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A de novo variant in ZBTB18 gene caused
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Abstract

Rationale: Autosomal dominant non-syndromic intellectual disability 22 is a rare genetic disorder caused by the ZBTB18 gQ
This disorder affects various parts of the body, leading to intellectual disability. It is noteworthy that only 31 cases of this disorder
have been reported thus far. As the symptom severity may differ, doctors may face challenges in diagnosing it accurately. It is
crucial to be familiar with this disorder’s symptoms to receive proper diagnosis and essential medical care.

Patient concerns: There is a case report of a 6-year-old boy who had an unexplained thyroid abnormality, global developmental
delay, and an abnormal signal of white matter in brain MRI. However, he did not have growth retardation, microcephaly, corpus
callosum hypoplasia, epilepsy, or dysmorphic facial features. Clinical whole exome sequencing revealed a de novo pathogenic
variant in the ZBTB18 gene (c.1207delC, p. Argd03Alafs*60), which is a previously unreported site. This variant causes the
premature termination of peptide chain synthesis, leading to incomplete polypeptide chains.

Diagnoses: Autosomal dominant non-syndromic intellectual and disability 22 syndrome and thyroid dysfunction.
Interventions: Rehabilitation training.

Outcomes: The individual is experiencing difficulty with their motor skills, appearing clumsier while running. He struggles with
expressing themselves and forming complete sentences, relying mostly on gestures and pointing.

Lessons: The clinical presentations of mental retardation, autosomal dominant, type 22 (MRD22) are complicated and varied.
Although early diagnosis can be made according to typical clinical symptoms, whole exome sequencing is necessary for
diagnosing MRD22, as our study indicates.

Abbreviations: CC = corpus callosum, ID = intellectual disability, MRD22 = mental retardation, autosomal dominant, type 22,
MRI = magnetic resonance imaging, WES = whole exome sequencing, ZBTB18 = zinc finger and BTB domain-containing protein

18.

Keywords: autosomal dominant intellectual disability, C2H2 zinc finger, intellectual disability, ZBTB18 gene

1. Introduction

Autosomal dominant non-syndromic intellectual disability 22
is also known as mental retardation, autosomal dominant, type
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22 (MRD22). MRD22 syndrome (OMIM #612337) is char-
acterized by intellectual disability (ID), growth retardation,
microcephaly, corpus callosum (CC) hypoplasia, epilepsy, and
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dysmorphic facial features (prominent forehead, hypertelorism,
flat nasal bridge, epicanthal folds, round face, and malformed
low-set ears)."l It was found that the heterozygous variant in
ZBTB18 gene was the main cause of the disease.

The ZBTB18 gene (OMIM# 608433), formerly known
as RPS58, ZFP238, or ZNF238,% is located on 1q44, encodes
ZBTB18 (zinc finger and BTB domain-containing protein 18,
ZBTB18), which acts as a transcriptional repressor of key pro-
neuronal genes® and includes an N-terminal BTB domain for
protein interaction and 4 C-terminal zinc finger proteins for
DNA binding."! Patients with 1q43q44 microdeletion syn-
drome (OMIM#612337) present overlapping phenotypes with
MRD22 syndrome.” The complete neurodevelopmental phe-
notype of patients with 1q43q44 microdeletion syndrome is
the result of deletions of 3 major genes (AKT3, ZBTB18, and
HNRNPU) spanning 1.36 Mb.!®!

Currently, only 31 cases of ZBTB18 gene mutation have been
reported in the literature. Here we report a patient who carries
a de novo pathogenic variant (c.1207delC, p.Arg403Alafs*60)
in ZBTB18 gene by whole exome sequencing (WES) and review
the relevant literature to promote clinical diagnosis and treat-
ment. We present the following article in accordance with the
CARE reporting checklist.

2. Clinical reports

2.1. General information

The proband is the second child born to a non-
consanguineous couple of Chinese ancestry with no nota-
ble family history. His older sister is developing normally,
healthy, and has a normal body size. He was born at term fol-
lowing an uneventful pregnancy with a birthweight of 3.3 kg
(25th-50th centile), birth length of 50 cm (25"-50th centile),
and head circumference of 34 cm (25%-50th centile). From a
motor standpoint, he first rolled at 11 months, sat alone at
13 months, crawled at 15 months, and walked with support
at 18 months. He had significant language delay in that he
did not speak his first words until 13 months and did not put
together two-to-three words sentences until 18 months. He
was globally delayed in development since birth, his brain
magnetic resonance imaging (MRI) showed abnormalities in

Figure 1. MRI images. Patient at age 11 months: abnormal signal in the
white matter around the posterior part of the bilateral lateral ventricles.
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the posterior periventricular white matter (Fig. 1). At present,
he was able to run but was clumsier. He can neither verbalize
a complete sentence nor pronounce words clearly. He has a
few signs but mostly gestures and points. He is able to follow
one step commands. He gets frustrated with his inability to
communicate at times.

He was first visited a genetics clinic at 6 years and 4 months
of age for global developmental delay and an unexplained thy-
roid abnormality: Thyroid indicators showed hyperfunction
but no obvious symptoms, the local hospital did not identify
the cause of thyroid dysfunction. He was admitted to our
hospital and took WES. His physical examination at that age
were: length 119.6 cm (50*"-75th), weight 20.9 kg (25th-50th),
head circumference 52cm (normal), heart rate 102 beats per
minute, with non-moist skin, no rash, no exophthalmos, no
facial dysmorphism, no thyroid enlargement, stable breathing,
and the muscle strength and tension of the limbs were normal.
Uncooperative tremor checks for both hands, while the rest
of the physical examination was unremarkable. Laboratory
tests in other hospitals: thyroid antibodies (A-TPO, A-TG,
TG, TRADb), glycosylated hemoglobin, blood glucose, insu-
lin, C-peptide, adrenocorticotropic hormone, cortisol, liver
and kidney function, electrolytes, myocardial enzymes, blood
lipids, immunity index (anti-nuclear antibody spectrum,
anti-cardiolipin antibodies, complement C3, C4), based serum
hormone and thyroid ultrasound were all normal. The Griffiths
Development Scales-Chinese Edition reported the patient’s
intelligence quotient score as 35, which indicated that he is
severe ID (Fig. 2).

2.2. Genetic analysis

2.2.1. DNA extraction. After obtaining the informed consent
of the patient’s parents and signing the informed consent form,
2mL of peripheral intravenous EDTA anticoagulated whole
blood was drawn from the patient and his parents, and the
genome was extracted using the QIAamp Blood DNA Mini
kit kit (Qiagen GmbH, Hilden, Germany). DNA, using a
NanoDrop2000 spectrophotometer (Thermo Scientific, USA)
to measure the concentration of genomic DNA and store at
-20°C.

2.2.2. Whole exome sequencing. Take 3 pg of genomic
DNA, use Covarias M220 Ultrasonicator system (Covaris,
Inc. Woburn, MA) to break the genomic DNA into
fragments of 150 to 200bp. The sequencing library was
constructed using SureSelect XT Human All Exon V6 kit
(Agilent Technologies, Inc., Santa Clara, CA), and then
high-throughput sequencing was performed on the Illumina
NovaSeq 6000 platform.

2.2.3. Data analysis. The sequencing raw data in Fastq
format were processed by NextGene software (SoftGenetics,
USA) and aligned with the reference sequence (GRCh37/
hg19). All variants were saved in VCF format files and
uploaded to Ingenious online software (Qiagen, Germany)
for biological analysis and annotation. After removing low-
confidence variants, the following analysis strategies were used
to further filter variants: remove variants with a frequency
>1% in the gnomAD (http://gnomad.broadinstitute.org/)
database; remove missense variants that are predicted to
be harmless by SIFT, Polyphen2, MutationTaster software;
remove synonymous variants that are predicted to not cause
splicing abnormalities by MaxEnt, NNSPLICE software. The
finally identified candidate variants consistent with the clinical
phenotype were verified in the patient and his parents by first-
generation Sanger sequencing technology, and the possible
pathogenic copy-number variants were excluded through deep
sequencing analysis.
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Disease progression timeline
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Figure 2. The disease progression timeline of the patient. At 11 months of age, he was found globally development delayed and had abnormalities brain MRI.
At the age of 23 months, He developed limb shaking with normal electroencephalography (EEG) and resolved spontaneously after several months. At 6 years
and 4 months of age, he was first visited a genetics clinic for an unexplained thyroid abnormality.

2.3. Statistical analysis

The collected data were analyzed using SPSS software (v. 22.0,
SPSS Inc., Chicago, IL). The main statistical analyses are descrip-
tive. Categorical data were expressed as number and percentage
(%) and Chi square or Fisher exact test were used for categori-
cal variables. A 2-sided P value less than .05 was considered as
statistically significant.

3. Results

3.1. High-throughput sequencing results, Sanger
sequencing verification

Whole-exome sequencing showed that the patient had a het-
erozygous variant in the ZBTB18 gene (NM_205768.3): a base
deletion ¢.1207delC (p.Arg403Alafs*60) in exon 1 (Fig. 3A).
Its parental ZBTB18 gene is wild type (Fig. 3B). This variant
is newly discovered (not included in databases such as HGMD
and gnomAD), which can cause premature termination of
amino acid translation or affect mRNA expression. According
to the ACMG variant classification criteria, it can be classified
as “pathogenic” variants.

3.2. Analysis of ZBTB18 variants and clinical spectrum

We provide a complete overview of the 32 ZBTB18 patho-
genic variants reported to date, including our case, showing
the inconsistent presence of clinical features (Table 1). A
significant proportion of ZBTB18 variants were missense
variants (40.6% (13/32), 34.3% (11/32) were frameshift
and 25% (8/32) were nonsense). Notably, the vast majority
(84.6%; 11 of 13) of ZBTB18 missense variants are located
within the C-terminal zinc-finger DNA-binding region, which
is critical for its role in transcriptional regulation important
(Fig. 4).

We summarized the clinical phenotypes and found that
almost all patients had some degree of intellectual disability
(32 of 32, 100%) and language retardation (30/31, 96.8%),
and the vast majority of children had dysmorphic facial fea-
tures (15/25,60%), 58.8% (10/17) had corpus callosum abnor-
malities, 57.9% (11/19) had ataxia, 35.5% (6/17) had epilepsy,
33.3% (9/27) had microcephaly, and 21.7% (5/23) had growth
retardation. The clinical phenotypes of missense variants, non-
sense variants, and frameshift variants were not statistically
different. Our data do not support a clear genotype-phenotype
correlation.

3.3. Treatments

The patient took methimazole orally for a few weeks, thyroid
function improved during follow-up, and methimazole was
gradually discontinued. The thyroid function of the children
was continuously monitored in the local hospital for 1 year after
drug withdrawal. TSH was elevated, FT3 was high or normal,
and FT4, T3 and T4 were normal. Thyroid antibody tests were
negative multiple times. According to the clinical manifestation,
laboratory examination, and ZBTB18 gene mutation site, he
was diagnosed as MDR22 and thyroid dysfunction.

4. Discussion

In this report, we presented a novel pathogenic variant in the
ZBTB18 gene that causes MRD22 syndrome by WES. The pro-
band’s clinical presentations of intellectual disability, delayed
speech, and abnormal brain MRI were similar with those pre-
viously reported cases in MRD22 syndrome or with a deletion
of 1q43q44." Based on our review of 9 articles retrieved from
PubMed, 31 cases of MRD22 caused by ZBTB18 variants are
summarized in Table 2. There were 29 pathogenic variants
of ZBTB18 gene, including 4 cases with C.1391G>A (p.Ar-
g464His). Among the known ZBTB18 variants, there were 13
missense variants, 11 frameshift variants, 8 nonsense variants.
We describe a novel variant in ZBTB18 gene c.1207delC (p.Ar-
g403Alafs*60), which is a frameshift variant. The type of gene
mutation in this case enriched the ZBTB18 gene profile data-
base of 1q43q44 deletion syndrome and is conducive to clinical
genetic counseling.

ZBTB18 encodes a protein with 4 Cys2His2 zinc-fingers
(C2H2-ZNF) for DNA binding, which plays a central role in
gene regulation and cellular function."” Interactions with other
protein partners through its BTB domain, including DNMT3A,
facilitate the gene repressive activity of ZBTB18. Impaired
binding of ZBTB18 to DNA interferes with its function as a
transcriptional repressor.'!! ZBTB18 has high sequence con-
servation among vertebrate orthologues, with remarkably
similar amino acid composition within the DNA binding zinc
finger domain."!! For example, total human protein identity is
99.4% with M musculus and 78 % with Danio rerio, with even
higher identity in the C2H2 ZNF domain.!"! Such sequence
conservation within this domain can in part be explained by
its importance for transcriptional regulation. In humans, for
example, ZBTB18 missense variants that are associated with
brain developmental disease overwhelmingly map to the zinc
finger domain.""! We consider variants in the C2H2 region of
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Figure 3. (A) Novel mutation was identified in the ZBTB178 gene. Results of Sanger sequencing of ZBTB18 (NM_205768) showing de novo occurrence of the

mutation ¢.1207delC (p.Arg403Alafs*60). (B) The family tree.

other genes (such as ZBTB20 and YY1) that also cause phe-
notypic features by disabling appropriate DNA binding. Our
research found a significant proportion of ZBTB18 variants
were missense variants (40.6%, 13/32), and the vast majority
(>84.6%; 11 of 13) were located within the C-terminal zinc-
finger DNA-binding region. Hemming et al*! investigated stud-
ied ZBTB18 as a protein-DNA complex and found that most
disease-associated missense variants map to DNA-contact res-
idues essential for motif binding and can affect ZBTB18 func-
tion, with implications for neurodevelopment, homeostasis,
and disease. Nonsense and frameshift variants lead to prema-
ture stop codons in the last (second) exon of the ZBTB18 gene.
These lesions result in the loss of DNA-binding domains, and the
expected truncated proteins may become dysfunctional. Zhang
et al™ found that in the clinical phenotype of ZBTB18 gene,
frameshift/nonsense variants of the gene may be more prone to
ID and speech delay than missense variants. Patients collected
by Zhang et al" had mutations in 1q43g44 deletion. However,
our research counted patients only with ZBTB18 mutations,
and we did not find a genotype-clinical phenotype correlation.
Global developmental delay/ID is in all 32 patients (100%).
Neurological symptoms echo the findings in animal experi-
ments.[”! The incidence of short stature is as high as 21.7%
(5/23). Some children develop growth retardation in utero, often
manifested as low birth weight. About 33.3% (9/27) of them
had head circumference less than -2SD below the mean of chil-
dren of the same age and sex.>'*! CC abnormalities were evi-
dent in 58.8% (10/17) patients who underwent neuroimaging.
In addition to CC, Cohen et al'® and Depienne et al'®! reported
abnormal MRI findings also including pituitary abnormalities,
small hippocampal disorders, and cerebellar vermis hypoplasia.

The white matter of the brain contains nerve tracts with differ-
ent functions, among which CC contains the largest and most
homogeneous fiber tracts in the human brain.!""! We report the
first case of a patient with abnormal cranial MRI (white mat-
ter signal abnormal) but normal CC. Ataxia or hypotonia have
been reported in 57.9% (11/19) of MRD22 children, Epilepsy
have been reported in 35.3% (6/17), and a small number of
children are accompanied by autism, ADHD, and behavioral
problems.>#!

The pathogenesis of ID caused by functional deficiency of
ZBTB18 is unclear, it may be involved to multiple functions of
ZBTB18 in brain development. Mouse with the full knockout
of ZBTB18 is embryonically lethal, while conditional knockout
(cKO) shows CC hypoplasia, cerebellar hypoplasia,®'®' ZBTB18
can also affect the growth and development of the cerebellum
by regulating the transcription of neuronal progenitor cells
and affecting the proliferation and differentiation of cerebellar
GABAergic neurons.! Ohtaka et al found that ZBTB18 expres-
sion were detected in cerebral cortex, part of the amygdala, and
cerebellum, and at high levels during formation of the hippocam-
pus. Northern blot analysis has detected ZBTB18 transcripts in a
variety of tissue types, including brain, skeletal muscle, pancreas,
testis, and spleen.l'® The importance of time- and place-specific
expressions is hypothetical.l'¥! Haploinsufficiency may be the
pathogenic mechanism of ZBTB18 variants. ZBTB18 represses
PAX6 (OMIM# 607108), NEUROG2 (OMIM# 606624), and
NEUROD1 (OMIM# 601724).'%1 The expression of these 3
consecutive proneuronogenic genes leads to the differentiation
and migration of intermediate neurogenic progenitors (INPs)."!
ZBTB18 is highly expressed in the cortex and involved in the
formation of the Ngn2-Rnd2 pathway which is closely related
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Figure 4. Summary of intragenic microdeletions and point mutations in ZBTB18 (reference transcript NM_205768.2). Including this study (red frame) and the
literature (black frame). The underlined site (p.Arg464His) was found in 4 reported patients.

Clinical phenotype and genotype statistics of 32 patients.

Missense (n = 13) Nonsense (n = 8) Frameshift (n = 11)

Clinical symptoms Total* (n = 32) n (%) N (%) n (%)
Growth
Postnatal growth delay 5/23 (21.7%), 9 NA 0(0) 2(33.3 3(33.3
Microcephaly 9/27 (33.3%), SNA 2(22.2) 4(66.7) 1(14.3)
Development
Intellectual disability 32/32 (100%) 13 (100) 8 (100) 11 (100)
Speech delay 30/31 (96.8%), TNA 12 (100) 8(10 10 (90.9)
Neurological and other findings
Corpus callosum hypoplasia 10/17 (58.8%), 15NA 5(71.4) 4 (66.7) 1(25)
Epilepsy 6/17 (35.3%), 15NA 3(37.5) 2 (40) 1(25)
Ataxia/hypotonia 11/19 (57.9%), 13NA 6 (66.7) 3(50) 2 (50)
Congenital anomalies
Facial featurest 15/25 (60%), 7NA 5(83.3) 4(80) 4 (44.4)
Other anomaliest 4/20 (19.0),12NA 2(33.3) 1(14.3) 1(14.3)

NA = not applicable.
* Summary of key features (n/total with information available)

1t Facial features are variable but characteristic, including round face, prominent forehead, flat nose bridge, distant eyes, epicanthus, and low-set ears.

1 Other anomalies including cardiac, urogenital and gastrointestinal.

to the migration of cortical neurons,”® which may help explain
the phenotypic differences between patients.

Dysmorphic facial features including prominent forehead,
hypertelorism, flat nasal bridge, epicanthal folds, round face,
and malformed low-set ears.l) 60% (15/25) of the cases are
present with facial dysmorphism and 19% (4/20) with other
congenital anomalies. Notably, eye diseases (myopia, strabismus
and visual impairment) were present in 4 cases,'>®! we speculate
that attention should be paid to ocular features in children with
MRD22.

Multiple patient series have been published to describe
the clinical phenotype of ZBTB18-related disease, such as
gastrointestinal problems, bruxism, clinodactyly of Sth fin-
ger, abnormality of hair or hair pattern, cerebellar tonsillar
hypoplasia, febrile seizure, Myopia, Strabismus, Drooling,

stereotype, visual impairment, and other clinical manifesta-
tions (Table 2).1617:181 The presentation of thyroid dysfunc-
tion in our patient has not been previously reported.®!* Tt
is still controversial whether the abnormal thyroid function
during the follow-up is an experimental error of the testing
institution. Recent studies have shown that ZBTB18 inhib-
its the expression of PI3K,!"?! which plays a role in reducing
thyroxine levels and even thyroid cancer.!"”) However, there
is no relevant research on the activation of PI3K/AKt path-
way by ZBTB18 gene mutation leading to thyroid disease.
Notably, data reported by McRae et all'®! and Wang et al?!
included only limited clinical information with no detailed
description of individual patients. It will be interesting to see
if thyroid dysfunction is a feature of other patients harboring
a ZBTB18 defect.
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Summary of clinical phenotypes of patients with ZBTB18 gene variants.

De
Munnik  Lopes
Rauchet etal etal
Thisstudy  al (2012) (2014) (2016) McRae et al (2016) Cohen et al (2017)
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
p.(Ar- p.(Arg- p.Glu-  p.(Arg-  p.@Gly- p.(Pro- p.GIn-  p.(Glu-350  p.(Arg- p.(Ans- p.(Arg- p.GIn-  p.(Arg-  p.(Arg- p.(Ser- p.(Cys-
g403Alafs*60) ~ 495Cys)  133%) 1959 208"  212Hisfs*10)  271%)  Argfs*15)  464His)  461Ser)  315Glyfs*4)  395%)  464His)  45%)  373Thrfs*26) 54Arg)
Gender M F F F M F M M F M M M M M M NA
Age at 18 238 5 Not reported (Individual values not reported) 7 3 4 34 6 15 NA
examination
on
Postnatal - - + - 5NA - - + - - - NA
growth
delay
Microcephaly - - + + 2/5 (40%) - - + - - - +
Intellectual + + + + + + + + + + + + + + + +
disability
Speech delay + + + + + + + + + + + + + + + +
Corpus - - - - 5NA + + + NA + NA NA
callosum
hypoplasia
Epilepsy - NA - NA 5NA - - - - + NA NA
Ataxia’hypotonia + NA - + 5NA + + + - + NA NA
Facial - NA + - 2/5 (40%) - + + + + - +
featurest
Other - NA - - - + - + - - - NA
anomaliest
Others Thyroid Gastro-  bruxism 2/5 with finger, 3/5 with hair abnormalities Myopia Strabismus  Strabis-  Drooling
dysfunction, intes- mus,
Periventricular tinal single
white matter prob- febrile
abnormalities lems sei-
2ure
F = female, M = male, “+" = positive, “~" = negative, “NA” = not applicable.

* Summary of key features (n/total with information available).

T Facial features are variable but characteristic, including round face, prominent forehead, flat nose bridge, distant eyes, epicanthus, and low-set ears.

+ Other anomalies including cardiac, urogenital and gastrointestinal.

In conclusion, the main manifestations of MRD22
caused by ZBTB18 gene variants are intellectual disability
(ID), growth retardation, microcephaly, corpus callosum
(CC) hypoplasia, epilepsy and dysmorphic facial features,
etc. At present, the diagnosis of MRD22 mainly relies on
genetic testing. For children with the above clinical man-
ifestations, it is necessary to be alert to the disease. Early
genetic testing is helpful for the diagnosis of the disease
and provides a basis for further clinical guidance and
genetic counseling.

Methodology: Qingwen Zhang.

Writing—original draft: Fan Yang.

Writing—review & editing: Yu Ding, Yirou Wang, Hao Li,
Guoying Chang, Xiumin Wang.
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