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12p13.33 microdeletion including ELKS/ERC1, a new
locus associated with childhood apraxia of speech

Julien Thevenon1, Patrick Callier2, Joris Andrieux3, Bruno Delobel4, Albert David5, Sylvie Sukno6, Delphine Minot1,
Laure Mosca Anne2, Nathalie Marle2, Damien Sanlaville7, Marlène Bonnet8, Alice Masurel-Paulet1, Fabienne Levy8,
Lorraine Gaunt9, Sandra Farrell10, Cédric Le Caignec5,11, Annick Toutain12, Virginie Carmignac13,
Francine Mugneret2, Jill Clayton-Smith9, Christel Thauvin-Robinet1,13 and Laurence Faivre*,1,13

Speech sound disorders are heterogeneous conditions, and sporadic and familial cases have been described. However, monogenic

inheritance explains only a small proportion of such disorders, in particular in cases with childhood apraxia of speech (CAS).

Deletions of o5Mb involving the 12p13.33 locus is one of the least commonly deleted subtelomeric regions. Only four patients

have been reported with such a deletion diagnosed with fluorescence in situ hybridisation telomere analysis or array CGH.

To further delineate this rare microdeletional syndrome, a French collaboration together with a search in the Decipher database

allowed us to gather nine new patients with a 12p13.33 subtelomeric or interstitial rearrangement identified by array CGH.

Speech delay was found in all patients, which could be defined as CAS when patients had been evaluated by a speech therapist

(5/9 patients). Intellectual deficiency was found in 5/9 patients only, and often associated with psychiatric manifestations of

various severity. Two such deletions were inherited from an apparently healthy parent, but reevaluation revealed abnormal speech

production at least in childhood, suggesting variable expressivity. The ELKS/ERC1 gene, which encodes for a synaptic factor,

is found in the smallest region of overlap. These results reinforce the hypothesis that deletions of the 12p13.33 locus may

be responsible for variable phenotypes including CAS associated with neurobehavioural troubles and that the presence of CAS

justifies a genetic work-up.
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INTRODUCTION

Intellectual disability (ID) is a major social, educational and health
problem affecting 3% of the population. Speech delay is frequently
associated with intellectual deficiency, but is rarely the predominant
symptom. Specific language impairment is the most frequently
diagnosed form of developmental language disorder, affecting up to
7% of 5- and 6-year-old children.1 There is a considerable variation in
the profile of the linguistic deficits observed and the functions
affected, which may be expressive, receptive or both.2 Among
speech sound disorders, childhood apraxia of speech (CAS) also
labelled developmental verbal dyspraxia (DVD) generally refers
to the productive aspects of verbal communication.3 CAS/DVD is
defined by the association of: (1) inconsistent error production
on both consonants and vowels across repeated productions of
syllables or words; (2) lengthened and impaired coarticulatory transi-
tions between sounds and syllables; and (3) inappropriate prosody.4

Point mutations and chromosomal abnormalities that affect FOXP2
were the first known genetic bases in such phenotypes.5–10 The
affected persons also had variable levels of impairment in expres-
sive and receptive language, extending to abnormal production and
comprehension of grammar. FOXP2 disruptions were found in
approximately 2% of a recruitment sample with ‘DVD’ (1/49).6,10,11

Other causative genes were secondarily described, associating speech
disorders to neurobehavioural abnormalities, including the CNTNAP2,
FOXP1 and SRPX2 genes.12–17

Herein, we report on a series of nine patients with 12p subtelo-
meric deletions, including two familial cases with severe speech
sound disorders, defined as CAS/DVD when evaluated. We therefore
aimed to further clinically delineate the ‘12p13.33 microdeletion
syndrome’ and determined the smallest region of overlap and a
candidate gene for speech sound disorders strongly suggesting
CAS/DVD.
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METHODS

French array-CGH network
A collaborative study was set up to colligate all of the French cases carrying a

12p13.33 microdeletion. Informed consent was obtained for all tested patients.

These platforms used either the Human Genome CGH Microarray 44, 105,

180 or 244K from Agilent according to the manufacturer’s protocol (Agilent

Technologies, Santa Clara, CA, USA). Data were processed with feature

extraction (v. 9.1) software and the results were analysed with CGH analytics

(v. 4.0) software (Agilent Technologies) in the Hg18 genome assembly. When

a 12p13.33 deletion was identified through array CGH, the anomaly was

confirmed either by fluorescence in situ hybridisation (FISH) or quantitative

PCR (qPCR).18 In cases of inherited deletion, the size of the parental deletion

was determined by array CGH.

European decipher database
The decipher database (http://decipher.sanger.ac.uk) was interrogated for

12p13.33 deletions and allowed us to find new cases in England (patient 6)

and Canada (patient 8). An SNP array study using the Affymetrix SNP6.0 array

was used and the deletion was confirmed on FISH studies using the BAC probe

RP11-359B12. Parental analyses were performed using FISH analyses.

Specialised evaluation of speech
The patients from family 1 and 2 were evaluated by a specialised speech

therapist from a reference centre for speech disorders. Patient 6 and 9 were

evaluated by their speech therapist, using the standardised scales discussed

below. In order to determine the cause of speech production troubles, specific

tests were performed including comparison between receptive and expressive

abilities, a search for errors on consonants and vowels in repeated production

of syllables or words, and its correlation with the length of the words

(according to the BALE scale, ELO battery, ERTL-4 scale),19–21 a study of

the ability to repeat nonsense words, a study of fine coordinated movement

sequences of the mouth, tongue, lips and eyes in order to investigate the

hypothesis of CAS/DVD. As an example, the results from the evaluation of

patient 1 are available in Supplementary Data (Supplementary Table 1). Oro-

facial praxis was assessed using the Henin–Dulac scale.22 Neuropsychological

evaluations were conducted using the standardised Weschler’s scales. A

diagnosis of CAS/DVD was made when a patient met the following criteria:

(1) presence of significantly abnormal oro-facial praxis and (2) presence of five

or more key features of CAS published by Forrest.23

RESULTS

Patients 1 and 2, family 1
The proband (patient 1) was a 3-year-old boy, the second child born
to healthy parents. His older brother had normal development and

schooling. During the third trimester of pregnancy, asymmetrical
cerebral ventricular dilatation was noticed (left ventricle: 11mm).
Fetal encephalic MRI, maternal CMV serology and foetal karyotype
were performed and showed no additional abnormalities. At birth at
39 weeks of gestation, weight of the patient was 3270 g, length 51 cm
and OFC 35 cm. Post-natal transfontanellar ultrasonography was
interpreted as normal. He was described as a calm baby, with no
interest in toys. Acquisition of developmental milestones was slow:
walking was acquired at 21 months and speech was delayed until
around the age of 3 years. He communicated mostly by shouting. He
had disturbed sleep. At the first examination at 3 years of age, height
and weight were on the mean curve, but he had macrocephaly at
þ 2.5 SD. Mildly dysmorphic features were noted, including a square,
coarse face, mild frontal bossing, enophtalmia, low-set ears, with
anteverted and thick ear lobes, a marked philtrum, large nares, a thin
upper lip and irregular and narrowly spaced teeth (Figure 1). He had
hypertrichosis located on the lower region of his back. There were no
other malformations at the clinical examination. Cerebral MRI, renal
and cardiac ultrasounds, skeletal X-rays and fragile-X testing were
unremarkable. Urinary oligosaccharides and mucopolysaccharides,
assessed because of the hypertrichosis and coarse face, were normal.
Audition tests were normal. At the age of 3 years, the neuropsycho-
logical evaluation identified a dysharmonic neuropsychological profile
(WPPSI-III, comprehension SN 4/19, reading ability SN 8/19, cubes
SN 1/19, object assembly and block design SN 11/19). The IQ could
not be calculated because of the dissociation between performances
and verbal abilities. Reading abilities were different from word
comprehension, which was very low, and aggravated by a visual
perception deficiency evidenced by difficulties in picture naming. The
performances were comparable to those of children of his age.
Attention deficit was noticed, but the patient was too young to
confirm a diagnosis of ADHD. A specific rehabilitation programme
focusing on abstraction and perception abilities was prescribed to
improve adaptation. At 46 months, a speech evaluation diagnosed
speech impairment with no communication troubles. Comprehension
skills were low. Spontaneous speech associated with unarticulated
words was understood and translated by the family. A neuropediatric
examination ruled out a neurological defect. Array CGH diagnosed a
3.2-Mb telomeric deletion of the short arm of chromosome 12 (arr
12p13.33p13.32 (179 123–3 264 542) x1). qPCR analysis in the parents
revealed that the deletion was inherited from the mother (patient 2).

Patient 1 Patient 3 Patient 9

Figure 1 Photos of patients 1, 3 and 9. Note the mild non-specific dysmorphic features. Patient 1: macrocephaly, square and coarse face with large

forehead, enophtalmia, down-slanting palpebral fissures, low-set ears, anteverted and thick ear lobes, a marked philtrum, large nares, a thin upper lip and

irregular and narrowly spaced teeth; patient 3: no dysmorphic features; and patient 9: hypotelorism, horizontal eyebrows, up-slanting palpebral fissures,

large nares and downturned corner of the mouth. Photos published with parental consent.
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The mother (patient 2) had a past history of severe speech
delay with speech production troubles. She said her first words
at 4 years of age and had intensive speech therapy. She had diffi-
culties during her schooling, but did not attend a school for
special needs. She was not able to obtain a high school diploma,
but followed a vocational course. She is now working as a home-
care provider and has good social integration. Her IQ is 89
(WAIS-III. IVQ: 86 with VCI 92, WMI: 94, IPQ: 96 with OPI:
95 and PSI: 102). The size of the deletion was determined by
array CGH and found to be identical in patient 1 and his mother.
Further investigations of the family showed that the deletion in the
mother was de novo.
Specialised speech evaluation revealed several characteristic signs of

CAS/DVD, including better receptive than expressive abilities, incon-
sistent errors on consonants and vowels in repeated production of
syllables or words with an increase in errors with longer words,
especially over two syllables, impaired ability to repeat nonsense
words and oral apraxia in fine coordinated movement sequences of
the mouth, tongue, lips and eyes. As an example, we phonetically
translated an evaluation in the Supplementary Data (Supplementary
File 1). A similar pattern was found in her child when testing was
possible (Table 2).

Patients 3, 4 and 5, family 2
Patient 3 was the only child of young healthy non-consanguineous
parents. The pregnancy was uneventful. He was born at 40 weeks of
gestation. His birth weight was 2800 g, length 47 cm and OFC 34 cm.
He was able to walk at 13 months. Speech was delayed with the first
sentences pronounced at 3½ years. Hearing tests were normal.
Behavioural abnormalities were noted at 3 years of age with
hyperactivity, anxiety, solitariness and low social interaction. Several
stereotypies were noticed in response to stress. There was no sleep
disturbance. Standard schooling was interrupted before the child
started primary school, and it was recommended that he attend a
school for special-needs children. When he was referred for a
neuropediatric consultation at 5 years of age, measurements were
above normal with a height of 118 cm (þ 2.1 DS), a weight of 21 kg
(þ 2.2 DS) and OFC 53 cm (þ 1.2 DS). No dysmorphic features were
noted (Figure 1). Expressive speech remained insufficient with speech
production trouble. The Henin–Dulac test revealed praxis troubles
(Z-scores between �4 and �7 SD) associated with dysphasic
symptoms (Table 2). Standard karyotyping was normal, fragile X
was ruled out. Array-CGH 150K identified a 1.3-Mb deletion on the
short arm of chromosome 12 (arr 12p13.33 (192 403–1 346 471) x1).
This result was checked by FISH analysis using BAC probes (BAC
RP11-359B12). Familial studies revealed that the deletion was
inherited from the father and the paternal grandfather. Incomplete
penetrance was first suggested, but targeted medical interviews
suggested variable expressivity. Indeed, the father (patient 4) had a
past history of speech delay with severe speech production troubles,
stammering and unarticulated words. He had difficulty learning how
to read and write. Hyperactivity was noticed in infancy and he had
to stop school before the 7th grade at 15 years of age. He is now
working as a technical operator. The paternal grandfather (patient 5)
had a similar past history. The age at first words could not be
defined, but he still displays speech production troubles with many
unarticulated words. He was also hyperactive and stopped school
before high school at 17 years of age. He has borderline intelligence
and used to work as a factory worker. Clinical examinations of
the three patients were normal. No dysmorphism was noticed in
patients 4 and 5.

Patient 6, family 3
The proband was one of non-identical twins born to a healthy
Caucasian couple following assisted conception by intracytoplasmic
sperm injection. He was delivered by Caesarean section at 28 weeks of
gestation due to premature rupture of the membranes and cord
prolapse. His birth weight was 1320 g. He was ventilated for 2 days
and then on continuous positive airway pressure for several weeks. He
remained in a neonatal intensive care unit for 8 weeks where he had
problems with jaundice and anaemia but no major collapses. He
passed his neonatal hearing test and started feeding well. He smiled at
18 weeks, sat between 6 and 9 months and walked at 14 months but
was uncoordinated. Developmental delay with late speech was noticed
and there was concern that he had some autistic features. His general
health was good. When he was seen at 3 years, he was able to say a
dozen words with first associated words. There was no neurological
defect identified during clinical examination. Most of his problems
were in the area of speech and language. Speech evaluation was
limited by ID and concentration troubles. Although delayed, com-
prehensive skills were satisfactory and expressive skills were lower, the
therapist noticed very slow progress in therapy and inability in
repeating words before the age of 10 years. Oro-facial praxis was not
acquired and was associated with fine psychomotor difficulties
(Table 2). His height was 98.7 cm (75th centile), weight 16.14 kg
(75th centile) and OFC 52 cm (50th centile). He had rather myopathic
facies with a tented upper lip and a tendency to drool. He snored
excessively at night. His palate was highly arched. He had mild
hypotonia with generalised joint laxity and an umbilical hernia. His
ear lobes were prominent. The routine karyotype, 22q11 FISH, fragile
X and 11p methylation were normal, as was a brain MRI scan. By 5
years of age, his speech was improving. He was declared to have
special educational needs and receives extra help at school. He was in
good health, and the main concern was his behaviour. He did not mix
well with other children, had poor communication skills, was not
motivated to learn and was late with toilet training. A diagnosis of
autism was suggested but not formally confirmed. Unfortunately, he
could not be evaluated by a specialised speech therapist. An SNP array
study using the Affymetrix SNP6.0 array showed a 3.1-Mb deletion of
12p13.33, which was confirmed on FISH studies using the BAC probe
RP11-359B12. The deletion was not present in either parent. His twin
brother was developing normally.

Patient 7, family 4
The proband was the first child of young healthy parents. A younger
sister aged 11 years had normal psychomotor development and
schooling. The pregnancy was unremarkable and the patient was
born at 40 weeks of gestation with a birth weight of 2820 g, birth
length 47 cm and OFC 34 cm. There was no problem during the
neonatal period. Crawling was acquired at 18 months. The first
symptom was a delay with walking, still not acquired at 22 months.
Later, speech delay was also noticed. The first words were pronounced
at 3½ years. At 5 years of age , height was 113 cm (þ 1 DS), weight
7.3 kg (�1 DS) and OFC 47.5 cm (�3.5 DS). Clinical examination
revealed a long face with large ears and prominent lobes, epicanthus
and large incisors with dental malocclusion. Anxiety and attention-
deficit hyperactivity disorder was diagnosed. Unfortunately, he could
not be evaluated by a specialised speech therapist. Complementary
investigations included a normal brain MRI, normal karyotype, fragile
X, plasma amino-acid and urinary organic-acid chromatography
and transferrin isoelectrical focusing. The array CGH identified
a de novo 2.76-Mb deletion in the 12p13.33 band (arr 12p13.3
(1 080 000–3 850 000) x1). This deletion was confirmed by FISH
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analysis and not present on the parental chromosomes using BAC
probes (RP5-927J10 and RP11-476M19).

Patient 8, family 5
The proband was a 10-year-old child of young non-consanguineous
parents of Indian origin. His younger brother was healthy. A maternal
uncle had low academic skills. The pregnancy was normal but
complicated with a premature rupture of membranes at 31 weeks
of gestation. The patient was born at 32 weeks with a birth weight of
1.9 kg. The neonatal period was complicated by hospitalisation in an
intensive care unit for hypothermia and feeding difficulties. Psycho-
motor development was delayed with independent walking acquired
at around 30 months and poor fine motor skills. The first words were
pronounced at 36 months. Abnormal speech production was noticed
and speech therapy was quickly started. At 9 years of age, measure-
ments were 125 cm for height (25e percentile) and 20kg for weight
(3e percentile). There was relatively mild microcephaly with an OFC
of 49.5 cm (3e percentile). Mild non-specific dysmorphism was
noticed with micrognathia and prominent ears. He had surgery
for inguinal hernia at 9 years of age. The patient went to a normal
school with occupational therapy until the age of 10 years and
was then after-orientated to a school for special-needs children.
He was described as a fearful child with poor concentration skills.
A diagnosis of ADHD was raised after a neuropsychological evalua-
tion. Ritalin was tried then stopped because of a lack of effectiveness.
This evaluation also noted a marked delay in arithmetic problem
solving, sub-normal skills in reading and normal skills in spelling.
Unfortunately, he could not be evaluated by a specialised speech
therapist. Additional investigations included normal haemoglobin
electrophoresis, 22q11 FISH, fragile X, plasma and urine amino
acids, urine organic acids, brain MRI and EEG. Blood TSH analysis
revealed moderate hypothyroidism, treated with L-thyroxine. Array
CGH identified a 2.5-Mb deletion on the short arm of chromosome
12 (arr 12p13.33 (33 879–2 537 524) x1). The deletion was not found
in either parent.

Patient 9, family 6
The patient was a 4-year-old child presenting initially with speech
delay, contrasting with normal motor skills. Pregnancy was marked by
intra-uterine growth retardation. The mother had a personal history
of speech delay with no consequences on her education or profes-
sional career. For the patient, sitting was acquired at 7 months and
walking at 16 months. Speech was delayed and the first words were
uttered between 36 and 40 months. Clinical examination was normal.
The morphological examination revealed hypotelorism, microcephaly
with a prominent metopic suture, moderate joint laxity and brittle
first toe nails. Chronic otitis was diagnosed and grommets were
implanted. The patient was orientated to a school for special-needs
children at the age of 6 years because of developmental delay
associated with behavioural abnormalities. Speech evaluation identi-
fied speech production troubles contrasting with better lexical
acquisition. The standardised speech evaluation identified oro-facial
apraxia, associated with poor intelligibility of speech. He presented
with frequent sound omissions and vowel errors (Table 2). Speech was
only understood by the parents. The first sentences were noticed at
the age of 8 years. Poor fine motor skills were also noticed. At the age
of 11 years, growth was normal (height þ 1 SD and weight þ 1 SD).
Microcephaly was persistent (OFC �2.2 SD). Cerebral MRI was
normal. Standard chromosomal analysis was normal. Subtelomeric
FISH analysis diagnosed a terminal deletion of the short arm of
chromosome 12. Parental analysis revealed that the patient had a

de novo deletion. Mapping was refined by array CGH 4� 180k
(Agilent Technologies) and identified a de novo 4.76-Mb deletion
(arr 12p13.32p13.33 (163 393–4 790 279) x1).

DISCUSSION

Subtelomeric deletions associated with developmental disabilities
account for 2.5% of the etiologies of learning disability. Approxi-
mately half of the clinically significant abnormalities identified are
isolated terminal deletions, the majority of which are de novo. In the
largest study, which investigated the telomeres of 11 688 individuals
with developmental disabilities, the 12p subtelomeric deletion was the
least frequently encountered variation.24

12p13.33 microdeletion is a rare condition that has only been
described in four case reports (three subtelomeric and one inter-
stitial).25–28 It is associated with ID and various psychiatric
manifestations (Table 1). The age at which the first words are uttered
was delayed in 2/4 patients, but no specific data regarding speech
production troubles have been reported. Larger 12p terminal dele-
tions identified by conventional cytogenetic techniques have been
described in 12 patients since 1975.29–32 A recognisable ‘12p deletion
syndrome’ was once suggested but ruled out because of a lack of
specificity.31 From our patients and the review of the literature,
we have further delineated the clinical phenotype of 12p13.3
microdeletions (Table 1). Pregnancies were generally unremarkable,
except for one case with unilateral ventricular dilatation and one with
intra-uterine growth retardation. No malformations were found
except for one case associated with oculo-auriculo-vertebral spectrum,
which may have been coincidental.26 Absent to non-specific
dysmorphic features were noted, but prominent ear lobes seem to
be a frequent feature. The neonatal period was in general
unremarkable, and in most of the cases, the first or unique
symptom was the speech delay, with the first words uttered at
around 36–40 months, associated or not with a delay in walking
acquisition. Interestingly, speech production troubles were identified
in 8/9 patients of our series (Table 1), and this feature could have
oriented clinicians towards this diagnosis. The cause of the speech
production troubles was CAS/DVD in investigated cases (5/9).
Patients presented an association of oro-facial praxis defects and
dysphasic symptoms (Table 2). They were mostly unable to imitate
sounds and had better skills on automatic than imitated speech, had
difficulty with articulatory movements for speech, gross and fine
motor difficulties, with general oral-motor difficulties, effortful
productions, groping and increased errors with increased utterance
length, frequent sound omissions, prosodic irregularities and slow
progress in correcting deficits in therapy (Table 2). The diagnosis of
CAS/DVD was made when patients presented five or more character-
istic symptoms reported in the ASHA technical report or by
Forrest.4,23 A neuropediatric examination could also rule out a
neurological deficit. The association with behavioural abnormalities
and developmental delay could lead to the classification of ‘apraxia of
speech with complex neurobehavioral disorder’.4

Although intellectual deficiency was first suspected in most of
the reported patients (Table 1), it was ruled out in some of them
following a neuropsychological evaluation. As an example, the
neuropsychological evaluation of patient 1 in this study revealed
dissociation between low verbal and normal non-verbal perfor-
mances; it was therefore not possible to calculate the total IQ. We
went back to some of the authors of previously reported cases for
additional information (Table 1). When our data were pooled with
other reported cases, it was interesting to note that the deletion was
inherited from one parent in four of the nine probands. In each case,
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the inheritance of the deletion was first an unexpected finding because
the parent had a normal life with a job and family. Retrospective
targeted interviews revealed that they all had speech delay and
learning difficulties during childhood. None of them graduated from
high school and they all had jobs that did not require qualifications,

which favours variable expressivity rather than incomplete pene-
trance. When tested, they displayed a normal IQ (family 1).
These data give further examples that go against the general view

that subtelomeric imbalances will lead to MCA/MR, because appar-
ently phenotypically normal individuals can also carry subtelomeric
aberrations.24 Ravnan et al24 showed that the majority of terminal
deletions were found to be de novo (48/60 familial studies).
The remaining cases were inherited from a single parent carrying
the same deletion, the majority of whom had been reported to be
phenotypically normal by the referring physician (10/12). Therefore,
parental FISH studies were recommended for all patients in whom a
subtelomeric rearrangement was found. Similarly, Balikova et al.33

reported subtelomeric copy-number changes in 12 families, in which
the imbalance was inherited from a phenotypically normal parent
(subtelomeric 2q, 3p, 4p, 4q, 6q, 10q, 17p, 17q, Xp and Yq deletions,
1q, 4q, 10q and 11q duplications). A careful clinical history and
neuropsychological investigations are therefore needed in so-called
asymptomatic patients. At the present time, there are a number of
hypotheses to explain the variability of clinical expression encountered
in these microdeletional syndromes. These include variations in genetic
background, epigenetic phenomena like imprinting, expression or regu-
latory variation among genes in the rearrangement region and the
unmasking of recessive variants residing in the single remaining allele.
From these nine new patients with a 12p subtelomeric microdele-

tion, we tried to define the smallest region of overlap for the speech
abnormalities. The 12p subtelomeric region is not a gene-rich region
with approximately 35 genes spanning the four telomeric megabases
(Figure 2). Four of these genes are known to be implicated in either
neuronal exchange (IQSEC3 and ELKS/ERC1),34,35 or psychiatric
disease and intellectual disabilities (SLC6A13 and CACNA1C).36,37

The molecular data from our group of patients added to other
observations in the literature allowed us to identify a small region of
overlap of 260 kb containing the ELKS/ERC1 gene. This gene seems to
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Figure 2 Alignment of the deletions identified with array CGH. The first four megabases from the telomere comprise 35 genes. Four of them are known

genes expressed in the brain and implicated in neurotransmission (IQSEC3 and ELKS/ERC1) or have been assigned to psychotic phenotypes (SLC6A13 and

CACNA1C). The smallest region of overlap in all the patients with speech delay (260 kb) only contains the ELKS/ERC1 gene.

Table 2 Speech evaluation with the BALE scale and association with

the diagnosis criteria for CAS/DVD published by Forrest23

Patient

1

Patient

2

Patient

3

Patient

6

Patient

9

Inconsistent production þ þ ND ND ND

Groping þ þ þ ND ND

Presence of vowel errors þ � � þ þ
Increased errors with increased

utterance length

þ þ þ ND ND

General oral-motor difficulties þ þ þ � þ
Poor intelligibility þ � � � þ
Slow progress in therapy þ þ þ þ þ
Difficulty with articulatory

coordination for speech

þ þ ND ND ND

Multiple errors þ þ þ ND ND

Prosodic irregularities ND þ þ þ ND

Unable to imitate sounds þ � ND ND þ
Expressive language worse

than receptive

þ � þ þ �

Limited early vocalisations/sound

play

þ þ ND þ ND

Effortful productions þ þ ND � ND

Gross and/or fine motor difficulties þ þ þ þ þ

Abbreviations: þ , present; �, not present; ND, not defined.
The 15 most frequent features that could be identified in patients with CAS are listed. Speech
evaluation of patients 1, 2, 3, 6 and 9 were summarised in the table.
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be the best candidate for the speech sound disorder in the 12p13.33
region. The ELKS protein is not brain specific.38 In neuron cells, the
ELKS protein is concentrated in the pre-synaptic active zone.35,38 It
was shown to be necessary for vesicular exocytosis in various cell
types.35,38,39 This protein was shown to be expressed at neuro-
muscular junctions,39 raising the hypothesis of altered fine cortical
control of vocalisation muscles.
Monogenic causes of CAS are rare.3 CAS have been described

occasionally with genetic disorders such as galactosemia, type 1
neurofibromatosis or in chromosomal rearrangements, in particular
encompassing the FOXP1 or FOXP2 genes.40–43 Four genes have been
reported in association with speech disorders, often associated with
other neurobehavioural abnormalities. These include mutations in the
CNTNAP2, FOXP1 FOXP2 and SRPX2 genes.13–17,42,43 In this series,
7/9 patients presented with behavioural troubles and 6 of them with
ADHD, which could be explained by hemizygosity of ELKS/ECR1,
located in the smallest region of overlap, given the similarity in the
patients’ phenotype. However, other genes expressed in the brain
comprised in the microdeletion, such as CACNA1C, could also in part
explain the phenotype.44,45

To conclude, 12p13.33 subtelomeric microdeletion is a rare genetic
rearrangement that predisposes patients to speech sound disorders
that could be defined as CAS/DVD when evaluated by a speech
therapist. The ERC1/ELKS gene found in the smallest region of
overlap could be a good candidate gene for CAS/DVD.
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