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Abstract (<250) 1 

Corpus callosum anomalies (CCA) is a common congenital brain anomaly with various 2 

etiologies. Although one of the most important etiologies is genetic factors, the genetic 3 

background of CCA is heterogenous and diverse types of variants are likely to be 4 

causative. In this study, we analyzed 16 Japanese patients with corpus callosum anomalies 5 

to delineate clinical features and the genetic background of CCAs. We observed the 6 

common phenotypes accompanied by CCAs: intellectual disability (100%), motor 7 

developmental delay (93.8%), seizures (60%), and facial dysmorphisms (50%). Brain 8 

magnetic resonance imaging showed colpocephaly (enlarged posterior horn of the lateral 9 

ventricles, 84.6%) and enlarged supracerebellar cistern (41.7%). Whole exome 10 

sequencing revealed genetic alterations in 9 of the 16 patients (56.3%), including 8 de 11 

novo alterations (2 copy number variants and variants in ARID1B, CDK8, HIVEP2, and 12 

TCF4) and a recessive variant of TBCK. De novo ARID1B variants were identified in 13 

three unrelated individuals, suggesting that ARID1B variants are major genetic causes of 14 

CCAs. A de novo TCF4 variant and somatic mosaic deletion at 18q21.31-qter 15 

encompassing TCF4 suggest an association of TCF4 abnormalities with CCAs. This 16 

study to analyze CCA patients using whole exome sequencing, demonstrating that 17 

comprehensive genetic analysis would be useful for investigating various causal variants 18 

of CCAs. 19 

 20 

Keywords 21 

Corpus callosum anomaly, colpocephaly, copy number variants, somatic mosaicism, 22 

whole exome sequencing 23 

24 
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Introduction 1 

The corpus callosum is the largest white matter tract in the forebrain, connecting the 2 

left and right cerebral hemispheres1. It spans most of the frontal and parietal lobes, from 3 

the anterior commissure to the end of the ventral hippocampal commissure, and 4 

comprises 200 to 300 million fibers1. The corpus callosum is an important mediator of 5 

the lateralization of brain functions. In the absence of cerebral hemispheric 6 

communication, complex sensory-motor control errors occur2. The function of the corpus 7 

callosum, in humans, was first investigated in patients with epilepsy, who had undergone 8 

callosotomy, in 19403. Many studies have found that the corpus callosum is specialized 9 

to aid the transfer of visual, somatosensory, and motor information4. 10 

In humans, the genesis of corpus callosum begins at eight weeks of fetal life5 and 11 

involves complex steps, including cell proliferation and migration, axon growth, midline 12 

glial pattern formation, telencephalic hemisphere formation, and commissural neuron 13 

birth1. The corpus callosum can be divided into four segments: genu, rostrum, body, and 14 

splenium. Corpus callosum anomalies (CCAs), such as agenesis of the corpus callosum 15 

(ACC) and dysplastic corpus callosum, are conditions in which all or part of these 16 

structures are congenitally lost or malformed due to disruption of any of the 17 

aforementioned processes during the developmental stage. Defects of the corpus callosum 18 

are rare, and most of them are associated with various underlying CCA syndromes6. ACC 19 

was first described in an autopsy in 1812, and its incidence rate is one per 4000–5000 live 20 

births7. Due to advances in magnetic resonance imaging (MRI) images and genetic 21 

analysis techniques, causal roles of 30%–40% of CCA syndromes have been established, 22 

of which about 10% have been attributed to chromosomal abnormalities, and 20%–35% 23 

have recognizable genetic factors. Most patients with identified pathogenic variants had 24 
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recognizable syndromes5, however, the etiology of 55%–70% of patients with CCA 1 

syndrome had not been identified5, 6, 8, 9. Moreover, it was more difficult to find 2 

responsible genes in patients with isolated CCA8. 3 

 In this report, we describe the genetic investigation of 16 patients with CCAs, using 4 

whole exome sequencing. We discussed the association between genetic alterations and a 5 

spectrum of brain malformations and clinical phenotypes accompanied with CCA 6 

syndrome. 7 

 8 

Materials and Methods 9 

Patients 10 

A total of 16 individuals with CCAs and their parents were investigated in this study. 11 

These individuals were recruited from 10 medical institution in Japan within the period 12 

from Jan 2017 to Apr 2019 excluding one individual collected in Oct 2009. Written 13 

informed consent was obtained from the parents. Experimental protocols were approved 14 

by the Institutional Review Board of Showa University Faculty of Medicine and 15 

Hamamatsu University School of Medicine. Patients received an assessment protocol, 16 

which required information on family history and medical history and information from 17 

neurologic and physical examinations and general biochemical testing performed as part 18 

of the study. Upon participants selection, brain image analysis using MRI was performed 19 

on all the subjects and these images were evaluated by a doctor in charge (pediatric 20 

neurologists in most) and another independent pediatric neurologist. 21 

Electroencephalography was performed during seizures and evaluated by specialists of 22 

neurology. 23 

 24 
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Whole Exome Sequencing (WES) 1 

Genomic DNA of the proband was extracted from peripheral blood leukocytes and 2 

processed using a SureSelect Human All ExonV6 kit (Agilent Technologies, Santa Clara, 3 

CA). Sequencing was performed on NextSeq500 sequencing system (Illumina, San Diego, 4 

CA), with 150 bp paired-end reads. Exome data processing, variant calling, and variant 5 

annotation were performed, as previously described10 (Figure S1). Additionally, we 6 

examined copy number variants (CNVs) with the eXome-Hidden Markov Model and 7 

Nord method for 63 CCA associated genes registered in the Human Gene Mutation 8 

Database (Table S1), as previously described11. Variant detection for somatic single-9 

nucleotide variant and small indels was performed by the MuTect2 algorithm in the 10 

tumor-only mode.  11 

According to standards and guidelines of the American College of Medical Genetics 12 

(ACMG), candidate variants were classified into the recommended terminology as 13 

“pathogenic”, “likely pathogenic”, “uncertain significance”, “likely benign”, and 14 

“benign”12. Candidate nucleotide variants and CNVs detected via WES were confirmed 15 

with Sanger sequencing or quantitative polymerase chain reaction (PCR), respectively. 16 

Possible somatic mosaic variants were confirmed by high resolution melt PCR. Biological 17 

parentage was confirmed by analyzing 10 microsatellite markers. 18 

  19 

Results 20 

Clinical features of patients 21 

The clinical details and summary of the 16 patients are presented in Table 1 and Table 22 

S2, respectively. In total, 3 males and 13 females, with a median age of 48 months (age 23 

range: 2 years 10 months to 21 years 6 months), were recruited in this study (Table 1). 24 
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We classified their CCA status into three categories based on midline sagittal MRI 1 

images: “total” ACC or the complete absence of the corpus callosum, “partial” or the 2 

absence of only the splenium and/or rostrum and “dysplasia” or condition of the corpus 3 

callosum is fully formed but morphologically abnormal. Fourteen patients showed total 4 

ACC, and two patients showed dysplasia of the corpus callosum. In this cohort no patients 5 

with partial ACC. Participants had neurological disorders, including intellectual disability 6 

(100%, 16/16), motor developmental delay (93.8%, 15/16), speech delay (93.8%, 15/16), 7 

seizures (60%, 9/15), hypotonia (11/16, 68.8%), spasticity (11%, 1/9), and hypotonic or 8 

spastic quadriplegia (43.8%, 7/16, Hypotonic:Spastic=5:2). None of patients showed 9 

ataxia. Other phenotypes including short stature (43.8%, 7/16), microcephaly (≤-2SD, 10 

23.1%, 3/13), macrocephaly (≥2SD, 15.4%, 2/13), hypotonia (31.3%, 5/16), facial 11 

dysmorphism (50%, 8/16), and other dysmorphisms (50%, 8/16) were relatively common 12 

(Table1, TableS2). Brain MRI studies showed that colpocephaly (enlarged posterior horn 13 

of the lateral ventricles) was observed in almost all patients (84.6%, 11/13), and enlarged 14 

supracerebellar cistern was relatively common (41.7%, 5/12) (Figure 1 and Table 1). In 15 

the majority of the patients, seizures started within the first year of life (77.8%, 7/9) and 16 

was also found to disappear without treatment in two patients. Epileptic discharges were 17 

seen in seven of ten cases, three (42.9%) of whom had refractory seizures. Seizure 18 

occurrence was not different between types of CCA (9/14 in total ACC and 1/2 in 19 

dysplasia). 20 

 21 

Identification of nine genetic alterations associated with CCAs 22 

WES was used to identify the genetic causes of CCAs in the 16 patients. Due to the 23 

sporadic nature of CCAs, we focused on extremely rare de novo variants (not registered 24 
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in a public or an in-house database) and rare recessive variants (allele frequency below 1 

0.01) and validated them via Sanger sequencing using trio DNA samples. We identified 2 

10 possible pathogenic variants in 9 patients, comprising 6 de novo variants in ARID1B, 3 

HIVEP2, TCF4, and CDK8; 2 de novo CNVs; and 2 compound heterozygous variants in 4 

TBCK (Table 2). Four out of the six de novo variants were novel, and three unrelated 5 

individuals had the de novo ARID1B variants. The six de novo variants were absent from 6 

the gnomAD database and were predicted to be deleterious by in silico prediction tools, 7 

and therefore, these variants were classified as pathogenic or likely pathogenic based on 8 

ACMG guidelines. Two compound heterozygous variants in TBCK were predicted to be 9 

deleterious, and one of them was located in the TBC domain (Figure S2)13, 14. Allele 10 

frequency of the c.1588C>T variant is 0.0001475, and the variant is absent from the 11 

gnomAD. Although, both variants were classified as variants of uncertain significance, 12 

phenotypic overlap with TBCK-related disorders, including CCAs and pathogenicity 13 

predicted by in silico analysis, suggested that these TBCK variants are strongly associated 14 

with a patient’s CCA phenotype. CNV analysis using WES data revealed de novo 15 

microdeletions in two individuals (12.5%, 2/16). Patient 5803 had a mosaic de novo 16 

microdeletion on the chromosome 18q21.32-qter encompassing TCF4, which has been 17 

previously reported11. Patient 5884 had a de novo 2.6 Mb microdeletion on the 18 

chromosome 1q44 (Figure S3). Among the nine patients with genetic associations with 19 

CCAs, seven patients showed total ACC (Figure 1A–D, I–T), and the other two patients 20 

showed dysplasia of the corpus callosum (Figure 1E–H).  21 

  22 

Discussion 23 

CCAs has been associated with several neurodevelopmental disorders and congenital 24 
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syndromes6, 8, and various responsible genes have been identified. Our study revealed the 1 

genetic alterations in 9 of 16 patients with CCAs (56.3%), including 2 CNVs and 5 genes 2 

with nucleotide variants, further demonstrating the importance of genetic factors and their 3 

heterogeneity. Given the genetic heterogeneity of CCAs, making it difficult to perform a 4 

targeted genetic analysis. In this cohort, 10 patients showed syndromic CCA with multiple 5 

dysmorphic findings and 6 showed non-syndromic CCA, the diagnostic rate in each group 6 

was 60 % (6/10) and 50 % (3/6), respectively. This result indicated that genetic alterations 7 

might have important contribution to the etiology not only in syndromic CCA but in non-8 

syndromic CCA. 9 

We found three de novo ARID1B variants in three unrelated patients (18.8%, 3/16, two 10 

ACC patients and one dysplasia patient). The prevalence of ARID1B variants was 11 

consistent with a previous study, which reported a prevalence of 10%15, supporting the 12 

fact that ARID1B variants are a major genetic cause of CCAs. Additionally, we identified 13 

a CDK8 variant (c.185C>T, p.Ser62Leu) in a patient with ACC. Previous study described 14 

five patients with the same c.185C>T variant and 3 of five showed ACC16, suggesting 15 

that ACC may be a major consequence of the c.185C>T variant. The spectrum of clinical 16 

presentations caused by variants in TCF4, HIVEP2, and TBCK include CCAs, but with 17 

variable expressivity13, 14, 17, 18. 18 

Here we identified two CNVs, 1q44 deletion and somatic mosaic 18q21.31-qter 19 

deletion. Previous studies have suggested that 10%–15% of ACC is caused by CNV19, 20, 20 

and our results are consistent with their results (12.5%). These CNVs have been 21 

recurrently observed in individuals with ACC8, 19, indicating that these regions may 22 

regulate key genes involved in corpus callosum development. In addition, a significantly 23 

higher rate of pathogenic CNVs were observed in patients with severe intellectual 24 
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disability or developmental delay than those with mild or moderate21 and the larger size 1 

distribution of CNVs had a high risk of severe phenotypes22. Our patients with CNVs also 2 

showed profound developmental delay (DQ<10), supporting the association with CNVs 3 

and severity of the developmental delay. CNV analysis, using WES data, is of great value 4 

for elucidating the genes that play a causal role in CCAs and thus would contribute to the 5 

elucidation of molecular mechanisms of corpus callosum development in humans.  6 

The 1q44 deletion spans candidate genes for autosomal-dominant neuropsychiatry 7 

diseases such as megalencephaly-polymicrogyria-polydactyly-hydrocephalus syndrome 8 

2 (MIM#615973) caused by variants in AKT3, mental retardation, autosomal dominant 9 

22 (MIM#612337) caused by variants in ZBTB18, and epileptic encephalopathy, early 10 

infantile, 54 (MIM#617391) caused by variants in HNRNPU. Of note, ZBTB18 and AKT3 11 

had been suggested to be strongly associated with a spectrum of structural CCAs23, 24.  12 

In this cohort, two patients had the missense TCF4 variant (#6322) or the 18q21.31-qter 13 

deletion, encompassing TCF4 gene (#5803), respectively. Patients with deletions 14 

containing TCF4 were characterized by CCAs, small penis and accessory nipples and 15 

TCF4 has been shown to play an important role in patients with 18q segmental deletions25. 16 

TCF4 mutant mice have been shown to have a reduced proportion of myelinated axons 17 

in the corpus callosum26. Interestingly, the 18q21.31-qter deletion was a low-prevalence 18 

mosaic deletion in our case11, raising the possibility that even a small loss of TCF4 19 

function might result in ACC, in combination with dosage decreases of other genes. Thus, 20 

it is suggested that TCF4 plays an important role not only in the cause of autism spectrum 21 

disorder but also in the corpus callosum. 22 

Genetic defects in the mTOR pathway, which regulates both cell cycle and proliferation, 23 

is associated with dysregulation of autophagy, leading to several neurodevelopment 24 
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disorders with brain malformations, including ACC27, 28. Among the five genes identified 1 

in this study, biallelic TBCK variants have been reported to cause intellectual disability 2 

syndrome with variable severity13, 14, 29. The inhibition of mTORC1 activity cause 3 

induction of autophagy activity30 and a recent study demonstrated that depletion of TBCK 4 

induced downregulation of mTOR signaling, leading to upregulation of autophagic 5 

activity and autophagosome-lysosomal dysfunction29. Interestingly, CCAs were 6 

frequently observed in two reports about TBCK: 100% (5/5) of patients in one report13 7 

and 75% (6/8) of patients in another29. Identification of a patient with ACC and biallelic 8 

TBCK variants in this study further support the idea that activation of mTOR-related 9 

autophagy may be one of the causes of CCAs.  10 

The most common brain anomaly in this study is colpocephaly (84.6%, 11/13) 31, 32, 33. 11 

Even more interesting from the brain MRIs of the nine cases, in whom causative variants 12 

were identified, we found an enlarged supracerebellar cistern in the three patients with 13 

ARID1B variants. ARID1B is a component of the BAF complex 31, which plays important 14 

roles in transcription, DNA repair, DNA replication, and chromosome division34. 15 

Heterozygous variants in genes encoding components of the BAF complexes causes 16 

Coffin-Siris syndrome35 and lead to various brain defects36. It has been reported that 17 

patients with ARID1B variants showed CCAs (28.7%) and enlarged cisterna magna 18 

(14.9%)37. Interestingly, BCL11A is another member of the BAF complex, and 19 

haploinsufficiency of BCL11A is closely related to CCAs and to cerebellar anomalies 20 

including enlarged cisterna magna38. Some BAF genes including ARID1B and BCL11A 21 

may significantly contribute to genomic stability and DNA repair39, suggesting a close 22 

association between impairment of BAF chromatin complex and corpus callosum and 23 

cerebellar anomalies. 24 
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Although our stepwise variant search strategy brings the higher identification rate than 1 

those of previously researches for CAAs 5, 6, 8, 9, we could not find any causative variants 2 

in the remaining 7 patients. For these undiagnostic cases, whole genome sequencing or 3 

RNA sequencing may be help to elucidate the responsible gene.   4 

In conclusion, this study presented 15 new patients and 1 previously reported patient 5 

with ACC. We found 10 possible pathogenic variants, including 6 de novo nucleotide 6 

variants, 2 de novo CNVs, and 2 compound heterozygous variants. MRI of the brains of 7 

our patients supported the close relationship between colpocephaly and ACC. The genetic 8 

etiology of CCA is heterogeneous and various types of variants concern to its 9 

pathogeneses, therefore, a comprehensive genetic examination is beneficial to provide a 10 

high clinical diagnostic rate.  11 

 12 

 13 

 14 
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Figure legend 1 

Figure 1. Brain magnetic resonance imaging (MRI) of patients with a variety of callosal 2 

dysgenesis 3 

Midline sagittal (the top, third, and fifth rows) and axial (the second, fourth, and bottom 4 

rows) images using T1-weighted (A, E, G, I, K, M), T2-weighted (B, D, F, H, J, L, N, O-5 

T), or localizer (TR 6ms, TE 3ms) (C) sequences. Patients #5890 at 14 months (A, B) and 6 

#5812 at 21 years of age (C, D) with the ARID1B variant show total agenesis of the corpus 7 

callosum (ACC) and Patient #5806 at 2 years of age (E, F) with the ARID1B variant shows 8 

a round-shaped corpus callosum (E) and an asymmetric low-intensity signal on the basal 9 

ganglia and thalamus in T2-weighted image (F). All three patients with the ARID1B 10 

variant show a mildly enlarged supracerebellar cistern and predominantly dilated 11 

posterior horn lateral ventricles or colpocephaly. Patient #5415 at 8 months of age (G, H) 12 

shows a mildly thin body of the corpus callosum, a hypoplastic frontal lobe, and a 13 

dilatation of the lateral ventricles. Patients #2238 at 18 months (I, J), #6322 at 23 months 14 

(K, L), #5884 at 9 months (M, N), and #5803 at 5 years of age (O, P) show total ACC and 15 

colpocephaly with no cortical malformation. Patient #5803 shows a drooped pons, 16 

cerebral hypomyelination, and an invisible anterior limb of internal capsule, similar to 17 

findings of tubulinopathies. Patient #6715 at 21 months of age shows total ACC, a dilated 18 

supracerebellar cistern, a malrotation of bilateral hippocampus, and periventricular 19 

nodular heterotopia (Q–T). 20 

 21 





Supplementary Figure S1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The strategy of this genetic analysis. 

 

 



Supplementary Figure S2 

 

 

 

 

 

 

 

 

 

 

 

Schematic protein structure of TBCK with reported and this case variants 

Topological prediction of TBCK domains (InterPro). The blue, green and orange boxes indicate protein kinase domain, TBC domain and RHOD 

domain, repectively. The protein kinase domain harbors the ATP/GTP binding loop (45–53aa, pink), basic cluster (68-80aa, red), active site 

(156aa, black) and activation segment (175–201aa, orange). Arrows depicted above are previously reported variants. Two variants found in 

our case are shown below. The variant inherited from mother is localized in the outside of domain and the variant from father is localized in 

the TBC domain. Many of variants are predicted to be localized in protein kinase domain and TBC domain. 

  

Protein kinase domain RHOD TBC domain 

1 273 463 674 780 889 893 

p.Arg126
*
 p.Lys455* 

p.Arg511His 

c.455+4 C>G 

p.Leu551Pro 

p.Pro278Tyrfs*18 
p.Asn457Thrfs*15 

c.1897+1G>A 

p.Met268fsArg*26 

p.Arg530Cys  p.Tyr401His  
Previous reported variants: light blue 

This case: red 



Supplementary Figure S3 
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The partial 1q43-q44 deletion detected by the XHMM and the Nord’s method. 

(A) A sample with a 2.6MB deletion at 1q43-q44 (Chr1:243384974-246027351) identified by XHMM analysis. 

(B) Relative depth of coverage ratio for each target gene are indicated by different colors. A deletion including SDCCAG8, ZBTB18, C1orf101, 

MIR4677, KIF26B, EFCAB2, CEP170, HNRNPU-AS1, DESI2, C1orf100, COX20, ADSS, AKT3, LOC339529, HNRNPU, SMYD3 are 

clearly observed. 

Chr1 







Table 1. Clinical characteristics of 16 individuals with CCAs  

Individuals 2238 5254 5415 5658 5733 5803I 5806 5812 5839 5872 5884 5890 6046 6322 6393P 6715P 

Age at final 

examination 
10y10mo 3y6mo 4y 3y3mo 3y3mo 10y6mo 14y11mo 

21y 

6mo 
5y0mo 3y 4y1mo 4y2mo 4y0mo 5y 2y11mo 3y3mo 

Gender F F F F F F F F M M F F F M F F 

Gene CDK8 

 

HIVEP2 

  
18q21.31

-qter del 
ARID1B 

ARID

1B 

  

1q44 del  ARID1B 

 

TCF4 

 

TBCK 

Brain MRI  
 

 
  

   
  

  
 

 
 

 

CCAs total  total  dysplasia total  total  total  dysplasia total  total  total  total  total  total  total  total  total  

SCeC Normal N/A Normal Normal N/A Normal Enlarged 
Enlar

ged 
N/A Enlarged Normal Enlarged N/A Normal Normal Enlarged 

CC + N/A + + N/A + + + + - + + N/A + + - 

Other 

   

PMG, 

heteroto

pia 

 

Drooped 

pons, 

hypomye

lination,  

T2 

hypointe

nse 

thalamus 

  

DWM 

     

hippocam

pal 

malrotati

on ,  
PVNH  

Growth (At birth) 

  
 

 
  

  
 

     
 

Height (SD) -1.76 0.13 0.58 -0.8 0.76 N/A -1.62 N/A -0.8 0.97 -0.27 -0.43 -1.92 0.69 0.05 -0.72 

Weight (SD) -0.6 1.44 1.49 -0.03 -0.67 -1.54 -1.13 0.07 -1.17 0.72 -0.99 -1.12 -1.46 0.27 -0.88 -0.57 

HC (SD) 0.07 2.9 1.63 -0.43 1.86 N/A 0.42 0.26 -1.13 2.57 1.23 -2.35 -1.18 1.12 -1 -0.13 

Growth (At most recent)               

Height (SD) -1.18 -2.6 0.2 -1.74 -1.17 -4.17 -3.87 -0.4 -0.1 -1.4 -3.6 -2.36 -3.1 -1.5 -0.09 -1.57 

Weight (SD) -0.53 -2.3 -0.25 -2.28 -0.36 -6.35 -1.76 -2.3 0.8 -2.9 -0.4 -1.32 -1.9 -1.35 2.29 -0.73 

HC (SD) 2.7 -1.8 NA -1.71 1.4 -4.87 N/A N/A -1.9 2.9 -2.3 -1.67 -2.2 -4.5 -0.2 0.8 

Epilepsy                 

Seizure + + - + + + + N/A + - + - - + - - 

Epileptic 

discharge 
+ + - + - - + N/A + + → - - - - + - - 

Onset age 5d 7mo 

 

2mo 3mo 1y8mo 2y11mo  2mo - 5mo 

  

1d 

  

Drug 

efficiency 
effective effective 

 

- N/A - N/A  Not so 

effective 

 

effective  

  

effective 

  



y, year; mo, months; d. days; F, Female, M, Male; N/A, not assessed or not available; HC, Head circumference; SD, Standard deviation; CCAs, Corpus callosum anomalies; 

SCeC, Supracerebellar cistern; CC, Colpocehaly; PMG, Polymicrogyria; DWM, Dandy-Walker malformation; PVNH, Periventricular nodular heterotopia; Mild ID, mild intellectual 

disability; GHD, Growth hormone deficiency; VSD, Ventricular septal defect; IQ, Intelligence Quotient; DQ, Developmental Quotient; I, Previously published (Ref. Dr.Shiohama)[11], 

II, The attending physicians or clinical psychologists in each hospital administered developmental or intellectual assessment tests, mainly Japanese Enjoji Developmental scale or the 

Intellectual 

disabilityII 
IQ36 DQ<10 DQ 33 DQ 13 DQ 45 DQ＜10 IQ22 

Mild 

ID 
DQ<10 DQ 22 DQ<10 <DQ 50 DQ 57 DQ<22 DQ 66 DQ 69 

Development                 

Head control 5mo - 4mo - 3mo 11mo 12mo 3mo - - - 6mo 3~4mo + 3mo 6m 

Sitting 12mo - 9mo - 16mo - 18mo 10mo - - - 12mo 12mo - 7mo 13m 

Walking 30mo - 2y6mo - 2y4mo - 36mo 22mo - - - 2y4mo 1y8mo - 14mo 2y 

Significant 

word 
17mo - - - - - 23mo 60mo - - - - 2y2mo - <1y6m < 2y 

Neurological 

findings 
                

Hypotonia +→ - + - - 

+ 

(Trunc

al) 

+ + - + + + + + + - - 

Spasticity - - - N/A - + N/A N/A - - - - N/A N/A N/A N/A 

Quadriplegia - Hypotonic - Spastic  - Spastic - - Hypotonic  Hypotonic Hypotonic  - - Hypotonic  - - 

Ataxia - - - - - - - - - - - - - - - - 

Autism - + - - - - - + - - - + - - - - 

Dysmorphisms                

Facial - + - - - + + + - + - + - + - + 

Digits - - - - - + + - - + - + - - - - 

 Genitalia - - - - - + - - + - - - - + - - 

Other - 

Chylothor

ax, 

marbled 

skin 

- - 

Right 

esotro

pia 

Curly 

hair 

Cleft 

palate 
- 

Hypopigm

ented hair 

Cleft lip, 

cleft 

palate 

- - - Pale skin - - 

Other 

phenotypes 
GHD 

Hydrops 

fetalis 
- - 

VSD, 
clumsi

ness 

- 

Sensorin

eural 

hearing 

loss 

- - - - 

Dysphag

ia, 

laryngo

malacia 

- - - - 



Kyoto Scale of Psychological Development for DQ and the Wechsler Intelligence Scale for Children-Fourth edition (WISC-IV) or Tanaka-Binet test for IQ, according to the age and 

developmental level of the patient. 



Table2. Summary of the genetic variants discovered in our cohort 

Individuals Gender Gene/locus 
Variant 

Origin gnomAD 
ACMG 

DNA Amino acid Category Classified 

5415 F HIVEP2 c.2827C>T p.(Arg943*)  de novo Absent PS1, PS2, PM2 Pathogenic 

5806 F ARID1B c.1832del p.(Pro611Hisfs*44) de novo Absent PVS1, PS2, PM2 Pathogenic 

5803¶  F 18q21.32-qter chr18:56,585,841-77,513,763 deletion 
de novo 

 (somatic mosaic) 

 Not applicable 

5812 F ARID1B c.6122A>C p.(His2041Pro) de novo Absent PS2, PM2 Likely Pathogenic 

5884 F 1q44 chr1:243,384,987-246,027,303 deletion de novo  Not applicable 

5890 F ARID1B c.5418_5434del p.(Trp1806*) de novo Absent PVS1, PS2, PM2 Pathogenic 

6322 M TCF4 c.1730A>G p.(Glu577Gly) de novo Absent PS2, PM2 Likely Pathogenic 

2238 F CDK8 c.185C>T p.(Ser62Leu)  de novo Absent PS1, PS2, PM2 Pathogenic 

6715P F TBCK 
c.1201T>C p.(Tyr401His) maternal 0.0001475 PM3, PP3 Uncertain Significance 

c.1588C>T p.(Arg530Cys)  paternal Absent PM2, PM3, PP3 Uncertain Significance 

Transcripts: HIVEP2:NM_006734.3; ARID1B:NM_017519.2; TCF4:NM_001083962.1; CDK8:NM_001260.1; TBCK:NM_001163435.2 

¶Previously published patient (Ref. Dr.Shiohama)[11] 



TableS1. The list of CCA associated genes

gene Refseq Accession Phenotype

AMPD2 NM_004037 Agenesis of corpus callosum, hypoplasia of bulbus and pons, blindness and protruding tongue

ASTN1 NM_004319 Agenesis of corpus callosum/developmental delay/microcephaly/seizures

DEGS1 NM_003676 Agenesis of corpus callosum, hydrocephalus, IUGR, short lower extremities

DISC1 NM_001164537 Agenesis of corpus callosum

KIF21B NM_001252100 Agenesis of corpus callosum

DPYD NM_002860 Microcephaly, developmental delay, agenesis of corpus callosum, neonatal seizures

MAGI3 NM_138425 Microcephaly, agenesis of corpus callosum, cerebellar hypoplasia, seizures and asymetric extremities

LRP2 NM_004525 Agenesis of corpus callosum and cardiac defects

TRIP12 NM_001284214 Agenesis of corpus callosum

DIS3L2 NM_004801 Microphthalmia and agenesis of corpus callosum

GLI2 NM_014191 Partial corpus callosum agenesis & severe intrauterine growth retardation

NRXN1 NM_000193 FG syndrome and ADHD

ZEB2 NM_133647 Intellectual disability, facial dysmorphia, speech delay, hydronephrosis, bicuspid aortic valve & absence of corpus callosum

ZIC1 NM_005631 Microcephaly, cortical malformation, callosal agenesis, cerebellar dysplasia, tethered cord & scoliosis

DCLK2 NM_001040260 Agenesis of corpus callosum, hypotonia, epilepsy, developmental delay, microcephaly, hypoplasia & autistic behaviour

CDH9 NM_001130438 Motor and speech delay, agenesis of corpus callosum, white matter abnormal signal, spasticity, muscle weakness

CHD1 NM_020759 Microcephaly, vision impairment, absent corpus callosum and epilepsy

TUBB2B NM_015631 Microcephaly, corpus callosum agenesis, schizencephaly, polymicrogyria, and vermis & right third nerve hypoplasia

VIPR2 NM_003382 Agenesis of corpus callosum

GLI3 NM_000168 Acrocallosal syndrome

VIPR2 NM_003382 Agenesis of corpus callosum

COG5 NM_017775 Global developmental delay, microcephaly, cleft palate & agenesis of corpus callosum

SHH NM_178012 Bilateral closed-lip schizencephaly, corpus callosum absence

SMO NM_014795 Curry-Jones syndrome

CDK5RAP2 NM_018249 Agenesis of corpus callosum

NFIB NM_001190737 Agenesis of corpus callosum

SPTAN1 NM_003412 Microcephaly, intellectual disability, seizures, hearing and vision loss, corpus callosum agenesis and cerebellar hypoplasia

ALDH18A1 NM_016279 Cutis laxa, autosomal recessive with corpus callosum agenesis

TCTN3 NM_001364113 Joubert syndrome with agenesis of corpus callosum

TEAD1 NM_021961 Aicardi syndrome

GRIP1 NM_021150 Agenesis of corpus callosum, subependymal heterotopia and lacking cryptophthalmos



C12orf57 NM_006348 Failure to thrive, agenesis of corpus callosum & intellectual disability; Temtamy syndrome

SCN8A NM_152383 Intellectual disability, facial dysmorphia, speech delay, hydronephrosis,bicuspid aortic valve & absence of corpus callosum

DICER1 NM_177438 Agenesis of corpus callosum

FOXG1 NM_005249 Agenesis of corpus callosum

TMEM260 NM_017799 Agenesis of corpus callosum, systolic murmur and edema

BLM NM_000057 Ventriculomegaly, agenesis of corpus callosum

KIF7 NM_198525 Acrocallosal syndrome; Acrocallosal syndrome with olfactory system abnormalities

SLC12A6 NM_000110 Agenesis of corpus callosum; Andermann syndrome; Andermann syndrome with motor neuronopathy; Motor & sensory neuropathy and corpus

callosum agenesis; Peripheral neuropathy and corpus callosum agenesis

STARD9 NM_001083614 Intellectual disability, spasticity, agenesis of corpus callosum

CDK10 NM_052988 Agenesis of corpus callosum, retinopathy & deafness

EARS2 NM_001371271 Fatal neonatal lactic acidosis, recurrent hypoglycemia and agenesis of corpus callosum

ACTG1 NM_001199954 Agenesis of corpus callosum & neuronal heterotopia

HID1 NM_030630 Failure to thrive, growth retardation, intellectual disability, agenesis of corpus callosum

MAPT NM_001142782 Developmental delay, hypotonia, agenesis of corpus callosum, dysmorphic facial features

MKS1 NM_016835 Joubert syndrome with agenesis of corpus callosum

TTC19 NM_017777 Macrocephaly, Gross motor delay, Agenesis of corpus callosum, Brain atrophy, Hypotonia

DCC NM_005215 Agenesis of corpus callosum; Agenesis of corpus callosum and interhemispheric cyst; Agenesis of corpus callosum with mirror movements

EPG5 NM_020964 Vici syndrome; Vici syndrome, with severe central sleep apnea

OCEL1 NM_024578 Aicardi syndrome

ATRN NM_139321 Agenesis of corpus callosum

SLC25A1 NM_005984 Agenesis of corpus callosum & optic nerve hypoplasia

FLNA NM_001456 FG syndrome

L1CAM NM_000425 Agenesis of corpus callosum

PAK3 NM_001128166 Intellectual disability and corpus callosum agenesis

MED12 NM_005120 Agenesis of corpus callosum; FG syndrome 1; Opitz-Kaveggia syndrome

EFNB1 NM_004429 Agenesis of corpus callosum

HUWE1 NM_031407 Ventricular septal defect, failure to thrive, speech delay, agenesis of corpus callosum, hypospadias, hydronephrosis, facial

CASK NM_003688 FG syndrome; Opitz-Kaveggia syndrome

USP9X NM_001039590 Agenesis of corpus callosum

ARX NM_139058 ACC, epilepsy, abnormal genitalia; ACC, infantile spasms & abnormal genitalia; ACC, lissencephaly, seizures & genital hypoplasia; ACC, mental

retardation, epilepsy & dyskinetic quadriparesis; Agenesis of corpus callosum and interhemispheric cyst; Epileptic encephalopathy, early infantile

1/Lissencephaly, X-linked 2/Partington syndrome/Proud syndrome;Severe intellectual disability, hypotonia, seizures infantile spasms and absence

of corpus callosum

OFD1 NM_003611 Ventriculomegaly and agenesis of corpus callosum



TableS2. Clinical summary of 16 individuals in our cohort

General information

Gender Female:13, Male:3

Age 2years 10months~21years 6months (median; 48±62months)

<At birth>

Height (SD) -1.92 ~ 0.97 (median; -0.43±0.95 )

Body Weight (SD) -1.54~ 1.49 (median; -0.6±0.95 )

Head circumference (SD) -2.35 ~ 2.9 (median; 0.34±1.4 )

Neurological phenotype

Seizures 60% (9/15)

Seizure onset (age) 1day ~ 2year11months

Drug efficiency 57.1% (4/7)

Intellectual disability 100 % (16/16)

Motor developmental delay 93.8% (15/16)

Speech delay 93.8% (15/16)

Hypotonia 68.8% (11/16)

Spasticity 11.1% (1/9)

Quadriplegia 43.8% (7/16, Hypotonic:Spastic = 5:2)

Autism 18.8% (3/16)

Brain MRI findings

corpus callosum anomalies

total ACC 14

corpus callosum dysplasia 2

Enlarged supracerebellar cistern 41.7% (5/12)

Colpocpehaly 84.6% (11/13)

Other 31.3% (5/16)

Extra phenotype

Short stature  43.8% (7/16)

Microcephaly (≤-2 SD)  23.1% (3/13)

Macrocephaly (≥2 SD)  15.4% (2/13)

Facial dysmorphism 50% (8/16)

Other dysmorphism 50% (8/16)

SD, standard deviation; ACC, agenesis of the corpus callosum


