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Identification of a likely pathogenic variant of YY7 in a
patient with developmental delay
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Gabriel-de Vries syndrome, caused by the mutation of YY7, is a newly defined genetic syndrome characterized by develop-
mental delay, facial dysmorphism, and intrauterine growth retardation. A 7-month-old girl presented developmental delay
and subtle facial dysmorphism including facial asymmetry, micrognathia, and low-set ears. Whole exome sequencing identi-
fied a de novo heterozygous missense variant in the YY7 (c.1220A>G; p.His407Arg) gene. Here, we examined the clinical
and genetic characteristics of an infant with a novel likely pathogenic variant of YY7. This case expands the phenotypic spec-

trum of Gabriel—de Vries syndrome.
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Introduction

Gabriel-de Vries syndrome (GADEVS, MIM #617557) is a
newly defined genetic syndrome characterized by develop-
mental delay, craniofacial dysmorphism, intrauterine growth
retardation, and other neurologic manifestations [1,2]. This
neurodevelopmental disorder resulted from an aberration of
the YY7 gene (MIM #600013) located on chromosome 14g32.2,
which encodes the Yin Yang 1 protein that plays a crucial role in
neuronal development and neuroendocrine malignancy [3-5].
YY1 is a ubiquitous multifunctional transcription factor that ac-
tivates the neuregulin-dependent peripheral nerve myelination,
represses the transcriptional co-regulator Host Cell Factor C1,
and maintains the proliferation and survival of neural progeni-
tor cells at early developmental stages of brain [6-8].

Because next generation sequencing techniques, including

chromosomal microarray and whole exome sequencing (WES),
enables successful identification of various genomic variants
in undiagnosed syndromic cases with developmental delay in a
time- and cost-effective manner, the importance of exome se-
quencing for identifying the genetic etiology is gradually being
emphasized [9,10]. Based on the data from multiple studies and
the Deciphering Developmental Disorders Study database, more
than 100 sequence and copy number variants of YY1 have been
identified among patients with syndromic developmental delay
[1,2,11-14]. Here, we report on a novel missense variant of YY7,
identified by WES, in an infant with a developmental delay. Ow-
ing to early diagnosis of GADEVS at infancy, it was easier for the
patient to access intensive rehabilitation therapy that improved
her cognitive outcome. To the best of our knowledge, this is the
first report of GADEVS in the Korean population, which can help
expand the clinical and molecular spectra of GADEVS.
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Case

1. Methods

1) Whole exome sequencing and Sanger sequencing

This study was approved by the Institutional Review Board
(IRB) of Hanyang University Medical Center, Seoul, Korea (IRB
No. 2019-11-040). Informed consent was obtained from both
parents of the participant. WES was performed in 3billion Inc.
(Seoul, Korea) using genomic DNA isolated from the patient's
whole blood. All exons from the entire human genome (approxi-
mately 22,000) were captured using an xGen Exome Research
Panel v2 (Integrated DNA Technologies Inc,, Coralville, IA, USA).
The captured genomic regions were sequenced using a NovaSeq
6000 (lllumina Inc., San Diego, CA, USA). Raw genome sequenc-
ing data analyses included alignment to the reference sequence
(National Center for Biotechnology Information genome as-
sembly GRCh37; accessed in February of 2009). The mean depth
of coverage was 100-fold with 99.2% coverage. Variant calling,
annotation, and prioritization were performed as previously
described [15]. Developmental delay and facial dysmorphism
served as filtering indices for clinical symptoms to analyze the
candidate variants.

2. Case report and result

A 7-month-old girl visited the outpatient clinic for children
because of developmental delay. The patient was born at 39+5
gestational weeks with a body weight of 3,140 g (-0.15 stan-
dard deviation [SD]) at birth. She was the only child of non-
consanguineous, healthy Korean parents with no family history
of developmental delays or multiple congenital abnormalities.
Prenatal examinations did not reveal any abnormalities. She
presented a mild dysmorphic facial appearance including facial
asymmetry, micrognathia, and low-set ears. The girl's height
was 71.2 cm (1.7 SD), weight was 8.5 kg (0.9 SD), and head
circumference was 43 cm (0.2 SD). She showed no apparent
neurological abnormalities, such as change in muscular tone,
increased deep tendon reflexes, or pathologic reflexes. Results of
laboratory tests, including blood chemistry and endocrine tests
as well as the results of tandem mass spectrometry screening of
inborn errors of metabolism were normal. Results of abdomi-
nal ultrasound, echocardiography, skeletal survey, and brain
magnetic resonance imaging at the age of 9 months were also
normal. Audiometry revealed a mild sensorineural hearing loss
in the right ear. An assessment using the Bayley Scales of Infant
and Toddler Development 3rd edition (Bayley-Ill) at the age of

7 months demonstrated a mild degree of global developmental
delay, especially in gross motor function.

To explore the possibility of a genetic syndrome, we performed
genetic tests, such as chromosomal microarray and WES, to
identify the underlying genetic defect. Chromosomal microar-
ray revealed a normal karyotype of 46, XX, without copy number
variation. WES identified a novel heterozygous missense variant
of c.1220C>T (p.His407Arg) in the YY7 gene (Fig. 1). The par-
ents did not have this variant (Fig. 1). This missense variant was
validated by Sanger sequencing and was expected to damage
protein structure, function, or protein-protein interaction (Table
1) [16]. This variant has not been reported in a large population
cohort (The Genome Aggregation Database, the Exome Aggre-
gation Consortium, 1000 Genomes, and the Exome Sequencing
Project) and was classified as "likely pathogenic” by the Ameri-
can College of Medical Genetics and Genomics/Association for
Molecular Pathology guidelines [17].

Currently, the patient is undergoing various rehabilitation
treatments twice a week, such as occupational therapy, neuro-
development treatment, and activities of daily living.
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Fig. 1. Sanger sequencing of the proband and her parents. Sequenc-
ing showed a de novo novel pathogenic variant of the YY7 gene
(c.1220A>G; p.His407Arg).
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Table 1. Details of the variant identified in the YY7 gene

Information Variant
Chromosome 14
Position 100743912
Reference A
Alteration G
GnomAD Absent
Nucleotide change €.1220A>G
Protein change p.His407Arg
Variant type Missense variant
Zygosity Heterozygous
REVEL score® 0.847
Classification” Likely pathogenic

“The pathogenicity of missense variant was predicted using rare exome
variant ensemble learner (REVEL) method. "Variant classification is based
on the American College of Medical Genetics and Genomics/Association
for Molecular Pathology guidelines.

GnomAD, The Genome Aggregation Database; REVEL, rare exome variant
ensemble learner.

Data from the article of loannidis NM et al. (Am J Hum Genet 2016;99:
877-85) [16].

Discussion

GADEVS, also known as YY1 haploinsufficiency syndrome,
was first reported in 2017 by Gabriele et al. [1]. Since YY7 was
considered a candidate gene for syndromic intellectual disability
with intrauterine growth retardation and dysmorphic facial ap-
pearance on the basis of trio exome sequencing conducted by
Vissers et al., 26 cases have been reported [1,2,11-13]. YY1 isa
zinc finger containing multifunctional transcription factor that
regulates transcriptional activation and repression in nervous
systems [3]. Loss of function of YY1, which is caused by deletion,
protein-truncating, or missense mutation affects, neural de-
velopment, neuronal function, and developmental myelination
[1,3,18]. YY1 was also involved in the tumorigenesis of various
tumors mediated via p53 downregulation and may serve as a
marker for diagnosis, treatment, and prognosis [5]. Furthermore,
the targets differentially requlated by YY1 include several genes
associated with neurodevelopmental disorders, such as GTF2],
KANSL1, NRXN2, MED12, NSD1, ZBTB20, and HCFC1 [1,7].
Genotypes of GADEVS include five truncating mutations, eight
mutations resulting in a missense change, or 13 deletions of YY'7
and other neighboring genes [1,2,12,13]. In the current study,
the missense variant is located in the ultimate exon, where most
of the pathogenic variants have been described [1,13].

Phenotypical features of GADEVS include cognitive impair-
ment, behavioral alteration, intrauterine growth restriction,
feeding problems, various congenital malformations, and move-

ment disorders [1]. Developmental delay was found in both
motor function and speech, and a mild to profound degree of
intellectual disability was presented in patients with pathogenic
YY1 variant. Characteristic dysmorphic appearances were facial
asymmetry, broad forehead, posteriorly rotated ears, periorbital
fullness, bulbous nasal tip, and malar flattening. Here, the infant
had shown mild developmental delay with subtle facial dysmor-
phism of facial asymmetry, micrognathia, and low set ears. Thus
far, she has not shown feeding difficulties or other neurologic
symptoms. However, regular evaluation of neurologic disor-
ders is required because many neurologic symptoms, including
movement disorders, are presented by patients aged >10 years
[12].

We identified a de novo missense variant of YY1, which was
classified to be likely pathogenic, in an infant with mild develop-
mental delay and subtle facial dysmorphism. Through this case,
we expect to expand the clinical and genetic spectra of GADEVS
that might be an unidentified cause of syndromic features with
developmental delay and facial dysmorphism.
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