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ABSTRACT. Human uridine 5'-diphosphate-glucuronosyltransferases
play a critical role in detoxification by conjugating bilirubin with
glucoronic acid. Impaired or reduced enzymatic activity causes a
spectrum of clinical disorders such as Crigler-Najjar syndrome type
I (CN1), Crigler-Najjar syndrome type II, and Gilbert’s syndrome.
CNI1 is a severe form of unconjugated hyperbilirubinemia caused by
homozygous or compound heterozygous mutations in the gene for
uridine 5'-diphosphate glucuronosyltransferase 1 family, polypeptide
Al (UGT1A1), resulting in complete loss of enzyme function. Here,
we report a novel homozygous mutation of UGTIA1 in a female Thai
infant who was diagnosed with CN1, and her parents were found
to be heterozygous carriers. The patient was homozygous for the
¢.558C>A mutation, which resulted in a premature stop codon in exon
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1. Her asymptomatic parents were carriers of the nonsense ¢.558C>A
mutation. Our result suggests an important role for homozygous
¢.558C>A mutations in the UGTIAI gene in the development of severe
unconjugated hyperbilirubinemia.
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INTRODUCTION

Crigler-Najjar syndrome is a very rare disease associated with impaired uridine 5'-di-
phosphate (UDP)-glucuronosyltransferase activity (Maruo et al., 2003). This enzyme is re-
sponsible for bilirubin glucuronidation, in which glucuronic acid is conjugated to bilirubin to
enhance its solubility in water for excretion to the biliary system (Sugatani, 2013). Conjuga-
tion is necessary for the excretion of bilirubin into bile. The complete or partial loss of enzyme
function results in the accumulation of unconjugated bilirubin.

The UGT1A1 gene, located at the 2q37 locus on chromosome 2, has five exons and
encodes an enzyme that is critical for bilirubin conjugation (Sugatani, 2013). Mutations in the
UGTI1A1 gene result in reduced or absent enzyme function, which can cause a group of dis-
eases known as Crigler-Najjar syndrome and Gilbert’s syndrome. Patients with Crigler-Najjar
syndrome type I (CN1) show no enzyme function, while those with Crigler-Najjar syndrome
type II (CN2) have less than 30% of normal enzyme function (Strassburg, 2010). Thus, the
signs and symptoms of CN1 are more severe than those of CN2, while only mild hyperbiliru-
binemia is detected in patients with Gilbert syndrome. Some affected individuals with a high
level of unconjugated bilirubin develop a form of brain damage known as kernicterus, which
results in cognitive, perceptual, motor, and auditory disorders (Shapiro, 2003).

To date, approximately 130 mutations in the UGT1A41 gene causing Crigler-Najjar
syndrome and Gilbert’s syndrome have been identified (Canu et al., 2013), most of which
are single-nucleotide substitutions (70%). Expression of the UGTIA1 gene is controlled by
the TATAA box in the promoter region. The wild-type promoter contains 6 repeated thymine
and adenine (TA) sequences or [A(TA),TAA] (6/6). Previous studies have demonstrated that
increased repetitions of the TA motif lead to decreased efficiency of gene expression (Kaplan
et al., 2001), resulting in clinical manifestation of Gilbert’s syndrome.

Here, we report the case of a 1-year-old girl with CN1 caused by a novel nonsense muta-
tion at nucleotide position 558 from C to A, changing a cysteine to a stop codon. The promoter
regions of the UGTIAI gene in this patient and in her family members were wild-type (6/6).

MATERIAL AND METHODS

The study was approved by the Institutional Review Board, Faculty of Medicine,
Chulalongkorn University, Thailand. Written informed consent was obtained from the pa-
tient’s parents.

Patient

A 1-month-old Thai female infant presented with jaundice observed by her parents
beginning at the age of 2 weeks. She was born at 38 weeks of gestation by cesarean sec-
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tion because of an unfavorable cervix and had a birth weight of 3520 grams. She was the
first child of the family by consanguineous marriage, as her grandparents were 2nd cousins.
There were no postnatal complications and she was discharged at the age of 4 days.

Her mother returned to the community hospital in the Nakon Ratchaseema Province
because of visible jaundice when the child was 1 month old. Clinical examination was nor-
mal. Initial investigation revealed an increase in total serum bilirubin of 18.1 mg/dL, direct
bilirubin of 1.5 mg/dL, aspartate aminotransferase of 41 U/L, alanine aminotransferase of
14 U/L, alkaline phosphatase of 455 U/L, and both the baby and mother’s blood group was
B and both were Rh positive. Her thyroid function test was normal and peripheral blood
smear showed no evidence of hemolysis. She was treated with single phototherapy; how-
ever, the next day, her total serum bilirubin levels continued to increase to 30.4 mg/dL and
she developed retrocollis and upward gaze palsy. She was diagnosed with acute bilirubin
encephalopathy and total exchange transfusion was commenced. Total serum bilirubin was
successfully reduced to 19.2 mg/dL; however, although single phototherapy was adminis-
tered daily for 1 month, total serum bilirubin still remained at 12-20 mg/dL. The patient was
discharged with home phototherapy prior to her referral to the King Chulalongkorn Memo-
rial Hospital.

Upon arrival at King Chulalongkorn Memorial Hospital, the patient was 6 months
old and showed global delayed development. She could not lift her head for a sustained pe-
riod or place her hands together in midline. Upon physical examination, hypertonia of the ex-
tremities and impaired upward gaze were noted. Her total serum bilirubin level was still high
(16.4 mg/dL) despite daily phototherapy. Her mother’s serum bilirubin level was normal,
whereas her father’s was slightly elevated to 1.8 mg/dL (normal range, 0.1-1.2 mg/dL) (Arora
et al., 2009). No significant increase in liver enzymes was recorded in either parent (Table 1).

Table 1. Liver function tests of the patient obtained at 6 months of age and of her parents at King Chulalongkorn
Memorial Hospital.

Liver function test Patient Father Mother
Albumin (g/dL) 4.1 5.0 4.5
Total bilirubin (g/dL) 16.4 1.8 0.6
Direct bilirubin (g/dL) 0.89 0.54 0.2
AST (U/L) 49 23 17
ALT (U/L) 35 47 10
ALP (U/L) 150 59 81

AST = aspartate aminotransferase; ALT = alanine aminotransferase; ALP = alkaline phosphatase.

The patient had been treated with phenobarbital at a dosage of 5 mg-kg!-day! for 4
months; however, there was no significant decrease in total serum bilirubin level after treat-
ment. Phenobarbital, an enzyme inducer in bilirubin conjugation, has been shown to be a
useful approach for reducing total serum bilirubin by more than 25% in CN2 patients, while
it provides no benefits for CN1 patients (Kimura et al., 1991; Jansen, 1999). Based on the
presentation of severe unconjugated hyperbilirubinemia and persistently high bilirubin levels
after phenobarbital treatment, the diagnosis of CN1 was made. Brain magnetic resonance im-
aging (MRI) and electroencephalogram were performed at the age of 1 year. Brain MRI in the
axial TIWI image showed symmetrical isointensity in bilateral globi pallidi, whereas in the
axial FLAIR image, symmetrical hyperintensity in bilateral globi pallidi was observed (Figure
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1A and B). These features are distinct characteristics of bilirublin encephalopathy (Katar et
al., 2008). Routine electroencephalogram revealed a normal result. Currently, the patient is 1
year of age but has a developmental age equal to a 3-month-old baby. She can lift her head for
a short period but cannot roll over. Peripheral hypertonia improved after baclofen treatment;
however, athetoid movements of both hands and positive tonic neck reflex were noted. A hear-
ing screening test using MADSEN AccuScreen® (Otometrics, Taastrup, Denmark) revealed
normal results in both ears. Phenobarbital was discontinued because of its lack of efficacy in
CNI1 patients. Blood samples of the patient and her family were collected and subjected to
molecular genetic analysis.

Figure 1. Brain MRI of a 1-year-old patient with history of bilirubin encephalopathy. Axial TIWI shows
symmetrical isointensity in bilateral globi pallidi (A). Axial FLAIR image shows symmetrical hyperintensity in
bilateral globi pallidi (B).

Methods

One microliter anti-coagulated (ethylenediamine tetraacetic acid-treated) blood sam-
ples was collected from the infant and her parents. Peripheral blood mononuclear cells were
separated using lymphocyte separation medium (Wisent Inc., Quebec, Canada). Genomic
DNA was extracted from 100 pL leukocytes using phenol-chloroform-isoamyl alcohol extrac-
tion and ethanol precipitation (Nilyanimit et al., 2013). The DNA pellet was stored at -20°C
until analysis.

For mutation screening, the promoter and 5 exons of UGT1A41 were amplified by poly-
merase chain reaction using the primer sets described in a previous study (Nilyanimit et al.,
2013). Amplified products were isolated by 2% agarose gel electrophoresis and purified using
the PCRExtract and GelExtract Mini Kit (5 PRIME Inc., Hilden, Germany). Direct sequenc-
ing was performed by First-BASE Laboratories Sdn Bhd (Selangor, Darul Ehsan, Malaysia).

Nucleotide sequences obtained by direct sequencing were edited and assembled using
SEQMAN (LASERGENE program package; DNASTAR, Inc., Madison, WI, USA) and sub-
sequently subjected to Basic Local Alignment Search Tool analysis. The UGT1A41 accession
No. NC 000002.11 from GenBank was used as the reference sequence, for which the “A” of
the ATG translation initiation site represents nucleotide +1.
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RESULTS

Mutation screening of the infant indicated that the promoter had a normal wild-type
TATA box sequence [A(TA) ,TAA]. Analysis of intra-exon mutations in UGT1A! showed a
homozygous C to A transversion (C>A) at nucleotide position 558 in exon 1 (¢.558C>A). This
nucleotide change was predicted to cause a nonsense mutation (p.C186X). Both parents of the
patient showed the normal wild-type promoter [A(TA) TAA] and heterozygous nucleotide
changes from C to A at position 558, explaining the homozygous ¢.558C>A mutation in the
patient (Figure 2). No mutations were detected in any other exons.

550 560

C : ¢ A [ o4 [ o Cc A G E 4 G AlC o4 L of A A Cc [ o4 { o3 A T

mother
c.558C>C/A

father
c.558C>C/A

patient
c.558C>A

Figure 2. DNA sequence analysis of the patient and her parents. Nucleotide sequence showed heterozygous
¢.558C>A mutations in parents and homozygous ¢.558C>A mutations in the patient.

DISCUSSION

The novel homozygous nonsense mutation ¢.558C>A in the UGTIAI gene identi-
fied in our study was responsible for the premature stop codon on exon 1, resulting in a non-
functioning UDP-glucuronosyltransferase enzyme. To date, more than 50 mutations causing
CN1 have been described, most of which (65.4%) are missense/nonsense mutations. Nonsense
mutations were found to be more related to CN1 compared to other forms of unconjugated
hyperbilirubinemia, as the premature stop codon results in severely truncated non-functioning
enzymes (Stenson et al., 2009).

The asymptomatic parents of the infant were heterozygous for c.558C>A, and both
showed the normal wild-type promoter [A(TA),TAA]. Her mother’s liver function test was
normal, whereas her father’s total serum bilirubin was slightly elevated. The exact cause of
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mild hyperbilirubinemia in the father remains unknown. Differential diagnoses included he-
molysis, hepatic dysfunctions, and Gilbert’s syndrome. Previous studies have found that het-
erozygous mutations in the UGT1A1 gene can result in different phenotypes. Some types of
heterozygous mutations, such as R341X, have been observed in silent carriers, whereas other
types, such as Q331X and C280X, may result in CN2 or Gilbert’s syndrome.

In conclusion, we reported a case of CN1 in a Thai neonate presenting with visible
jaundice. She experienced severe unconjugated hyperbilirubinemia with acute kernicterus,
and brain MRI was consistent with bilirubin encephalopathy. Molecular diagnosis confirmed
a homozygous ¢.558C>A mutation, which resulted in a premature stop codon in exon 1 of the
UGTIAI gene. Our results suggest an important role for the homozygous ¢.558C>A mutation
in the development of CN1.
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