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Abstract

Mucopolysaccharidosis type IIIB (MPS IIIB), also known as Sanfilippo syndrome type B, is a metabolic disease caused by muta-
tions in both alleles of the NAGLU gene encoding for the enzyme a-N-acetylglucosaminidase. A malfunction of this enzyme causes
inability to degrade heparan sulfate, which leads to accumulation of glycosaminoglycans in the cells. MPS IIIB is associated with dif-
ferent symptoms such as neurodegeneration, extreme hyperactivity, sleeping problems, aggressive behavior, reduced fear, and cognitive
deterioration. The condition is by now not curable. Here we describe a patient with MPS IIIB diagnosed at the age of 5 presenting with
communication problems, motor dysfunctions, and speech and sleeping problems.

Standard biochemical tests for neurodegenerative disorders and DNA analyses including NAGLU mutation screening were performed.
We also did some psychological tests assessing the patient’s communication skills and behavior.

The patient was heterozygote for two mutations in the gene NAGLU (Y140C and Ser169fs). Thus, he suffered from MPS IIIB due to two
mutations in the disease-causing gene.

The patient presented with clear signs and symptoms of MPS IIIB with at least one of the two mutations affecting the o-N-
acetylglucosaminidase protein function severely. Here we report the combination of a well-known and previously unreported mutation
in the NAGLU gene; this could be dependent on geographical origin of the patient, which needs to be clarified by molecular studies of
more MPS IIIB patients from Southeast Europe.
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INTRODUCTION

Mucopolysaccharidosis is a rare genetic disease caused by
the deficiency of an enzyme that catalyzes the metabolism
of glycosaminoglycans (GAG) in lysosomes. GAG accu-
mulation has been shown to cause dysfunction on cellular,

tissue, and organ levels leading to multiple systemic effects,
with phenotypic consequences such as abnormal facial
features.!!) Mucopolysaccharidosis type III (MPS III, or
Sanfilippo syndrome) consists of four subtypes, MPS IIIA,
MPS IIIB, MPS IIID, and MPS IIIE, in which heparan sul-
fate (HS) is accumulated.’?) MPS III patients are typically
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affected by hyperactivity, sleeping problems, and progres-
sive mental and cognitive deterioration. The majority of
MPS III patients cannot speak, and even if they develop
speech to some extent, it is gradually lost during the course
of the disease. The average life expectancy of these patients
is two decades.[2?!

Patients with MPS III show normal development after
birth; later, in the first phase, they have recurrent ear, nose,
throat, and gastrointestinal problems. In the second phase,
their behavior changes including afore mentioned hyperac-
tivity and sleeping disorders. In the third and last phase, the
child experiences loss of intellectual capabilities and motor
functions.l*) Overall, patients with MPS (specifically with
MPS IIIB) present with neurocognitive signs and symp-
toms.”) The age at diagnosis for MPS IIIB patients can be
very different, from 4 years to adulthood; children under
suspicion of MPS IIIB suffer from idiopathic symptoms,
developmental delay, and attention-deficit/hyperactivity
disorders."!

The gene NAGLU located in chromosome 17q21 is
responsible for the production of normal lysosomal en-
zyme called a-N-acetylglucosaminidase. The inheritance
of MPS IIIB is autosomal recessive; accordingly, either par-
ents may be carrier of one copy of a mutated gene, but they
do not show any symptoms or signs of the disease, and/
or one of the parents gametes provides a new mutation in
NAGLU.[®7] Yet, there is no cure for MPS IIIB; still, quick
and proper diagnosis can help families to get adequate sup-
port by the health system.[8) As MPS IIIB patients can show
variable clinical expression detailed genotype-phenotype
correlations are necessary. Alpha-N-acetylglucosamidase is
assessed by fluorimetry, and the values for alpha-N-acetyl-
glucosamidase in our patients were <0.3 (LOQ) umol/L/h
(normal value >1.5 pumol/L/h). Here we describe a new
MPS IIIB patient characterized clinically and on molecular
genetic level.

CASE REPORT

Clinical analysis

The male patient had a birth weight of 3250 g and a head
circumference of 34 cm. He started to hold his head and fol-
low by observing objects at the age of 5 months. At 5 years of
age, the patient weighed 32 kg, and his head circumference
was 46 cm. There was no family history of mental retardation
or neurological disorders. On physical examination, facial
dysmorphisms including prominent eyebrows, low set ears,
and low hairline were diagnosed, together with stiffness of
extremities, and enlarged liver (according to the ultrasound:
crania-caudal length 17 cm). During the interview with par-
ents, they said that their child could not control urination,
which was also associated with constipation. The patient
showed motor development retardation, such as inability to
walk, and mental retardation (Table 1).

Table 1. Clinical features of the disease manifested in our pa-
tient. (Adapted from Zhou J, Lin J, Leung W'T, Wang L. A basic
understanding of mucopolysaccharidosis: Incidence, clinical fea-
tures, diagnosis, and management. Intractable Rare Dis Res 2020;
9(1):1-9. doi: 10.5582/irdr.2020.01011.15T

Clinical features MPS IIT Our patient
Coarse facial features -/+ +
Cognitive retardation + +
Epilepsy + +
Hepatosplenomegaly + +
Valve disease + -
Inguinal and umbilical hernias ~ + +
Corneal clouding + -
Kyphoscoliosis + +
Hearing loss + +
Teeth abnormalities + +
Enlarged tongue + -

In magnetic resonance imaging (MRI), the head showed a
periventricular leukomalacia with diffuse occipital periven-
tricular lesions and partially in white substance of cerebellum
with hypotrophy of the dorsal part of corpus callosum and
bilateral cortical hypotrophy of cerebellum in frontal gyros
and less in parietal-occipital (Fig. 1).

Biochemical analysis
Biochemical analysis was performed and results are sum-

marized in Table 2. Alanine aminotransferase (ALT) and

Table 2. Results of biochemical analysis of blood and urine for our
case patient and normal values (abnormal values shown in bold)

Biochemical analysis

Type of analysis . . Reference

This patient ranges
ALT 86 U/l 42U/
AST 47 U/1 42U/1
Cholesterol 3.4 mmol/l <6.5 mmol/l
HDL cholesterol 1.07 mmol/l 1.68 mmol/l
LDL cholesterol 3.01 mmol/l 3.9-4.9 mmol/l
Triglycerides 0.92 mmol/l 1.4-1.8 mmol/l
Glycaemia 4.3 mmol/l 4.0-5.9 mmol/l
BUN 3.7 mg/dl 10-20 mg/dl
Creatinine 62.0 pmol/l 44-88 pmol/l
Platelets 87x10°/1 150-400%10%/1
a-N-acetylglucosamine  <0.3 umol/l/h <1.5 umol/l/h

ALT: alanine aminotransferase; AST: aspartate transaminase;
HDL: high density lipoprotein; LDL: low density lipoprotein;
BUN: blood urea nitrogen
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Figure 1. MRI of patient X. Periventricular leukomalacia is the description for mucopolysaccharidosis.

aspartate transaminase (AST) were elevated; the high- and
low-density lipoproteins and triglycerides were decreased; the
blood urea nitrogen and the platelets were decreased. Also,
the a-N-acetylglucosamine was decreased by 5 times.

An array comparative genomic hybridization analysis was
performed which indicated no pathogenic copy number vari-
ations. Sanger sequencing of the NAGLU gene identified a
missense mutation (the amino acid Tyr was replaced with
Cys (Y140C)) and a frameshift deletion in position (Ser169fs)
in the patient (Table 3).

Table 3. Genotype and national origin of MPS IIIB patients com-
pared with our patient

Patients  Allele 1 Allele2  Origin

1 Y140C Ser169fs KS (Kosovo - present
case)

2 219-237del19  Y140C UK (United Kingdom)

3 Y140C R626X GR (Greece)

4 Y140C L1497V NL (Netherland)

DISCUSSION

The present patient is a typical MPS IIIB case (Table 1),
which is supported by the biochemical data (Table 2). The
targeted genetic analysis for mutations in the NAGLU gene
confirmed the clinical suspicions and established the defin-
itive diagnosis for this patient. As the gene product of NA-
GLU has 743 amino acids, a frameshift causing deletion in
position 169 and a change from tyrosine to cysteine in posi-
tion 140 must lead to severe impairment of a-N-acetylglu-
cosaminidase. Unfortunately, the patient’s parents declined
to have their own DNA sequenced. Thus, the origin of the
Y140C (maternal or paternal) and of the Ser169fs mutation
(parental or de novo) could not be clarified.

While the Y140C mutation in the NAGLU gene has al-
ready been reported by other researchers14], the Ser169fs
mutation has, to the best of our knowledge, not been re-
ported yet (Table 2). Also, the Y140C mutation is among
the three mutations accounting for approximately 36% of
all NAGLU gene mutations in connection with MPS ITIB.[%!
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In conclusion, the detailed characterization of the under-
lying genetic cause for the herein reported MPS IIIB patient
was important for the index and his family: (i) the patient
received well-founded diagnosis and prognosis, (ii) parents
were guided to and informed about corresponding family
support groups, and (iii) in case the parents wish to have
further children, they will be able to check the unborn child
for its mutation status concerning the NAGLU gene. Be-
sides, the yet unreported NAGLU gene mutation (Ser169fs)
being identified here for the first time requires future studies
to clarify if it is more frequent in Balkan region.
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Pe3lomMme

Myxkononucaxapuios tuma IIIB (MPS II1IB), Takxe nsBecTHblit Kak cungpom Candununmo tuma B, npepcrasiser co6oit MeTabomm-
JecKoe 3ab0JIeBaHIe, BbI3BAHHOE MyTalMAMMU B 000ux ajtenax reHa NAGLU, kopupyromiero gpepMeHT a-N-alje TU/ITTIOKO3aMITHI/IA3y.
Hapymenne pa6oTsl 3Toro ¢epMeHTa IPUBOJUT K HECIOCOOHOCTH PACIIEIVIATh TelapaHCyNIb(aT, YTO IPUBOAUT K HAKOIUIEHUIO B
KJIeTKax IMKosaMyuHormmkanos. MPS IIIB cBsA3aH ¢ pasnmuMyHBIMM CMMIITOMaMy, TaKUMU KaK HellpofereHepanys, KpailHaAs Iuie-
PaKTUBHOCTD, IIPOOIEMBI CO CHOM, arpecCBHOE MOBEfieHIe, YMEHbIIeH)e CTPaxXa I yXy/lIeHne KOTHUTUBHBIX QyHKImit. CocToAHNe
II0Ka HeM3/Ie4MMO. 37eCh MbI omycbiBaeM nanuenTa ¢ MPS I1IB, fyarHocTupoBaHHOTO B BO3pacTe 5 JIeT, y KOTOPOro ObUIV PO 61eMbl
¢ o01jeHMeM, MOTOPHbIE IYCPYHKIINM, @ TaK)Ke IPOO/IeMbI C PeUbI0 ¥ CHOM.

Bbiin ipoBeieHbl CTaHAAPTHBIE GMOXMMIYECKIIE TECTHI HA HEMPpO/jereHepaTuBHble 3a60meBanus u aHamu3pl [JTHK, BKIr09as CKpUHMHT
myTtanit NAGLU. MbI Tak)Ke IIPOBe HECKOTBKO IICHXOIOTMYECKUX TeCTOB, OIIeHMBAONIX KOMMYHIKATUBHbIE HABBIKY I TIOBefIe-
HIIEe MMallieHTa.

ITarueHT ObUT reTepO3UrOTHBIM 110 iBYM MyTauusam B rene NAGLU (Y140C u Ser169fs). Takum ob6pasom, on crpagan or MPS IIIB
U3-3a IBYX MyTalLliil B T€He, BBI3bIBAIOIEM 60/Ie3Hb.

Y manuenra 6pu1u 4éTkme npyusHaky v cumnTombl MPS IIIB ¢ 1o kpaiiHeil Mepe OJHOJ 13 IBYX MyTallUil, CEpbé3HO BIMAIOIINX Ha
dyskIo 6emKka a-N-aleTVIITIOKO3aMIHIIa3hl. 371eCh MBI COO0IaeM 0 KOMOMHALMM XOPOLIO M3BECTHON ¥ paHee HeM3BeCTHOI My-
tarpym B reHe NAGLU; 9T0 MO>KeT 3aBMCETb OT reorpadyeckoro IpoMCX0X/eHN)A IAIMeHTa, YTO HeOOXOAMMO YTOUYHUTD C TOMOIIbI0
MOJIEKY/IAPHBIX UCC/Ie0BaHMIT 6onbIero KomyecTsa manueHTos ¢ MPS I1IB us IOro-Bocroynoit EBpomnsi.

KniwoueBble cnoBa

KAMHMYeCcKkuit ananmus, red MPS I1IB, res NAGLU

Folia Medica | 2023 | Vol. 65 1 No. 1 165

Folia Medica


mailto:gazmend.temaj@ubt-uni.net

	Mucopolysaccharidosis Type III (Subtype IIIB) Diagnosis as a Spectrum Disorder: a Case Report from Kosovo
	Abstract
	INTRODUCTION
	CASE REPORT
	Clinical analysis
	Biochemical analysis

	DISCUSSION
	Funding/support statement to state any funding source/grants
	Statement of ethics
	Competing Interests
	REFERENCES

