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Abstract
Background Biliary atresia (BA), a chronic inflammatory
disease of bile ducts, is characterized by the obliteration of
bile flow. The aim of the present study was to investigate
serum retinol binding protein 4 (RBP4) in postoperative
BA patients and the association of RBP4 with clinical
parameters and liver stiffness scores.
Methods A number of forty-eight BA patients post Kasai
operation and 24 controls were enrolled. None of the
patients had undergone liver transplantation. BA patients
were classified into two groups according to their serum
total bilirubin (TB) levels (non-jaundice, TB \ 2 mg/dl vs.
jaundice, TB C 2 mg/dl) and liver stiffness (insignificant
fibrosis, liver stiffness \7 kPa vs. significant fibrosis, liver
stiffness C7 kPa). Serum RBP4 levels were determined by
enzyme-linked immunosorbent assay (ELISA). Liver
stiffness scores were measured by FibroScan.
Results BA patients had lower RBP4 levels (14.9 ± 1.0 vs.
18.7 ± 1.0 ng/ml, P = 0.02), but higher liver stiffness than
controls (29.5 ± 3.3 vs. 5.0 ± 0.5 kPa, P \ 0.001). Serum
RBP4 levels were significantly decreased in BA patients with
jaundice, compared with those without jaundice (9.5 ± 0.9
vs. 18.2 ± 1.2 ng/ml, P \ 0.001). Moreover, BA patients
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with significant liver fibrosis displayed lower serum RBP4
than those with insignificant fibrosis (14.1 ± 1.2 vs. 21.2 ±
1.4 ng/ml, P = 0.02). Further analysis showed that serum
RBP4 was strongly correlated with liver stiffness and serum
albumin (r = -0.72, P \ 0.001, and r = 0.65, P \ 0.001,
respectively). BA patients with portal hypertension (PH) had
lower serum RBP4 than those without PH (12.8 ± 1.2 vs.
19.2 ± 1.7 ng/ml, P = 0.003).
Conclusion Serum RBP4 levels decreased in BA patients
compared with normal participants, and its levels declined
significantly in patients with more severe disease. RBP4
may play a role in the pathogenesis of hepatic fibrosis and
serve as a possible biomarker reflecting disease severity in
postoperative BA patients.
Keywords Biliary atresia  Jaundice  Liver fibrosis 
Portal hypertension  Retinol binding protein 4

Introduction
Biliary atresia (BA) is a chronic inflammatory disease of
extrahepatic bile ducts resulting in the obstruction of bile
flow [1]. The overall incidence is approximately 1 per
8,000–12,000 live births worldwide [2]. Without proper
management, most patients die within 2 years from cirrhosis and hepatic failure. Although hepatoportoenterostomy or Kasai operation can successfully establish bile
flow in approximately 80% of cases, 65% of those progress
to end-stage liver diseases, and finally require liver transplantation [3]. As a result, BA is one of the major indications for liver transplantation in children. To date,
etiologies of BA have not been well established; however,
many theories have been proposed to explain the pathogenesis of this disease including genetic factors, viral
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infections, defects in bile duct morphogenesis, and immune
response abnormalities [4, 5]. BA is a heterogeneous disorder with several pathogenic pathways culminating in one
common phenotype, the obliteration of bile ducts [5].
Bile duct inflammation, cytokine response, and bile acid
toxicity are the three major contributors to liver parenchyma
destruction and hepatic fibrosis in patients with BA [2]. Upon
activation, hepatic stellate cells (HSC), the key effecter cells
in hepatic fibrogenesis, are transformed into extracellular
matrix-producing myofibroblasts. This process results in the
production of collagen and the accumulation of extracellular
matrices in the liver parenchyma, thus initiating and perpetuating liver fibrosis [6, 7]. Recent studies have shown that
obesity and insulin resistance might accelerate the pace of
liver fibrosis in various chronic liver diseases, hence the role
of adipokines in hepatic fibrogenesis [8]. The role of retinol
binding protein 4 (RBP4) and the potential association with
the disease severity in BA remain obscure. Thus, this study
was aimed to evaluate the relationship between RBP4 and
clinical outcome in BA patients.
RBP4, a 21 kDa protein of the lipocalin family, is
mainly synthesized by hepatocytes and to a lesser extent by
adipose tissues. RBP4 functions as a sole transport protein
of retinol (vitamin A) to tissues [9]. Both animal and
human studies have shown that RBP4 might be involved in
the development of insulin resistance and diabetes [10, 11].
Serum levels of RBP4 have been previously shown to be
associated with the degree of steatosis and fibrosis in liver
diseases of various etiologies, such as non-alcoholic fatty
liver disease and chronic hepatitis C [12–20]. However, the
precise mechanism of RBP4 influence on liver fibrogenesis
is not clearly understood.
Although it has been reported that a number of cytokines, adipokines, and growth factors play critical roles in
the pathophysiology of BA [21–23], published data on
serum RBP4 levels from various clinical stages of BA are
currently not available. To our knowledge, this is the first
study to evaluate the correlation of serum RBP4, liver
stiffness, and clinical outcome in postoperative BA. We
have postulated that serum RBP4 levels might be associated with clinical outcome and liver stiffness in BA
patients after Kasai procedure. Therefore, the objective of
the study was to investigate serum RBP4 in postoperative
BA patients and the association of RBP4 with clinical
outcome in BA patients after surgical treatment.

Patients and methods
Study population
BA patients (28 girls and 20 boys with a mean age of
10.1 ± 0.8 years) and healthy controls (15 girls and 9 boys
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with a mean age of 10.6 ± 0.6 years) were enrolled in this
study. All BA patients had undergone hepatic porto jejunostomy with Roux-en-Y reconstruction (Kasai procedure),
and they were generally in good health; no signs of suspected infection or bleeding abnormalities at the time of
blood sampling. None of them had undergone liver transplantation. Healthy controls who attended the Well Baby
Clinic of King Chulalongkorn Memorial Hospital had
normal physical findings and no underlying disease. Written informed consents were obtained from the participants’
parents upon informing them about the protocol and procedures involved in the research. This study conformed to
the ethical guidelines of the 1975 Declaration of Helsinki,
and was approved by the Institutional Review Board of the
Faculty of Medicine, Chulalongkorn University.
BA patients were categorized into two groups according
to serum total bilirubin (TB), serum alanine aminotransferase (ALT), and liver stiffness score. Based on their jaundice
status, BA children were divided into a non-jaundice group
(TB \ 2 mg/dl, n = 30) and a persistent jaundice group
(TB C 2 mg/dl, n = 18). Further classification was
achieved according to their levels of serum ALT status into a
normal ALT group (ALT \ 45 IU/l, n = 11) and a high
ALT group (ALT C 45 IU/l, n = 37). Portal hypertension
(PH) was validated by the presence of esophageal varices as
diagnosed by endoscopy. Sixteen of 30 BA patients without
jaundice and 16 of 18 patients with persistent jaundice had
evidence of PH. Subsequently, BA patients were classified
into a non-significant fibrosis group (liver stiffness \7 kPa,
n = 8) and a significant fibrosis group (liver stiffness
C7 kPa, n = 40).
Laboratory methods
Samples of peripheral venous blood were collected from
every participant, and were stored at -70°C for further
analysis. Quantitative determination of RBP4 concentration
in serum was performed using a commercially available
enzyme-linked immunosorbent assay (ELISA) kit (R&D
Systems, Minneapolis, MN, USA). According to the manufacturer’s instructions, recombinant human RBP4 standards, and serum samples were pipetted into each well,
which had been pre-coated with specific antibody to RBP4.
After incubating for 1 h at room temperature on a horizontal
orbital microplate shaker set at 500 rpm, every well was
thoroughly washed four times with wash buffer. Then, an
RBP4 conjugate was added to each well, and the plate was
incubated for 1 h at room temperature on the shaker. After
four washes, substrate solution was pipetted into the wells
and the microplate was incubated for 30 min at room temperature protected from light. Finally, the reaction was
stopped by stop solution and the color intensity was measured with an automated microplate reader at 450 nm.
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The RBP4 concentration was determined by a standard
optical density–concentration curve. The liver function tests
including serum albumin, TB, direct bilirubin (DB), aspartate aminotransferase (AST), ALT, and alkaline phosphatase (ALP) were performed using a Hitachi 912 automated
machine at the central laboratory of our hospital. The AST to
platelets ratio index (APRI) was calculated as follows: AST/
upper limit of normal 9 100/platelet count (109/l) [24].
Liver stiffness measurement
Transient elastography or FibroScan (Echosens, Paris,
France) measured the liver stiffness between 25 and
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 the
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).
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Table 1 Demographic data, biochemical characteristics, and liver
stiffness scores of controls and postoperative BA patients
Variables

Controls
(n = 24)

BA patients
(n = 48)

P value

Age (years)

10.6 ± 0.6

10.1 ± 0.8

0.6

Gender (Female:Male)

15:9

28:20

0.5

BMI (kg/m2)
Albumin (g/dl)

18.5 ± 0.5
–

18.1 ± 0.7
4.29 ± 0.1

NA
NA

TB (mg/dl)

–

2.5 ± 0.6

NA

DB (mg/dl)

–

1.9 ± 0.6

NA

AST (IU/l)

–

122.2 ± 13.0

NA

ALT (IU/l)

–

107.8 ± 13.2

NA

–

415.4 ± 31.0

NA

Platelet count (10 /mm )

–

156.1 ± 14.8

NA

APRI

–

1.6 ± 0.2

NA

RBP4 (ng/ml)

18.7 ± 1.0

14.9 ± 1.0

0.02

Liver stiffness (kPa)

5.0 ± 0.5

29.5 ± 3.3

\0.001

ALP (IU/l)
3

3

The data was expressed as mean ± SEM
BA Biliary atresia, BMI Body mass index; AST Aspartate aminotransferase, ALT Alanine aminotransferase, ALP Alkaline phosphatase, APRI Aspartate aminotransferase to platelets ratio index, RBP4
Retinol binding protein 4, NA Not applicable

Statistical analysis
Statistical analysis was performed using SPSS software
version 16.0 for Windows. Student’s unpaired t test was
used to compare the difference of RBP4 levels in serum
between groups. Correlation between serum RBP4 levels
and other serological markers, liver stiffness scores, and
body mass index (BMI) was calculated using Pearson’s
correlation coefficient (r). Sensitivity, specificity, receiver–
operating characteristic (ROC) curves and area under the
curve (AUC) were also analyzed. Data were expressed as
mean ± SEM. P values \ 0.05 were considered statistically significant.

Results
Comparison between biliary atresia patients and healthy
controls
A total of 48 postoperative BA patients and 24 healthy
controls were enrolled in this study. The characteristics of
participants in both groups are described in Table 1. Mean
age and gender ratio in controls and BA patients were not
different, while serum RBP4 levels in BA patients were
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Fig. 1 Comparison of serum RBP4 levels in postoperative BA
patients and healthy controls. The data was expressed as mean ± SEM

significantly lower than those in controls (14.9 ± 1.0 vs.
18.7 ± 1.0 ng/ml, P = 0.02) (Fig. 1). Additionally, liver
stiffness scores in BA patients were markedly higher
than those in controls (29.5 ± 3.3 vs. 5.0 ± 0.5 kPa,
P \ 0.001).
Comparison between biliary atresia patients
with and without persistent jaundice
We further categorized BA patients into a jaundice
(n = 18) and non-jaundice group (n = 30). As presented in
Table 2, BA patients with jaundice had significantly higher
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Table 2 Comparison between BA patients without and with jaundice
Variables

BA patients without BA patients with
jaundice
jaundice
(n = 30)
(n = 18)

Age (years)

10.0 ± 1.0

Gender
(Female:Male)

18:12

BMI (kg/m2)

10.2 ± 1.2
10:8

P value

0.9
0.5

18.7 ± 0.6

17.0 ± 0.7

0.03

Albumin (g/dl)

4.5 ± 0.1

3.9 ± 0.1

\0.001

TB (mg/dl)

0.6 ± 0.1

5.6 ± 1.2

\0.001

DB (mg/dl)

0.3 ± 0.1

4.8 ± 1.2

\0.001
\0.001

AST (IU/l)

80.7 ± 12.2

191.5 ± 19.4

ALT (IU/l)

78.6 ± 12.0

156.3 ± 25.9

0.01

ALP (IU/l)

333.1 ± 36.0

552.5 ± 40.1

\0.001

Platelet count
(103/mm3)
APRI

178.0 ± 18.5

119.5 ± 22.7

\0.05

1.1 ± 0.2

3.2 ± 0.3

\0.001

RBP4 (ng/ml)

18.2 ± 1.2

9.5 ± 0.9

\0.001

Liver stiffness
(kPa)

17.1 ± 2.7

50.1 ± 4.4

\0.001

fibrosis (n = 40) (21.2 ± 1.4 vs. 14.1 ± 1.2 ng/ml,
P = 0.02).
Further analysis demonstrated that serum RBP4 levels
were inversely correlated with serum TB (r = -0.35,
P = 0.02), prothrombin time (r = -0.40, P = 0.005), ALT
(r = -0.40, P = 0.005), ALP (r = -0.46, P = 0.001), and
liver stiffness values (r = -0.72, P \ 0.001). Conversely,
serum levels of RBP4 were positively correlated with serum
albumin (r = 0.65, P \ 0.001) and platelet count (r = 0.48,
P = 0.001). However, serum RBP4 was not correlated with
either serum AST or BMI. Correlations between serum
RBP4 and liver stiffness, and serum albumin are shown in
Figs. 3 and 4.

The data was expressed as mean ± SEM
BA Biliary atresia, BMI Body mass index, AST Aspartate aminotransferase, ALT Alanine aminotransferase, ALP Alkaline phosphatase, APRI Aspartate aminotransferase to platelets ratio index, RBP4
Retinol binding protein 4

Fig. 3 Correlation between serum RBP4 levels and liver stiffness
scores in postoperative BA patients (r = -0.72, P \ 0.001)

Fig. 2 Comparison of serum RBP4 levels in controls, BA patients
without jaundice, and BA patients with jaundice. The data was
expressed as mean ± SEM

serum TB, AST, ALT, and ALP, AST to APRI, and liver
stiffness values compared to those without jaundice. Serum
RBP4 levels in BA patients with persistent jaundice were,
on the contrary, lower than in BA patients without jaundice
(9.5 ± 0.9 vs. 18.2 ± 1.2 ng/ml, P \ 0.001) (Fig. 2). We
also found that BA patients with normal ALT (n = 11) had
higher levels of serum RBP4 than those with elevated ALT
(n = 37) (18.7 ± 1.7 vs. 13.8 ± 1.1 ng/ml, P \ 0.05).
Similarly, BA patients with insignificant fibrosis (n = 8)
displayed higher serum RBP4 than those with significant

Fig. 4 Correlation between serum RBP4 levels and serum albumin
levels in postoperative BA patients (r = 0.65, P \ 0.001)
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Fig. 5 Comparison of serum RBP4 levels in controls, BA patients
without PH, and BA patients with PH. The data was expressed as
mean ± SEM. PH, portal hypertension

Comparison between biliary atresia patients
with and without portal hypertension
BA patients with PH (n = 32) displayed significantly lower
serum RBP4 than those without PH (n = 16) and healthy
controls as illustrated in Fig. 5 (12.8 ± 1.2 vs. 19.2 ± 1.7
vs. 18.7 ± 1.0 ng/ml, P = 0.003 and P = 0.001, respectively). There was no significant difference in serum RBP4
between the patients without PH and controls. Moreover,
ROC curve analysis demonstrated a good discriminating
power of serum RBP4 for PH/esophageal varices in postoperative BA patients, with a cut-off value of 11.5 ng/ml and
an AUC of 0.766 (95% CI 0.628–0.903).

Discussion
Despite successful Kasai operation, a significant amount of
BA patients developed liver fibrosis and cirrhosis. Thus,
the evaluation of fibrogenic progression in BA is undeniably important. An ideal monitoring method would be one
which is accurate, easily-performed, non-invasive, and cost
effective. Although none of the currently available tests has
met those requirements, transient elastography or FibroScan has emerged as the most promising one [25, 26].
Hepatic stellate cell activation followed by extracellular
matrix production and accumulation was a main mechanism contributing to the development of liver fibrosis [6].
A number of cytokines are believed to play important roles
in this process and they have become topics of research
interest in an attempt to evaluate the use of serum cytokine
as a biochemical marker of liver fibrosis. In the present
study, we evaluated the role of serum RBP4 in determining
liver fibrosis and liver function deterioration. RBP4 has
been implicated in the development of insulin resistance
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and diabetes [10, 11], but its role in liver diseases is still a
subject of debate. A previous study proposed that RBP4
might influence hepatic fibrogenesis and steatosis through
the depletion of cellular retinol [27]. Ohata et al. [28]
showed that the loss of cellular content of retinoic acid
could prompt HSC activation and promote liver fibrosis,
whereas retinoid supplement could reduce hepatic fibrosis.
Similarly, Wang and colleagues [29] demonstrated that
retinoic acid could decrease HSC proliferation and collagen production.
The present study illustrated that serum RBP4 levels
were significantly lower in postoperative BA patients
compared with healthy controls. In postoperative BA
patients, serum RBP4 levels of patients without jaundice
were greater than those of patients with persistent jaundice.
Further analysis showed that BA patients with normal ALT
had increased levels of serum RBP4 compared to those
with high ALT. Moreover, BA patients with insignificant
fibrosis had more elevated serum RBP4 than those with
significant fibrosis. In the present study, we used the cut-off
point of liver stiffness score for significant fibrosis at the
elastic modulus of 7 kPa. This value was based on the
study by Castera et al. [26] with 67% sensitivity and 89%
specificity. These findings suggested that serum RBP4
levels decreased in direct relation to disease severity
determined by elevated liver enzymes/parameters and liver
stiffness scores.
It is notable that our findings were in accordance with
observations from previous studies [14–20], which demonstrated that serum RBP4 levels were lower in patients
with chronic liver diseases and the levels decreased as the
diseases progressed to more severe stages. Nevertheless,
recent investigations have shown that serum RBP4 levels
are higher in patients with non-alcoholic fatty liver disease
and chronic hepatitis C and these levels increase with the
degree of liver steatosis [12, 13]. The exact reasons for
these discrepancies among reports remain unclear and
merit further investigations. However, the explanation for
these conflicting results could be attributed to the difference in stages of disease among the patients recruited in
these studies. The synthesis function of the liver greatly
influences the levels of RBP4 since this protein is mainly
secreted by hepatocytes. Therefore, serum RBP4 levels
might be decreased or increased depending on the degree
of liver injuries.
We also found that serum RBP4 was negatively correlated with TB, ALT, ALP, prothrombin time, and liver
stiffness, but positively correlated with serum albumin and
platelet counts. These results support that serum RBP4 is
associated with the synthesis abilities of the liver and the
degree of liver fibrosis. Its association with platelet count
might imply that serum RBP4 is related to the severity of
hypersplenism, which indicates the degree of PH. The
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same correlation between serum RBP4 and ALT, albumin,
and prothrombin time have been shown in other studies as
well. Frey et al. [30] found that serum RBP4 was inversely
correlated with AST, ALT, and ALP, while the studies by
Bahr et al. [14] and Yagmur et al. [15] demonstrated that
serum RBP4 was positively associated with serum albumin
and coagulation factors. We hypothesized that the decrease
in serum RBP4 levels could be due to the loss of liver mass
resulting from the ongoing liver inflammation in BA
patients post Kasai operation. The decrease in RBP4
resulted in the decrease of blood retinol levels [31], thus
promoting further extracellular matrix accumulation and
liver fibrosis [28, 29]. As this investigation was designed as
a cross-sectional study, it is not possible to determine the
causal relationship between RBP4 and liver fibrosis.
Recently, we reported low serum leptin in jaundice BA
patients [22]. Future studies on additional adipokines may
help identify more pieces of the inflammatory jigsaw of
BA; nonetheless, the challenge remains to piece them
together to originate a rational solid hypothesis concerning
their precise role.
In this study, we utilized FibroScan as a diagnostic
method of liver fibrosis because it is a reproducible, rapid,
and non-invasive technique for measuring the degree of
liver fibrosis, which can be accomplished in the out-patient
setting. FibroScan can measure liver stiffness in a volume
100 times larger than that obtained from liver biopsy and
is, therefore, more representative for the whole liver
parenchyma [26]. Despite being a gold standard in diagnosing liver fibrosis and determining its severity, liver
biopsy is a painful and invasive procedure with infrequent
but possible life-threatening complications [32]. Thus, liver
biopsy might not be a suitable test for clinically stable
children with biliary atresia. Moreover, there have been
questions about the accuracy of liver biopsy, which is
adversely affected by sampling errors, intra- and interobserver variability. These ambiguities could lead to false
staging of liver fibrosis [26].
Subsequently, the present study demonstrated that BA
patients with PH displayed markedly lower serum RBP4
levels than those without PH. Therefore, these findings
suggest that low levels of serum RBP4 are closely linked to
the degree of hepatic fibrosis and perpetuation of PH in
postoperative BA. Further analysis also revealed that there
was no association between serum RBP4 and BMI in
postoperative BA patients. A similar result was shown by
other studies on liver diseases. No correlation between
RBP4 and BMI was found in the studies by Alkhouri et al.
[18] and Cengiz et al. [33]. Moreover, Schina and coworkers [16] demonstrated that serum RBP4 was not
associated with metabolic parameters, such as serum triglyceride and cholesterol. The negative result in our study
could, nevertheless, be due to the small number of obese
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participants, since the correlation between RBP4 and
obesity or insulin resistance was usually found in patients
with morbid obesity.
In conclusion, this study showed that BA patients had
significantly lower serum RBP4 than healthy controls.
Serum RBP4 was associated with clinical outcomes (status
of jaundice, hepatic dysfunction, liver stiffness, and PH) in
BA. Based on these findings, RBP4 may play important
roles in the pathogenesis of hepatic fibrosis and PH in
postoperative BA. Serum RBP4 could serve as a possible
biomarker to determine the disease severity and the
development of PH in the post Kasai BA patients. Further
studies should address the relationship between serum and
hepatic RBP4 levels among BA patients at the time of
surgery and include the different groups of age-matched
patients with other cholestatic liver diseases for comparison. The exact mechanisms resulting in decreased serum
RBP4 in BA will require future investigation.
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