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ABSTRACT

A choledochal cyst (CDC) is a rare congenital, single, or multiple cystic dilatations of the biliary tract encountered most
commonly in infants and children. A sensitive and specific serological marker, if available, may add to its early recognition
thereby avoiding the risk of complications frequently seen in these patients. We analyzed serum galectin-3-binding protein
(Gal-3BP) levels in 21 children with CDC and 14 age-matched controls by the ELISA method. Serum Gal-3-BP levels were
significantly raised in the patient group (36.6 £25.2 ng/ml versus 7.0 4.3 ng/ml in controls; p <0.0001) and 95.2% of patients
had Gal-3BP levels higher than the mean value in controls. Almost 67% of patients showed values 23 times of mean Gal-3BP
level in controls (p <0.0001). Equal to 5 times or greater levels were seen in 43% of the patients (p = 0.0051). The study,
therefore, suggests further evaluation of Gal-3BP as a potential biomarker for CDC and other biliary disorders.
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A choledochal cyst (CDC) is a rare disease presenting as
cystic dilatation of the bile duct. About 80% of CDC cas-
es are diagnosed in infancy and adolescence.(1) The dis-
ease can present as chronic or intermittent abdominal
pain, biliary cirrhosis, or can be asymptomatic. Occa-
sionally complications may occur in the form of recur-
rent cholestasis, cholangitis, cholelithiasis, common bile
duct perforation, pancreatitis, right upper quadrant
mass, or its malignant transformation.(2) No drug or
conservative treatment is available for CDC hence, sur-
gical excision of the cyst and Roux-en-Y hepatic enteros-
tomy or hepatic duodenostomy is the preferred practice.
Besides surgical removal, the treatment also aims to
avoid CDC-associated hepatic, pancreatic, or biliary
complications.

Since there is always a risk of complications, its early
recognition is of paramount importance and largely re-
lies on ultrasonography (USG) than the other high ends

radiological diagnostic methods, which are not feasible
for screening of the high-risk population.(3) Availability
of an easier and more reliable laboratory test, as an an-
cillary diagnostic tool, may play a crucial role in the dis-
ease management and prognosis of CDC.

Galectin-3-binding protein (Gal-3BP), also called base-
ment membrane autoantigen pl05 or Mac-2-binding
protein is a ubiquitous and multifunctional glycoprotein.
Gal-3BP is not only present in serum but also found in
tears, saliva, breast milk, semen, etc.(4) Raised serum
Gal-3BP levels are associated with hepatocellular carci-
nomas, pancreatic adenocarcinoma, biliary tract carci-
noma, and many other tumor entities.(5)

We aimed to evaluate the efficacy of Gal-3BP as a poten-
tial biomarker of CDC for which 21 patients of CDC with
age <12 years and 14 healthy children of comparable age
were recruited. A diagnosis of CDC was confirmed by
clinical history, biochemical laboratory findings such as
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liver function tests, and radiological investigations like
USG, and magnetic resonance cholangiopancreatog-
raphy (MRCP). Patients with other causes of cholestasis
or neonatal hepatitis were excluded. Informed consent
was obtained from the parents/guardians of all study
subjects for their participation and the study was ap-
proved by the Institute’s Human Ethics committee (No:
INT/IEC/SPL-1402-A).

About 2 ml of peripheral blood was withdrawn and col-
lected in a red-top vacutainer from controls and CDC
patients just before surgery. The serum was separated
from the whole blood by centrifuging at 2000g for 10
minutes at 4 °C, aliquoted in a quantity of 500 ul, and
stored at -80 °C.

Gal-3BP was detected in serum samples using commer-
cially available ELISA kits (Elabscience®, Houston, Tex-
as, USA, Catalogue number E-EL-H1456). The test pro-
cedure was followed as per the manufacturer's instruc-
tions. Briefly, 100 pl of diluted standards, blanks, and
serum samples were added in appropriate wells and in-
cubated for about 90 min at 37°C. The liquid was then
decanted and to each well, 100 pl of biotinylated detec-
tion antibody was added followed by another 60 minutes
incubation at 37°C. The wells were washed with buffer
followed by the addition of 100 ul enzyme conjugate and
further incubated for 30 minutes. After washing the un-
bound enzyme conjugates and adding substrate solu-
tion, an additional 15 min incubation at 37°C was car-
ried out. Finally, a stop solution was added and the opti-
cal density was measured at 450 nm in an ELISA reader.
A cut-off value and antibody index were calculated as
suggested by the manufacturer and the data was inter-
preted. The serum concentration of Gal-3BP was calcu-
lated by plotting a four-parameter logistic curve on the
log-log axis of known standards as per the kit manual,
and a comparative analysis was carried out.

Statistical analysis was done with the help of GraphPad
Prism statistical software, 8.0.2. The demographic or
clinical parameters between the study groups were com-
pared using Chi-square, Fisher’s exact, Student’s un-
paired t-test, or Mann-Whitney U test. The data has
been shown as a mean SEM or as a percentage. A p-
value <0.05 was considered statistically significant.

Among the 21 patients, 12 were males and nine females
with a mean age of 6.1 years (range 2-12 years) and a
male to female ratio of 1.44:1. The mean age among the
five male and nine female controls was 7.2 years (range
2.6-12 years) and the male to female ratio was 1.91:1.
All patients had raised levels of serum bilirubin, aspar-
tate aminotransferase, alanine aminotransferase, and
alkaline phosphatase.

Serum Gal-3BP was significantly elevated in patients
with CDC (36.60 *#25.2 ng/ml) than the controls (7.0
+4.3 ng/ml) with a p-value <0.0001 (Figure 1A). The Gal-
3BP value in patients ranged from 2.2 to 87.8 ng/ml,

while in controls it was from 0.6 to 13.4 ng/ml. When
calculated against the mean +3SD Gal-3BP levels of con-
trols, 15(71%) patients had higher levels, while in the
control group, the serum Gal-3BP was lower than the
mean +*3SD (Figure 1B). Also, 20(95.2%) patients showed
higher Gal-3BP levels compared to mean Gal-3BP levels
in controls (p = 0.0032). Eighteen patients (85.7%) had
>2 times the mean control levels, while 14(66.7%) of
them had levels of 23 times the mean Gal-3BP (p
<0.0001). Interestingly, =5 times values were observed in
9(42.8%) patients (p = 0.0051; Table 1).
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Figure 1. Serum Gal-3BP levels in the study groups. A)
Comparison of mean Gal-3BP in patients versus controls. B)
Percentage of patients and controls with raised Gal-3BP level

when compared against mean +3SD value of controls.

(MannWhitney U test has been used for the comparative
analysis of Gal-3BP levels and Fisher’s exact test for positivity
analysis. pvalue was calculated at 0.05)

Gal-3BP has been reported to have a pathogenic role in
diseases like asthma, rheumatoid arthritis, non-alcoholic
fatty liver disease (NAFLD), diabetes, atherosclerosis,
venous thrombosis, etc. Its receptor/ligand Gal-3 on the
other hand has been shown to have diagnostic or prog-
nostic value in various disorders such as heart and kid-
ney diseases, viral infections, autoimmune disorders,
neurodegenerative diseases, and cancers.(6-10)

Although Gal-3BP has recently been proposed as an ear-
ly biomarker of obesity, metabolic syndrome, and glioma,
its association with CDC so far has not been reported.
The present study surprisingly showed high Gal-3BP
levels in all our test subjects.(11,12)

USG is a noninvasive, cheap, and very effective tool in
detecting cystic structures hence is the most preferred
imaging choice for CDC. Its results however are observ-
er-dependent and sometimes it may pose difficulty in
commenting on the biliary origin of the cyst or a concom-
itant anomalous pancreaticobiliary junction. It becomes
difficult for USG to differentiate CDC from biliary atresia,
a neonatal disorder that can also present as a cyst and
requires urgent surgical intervention. Also, in adult pa-
tients’ differentiation of CDC from other benign or malig-
nant conditions leading to bile duct dilatation may not
be easy by USG alone.(13) Multimodality imaging modali-
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ties like computed tomography (CT) scan, magnetic reso-
nance cholangiopancreatography (MRCP), endoscopic
retrograde cholangiopancreatography (ERCP) also help
in planning the surgical management but have their
limitations e.g., exposure to radiation, contrast media,
the need for general anesthesia, and risk of
complications, etc. Hence, except USG none of these
techniques are suitable for routine screening in these
patients.

Table 1: Comparative analysis of Gal 3BP levels in the study

groups
Study
Subjects Gal-3BP levels
= Mean = 2x = 3x 2 4x 2 5x = Mean
Mean Mean Mean Mean +3SD
cDC 95.2% 85.7% 66.7% 52.4% 402/'8 71.4%
0
(20/21) | (18/21) (14/21) (11/21) ©/21) (15/21)
50.0% 71% o o o o
Controls (714) (114) 0% 0% 0% 0%

CDC if undiagnosed may end up with associated compli-
cations hence its treatment is focused on their preven-
tion. An early diagnosis, therefore, plays a crucial role
and may alter the course of management of the CDC. A
serological marker, if available, may be used as an ancil-
lary tool, particularly in smaller, resource-limited, or
remotely situated healthcare centers. An advantage is
that being a simple enzyme immunoassay, the patient
does not need not to visit as a blood sample can be sent
to the testing laboratory. Also, the testing cost of a sero-
logical assay is comparable to USG and cheaper than
the other imaging methods sometimes needed for
diagnosis.(3) We found that Gal-3BP was highly sensitive
in detecting CDC as 95% of the patient’s levels were
higher than the controls. However, for us, it is not
possible to comment on the specificity of this molecule
unless a larger study is conducted including other
differential conditions leading to cholestasis.

Recently, Ming et al., in a proteomic analysis in three
patients of CDC found fructose-bisphosphate aldolase B
(ALDOB) among the upregulated protein in patients of
CDC.(3) Gal-3BP can be used in conjunction with
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