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TO THE EDITOR

The mechanism whereby a chromosomal deletion uncovers a recessive mutation on the non-
deleted chromosome was first proposed by Hatchwell [1996]. Such presentations combine
two phenotypes: the consequences of the deletion, typically due to haplo-insufficiency of
dosage-sensitive genes in the deleted segment; and the recessive syndrome itself [Coman
and Gardner, 2007; Hochstenbach et al., 2012]. Herein,we describe a patientwith three
separate Mendelian disorders with a chromosome 16p deletion: tuberous sclerosis,
polycystic kidney disease, and mucolipidosis 111 gamma (MLIII y). The patient is a
Caucasian female born at 40 weeks gestation weighing 3.43 kg to a 28-year-old mother and
a 33-year-old father, who were healthy and unrelated. Two older full siblings were normal.
The pregnancy was complicated by decreased fetal movements. She had developmental
dysplasia of the hips, a vascular malformation of the left cheek, and bilateral clubfeet that
responded to serial casting. At 8 months of age, she was noted to have telecanthus, short
palpebral fissures, and tapered fingers. At 9 months, she had a prolonged episode of
unresponsiveness with an abnormal EEG and was diagnosed with a seizure disorder. She
was treated with anticonvulsants for 1 year with no further seizures. Hip dysplasia was
treated with bilateral pelvic osteotomies at 3 years of age. At age 4 years, facial
angiofibromas in a malar distribution and hypopigmented macules led to a diagnosis of
Tuberous Sclerosis. Formal neuropsychological testing at age 4 years showed moderate
intellectual disability (FSIQ 48). Renal ultrasound at age 5.5 years was normal. She
underwent pulsed dye laser treatment of angiofibromas at ages 8, 11, and 13 years (Fig. 1a).
At age 10 years a renal ultrasound showed bilateral multicystic kidneys. A head MRI at 12
years of age showed cortical tubers and subependymal nodules. She subsequently developed
genu valgum, stiffness of finger joints, decreased shoulder mobility, scoliosis, pain in back
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and upper legs, and decreased exercise tolerance. Multiple radiologic abnormalities were
detected (Fig.1b,c). The wrists and distal forearms had multiple abnormalities including
decreased carpal compartments bilaterally with small and malformed proximal carpal row
bones, most evident in the scaphoid and lunate bones; beaking and thinning of the medial
aspect of the distal radial epiphyses; and flattening of distal ulnar epiphyses. She developed
thoracolumbar scoliosis, malformed and irregular appearing vertebral bodies, and
spondylolisthesis of L5 on S1, as well as bilateral hip dysplasia with femoral head
irregularities (Fig. 1b). In view of the progression of the symptoms the patient was re-
evaluated by the genetics service.

Prior investigation included a normal 46, XX karyotype (resolution greater than 550 bands).
Fluorescence in situ hybridization for the 22g11.2 DiGeorge critical region was normal.
However, at age 13 an oligonucleotide microarray analysis detected a 1.9 Mb interstitial
deletion on chromosome 16p13.3 that spanned from 214,846 to 2,127,395 bp (UCSC
version NCBI36/hg18. released in 2006). This deletion contains at least 96 genes, 54 of
which were annotated in OMIM, including TSC2 and PKD1. Other genes in the region were
examined for possible relationship to the musculoskeletal features exhibited by the patient.
The GNPTG gene, which encodes the y subunit of UDP-N-acetylglucosamine: lysosomal
enzyme N-acetylglucosamine 1-phosphotransferase, was in the deleted interval. Biallelic
mutations in GNPTG causemucolipidosis 11 y (MLII y, OMIM #252605). Subsequently, a
lysosomal enzyme panel showed normal leukocyte activity, but 10- to 20-fold elevation of
the plasma activities of the seven lysosomal hydrolases tested, consistent with diagnosis of
ML 11/111. Confirmatory testing via GNPTG gene sequencing showed a ¢.376G>A which
predicts p.Gly126Ser; this variant is conserved, had not been previously reported, and was
predicted to be probably damaging. Analysis of the subcellular localization of p.Gly126Ser vy
expressed in HeLa cells showed a marked difference compared to the wild-type protein
(Supplemental Online Fig. 1). While the wild-type enzyme co-localized with the cis-Golgi
marker GM130, the mutant protein showed a predominant endoplasmic reticulum (ER)
localization, co-localizing with the ER marker calnexin. These results show that the p.
Gly126Ser substitution has a harmful effect, preventing the mutant protein from being
transported from the ER to the Golgi where it functions.

Mucolipidosis Il y is characterized by childhood onset of mild to moderate dysostosis
multiplex; joint stiffness, and pain initially in the shoulders, hips, and fingers; and gradual
mild coarsening of facial features [Raas-Rothchild and Spiegel, 2010]. Rarely, affected
individuals have mild cognitive impairment. Mucolipidosis 111 y is not readily apparent in
early childhood given its slowly progressive course with absent or minimal face coarsening,
and with most disease manifestations becoming apparent in late childhood or adolescence.
In this patient, because of bone findings atypical for TSC or PKD, the diagnosis was made
after a thorough review of the genes in the patient’s 1.9Mbinterstitial deletion. The bone
findings in the patient are typical for ML 111 y. The etiology of the developmental hip
dysplasia and clubfeet is unclear as it is not characteristic of any of the three previously
mentioned Mendelian disorders, however, it could be the consequence of haploinsufficiency
of other dosage-sensitive genes within the microdeletion.
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The CLCNY gene is also in the 1.9 Mb chromosome 16p interstitial deletion. Heterozygous
mutations in CLCN7 cause autosomal dominant osteopetrosis Type 1l (ADO 1I, OMIM
#166600). This disorder is characterized by an increased bone density due to impaired bone
resorption leading to sclerosis predominantly involving the spine, pelvis, and skull base
[Waguespack et al., 2003; Del et al., 2006]. However, due to a lack of clinical and
radiological findings, we concluded that the patient did notmanifest the ADOII phenotype.
Mutations in CLCN7 impair the function of the CLCN?7 protein by affecting its ability to
form dimers, and mutations in the gene therefore have a dominant negative effect
[Waguespack et al., 2003]. Since this proband was haploinsufficient, this may explain the
lack of findings.

In summary, we report on a patient with three separate Mendelian disorders as a result of a
chromosome 16p deletion: tuberous sclerosis due to TSC2 deletion; adult polycystic kidney
disease due to PKD1 deletion; and MLIII v due to deletion of one GNPTG allele in trans to a
GNPTG point mutation. Patients who have tuberous sclerosis complex and autosomal
dominant polycystic kidney disease can have a contiguous gene syndrome involving TSC2
and PKD1 (OMIM #600273) [Laass et al., 2004; Smulders et al., 2003]. However, MLIII y
is not a part of this syndrome. There are less than 20 reports of chromosomal deletions
unmasking recessive disorders. They may be under-recognized due to a tendency to believe
that atypical findings represent the pleiotropic effect of the deletion. However, it is
becoming evident that atypical, complex symptoms often reflect multiple diagnoses. This
report highlights the importance of considering autosomal recessive conditions when
evaluating a chromosomal microdeletion, for the unlikely co-occurrence of a mutation in the
remaining allele and unmasking a recessive disorder.
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FIG. 1.
a: Patient at 14 years of age with facial angiofibromas. b: Pelvis radiograph demonstrating

sclerotic, irregular acetabulae, and central lucencies of femoral heads. c: Spine radiographs
showing scoliosis and vertebral endplate irregularities at 14 years of age.
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