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A de novo 1q23.3-q24.2 deletion combined with
a GORAB missense mutation causes a distinctive
phenotype with cutis laxa

Mohammed Al-Bughaili1,5, Teresa M Neuhann2,5, Ricarda Flöttmann1, Stefan Mundlos1,3,4, Malte Spielmann1,3,
Uwe Kornak1,3,4 and Björn Fischer-Zirnsak1,3,4

Gerodermia osteodysplastica is a recessive segmental progeroid disorder mainly characterized by wrinkled skin, generalized

connective tissue weakness, infantile onset osteoporosis and normal intelligence. Coding mutations in GORAB, localized on

chromosome 1q24.2, are the cause of this disease. 1q24 deletions underlie a spectrum of disorders with intellectual disability

and ear abnormalities as phenotypic hallmarks. Here we report on an individual from Azerbaijan originating from a non-

consanguineous couple showing short stature, cutis laxa, frequent fractures, facial dysmorphism, cup-shaped ears and

intellectual disability. Sanger sequencing of GORAB revealed the seemingly homozygous missense mutation p.Ser175Phe. This

mutation was detected in a heterozygous state in the clinically unaffected mother, but was absent in the healthy father. We

performed copy-number investigations by high-resolution array-CGH and PCR approaches and found an ~6 Mb de novo deletion

spanning 1q23.3-q24.2 in the affected boy. This novel combination of genetic defects very well explains the phenotype that

goes beyond the usual presentation of gerodermia osteodysplastica. Our data provide new insight into the phenotypic spectrum

of 1q23-q25 deletions and shows that the combination with another pathogenic allele can lead to more severe clinical

manifestations.
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INTRODUCTION

Diseases associated with cutis laxa (CL) are very heterogeneous in
terms of the observed phenotypes, the modes of inheritance and the
underlying genetic defects.1 The autosomal recessive CL forms are
mainly caused by defects affecting components of the
mitochondria and the secretory pathway.2–5 The mitochondrial forms
have been shown to result from mutations either in ALDH18A1 or
PYCR1.2,5–7 Affected individuals show intra-uterine and postnatal
growth restriction, a typical progeroid facial appearance, CL, translu-
cent skin and intellectual disability. Often patients with PYCR1
mutations are diagnosed to have gerodermia osteodysplastica
(GO, MIM#231070).8,9 However, GO is due to mutations in GORAB.
This gene encodes for an effector of the small GTPases Rab6 and Arf5
and is mainly localized to the Golgi apparatus.3,10

GO-affected individuals show a progeroid appearance, a
pronounced osteoporosis and fractures already in infancy. In contrast
to most other forms of CL GO patients do not show any signs of
intellectual disability.3,11 GORAB, located on chromosome 1q24
resides in a region prone to copy-number variability. De novo deletions
of different sizes were observed in this region causing an overlapping

phenotypic spectrum consisting of growth delay, microcephaly,
abnormally shaped ears and intellectual disability.12–14

In the present study we report on an affected individual with typical
signs of GO and further features such as intellectual disability, which
are not part of the GO phenotypic spectrum.

PATIENTS AND METHODS

Peripheral blood samples were obtained from the affected individual
and his parents. Written informed consent for molecular genetic
testing and for publication of photographs from the index patient was
obtained from his legal representatives. Sequencing of all exons and
the flanking intron regions of GORAB (NM_012463) was performed
as described previously.3 The Array-CGH (array-based comparative
genomic hybridization) experiment for the index patient II-1 was
carried out using a whole-genome 1M oligonucleotide array (Agilent,
Santa Clara, CA, USA). The data were analyzed using CytoGenomics
v.2.7.8.0 (Agilent) software. Analysis settings: ADM-2; Threshold: 6.0;
Window Size: 0.2 Mb; Filter: 5 probes, log2ratio= 0.29. Analysis of the
exact breakpoint was carried out using endpoint PCRs followed by
sequencing. All primer sequences are available on request.
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CLINICAL REPORT

Here we report on a 5-year-old boy from Azerbaijan originating from
a non-consanguineous couple (Figure 1a). The index patient was born
after an unremarkable pregnancy at 37 weeks of gestation. The mother
reported normal birth weight (3 kg, 50th percentile) and length
(50 cm, 50–75th percentile). However, the head circumference was
described to be abnormal (no data available). Furthermore, a cyanosis
was reported that was treated by oxygen supply. He showed general-
ized CL most pronounced at the hand and feet and bilateral luxation
of the hips. In addition, he showed a dysplastic kidney on the right
side and undescended testicles. Psychomotor retardation was present.
He started to sit with 2 years and to walk with 3 years of life. Speech
development started with 7 months using syllables. At the last
evaluation with 5 years and 2 months of age he was able to use
sentences of three words. He showed short stature (90 cm,o3rd
percentile) and the head circumference was 48.5 cm (o3rd percen-
tile). He had a progeroid appearance due to lax and wrinkled skin
and reduced subcutaneous fatty tissue. Furthermore, he showed a
distinctive facial gestalt with hypertelorism, dysplastic cup-shaped ears,
broad nasal bridge and blue sclerae (Figures 1b and c, Table 1). In
addition, fifth finger clinodactyly and bilateral broad thumbs were

recognizable (Figures 1d and e). He also showed a reduced muscle
mass (Figure 1f) and a humerus and a patella fracture were
mentioned.

RESULTS

Due to the overlapping features with GO, especially in terms of
frequent fractures, we performed sequencing of GORAB as described
previously.3 We found the nucleotide change c.524C4T causing the
amino-acid substitution p.Ser175Phe affecting GORAB in a seemingly
homozygous state in the affected individual. Segregation analysis
revealed the unaffected mother to be a heterozygous carrier for this
alteration. However, in the DNA from the healthy father the variant
was absent (Figure 2a). We proved relatedness using STR markers in
the DNA from all three individuals (Supplementary Figure 1). Due to
this result, we wondered whether a de novo deletion on the second
allele of the index patient could be the explanation for the observed
homozygosity of the variant c.524C4T. High-resolution array-CGH
in the affected individual II-1 revealed a heterozygous deletion on
chromosome 1q23-q24 (Figure 2b). By qPCR analysis followed by
deletion spanning PCRs (Figure 2c) and subsequent sequencing
(Figure 2d), we identified the exact breakpoints between

Figure 1 Clinical presentation of the affected individual: (a) Pedigree showing all individuals investigated in the present study. (b, c) Facial appearance of
the index patient II-1. Please note the hypertelorism, broad nasal bridge and dysplastic cup-shaped ears. (d, e) He showed a clinodactyly of the fifth finger
and broad thumbs bilateral. Furthermore, generalized cutis laxa was most pronounced at the hands and feet. (f) His muscle mass, especially, at the legs was
reduced.
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chr1:164037509-170654598 bp (hg19: 1q23.3-q24.2), giving this rear-
rangement a final size of 6.62 Mb (Figure 2d). Investigation of the
parental DNA by qPCR and endpoint PCR revealed that this deletion
was only present in the affected individual (Figure 2c, Supplementary
Figure 2). These data show that our index patient carries a previously
described disease causing GORAB mutation on the maternal allele and
a de novo deletion 1q23.3-q24.2 affecting the paternally inherited allele
(Figure 2e).

DISCUSSION

In the present study we report on a boy with features of GO. However,
his clinical appearance was beyond the usual range of this disorder.3,11

He showed a special facial gestalt with CL, a broad nasal root and
dysmorphic, cup-shaped ears. In addition, he showed intellectual
disability and microcephaly, what is untypical for GO-affected
individuals (Table 1).
The identified mutation p.Ser175Phe affecting GORAB has been

described already.10,15 The GORAB protein affected by this missense
mutation is stable, but does not longer localize to the Golgi apparatus.
Furthermore, the binding of the mutant protein to the small GTPase
Arf5 is altered.10

This underlines the notion that an accurate localization of GORAB
at the Golgi is crucial for its biological function. From this point of
view, the missense mutation observed also induces a loss of function as
all mutations described previously.3 In light of this finding, it is

Table 1 Clinical comparison of ALDH18A1-/PYCR1-related ARCL,

gerodermia osteodysplastica, the 1q23-1q25 deletion syndrome and

our patients

Phenotypic findings ALDH18A1 PYCR1 GORAB

1q23-

1q25

Patient

II-1

Intrauterine growth

retardation

+ + − − −

Short stature + + + + +

Wrinkled skin + + + − +

Translucent skin, visible veins + + − − −

Hip dislocation + + + − +

Bone fragility − − + − +

Microcephaly + + − + +

Triangular face + + − − −

Broad nasal bridge − − − + +

Dysmorphic ears − − − + +

Intellectual disability + + − + +

Corpus callosum anomalies + + − − −

Blue sclerae + + + − +

Clinodactyly − − − + +

Broad thumbs − − − + +

Adducted thumbs + + − − −

Malformed kidney − − − + +

Malformed genitalia − − − + +

Figure 2 Molecular genetic findings: (a) Sequencing traces of GORAB exon 4 from the index patient and his parents. In the Index patient the alteration
c.524C4T is seemingly homozygous, whereas in the unaffected mother this change is heterozygous. In the DNA from the healthy father, the wild-type
nucleotide was detected in a homozygous state. (b) Array-CGH profile showing a heterozygous deletion on chromosome 1q23-q24 in the affected individual.
(c) Junction fragment analysis of the deleted region on chromosome 1q23.3-q24.2. It was possible to amplify GORAB and PYCR1 exon 3 from all individuals
from our index family. The amplification of a junction fragment spanning the breakpoints was only possible in the DNA from the affected individual
indicating a de novo occurrence of this particular event. (d) Sequencing trace from the junction fragment showing the exact breakpoint between
chr1:164037509-170654598 bp on chromosome 1q23.2-q24.2. (e) Schematic overview showing the combination of the observed mutations in our index
patient II-1. A full color version of this figure is available at the Journal of Human Genetics journal online.
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interesting that the observed de novo deletion on chromosome 1q23.3-
q24.2 in our index patient contains the GORAB locus. Thus, our index
patient shows a biallelic loss of function of GORAB and, additionally, a
heterozygous loss of further genetic information from the
affected locus.
Chromosome 1q23-q25 has been shown to be prone to de novo

deletions of different sizes.13 The clinical spectrum of the 1q23-
1q25 de novo deletion syndrome is variable due to the different
deletion size, but constant features are proportional growth
deficiency, fullness of the upper eyelid, broad nasal bridge,
micrognathia, dysplastic ears, small hands and feet, broad thumbs,
transverse creases and fifth finger clinodactyly.12,13 In addition,
these patients usually show intellectual disability.13,14 Our patient
shows most of these features due to the detected de novo deletion.
However, CL, with reduced subcutaneous fat depots, osteoporosis
and recurrent fractures are no features of this deletion syndrome,
but well known for gerodermia osteodysplastica. Thus, the
observed combination of mutations very well explains the pheno-
typic presentation of the affected individual.
The combination of a coding mutation in GORAB and a de novo

deletion on 1q23.3-q24.2 is, to our knowledge, novel. However, for
other diseases like, for example, van den Ende-Gupta syndrome and a
22q11.2 de novo deletion such a combination of two pathogenic events
is known.16 Thus, in cases showing a more complex phenotype, which
cannot be fully explained by the results of the standard diagnostic
procedure, always the existence of a second pathogenic allele in trans
should be considered.
In conclusion, in the present study we showed that a de novo

deletion on 1q23.3-q24.2 combined with an already known GORAB
missense mutation leads to a distinctive phenotype with features from
both diseases. Our findings provide new insights into the phenotypic
spectrum of 1q23-1q25 deletions and shows that the combination with
another pathogenic allele can lead to a more severe clinical
presentation.
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