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Abstract
Background  Developmental language disorder (DLD) refers to children who present with language difficulties 
that are not due to a known biomedical condition or associated with autism spectrum disorder (ASD) or intellectual 
disability (ID). The clinical heterogeneity of language disorders, the frequent presence of comorbidities, and the 
inconsistent terminology used over the years have impeded both research and clinical practice. Identifying sub-
groups of children (i.e. DLD cases without childhood apraxia of speech (CAS)) with language difficulties is essential for 
elucidating the underlying genetic causes of this condition. DLD presents along a spectrum of severity, ranging from 
mild speech delays to profound disturbances in oral language structure in otherwise typically intelligent children. 
The prevalence of DLD is ~ 7-8% or 2% if severe forms are considered. This study aims to investigate a homogeneous 
cohort of DLD patients, excluding cases of ASD, ID or CAS, using multiple genomic approaches to better define the 
molecular basis of the disorder.

Methods  Fifteen families, including 27 children with severe DLD, were enrolled. The majority of cases (n = 24) were 
included in multiplex families while three cases were sporadic. This resulted in a cohort of 59 individuals for whom 
chromosomal microarray analysis and exome or genome sequencing were performed.

Results  We identified copy number variants (CNVs) predisposing to neurodevelopmental disorders with incomplete 
penetrance and variable expressivity in two families. These CNVs (i.e., 15q13.3 deletion and proximal 16p11.2 
duplication) are interpreted as pathogenic. In one sporadic case, a de novo pathogenic variant in the ZNF292 gene, 
known to be associated with ID, was detected, broadening the spectrum of this syndrome.
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Background
Language acquisition, the process enabling humans 
to communicate through language, represents a piv-
otal stage in child development. Language disorders are 
highly prevalent in children, with estimated rates rang-
ing from 4 to 10%, varying by age and type of disorder 
[1–3]. These disorders, in their most severe and long-
lasting forms, have a significant impact on academic 
and professional performance throughout life. They can 
co-occur with various neurodevelopmental and psy-
chiatric pathologies. They are a heterogeneous entity of 
varying severity, and confusion over nomenclature has 
long been an obstacle to understand their origins. To 
address the lack of consistency in criteria and terminol-
ogy for children with language difficulties, experts have 
proposed standardized definitions and nomenclature [4]. 
The term, developmental language disorder (DLD) refers 
to children who present with persistent language difficul-
ties that significantly affect social interactions or educa-
tional progress and when the defects persist beyond five 
years of age with poor prognosis. By definition, DLD is 
not associated with an identified biomedical cause (i.e., 
brain injury, neurodegenerative condition, sensorineu-
ral hearing loss) or autism spectrum disorder (ASD) and 
intellectual disability (ID). However, it has been acknowl-
edged that DLD can co-occur with other conditions 
such as attention deficit hyperactivity disorder (ADHD), 
developmental dyslexia or coordination problems leading 
to a heterogeneous group of patients that encompasses 
a wide range of impairments. The prevalence of DLD is 
~ 7-8% or 2% if severe forms are considered and the diag-
nosis is based on standardized language tests [2, 5]. There 
is a continuum of severity ranging from speech delay to 
severe oral language structure disturbances in typically 
intelligent children. Childhood apraxia of speech (CAS), 
also known as developmental verbal dyspraxia, is a motor 
speech disorder, considered as a different clinical entity 
within the broader category of ‘speech sound disorder’ 
[6]. CAS is often associated with other neurodevelop-
mental disorders (NDD) such as ID, ADHD, ASD and it 
can also overlap with DLD [7]. CAS belongs with DLD to 
the large group of ‘speech, language and communication 
disorders’.

While language defects have a multifactorial origin with 
socio-cultural and educational factors, strong evidences 
point to the involvement of genetic causes. Indeed, the 
incidence of DLD is 32% when a family history of lan-
guage acquisition difficulties is present, compared with 
only 4% in the general population [8]. Additionally, 
monozygotic twins exhibit higher concordance rates for 
DLD compared to dizygotic twins [9]. However, the clini-
cal heterogeneity of language disorders, the presence of 
co-morbidities and the inconsistent terminology used for 
many years have hindered research and clinical practice 
[10]. Distinguishing sub-groups of children with DLD 
alone (i.e. without children affected by DLD and CAS) 
is crucial when tackling the underlying genetic causes of 
this disease. Recently, several studies using high-through-
put sequencing have better defined the genetic basis of 
CAS [10, 11]. Such studies focusing on DLD are limited 
[12]. The investigation of more homogeneous cohorts 
of individuals that clearly distinguish DLD cases, from 
ID and not including children with CAS should improve 
our understanding of the genetic basis of this disorder. In 
this study, we aimed to investigate a well-characterized 
cohort of sporadic and familial severe DLD individuals, 
distinct from CAS, using comprehensive phenotyping 
through clinical scales, psychometric tests, and stan-
dardized language assessments. Then, genomic analyses 
were performed using chromosomal microarray analysis 
(CMA) and trio approaches using whole exome sequenc-
ing (WES) or whole genome sequencing (WGS).

Methods
Participants
All the participants were recruited by expert child neu-
rologists specialized in language disorders and learning 
impairments at Raymond-Poincaré Hospital. Eligible 
families included at least one child over five years old 
with a formal diagnosis of severe and isolated DLD 
according to Phase 2 CATALISE criteria (i.e., without ID, 
ASD or CAS diagnosis) [4]. Patients have undergone age-
appropriate speech, language and reading evaluations by 
a speech-language physician and cognitive evaluations by 
a neuropsychologist, as well as evaluation by a paediat-
ric neurologist to identify co-occurring developmental 

Limitations  The strict diagnostic criteria applied by our multidisciplinary team, including speech-language 
physicians, neuropsychologists, and paediatric neurologists, resulted in a relatively small sample size, which limit the 
strength of our findings.

Conclusion  These findings highlight a common genetic architecture between DLD, ASD and ID, and underline the 
need for further investigation into overlapping neurodevelopmental pathways.

Trial registration  ClinicalTrials.gov Identifier: NCT06660108.

Keywords  Developmental language disorder, Neurodevelopmental disorders, Intellectual disability, Autism, ZNF292, 
16p11.2 locus, 15q13.3 locus
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disorders (e.g., ADHD, ASD) and a medical geneticist 
for known genetic disorders and genetic testing recom-
mendations. All children included received appropri-
ate speech therapy for at least one year, with a progress 
report indicating the persistence of language difficulties. 
However, the profile of these patients is dynamic, as the 
disorders evolve with age and rehabilitation. Each situa-
tion was linked to the school environment to confirm the 
impact of the disorder on social and school life. Exclu-
sionary criteria were cognitive impairment with non-
verbal intellectual quotient (IQ) below 2 SD assessed with 
the Wechsler Preschool and Primary Scale of Intelligence 
(WPPSI), or the Wechsler Intelligence Scale for Children 
(WISC-IV or V) according to the age-appropriateness, 
ASD, moderate to severe hearing loss, orofacial struc-
tural abnormalities, known neurological or genetic disor-
ders at the initial assessment. None of the patients met 
the diagnostic criteria for CAS according to the Ameri-
can Speech-Language-Hearing Association, 2007 (Child-
hood apraxia of speech www.asha.org/policy).

Blood samples from affected children and both parents 
were collected and then stored in the Imagine Institute’s 
biobank. Patients’ data were collected and included into 
a de-identified interactive database created in collabora-
tion with the data science core of the Imagine Institute. 
Written parental consent and child assent were obtained 
for participation and data publication. The study received 
approval from the “Comité de Protection des Personnes”, 
a national committee ensuring ethical patient protec-
tion in research. Fifteen families, including 27 children 
diagnosed with severe DLD, were enrolled after clinical 
evaluation and speech, language, and cognitive assess-
ments. Pedigree charts are shown in Fig. 1. Twenty-four 
cases were part of twelve multiplex families, and three 
cases were sporadic (families DLD-6, DLD-12 and DLD-
13). In families DLD-5, DLD-8, DLD-11, one parent was 
affected. This yielded a set of 59 individuals including 26 
affected children, and three affected parents, who were 
tested by WES (DLD-1 to DLD-6) or WGS (DLD-7 to 
DLD-15). CMA and WGS or WES were performed on all 
affected children except for family DLD-8 where the sec-
ond affected sister (II.2) was investigated only with CMA.

Molecular cytogenetics
Agilent CGH Microarray 60  K (Agilent Technologies, 
Santa Clara, CA, USA) was used for genomic copy num-
ber analyses that was carried out according to manufac-
turers’ recommendations. This microarray is spotted with 
60,000 oligonucleotides and the space between two con-
secutive probes is approximately 60 kb. Agilent CytoGe-
nomics v5.0.2 software was used to analyse and report 
the data. Aberrations were detected with the ADM2 algo-
rithm and the filtering option using a threshold of three 
probes. Thus, Copy Number Variants (CNVs) which are 

approximately 180 kb in size are detected. Genomic posi-
tions are relative to human genome Build GRCh37/hg19. 
Using standard protocols, chromosomal rearrangement 
characterization and parental testing were performed 
with fluorescence in situ hybridization using bacterial 
artificial chromosome clones on chromosome prepara-
tions from leukocyte cultures: RP11-1128L19 located 
on Xp22.12 for family DLD-8, RP11-504I2 located on 
16p11.2 (TBX6 locus) for family DLD-10, CTD-2515C15 
located on 16p11.2 (SH2B1 locus) for family DLD-11, 
and RP11-265I17 located on 15q13.3 for family DLD-13. 
The 5p13.2 duplication in family DLD-9 was detected by 
WGS.

High-throughput sequencing and analyses
WGS and WES have been performed as previously 
reported [13, 14]. Trio approaches that include at least 
the proband and both parents were systematically used. 
Whole genome DNA libraries were constructed using 
either TruSeq DNA PCR-Free Sample Preparation Kit 
(Illumina) starting with 2.2 µg of each patient’s genomic 
DNA, or DNA PCR-Free Prep Tagmentation (Illumina) 
protocol starting with 350 ng of each patient’s genomic 
DNA. An equimolar pool of the libraries was prepared 
according the manufacturer instructions. The pool of 
libraries was sequenced on an Illumina NovaSeq6000 
(paired-end sequencing 150 + 150 bases, Xp mode). 
Downstream processing was carried out as described 
[13]. In the WGS analysis, structural variants were 
detected using a combination of three different software 
programs, Wisecondor, Canvas and Manta, as previously 
described [15].

An in-house software (Polyweb) developed by the Bio-
informatics Platform of the Imagine Institute (University 
Paris Cité) was used to filter the annotated variants. To 
focus on potentially pathogenic variants, standard filter-
ing criteria are applied. These include limiting the num-
ber of gnomAD alleles to less than 1000 (equivalent to a 
frequency of ∼0.7%) and the number of gnomAD homo-
zygotes to less than 10 (gnomAD v2). The system also 
considers predicted protein impact across all gene tran-
scripts, such as stop gain, stop loss, start loss, frameshift 
mutations, in-frame deletions or insertions, missense 
mutations, and predicted splice regions. Our internal 
variation database “Déjà Vu” applies additional filters, 
such as a patient allele count below 100 and a homozy-
gote count below 10. This database includes more than 
8300 genomes and 23,600 exomes mostly from families 
with children affected with rare genetic diseases includ-
ing various neurodevelopmental disorders.

Once potentially pathogenic variations are identified, 
Polyweb uses an intrinsic scoring system to rank them. 
This system is based on a number of key criteria:

http://www.asha.org/policy
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Fig. 1  Pedigrees of the 15 families included in the study. Individuals with language development disorders are depicted in black. Grey indicates transient 
language delays, or forms considered moderate because they have no impact on daily life, schooling or professional integration. An asterisk (*) denotes 
those who underwent exome or genome sequencing. Variants of interest, when identified, are marked as “m” beneath the corresponding individual in 
the pedigree. Wt indicates wild type
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 	• Variation sequence quality: the accuracy and 
reliability of the sequence data itself.

 	• Plausibility of all inheritance models (autosomal 
dominant, autosomal recessive, X-linked dominant, 
and X-linked recessive). If the variation is de novo 
in the patient, it can indicate a higher likelihood 
of pathogenicity, especially in cases of severe 
phenotypes. For genes with autosomal recessive 
inheritance, the system looks for homozygous or 
compound heterozygous variations. It also considers 
X-linked variations in males and cases of uniparental 
disomy.

 	• Gene relevance: whether the variation occurs in a 
gene known to be associated with ID or listed in 
OMIM (Online Mendelian Inheritance in Man, 
https://www.omim.org/).

 	• Predicted effect on protein or splicing: the predicted 
functional effect of the variation on the gene or 
protein, including how it might affect splicing 
processes.

 	• Known pathogenicity: the presence of the variation 
in known pathogenic databases such as HGMDpro 
(​h​t​t​p​​s​:​/​​/​d​i​g​​i​t​​a​l​i​​n​s​i​​g​h​t​s​​.​q​​i​a​g​​e​n​.​​c​o​m​/​​p​r​​o​d​u​​c​t​s​​-​o​v​e​​r​v​​
i​e​w​​/​c​l​​i​n​i​c​​a​l​​-​i​n​​s​i​g​​h​t​s​-​​p​o​​r​t​f​​o​l​i​​o​/​h​u​​m​a​​n​-​g​e​n​e​-​m​u​t​a​t​i​
o​n​-​d​a​t​a​b​a​s​e​/) or ClinVar (​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​c​b​i​​.​n​l​​m​.​n​i​​
h​.​​g​o​v​/​c​l​i​n​v​a​r​/), which may add weight to its clinical 
significance.

 	• Population frequency: the frequency of the variation 
in the general population, as reported in gnomAD (​
h​t​t​p​​s​:​/​​/​g​n​o​​m​a​​d​.​b​​r​o​a​​d​i​n​s​​t​i​​t​u​t​e​.​o​r​g​/), with rarer 
variation more likely to be pathogenic. In addition to 
external databases, our internal variation database is 
also used to provide a broader context for the rarity 
and potential significance of variations, especially 
within our specific patient cohort. These criteria 
ensure a comprehensive analysis of all variations in 
known human genes (whether or not they are listed 
in OMIM) that are predicted to affect proteins. 
The intrinsic scoring system helps to prioritize 
variations for further investigation, balancing 
the likelihood of pathogenicity with the need to 
minimize false positives. We use the following 
variant pathogenicity prediction tools to filter and 
or assess the impact of the variant. Combined 
Annotation Dependent Depletion (CADD) is a tool 
that integrates multiple annotations into one metric 
and can assess multi-nucleotide substitutions and 
insertion/deletions variants. The Rare Exome Variant 
Ensemble Learner (REVEL) and the Missense 
deleteriousness predictor (MISTIC) are dedicated 
to the evaluation of missense variants. REVEL uses 
13 different pathogenicity prediction tools (e.g., 
PolyPhen-2, SIFT, MutationTaster) and MISTIC is 
based on the combination of two complementary 

machine learning algorithms and the integration of 
113 missense features. We excluded variants with 
a PHRED-like scaled CADD score ≤ 20 regarding 
nonsynonymous substitutions. In familial cases, we 
considered that the DLD individuals have the same 
disease and candidate variants should be present 
in all affected family members. The incomplete 
penetrance hypothesis was included in the analysis. 
We focused on variants affecting splice sites or 
coding regions (nonsynonymous substitutions, 
insertions, or deletions), or intronic variants with a 
predicted effect on splicing.

Results
Phenotypic data
A total of 27 affected children (16 males and 11 females) 
including two dizygotic twins were included in the study 
(Fig. 1). Of these, 24 children were part of multiplex fami-
lies and three cases were sporadic (DLD-6, DLD-12 and 
DLD-13). In three families (DLD-5, DLD-8 and DLD-
11), one of the parents (two fathers and one mother) was 
diagnosed with a DLD. None of the patients had an IQ 
below 70 or displayed ASD at the time of the assessment. 
Six families had a family history of a neurodevelopmen-
tal or psychiatric disorder (ASD, learning disabilities/ID, 
ADHD, dyslexia, anxiety, and gaming addiction). Three 
individuals from families DLD-1, DLD-3, and DLD-5 
were deemed to exhibit mild symptoms, as they did 
not fully meet the previously established clinical crite-
ria. They have a transient or moderate form of language 
impairment that does not interfere with daily life, school 
or professional integration.

All paediatric cases presented with severe delays in 
speech and language development. The majority of 
affected individuals (24/27) exhibited an impairment of 
written language. Hearing was normal in all but two chil-
dren demonstrated mild hearing loss that did not explain 
the severity of the DLD. Additional clinical characteris-
tics including ADHD (n = 8), anxiety (n = 12), coordina-
tion development disorder (n = 4) and behavioural issues 
(n = 4) were noted in 18 children. One patient had micro-
cephaly. Ten probands underwent magnetic resonance 
imaging (MRI) of the brain, which revealed no abnor-
malities except for one case in which a nonspecific hyper-
signal of the white substance was detected. All affected 
children received or had received speech therapy. The 
phenotype of the participants is summarized in Table 1; 
Fig. 2.

Inherited and de novo neurodevelopmental CNVs 
contribute to DLD
Chromosomal microarray analysis was performed 
in all affected children. One de novo heterozygous 
15q13.2q13.3 deletion (MIM #612001) was identified in 

https://www.omim.org/
https://digitalinsights.qiagen.com/products-overview/clinical-insights-portfolio/human-gene-mutation-database/
https://digitalinsights.qiagen.com/products-overview/clinical-insights-portfolio/human-gene-mutation-database/
https://digitalinsights.qiagen.com/products-overview/clinical-insights-portfolio/human-gene-mutation-database/
https://www.ncbi.nlm.nih.gov/clinvar/
https://www.ncbi.nlm.nih.gov/clinvar/
https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
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the affected male from family DLD-13. This recurrent 
deletion contains seven genes, including CHRNA7 (cho-
linergic receptor nicotinic alpha 7 subunit; MIM *118511) 
and OTUD7A (OTU deubiquitinase 7 A; MIM *612024). 
In family DLD-10, the recurrent 16p11.2 duplication 
(BP4-BP5) was identified in the two affected children 
and their father. It is noteworthy that the father does not 
have DLD but has anxiety and a gaming addiction. This 
duplication encompasses 29 genes, including KCTD13 
(potassium channel tetramerization domain Contain-
ing 13; MIM *608947) and TAOK2 (TAO kinase 2; MIM 
*613199) that are likely to be involved in the neuropsychi-
atric phenotype associated with this CNV [16, 17]. The 
15q13.3 deletion and the proximal 16p11.2 duplication 
identified in these two families are established risk factors 
for NDDs and are interpreted as pathogenic [18]. Finally, 
three families were found to harbour a duplication clas-
sified as variant of uncertain significance (VUS) accord-
ing to the recommendation of the American College of 
Medical Genetics and Genomics (ACMG) [19] and Clin-
Gen (​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​l​i​n​​i​c​a​​l​g​e​n​​o​m​​e​.​o​r​g​/). In family ​D​L​D​
-​1​1​, a recurrent distal 16p11.2 duplication (BP2-BP3) of 
approximately 200 kb containing the SH2B1 (SH2B adap-
tor protein 1; MIM *608937) gene was detected in the 

two affected children and their affected mother. While 
the recurrent deletion CNV of this locus is pathogenic 
and associated with NDDs with incomplete penetrance 
and variable expressivity, mirror duplication is a VUS in 
the absence of further evidence. In family DLD-8, the two 
affected females carry an Xp22.12 duplication involv-
ing the RPS6KA3 gene (ribosomal protein S6 kinase A3; 
MIM *300075). Loss-of-function (LoF) variants in this 
gene have been shown to be responsible for Coffin-Lowry 
syndrome CLS (MIM #303600). The Xp22.12 duplication 
was inherited from the affected father. Finally, in family 
DLD-9, WGS identified a 5p13.2 duplication that was 
missed by CMA. The duplicated segment contains three 
whole coding genes, CPLANE1 (ciliogenesis and pla-
nar polarity effector complex subunit 1; MIM *614571), 
NUP155 (nucleoporin 155; MIM 606694), WDR70 (WD 
repeat domain 70; MIM *617233), and exons 21–47 of 
NIPBL (nipped-B-Like; MIM *608667; NM_133433.4). 
This duplication was found in both affected siblings. The 
father, who has learning disabilities, also harbours the 
CNV. Monoallelic variants in the NIPBL gene resulting in 
loss of function are the major cause of Cornelia de Lange 
syndrome (MIM #122470). Genetic findings related to 
these structural variants are summarized in Table 2.

Fig. 2  Phenotypic overlap of the 27 patients included in our cohort. ADHD, attention deficit-hyperactivity disorder, PRI, perceptual reasoning index; VCI, 
verbal comprehension index
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Contribution of likely pathogenic sequence variants to 
DLD
Using high-throughput sequencing, we analysed data 
from 29 affected individuals (26 children and 3 par-
ents) and 30 healthy or mildly affected individuals. As 
de novo variants are largely involved in NDDs including 
CAS, we looked for these variants by filtering based on 
the allele frequency using in-house and gnomAD data-
bases, and CADD score, and prioritized them based 
on a known or possible role in neurodevelopment. We 
identified three de novo sequence variants in the fami-
lies with sporadic cases. In family DLD-6 we identified 
a missense variant p.(Val317Met) in SOX30 (SRY-box 
transcription factor 30; NM_178424.2, c.949G > A; MIM 
*606698) and in family DLD-13, a frameshift variant 
p.(Glu514ArgfsTer3) in ARID4A (AT-rich interaction 
domain 4  A; NM_002892.4, c.1539dup; MIM *180201). 
Both of these genes are not involved in Mendelian disor-
ders yet but are intolerant to LoF variation (Table 3). In 
family DLD-12, we identified a previously reported trun-
cating variant p.(Glu2054LysfsTer14) in the ZNF292 gene 
(zinc finger protein 292; NM_015021.3, c.6160_6161del; 
MIM *616213), which is involved in ID [20].

Extensive research of variants inherited through a 
recessive mode failed to identify causative variants 
besides known variants in the GJB2 gene (gap junc-
tion protein beta 2; MIM *121011), which cause autoso-
mal recessive non syndromic hearing loss with variable 
expressivity and incomplete penetrance and explain the 
previously undiagnosed hearing loss in the non-affected 
brother in family DLD-12 [21]. In addition, we found 

three other sequence variants segregating through a 
dominant mode of inheritance, inherited from parents 
with DLD or moderate language disorder. We identi-
fied missense variants in IQSEC2 (IQ motif and Sect.  7 
domain ArfGEF 2; MIM *300522) and DDX47 (DEAD-
box helicase 47; MIM 615428) in families DLD-1 and 
DLD-5 respectively (Table 3). We also identified a variant 
at an essential splice acceptor site in the PPP2R2C gene 
(protein phosphatase 2 regulatory subunit B gamma; 
MIM *605997) that is predicted to be LoF intolerant 
(pLI = 0.9 and LOEUF = 0.376) in family DLD-11.

All variants were classified as VUS according to ACMG 
criteria except for the variant in ZNF292, which was 
considered pathogenic [22]. The expression of most of 
these genes is well detected during human brain devel-
opment (Supplementary Fig. 1A). Among them, ZNF292, 
ARID4A and DDX47 show an upregulated expression 
from 8 to 26 post-conception weeks compared to latter 
stages (Supplementary Fig.  1B), suggesting a role in the 
early development of the cortex, hippocampus, striatum 
and cerebellum.

Discussion
The objective of this study was to screen sporadic and 
multiplex families with children diagnosed with severe 
DLD selected through strict criteria, in order to bet-
ter define the underlying genetic factors of this disease. 
In our cohort, five families were identified as having a 
CNV of interest. Of these, two were recurrent patho-
genic CNVs (including the 15q13.3 microdeletion and 
the proximal 16p11.2 duplication) which have previously 

Table 2  Copy number variants of interest identified in our cohort
Family DLD-8 DLD-9 DLD-10 DLD-11 DLD-13
Individual II.1 II.1 II.2 II.1 II.2 II.2 II.3 II.2
CNV type Tandem

duplication
Tandem
duplication

Duplication
(orientation 
not
determined)

Duplication
(orientation 
not
determined)

Heterozygous
deletion

Nomenclature seq[GRCh37] dup(X)(p22.12p22.12)pat
NC_000023.10:g.19947598_20300709dup

seq[GRCh37] dup(5)
(p13.2p13.2)pat
NC_000005.9:g.37009768_376
25742dup

seq[GRCh37] 
dup(16)
(p11.2p11.2)
pat
NC_000016.9:g.
(?_29446858)_
(30301461_? )
dup

seq[GRCh37] 
dup(16)
(p11.2p11.2)
mat
NC_000016.9:g.
(?_28775441)_
(29061554_? )
dup

seq[GRCh37] 
del(15)
(q13.2q13.3)dn
NC_000015.9:g.
(?_30460631)_
(32907245_? 
)del

Size 353 kb 616 kb 855 kb 286 kb 2.5 Mb
Inheritance Paternal Paternal Paternal Maternal de novo
Landmark 
gene(s) a

RPS6KA3 NIPBL (partially), CPLANE1, 
NUP155

TBX6, KIF22, 
PRRT2, TLCD3B, 
ALDOA, 
CORO1A

SH2B1, TUFM, 
ATP2A1, CD19, 
LAT

OTUD7A, 
CHRNA7
FAN1, TRPM1,

Classification VUS VUS Pathogenic VUS Pathogenic
CNV, copy number variant; VUS, variant of uncertain significance; kb, kilobases; Mb, megabases
a See supplementary Fig. 1 for full list of genes
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been associated with NDDs, such as DD/ID, ASD, and 
psychiatric disorders [18]. These CNVs, which are medi-
ated by non-allelic homologous recombination (NAHR) 
between segmental duplications (called breakpoints 
[BP] on chromosomes 15 and 16), can result in a spec-
trum of clinical phenotypes, ranging from no discern-
ible symptoms to severe NDDs. In the sporadic case 
from DLD-13, a 1.5  Mb microdeletion of 15q13.3 was 
detected. This recurrent deletion between BP4-BP5 con-
tains seven genes, including CHRNA7 and OTUD7A. 
This recurrent CNV predisposes to a wide range of phe-
notypes, including schizophrenia, ASD and speech delay/
language impairment [23]. Interestingly, Otud7a-null 
mice show impaired vocalization among other neurode-
velopmental features [23]. In family DLD-10, the proxi-
mal 16p11.2 duplication, which is approximately 600 kb 
in size, was identified in the two affected children and 
their father. Deletions and reciprocal duplications of the 

proximal 16p11.2 interval have been associated with DD/
ID, ASD and mirror phenotypes with head circumfer-
ence and body weight affected in opposite ways [24, 25]. 
Several studies have shown that the proximal 16p11.2 
region is involved in CAS (for the deletion carriers only) 
and a broad spectrum of communication impairment 
(both deletion and duplication carriers), which frequently 
occur in conjunction with other neurobehavioral deficits 
[26–29]. It is noteworthy that in the absence of ASD and 
cognitive impairment, language impairment represents 
a prominent clinical feature in individuals with proxi-
mal 16p11.2 deletion and duplication [29]. Interestingly, 
in family DLD-10, the father who carries the proximal 
16p11.2 duplication is asymptomatic but displays anxiety 
and a gaming addiction. This illustrates the incomplete 
penetrance and possibly the variable expressivity of this 
recurrent CNV, which is presumably due to additional 
factors, including common variants, epigenetics, and 

Table 3  Sequence variants of interest identified in our cohort
Family DLD-1 DLD-5 DLD-6 DLD-11 DLD-12 DLD-13

Individual II:2 II:3 II:1 II:1 II:2 II:3 II:2 II:2

Gene IQSEC2 DDX47 SOX30 PPP2R2C ZNF292 ARID4A
Sequence 
variants 
identified

Genomic 
coordinates 
(GRCh37/
hg19)

NC_000023.11:
g.53238184T > C

NC_000012.12:
g.12,823,958 C > A

NC_000005.10:
g.157,651,130 C > T

NC_000004.12:
g.6,378,573 C > T

NC_000006.12:
g.87259789_87259790del

NC_000014.9:
g.58351207dup

cDNA NM_001111125.3:
c.3238 A > G

NM_016355.4:
c.839 C > A

NM_178424.2:
c.949G > A

NM_020416.4:
c.169-1G > A

NM_015021.3:
c.6160-6161del

NM_002892.4:
c.1539dup

Predicted 
protein

p.(Ile1080Val) p.(Ala280Asp) p.(Val317Met) p.? p.(Glu2054LysfsTer14) p.(Glu514Argf-
sTer3)

Status Homozygous Heterozygous Heterozygous Heterozygous Heterozygous Heterozygous
Inheritance Maternal Paternal de novo Maternal de novo de novo
Exon 12 8 1 intron 2 8 16

Fre-
quency in 
population 
databases

gnomAD 
v2 AF

0 0 0 0 0 0

gnomAD 
v4 AF

0 0.000001590 0 0 0.000001246 0

deCAF AF 0 0 0 0 0 0
All of Us AF 0.000002 0 0 0 0.000004 0

in 
silico pre-
dictions of 
deleteri-
ousness

PHRED-
like scaled 
CADD 
score

20 27 25 34 33 NA

REVEL score 0.063 0.511 0.482 NA NA NA
MISTIC 
score

0.32 0.32 0.71 NA NA NA

Gene 
constraint 
scores

gnomAD 
v2 LOEUF 
score

0.13 0.98 0.23 0.38 0.14 0.14

gnomAD 
v2 mis-
sense Z 
score

5.19 0.39 0.78 3.53 1.41 1.45

ACMG classification 3 NA NA NA 5 NA
NA: not applicable; AF, allele frequency. A CADD score is a ranking, with higher scores indicating a greater likelihood of being deleterious. The REVEL and MISTIC 
scores can range from 0 to 1, with higher scores reflecting a greater likelihood that a given missense variant is disease-causing
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environmental factors. Interestingly, Loviglio et al. have 
demonstrated that the two non-overlapping proximal and 
distal regions at 16p11.2 are reciprocally involved in com-
plex chromatin looping as well as coordinated expression 
and regulation of encompassed genes [24]. In the family 
DLD-11, the mother and her two daughters, carrying the 
distal 16p11.2 duplication, were diagnosed with DLD. 
Despite the current lack of evidence for the distal 16p11.2 
duplication, which precludes its classification as patho-
genic, this CNV may play a role in the observed pheno-
type. Overall, previous studies and our results show that 
recurrent pathogenic CNVs (e.g., the 15q13.3 microdele-
tion and the proximal 16p11.2 duplication) are frequent 
in language impairment, including DLD cases.

In addition to these pathogenic CNVs, CNVs consid-
ered to be VUS were also identified. In the multiplex fam-
ily DLD-8, a 353  kb duplication of the Xp22.12 region 
was identified in the affected daughters and the affected 
father. This segment encompasses the RPS6KA3 gene. 
RPS6KA3 variants resulting in LoF cause either syn-
dromic X-linked ID, known as Coffin-Lowry syndrome 
or non-syndromic X-linked ID (MIM# 300844). Coffin-
Lowry syndrome is characterized by moderate to severe 
ID, growth retardation, characteristic facial and digi-
tal abnormalities, and various skeletal anomalies. Car-
rier females are more likely to be mildly affected. Small 
duplications involving this Xp22.12 segment are rare [30, 
31]. Patients have mild or borderline ID with few asso-
ciated clinical features. Among the few other duplicated 
genes, RPS6KA3 was considered as the only candidate 
gene for the phenotype. Interestingly, one patient has 
been a diagnosed with dyslexia [31]. Lastly, in the mul-
tiplex family DLD-9, we identified a 616  kb duplication 
of the 5p13.2 region involving four coding genes includ-
ing NIPBL, which was partially duplicated. Small dupli-
cations of the 5p13 band, encompassing NIPBL, have 
been reported in few patients presenting with hypotonia, 
DD/ID, variable facial characteristics and minor hand 
abnormalities (chromosome 5p13 duplication syndrome, 
MIM# 613174) [32, 33]. NIPBL was been suggested to be 
the major dosage-sensitive gene in this microduplication 
syndrome, which can have an incomplete penetrance and 
variable expressivity [32, 33]. Unfortunately, in addition 
to DD and ID, no description of the language phenotype 
has been provided for the patients. In total, in five of the 
fifteen families, we were able to identify two recurrent 
pathogenic CNVs (i.e., the 15q13.3 microdeletion and the 
16p11.2 proximal duplication) which are strongly asso-
ciated with cognitive impairment and three structural 
variants (i.e., the 16p11.2 distal duplication, a 5p13 dupli-
cation and a Xp22.12 duplication) that may play a role in 
the phenotype.

With regard to the contribution of rare sequence vari-
ants in our cohort, a truncating variant in the ZNF292 

gene was identified in a sporadic case (DLD-12). This 
variant was classified as pathogenic or likely patho-
genic on five occasions in ClinVar (RCV001260794.4, 
RCV001292573.11, RCV001879995.6, RCV001261752.3, 
RCV003353266.2). The male patient presents with severe 
expressive and receptive language disorder, no written 
language skills and severe inhibition, which subsequently 
evolved into social withdrawal at the age 11. It should be 
noted that he does not have ID. Additionally, he pres-
ents with a mild unilateral hearing loss, which does 
not account for the observed DLD. At the initial clini-
cal assessment and at the time of inclusion, which was 
more than a year after the beginning of rehabilitation, 
the patient presented with a DLD that was fairly typical 
of that observed in early childhood. Following the receipt 
of the genetic results, the clinical picture of the patient 
had evolved with a relational disorder in the foreground. 
This highlights the importance of conducting a re-evalu-
ation of the cognitive and behavioural profile of children, 
both for adjusting support and for exploring the aetiol-
ogy. LoF variants in ZNF292 have been associated with 
a spectrum of neurodevelopmental features including ID 
and ASD with incomplete penetrance. Other clinical fea-
tures such as motor delay, ADHD, and nonspecific dys-
morphic features may be observed [20]. It is noteworthy 
that one case reported by Mirzaa et al. [20] did not pres-
ent with evidence of ID but rather exhibited characteris-
tics of ASD and speech delays at the age of six years. The 
precise function of this gene remains unclear. However, 
it is highly expressed during brain development, partic-
ularly in the cerebellum (Supplementary Fig.  1). These 
findings provide compelling evidence that the de novo 
variant in ZNF292 is responsible for the DLD phenotype 
of this individual, which is an expansion of the clinical 
spectrum.

In addition, we identified five VUS in five genes, two 
of which have been associated with NDDs. In a sporadic 
case (family DLD-6), we found a de novo missense vari-
ant in SOX30, which has not previously been associated 
with DLD or NDD. SOX family proteins are character-
ized by a DNA-binding domain, a high mobility group 
box that exhibits a high degree of similarity with SRY. 
Members of this family are conserved during evolution, 
and they have been shown to play pivotal roles during 
animal development [34]. Although its role is mostly 
documented during spermiogenesis, sox30 is expressed 
in a specific manner at the midbrain-hindbrain bound-
ary during zebrafish neurogenesis [35, 36]. In a multiplex 
family (DLD-1), a missense variant in IQSEC2, known 
to be involved in a X-linked intellectual developmen-
tal disorder, was detected in the two affected sons and 
their mother who displayed moderate language disorder. 
Pathogenic variants in IQSEC2 cause ID, ASD and epi-
lepsy in males (MIM# 309530). Females are less severely 
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affected and tend to have learning difficulties or mild 
intellectual disability. In another multiplex family (DLD-
5), a missense variant in the DDX47 gene was identified 
in both the affected child and the affected father. DDX47 
belongs to the DDX/DHX family and has been proposed 
as a candidate gene for syndromic NDDs [37, 38]. Mono- 
and biallelic variants, which were considered potentially 
pathogenic, have been identified in several patients with 
variable clinical manifestations. Although the variant 
meets the criteria for segregation with DLD in our family, 
it remains only potentially disease-causing.

In family DLD-11, a splice-site variant in PPP2R2C was 
identified in the affected individuals (two children and 
their mother). This gene, which encodes a subunit of pro-
tein phosphatase 2 A with a unique expression pattern in 
the brain, was considered as an interesting candidate gene 
for mild ID, epilepsy, and behavioural problems in a fam-
ily with reciprocal translocation (4;6)(p16.1;q22) [39]. In 
the affected individuals, the translocation that disrupted 
the PPP2R2C gene was found to segregate with the phe-
notype. Finally, in family DLD-13, a de novo frameshift 
variant in ARID4A was detected in the affected child. Wu 
et al. showed that ARID4A and ARID4B are members of 
epigenetic complexes that regulate genomic imprinting at 
the Prader-Willi syndrome and Angelman syndrome [40]. 
Consequently, ARID4A and PPP2R2C are considered as 
candidate genes for DLD. It can be hypothesized that the 
variants in PP2R2C and ARID4A act as a second hit, in 
conjunction with the 16p11.2 distal duplication and the 
15q13.3 deletion in families DLD-11 and DLD-13. The 
CNVs could render the individuals susceptible to NDD, 
while the additional genetic alteration may influence the 
phenotypic trajectory.

In total, in our three sporadic cases, we identified a 
truncating pathogenic variant in ZNF292 (family DLD-
12), a recurrent 15q13.3 CNV associated with a VUS 
sequence variant in ARID4A in family DLD-13, and a 
variant of interest in SOX30 in family DLD-6. In contrast, 
in the twelve multiplex families, only a limited num-
ber of variants that could play a role in the phenotype 
were identified. It could be speculated that oligogenic 
or polygenic mechanisms are involved in these multi-
plex families, as has been suggested for ASD [41–43]. A 
combination of inherited rare and common variants with 
variable weight could contribute to the pathogenicity of 
DLD, whether through additive or synergistic effects. 
Our results lend support to the hypothesis that DLD and 
ASD share a similar genetic architecture, as evidenced by 
the presence of shared CNVs and sequence variants.

Limitations
In this study, we aimed to investigate a homogeneous 
cohort of individuals diagnosed with DLD, excluding 
children with CAS and/or ID. Furthermore, in order to 

obtain a comprehensive phenotyping, all participants 
underwent clinical scales, psychometric tests and stan-
dardized language assessments. The strict inclusion cri-
teria applied by our multidisciplinary team, including 
speech pathologists, neuropsychologists and paediatric 
neurologists, resulted in a relatively small sample size, 
which limits the strength of our findings.

Conclusion
Our approach, combining CMA and WES/WGS, identi-
fied a pathogenic sequence variant in the ZNF292 gene 
in which LoF variants have been found to be associated 
with a spectrum of neurodevelopmental features. In two 
families, known recurrent pathogenic CNVs implicated 
in NDD, were detected, resulting in an overall diagnostic 
yield of 20% (3/15 families). We were also able to iden-
tify novel genes and CNVs potentially involved in DLD. 
Lastly, while likely causative de novo events appear to 
be prevalent in sporadic cases of DLD, the majority of 
familial cases remain unresolved. DLD is a heritable com-
plex disorder, with compelling evidence indicating that 
genetic factors are likely to be shared with those involved 
in ASD and ID.
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