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Abstract
Objectives
Intellectual disability (ID)  represents a significant health challenge 
due to its diverse and intricate nature. A multitude of genes play a 
role in brain development and function, with defects in these genes 
potentially leading to ID. Considering that many of these genes have 
yet to be identified, and those identified have only been found in a 
small number of patients, no complete description of the phenotype 
created by these genes is available. CC2D1A is one of the genes whose 
loss-of-function mutation leads to a rare form of non-syndromic ID-
3(OMIM*610055), and four pathogenic variants have been reported 
in this gene so far.

Materials & Methods
In the current study, two affected females were included with an initial 
diagnosis of ID who were from an Iranian family with consanguineous 
marriage. Whole-exome sequencing was used to identify the probable 
genetic defects. The Genotypic and phenotypic characteristics of the 
patients were compared with a mutation in the CC2D1A gene, and then 
the structure of the gene and its reported variants were investigated.

Results
 The patients carried a novel homozygous splicing variant (NM_017721, 
c.1641+1G>A)  in intron 14, which is pathogenic according to the 
ACMG guideline. Loss-of-function mutations in CC2D1A have severe 
phenotypic consequences such as ID, autism spectrum disorder (ASD), 
and seizures. However, missense mutations lead to ASD with or without 
ID, and in some patients, they cause ciliopathy.
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Introduction
CC2D1A (coiled-coil and c2 domain containing 
1a) (MIM * 610055) is a protein-coding gene 
located on chromosome 19 (19p13.12) (1). This 
gene was first identified by studying HEK293 
cells to find human genes that activate the nuclear 
factor-ƙB(NF-Ƙb) (2-3). CC2D1A is composed 
of a "C2" domain (protein kinase C conserved 
region 2), four "DM14" domains (Drosophila 
melanogaster 14), and a predicted helix-loop-helix 
DNA binding domain (4). Numerous studies have 
shown that this gene plays many functions in cells. 
Signaling and endosomal trafficking are regulated 
by this protein (5-7). On the other hand, the role of 
CC2D1A as a molecular scaffold for accumulating 
signaling proteins enables this gene to affect 
biochemical pathways significantly (8-9). These 
pathways include nuclear factor-κB (NF-κB( (10-
11), cAMP-responsive element-binding protein 
(CREB), protein kinase A (PKA) (12), protein 
kinase B (PKB/AKT), bone morphogenetic protein 

Conclusion
 This study reports the fifth novel, probably pathogenic variant in 
the CC2D1A gene. Comparing the clinical and molecular genetic 
features of the patients with loss-of-function mutation helped 
to describe the phenotype caused by this gene more precisely. 
Investigating the CC2D1A gene's mutations and structure revealed 
that it performs multiple functions. The DM14 domain appears more 
pivotal in triggering severe clinical symptoms, including ID, than 
the C2 domain.
Keywords: CC2D1A, Intellectual disability, Whole-exome 
sequencing, Mutation, Iran
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(BMP) (13), and Notch (7,14). 
CC2D1A regulated the expression of brain 
receptors such as serotonin and dopamine (4, 15-
16). Zhao M. et al. reported the essential function 
of CC2D1A in neuronal development. They 
observed the death of CC2D1A knockout mice 
after birth, probably because of a disturbance of 
synaptic maturation (10). Oaks A. et al. showed 
that defects in CC2D1A impair early postnatal 
brain development when social and cognitive 
behaviors are developing in humans. Disruption 
of this pathway leads to intellectual disability (ID) 
and autism spectrum disorder (ASD). Moreover, 
they observed that the production of mice with 
a defect in the CC2D1A gene was fatal in the 
perinatal period (17). From these studies, it can be 
concluded that multiple functions of this gene have 
significant effects on neuronal differentiation and 
cognitive functions (17).
Loss-of-function mutation in CC2D1A has 
been linked to severe autosomal recessive non-
syndromic ID-3 (# 608443) (18). Furthermore, 
in addition to ID, it can cause a spectrum of 
neurodevelopmental diseases, including seizures 
and ASD (17). So far, only three pathogenic 
variants have been reported in this gene (clinVar). 
The first two cases were reported (19, 20) and the 
last case has yet to be published. This gene appears 
to be highly conserved; therefore, mutations are 
typically incompatible with life. Recent studies 
have shown a link between the CC2D1A gene and 
ciliopathy (21, 22).  
This study reports a novel homozygous splicing 
variant (NM_017721, c.1641+1G>A) in 
the CC2D1A gene in an Iranian family with 
consanguineous marriage. Mutation in this gene 

is reported for the first time in Iran. A comparison 
was made between the genetic characteristics 
of the mutations in this gene and the clinical 
presentation of the patients with these mutations. 
Due to the small number of mutations reported, 
this comparison helps to better understand the 
genotype-phenotype correlation. According to the 
literature, the structure of the CC2D1A gene and 
its reported mutations were evaluated to determine 
the importance of domains in the occurrence of 
phenotypes. 

Materials & Methods
Editorial policies and ethical considerations
The present study was performed at Shahid Beheshti 
University of Medical Sciences (SBUMS), Tehran, 
Iran, in collaboration with the University of Social 
Welfare and Rehabilitation Sciences, Tehran, Iran, 
and Qazvin University of Medical Sciences, Qazvin, 
Iran. The project protocol was approved by the local 
medical ethics committee of SBUMS (IR.SBMU.
MSP.REC.1398.798) . In addition, this study was 
supported by the Iran National Science Foundation 
(INSF) . Written informed consent was taken from 
the parents of the two patients for molecular analysis 
and evaluation of patient images.
A consanguineous couple with two affected 
children was enrolled in this study. The family 
was from Qazvin province, Iran. After obtaining 
informed consent, genetic counseling and a 
complete clinical examination were performed. 
Karyotyping, molecular methods, and tandem mass 
spectrometry were used to exclude chromosomal 
abnormalities, fragile X syndrome, and metabolic 
diseases. Finally, the proband underwent whole- 
exome sequencing.
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Genetic analysis
Genomic DNA was extracted from the blood samples 
of the patients, their parents, and unaffected siblings 
to perform genetic testing according to standard 
procedures (Miller et al., 1988) . The concentration 
of DNA was quantified by a Nanodrop 2000 C 
spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA), and its quality was checked 
on 1 % electrophorese agarose gel.
Whole-exome sequencing was accomplished on 
the proband's DNA, following a method described 
in a previous study (23). Mode of inheritance 
of disorder, location, function, and minor allele 
frequency of variants (MAF) were considered for 
filtering steps. Databases including 1000 Genomes 
Project (www.1000genomes.org), ESP6500 (evs.
gs.washington.edu/EVS/), Exome Aggregation 
Consortium (ExAC) (exac.broadinstitute.org), 
and Genome Aggregation Database (gnomAD) 
(gnomad.broadinstitute.org), and an in-house 
database of 800 Iranian control samples published 
in Iranome (www.iranome.com) were used to 
find variants with frequencies < 1 %. The sorted 
variants were examined for the presence of the 
genes involved in ID / developmental disabilities 
(24-25). Finally, the pathogenicity of the 
selected variants was investigated using in silico 
predictive tools such as Mutation Taster (www.
mutationtaster.org), CADD (cadd.gs.washington.
edu),  FATHMM-MKL (fathmm.biocompute.org.
uk/fathmmMKL.htm), BayesDel addAF (26), 
DANN (27), EIGEN (www.columbia.edu/~ii2135/
eigen.html), and in silico nucleotide conservation 
from Genomic Evolutionary Rate Profiling 
(GERP) scores (mendel.stanford.edu/SidowLab/
downloads/gerp). To assess genotype-phenotype 

correlation, an extensive search was performed in 
the literature, OMIM database (www.omim.org), 
ClinVar database (www.ncbi.nlm.nih.gov/clinvar), 
and locus/disease-specific databases, which finally 
led to the identification of the causal variant that 
was further validated by conventional Sanger 
sequencing and co-segregation analysis in the 
available family members.

Results
The family has eight children, two of whom 
have severe intellectual disabilities. The parents 
are second cousins. The first patient (proband) 
is a 35- year- old woman. Her mother had a 
normal pregnancy and did not report a history 
of infections, accidents, or taking medication 
during the pregnancy. Delivery occurred naturally 
at 38 weeks gestation. The proband was born 
with a meager birth weight (intrauterine growth 
restriction or IUGR) and a low Apgar score and 
received oxygen. She had a developmental delay, 
so she was able to sit at the age of ten months and 
walk at the age of two, and she has been able to talk 
since the age of five years. She still cannot speak 
properly and utters few words. At the age of nine, 
she had a recurrent seizure that was controlled with 
medication. She has shown aggressive behavior 
and receives drugs to control it. Additionally, she 
displays signs of autism, such as avoiding eye 
contact. Upon clinical examination, no distinct 
facial dysmorphisms were noted, and her limbs 
appeared normal.
The second patient is a 25- year- old woman who 
is the proband’s sister. The mother had a normal 
pregnancy and did not mention any history 
of taking medication or having accidents or 
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infections. In the eighth month of pregnancy, due 
to premature rupture of the amniotic sac (PROM), 
a cesarean section was performed, and the patient 
was born with a normal weight and Apgar score. 
She was hospitalized with severe jaundice after 
birth. Sitting and walking were normal, but talking 
was delayed, she and could speak a few words at 
the age of four. She now speaks well and has been 
able to attend an exceptional school and graduate. 
Like her sister, she had a recurrent seizure at the 
age of nine and took medicine. Moreover, she 
has aggressive behavior and receives drugs to 
control it, but she has no autistic behavior. No 
specific dysmorphism was observed on the face 
in the clinical examination, and the limbs were 
completely normal.

Genetic findings
WES analysis was performed on the proband 
(V5) as described previously. Several filtering 
steps were used to analyze the obtained data, all 
summarized in Figure 1b. A novel homozygous 
splicing variant was identified in exon 14 of the 
CC2D1A gene (NM_017721, c.1641+1G>A) . 
This variant obtained PVS1, PM2, and PP3 scores 
based on the ACMG guidelines and was considered 
as a pathogenic variant. In silico predictions of 
pathogenicity performed by Mutation Taster, 
CADD, FATHMM- MKL, BayesDel addAF, 
BayesDel noAF, DANN, EIGEN, and EIGEN 
PC identified this variant as pathogenic. The 
PhastCons 100- way score (1.000) and the GERP 
score (5.55) showed that this variant is highly 
conserved. The results are shown in Figure 1a. 
The identified variant was further confirmed using 
Sanger sequencing and was segregated in the 
family (Figure 2b) .

Discussion
The CC2D1A gene located on chromosome 19 
(19p13.12) has 29 exons and a length of about 
24,679 bp. The protein encoded by this gene 
contains two isoforms [long (951aa) and short 
(388aa)] (19). The long isoform consists of two 
domains: the C2 domain located at the C-terminal 
and DM14 domain at the N-terminal. The short 
isoform only has a C2 domain. Seemingly, the long 
isoform has the primary function because the loss-
of-function mutations of CC2D1A occur in this 
isoform (19-20).
The C2 motif, located in the C-terminal region 
of the gene at positions 656-770, is a protein 
structural domain involved in targeting proteins 
in cell membranes (28) and calcium-dependent 
phospholipid binding (29). Zhao M et al., in 2010, 
demonstrated that CC2D1A activates NF-ƙB 
through conserved C2 and DM14 domains. They 
observed that the lack of N-terminal 138 amino 
acids and the absence of first and second DM14 
motifs caused NF-ƙB activity reduction by 50 %. 
Further deletion, including third and fourth DM14 
and C2 domains, reduces the activity to less than 
20 %. Therefore, the C2 and DM14 domains, 
primarily the C2 domain, are essential for NF-ƙB 
activation (30).
The DM14 motifs located at N-terminal at position 
[1:(138-195), 2:(257-315), 3:(349-407), 4:(494-
552)] (https://smart.embl.de/smart/show_motifs.
pl?ID=Q6P1N0), and their role are unknown 
(Figure 2c). The number of DM14 repeats is four 
times in the human CC2D1A gene and three times 
in the Caenorhabditis elegans orthologue sequence. 
The DM14 motifs are present only in the long 
isoform of CC2D1A (19). The research by Tawashi 

http://varso.me/go/to?url=http%3A%2F%2Ffathmm.biocompute.org.uk%2FfathmmMKL.htm&q=mqKMAr
http://fengbj-laboratory.org/BayesDel/BayesDel.html
http://varso.me/go/to?url=http%3A%2F%2Fwww.columbia.edu%2F~ii2135%2Feigen.html&q=mqKMAr
http://varso.me/go/to?url=http%3A%2F%2Fwww.columbia.edu%2F~ii2135%2Feigen.html&q=mqKMAr
http://hgdownload.soe.ucsc.edu/goldenPath/hg38/phyloP17way/
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et al. has shown that the CC2D1A gene is a novel 
regulator of phosphodiesterase 4D (PDE4D). The 
CC2D1A bound to PDE4D could fine-tune cyclic 
adenosine 3', 5'-monophosphate (cAMP), a key 
regulator of various cellular signaling, especially 
in neuronal systems. Although the DM14 motifs, 
particularly the first motif, are essential for 
CC2D1A-PDE4D5 binding, they cannot prevent 
increased PDE4D5 activity (PKA-dependent 
phosphorylation) alone. Besides, the C2 domain 
has no role in this connection. The absence of 
second and third DM14 domains causes PDE4D 
hyperphosphorylation at the serine 126 positions 
through the cAMP-dependent protein kinase 
A (PKA). This hyperphosphorylation causes 
continuous PDE4D activity and eventually disrupts 
the homeostasis of the cAMP and the downstream 
signaling pathway, especially phosphorylation 
at S133 in CREB. This finding highlights the 
importance of the role of the second and third 
DM14 motifs. When the first three motifs from 
four DM14 motifs are absent in the CC2D1A gene, 
it causes ID without physical defects. Still, when 
only the first motif is present, it leads to death in 
mice at eight to twelve hours after birth, suggesting 
that the regulatory role of the CC2D1A gene is 
critical for neuronal function (31). 
So far, three pathogenic mutations have been 
reported in this gene, recorded in ClinVar: one 
splicing mutation and two deletion variants that 
lead to a frameshift mutation (32). McSherry et al. 
also reported one deletion mutation in 2018 that 
was not recorded in ClinVar (33). In 2006, Basel-
Vanagaite et al. first identified the CC2D1A gene 
as the cause of non-syndromic ID (NSID) in nine 
consanguineous families with severe ID. Using 

homozygosity mapping and sequencing, they could 
detect deletion in this gene (IVS13-16DEL). The 
resulting protein lacks one of the four DM14 and 
C2 domains. Researchers identified two protein 
isoforms, one with 951 amino acids and another 
with 388, in healthy individuals. Both isoforms 
contain the C2 domain. This finding suggests that 
the lack of the C2 domain in the truncated protein 
found in patients is not the cause of intellectual 
disability (ID). Instead, the role of the DM14 
region is likely more critical in this context (19). 
Patients in this study had a psychomotor 
developmental delay during early childhood and 
could not speak except for a few words. They all 
had severe ID and normal physical conditions (19). 
The next researchers who studied the association 
of the CC2D1A gene with ID were Manzini et al. 
in 2014. They detected "c.748+1G>T mutation" in 
the CC2D1A gene in three families and "c.346delA 
mutation" in one family with ID, ASD, and seizure. 
This change (c.748+1G>T) leads to the complete 
removal of exon 6, disrupts the reading frame 
at position 172 in the protein, creating an early 
stop codon at position 223 (p. Thr172Valfs*51). 
Truncated protein contains N-terminal fragments 
and lacks DM14 and C2 domains. It can be concluded 
that the loss of function of CC2D1A is the results 
from this mutation. The next mutation (c.346delA) 
is a 1bp deletion in exon 3, resulting in an early 
frameshift (p.Lys116Argfr*81). This mutation 
creates N-terminal fragments without any known 
domains, resulting in CC2D1A loss of function 
(20). Patients (16 individuals affected in four 
families) in that study had a spectrum of cognitive 
disorders and social impairments, including ASD, 
ID, aggressive behavior, and seizure, suggesting 
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shared developmental mechanisms (20). McSherry 
et al., in 2018, also used whole-exome sequencing 
on 21 Turkish families with non-syndromic ID, 
finding causative variants in known genes. The 
CC2D1A (c.811delG, p.A271Pfs*30) was one 
of those genes. This variant causes frameshift 
mutation by deleting one nucleotide in exon seven 
and creating an early stop codon in exon eight 
at position 301. The resulting truncated protein 
lacks the third and fourth DM14 and C2 domains 
and is predicted to cause a loss of function of the 
CC2D1A gene. The family with this causative 
variant has three females affected with NSID. All 
of them suffer from ID, ASD, and seizures and 
have normal physical conditions without facial 
dysmorphism (33). In the current study, the variant 
found in patients is (c.1641+1G>A), a novel 
splicing variant in exon 14 of the CC2D1A gene. 
Assumedly, this variant disrupts normal splicing, 
could eliminate the fourth DM14 and C2 domains, 
and probably results in the loss of function of 
the CC2D1A gene. Performing a functional 
study would shed more light on the functional 
consequences of this genome and its variants. The 
patients in this study had ID, ASD, speech delay, 
and seizures. They were normal in the physical 
examination and showed no dysmorphic features. 
The clinical characteristics of all the patients are 
summarized in Table 1.
Sener EF et al. in 2020 evaluated the association 
of the CC2D1A gene and ASD. Based on the 
involvement of the CC2D1A gene in NSID and 
the presence of ID in one-third of autistic patients, 
these researchers considered it a new candidate 
gene in autism. They performed a genetic analysis 
on the CC2D1A gene in 44 patients with ASD and 

27 normal individuals. All the variants identified in 
the patients were missense and reported as variants 
of uncertain significance (VUS). Only one variant 
was splicing and was reported as pathogenic (c. 
2520-1G>T). The patient carrying this pathogenic 
variant had autism without ID or congenital 
disability. These missense variants are in exons 
12, 13, 15, and 19 (Figure 2d) (34). As shown in 
Figure 2, none of them affected DM14 domains. 
Although the mutations found in CC2D1A were 
connected with NSID, for the first time, Ma 
ACH in 2020 established a novel association 
between CC2D1A and ciliary dysfunction. Using 
whole-exome sequencing on 26 individuals with 
heterotaxy, they identified novel rare damaging 
mutations in the CC2D1A gene. A functional 
study was performed, and heterotaxy phenotypes 
of the gastrointestinal and cardiovascular systems 
were observed in zebrafish knockout models. 
These mutations were missense and considered 
benign, likely benign, and VUS. These variants 
and their locations are demonstrated in Figure 2e. 
Investigation of the positions revealed that only two 
variants were located in the fourth DM14 domain 
(exon 14), and the rest were found in exons 6 and 23, 
which do not interfere with other DM14 domains. 
On the other hand, exon 14 variants that were likely 
benign and VUS do not probably have pathogenic 
effects on the fourth DM14 domain (22). Tuncel 
G. also reported a patient with Joubert syndrome 
classified as a ciliopathy disease caused by two 
homozygous variants, c.1739C>T (rs202057391) 
in AHI1 and c.1739C>T (p.Thr580Ile) CC2D1A. 
This variant was also located in exon 15, which is 
not in DM14 domains (21).
Based on previous studies, the variants of CC2D1A 
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have a different phenotypic spectrum. Splicing and 
frameshift mutations cause the loss of function of 
the CC2D1A gene and disrupt DM14 domains, 
leading to ID, ASD, and seizures. These mutations 
are pathogenic according to the ACMG guidelines. 
On the other hand, variants found in ASD patients 
were missense with uncertain significance (VUS) 
according to the ACMG guideline, and the 
variants detected in ciliopathy were all missense 
and were reported as benign, likely benign, and 
VUS. Complete loss of function of the CC2D1A 
gene appears to create a severe phenotype such 
as ID plus ASD and, in some cases, seizures and 
developmental delay. In missense mutations, the 
function is not lost, and the resulting phenotype 
is often autism, sometimes accompanied by 
ID or leading to ciliopathy. Observingly, the 
effects of the mutated gene, combined with the 
cumulative impact of other genes, contribute to the 
characterization of the final phenotype. Comparing 
the clinical features of the patients with loss- 
of- function mutations in CC2D1A revealed no 
phenotype- genotype correlation. Almost all the 
patients had ID, and a high percentage of them had 
ASD and seizures. Language impairment is another 
common symptom in these patients. Some of the 
patients showed developmental delay. Dysmorphic 
features were not seen in patients, and all were 
considered normal after physical examination.

In Conclusion 
The present study reported two affected females 
with ID in an Iranian family with a novel splicing 
variant in the CC2D1A gene. Investigating the 
mutations and structure of this gene revealed that 

the loss- of- function mutation causes a more 
severe phenotype than the missense mutation, 
and disruption of DM14 domains has a critical 
role in the loss- of- function mutation. Comparing 
the clinical and molecular genetic features of 
the patients revealed no phenotype- genotype 
correlation.
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Table1: Demographic characterizations and clinical presentations of patients.

Family This study Basel- 
Vanagaite 
et al. 
(2006) 

Manzini et al. (2014) McSherry et al. (2018) 

Mutation c.1641+1G>A IVS13- 
16DEL

c.748+1G>T, c.346delA c.811delG

Gender female female  8 females, 8 
males

Family1 
2mals, 
2females

Family22males, 
1females

Family3

3males, 
1females

Family4 female female female

Age (yrs) at 
examination

35 years 25 years NA NA NA 11year 8 year 5 year

Age (yrs) at present 37 years 27 years NA NA NA 14year 11 year 8 year

ID + + + +M1, F1, F2 + + + + + - 
ASD + - - +M1 + - + + + +
Seizures + + - _ + - + + - +
Facial dysmorphism - - - _ NA NA NA - - - 
Speech delay + + + _ + + + - - +
Developmental delay + + + NA NA NA NA - + +
Physical examination Normal Normal Normal 

except one 
subject 
who had 
progressive 
microcephaly

NA NA NA NA Normal Normal Normal

Other phenotype aggressive 
behavior

aggressive 
behavior

NA M2: 
cognitive 
problems 
and
aggressive 
behavior

NA NA NA NA NA NA
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Figure 1. (a) Results of pathogenicity prediction tools of detected variant. (b) Filtering steps and variants obtained in each level.
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http://hgdownload.soe.ucsc.edu/goldenPath/hg38/phyloP17way/
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Figure 2. (a) The pedigree of the family. (b) Sanger sequencing results of CC2D1A gene in the family. (c) Schematics structure of the CC2D1A 
gene with loss of function mutations found in ARID families. The variant in the red frame is detected in the current study. (d) Schematics structure of 
the CC2D1A gene with missense mutations found in ASD patients. (e) Schematics structure of the CC2D1A gene with missense mutations found in 

ciliopathy patients.
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