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Identical deletion at 14q13.3 including PAX9
and NKX2-1 in siblings from mosaicism of
unaffected parent

Shin Hayashi1,2, Mariko Yagi3, Ichijiro Morisaki4 and Johji Inazawa1,2,5

By screening patients with undiagnosed multiple congenital anomalies and intellectual disability using array-comparative

genomic hybridization, we identified an 884 kb heterozygous microdeletion at 14q13.3 in two siblings presenting with

oligodontia, hypothyroidism and persistent pulmonary hypertension of the newborn, resulting from their parental gonosomal

mosaicism. Among the six genes included in the deletion, haploinsufficiency of PAX9 and NKX2-1 was probably associated

with their phenotypes. These results highlighted a possibility of recurrence of pathogenic copy-number variants associated

with parental mosaicism, which requires careful genetic counseling.
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INTRODUCTION

In the last decade, several types of genomic microarrays have been
applied for screening of undiagnosed congenital disorders,1–3 allowing
the identification of a number of pathogenic DNA copy-number
variants (CNVs).4,5 We have also screened patients with undiagnosed
multiple congenital anomalies and intellectual disability using array-
comparative genomic hybridization (CGH).6,7 Among the screening,
here we described two siblings showing resembling phenotypes. They
had an identical microdeletion at 14q13.3 resulting from their paternal
gonosomal mosaicism, and the deletion included PAX9 and NKX2-1,
which could adequately explain their phenotypes.

MATERIALS AND METHODS

Patients
Although the proband (II-2 in Figure 1a) was born at 40 weeks by normal
delivery with Apgar score 9 at 1 min, she showed persistent pulmonary
hypertension of the newborn (PPHN) and was treated with a ventilator for
23 days (Table 1). During the neonatal period, she was diagnosed with
hypothyroidism and was treated with thyroid hormone. Her development was
mildly retarded. She showed an apparent oligodontia and choreoathetosis
(Supplementary Figure 1). Interestingly, her elder sister showed resembling
phenotypes (II-1 in Figure 1a, Table 1). She was also treated with a ventilator
for 9 days because of PPHN and presented hypothyroidism, oligodontia and
choreoathetosis (Figure 1b, Supplementary Figure 1). Their parents were
healthy including normal dental findings.

Molecular genetic analysis
Regarding microarray analysis, first we analyzed the proband (II-2) using an
in-house bacterial artificial chromosome (BAC) array,7 and subsequently we

applied an oligonucleotide array (Roche-Nimblegen, Madison, WI, USA,
Human CGH Array 2.1Mb) to evaluate the precise size of the heterozygous
deletion. We also performed SNP array (Illumina, San Diego, CA, USA,
HumanOmniExpress) to estimate the mosaic states for the proband and her
father (I-2). Each DNA was extracted from peripheral blood by the standard
method. Fluorescence in situ hybridization (FISH) was performed as described
elsewhere for chromosomes extracted from the peripheral blood.8 Genomic
PCR was performed using a primer combination distal and proximal to the
deletion (5′-GTGACATTGGGCAAGACAGC-3′ and 5′-TGTAGGTTGGAGTC
CCTTTTGAG-3′, respectively).

RESULTS

First the BAC array analysis identified a heterozygous deletion at
14q13.3 by decreasing the ratio of two BAC clones, RP11-458A21 and
RP11-81F13, in the proband (data not shown), and subsequently the
oligonucleotide array determined the precise size of the deletion to be
884 kb. This result was described as follows: arr[hg18] 14q13.3
(35,922,011-36,805,702) × 1 (Figure 2a). The deletion was confirmed
by FISH as follows: ish del(14)(q13.3q13.3)(RP11-56J17-) (Figure 2b).
FISH also demonstrated that the sister shared the same deletion, while
their father had the deletion in mosaic state. The ratio of the intact to
the deleted chromosome was 12:8, that is, the percentage of the
aberrant chromosome was 40%. This result is described as follows:
mos ish del(14)(q13.3q13.3)(RP11-56J17-)[8]/ish 14q13.3(RP11-
56J17x2)[12] (Figure 2c). This mosaicism was also confirmed by the
SNP array (Figure 2d). These results suggested that the deletion in the
siblings is derived from the father. Genomic PCR using the specific
primer set encompassing the deletion showed amplified products only
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from the father, sister and the proband (Figure 2e). Sequencing
around the breakpoint confirmed that the deletions were identical,
and the breakpoint had only 1 bp homology between proximal and
distal sequences (Figure 2f), suggesting that it resulted from
microhomology-mediated break-induced replication.9 It also sug-
gested that the deletion occurred incidentally and did not result from
a specificity of sequences, for example, low-copy repeats. A scheme of
the deletions is shown in Figure 2g.

DISCUSSION

In this study, we described an identical heterozygous deletion at
14q13.3 in two siblings with resembling phenotypes, which are
oligodontia, hypothyroidism and PPHN. Among the six protein-coding

genes encompassed in the deletion, PAX9 and NKX2-1 appear to be
good candidates to explain their phenotypes (Figure 2g). PAX9
[OMIM: *167416] is a member of the paired box (PAX) family of
transcription factors, and it has been already reported that
heterozygous mutations in PAX9 cause selective tooth agenesis-3
(STHAG3) [#604625].10,11 NKX2-1 [*600635] encodes a thyroid-
specific transcription factor and heterozygous mutations in this gene
cause choreoathetosis, hypothyroidism and neonatal respiratory
distress [#610978].12–14 Previous reports have described two patients
with heterozygous deletions partially overlapping with our cases,
and they also presented resembling phenotypes: choreoathetosis,
hypothyroidism, pulmonary problems and oligo/hypodontia
(Figure 2g, Table 1).15,16 Although the previously reported cases

Figure 1 (a) Pedigree of the present case. Filled circles denote the proband (II-2) and her affected sister (II-1), and the open square with a dot indicates the
healthy father with mosaicism (I-1). The open circle indicates the healthy mother (I-2). (b) Panoramic radiograph of the dentition of the sister (II-1) at
14 years old.

Table 1 Summary of clinical and molecular findings in the current cases and two literature cases

Our cases

II-1 II-2 Patient 2 of Santen et al. Family IT1 of Breedveld et al.

Gender F F M F

Age at last examination 14 years 11 months 7 years 4 months 4 years 9 years

Developmental delay + + − −

Speech delay + + − −

Motor delay + + + −

Holding one's head 6 months 12 months

Walk alone 36 months not yet

Choreoathetosis + + + +

Hypothyroidism + + + +

Pulmonary problems PPHN PPHN Pulmonary insufficiency NA

Oligo/hypodontia + + + +

Congenital heart defect − − NA NA

Brain anomalies − − NA NA

Dysmorphisms − − − −

Other manifestations Ataxia −

Karyotyping 46,XX 46,XX

Range of deletion at 14q13.3a 35,922,011-36,805,702 36,010,235-36,727,597 35,532,864-36,708,716

Size of deletion (Mb) 0.884 0.884 0.717 1.176

Abbreviations: NA, not available; PPHN, persistent pulmonary hypertension of the newborn; +, present; − , absent.
aThe genomic coordinates are corresponding to the NCBI36/hg18 build of the human genome.
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Figure 2 (a) Result of the oligonucleotide array. An 884 kb heterozygous deletion at 14q13.3 was detected (red circle). The genomic coordinates corresponds
to the NCBI36/hg18 build of the human genome. (b) FISH using a probe at 14q13.3 (RP11-56J17, red) and a reference probe at 14q32.11 (RP11-79J20,
green) delineated the heterozygous deletion in the proband (yellow arrow). (c) Enlarged chromosomes 14 of the FISH analyses in each member of the family.
Both the siblings revealed a complete heterozygous deletion (yellow arrows), whereas the father had the deletion in mosaic state. The percentage of
metaphase showing the deletion pattern was 40% (8/20). The mother had intact chromosomes 14 (not shown). (d) Results of the SNP array. The proband
(II-2) showed the heterozygous deletion (red box) with a decreasing logR ratio (red line) and loss of heterozygosity (blue dot), whereas the father (I-1) showed
slight decreasing of logR ratio and triplicate-like B allele frequency, confirming that he had the mosaicism. (e) Result of the genomic PCR. An amplified
product was obtained only from the father, sister and proband. The arrow denotes deletion-specific products. (f) Chromatograms for the PCR products showed
that the sequences around the breakpoint of the deletion were completely consistent. (g) A scheme of the region spanned by the deletion of the proband.
Horizontal arrows indicate genes and their directions. Horizontal bars indicate the deletions of the proband (black) and the two cases in the literature (gray).
A full color version of this figure is available at the Journal of Human Genetics journal online.
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showed normal development unlike our cases despite their resembling
deletion size, difference in penetrance may explain the discordant since
patients with deletion or mutation of NKX2-1 frequently showed
developmental delay.14

This study also demonstrated the possibility of recurrent CNV
resulting from parental mosaicism. It was very interesting to observe
that the siblings shared the identical deletion (Figures 2c, e and f).
Although we made several hypotheses to explain the recurrence, their
normal karyotyping denied a parental balanced chromosomal translo-
cation, and an incidental recurrence is unlikely because the two
deletions were completely consistent. We confirmed that the father has
a somatic mosaicism of intact cells and cells with the deletion at
14q13.3 by FISH on chromosomes from his lymphocytes (Figures 2c
and d). Although we did not estimate other tissues including sperm,
the mosaicism was most likely to cause a mutation in his spermato-
cytes transmitted to his daughters, suggesting that the father probably
had a gonosomal mosaicism.17 The reason why the father is absolutely
healthy may be explained by the possibility that the threshold for
phenotypic expression is more than 40%. This possibility can be
exemplified by the case of a patient with mosaicism at 64% of
chromosomal deletion showing phenotypes,18 although proportion of
the mosaicism may differ depending on tissue or age.
The parental inheritance provides important information to assess

the clinical relevance of a CNV, as CNVs inherited from healthy
parents are likely to be benign.1,2 Although the pathogenicity of the
deletion that we identified was somewhat clear as it included a few
morbid genes, generally the significance of CNVs inherited from
healthy parents may be obscure because mosaicism generally shows an
inheritance pattern contradicting Mendelian disorders. Actually,
among the reported cases of siblings with identical genomic aberra-
tions resulting from unaffected parental mosaicism, most of them are
about well-known disorders; for example, CREBBP mutation for
Rubinstein–Taybi syndrome,19 maternal mosaicism for Down
syndrome20 and a microdeletion for 17q21.31 microdeletion
syndrome.21 Although CNV derived from a mosaicism may be
overlooked when its significance is uncertain or the extent of mosaic
population of cells is low, recent high-throughput techniques of
genomic analysis may assist to identify cryptic mosaicism.17 It is
noteworthy that our cases reminded the importance of genetic
counseling regarding the recurrence risk of pathogenic CNVs
associated with parental mosaicism, even though most pathogenic
CNVs are de novo.
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