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ABSTRACT
Galactosemia is an autosomal recessive disorder caused by deficient or absent activities of
one of the three enzymes involved in the galactose metabolic pathway. The predominant
form is classic type galactosemia caused by
severe reduction or absence of the galactose1-phosphate uridyl transferase (GALT) enzyme.
Coexistence of extrahepatic biliary atresia
(EHBA) with Duarte 1 and 2 variants of galactosemia has not been described earlier. Here we
report a case of EHBA with concordant Duarte 1
and 2 variants of galactosemia in an infant with
cholestasis. Genetic analysis of the index patient for galactosemia revealed presence of
Duarte 1/Duarte 2 variants of galactosemia with
genotype N314D-L218L/N314D-G1105C-GI391AG1323A-5’UTR-119delGTCA. Clinical evaluation
of the patient showed the presence of EHBA.
Henceforth, it may be hypothesized that EHBA
may have a genetic basis with simultaneous
involvement of the GALT gene.

semia has been reported in literature, synchronous presence of these 2 variants with extrahepatic biliary atresia
(EHBA) has not been documented [1,2]. In this communication, we report a case of EHBA coexisting with
Duarte 1 and Duarte 2 variants of galactosemia detected
at our center during evaluation of cholestatic infants for
galactosemia.

2. MATERIAL AND METHODS
2.1. Patients
A cohort of 215 infants (age range: 5 days - 10.5
months), admitted in Pediatric Gastroenterology ward of
Postgraduate Institute of Medical Education and Research (PGIMER) over a period of 30 months (from
January, 2007 to June, 2009) with cholestasis were
evaluated for galactosemia. This study was approved by
Institute’s ethical committee.

2.2. Red Cell (Galactose-1-Phosphate Uridyl
Transferase) GALT Assay

Keywords: Duarte 1; Duarte 2; Extrahepatic Biliary
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GALT activity was measured using a Perkin-Elmer neonatal GALT kit (Perkin Elmer Wallac Victor 2D fluorometer, Finland) which measured the uridylphosphoglucose (UDPG) consumption on samples of dried blood
eluted from the filter.

1. INTRODUCTION

2.3. DNA Isolation and Polymerase Chain
Reaction (PCR)

Galactosemia is an autosomal recessive disorder of galactose metabolism caused by deficient or absent activities of one of the three enzymes involved in the galactose metabolism. The deficiency of galactose-1-phosphate uridyl transferase (GALT; MIM# 230400) is most
common and presents as neonatal hepatitis and liver
failure. In addition to the predominant classic form, there
are two clinical variants: Duarte-1 and Duarte-2 [1]. Although coexistence of Duarte 1 and 2 variant of galacto*
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Genomic DNA was isolated from whole blood by method of Daly et al. [3]. Polymerase Chain Reaction (PCR)
was performed in order to amplify the required sequences by using specific primers mentioned in Table 1
[4,5].

2.4. Restriction Fragment Length
Polymorphism (RFLP) Analysis
A rapid PCR-based DNA analysis was performed to
confirm or identify the sequence variations that create or
abolish the given natural and amplification-created reOpenly accessible at http://www.scirp.org/journal/HEALTH/
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striction sites as mentioned in Table 1 [4,5].

2.5. Case
The index case presented as follows. A 3.5 kilogram,
term, appropriate for gestational age female child was
born to a primigravida mother by lower segment cesarean section. The baby developed jaundice since day 3 of
life. She received phototherapy for the same. Jaundice
persisted and worsened over the next 2 weeks. Baby was
passing high colored urine and clay colored stools.
Hence, the baby was referred at 3 weeks of age to our
institute for further evaluation and management. She was
being exclusively breast fed. There was no lethargy, refusal to feed, fever, excessive cry, irritability, bleeding,
altered sensorium or seizures. On enquiry, mother denied
any history of rash, joint pains, fever or per vaginal discharge during antenatal period. There was no history of
previous abortions or significant family history of any
illnesses.
On examination, weight was 3.6 kg, length was 53 cm
and occipitofrontal circumference was 35.7 cm. There
were no congenital malformations or stigmata of
TORCH group of infections. Eye examination did not
show any cataracts. The baby had distended abdomen
with dilated visible veins and everted umbilicus. There
was hepatomegaly (liver was 5 cm below right costal
margin with a span of 10 cm) and splenomegaly (4 cm
under left costal margin). The liver was firm in consistency with well defined margins and coarse surface. The
rest of the systemic examination was noncontributory
and the baby was neurologically appropriate for age.
In view of the history and physical examination, neonatal cholestasis syndrome was considered and the patient was further evaluated. Hemoglobin was 10.5 gm/dL,

total leukocyte count was 15.1 × 109/L with neutrophilic
leucocytosis (86% neutrophils). The platelet count was
within normal limits (3.7 × 109/L). Liver Function tests
showed aspartate-transaminase and alanine transaminase
of 28 U/L and 53 U/L respectively (normal range: 1545 U/L). The total serum bilirubin was 8.0 with conjugated fraction of 4.5 mg/dL. There was hypoalbuminemia (serum albumin of 1.9 with total serum protein of
5.0 g/dL). The serum alkaline phosphatase was 565 IU/L
(range: 20-250 IU/L). The coagulation profile revealed a
proth- rombin time and activated partial thromboplastin
time of 14 (control of 12 seconds) and 37 (control of 35
seconds) respectively with an international normalized
ratio of 1.05. The C-reactive protein was negative. Blood
and urine cultures were sterile. Urine for non-glucose
reducing substances was negative. Toxoplasma, retroviral, rubella, cytomegalovirus and herpes virus serologies
were negative.
Ultrasonography (along with colour Doppler evaluation) of the abdomen showed liver span of 10.5 cm,
coarsened echotexture, normal outline of liver, normal
portal vein and hepatic artery, small and atretic gall
bladder, non-visualized common bile duct. The spleen
spanned 7 cm. The overall features were suggestive of
biliary atresia. The findings of mebrofenin scan were
corroborative with the ultrasonography findings. Thus a
diagnosis of (EHBA) was established.
In view of cholestasis, as per the study protocol, the
patient was evaluated for galactosemia. GALT activity of
63% was observed. Genetic analysis revealed the presence of N314D mutation in exon 10 of the GALT gene.
Interestingly, further work-up revealed that N314D mutation was present in two different alleles of the GALT
gene: Duarte 1 (D1) and Duarte 2 (D2). D1 allele was

Table 1. Mutations or sequence variations, primers used for PCR and appropriate restriction enzymes used in detection of normal and
mutant alleles.
Detection
Mutations/ Polymorphisms

Primers

Restriction
Enzyme

N314D

5'-GGGTCGACGAGATGCTGGGACTGAGGGTGGAGCA-3'
5'-GGGGTCGACGCCTGCACATACTGCATGTGA-3

Ava II

349 + 81

L218L

5'-ATGTGGAGGCTTGGAGGTAAA-3'
5'-TTCACCTCTAGCTTTCTCCT-3'

Mse I

272

IVS4nt-27g→c
(G1105C)

5'-ACAGCCAAGCCCTACCTCCCG-3'
5'-ACTCCCTCCTGACCACACCC-3'

Msp I
(ACRS)

171 +
93 + 19

171 + 112

IVS5nt+62g→a
(G1323A)

5’-TGGATGGGCAGGGAGGGGGT 3’
5’-TGTCAAGGGGCAAAAGCAGA-3’

Dde I

222 +
120 + 6

186 +
120+ 36 + 6

IVS5nt-24g→a
(G1391A)

5'-TGGATGGGCAGGGAGGGGGT -3'
5'-TGTCAAGGGGCAAAAGCAGA -3'

Sac I

239 + 109

5’UTR-119delGT
CA

5’-CAGGGCAGCCCAGTCACTCA- 3’
5’-GCGTTGCTGAGGATCGGTTC-3’

Dde I
(ACRS)

145 +
17 + 10
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Normal
Allele [bp]

Mutant
allele [bp]
247 +
102 + 81
147 + 125

348

158 + 10
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found to carry a silent mutation L218L in exon 7 in addition to the N314D in exon 10 of GALT gene (Figure
1). In contrast, D2 allele was found to co-exist with 3
different polymorphisms: IVS4nt-27g→c (G1105C),
IVS5nt+62g→a (G1323A) and IVS5nt-24g→a (G1391A) and promoter region deletion of 4 nucleotides
(5’UTR-119del GTCA) (Figure 2).
The patient was managed with appropriate supportive
and nutritional care along with cessation of breast feeding whilst soya-milk formula was initiated. Subsequently
Kasai’s porto-enterostomy was performed at 3 months of
age. Per operatively, the liver was greenish, hypertrophied; biliary channels were fibrotic although right hepatic duct was visible. Per-operative cholangiogram confirmed the diagnosis of EHBA.
The patient was discharged on appropriate dietary advice and multivitamin supplementation. At 4 months of
follow-up, the infant is passing normal colored stools
and is anicteric and gaining weight, although at a slower
pace. In view of established biliary cirrhosis the family
has been advised regular medical follow-up and has been
counseled regarding the possible need of liver transplantation in future.

3. DISCUSSION
The report presents a peculiar case of coexistence of 2
variants of galactosemia together (Duarte 1 and Duarte 2
together) with EHBA in a solitary case amongst a cohort

A. N314D mutation by Ava II
Lane 1: 100 bp DNA ladder
Lane 2: Wild type
Lane 3: Homozygous mutant
C. Sequence of GALT gene showing:
(a) Normal sequence
(b) N314D mutation

of 215 patients with neonatal cholestasis.
The patient was found to carry the L218L transition
along with N314D on one allele which is known as
Duarte1 (D1) or Los Angeles variant (LA) of galactosemia [6,7]. This variant is known to be associated with
the increased GALT activity [1]. A molecular mechanism
involving an increased rate of translation through codon
bias has been proposed to be the possible mechanism [8].
In addition, three different transitions were also found:
IVS4nt –27 g→c (G1105C) in intron 4 and IVS5nt –24 g→a
(G1391A) and IVS5nt +62 g→a (G1323A) in intron 5,
all in a heterozygous state. Besides, a deletion of 4 nucleotides (5’UTR-119delGTCA) was detected in the
promoter region of the GALT gene. This type of genotype, that is: N314D-G1105C-GI391A-G1323A-5’UTR119delGTCA is known to constitute another galactosemia variant called Duarte 2 (D2) variant which is associated with the decrease GALT activity [6,7]. Investigators have suggested that these genetic alterations
might be regulatory mutations which may be responsible
for the decrease in GALT activity in D2 variants [7]. So
the genotype of the patient was N314D-L218L/N314DG1105C-GI391A-G1323A-5’UTR-119delGTCA or D1/
D2. This unique genotype causing coexistence of D1 and
D2 variant galactosemia along with EHBA has not been
earlier reported in literature.
The coexistence of EHBA alongwith galactosemia
made us ponder that although EHBA is not believed to
be an inherited disease; genetic factors have been re-

B. L218L mutation by Mse I
Lane 1: Wild type
Lane 2: Heterozygous mutant
Lane 3: 50 bp DNA ladder
D. Sequence of GALT gene showing:
(a) Normal sequence
(b) L218L mutatio

Figure 1. Restriction digestion analysis and electrophoregram of N314D and L218L mutation.
Copyright © 2010 SciRes.
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A. G1105C using Msp I
Lane 1: Wild type
Lane 2 & 3: Heterozygous mutant
Lane 4: 50 bp DNA ladder
B. G1391A using Sac I
Lane 1: 50 bp DNA ladder
Lane 2: Heterozygous mutant
Lane 3: Wild type

C. G1323A using Dde I
Lane 1: 50 bp Ladder
Lane 2: Undigested
Lane 3, 4 & 5: Wild type
Lane 6: Heterozygous mutant
D. 5’UTR-119delGTCA using Dde I
Lane 1: Undigested
Lane 2: 50 bp DNA ladder
Lane 3: Heterozygous mutant

Figure 2. Restriction digestion analysis of different polymorphisms associated with Duarte 2.

ported to be involved in its pathogenesis. Reports of
familial cases provide evidence in favor of this hypothesis [9,10]. Worldover, the most widely investigated
genes are those which are related to laterality (inversin)
and to the development of bile ducts [11]. In an animal
study on mice, authors have observed a spontaneous
mutation in the inversin (inv) gene, on chromosome 4,
resulting in situs inversus, obstructive jaundice and death
within the first week of life [12]. Analysis of the hepatobiliary system of these inv mice revealed EHBA and
intrahepatic ductular proliferation [13]. However, when
compared to histopathological findings in infantile
EHBA, inconsistent features have been observed [11].
Further, the human inversin gene has been mapped
on chromosome 9 [11], same as that of the gene for the
GALT [14]. Despite being a non-syndromic variant of
EHBA, our patient might have contemporaneous involvement of inversin and GALT genes on chromosome 9 leading to such peculiar coexistence of disorders. Another gene that may play a role in the genesis
of EHBA is Jag-1, although its influence on the development of atresia has not been definitively confirmed
[15]. Even though a genetic basis is likely to be contributory, the exact mechanism of this co-existence is
open to speculation.
Copyright © 2010 SciRes.

The clinical implication of such concordance remains
to be conceived. The index patient is currently well and
on active follow up. Long term follow up would be able
to show the clinical impact of this association on the
natural history of EHBA or that of EHBA on these variants of galactosemia. Moreover, identification of the
genetic basis of such a peculiar concordance could have
important connotation on prenatal diagnosis of these
disorders.
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