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Abstract A 55-yr-old male with severe intellectual disability, behavioral problems, kypho-
scoliosis, and dysmorphic features was referred for a genetic evaluation. Chromosomal mi-
croarray, RASopathy gene panel, mitochondrial sequencing, and fragile X testing were all
negative. Subsequent whole-exome sequencing revealed a heterozygous, truncating vari-
ant in the AHDC1 gene, consistent with a diagnosis of Xia–Gibbs syndrome (XGS). Review
of his clinical history showed many classic dysmorphic and clinical features of XGS, but no
major health issues in adulthood other than intellectual disability. This individual is the old-
est published XGS case to date, demonstrates the wide phenotypic spectrum of the disor-
der, and provides information on the condition’s natural history. As more adults undergo
genomic studies, wewill continue to learn about the adult phenotypes of genetic conditions
typically diagnosed in the pediatric setting.

INTRODUCTION

De novo truncating variants in the AT-hook DNA-binding motif-containing 1 (AHDC1) gene
cause autosomal dominant Xia–Gibbs syndrome (XGS: MIM 615829) (Xia et al. 2014). XGS is
a multisystemic disorder characterized by significant intellectual disability. Affected individ-
uals may also have hypotonia, dysmorphic features, seizures, and brain anomalies among
other findings (Yang et al. 2015). Approximately 100 patients worldwide have been identi-
fied with XGS, nearly all of them in the pediatric age range and the oldest being 29 yr of
age (García-Acero and Acosta 2017; Popp et al. 2017; Jiang et al. 2018; Ritter et al. 2018).
To date, genomic scale sequencing has been widely adopted in the pediatric setting, where
it has demonstrated a diagnostic rate of ∼25% (Yang et al. 2014). Despite examples of its
benefit in older patients, it remains underutilized as a diagnostic tool in adults (Posey
et al. 2016). Here we describe the use of whole-exome sequencing (WES) to diagnose an
adult male with intellectual disability and further define the natural history of XGS.

RESULTS

Clinical Presentation and Family History
Themajor clinical features of this individual are listed in Table 1. Prenatal and early-childhood
information is unavailable for the individual, except that he failed to meet developmental

Corresponding author:
agibbs@bcm.edu

© 2019 Murdock et al. This article
is distributed under the terms of
the Creative Commons
Attribution-NonCommercial
License, which permits reuse and
redistribution, except for
commercial purposes, provided
that the original author and
source are credited.

Ontology terms: intellectual
disability, severe; severe global
developmental delay

Published by Cold Spring Harbor
Laboratory Press

doi:10.1101/mcs.a003608

| RESEARCH REPORT
C O L D S P R I N G H A R B O R

Molecular Case Studies

Cite this article as Murdock et al. 2019 Cold Spring Harb Mol Case Stud 5: a003608 1 of 9

mailto:agibbs@bcm.edu
http://www.molecularcasestudies.cshlp.org/site/misc/terms.xhtml


milestones for walking and speech. His first words occurred around 2 yr of age and he did not
have the ability to speak in short sentences until after age 5 yr. His family describes his lan-
guage issues as that of a person for whom “English is a second language, but they don’t
have a first language.” Other than a hernia operation at 2 mo of age, there were no severe
childhood illnesses or surgeries until the age of 13 yr when he had his first grandmal seizure.
Hewas treatedwith antiseizuremedication (phenobarbital, ethotoin) until theageof 40 yr and
has had no recurrence since stopping treatment.Other neurological symptoms include occa-
sional severe frontal lobe headaches and hand tremors. He has an ataxic gait with poor bal-
ance. He is able to walk independently on flat ground but requires assistance if the ground is
uneven. Brain magnetic resonance imaging (MRI) at age 52 yr was unremarkable except for
generalized brain atrophy. Hearing and ophthalmologic exams have been normal.

The individual was diagnosed with kyphoscoliosis around age 10 yr (Fig. 1). Bracing was
unsuccessful and corrective surgery was discussed but not pursued. Despite imaging show-
ing 56° right thoracic scoliosis, he continues to bemanaged conservatively by his orthopedic
surgeon with no related complications or pain. In his late 40s, he underwent resection of a
nasal anterior skull base peripheral sheath tumor (detected incidentally by brain MRI) with
pathology favoring a benign Schwannoma. A benign growth was removed from his thyroid
at age 35 yr and he hadmelanoma in situ ×2 on his back. A baseline colonoscopy at age 52 yr
was normal. Other notable chronic medical issues included severe bruxism, chronic consti-
pation, and hypertension.

Table 1. Clinical features of this individual compared to previously described Xia–Gibbs syndrome (XGS)
cases

XGS features Present in this case

Common

Developmental delay Noted at 6 mo of age

Speech delay First words at age 2 yr, short sentences at 5 yr

Intellectual disability Severe (IQ 30–40)

Motor abnormalities Ataxic gait, poor balance

Dysmorphic features Macrocephaly, prominent forehead, large ears

Growth deficiencies Short stature

Abnormal brain imaging Mild atrophy

Hypotonia -

Airway obstruction -

Rare

Spine anomalies Kyphoscoliosis

Seizure history Yes, but none in last 15 yr (off medication)

Behavioral issues Impulse control, aggression, anxiety

Connective tissue abnormality Soft, loose skin

Vision/hearing impairment -

Craniosynostosis -

Joint laxity -

Notable unique features

Neoplasms Thyroid mass, nerve sheath tumor, melanoma

Hypertension Well controlled with medication

Common and rare features of XGS were seen in >50% and < 50% of reported cases, respectively.
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His neuropsychological history was significant for problems with impulse control, self-in-
jurious, and aggressive behavior beginning in childhood. Such episodes are typically trig-
gered by frustration, pain, fatigue, or unfamiliar stressful situations. He was once
committed to a psychiatric hospital for extreme anxiety and violent behavior. He has had
some success in reducing these episodes of anxiety with benzodiazepines. Cognitive testing
as a child revealed a full-scale IQ between 30 and 40. He has been consistently talkative and
social, and his expressive language is more advanced compared to other cognitive mea-
sures. He has lived with family members or in group homes his entire life and has not
been formally schooled. He understands speech but is unable to read or write. Sleep distur-
bances have been lifelong.

Beginning in his mid 40s, he has exhibited slowly progressive cognitive decline. He can
follow simple commands but usually cannot follow complex (two-step or more) commands.
He is able to answer binary but not open-ended questions. His speech has slowed but his
overall ability and the number of words is stable. Many daily activities require assistance, in-
cluding using the toilet and showering, but he is able to feed and dress himself. Urinary and
fecal incontinence began in his early 50s and he now wears a diaper at all times.

The individual is the third child of his parents who had an additional pregnancy that end-
ed in a spontaneous miscarriage. Parents were of Irish ancestry without any known consan-
guinity. He has two generally healthy older siblings, although the brother’s history is
significant for obesity, a desmoid tumor, and macular degeneration and the sister has a
history of obesity, macular degeneration, and a basal cell carcinoma. The remainder of the
family history was negative for congenital anomalies, intellectual disability, multiple miscar-
riages/stillbirths, or known genetic diseases. The patient’s mother died at age 65 yr from
metastatic lung cancer with a positive smoking history. His father died in his 70s with a history
of chronic obstructive pulmonary disease, macular degeneration, prostate and squamous
cell cancers, and two abdominal aortic aneurysms in his 60s.

The individual was evaluated at a clinical genetics clinic at age 55. On physical exam, he
had short stature with a height of 1.6 m (5′3′′) and a weight of 62.1 kg (136.7 lb). Dysmorphic

Figure 1. Photo of patient’s back demonstrating the significant right thoracic kyphoscoliosis measuring 56°.
Loose skin is also evident.
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features included macrocephaly (head circumference >99 percentile), narrow palpebral fis-
sures, prominent forehead, large thickened ears, widemouth, and a hypoplastic maxilla (Fig.
2). Soft, loose skin was present on the face, neck, back, dorsal, and palmar/plantar sides of
hands and feet. Significant kyphoscoliosis, reduced elbow extension, small hands and feet,
and high foot arches were also noted. He had a protruding chest and widely spaced nipples.
Because of the intellectual disability and dysmorphic features, a chromosomal microarray
was performed. Fragile X testing was also sent secondary to the history of a male with large
ears, attention-deficit/hyperactivity disorder (ADHD), seizures, and intellectual disability. A
Noonan spectrum and RASopathy gene panel were also sent with the phenotypic overlap
with Costello syndrome. Those tests were nondiagnostic, and so clinical testing was ad-
vanced to WES with mitochondrial DNA analysis.

Whole-Exome Sequencing
Determination of the DNA sequence of the coding regions of the genomes of the individual
and his unaffected brother and sister by WES revealed that he harbored a heterozygous var-
iant in the AHDC1 gene that would be predicted to lead to protein truncation, consistent
with the diagnosis of XGS. The individual’s parents were deceased and unavailable to con-
firm de novo status. However, neither unaffected sibling harbored the variant. The observed
variant [NM_001029882.2:c.979C>T (p.Gln327∗)] is predicted to cause the disorder either
through the presence of the truncated form of the protein (i.e., a dominant negative effect)
or else through haploinsufficiency, via the absence of sufficient normal protein. The AHDC1
c.979C>T (p.Gln327∗) variant was not observed in the Genome Aggregation Database
(gnomAD) or ExAC databases (Lek et al. 2016) and was predicted to be damaging, by in sil-
ico algorithms (Table 2). Per ACMG criteria (Richards et al. 2015), this AHDC1 variant was
classified as “likely pathogenic.”

Whole-exome sequencing also revealed two variants of uncertain significance (VUSs) in
the NSUN5 gene [NM_018044.4:c.349C>T (p.Arg117Trp) and c.472G>C (p.Gly158Arg)].
Segregation analysis confirmed these variants to be in trans as each unaffected sibling car-
ried one of the alleles. The contribution of theNSUN5 variants to the individual’s phenotype
is unknown at this time, because this gene has no current disease association. Mitochondrial
genome sequencing identified a homoplasmic VUS in the MT-TH gene (NC_012920.1:
m.12191C>T) in the individual. Targeted testing in an unaffected maternal aunt showed
the same homoplasmic variant, suggesting that it was most likely noncontributory to the in-
dividual’s phenotype.

Figure 2. Front and side images of patient’s head. From the front (A), the macrocephaly, prominent forehead,
loose skin, and wide mouth are evident. Profile view (B) shows the large, thickened ears and hypoplastic max-
illa. Hand photo (C ) demonstrates soft, loose skin over the palmar side.
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DISCUSSION

At age 55 yr at the time of diagnosis, this individual is the oldest known case of XGS, an au-
tosomal dominant disorder caused by de novo truncating variants in the AHDC1 gene (Xia
et al. 2014). XGS has traditionally been diagnosed in the pediatric setting, with the majority
of cases less than 10 yr of age at diagnosis and the oldest being 29 yr old (García-Acero and
Acosta 2017; Jiang et al. 2018; Ritter et al. 2018). Affected individuals commonly have hypo-
tonia, intellectual disability, dysmorphic features, and brain anomalies, but the phenotype
can be variable. The patient described here sharesmany of those features, including the dys-
morphisms, intellectual disability, and brain atrophy. There are notable differences, howev-
er, that may be important in the management of aging patients with XGS and may provide
insight into the natural history of the disorder. The common, rare, and unique features in this
case compared to those previously described are summarized in Table 1.

One notable difference in this case is the absence of hypotonia, a finding in 90% of pre-
viously described cases (Jiang et al. 2018). This individual’s tone was normal, and he was ac-
tually quite strong on exam. Nevertheless, he has significant coordination difficulties with an
ataxic gate and poor balance. Sleep apnea is another common finding with XGS that was not
seen here despite the presence of general sleep disruption. Craniosynostosis has been re-
ported in 3/19 (15.8%) XGS cases recently described (Ritter et al. 2018) but was not noted
on this individual’s exam or imaging. Interestingly, this individual had significant macro-
cephaly (head circumference >99 percentile), a finding that can occasionally be seen with
Muenke syndrome, an FGFR3-related craniosynostosis condition (Kruszka et al. 1993). At
this time, however, it is unclear what role, if any, AHDC1 mutations play in this condition
of premature cranial suture closure (Miller et al. 2017).

The patient’s unique history of a benign thyroid mass, nerve sheath tumor (benign
Schwannoma), and melanoma is notable and suggests a possible increased risk for malig-
nancy. The function of AHDC1 is not well understood but it shares a domain with REV3L,
a gene implicated in DNA translesion repair (Fig. 3; Gan et al. 2008). Inherited defects in
DNA repair mechanisms are known to carry a higher cancer risk, for example skin cancer
in xeroderma pigmentosa (Gan et al. 2008). Until we better understand the complete func-
tion of AHDC1, it is important for patients with XGS to receive age-appropriate cancer
screening (colonoscopy, mammogram, etc.) and to have a low threshold for specialist refer-
ral if indicated. Similarly, as individuals with XGS progress into adulthood, they should re-
ceive proper screening and management of conditions like hypertension, as was done in
this case.

One striking finding on physical exam was the individual’s significant kyphoscoliosis,
measuring 56° in the thoracic spine (>40° is considered severe) (Fig. 1). We recently

Table 2. Allele frequency, predicted pathogenicity of variants detected on exome, and mitochondrial sequencing

Gene
Genomic location

(GRCh37) Nucleotide change
Amino acid
change Zygosity

CADD
Phred

Max
allele
freqa

ACMG
interpretation

AHDC1 Chr 1:27877648G>A NM_001029882.2:c.979C>T p.Gln327∗ Heterozygous 37 0 Likely pathogenic

NSUN5 Chr 7:72721622G>A NM_018044.4:c.349C>T p.Arg117Trp Heterozygous 25.2 0.0022 VUS

NSUN5 Chr 7:72721419C>G NM_018044.4:c.472G>C p.Gly158Arg Heterozygous 26.6 0.00047 VUS

MT-TH NC_012920.1:m.12191C>T Homoplasmic VUS

(VUS) Variant of uncertain significance; (∗) gnomAD frequency.
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reported scoliosis in 20% of surveyed individuals with XGS, which is a significant increase
compared to a general prevalence of 5% (Jiang et al. 2018). Scoliosis occurs in connective
tissue disorders, like Marfan syndrome, because of bone overgrowth and ligamentous laxity
(Dietz 1993). It is also common in neuromuscular conditions, including Duchenne muscular
dystrophy, Friedreich ataxia, and cerebral palsy. In these neurologic conditions, the hypoth-
esized etiology is disorganized control of trunk muscles leading to progressive spinal imbal-
ance and eventually to scoliosis (Vialle et al. 2013). It is likely that scoliosis in XGS is due to a
similar process as a result of neurologic deficits. However, a connective tissue component
cannot be excluded given that this individual also had soft, loose skin. Furthermore, a recent
cohort study described connective tissue abnormalities, including the skin, in 9/19 (47%)
cases (Ritter et al. 2018). Regardless of the etiology, early recognition of scoliosis in XGS
permits interventions to prevent complications like life-threatening cardio-respiratory
compromise.

Another notable finding in this adult with XGS is his neuropsychiatric history. Behavioral
issues were first observed in some XGS patients (Yang et al. 2015), and a more recent de-
scription of additional individuals noted instances of problems with impulse control, self-
injurious and aggressive behavior, inappropriate social responses, and marked problems
with sleep (Jiang et al. 2018). This adult had some of these behaviors that have required
care of medical professionals and pharmacologic intervention. It should be noted that
these features are variable in XGS patients and many are not aggressive in any way. As
in all neurodevelopmental conditions, such behaviors can have profound negative impact
on patient and family quality of life, jeopardizing educational opportunities or leading to
residential placement, for example (McGuire et al. 2016). Thus, it is crucial to refer patients
with XGS early to the appropriate specialists if they exhibit behavioral or mental health
issues.

The mechanism of pathogenesis for AHDC1 mutations remains unresolved. All XGS-as-
sociated mutations described to date are presumed de novo truncating variants, possibly
acting through a dominant negative mechanism (Xia et al. 2014). One recently published
case (Park et al. 2017) and others in the DECIPHER database (Firth et al. 2009) with develop-
mental delay and deletions of AHDC1 and other genes suggest haploinsufficiency should
also be considered as a disease mechanism. It has also been suggested that patients with
early mutations in AHDC1may havemilder phenotypes and slightly higher measures of cog-
nitive ability than those with more distal mutations (Jiang et al. 2018). However, there is sig-
nificant variability, even among individuals with the same mutation, making it difficult to
draw any conclusions. The frameshift mutation described here is located very early in the

Figure 3. Graphical depiction of the known XGS-associated AHDC1 variants. Amino acid positions are on the
x-axis with purple and yellow circles representing frameshift and nonsense mutations, respectively. This indi-
vidual’s p.Gln327∗ mutation is indicated by the red circle. Rectangles represent different protein domains, in-
cluding AT-hook domains in pink, REV3L homology domains in green, KIAA2022 homology domains in
orange, and both REV3L and KIAA2022 homology domains in blue.
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gene, toward the amino terminus of the encoded protein (p.Gln327∗), which could suggest a
milder predicted phenotype. However, though the patient is generally healthy, he has
severe intellectual disability with an IQ of 30–40. In contrast, a 29-yr-old male with XGS
and a very distal mutation (p.Cys1499Valfs∗9) was recently described as having only moder-
ate intellectual disability, is trilingual, and employed (Ritter et al. 2018). Thus, a larger num-
ber of cases and a better understanding of the disease mechanism is needed to elucidate
any true genotype-phenotype correlations.

Until recently, XGS has largely been considered a disorder of childhood. Of the >100
XGS cases described to date, the three oldest are only in their 20s (Jiang et al. 2018;
Ritter et al. 2018), demonstrating that our understanding of the natural history of XGS is lim-
ited. Genetic diseases are often well described in the pediatric age range because that is
when they are typically diagnosed. In a recent study describing data from 2000 WES cases
performed in a clinical setting, only 12% were adult patients (Yang et al. 2014). The adult
phenotypemay not bewell defined ormay be unfamiliar to the adult physician. For example,
a recent study of screening copy number variation in adults demonstrated that only one in 12
adults had been correctly diagnosed with the 22q11.2 deletion syndrome though 10 of 12
had clinical features consistent with the diagnosis (e.g., congenital heart defect, neurode-
velopmental disorder) (Maxwell et al. 2017). Phenotypic expression may also be subtler in
adulthood, because of mosaicism or variable expressivity. As a consequence, WES may cur-
rently be underutilized in adults with intellectual disability in whom phenotypes are less de-
fined. Nevertheless, the diagnostic utility of WES in adults has been demonstrated, for
example in one study in which a molecular diagnosis was made in 17.5% of adults undergo-
ing WES, rising to 27.7% in those with neurodevelopmental abnormalities like this case
(Posey et al. 2016). It may also suggest that AHDC1 might be implicated in some fraction
of institutionalized adults that have never undergone a genetic evaluation.

In conclusion, this case represents the oldest individual diagnosed with XGS to date.
Overall, he remains healthy well into his 50s, suggesting that life span may not be dramati-
cally altered in XGS. With continued support and interventions, such individuals may contin-
ue to thrive into adulthood. This report suggests that XGS should be considered in the
differential diagnosis of adults with unexplained intellectual disability and dysmorphic fea-
tures. Last, it demonstrates the need to generally consider classically defined pediatric con-
ditions in adults.

METHODS

Whole-Exome Sequencing
Using genomic DNA from the submitted specimens, the exonic regions and flanking splice
junctions of the genome were captured and sequenced at GeneDx on an Illumina system
with 150-bp paired-end reads. Reads were aligned to human genome build GRCh37/
UCSC hg19 and then analyzed for sequence variants. Potentially pathogenic variants were
confirmed with Sanger sequencing. Mean depth of coverage was 123×, and 98.7% of the
targeted region was sequenced to a coverage of at least 10× (Table 3).

Table 3. Whole-exome sequencing metrics

Mean depth of coverage 123×

Percentage of exome with at least 10× coverage 98.70%

Percentage of AHDC1 coding region with at least 10× coverage 100%
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ADDITIONAL INFORMATION

Data Deposition and Access
The confirmed genetic variant was deposited to ClinVar (https://www.ncbi.nlm.nih.gov/
clinvar/) under accession number SCV000618821. Whole-exome sequencing data are not
publicly available because consent could not be obtained.

Ethics Statement
Written consent for the case report and pictures was obtained from the individual’s guardian.
The study was approved by the Institutional Review Board of Baylor College of Medicine.
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