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Abstract

AIM

To investigate serum urokinase-type plasminogen activator
receptor (UPAR) and liver stiffness in biliary atresia (BA)
and examine the correlation of circulating uPAR, liver
stiffness, and clinical outcomes in postoperative BA
children.

METHODS

Eighty-five postKasai BA children and 24 control subjects
were registered. Circulating uPAR was measured using
enzyme-linked immunosorbent essay. Liver stiffness
was analyzed using transient elastography.

RESULTS
BA children had significantly greater circulating uPAR and

November 28, 2016 | Volume 8 | Issue 33 |



Udomsinprasert W et a/. Elevated uPAR and liver stiffness in biliary atresia

liver stiffness scores than control subjects (P < 0.001).
Circulating uPAR and liver stiffness were substantially
higher in jaundiced BA children than non-jaundiced
BA children (P < 0.001). In addition, circulating
uPAR was positively associated with serum aspartate
aminotransferase ( = 0.507, P < 0.001), alanine
aminotransferase (r = 0.364, P < 0.001), total bilirubin
(r = 0.559, P < 0.001), alkaline phosphatase (r = 0.325,
P < 0.001), and liver stiffness scores (r = 0.508, P <
0.001).

CONCLUSION

Circulating uPAR and liver stiffness values were greater
in BA children than healthy controls. The increased
circulating uPAR was associated with liver dysfunction in
BA. As a consequence, serum UPAR and liver stiffness
may be used as noninvasive biomarkers indicating the
progression of liver fibrosis in postKasai BA.

Key words: Biliary atresia; Jaundice; Liver stiffness;
Severity; Urokinase plasminogen activator receptor

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Urokinase plasminogen activator receptor
(uPAR) is known to be a substantial factor in the
etiopathogenesis of hepatic inflammation and liver
fibrogenesis. This study is the first to show that
circulating uPAR is more elevated in biliary atresia (BA)
children than in control subjects, and that circulating
UPAR is correlated with the degree of jaundice and
liver fibrosis in biliary atresia. Elevated serum uPAR is
positively correlated with the severity of liver stiffness
in postKasai BA children. Hence, serum uPAR could
be used as a biological parameter indicating the pro-
gression and prognosis of liver fibrosis in BA children.
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INTRODUCTION

Biliary atresia (BA) is a severe chronic cholestatic liver
disease of unknown etiology in young infants. The
estimated incidence of BA varies from 1 in 8000 to 1
in 20000 live births, with a high frequency in Asians!'..
Affected newborns exhibit evidence of biliary obstruction
within the first few months of life. BA is manifested by
impaired liver function and fibroinflammatory obliterative
cholangiopathy of both intrahepatic and extrahepatic bile
ducts™?, Extrahepatic BA is the most common form of
ductal cholestasis. BA patients initially develop neonatal
jaundice due to hepatic cholestasis and progress to
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hepatic fibrosis, which result in biliary cirrhosis™™!, Even
though no medical therapies exist, sequential treatment
strategy involving surgical Kasai portoenterostomy and
liver transplantation is the only option for the most
affected children. Nonetheless the precise pathogenesis
of BA has yet to be determined, a number of theories
regarding the etiology of BA include toxin exposure,
virus-mediated inflammation, abnormal inflammatory
response, defective morphogenesis, genetic mutation,
and immunological dysregulationt™.

Urokinase-type plasminogen activator receptor
(uPAR, CD87) is a cellular membrane receptor that
attachs to urokinase-type plasminogen activator (uPA)
with high affinity, through promoting the pericellular
activation of plasminogen®. The involvement of UPA, its
receptor (UPAR), and plasminogen activator inhibitor-1
(PAI-1) in regulation of cell adhesion, migration,
proliferation, differentiation, and cell survival has recently
demonstrated™. uPAR is expressed by a wide range of
immune cells and endothelial cells, which contribute to
the etiopathogenesis of hepatic inflammation and liver
fibrogenesis”®, Once inflammation is activated, uPAR is
released from the cell membrane by proteolytic enzymes
to produce soluble uPAR™. In recent years, previous
studies have investigated that elevated circulating uPAR
levels have been observed in acute liver failure, chronic
liver diseases, and nonalcoholic fatty liver diseases ™2,

It has been previously shown that certain cyto-
kines and growth factors play possible parts in the
etiopathology of biliary atresia**®. The measurements
on circulating uPAR and liver stiffness of BA have never
been documented. We hypothesized that circulating
UPAR and liver stiffness could be more elevated in BA
patients than in control subjects and circulating uPAR
would be associated with the disease severity and clinical
outcomes in postKasia biliary atresia. Hence, the purpose
of the current research is to determine circulating uPAR
and liver stiffness measurements and to investigate the
plausible correlation of circulating uPAR, liver stiffness,
and clinical outcomes in postoperative biliary atresia
children.

MATERIALS AND METHODS

The present study was approved by the Institutional
Review Board on Human Research of the Faculty of
Medicine, Chulalongkorn University, and was conducted in
compliance with the ethical guidelines of the Declaration
of Helsinki. All parents of children were informed of the
study’s purpose and of any interventions involved in the
current study. Written informed consent was derived
from the parents prior to the subjects entering the study.

Study population

Eighty-five BA children (39 girls and 46 boys with mean
age of 9.0 = 0.6 years) and 24 normal control subjects
(11 girls and 13 boys with mean age of 8.5 £ 0.5 years)
were enrolled in the study. None of them had undergone
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liver transplantation. Healthy controls attending the Well
Baby Clinic at our institution for vaccination had normal
physical findings and no underlying disease. BA children
were classified into two groups according to their serum
total bilirubin (TB): Non-jaundiced BA children (TB < 2
mg/dL, n = 46) and persistent jaundiced BA children (TB
= 2mg/dL, n = 39).

Laboratory methods

Samples of peripheral venous blood were collected from
every participant, and were kept at -80 ‘C for subsequent
measurement. The quantitative assessment of serum
uPAR was performed by using commercially available
enzyme-linked immunosorbent essay (Quantikine,
R and D Systems, Minneapolis, MN, United States).
According to the manufacturer’s protocol, recombinant
human uPAR standards and serum samples were added
into each well, which has been pre-coated with specific
antibody to uPAR. After incubating for 2 h at room
temperature, every well was washed thoroughly with
wash buffer. Then, uPAR conjugate was pipetted into
each well and incubated for 2 h at room temperature.
After 4 washes, substrate solution was added into the
wells and the microplate was incubated for 30 min at
room temperature with protection from light. Lastly,
the reaction was stopped by the stop solution and the
optical density was determined using an automated
microplate reader at 450 nm. A standard optical density-
concentration curve was drawn for the determination of
UPAR concentration. The liver function tests including serum
albumin,TB, direct bilirubin, aspatate aminotransferase
(AST), alanine aminotransferase (ALT), and alkaline phos-
phatase (ALP) were measured using a Hitachi 912 (Roche
Diagnostics, Basel, Switzerland) automated machine at
the central laboratory of our hospital.

Liver stiffness measurement

Transient elastography (Fibroscan, Echosens, Paris,
France) measured the liver stiffness between 25 to
65 mm from the skin surface, which is approximately
equivalent to the volume of a cylinder of 1 cm diameter
and 4 cm length. The measurements were performed
by placing a transducer probe of Fibroscan on the
intercostal space at the area of the right lobe of the
liver with patients lying in a dorsal decubitus position
with maximum abduction of the right arm. The target
location for measurement was a liver portion that
was at least 6 cm thick, and devoid of major vascular
structures. The measurements were performed until
10 validated results had been obtained with a success
rate of at least 80%. The median value of 10 validated
scores was considered the elastic modulus of the liver,
and it was expressed in kilopascals (kPa).

Statistical analysis

Statistical analysis was executed by using the SPSS
version 22.0 statistical software package (SPSS Inc.,
Chicago, IL, United States). Comparisons of demographic
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and clinical outcomes between groups were performed
using > and Student’s unpaired t-test when appropriate.
Correlation between numerical data was obtained using
Pearson’s correlation coefficient (r). Data were presented
as mean £ SEM of the mean. A two-tailed P-value of less
than 0.05 was taken to indicate statistical significance.

RESULTS

Comparison between BA children and control subjects
Eighty-five postoperative biliary atresia children and
24 ethnically matched unaffected volunteers were
prospectively recruited in the current work. The base-
line features of BA children and control subjects are
presented in Table 1. There was no significant difference
of age and gender between case and control groups.
However, circulating uPAR values were substantially
greater in BA children than in control subjects (6085.9
+ 400.7 pg/mL vs 4754.5 £ 294.9 pg/mL, P = 0.01)
(Figure 1). Moreover, BA group had notably greater liver
stiffness values than control group (28.7 + 2.7 kPa vs 4.1
+ 0.2 kPa, P < 0.001).

Differences between jaundiced group and non-jaundiced
group of BA children
BA children were subdivided into jaundiced group (n
= 39) and non-jaundiced group (n = 46). The clinical
characteristics and biochemical features of patients
according to jaundice status are illustrated in Table 2.
Jaudiced BA children exhibited remarkably greater
serum uPAR levels than non-jaundiced BA children
(7373.5 + 684.6 pg/mL vs 4994.2 + 400.9 pg/mL, P =
0.003) (Figure 2). Furthermore, mean liver stiffness
measurement of jaundiced BA group was greatly
increased compared with that of non-jaundiced BA group
(46.2 £ 3.7 kPa vs 13.9 £ 2.0 kPa, P < 0.001).
Subsequent investigation revealed that circulating
UPAR was directly associated with serum AST (r = 0.507,
P < 0.001), ALT (r = 0.364, P < 0.001), TB (r = 0.559,
P < 0.001), ALP (r = 0.325, P < 0.001), and liver
stiffness values (r = 0.508, P < 0.001) in BA children
(Figure 3). However, circulating uPAR concentration was
negatively associated with serum albumin level (r =
-0.666, P < 0.001) (Figure 3).

DISCUSSION

Biliary atresia is a chronic progressive fibroinflammatory
liver disorder with mysterious etiology. The etiopatho-
logy of BA currently remains elusive and it seems that
multiple factors may contribute to the development of
BA. Yet today, Kasai operation has been proved as the
most effective option of surgical treatment. Without
surgery, children with biliary atresia will finally die due
to biliary cirrhosis and liver failure!'. Recently, circulating
UPAR levels have been shown to be involved in chronic
liver disorders, including chronic hepatitis B and C, liver
cirrhosis, and hepatocellular carcinoma'’*. Based on
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Table 1 Demographic data, biochemical characteristics, and

liver stiffness scores of biliary atresia patients and healthy
controls

Variables BA (m = 85) Controls (m = 24) P value
Age (yr) 9.0£0.6 85+0.5 0.2
Gender (female:male) 39:46 11:13 0.4
Albumin (g/dL) 42+0.1 - NA
Total bilirubin (mg/dL) 2.7+04 - NA
Direct bilirubin (mg/dL) 23+04 - NA
AST (IU/L) 143.7 +11.9 - NA
ALT (IU/L) 137.1+£125 - NA
ALP (IU/L) 4492 +34.0 - NA
Liver stiffness (kPa) 287427 41+02 <0.001
uPAR (pg/mL) 6085.9 +400.7 47545 +294.9 0.01

The data was expressed as mean + SEM. BA: Biliary atresia; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP:
Alkaline phosphatase; uPAR: Urokinase-type plasminogen activator
receptor; NA: Not applicable.

7000 £ =001

6000 -

5000

4000
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2000 -

Serum uPAR levels (pg/mL)

1000

Controls BA

Figure 1 Comparison of serum urokinase-type plasminogen activator
receptor levels in biliary atresia patients and healthy controls. uPAR:
Urokinase-type plasminogen activator receptor; BA: Biliary atresia.

our experience, there is no report about circulating uPAR
and hepatic fibrosis in various degrees of postoperative
biliary atresia.

The present study is the first to show that circulating
uPAR and liver fibrosis values were significantly higher
in children suffering from BA than in control subjects.
Additionally, circulating uPAR in jaundiced BA children
was markedly increased with respect to that in non-
jaundiced BA children. Elevated circulating uPAR levels
were directly associated with total bilirubin, AST, ALT,
ALP in post Kasai BA children, suggesting that circulating
UPAR is related to degree of jaundice BA children. Further-
more, the degree of jaundice is possibly linked to the
severity of intrahepatic biliary obliteration. Both AST and
ALT are extensively used as biochemical parameters of
hepatic abnormality indicating liver cell injury. Hence, the
findings imply that uPAR could have a plausible role in
the mechanism of liver cell injury in postoperative biliary
atresia, and it would be associated with the severity of
bile duct obliteration.

The present investigation demonstrated that cir-
culating uPAR was more pronounced in biliary atresia
children than control subjects. In accordance with this
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Table 2 Comparison of biliary atresia patients without and

with jaundice

Variables BA patients with BA patients P-value

jaundice without jaundice

(n =39) (n = 46)
Age (yr) 9.5+0.9 8.6+0.9 04
Gender (female:male) 18:21 21:25 0.5
Albumin (g/dL) 38+0.1 45+0.1 <0.001
Total bilirubin (mg/dL) 51+0.7 05+0.1 <0.001
Direct bilirubin (mg/dL) 45+0.6 02+0.1 <0.001
AST (IU/L) 210.4 +17.2 84.7+£10.2 <0.001
ALT (IU/L) 195.9 £19.9 85.1+10.7 <0.001
ALP (IU/L) 599.7 +52.8 313.0 £32.0 <0.001
Liver stiffness (kPa) 46.2+3.7 13.9+2.0 <0.001
uPAR (pg/mL) 7373.5 + 684.6 4994.2 + 400.9 0.003

The data are expressed as mean + SEM. BA: Biliary atresia; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline
phosphatase; uPAR: Urokinase-type plasminogen activator receptor; NA:
Not applicable.

P = 0.003
P =0.003

9000 -
8000 -

7000
6000
5000 - I
4000 |-
3000
2000 -
1000 -

Serum uPAR levels (pg/mL)
HH

Controls No Jaundice Jaundice

Figure 2 Comparison of serum urokinase-type plasminogen activator
receptor levels in biliary atresia patients without jaundice and with jaundice.
UPAR: Urokinase-type plasminogen activator receptor.

observation, Sjéwall et al'*” reported that circulating
UPAR was increased in subjects with non-alcoholic fatty
liver disease and associated with the severity of fibrosis.
Moreover, UPAR expressions in liver tissue samples
have been documented in subjects with hepatocellular
carcinoma as shown by Morita et a/®'l. In addition,
Zimmermann et al'¥ reported that circulating uPAR
was substantially elevated in subjects with chronic
liver diseases compared with controls and were closely
correlated with liver function and fibrosis.

In light of our findings, certain hypotheses could
explain high circulating uPAR in jaundiced biliary atresia
children. Firstly, the release of uPAR in the injured liver
could be accountable for the increased circulating uPAR.
Secondly, the elevation of circulating uPAR may be
ascribed to the unbalance between uPAR synthesis and
UPAR clearance. The reduction of uPAR destruction in
BA children with liver fibrosis may lead to the elevated
circulating uPAR. Decreased pre-systemic hepatic
metabolism might explain the increased uPAR levels in
serum BA children with hepatic dysfunction. Besides,
other tissues outside the liver could synthesize and
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Figure 3 Scatter diagram and regression analysis in biliary atresia patients. uPAR levels are correlated with (A) serum aspartate aminotransferase (B) serum
alanine aminotransferase (C) serum total bilirubin (D) serum alkaline phosphatase (E) serum albumin and (F) liver stiffness. uPAR: Urokinase-type plasminogen

activator receptor.

release UPAR into the blood. The rising serum level of
UPAR is likely attributable to the results of hepatocellular
injury and further liver fibrosis. Whether increment of
serum uPAR in BA children indicates low destruction, high
production, or both remain obscure. Additional research
will be needed to clarify the molecular basis leading to
increased circulating uPAR.

Several caveats need to be acknowledged in this study.
First, relatively small sample size of enrolled subjects limits
the statistical power of our findings. Second, the cross-
sectional study precludes definite information regarding
causal relationships. In addition, inadequate assessment
of various confounders such as comorbidity must be
considered. To address these challenges, future studies
should collect prospective measurements of these data
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to preclude bias and reverse causation. Moreover, the
present investigation was restricted to the subjects under
follow-up at our institution. Accordingly, our results may
not be generalized across different populations. Finally,
hepatic expression of uPAR has not been investigated.
Further studies on immunohistochemistry of uPAR
from liver tissues might provide better knowledge on
molecular mechanisms of uPAR in biliary atresia.

To sum up, our study illustrated that circulating
uPAR and liver stiffness measurement were markedly
higher in biliary atresia children than in control subjects.
Circulating uPAR was more elevated in jaundiced BA
children compared to non-jaundiced BA children. Further-
more, elevated serum uPAR was correlated with hepatic
dysfunction and outcome parameters. Circulating uPAR
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and liver stiffness values might be used as noninvasive
biological markers indicating the progression and
prognosis of hepatic fibrosis in postoperative biliary
atresia children. Although underlying mechanisms of
the cause and effect relationships remain elusive, there
is abundant room for the definite role of uPAR in the
etiopathogenesis of hepatic fibrosis in BA.
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Background

Biliary atresia (BA) is a severe chronic cholestatic liver disease of unknown
etiology in young infants. The exact pathogenesis of BA remains a matter
of debate. Circulating urokinase plasminogen activator receptor (uPAR) has
arisen as a promising biochemical marker of certain disorders, such as liver
injury and fibrosis. Although recent reports suggest a potential applicability
for the measurement of circulating uPAR in liver fibrosis, the assessments on
circulating uPAR and liver stiffness of BA have never been documented.

Research frontiers

Recent evidences demonstrate the significance of urokinase plasminogen
activator receptor in hepatitis, liver fibrosis, and liver failure. The current study
shows that circulating uPAR levels are more elevated in BA children than in
control subjects. Moreover, uPAR level is correlated with liver stiffness, and
clinical outcomes in postoperative BA.

Innovations and breakthroughs

BA children exhibited significantly higher circulating uPAR and liver stiffness
values than control subjects. Circulating uPAR and liver stiffness values were
more pronounced in jaundiced BA children than in non-jaundiced BA children.
Additionally, elevated circulating uPAR levels were associated with hepatic
dysfunction and clinical outcomes.

Applications

Increased circulating uPAR and liver stiffness values were was associated
with hepatocellular dysfunction in postKasai children affected with BA. As a
consequence, circulating uPAR and liver stiffness measurements could be used
as noninvasive biological markers indicating the progression and prognosis of
liver fibrogenesis in BA children.

Terminology

UPAR also known as CD87, is a multidomain membrane protein that has a role
in the regulation of cell migration, proliferation, and survival and is expressed
by diverse immune cells and endothelial cells, which contribute to the etiopatho-
genesis of hepatic inflammation and liver fibrogenesis.
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factor in the etiopathogenesis of hepatic inflammation and liver fibrogenesis.
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