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Abstract
Background: Okur-Chung neurodevelopmental syndrome (OCNDS) is a rare auto-
somal dominant disorder caused by pathogenic variants in CSNK2A1. It is character-
ized by intellectual disability, developmental delay, and multisystemic abnormalities.
Methods: We performed the whole-exome sequencing for a patient in a Chinese family. 
The co-segregation study using the Sanger sequencing method was performed among 
family members. Reverse transcription and quantitative real-time polymerase chain re-
action were carried out using total RNA from blood samples of the proband and wild-
type control subjects. A review of patients with OCNDS harboring CSNK2A1 pathogenic 
variants was conducted through a comprehensive search of the PubMed database.
Results: We identified a novel CSNK2A1 frameshift variant p.Tyr323Leufs*16 in a 
Chinese family. The proband, a 31-year-old female, presented with abnormal eat-
ing habits, recurrent seizures, language impairment, and intellectual disability. Her 
mother exhibited postnatal hernias, splenomegaly, and a predisposition to infec-
tions, but showed no significant developmental impairments or intellectual dis-
ability. Genetic studies revealed the presence of this variant in CSNK2A1 in both 
the proband and her mother. Transcription analysis revealed this variant may lead 
to nonsense-mediated mRNA decay, suggesting haploinsufficiency as a potential 
disease mechanism. We reviewed 47 previously reported OCNDS cases and dis-
covered that individuals carrying CSNK2A1 null variants may exhibit a diminished 
frequency of symptoms linked to language deficits, dysmorphic facial features, or 
intellectual disability, consequently presenting an overall milder phenotype when 
compared to those with missense variants.
Conclusion: We report a novel frameshift variant, p.Tyr323Leufs*16, in an 
OCNDS family with a generally mild phenotype. This study may broaden the 
spectrum of clinical presentations associated with OCNDS and contribute novel 
insights into the genotype–phenotype correlation of this condition.
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1   |   INTRODUCTION

Okur-Chung neurodevelopmental syndrome (OCNDS), ini-
tially described by Okur et al., is a rare genetic disorder result-
ing from pathogenic variants in CSNK2A1 (MIM: 115440) 
(Okur et al., 2016). Casein kinase II is a protein kinase in-
volved in several cellular processes (Niefind et al., 2001). The 
alpha subunit of casein kinase II is encoded by the CSNK2A1 
gene (Niefind et  al.,  2001; Wafik et  al.,  2023). CSNK2A1 
predominantly consists of a single extensive functional do-
main (Figure 1a). OCNDS typically presents with develop-
mental delays, mild-to-moderate intellectual impairment, 
hypotonia, feeding challenges, distinctive facial features, 
speech delay, and may include non-specific clinical charac-
teristics such as behavioral issues, disrupted sleep patterns, 
microcephaly, seizures, and short stature in some cases 
(Jafari Khamirani et al., 2022; Okur et al., 2016). Previously, 
OCNDS cases were diagnosed as simplex cases due to de 
novo heterozygous pathogenic variants in CSNK2A1 with 
unaffected parents (Chiu et  al.,  2018; Okur et  al.,  2016). 
However, more recent observations have revealed instances 
of familial transmission, indicating that affected individuals 
can be fertile (Belnap et al., 2023).

To date, 47 patients with OCNDS have been described 
in detail in the literature. However, a clear genotype–
phenotype correlation has not been established. Most 
variants in OCNDS are missense variants primarily clus-
tered within the functional regions of the CSNK2A1 ki-
nase domain, while less commonly, frameshift variants 
have been reported as well (Jafari Khamirani et al., 2022; 
Okur et al., 2016). The molecular mechanisms underlying 
CSNK2A1 variants remain incompletely elucidated (Wafik 
et al., 2023). The frameshift, splice site variants identified 
in OCNDS patients suggest that loss-of-function could be 
the plausible disease mechanism for the CSNK2A1 vari-
ants, but there may be other possible molecular mecha-
nisms for missense variants within the protein kinase 
domain.

In the present study, we report two individuals within 
a Chinese family who presented with a unique, non-
conventional, and relatively mild OCNDS phenotype. We 
conducted mRNA expression analysis to preliminarily in-
vestigate the molecular mechanisms associated with this 
frameshift variant. Moreover, by systematically reviewing 
the literature and comparing the clinical features of all 
identified patients with OCNDS, we elucidated the phe-
notypic ranges linked to individual CSNK2A1 variants, 
thus offering insights into the genotype–phenotype cor-
relations within OCNDS.

2   |   METHODS

2.1  |  Ethical compliance

The study was approved by the Ethics Committees of the 
Xuanwu Hospital of Capital Medical University, China 
and was conducted in accordance with the principles 
stated in the Declaration of Helsinki. Written informed 
consent for genetic testing and publication was obtained 
from each patient or their guardian.

2.2  |  Patients

Two patients in a family with OCNDS were investigated 
in this study. Detailed clinical information was obtained 
from the Department of Neurology of Xuanwu Hospital.

2.3  |  Whole-exome sequencing 
(WES) study

The genomic DNA was isolated from peripheral blood 
leukocytes (QIAamp DNA Blood Kits, QIAGEN). Exome 
capture was performed with a SureSelect Human All Exon 

F I G U R E  1   Clinical and genetic study. (a) Schematic representation of the 14 coding exons and UTR of CSNK2A1 (NM_177559.3). The 
c.967dupT variant identified in this study is indicated in red. (b) Schematic structure of the human CSNK2A1 protein. CSNK2A1 has a 
large kinase domain with functional segments including an ATP/GTP-binding loop, basic cluster, active site, and activation segment. The 
truncating variant identified in this study is shown by a red arrow above the protein. (c) Neuroimaging of the proband: left: T1 weighted 
imaging; right: 18F-FDG-PET imaging. (d) Sequence analysis revealed a c.967dupT, p.Tyr323Leufs*16 frameshift variant in exon 12 of 
CSNK2A1 in the proband and her mother. The red arrow indicates the c.967 nucleotide. (e) Sequence analysis revealed no variant in exon 
12 of CSNK2A1 in the proband's father. The green arrow indicates the c.967 nucleotide. (f) Transcription analysis of CSNK2A1 in peripheral 
leukocytes of the patient. Agarose gel electrophoresis of the long-range RT-PCR products revealed only the cDNA fragment of 1262 bp 
corresponding to the predicted canonical transcripts in the patient. (g) Sanger sequencing of long-range RT-PCR products revealed only 
the canonical transcript in the proband. The transcript with the frameshift variant was not detected. The green arrow indicates the c.967 
nucleotide. (h) CSNK2A1 gene expression was analyzed by qRT-PCR using total RNA extracted from peripheral leukocytes of the patient 
with primer sets corresponding to sequences within exons 8–10. A ∼50% decrease in the CSNK2A1 product (normalized to β-actin level) was 
observed in the patient compared with the same product in the three wild-type control subjects. Data are expressed as mean ± SD of three 
independent experiments. **p < 0.01 (Mann–Whitney U test).
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V6+UTR (89 Mb) Kit (Agilent Technologies, Santa Clara, 
CA, USA). Paired-end sequencing was carried out on a 
HiSeq2500 (Illumina, San Diego, CA, USA) using a HiSeq 
SBS Kit V4 (Illumina), which generated 100-bp reads. 
The average and minimum sequencing depths were 125× 
and 20×, respectively. The reference databases utilized in-
cluded hg38 (GRCh38) (http://​genome.​ucsc.​edu), HGMD 

(https://​portal.​bioba​se-​inter​natio​nal.​com), gnomAD 
(http://​gnomad.​broad​insti​tute.​org), ClinVar (https://​www.​
ncbi.​nlm.​nih.​gov/​clinv​ar/​), and dbSNP (https://​www.​ncbi.​
nlm.​nih.​gov/​SNP). We summarized intellectual disabil-
ity, neurodevelopmental disorders, and dementia-related 
genes using the Online Mendelian Inheritance in Man 
(OMIM) and PubMed databases (Table S1). Whole-exome 

http://genome.ucsc.edu
https://portal.biobase-international.com
http://gnomad.broadinstitute.org
https://www.ncbi.nlm.nih.gov/clinvar/
https://www.ncbi.nlm.nih.gov/clinvar/
https://www.ncbi.nlm.nih.gov/SNP
https://www.ncbi.nlm.nih.gov/SNP
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sequencing (WES) data were analyzed for single-nucleotide 
variants and insertions/deletions in these genes. Minor al-
lele frequency, conservation, predicted pathogenicity, and 
disease association were analyzed, and the results were con-
firmed by Sanger sequencing.

Finally, WES was performed using a triple diagnostic 
approach (proband, mother, and father) to identify po-
tential de novo variants responsible for the phenotype in 
the proband. The disease-causing variant frequency was 
set at less than 0.01%, a dominant inheritance mode with 
full penetrance in both males and females being assumed. 
Moreover, targeted analysis was carried out to determine 
the number of ATN1 CAG repeats in the proband. Testing 
was performed by polymerase chain reaction (PCR) am-
plification of the ATN1 trinucleotide repeat region fol-
lowed by gel electrophoresis.

2.4  |  RNA isolation, reverse 
transcription, and quantitative real-time 
PCR (qRT-PCR)

Reverse transcription, Sanger sequencing, and quanti-
tative real-time (qRT)-PCR were performed using total 
RNA from blood samples of the proband and three wild-
type control subjects. Total RNA was extracted from 
leukocytes using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer's instructions. 
Reverse transcription was performed using Bio-Rad's 
iScript™ gDNA Clear cDNA Synthesis Kit (Bio-Rad 
Laboratories, Hercules, CA). Complementary DNA 
(cDNA) was then amplified by long-range PCR using a 
primer set designed to amplify from exon 3 to exon 14 of 
CSNK2A1 (NM_177559.3). qRT-PCR was performed with 
SsoAdvanced™ Universal SYBR® Green Supermix (Bio-
Rad). Normalization and relative quantification of the 
expression levels of the CSNK2A1 gene were performed 
using the ΔCT method, with constitutively expressed gene 
β-actin as an internal control. The primer sequences used 
in this study are listed in Table S2.

2.5  |  Literature data extraction  
and analysis

The PubMed database was searched on September 2023 
for primary research articles and case studies report-
ing clinically diagnosed OCNDS patients with CSNK2A1 
pathogenic variants using the search terms: ‘Okur-Chung 
syndrome’, ‘Okur-Chung neurodevelopmental syn-
drome’, ‘OCNDS’, or ‘CSNK2A1’.

We only included studies with available full texts and 
selected those that involved patients with OCNDS and 

CSNK2A1 germline variants with full details of pheno-
types and genotypes. For clinically diagnosed OCNDS pa-
tients with CSNK2A1 pathogenic variants, the following 
demographic and clinical variables were extracted from 
the retrieved articles: gender, age at diagnosis (years), de-
velopmental delay, language deficits, dysmorphic facial 
features, intellectual disability, behavioral issues, eating 
disorders, musculoskeletal disorders, microcephaly, ab-
normal brain MRI, hypotonia, seizures, herniation, and 
inheritance pattern.

2.6  |  Statistical analysis

Statistical analyses were performed using SPSS ver-
sion 22.0 (IBM, Armonk, NY, USA). Continuous data 
are presented as the mean value and analyzed using the 
Mann–Whitney U test. Dichotomous data are shown as 
percentages and were compared using the χ2 test or Fisher 
test. Two-tailed p-values <0.05 were considered statisti-
cally significant when comparing the two groups.

3   |   RESULTS

3.1  |  Clinical study

A 31-year-old female presenting recurrent generalized 
tonic–clonic seizures and language impairment was re-
ferred to our center. The proband is the product of an un-
eventful pregnancy and a normal vaginal delivery, born 
to non-consanguineous parents. There were no available 
records for her birth. Her father recalls she sat unsup-
ported at 8 months (+1.8) and walked independently at 
around 18 months (+2.7). The speech was achieved on 
time. Her growth parameters were all within the normal 
range. She showed some facial features such as bilateral 
epicanthic folds, a depressed nasal bridge, a thin upper 
lip, mild retrognathia, and micrognathia with a continu-
ous open-mouth posture (Figure  1b). However, these 
characteristics do not qualify as facial dysmorphisms. 
She attended a mainstream primary school, with her 
academic performance consistently in the lower-middle 
range, and later graduated from a technical secondary 
school. Subsequently, she worked as a cashier in a small 
grocery store. The patient exhibits abnormal eating hab-
its, displaying a predilection for consuming sweets and 
sugary foods. She habitually consumes only sugary bev-
erages and adamantly avoids drinking pure water. The 
patient was primarily raised by the grandmother in the 
absence of adequate care, making it likely that some po-
tential early cognitive and behavioral symptoms remain 
unknown to us.
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She experienced her first seizure at the age of 29 and 
subsequently had recurrent seizure episodes over the next 
two years. Her seizures were predominantly generalized 
tonic–clonic, lasting several minutes. Additional mani-
festations followed at age 30, including involuntary facial 
twitching, chewing coordination issues, alternating limb 
weakness with involuntary movements, and transient 
head deviation. Several months ago, the patient presented 
with memory decline, language impairment, anosognosia, 
and visual and auditory hallucinations. She experienced 
daily episodes of limb rigidity and spasms, lasting several 
minutes, without loss of consciousness or urinary/fecal 
incontinence. On examination, it was observed that her 
weight is 85 kg (+1.7), her height is 160 cm (−0.2), and her 
head circumference measures 56 cm (+2.0). She is capable 
of vocalization, but she exhibits complete motor aphasia. 
Limb strength assessments revealed asymmetrical weak-
ness, with right upper limb strength graded at Medical 
Research Scale level 3/5, and left upper and both lower 
limbs graded at level 4/5. Involuntary movements were 
observed bilaterally, while muscle tone remained normal. 
The spinal cord and brain magnetic resonance imaging 
(MRI), along with cerebrospinal fluid examination, did 
not yield any notable abnormalities. A comprehensive 
chemistry panel, complete blood count with differential, 
blood lactate and pyruvate, ammonia, creatine kinase, 
hemoglobin A1C, plasma amino acid analysis, carnitine 
and acylcarnitine profile, lipoprotein profile, hormone 
screening studies, and urine studies, including urinalysis, 
urine organic acid analysis, and urine amino acid analysis, 
did not reveal any notable abnormalities. No elevations in 
blood lactic acid and pyruvate were found. Positron emis-
sion tomography computed tomography reveals a severe 
reduction in metabolic activity in the brainstem and a 
mild regional metabolic decrease in the cortical areas 
of both parietal and temporal lobes (Figure 1c). Cardiac 
ultrasound revealed enlargement of the left atrium and 
reduced left ventricular diastolic function. Video elec-
troencephalograph findings reveal the presence of a 
substantial amount of low-amplitude fast wave activity, 
predominantly localized in the anterior frontal region. 
Treatment with corticosteroid pulse therapy and antivi-
ral agents showed limited effectiveness. Upon discharge, 
she continued to receive levetiracetam for effective sei-
zure control, but no improvement was observed in other 
symptoms.

The patient's mother was abandoned by her biological 
parents after birth due to noticeable abdominal disten-
tion, as they believed her care would be challenging. After 
being adopted by foster parents, it was discovered that she 
had splenomegaly, umbilical hernia, and inguinal hernia. 
There were no available records for her birth and develop-
mental history. Her umbilical hernia and inguinal hernia 

resolved and her splenomegaly subsequently improved. 
Her growth parameters were all within the normal range. 
Her weight is 58 kg (−0.1), her height is 160 cm (−0.2), 
and her head circumference is 57 cm (+2.6). No distinc-
tive facial dysmorphisms were noted on examination. Her 
neurological examination was normal. Her academic per-
formance has consistently been at a lower-middle range, 
with no evident signs of learning difficulties. She gradu-
ated from a vocational high school and subsequently en-
gaged in roles as a ticket seller and a retail assistant in a 
grocery store. She possesses a susceptibility to infections 
and has experienced recurrent urinary tract infections, 
which subsequently progressed into pyelonephritis at age 
24. At the age of 57, a follow-up abdominal ultrasound still 
indicates splenomegaly.

3.2  |  Genetic study

We carried out WES of genomic DNA from the proband. 
We examined gene pathogenic variants known to be in-
volved in intellectual disability, neurodevelopmental 
disorders, and dementia-related neurodegenerative dis-
eases. Through this analysis, we identified a heterozy-
gous frameshift variant (c.967dupT, p.Tyr323Leufs*16 
[NM_177559.3]) in exon 12 of the CSNK2A1 gene in the 
proband and did not find any additional causal genetic 
variants in other genes. We then examined exon 12 of 
the CSNK2A1 gene in the proband, the proband's father, 
and mother by Sanger sequencing. On Sanger sequenc-
ing, we found the c.967dupT, p.Tyr323Leufs*16 variant 
in CSNK2A1 in a heterozygous state in the proband and 
her mother (Figure 1d). This variant was not detected in 
the proband's father without symptoms (Figure  1e), in-
dicating the variant co-segregated with the phenotype in 
this family. This variant was not present in HGMD (Last 
Access Date:2023-9-15), ClinVar (Last Access Date:2022-
9-15), or GnomAD (Last Access Date:2022-9-15), thus we 
considered it a novel molecular variant causing OCNDS. 
Bioinformatic analyses using Mutation Taster (http://​
www.​mutat​ionta​ster.​org) predicted that this variant was 
disease-causing: truncated protein might cause nonsense-
mediated mRNA decay (NMD). This variant is designated 
as pathogenic following the criteria of the American 
College of Medical Genetics and Genomics (ACMG) 
(PVS1 + PS3 + PM2 + PP1 + PP3).

Meanwhile, WES was conducted using a triple diagnos-
tic approach involving the proband, mother, and father. 
Through this analysis, we identified 14 variants present in 
heterozygous states in the proband but absent in both her 
father and mother. However, upon further examination of 
the 14 variants, we determined that they were unrelated to 
neurological diseases or neuronal dysfunctions. Moreover, 

http://www.mutationtaster.org
http://www.mutationtaster.org
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targeted analysis for an ATN1 CAG expansion revealed 
that the number of ATN1 CAG repeats in the proband 
was within the normal range for both alleles. Finally, the 
DNA from the buccal swab of the proband's mother was 
also subjected to variant testing using PCR. The analyses 
revealed the presence of the p.Tyr323Leufs*16 variant in 
CSNK2A1 in a heterozygous state in the buccal tissue (ec-
todermal origin) from the proband's mother, indicating a 
lower likelihood of somatic mosaicism for this variant in 
the mother.

3.3  |  Transcription analysis

To analyze the mRNA expression affected by the variant 
c.967dupT in CSNK2A1, we performed reverse transcrip-
tion polymerase chain reaction (RT-PCR) using total RNA 
from leukocytes of the proband. Agarose gel electrophore-
sis of the long-range RT-PCR products revealed only the 
1, 262 bp band expected in the patient, but no aberrant 
bands (Figure 1f). Sanger sequencing from both directions 
of the RT-PCR products identified only canonical tran-
scripts in the patient (Figure 1g). Therefore, no additional 
CSNK2A1 isoforms were found, making alternative splic-
ing less likely. Moreover, the truncated transcript was not 
detected in the patient. We then examined mRNA levels in 
the proband's leukocytes by quantitative RT-PCR. The re-
sults showed that the expression of CSNK2A1 transcripts 
was decreased by approximately 0.5-fold in the patient 
compared to the three wild-type controls when normal-
ized to the β-actin levels (Figure 1h). Thus, the truncated 
transcript of CSNK2A1 may be significantly reduced due 
to NMD.

3.4  |  Review of the genotype–
phenotype relationship in identified 
CSNK2A1 variants

Sixteen articles reporting 47 OCNDS patients with ger-
mline CSNK2A1 pathogenic variants were included 
in the study (Akahira-Azuma et  al.,  2018; Belnap 
et al., 2023; Chiu et al., 2018; Colavito et al., 2018; Duan 
et  al.,  2019; Jafari Khamirani et  al.,  2022; Martinez-
Monseny et al., 2020; Murakami et al., 2022; Nakashima 
et al., 2019; Okur et al., 2016; Owen et al., 2018; Trinh 
et al., 2017; Wafik et al., 2023; Wu et al., 2020, 2021; Xu 
et al., 2020). Together with the two patients reported in 
our study, 49 patients were included in the final analy-
sis. The clinical and auxiliary characteristics of these 
patients were reviewed in Table  1, in which the most 
common features observed in a large enough fraction 

of the cases were listed. We found that individuals with 
CSNK2A1 variants had various congenital anomalies 
and neurodevelopmental disorders with different ranges 
of phenotypic spectra. The most commonly reported 
phenotypes of congenital anomalies were developmen-
tal delay (48/48, 100%), language deficits (35/46, 76.1%), 
intellectual disability (34/47, 72.3%), and dysmorphic 
facial features (34/49, 69.4%).

Our investigation revealed only seven null variants 
(p.M1V, c.824+2T>C, p.R191*, c.1061−1G>C, p.R107*, 
p.H29Cfs*9, p.Y323Lfs*16) among eight patients (8/49, 
16.3%), while the remaining patients (41/49, 83.7%) ex-
hibited missense variants. Among the missense variants, 
the recurring p.Lys198Arg is the most frequently reported 
pathogenic variant of OCNDS (13/41, 31.7%), followed by 
p.E27K (4/41, 9.8%) and p.R47Q (3/41, 7.3%). The clinical 
and ancillary characteristics of the eight OCNDS patients 
with null variants were compared to 41 OCNDS patients 
with missense variants. We observed that individuals with 
CSNK2A1 null variants are less inclined to exhibit signif-
icant developmental and neurological symptoms when 
compared to those harboring missense variants. They dis-
play a significantly reduced frequency of symptoms asso-
ciated with language deficits, dysmorphic facial features, 
or intellectual disability (Figure 2), which are substantial 
contributors to the debilitating and malforming character-
istics of OCNDS. As a result, they may present an overall 
milder phenotype.

4   |   DISCUSSION

In this study, we present a novel frameshift variant, 
p.Tyr323Leufs*16, in an OCNDS family. The proband 
exhibited seizures, language impairment, and limb 
weakness. Her mother displayed postnatal hernias, 
splenomegaly, and susceptibility to infections, without 
significant developmental or intellectual impairments. 
In our review of previously reported OCNDS cases, indi-
viduals with CSNK2A1 null variants exhibited a milder 
phenotype compared to those with missense variants, 
showing reduced frequency of symptoms like language 
deficits, dysmorphic facial features, or intellectual 
disability.

The proband and her mother both exhibit a mild phe-
notype. Brain imaging revealed no structural abnormal-
ities, and their neurodevelopment is within the normal 
range. This mirrors the phenotype of a patient with the 
p.H29Cfs*9 pathogenic variant in CSNK2A1, who dis-
played a well-controlled generalized seizure disorder with 
no neurodevelopmental concerns, brain MRI abnormali-
ties, intellectual disability, or facial dysmorphisms (Wafik 
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et al., 2023). The p.M1V variant, affecting the start codon 
and predicted to cause a loss of protein from Position 1 to 
137, where the next in-frame start codon is located, was 
classified as a null variant in this study (Chiu et al., 2018). 
Apart from this patient, individuals with CSNK2A1 null 
variants showed a clinical profile similar to our patient's 
presentations with a generally mild phenotype. This ob-
servation was also acknowledged by Dr. Volkan Okur 
(Wafik et al., 2023).

No clear genotype–phenotype correlation has been 
previously established for the possible association be-
tween the nature of the pathogenic variants and the 
severity of OCNDS. The null variants reported to date 
include two splicing variants, two frameshift variants, 
two nonsense variants, and a start-loss variant. Our 
transcription analysis suggests that mutant transcripts 
carrying these variants are likely subjected to NMD, 
indicating a haploinsufficiency mechanism. However, 
it is not yet known whether there exists a disparity in 
the pathogenic mechanisms between missense variants 
and frameshift variants. Recently, reduced CK2α kinase 
activity has been demonstrated in missense variants as-
sociated with OCNDS (Dominguez et al., 2021). Given 
missense variants' potential for more severe symp-
toms, their underlying pathogenic mechanism might 
be dominant negative or gain-of-function rather than 
haploinsufficiency (Dominguez et al., 2021). This par-
allels differences observed between missense and trun-
cating variants in Rett syndrome caused by mutations 
in the MECP2 gene, with patients harboring missense 
variants being more likely to develop scoliosis than pa-
tients with truncating mutations (Amir et  al.,  2000). 
Further large-scale studies are required to deepen our 

understanding of the clinical and genetic spectrum in 
OCNDS.
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