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Abstract

Background: PHF21A, along with EXT2 and ALX4, is one of
the causative genes of Potocki-Shaffer syndrome (PSS), a
rare contiguous disorder involving chromosome re-
gion11p11.2. PHF21A has been associated with intellectual
developmental disorders and craniofacial anomalies and
suggested as a candidate for more extended phenotypes.
However, variants in PHF21A and its associated phenotypes
are yet to be fully explored, since reports on cases with vari-
ants affecting this gene are few worldwide. We present a
novel heterogeneous variant in PHF21A in a 26-year-old Ko-
rean female. Methods: The patient’s clinical manifestations
were recorded and physical examination, cognitive assess-
ment, brain imaging, metabolic screening, and cytogenetic
testing including whole exome sequencing were pursued.
Results: Whole exome sequencing identified a de novo non-
sense variant ¢.1171A>T (p.Lys391Ter), affecting the AT-
hook domain. The patient showed an extended phenotypic
spectrum along with intellectual developmental disorders

and craniofacial anomalies, such as attention-deficit hyper-
activity disorder, epilepsy, overgrowth, and hypotonia. Vari-
ants affecting the AT-hook domain are few in PSS, however,
the phenotypic spectrum of the patient was in line with pre-
viously reported cases. Conclusion: This case further rein-
forced and adds to the extended data on the phenotypes
associated with PHF21A haploinsufficiency.

© 2022 S. Karger AG, Basel

Introduction

PHF21A, along with EXT2and ALX4, is 1 of the 3 caus-
ative genes of Potocki-Shaffer syndrome (PSS), a rare
contiguous disorder involving chromosome region
11p11.2. A few cases with disruption of PHF21A due to
balanced translocations and gross deletions in the region
have been reported [Kim et al., 2012; Labonne et al., 2015;
McCool etal., 2017]. Reports on cases with sequence vari-
ants affecting this gene are even fewer; to date, only 11
pathogenic variants in PHF21A (8 frameshifts, 2 non-
sense, and 1 missense) in 12 different individuals have
been reported worldwide [Hamanaka et al., 2019; Kim et
al., 2019; Satterstrom et al., 2020].
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Fig. 1. Sanger sequencing results in trios. The proband (marked with an arrow) had a de novo novel nonsense
variant in the PHF21A gene (NM_00110802.1: c.1171A>T).

Due to its haploinsufticiency mechanism, PHF21A has
been associated with intellectual developmental disorders
and craniofacial anomalies [Kim et al., 2012; Labonne et
al., 2015; McCool et al., 2017]. More recently, an extend-
ed phenotypic spectrum has been implicated, including
autism spectrum disorder, attention-deficit hyperactivity
disorder (ADHD), epilepsy, overgrowth, hypotonia, and
finger anomalies [Hamanaka etal., 2019; Kim et al., 2019].

Here, we report a novel heterogeneous de novo non-
sense variant in PHF21A identified in a 26-year-old Ko-
rean female. We herein described her phenotype com-
pared to previous publications with the aim to examine
the phenotypic spectrum associated with PHF21A.

Case Report

The patient was born at term after an uneventful pregnancy
with a birth weight of 3.5 kg (>50th percentile) from non-consan-
guineous healthy parents. Her family history was negative for neu-
rodevelopmental disorders. She manifested signs of developmen-
tal delay and intellectual disability and was diagnosed with intel-
lectual disability at 5 years of age. Other neurobehavioral concerns
included ADHD, self-harming behaviors, and poor eye contact. At
12 years of age, she presented with generalized tonic-clonic sei-
zure, for which she was evaluated for the first time at the Korea
University Guro Hospital. Electroencephalogram recorded high-
voltage sharp waves in the left temporo-occipital region. Physical
examination revealed mild hypotonia and mild craniofacial dys-
morphism, including mild to moderate plagiocephaly, prominent
supraorbital ridge, relatively small ears with the right ear posi-
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tioned posteriorly than the left, and gaping mouth. Other physical
findings include relatively short fingers without signs of clinodac-
tyly or syndactyly, flat feet, and atopic skin lesions on both her
hands and forearms, in particular. Signs of postnatal overgrowth
manifested as a weight of 61 kg (97th percentile) with a height of
162.5 cm (97th percentile) at 12 years. Severe intellectual disability
(Korean Wechsler Intelligence Scale for Children-III, scores
<0.1%) and significant ADHD (Conners scale for ADHD assess-
ment, T-score 77) were diagnosed. Other tests completed for this
patient over time included metabolic screening, chromosomal
karyotyping, Prader-Willi and Angelman study, and brain MRI, all
of which were normal.

Genetic Evaluation

Whole exome sequencing (WES) was performed for the patient
at 23 years of age, as previously described [Seo et al., 2020]. Briefly,
all exon regions were captured using the SureSelect kit (Version
C2; Agilent Technologies, Inc., Santa Clara, CA, USA) and were
sequenced using the Novaseq 6000 (Illumina, San Diego, CA,
USA). Common variants reported in population genome databas-
es, including gnomAD (http://gnomad.broadinstitute.org/) and
3billion Inc (https://3billion.io/), were filtered by a minor allele
frequency of >5%. The variants were then prioritized based on the
evidence of pathogenicity obtained from disease databases, includ-
ing OMIM (www.omimorg), ClinVar, and UniProt, and the pa-
tient’s clinical phenotype according to the 2015 American College
of Medical Genetics and Genomics (ACMG) guidelines [Richards
et al, 2015]. A heterogeneous nonsense variant, PHF2IA
(NM_00110802.1): ¢.1171A>T (p.Lys391Ter), was identified and
confirmed by Sanger sequencing (Fig. 1). Based on the 2015
ACMG guidelines, the ¢.1171A>T variant is considered pathogen-
ic because (1) this substitution creates a premature stop codon
(p-Lys391Ter) in exon 12, producing a truncated protein of 390
amino acids compared to the wild type PHF21A of 680 amino acids
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(NP_001095272.1). This nonsense variant causes loss of normal
protein function through nonsense-mediated mRNA decay
(PVS1); (2) this variant is absent from population databases, such
as the Genome Aggregation Database (https://gnomad.broadinsti-
tute.org/) and Exome variant server (https://evs.gs.washington.
edu/EVS/) (PM2), and (3) the variant is observed to have arisen de
novo (PM6) (Fig. 1). Array-CGH levels were normal.

Result and Discussion

PHF21A is known to encode BHCS80, a subunit of the
KDMI1A multiprotein complex that regulates neuronal
genes during embryogenesis via maintenance of histone
demethylation [Garay et al., 2016]. Orthologous suppres-
sion of PHF2IA in a zebrafish model resulted in abnor-
malities in the development of the head, face, and jaw,
supporting the role of PHF21A in craniofacial abnormal-
ities [Kim et al., 2012]. There were higher transcription
levels of PHF21A in the brain and skeletal muscle than in
any other organs, further supporting its relation to neu-
rological phenotypes [Kim et al., 2019].

The clinical findings of our case showed an extended
phenotypic spectrum along with intellectual develop-
mental disorders and craniofacial anomalies, such as
ADHD, epilepsy, overgrowth, and hypotonia. The phe-
notypic spectrum of previously reported cases are shown
in Table 1. Our case is in line with previously reported
cases, suggesting disruption of PHF21A possibly contrib-
utes to syndromic intellectual disability and craniofacial
anomalies with variable neurological phenotypes. Addi-
tional clinical signs confined to our case were atopic skin
lesions on both hands and forearms, but their relation to
the role of the gene remains inconclusive at present and
needs further studies.

PHF21A contains regions of a AT-hook domain (aa
427-437 in NP_001095271.1), plant homeodomain
(PHD) finger domain (aa 486-532), 2 leucine zipper do-
mains (aa 33-54 and aa 586-607), and intrinsically disor-
dered region (IDR) domain (aa 639-680) [Kim et al,
2012, 2019]. Previously reported cases were mostly pre-
dicted to affect leucine zipper domains and/or IDR do-
main and only 2 cases with frameshift variants with a AT-
hook domain truncation have been reported [Hamanaka
et al,, 2019; Kim et al., 2019]. Among the cases we re-
viewed, 4 variants were predicted to elicit NMD, while
other 4 were not. However, significant phenotype differ-
ences were not explicit between these 2 groups.

The limitation in our study is that we could not con-
tribute to provide the evidence regarding the role of each
domain nor functional mechanisms behind it. However,
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for our case has a truncated protein of which disruption
started from the AT Hook domain, it provides direct evi-
dence supporting PHF21A haploinsufficiency as a cause
of neurodevelopmental disorders and craniofacial anom-
alies that have been described in the PSS patients in the
literature.

In conclusion, we identified a novel PHF21A variant
in a Korean female patient. This case further reinforced
PHF2]A haploinsufficiency as a cause of neurological
and developmental impairment and craniofacial anoma-
lies in PSS.

Statement of Ethics

This study was approved by the Institutional Review Board of
the Korea University Guro Hospital, Seoul, Korea (IRB-
2021GR0049). Written informed consent was obtained from the
parent/legal guardian of the patient for publication of the details
of the medical case and any accompanying images.
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