical presentation of ductular reaction and ductal plate malformation by immunohistochemical staining CK7 (A), CK19 (B), CD56 (C)
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[16, 19]. Our earlier report indicated that the severity 
of fibrosis corresponded neither with the age at hepa-
toportoenterostomy nor with the laboratory findings 
before the operation but increased the risk of portal 
hypertension [11].

The detection of DP and DPM by means of CK7, 
CK19 and CD56 is important not only for the diagno-
sis but also for the risk of early cirrhosis. Our selected 
group of 10 patients did not show any difference in liv-
er fibrosis according to age, but the youngest patient, 
aged 24 days at hepatoportoenterostomy, had only 
periportal fibrosis and fibrous portal to portal septa 
without cirrhotic changes but severe bile stasis. 

 Differential diagnosis of BA with other forms of 
infantile cholestasis such as neonatal hepatitis, inde-
terminate cholestasis, and Alagille syndrome is often 
difficult because of similar histopathological changes 
occurring in the neonatal life. Immunohistochemical 
positivity for CD56 is also helpful in the differential 
diagnosis because of the expression on immature bile 
ducts in BA, but not in patients with neonatal hepatitis.

Conclusions

Ductular proliferation at the periportal zone and 
bizarre forms of DPM discovered by immunohisto-
chemical methods by use of CK7, CK19 and CD56 are 
helpful in the diagnosis of BA and make it possible to 
differentiate the stage of developing bile duct cells ac-
cording to the expression pattern.
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