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Update on a previously reported missense mutation:
The c.1160 C>A mutation in the UGT1A1 gene result in
Crigler-Najjar syndrome type 1

To the Editor,

Crigler-Najjar syndrome (CN) is a rare inherited disor-
der with a frequency of one per million. CN is character-
ized by non-hemolytic unconjugated hyperbilirubinemia.
Unconjugated hyperbilirubinemia is caused by the limita-
tion or absence of bilirubin uridine 5’-diphosphate glucu-
ronosyltransferase (UGT1A1) enzyme activity. UGT1A1
converts unconjugated bilirubin into conjugated bilirubin
(water-soluble), which is essential for bilirubin excretion.

CN has two types based on clinical criteria and phe-
nobarbital response. CN type I (CN-I; MIM# 218800)
is the most severe form of CN. Patients with CN-I have
severe hyperbilirubinemia and usually die due to kernic-
terus. The absence of the UGT1A1 enzyme activity due to
a defect in the UGT1A1 gene (UGT1A1; MIM# 191740)
result in CN-I (Gailite et al., 2020). Liver transplantation
is the only definitive therapy for CN-I (Lysy et al., 2008).
CN type II (CN-II; MIM# 606785) is less severe and less
likely to develop kernicterus (Liaqat et al., 2018). Patients
with CN-II have residual UGT1A1 enzyme activity. Serum
bilirubin levels can usually be lowered by treatment with
phenobarbital in CN-II (Canu et al., 2013). However, phe-
nobarbital has no role in CN-I. Phenobarbital increases
the expression of UGT1A1, but that will only be effective
if the mutated enzyme has residual activity (Sugatani
et al., 2001).

A 14-month-old boy with persistent unconjugated
hyperbilirubinemia was referred to the Abu Ali Sina
Transplant Hospital, Shiraz, Iran (the main center of liver
transplantation in Iran) for a definite diagnosis of CN.
However, the patient was treated repetitively with pho-
totherapy. Unconjugated bilirubin levels were elevated
with advancing age. Furthermore, unconjugated bilirubin
concentration did not decrease significantly after pheno-
barbital administration (Figure 1). The phenobarbital re-
sponse was tested by oral administration of 7 mg/kg/day.
The patient had no history of neonatal viral infections,
red blood cell (RBC) enzyme abnormality, hematoma,

hemolysis, rash, hypothyroidism, and all other common
causes of jaundice. Based on the criteria of CN phenotypes
adapted from Fabris et al. (2009), the diagnosis of CN-I
was made for the patient. We evaluated the promoter and
all five exons of the human UGT1A1 gene (NG_009254)
to confirm the diagnosis. Informed consent (approved
by the ethics committees of Shiraz University of Medical
Sciences: IR.SUMS.REC.1399.252) was signed by parents.

We identified a missense mutation (NM_000463.3:
c.1160 C>A; p.P387H) in the homozygous state in exon
4 of the UGTI1AI gene in the proband. Extensive se-
quencing of the remaining allele did not reveal any other
structural mutations. The ¢.1160 C>A variant was pres-
ent in the heterozygous state in the parents (Figure 2a,b).
The UGT1A1l protein structure analysis showed that the
p-P387 is one of the active sites of the UGT1A1 enzyme
(Figure 2c). Based on the American College of Medical
Genetics and Genomics (ACMG) variant classification
guidelines (Richards et al., 2015), the c.1160 C>A muta-
tion is a pathogenic variant (PS1, PM1, PM5, PP2, PP3,
and PP4).

Previously, Sneitz et al. reported the c.1160 C>A
variant in the heterozygous state in a CN-II patient
as a novel mutation in the article entitled: “Crigler-
Najjar Syndrome in The Netherlands: Identification
of Four Novel UGT1A1 Alleles, Genotype—Phenotype
Correlation, and Functional Analysis of 10 Missense
Mutants” (Sneitz et al., 2010). Sneitz et al. (2010) showed
that the c.1160 C>A mutation did abolish the activity of
the enzyme. The mutation was identified in a CN type
II patient in a heterozygous state. The residual UGT1A1
enzyme activity in this patient responsible for the phe-
notype was encoded by the other allele. Now we report
that homozygosity for this mutation indeed causes CN-
I, confirming the complete inactivity of this mutant.
Genotype—phenotype correlation analysis of the ¢.1160
C>A mutation showed that this mutation is pathogenic
in the homozygous state and leads to CN-I. Our findings

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2021 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals LLC.

Mol Genet Genomic Med. 2021;9:e1805.
https://doi.org/10.1002/mgg3.1805

wileyonlinelibrary.com/journal/mgg3 1lof3


www.wileyonlinelibrary.com/journal/mgg3
http://creativecommons.org/licenses/by/4.0/

20f3 . . .. LETTER TO THE EDITOR
Molecular Genetics & Genomic Medicine
—LWI LEY_
(D) —o—Total Bilirubin  —#—Direct Bilirubin
35
30
gl 2 @
G
on
& 20
5
3 15
—
-_§ 10
m b}
oL —— s, @, » = = s
o) 9 Q Q Q Q Q Q Q Q Q Q
JONECN S N N N R L 2N L N N N
% ") N Q) ~ D ™ o) A S N
N N O N N \ N © AN L DA\ T,
\”b ,-L") Q\ \'\ \b ,"\\ Q) N N NG v QY
Date test

FIGURE 1 Total and direct bilirubin levels are shown with the date of the test. The date of phenobarbital administration is indicated by

the green arrow

FIGURE 2 Pedigree, electropherogram, and protein structure. (a) The pedigree. The proband is indicated by a black arrow. (b) The
electropherograms of the family members compared with sequences that were taken from the NCBI (National Center for Biotechnology

Information). The location of the mutations is indicated by a red arrow and the direction of reading in the electropherogram and reference
sequences is shown by a green and blue arrow, respectively. (c) Structure analysis of the UGT1A1 protein showed that the p.P387 is an active

site

would be beneficial for the clinicians to diagnose CN-
I. Liver transplantation is the only curative treatment
of CN-I. Accordingly, timely diagnosis, can improve

patient prognosis. Also, the molecular diagnosis might
enable the family of patients to perform prenatal diag-
nosis and prevention.
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