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Abstract

Background: Crigler-Najjar syndrome (CNS) is an uncom-
mon autosomal recessive hereditary condition characterized by
severe unconjugated nonhemolytic hyperbilirubinemia from
infancy. It is caused by adefect of bilirubin uridine diphosphate
glucuronosyltransferase (UGT) 1A.

Aim of Sudy: We aimed to identify mutations in exons (2-
4) inthe UGT1A1 gene in Egyptian CNS patients.

Material and Method: The UGT1A1 gene's exons (2-4)
were then molecularly examined using PCR amplification and
singe sequencing of the coding regions after ten Egyptian CNS
patients had been clinically identified.

Results: The patients were between the ages of 3 and 18,
with an average age of 8.3+4.74 years. All patients (100%) had
positive consanguinity, and 50% of cases had positive family
history. Forty percent of the patients had delayed verba and/
or social or motor milestones, whereas the remaining sixty per-
cent of patients had normal developmental milestones (6/10).
The aggressive behavior exacerbates the illness. CNStype |
affected 10 patients (100%) while type Il affected O instances
(0%). No del eterious mutations were found in exons (2-4) of
UGT1A1 gene.

Conclusion: This study found no mutations in the three
studied exons (exons 2-4) of the UGT1A1 gene. This highlights
the importance of studying the rest of the exons of the UGT1A1
gene.
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Introduction

NEWBORNS with Crigler-Najjar syndrome have
hyperbilirubinemia due to this uncommon auto-
somal recessive condition. The hallmark of Cri-
gler-Najjar syndrome is the lack or reduced activity
of UDP-glucuronosyltransferase (UGT), an enzyme
necessary for the hepatic glucuronidation of uncon-
jugated bilirubin. One of the main causes of con-
genital nonhemolytic jaundiceis this deficit [1]. The
degree of UGT activity determines the classification
of the syndromeinto two types: Type 1. People with
Crigler-Najjar syndrome type 1 (CN1) have severe
symptoms brought on by low or absent enzyme
activity. Their extreme jaundice can be fatal, and
phototherapy is a necessary part of their treatment.
Individuals suffering from this type of illness have
an extremely significant chance of experiencing
neurological aftereffects, which could result inirre-
versible harm like kernicterus. For CN1 syndrome,
liver transplantation is the sole treatment [2]. Type 2:
The milder symptoms of this kind of Crigler-Najjar
syndrome are caused by a decrease in enzyme ac-
tivity. People who have type 2 Crigler-Ngjjar syn-
drome (CN2) often take conservative approaches
to treating their ailment, which is characterized by
sporadic jaundice that isinduced by stress. In CN2,
there is alow incidence of permanent neurological
impairment and liver transplantation [3].

An absence or reduced level of the UGT enzyme
as aresult of agenetic deficiency in the bilirubin
UDP-glucuronosyltransferase family 1, polypep-
tide A1 (UGT1A1) gene causes Crigler-Nagjjar syn-
drome. Common mutations in CN1 include stop
codon creation, exon skipping, missense mutations,
deletions, changesin intron splice donor and re-
ceptor locations, and insertions. These mutations
result in total failure of the UGT enzyme. On the


http://www.medicaljournalofcairouniversity.net
mailto:mohamedammar6121981@gmail.com

998

other hand, CN2 is caused by a point mutation in
the UGT1A1 gene, which lowers the amount of
UGT enzyme produced [1]. The incidence rate of
Crigler-Ngjjar syndromeis between 0.6to 1in 1
million babies worldwide, making it an extremely
rare condition[4].

Serum unconjugated bilirubin levels should be
tested in patients suspected of having Crigler-Najjar
syndrome; CN1 patients have much greater levels
than CN2 patients. Unconjugated bilirubinin CN1
patients ranges from 2 to 25mg/dL, with severe in-
stances potentially reaching 50mg/dL. In most cas-
es, CN2 levels are less than 20mg/dL. However, ge-
netic testing techniques are the mainstay of current
diagnosis [3]. Most CN2 patients had their serum
bilirubin concentration drop after receiving pheno-
barbital for two weeks [3]. Notably, phenobarbital
therapy has no effect on CN1.

The main treatment strategy for CN1 isto lower
unconjugated bilirubin levels through plasmapher-
esis and phototherapy. While most patients make it
through puberty without suffering significant brain
damage, they are at risk of developing kernicterus
later in life. Currently, liver transplantation is the
only option for treating CN1 [5,6]. Phototherapy is
the main treatment approach, and it is often used
to treat neonatal hyperbilirubinemia. Because old-
er children and adults have thicker skin, more pig-
mentation on their skin, and smaller bodies relative
to their bulk, phototherapy isless effective in these
populations [5,6]. For CN1, liver transplantation is
the only effective and long-term therapy option.
Since kernicterus may not be curable once it man-
ifests, preventive liver transplantation is strongly
advised to avoid the disease [7]. Phenobarbital has
no effect on CN1, but in patients with CN2, it can
lower serum bilirubin levels by 25% [8].

Material and Methods

Study participants were ten children diagnosed
with Crigler-Najjar syndrome based on clinical
and laboratory findings. The study was carried out
at the Pediatric Department of Menoufia Universi-
ty’s National Liver Institute from November 2020
to May 2021. The study was approved by the Re-
search Ethical Committee of Menoufia University’s
National Liver Institute. Every method employed
was compliant with the 2008 Helsinki Declaration
amendment and the ethical standards established
by the committee in charge of supervising human
experimentation. Every patient who desired to take
part in the trial gave their informed consent through
their parents or guardians.

1- Patients' medical records were retrieved. Per-
sonal history, clinical presentation, family history,
clinical examination and laboratory investigations
of the 10 patients were recorded. Blood samples for
liver function analysis were obtained. Liver func-
tion tests.
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* Alanine transaminase (ALT): The normal valueis
upto44 U/L.

» Aspartate Transaminase (AST): The normal value
isupto 34 U/L.

* Total Serum Bilirubin: The normal rangeis up to
1.1mg/dL.

* Direct Bilirubin: The normal rangeis up to 0.2mg/
dL.

On a Cobas-600 autoanalyzer (Japan), all pa-
rameters of the liver function tests were completed.

Results

Ten putative male Crigler-Nagjjar syndrome pa-
tients were included in this study: The patients were
between the ages of 3 and 18, with an average age
of 8.3+4.74 years. All patients (100%) had positive
consanguinity, and 50% of cases had positive fam-
ily history. Three patients (30%) were in the gover-
norates of Gharbia, one patient (10%) wasin Da-
kahlia, and six patients (60%) were in Buhaira.

Forty percent of the patients had delayed verbal
and/or social or motor milestones, whereas the re-
maining sixty percent of patients had normal devel-
opmental milestones (6/10). The aggressive behav-
ior exacerbates the illness. CNStype | affected 10
patients (100%) while type |1 affected O instances
(0%).

Following their admission to the newborn in-
tensive care unit (NICU), every patient in the study
received phototherapy 10/10 (100%). Two patients
(20%) out of the ten required an exchange transfu-
sion (2/10). After examining the various forms of
patient care, it was found that 100% of the patients
were on phenobarbitone, 30% of patients were on
levetiracetam, and 20% of patients had had liv-
er transplants. Every patient (100%), according to
their liver profiles upon presentation, had indirect
hyperbilirubinemia The average levels of total and
direct bilirubin were 26.98+5.52 and 0.735+0.3mg/
dl, respectively. Aspartate aminotransferase had a
mean of 38.6+19.73u/l while aanine aminotrans-
ferase had a mean of 30.8+16.3u/l (Table 1).

Table (1): Represent liver enzymes (AALLT, AST), total biliru-
bin and direct serum bilirubin.

Patients AST ALT TSBmg/ DSB
IU/L IU/L dL mg/dL
pt1 36 59 26.3 0.9
pt2 27 29 22 0.69
Pt3 40 43 31 0.96
pt4 92 21 40 0.1
PtS 92
Pt6 44 52 20.6 0.78
Pt7 31 16 25 0.9
Pt8 24 36 222 0.3
Pt 32 26 31.6 12
Pt10 26 11 25 0.86
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Discussion

Bialelic mutations in UGT1A1, which encodes
uridine 5’ -diphosphate glucuronyltransferase (UG-
T1A1), cause Crigler—Najjar syndrome (CNS; MIM
218800), arare autosomal recessive disorder. UG-
T1A1 mediates the glucuronidation of native Z,
Z-bilirubin into mostly diglucuronides with some
monoglucuronide. Bilirubin becomes hydrophilic
through serial conjugation with glucuronides, which
is necessary for the hepatobiliary system to excrete
it 4.

A range of irreversible neurological sequelae
[11] can accompany €elevated levels of unconjugated
bilirubin, which can cause a devastating encepha-
lopathy known as kernicterus [12] adapted from the
German kern (“nucleus’) and icterus (“jaundice™)
which refers to the deposition of bilirubin pig-
ment in the cranial nerve and subthalamic nuclel,
basal ganglia (especially the globus pallidus), and
hippocampus [12]. Historically, residual UGT1A1
activity and its inducibility upon phenobarbital
exposure have been use to approximately charac-
terize the severity of CNS. This, however incom-
plete, enables categorization into clinical variations
characterized as Gilbert syndrome (~20% UGT1A1
enzymatic activity), type 2 (<10% UGT1A1 enzy-
matic activity; CNSII), and type 1 (lack of UGT1A1
enzymatic activity; CNS-1) (MIM PS237450) [12].

According to the National Organization for Rare
Disorders, the incidence of CNSisonein 750 000—
1,000 000 live births, making it a“ultra-rare orphan
disease”. Because of our limited knowledge of the
pathophysiology, clinical symptoms, and disease
progression of rare disorders, aswell asthe lack of
corporate and academic backing for the devel op-
ment of effective treatments, rare disorders typical-
ly have ahigh unmet demand. The burden is aso
increased by delayed diagnosis and the social isola-
tion that patients and their families go through [13].

Crigler Najjar type 1 was reported in muta-
tionsin exon 2: missense mutation A291V (French
origin) and G308E (Portugal origin), in exon 3:
missense mutation Q357R (Tunisian origin), and
non-sense mutations: W335X and Q357X (French
origin). Mutations in exon 4 include missense muta-
tions (A368T, A401P, and K426E) of French origin,
S381R (Italian origin), and frame shift mutation
1223insG (French origin) [14].

In our study, molecular analysis of (2-4) exons
in the UGT1A1 gene revealed no mutations. This
may be because the mutations in our cases belong to
exons 1 or 5, which were not included in our study.
Sixty percent of the patients had normal develop-
mental milestones, while forty percent of the pa-
tients had delayed verbal, social, or physical mile-
stones (6/10). The sickness is made worse by the
hostile behavior. Ten individuals (100%) had CNS
type |, whilst zero cases (0%), had type I1.

999

Every patient in thetrial received phototherapy
10/10 (100%) after being admitted to the newborn
intensive care unit (NICU). Out of the ten patients,
two (20%) needed an exchange transfusion (2/10).
Upon reviewing the different patient care plans, it
was discovered that 20% of patients had received
liver transplants, 30% of patients were taking le-
vetiracetam, and 100% of patients were on phe-
nobarbitone. Based on their liver tests at the time
of presentation, all patients (100%) exhibited in-
direct hyperbilirubinemia. With amean + SD of
25.92+7.45mg/dL (16.6 times ULN), we discovered
that TSB ranged in patients from 10.60 to 40mg/
dL. Patients’ direct serum bilirubin levels (mg/dL)
varied between 0.10 and 2.40, with amean + SD of
0.71+0.5.

About aminotransferases, our analysis re-
veded that ALT varied between 11 and 63IU/L in
patients, with amean + SD of 35.68+16.711U/L,
which was ~1.2 times ULN. With amean + SD of
39.29+17.88IU/L, the AST ranged in patients from
16 to 921U/L, indicating that it was 1.6 times ULN.

Conclusion:

This study found forty percent of the patients
had delayed milestones.
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