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A patient presenting a 22913 deletion associated with an apparently balanced
translocation t(16;22): An illustrative case in the investigation of patients with

low ARSA activity
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Abstract

A 10-year-old speechless, mentally deficient male, with low arylsulfatase A (ARSA) activity, and presumably,
methachromatic leukodystrophy, underwent genetic evaluation. As the clinical picture was not compatible with this
diagnosisan ARSA gene and chromosome analysis were performed, showing the presence of a pseudodeficiency
ARSA allele and a de novo apparently balanced t(16;22)(p11.2;q13) translocation. A deletion on the long arm of
chromosome 22 encompassing the ARSA gene, as shown by FISH and array-CGH, indicated a 22q13 deletion syn-
drome. This case illustrates the importance of detailed cytogenetic investigation in patients presenting low arylsul-

fatase A activity and atypical/unspecific clinical features.
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Very often genetic syndromes are underdiagnosed,
their true incidence remaining unknown through inade-
quate clinical recognition or incomplete laboratory investi-
gation. In Brazil, this mainly derives from structural defi-
ciencies in the public health system, inappropriate for
diagnosing rare diseases (Schwartz ef al., 2007). The pres-
ent report illustrates this, on dealing with the Phelan-
McDermid syndrome (22q13 deletion syndrome), with a
relatively nonspecific phenotype (Phelan, 2008), and meta-
chromatic leukodystrophy (MLD), all of which requiring
careful laboratory investigation to so avoid inaccurate diag-
nosis (Von Figura et al., 2001; Artigalas et al., 2010).
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Assessment was directed to a 10-year-old boy pre-
senting low arylsulftase A (ARSA) activity in leukocytes
(1.6 nmol/h/mg prot, RV: 5-20) and diagnosed as MLD.
Nevertheless, his clinical picture was atypical, since, after
clinical and radiological evaluation, the prevailing neuro-
logical conditions were found to be stable, without signs of
neurodegeneration or white matter disorder. The reason for
initially determining ARSA activity was not apparent. He
was the first son of a healthy, young, non-consanguineous
couple, without a family history of genetic diseases. Fur-
thermore, his younger brother was clinically normal. The
boy, born through vaginal delivery after a 35-week preg-
nancy associated with oligohydramniosis had, received 7/8
APGAR scores. At birth, his weight was 2,630 g, length
46 cm, and head circumference 32 cm. He held up his head
at 7 months, sat without support at 18, and walked without
support at 24. Even so, he was unable to develop verbal lan-
guage. Sphincter control occurred only at 8-years. At 3-
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years, he suffered from absence-type epileptic crises, which
progressed to frequent-atonic crises; full control of these
was achieved only after 18 months of treatment with phe-
nobarbital, carbamazepine, and valproic acid. Autistic-like
behavior was manifest in the form of restricted intuitive so-
cial interaction, delayed communication and inflexibility of
interests. Physical examination revealed an elongated face,
arched eyebrows, long eyelashes, diastasis of the upper
central incisors, drooping feet, normal and symmetric deep
tendinous reflexes, hypertonia of the lower limbs, and cho-
reoathetosis. Results from subsequent investigations were
normal. These consisted of CT brain scan and MRI, the mo-
lecular fragile-X syndrome test, blood amino acid thin-
layer chromatography, dosage of very-long-chain fatty
acids and A and B hexosaminidase activitiy, as well as
chitotriosidase in plasma, urinary thin-layer chromatogra-
phy of amino acids, oligosaccharides and sialosaccharides,
and gas chromatography of urinary organic acids.

We determined ARSA activity three times in leuko-
cytes (0.2, 2.1 and 1.2 nmol/h/mg prot, respectively), and
twice in fibroblasts (0.76 and 0.31 nmol/h/mg prot — RV:
20-50 nmol/h/mg prot). All were below the normal range.
As apparently sulfatide levels in urine (three different sam-
ples) were also low, the presence of the most common
ARSA pseudodeficiency allele [p.N350S; c.1524+95A
>@G] was investigated, with positive results. Although the
parents had been diagnosed as heterozygous for the PD-
ARSA allele, the patient, on the contrary, was initially mis-
interpreted as being homozygous for PD-ARSA.

On considering mental deficiency through an un-
known cause, we performed a GTG chromosome analysis
of peripheral blood leucocytes that revealed an apparently
balanced translocation between the short arm of chromo-
some 16 and the long arm of chromosome 22
[46,XY,t(16;22)(p11.2;q13)] in all the 30 metaphases ana-
lyzed (Figure 1). Incidentally, the parents presented normal
karyotypes. FISH was performed with subtelomeric probes
for the short arm of chromosome 16 and the long arm of
chromosome 22, together with the DiGeorge/VCFS Probe
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Figure 1 - 1(16;22)(p11.2;q13), GTG-banded der(16), der (22) and their
normal homologues. Arrows point to breakpoints.
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TUPLE1(22q11.2)/ARSA control probe (22q13.3) (Vysis,
Abbott Molecular Inc.). The ARSA (control) probe
(22q13.3) and the 22q subtelomeric probe did not hybridize
to either der(22) or der(16), whereas theDiGeorge/VCFS
Probe TUPLEI1 (22q11.2) and the 16p subtelomeric probe
were detected on der(22). Array CGH was carried out on
propositus DNA, by using an oligonucleotide-based micro-
array containing about 44,000 60-mer probes (Agilent Hu-
man Genome Microarray, customer array design AMADID
number 017457). Arrays were analyzed with the
AGILENT DNA Microarray Scanner and AGILENT Fea-
ture Extraction software (v9.5.3). This revealed a ~1.4 Mb
deletion on the long arm of chromosome 22 involving the
ARSA and SHANK3 genes (Figure 2). No deletion was de-
tected on chromosome 16. These results were compatible
with diagnosis of the 22q13 deletion syndrome. The low
ARSA activity, seen in this case, was due to a de novo dele-
tion of the ARSA gene, concomitant with an inherited
pseudodeficiency allele.

In spite of variation in expression and severity, pa-
tients with the 22q13 deletion syndrome (OMIM #606232)
generally show global developmental delay, generalized
hypotonia, autist-like behavior, absence of, or severely re-
tarded speech, normal to accelerated growth, and other mi-
nor dysmorphic anomalies (Phelan, 2008). Brain MRI is
usually normal or with a thin or morphologically atypical
corpus callosum (Philippe et al., 2008). Liver dysfunction
has also been observed (Bartsch et al., 2010). Chromosome
alterations involving the 22q13 region have been described
in over 100 cases (Bisgaard ef al. 2009). The most frequent
abnormality is a simple terminal deletion (Bonaglia et al.,
2011). Nevertheless, in over 30% of the cases with a 22q13
deletion syndrome two or more chromosome studies were
required to cytogenetically detect the deletion. Moreover,
due to clinical features being unrecognizable to, very subtle
and unspecific, in many patients the cytogenetic investiga-
tion was not sufficiently profound, thus leading to faulty di-
agnosis (Phelan, 2008). The SHANK3 gene mapped at
22q13.3 encodes a structural protein found in the
postsynaptic density that connects ion channels and recep-
tors on the postsynaptic membrane to the cytoskeleton
membrane, in the signal transduction pathway (Durand et
al.,2007). Thus, SHANK3 haploinsufficiency appears to be
responsible for the main neurological manifestations of the
22q13 deletion syndrome (Wilson et al. 2008; Bonaglia et
al.,2011; Waga et al., 2011).

On contemplating differential diagnosis of low
ARSA activity, six conditions should be considered,
namely: 1) MLD, 2) ARSA pseudodeficiency, 3) multiple
sulfatase deficiency, 4) saposin B deficiency (associated
with ARSA deficiency in vivo only) (Von Figura et al.,
2001), 5) compound heterozygosity for a null and pseudo-
deficiency alleles of the ARSA gene (without white matter
disease), and 6) the 22q13 deletion syndrome. This syn-
drome can be associated with reduced ARSA activity, even
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Figure 2 - Chromosome 22 array-CGH profile of the propositus (normal male as a reference DNA). (A) The probe log, ratios were plotted according to
genomic coordinates (based on the UCSC Genome Browser, February 2009, NCBI Build 37 reference sequence). A deletion (copy number loss) was de-
tected on the distal 22q region (red arrow) in a genomic segment with median log, ratioshifted to <-0.8. (B) Detail of the 22q subtelomeric region showing
the deletion of ~1.4 Mb segment which includes the ARSA4 gene (red circle). The minimum deleted segment was mapped between chr22:48138838 (first

aberrant probe) and chr22:49525130 (last aberrant probe).

if the remaining allele is normal (Phelan et a/., 1992). If, on
the other hand, the remaining allele bears a pathogenic mu-
tation, the patient will present LDM and 22q13 syndrome
features (Bisgaard et al., 2009). Defining the cause of low
ARSA activity is thus essential for genetic counseling,
since the risk of recurrence is negligible in the case of a de
novo 22ql13 deletion. Moreover, the therapeutic manage-
ment of low ARSA activity depends on a definitive etio-
logic diagnosis and may include, as in the case of MLD,
bone marrow transplantation and enzyme replacement
(Biffi et al., 2008). In the case of the 22q13 deletion syn-
drome, the use of intranasal insulin is being evaluated
(Schmidt et al., 2008).

The case herein reported reinforces the importance of
a detailed cytogenetic investigation in patients presenting
low arylsulfatase A activity, in association with atypi-
cal/unspecific clinical features.
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