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CCCTC-binding factor (CTCF) is a transcriptional regulator that binds to a complex DNA muotif in various orientations and
plays a crucial role in regulating gene expression, chromatin restructuring, and developmental processes. Mutations in the
CTCF are associated with neurodevelopmental disorders. Here we report the first Korean case with a de novo heterozygous
variant in the CTCF (c.1025G>A; p.Arg342His). She showed global developmental delay, failure to thrive, and dysmorphic
face, which are phenotypes consistent with previous reports in the autosomal dominant intellectual developmental disorder
21 (MIM 615502). She also showed clinical features not previously reported, such as antral web and tracheobronchomalacia.
Our case follows suit and expands understanding of this rare disorder by reporting common features and, on the other hand,

unreported concomitant congenital anomalies.
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Introduction

Advances in genetic sequencing technology have led to the
discovery of numerous newly identified monogenic neuro-
developmental disorders. Among these recent discoveries are
variations in the epigenetic machinery, which includes readers,
writers, erasers, and chromatin remodelers [1]. CCCTC-binding
factor (CTCF), a highly conserved transcriptional regulator, plays
a wide range of roles in regulating gene expression through
epigenomic mechanisms [2].

Specific features observed in humans with germline CTCF
mutations include syndromic intellectual disability (ID) accom-

panied by microcephaly and growth retardation [3]. Konrad et al.
[4] noted that certain symptoms, such as feeding abnormalities
and failure to thrive, are commonly observed along with vari-
ous birth defects and anomalies. These common phenotypes are
referred to as mental retardation autosomal dominant 21 (MRD
21), which is caused by a heterozygous mutation in the CTCF on
chromosome 16022 and is registered as MIM 615502.

Here, we report the first Korean case with a de novo missense
variant of the CTCF. This variant has not been reported previ-
ously. In this case, we describe the clinical features of the patient
and the subsequent treatment at our center.
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Case

A late preterm female infant was delivered by emergency
cesarean section for preterm labor at 34 weeks and 1 day of
gestational age. The patient had an apgar scores of 5 and 6 at
1 minute and 5 minutes, respectively. Her birth weight was 2.5
kg (78th percentile). She was admitted to the neonatal inten-
sive care unit for 4 months for respiratory distress syndrome,
pneumothorax, pulmonary hemorrhage, severe bronchopul-
monary dysplasia, periventricular leukomalacia, and grade 1
intraventricular hemorrhage. She was discharged with home O,
inhalation via nasal prong (2-3 L/min). She was admitted to our
center at the age of 5 months (corrected age of 4 months) with
recurrent cyanosis. At the time of admission, she had fever and
respiratory distress and was accompanied by ileus. Bronchosco-
py showed tracheobronchomalacia, and upper gastrointestinal
series and small bowel series showed an antral web. Therefore,
gastroesophageal reflux-induced aspiration pneumonia was
diagnosed and a Heineke-Mikulicz pyloroplasty was performed
at 6 months of age (corrected age 5 months). Oral feeding was
attempted after surgery, but feeding intolerance persisted. Vid-

Fig. 1. The facial features of the patient. Note the presence of mild fa-
cial dysmorphism, including a hypertelorism and small lip, as is shared
previous reported CCCTC-binding factor mutation cases.

eofluoroscopic swallowing study was performed and aspiration
tendency was confirmed with penetration-aspiration scale 4 to
5 and nasogastric tube feeding only was started. She had global
developmental delay (GDD). So the multiple anomaly and GDD
refer her to the genetic department.

The detailed systemic review of the multiple anomaly is as
follows. Perinatally, there were no other abnormalities except
for polyhydramnios. Facial features include hypertelorism and a
small lip are observed (Fig. 1). Congenital sensorineural hearing
loss with hearing aids, both cochlear implants were performed
at the age of 10 months (corrected age of 9 months). Ophthal-
mologic hyperopia, both abducens nerve palsy are present. In
the cardiovascular system, she has patent ductus arteriosus,
patent foramen ovale, pulmonary artery hypertension. The
patient had an antral web in the gastrointestinal system. In
the genitourinary system, she has medullary nephrocalcinosis
with increased parenchymal echogenicity of both kidneys and
hypercalciuria. In the muscular system, she has musculoskeletal
rigidity. On the Baley Scale, a very delayed global development
was observed at 26 months. Brain magnetic resonance imaging
shows no specific structural abnormalities (Fig. 2). In the family
history, the patient was born to non-consanguineous healthy
parents in a Korean family. Her older brother has a borderline
motor developmental delay. He walked on his own at the age of
3 years, but his motor development has caught up since then.
Currently, the brother has not visited a healthcare provider, so
we have not been able to perform the genetic test.

Chromosomal microarray performed at the outside hospital
showed a normal karyotype, reported as arr (1-22, X)x2. For fur-
ther genetic testing, she and her parents are enrolled in whole
genome sequencing, which is National Project of Bio Big Data,
and performed trio test. A de novo heterozygous mutation on

Fig. 2. The patient’s brain magnetic resonance image. There is no
specific brain anomaly on brain magnetic resonance T2-weighted and
fluid attenuated inversion recovery axial image at 7 months old.
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CTCF (c.1025G>A; p.Arg342His) was found. This was found for
the first time in the Genome Aggregation Database version 3.1.2
dataset. The variant was classified as 'likely pathogenic' accord-
ing to the American College of Medical Genetics and Genomics
classification and confirmed by Sanger sequencing.

Discussion

CTCF-associated neurodevelopmental syndrome is an ex-
tremely rare disorder with only dozens of cases reported world-
wide to date (Table 1). Gregor et al. [3] first reported a total of
four de novo cases with a common phenotype of syndromic
ID, microcephaly, and growth retardation. Since then, several
sporadic cases have been described [5-7]. There have also been
reports of CTCF variants found in different several large cohorts
[8-10]. Recently, an international collaboration has expanded
the mutational and clinical spectrum of C7CF-associated neuro-
developmental disorders [4].

As with previous CTCF variants, our patient shares the phe-
notype of intellectual developmental disorder. She also has
common features such as hypertelorism and small lips, feeding
difficulties, and recurrent infections. The diversity of CTCF phe-
notypes makes it difficult to detect CTCF mutations clinically
[4]. In our patient, tracheomalacia, antral web is a new pheno-
type that has not been reported before. CTCF is an epigenetic
machinery, which explains why patients have a wide range of
symptoms and varying degrees of ID [1]. CTCF is a chromatin
looping insulator [11] and is involved in chromatin organization
to requlate gene expression. Because the sites at which the in-
sulator acts are located throughout the genome, CTCF variants
can affect a wide variety of sites, resulting in a wide variety of
phenotypes [12].

Her older brother had a borderline developmental delay with-
out growth disorders or anomalies. We initially considered the
possibility of familial developmental delay syndrome, but an iso-
lated CTCF syndrome was diagnosed in this case. This suggests
that the causes of developmental delay can be very complex and
diverse. It also suggests that the interpretation of family history
in the process of genetic diagnosis can sometimes be complicat-
ed. Our limitation is that her brother was not genetically tested.
Although he had a borderline motor developmental delay, he
has since caught up and does not have the common CTCF phe-
notypes, so we suspect that he is not a C7CF variant. Therefore,
accurate genetic diagnosis can be of great help in broadening
the clinical understanding of the complex syndrome. Additional
research is necessary to uncover the specific pathogenic mecha-

nisms involved, and it is important to identify more patients
with detailed phenotypical information to gain a clearer under-
standing of this rare disease from a clinical perspective.

The Institutional Review Board of Seoul National University
Bundang Hospital approved this study (B-2307-838-701), and
this study was conducted in accordance with the Declaration
of Helsinki. Written informed consent for molecular study and
publication was obtained from the patient's parents.

Acknowledgements

We extend our gratitude to the patient and her parents for
their valuable contribution to this studly.

Funding

Whole genome sequencing was supported by the Bio &
Medical Technology Development Program of the National Re-
search Foundation (NRF) funded by the Ministry of Health and
Welfare, Ministry of Science and ICT, Ministry of Trade Industry
and Energy, Korea Disease Control and Prevention Agency (No.
2020M3E5D7086780, The National Project of Bio Big Data).

Authors' Contributions

Conception and design: SRK, AC. Acquisition of data: SHS,
KK, HBY, HRY, AC. Analysis and interpretation of data: SRK, AC.
Drafing the article: SRK. Critical revision of the article: AC. Final
approval of the version to be pulished: AC.

References

1. Fahrner JA, Bjornsson HT. Mendelian disorders of the epigenetic ma-
chinery: tipping the balance of chromatin states. Annu Rev Genomics
Hum Genet 2014;15:269-93.

2. Dehingia B, Milewska M, Janowski M, Pekowska A. CTCF shapes chro-
matin structure and gene expression in health and disease. EMBO
Rep 2022;23:e55146.

3. Gregor A, Oti M, Kouwenhoven EN, Hoyer J, Sticht H, Ekici AB, et al.
De novo mutations in the genome organizer CTCF cause intellectual
disability. Am J Hum Genet 2013;93:124-31.

4. Konrad EDH, Nardini N, Caliebe A, Nagel |, Young D, Horvath G, et al.
CTCF variants in 39 individuals with a variable neurodevelopmental
disorder broaden the mutational and clinical spectrum. Genet Med
2019;21:2723-33.

5. Hori I, Kawamura R, Nakabayashi K, Watanabe H, Higashimoto K,



74

SR Kang, et al. ® A Korean case of CTCF related neurodevelopmental disorders

www.e-kjgm.org

Tomikawa J, et al. CTCF deletion syndrome: clinical features and epi-
genetic delineation. J Med Genet 2017;54:836-42.

Bastaki F, Nair P, Mohamed M, Malik EM, Helmi M, Al-Ali MT, et al.
Identification of a novel CTCF mutation responsible for syndromic
intellectual disability - a case report. BMC Med Genet 2017;18:68.
Chen F, Yuan H, Wu W, Chen S, Yang Q, Wang J, et al. Three addi-
tional de novo CTCF mutations in Chinese patients help to define an
emerging neurodevelopmental disorder. Am J Med Genet C Semin
Med Genet 2019;181:218-25.

Meng L, Pammi M, Saronwala A, Magoulas P, Ghazi AR, Vetrini F,
et al. Use of exome sequencing for infants in intensive care units:

ascertainment of severe single-gene disorders and effect on medical

management. JAMA Pediatr 2017;171:¢173438.

Retterer K, Juusola J, Cho MT, Vitazka P, Millan F, Gibellini F, et al.
Clinical application of whole-exome sequencing across clinical indi-
cations. Genet Med 2016;18:696-704.

Willsey AJ, Fernandez TV, Yu D, King RA, Dietrich A, Xing J, et al. De
novo coding variants are strongly associated with Tourette disorder.
Neuron 2017;94:486-99.€9.

. Yusufzai TM, Tagami H, Nakatani Y, Felsenfeld G. CTCF tethers an in-

sulator to subnuclear sites, suggesting shared insulator mechanisms
across species. Mol Cell 2004;13:291-8.
Bushey AM, Dorman ER, Corces VG. Chromatin insulators: regulatory

mechanisms and epigenetic inheritance. Mol Cell 2008;32:1-9.



