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Abstract

Metachromatic leukodystrophy is an autosomal recessive neurodegenerative disorder that affects the central and
peripheral nervous system and falls under the family of lysosomal storage diseases (LSDs). It is divided into three
clinical forms (late infantile, juvenile, and adult) depending on how early the disease manifests and with varying
prognosis for each form. Common presentations of the disease include cognitive, behavioral, and motor symptoms.
Here, we present a Lebanese patient with a novel variant in the prosaposin gene, confirming the diagnosis of
metachromatic leukodystrophy due to saposin B mutation, with a phenotypic expression of the disease limited to an
attention deficit disorder, and a clear leukodystrophy.
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Introduction

Metachromatic leukodystrophy (MLD) is a neurodegenerative disorder whereby the progressive demyelination of the
central and peripheral nervous system results in symptoms of psychomotor regression, gait disturbances, ataxia, pe-
ripheral neuropathy, and visual disturbances leading to tonic spasms and decerebrate posturing and finally death. MLD
is characterized by defects in degradation and accumulation of cerebroside-3-sulfate (sulfatides) in lysosomes of oli-
godendrocytes and Schwann cells leading to their death [1]. In vivo, sulfatides are usually metabolized by the lysosomal
enzyme, arylsulfatase A (ARSA), in the presence of a sphingolipid activator protein called Saposin B (Sap-B) [2-4]. Ge-
netic defects in genes coding for ARSA and Sap-B which are inherited as an autosomal recessive trait result in MLD.
Most forms of MLD are associated with allelic variants in the ARSA gene locus while cases due Sap-B mutations are ex-
tremely rare but have been reported in the literature [5-7].

According to the age of onset of symptoms, MLD caused by mutations in the ARSA gene is usually classified into three
main clinical forms: late infantile, juvenile (subdivided further into early and late juvenile forms), and adult. Earlier on-
set of the diseases is usually predictive of a severe phenotype and a worse prognosis overall. Therefore, both the late
infantile (symptoms before 30 months of age) and early juvenile forms (symptoms after 30 months of age) present with
a more rapid disease progression and a shorter life expectancy overall [5]. On the other hand, MLD caused by mutations
in sulfatide activator proteins (Sap-B) have a similar clinical manifestation to those with ARSA deficiency but show AR-
SA activity within normal range. Sap-B protein is one derived from a large precursor protein, prosaposin encoded by a
gene called PSAP located on chromosome number 10. This protein can be cleaved to give rise to four cleavage products
which are saposins A, B, C, and D [8]. As a result, mutations in the PSAP gene can lead to conditions resembling MLD
(mutations in Sap-B), Gaucher disease (mutations in Sap-C), or Krabbe disease (mutations in Sap-A) [9, 10].
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To date, only 10 PSAP pathogenic variants have been found in 26 MLD patients published in the literature where 17 of
them had the late infantile form, 6 with juvenile onset, 1 adult form, and 2 patients reported to still be asymptomatic [5].
Here, we describe the first reported Lebanese patient with metachromatic leukodystrophy due to a novel Sap-B muta-
tion presenting with limited phenotypic expression of the disease.

Case Report

Here we present a case of a 3-year-old boy born to consanguineous parents (Figure 1). He was born at term after an une-
ventful pregnancy and a normal delivery with no complications. At the age of 1 year, he was able to stand up by himself,
but he could not generate any speech. 6 months later, he was not answering when called by his name. Psychomotor and
speech therapy sessions were initiated for a year, and significant improvements were observed. The patient presented
to our institution at the age of 3 years with speech and cognitive delay. He was able to stand up and walk properly. He
had a normal interaction with the surrounding environment and was not exposed to screens for a long time. The patient
had a normal weight and height at the 50t percentile but had a head circumference of 52 cm (93rd percentile for age).
Other than the cognitive delay, no abnormalities or significant findings were noted during physical examination. His
speech therapist reported important improvement with respect to all behaviors, even though he wasn't responding as
easily. A baseline workup for the patient showed normal CBC, CPK, SGOT, SGPT, sodium, and uric acid levels. Lactic aci-
dosis was noted 35.59 mg/dL (reference range 4.5-19.8 mg/dL). Chromatography of amino acids in blood and of organic
acids in urine showed no anomalies. Brain findings on MRI revealed wide symmetric periventricular white matter in-
volvement and a tigroid pattern (Figure 2).

Figure 1: Patient’s Pedigree. Figure 2: Axial Flair sequence
MRI showing periventricular

white matter changes and
hyperintensity (black arrows).

Frontal and infratentorial pathologic white matter hyperintensity on both sides sparing the juxtacortical region and U-
cortical fibers are noted (Figure 3). Proton spectroscopic studies of the affected brain regions showed an elevated lactate
peak (Figure 4).

After 5 months, of treatment with L-Carnitine, Coenzyme Q10 and Vitamin B2, the patient was expressing himself much
better and showed signs of improved cognitive functioning, and an improved speech, the patient was able to speak nor-
mally, form full sentences, and exhibit better counting. It was also reported that he is doing better in school where he is
now interacting better with his teachers. The Whole exome sequencing revealed a novel homozygous in frame deletion
C1005_1007del p.(Assn335del) of 3 bps deletion in exon 10 of the PSAP gene in favor of autosomal recessive metachro-
matic leukodystrophy due to Sap-B deficiency.

The patient continued to improve with persisting signs of agitation and hyperactivity. After 5 months, patient presented
for follow-up where he showed better cognitive functioning overall, better speech, and improved interaction. His hyper-
activity showed some improvement. New MRI images showed similar symmetrical white matter hyperintensities as pre-
viously seen. Overall, the child had a great tone of activity and was even reported to be doing well in school. After 4 years
follow up the patient is doing well in school with mild dyslexia and dysgraphia. He was speaking Arabic fluently and was
more attentive and showed better interaction and better contact overall.
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Figure 3: Axial Flair MRI images showing white matter
changes and hyperintensity in the frontal (black arrows) and
infratentorial regions of the brain (white arrows).

Figure 4: Proton spectroscopic image showing
lactate peak at 1.3 ppm.

Discussion

MLD is an autosomal recessive neurodegenerative disease that belongs to the family lysosomal storage diseases (LSDs).
MLD is one of the most common leukodystrophies in the world with a prevalence rate of 1 in 40,000-160,000 [11]. PSAP
gene mutations in regions coding for the Sap-B domain are known to cause a rare MLD variant in which ARSA activity is
normal but myelin sheath degeneration occurs due to the accumulation of sulfatides in oligodendrocytes and Schwann
cells. According to the literature, 26 patients of different ancestries have been identified with 10 different PSAP muta-
tions [12-15]. In this study, we report for the first time, a family of Lebanese origins with a mutation in Sap-B resulting in
limited phenotypic expression of MLD and clinical stability. Usual symptoms of MLD such as gait disturbances, ataxia,
peripheral neuropathy, and visual disturbances were absent in the patient and only cognitive regression was noted at
first. The patient’s cognitive symptoms and speech improved significantly with time while the ADHD-like symptoms of
hyperactivity and distractibility persisted mildly, this clinical stability can be explained by the treatment of the second-
ary mitochondrial dysfunction expressed with the lactic acidosis. The neuroradiological features observed under MRI
such as the symmetrical periventricular white matter involvement as well as the trigoid pattern were in favor of the di-
agnosis, and the imaging stability and the clinical improvement seem to be linked to the penetrance of the mutation. The
PSAP variant identified in this report is likely a novel mutation that has not been reported in the literature. The PSAP
variant’s coordinates are c.1005_1007. This variant is an in-frame deletion of 3 base pairs in exon 10 of the PSAP gene
which leads to loss of residue asparagine at position 335.

It has been described that protein stability of Sap-B is related to the formation of disulfide bridges where multiple cyste-
ine residues have been reported to be linked to each other [16]. These disulfide bridges have also been well-localized
leading to the interaction of distant saposin domains with the arrangement of these disulfide bridges playing a role in
the Sap-B functionality [14]. The importance of this arrangement has been demonstrated experimentally in Sap-B defi-
cient mice whereby a knock-in mutation of cysteine corresponding to human was introduced. Thus, no Sap-B protein
was found in homozygous mice (-/-) where Sap-A, C, and D were all at normal levels [14]. Therefore, mutations affecting
multiple regions in the PSAP gene such mutations leading to destabilization of disulfide bridges can lead to impaired Sap
-B functioning within the body. Moreover, it has also been reported that splice site abnormalities in the PSAP gene leads
to MLD with a wide range of symptoms and expression [17, 18]. Therefore, our report of a novel mutation in the PSAP
gene can provide further evidence that phenotypes of patients with Sap-B deficiency can vary widely and have different
expressions depending on multiple factors such as onset, type, and severity of symptoms which are not necessarily
closely correlated with the type of mutation.

Another aspect should be highlighted with the occurrence of this rare mutation, is that despite the major shift to urban
life style in Lebanon, high rates of consanguinity remain present. [19-20-21], necessitating the need of initiatives in
health and sexual education as well as genetic counseling.

Conclusion

In conclusion, this is the first Lebanese patient to be identified as a carrier of this novel PSAP mutation variant with
limited phenotypic expression of metachromatic leukodystrophy (MLD) due to a specific mutation causing a deficiency
in Sap-B. The patient presents a clinical stability and a cognitive improvement despite the central nervous system
lesions.
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The identification of a novel mutation in the PSAP gene emphasizes the wide variability and diverse expressions of phe-
notypes in patients with Sap-B deficiency. This underscores the importance of understanding that the type of mutation
does not always closely correlate with the clinical presentation of the disease.
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