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The Koolen-de Vries syndrome: a phenotypic
comparison of patients with a 17q21.31 microdeletion
versus a KANSL1 sequence variant
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Lynne M Bird24, Diane Masser-Frye24, Jennifer R Friedman24, Modupe A Sokunbi25, Abhijit Dixit26,
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The Koolen-de Vries syndrome (KdVS; OMIM #610443), also known as the 17q21.31 microdeletion syndrome, is a clinically

heterogeneous disorder characterised by (neonatal) hypotonia, developmental delay, moderate intellectual disability, and

characteristic facial dysmorphism. Expressive language development is particularly impaired compared with receptive language or

motor skills. Other frequently reported features include social and friendly behaviour, epilepsy, musculoskeletal anomalies, congenital

heart defects, urogenital malformations, and ectodermal anomalies. The syndrome is caused by a truncating variant in the KAT8

regulatory NSL complex unit 1 (KANSL1) gene or by a 17q21.31 microdeletion encompassing KANSL1. Herein we describe a novel

cohort of 45 individuals with KdVS of whom 33 have a 17q21.31 microdeletion and 12 a single-nucleotide variant (SNV) in

KANSL1 (19 males, 26 females; age range 7 months to 50 years). We provide guidance about the potential pitfalls in the laboratory

testing and emphasise the challenges of KANSL1 variant calling and DNA copy number analysis in the complex 17q21.31 region.

Moreover, we present detailed phenotypic information, including neuropsychological features, that contribute to the broad phenotypic

spectrum of the syndrome. Comparison of the phenotype of both the microdeletion and SNV patients does not show differences of

clinical importance, stressing that haploinsufficiency of KANSL1 is sufficient to cause the full KdVS phenotype.
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INTRODUCTION

The Koolen-de Vries syndrome (KdVS) (OMIM #610443), also
known as the 17q21.31 microdeletion syndrome, is a multisystem

condition characterised by developmental delay, intellectual disability
(ID), hypotonia, epilepsy, characteristic facial features, and congenital
malformations in multiple organ systems.1–3 The syndrome can be
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either caused by a microdeletion in chromosomal region 17q21.31 or
by a truncating variant in the KAT8 regulatory NSL complex unit 1
(KANSL1) gene (NG_032784.1).4,5

In 2012, pathogenic single-nucleotide variants (SNVs) in KANSL1
in four independent individuals with the core clinical features of the
17q21.31 microdeletion syndrome were identified, showing that
haploinsufficiency of KANSL1 is sufficient to cause the full 17q21.31
deletion phenotype.4,5 KANSL1 is known to be part of the non-specific
lethal (NSL) complex, which regulates global transcription by histone
modification.6 The complex consists of several proteins, including
KANSL1, KANSL2, KANSL3, WDR5, MCRS1, and PHF20, and the
histone acetyltransferase KAT8.7–9

The recurrent 17q21.31 deletion (hg19 chr17:g.43700000_
44300000) contains several genes, including CRHR1 (OMIM
*122561), STH (OMIM *607067), MAPT (OMIM *157140), and
KANSL1 (OMIM *612452), and is flanked by extensive low copy
repeats (LCRs) or segmental duplications. The locus is genomically
complex with multiple structurally diverse haplotypes segregating in
the human population.10,11 Most fall into two genetically distinct
haplotypes: the H1 haplotype, which is most common, and the
inverted H2 haplotype, which is present at a frequency of ~ 20% in
European chromosomes.12 We previously showed that there is a H2
predisposition to the microdeletion,13 which can be explained by the
fact that the most prevalent H2 haplotype contains homologous
segmental duplications in direct orientation flanking the disease-
critical region, whereas no such sequence is observed in the H1
haplotype.10,11,14 Itsara et al15 showed that the 17q21.31 deletion
breakpoints reside within the flanking homologous sequences and that
the deletion can be mediated by intrachromosomal non-allelic
homologous recombination involving the H2-specific LCRs in direct
orientation or by an interchromosomal unequal crossover between the
H1 and H2 haplotypes.
So far, clinical data on 81 individuals with KdVS have been reported

in the medical literature, including only four individuals with a
KANSL1 SNV.1–5,13,16–32 The rarity of identified patients with a
pathogenic SNV in KANSL1 hampers the study of genotype–pheno-
type correlations. Moreover, despite the relatively high number of
cases with a deletion, the full clinical spectrum of the syndrome is still
unknown and better natural history data are needed.
We herein describe a novel cohort of 45 individuals with KdVS of

whom 33 have a chromosome 17q21.31 deletion and 12 a SNV in
KANSL1. We correlate our data to that in the medical literature and
provide practical information on the molecular and clinical inter-
pretation of copy number variation and single-nucleotide variation in
the complex 17q21.31 region.

SUBJECTS AND METHODS
Thirty-three individuals with a 17q21.31 deletion (14 males, 19 females, mean
age 11.9 years, range 7 months to 50.1 years) and 12 individuals with a
pathogenic intragenic KANSL1 SNV (5 male, 7 female, mean age 11.8 years,
range 2.9–46 years) were included in the study. The deletions were detected by
whole-genome array analysis with different platforms (Affymetrix, Santa Clara,
CA, USA; Agilent, Santa Clara, CA, USA; Illumina, San Diego, CA, USA). In six
cases, the KANSL1 variant was identified using whole-exome sequencing (cases
35, 38, 39, 41, 42, 44), two of which originated from the Deciphering
Developmental Disorders (DDD) project (www.ddduk.org/).33 One variant
(case 40) was identified using a molecular inversion probes (MIP) assay.34

Other patients underwent direct sequencing of KANSL1 owing to clinical
evidence of KdVS phenotype. The 17q21.31 deletions and KANSL1 sequence
variants were submitted to the Leiden Open Variation Database (http://
databases.lovd.nl/shared/variants and http://www.lovd.nl/KANSL1).35

A subset (n= 9) included in this study were diagnosed at the Department
of Human Genetics, Radboud University Medical Center, Nijmegen,
The Netherlands. The remaining participants were from clinicians at collabor-
ating centers. The clinical data on 42 patients have not been reported
previously; cases 25, 34, and 43 were previously published.4,31 A total of 12
individuals underwent detailed clinical examination by a clinical geneticist of
the Department of Human Genetics in Nijmegen. For the remaining cases,
clinical information was collected from other clinicians using a standardised
checklist (Supplementary Table S1). A search of the medical literature identified
23 articles describing the clinical features of 81 patients with KdVS.1–5,13,16–32

RESULTS

Genotype
All deletions in our cohort of 33 individuals include CRHR1, SPPL2C,
MAPT, STH, and at least the 3′ end of the KANSL1 gene
(Supplementary Figure S1). The deletion size, as determined by
various array platforms, varied between 378 and 645 kb. The 12
pathogenic KANSL1 variants were scattered throughout the entire
gene (NM_001193466.1), although 5 variants were located in exon 2.
The pathogenic variants are shown in Figure 1 and summarised in
Table 1. All variants predicted protein truncation, including one
nonsense variant, eight frame shift variants, and three canonical
splice site variants. The heterozygous variant within exon 15,
p.(Leu1042Argfs*71) (case 44), is predicted to result in a shift in the
reading frame, reaching a stop codon after 71 codons, altering the
C-terminal end of the KANSL1 protein. Notably, the c.1652+1G4A
splice site variant was reported in two unrelated individuals (cases 35
and 43).

Genetic testing
Genetic testing of the 17q21.31 genomic region can be challenging.
The mapping and interpretation of the deletion breakpoints are
confounded by the structural complexity and genomic variation of
the 17q21.31 locus. The resolution of the different array platforms, for
example, is limited because of the low probe coverage of the segments
that are rich in LCRs. Moreover, the region consists of two (benign)
copy-number polymorphic (CNP) segmental duplications, including a
short duplication (CNP155 or α polymorphism duplication) and a
long duplication (CNP205 or β polymorphism duplication) corre-
sponding to the promoter and first exons of KANSL1 (Supplementary
Figure S1 and Supplementary Figure S2a).10,11 These CNPs are
associated with the H2 and H1 haplotypes, respectively, and are
significantly enriched in European/Mediterranean populations where
frequencies can reach as high as 60%.10,11 These common copy
number variants (CNVs) are listed in large numbers in the various
databases as inherited and/or benign (ISCA benign variants (http://
dbsearch.clinicalgenome.org/search/); Decipher (http://decipher.san-
ger.ac.uk); Database of Genomic Variants (http://dgv.tcag.ca/) and
can give rise to ‘artefacts’ in genetic testing. Genotyping the two CNPs
in the 1000 Genomes36 phase 3 data identified frequent duplication of
these regions with no observed deletions (Supplementary Figure S2b).
Because of the lack of deletions, we examined the raw array ratio data
from a representative set of 8730 controls.34 In both CNP clusters, the
high frequency of variants had shifted the central cluster towards lower
ratios (Supplementary Figure S2c). This results in both false calling of
deletions in diploid state and undercalling of duplications. Thus array
data representing a deletion in the duplicated portion of KANSL1
should be viewed with caution unless a carefully selected control set
(in the case of SNP platforms) or well-characterised control (for array
CGH) was used. These data show that especially distal events in

Koolen-de Vries syndrome
DA Koolen et al

653

European Journal of Human Genetics

www.ddduk.org/
http://databases.lovd.nl/shared/variants
http://databases.lovd.nl/shared/variants
http://www.lovd.nl/KANSL1
http://dbsearch.clinicalgenome.org/search/
http://dbsearch.clinicalgenome.org/search/
http://decipher.sanger.ac.uk
http://decipher.sanger.ac.uk
http://dgv.tcag.ca/


KANSL1 need careful clinical examination in order to confirm the
diagnosis of KdVS.
On SNP-based microarray array platforms, the deep coalescence

(2.3 million years) and the sequence divergence of the H2 inversion
haplotype can also hinder proper local genotype calling often visible as
disturbances in the KANSL1 region in the B-allele frequency/allele
peaks plots. We have seen that different H1/H2 genotypes give rise to a
specific and recognisable pattern on various array platforms depending
on the parental duplication structures (personal communication T
Dijkhuizen; Nijmegen examples of CytoscanHD platform provided in
Supplementary Figure S3).
In addition to difficulties with the standard CNV analysis, the H2

haplotype and the CNP clusters encompassing exons 1–3 of KANSL1
contribute to difficulties in SNV calling such as loss-of-function
variant ‘artefacts’ in the KANSL1 gene. As a result, in a number of
variant databases, we have observed loss-of-function variants reported
in non-affected individuals (the Exome Aggregation Consortium,
http://exac.broadinstitute.org/; NHLBI GO Exome Sequencing Project,

http://evs.gs.washington.edu/EVS/) corresponding specifically to the
duplicated portion. This means that the detection of a truncating
variant in exons 1–3 of the KANSL1 gene is not sufficient to make a
diagnosis of KdVS. In these cases, next to a compatible clinical
phenotype, variant analysis of the parental samples is of the utmost
importance to make sure that the possibly pathogenic variant has
originated ‘de novo’. The latter is illustrated by a nonsense variant in
exon 2 of KANSL1 that was identified in the DNA of a man with ID
using the MIP approach.34 Other than ID, the clinical presentation did
not suggest KdVS. We subsequently tested the DNA of both parents
and showed that the unaffected mother also carried the KANSL1
variant.

Clinical phenotype
In total, we collected clinical information on 33 patients with a
17q21.31 deletion and 12 with a pathogenic KANSL1 variant. All
patients were scored using a clinical checklist, allowing us to study
genotype–phenotype correlations. The KANSL1 variants were scattered

Table 1 Variants in KANSL1 (NM_001193466.1) and their predicted effects at the protein level

Case Genomic position Mutation (nt) Change (aa) Exon Mutation type De novo

#34 chr17:g.44248594G4A c.916C4T p.(Gln306*) Exon 2 Nonsense Yes

#35 chr17:g.44144914C4T c.1652+1G4A p.(?) Intron 5 Splice site Yes

#36 chr17:g.44248524_44248525del c.985_986del p.(Leu329Glufs*22) Exon 2 Frameshift Yes

#37 chr17:g.44128049_44128052del c.1867_1870del p.(Ile623Alafs*6) Exon 7 Frameshift NA

#38 chr17:g.44248970_44248979del c.531_540del p.(Gly179Leufs*20) Exon 2 Frameshift Yes

#39 chr17:g.44110559C4G c.2725-1G4C p.(?) Intron 12 Splice site Yes

#40 chr17:g.44144921_44144928del c.1639_1646del p.(Gly547*) Exon 5 Frameshift NA

#41 chr17:g.44248938del c.572del p.(Gly191Valfs*11) Exon 2 Frameshift Yes

#42 chr17:g.44110791_44110794dup c.2699_2702dup p.(Ser901Argfs*4) Exon 12 Frameshift Yes

#43 chr17:g.44144914C4T c.1652+1G4A p.(?) Intron 5 Splice site Yes

#44 chr17:g.44109035del c.3125del p.(Leu1042Argfs*71) Exon 15 Frameshift Yes

#45 chr17:g.44248601_44248602del c.908_909del p.(Lys303Thrfs*11) Exon 2 Frameshift NA

Abbreviations: aa, amino acid; nt, nucleotide; NA, DNA of parent(s) not available. Summary of all sequence variants found in KANSL1 in the individuals reported herein. Genomic, cDNA, and
protein positions are given as well as the affected exons. All genomic positions are based on the GRCh37/hg19 sequence; KANSL1 genomic reference sequence NG_032784.1; and transcript
reference sequence NM_001193466.1.
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Figure 1 Structure of the KANSL1 gene and protein and distribution of the SNVs. (a) Gene structure of KANSL1 (NG_032784.1). White boxes indicate
exons, connecting lines indicate introns (not drawn on scale), and grey boxes represent untranslated regions (UTRs). SNVs are annotated at the cDNA
followed by the number of cases (if 41). (b) Linear protein structure of KANSL1 indicating the different domains and motifs. The KANSL1 protein is mainly
unstructured, except for a coiled-coil domain (CC), a possible Zinc finger domain (ZN), a WDR5 interacting motif (WIN), and a PEHE domain.6 Amino-acid
changes are shown above the protein with arrows indicating their position. The two variants that were previously described in the medical literature are shown
in red.
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throughout the gene (Figure 1 and Table 1) and no genotype–
phenotype correlations were apparent in the cohort of patients with a
pathogenic variant.

Next all individuals were separated according to genotypes
(17q21.31 deletion versus pathogenic KANSL1 variant) (Table 2).
Comparison of the phenotypes of both groups of patients did not
show differences of clinical importance, stressing the previous con-
clusion that haploinsufficiency of KANSL1 is sufficient to cause the
core phenotype of KdVS.4,5 We did not observe any significant
differences between the two groups, except for large and/or prominent
ears in the deletion group (44%). This feature was not reported in the
group with SNVs, giving a significant uncorrected P-value of 0.017
(Fisher’s Exact Test). Otherwise, there were striking facial similarities
between both the groups (Figure 2 and Figure 3).
The individual clinical signs of our cohort of 45 patients are shown

in Supplementary Table S1. Clinical features of KdVS were apparent in
all individuals with the deletion or a pathogenic KANSL1 variant,
although the extent and severity of clinical findings varied among
individuals. The growth parameters and the features reported most
frequently in KdVS (ie, in ≥ 30% of the 17q21.31 deletion group, the
KANSL1 SNV group, or both groups) are shown in Table 2. Clinical
photographs of the patients are shown in Figures 2 and 3. A summary
of the main systems involved is given below.

Growth parameters
In the current cohort of 45 individuals with KdVS, intrauterine growth
retardation (IUGR) was recorded in 26%. This is similar to numbers
in the medical literature (18–29%).13,18,22 Postnatal growth retardation
is present in 35%, which is also similar to the other larger cohorts of
patients (18–36%).13,22 Short stature, if present, was proportionate. In
the current cohort, case 17 with a 17q21.31 deletion and case 42 with a
KANSL1 variant had (partial) growth hormone deficiency, which has
been reported previously.13,19

Neurological features
All individuals with KdVS in our cohort have developmental delay and
ID. The level of ID is mild in 42%, moderate in 37% and severe in
22%. In case 36, a girl with a KANSL1 variant and West syndrome, the
level of delay was, remarkably, only mild (IQ 73). Borderline IQ was
also described in two boys with a 17q21.31 deletion who finished
secondary school with educational support.20 However, in general the
level of psychomotor delay is moderate and expressive language
development seems to be particularly affected compared with receptive
language or motor skills. In our cohort, 4 out of 35 informative cases
(ie, age ≥ 5 years) were non-verbal (11%).
Neonatal hypotonia is a key feature of KdVS, reported in 86% of all

cases. It may result in severe feeding difficulties and hospitalisation
and/or nasogastric tube feeding in the neonatal period. Hypotonia is
present mainly during infancy but can continue into adulthood. Also,
feeding difficulties and oral motor dyspraxia, including drooling,
gastro-oesophageal reflux, and aspiration pneumonia (case 12), can
give rise to problems later in life. In case 42, severe drooling
(sialorroea) required resection of the submandibular salivary glands.
Seizures were present in 49% of all cases and were generally well

controlled with antiepileptic medications. In the medical literature
seizures are described in 36–54%.13,18,22 Wray25 described a girl with
infantile spasms presenting at 5 months of age and suggested that the
deletion of CRHR1 may predispose to having seizures, especially to
infantile spasms. However, in the current cohort infantile spasms were
also reported in case 41 with a KANSL1 variant.
Structural anomalies of the central nervous system were present

in 53% of our cohort and mainly included corpus callosum
hypoplasia/aplasia, enlarged ventricles, hydrocephalus, and heterotopias.
These features have also been reported previously in addition to

Table 2 Growth parameters and the key clinical features of KdVS

17q21.31

deletion

(n=33)

KANSL1

variant

(n=12)

KdVS

total

(n=45)

Clinical features n % n % n %

Growth parameters
Low birth weight 7/23 30.4 2/12 16.7 9/35 25.7

Postnatal short stature 10/24 41.7 2/10 20.0 12/34 35.3

Microcephaly 1/25 4.0 0/10 0.0 1/35 2.9

Macrocephaly 3/25 12.0 2/10 20 5/35 14.3

Neurological features
Hypotonia 28/32 87.5 10/12 83.3 38/44 86.4

Feeding problems 19/25 76.0 8/12 66.7 27/37 73.0

DD/intellectual disability 33/33 100.0 12/12 100.0 45/45 100.0

Mild 13/30 43.3 4/11 36.3 17/41 41.5

Moderate 11/30 36.7 4/11 36.3 15/41 36.6

Severe 6/30 20.0 3/11 27.2 9/41 22.0

Motor delay 25/25 100.0 11/12 91.7 36/37 97.3

Speech delay 24/24 100.0 12/12 100.0 36/36 100.0

Seizures/EEG anomalies 15/33 45.5 7/12 58.3 22/45 48.9

Friendly/amiable affect 26/30 88.7 11/12 91.7 37/42 88.7

Structural CNS anomalies 15/26 57.7 3/8 37.5 18/34 52.9

Enlarged ventricles 10/27 37.0 3/9 33.3 13/36 36.1

Neuropsychological disorders 18/32 56.3 7/12 58.3 25/44 56.8

Dysmorphic features
Long face 23/32 71.9 10/12 83.3 33/44 75.0

Upslanting palpebral fissures 16/33 48.5 8/11 72.7 24/44 54.5

Narrow/short palpebral fissures 14/24 58.3 5/10 50.0 19/34 55.0

Ptosis 12/33 36.4 2/11 18.1 14/44 31.8

Epicanthal folds 18/33 54.5 5/11 45.5 23/44 52.3

Tubular or pear-shaped nose 27/32 84.4 7/11 63.6 34/43 81.0

Bulbous nasal tip 29/32 90.6 9/11 81.8 38/43 88.3

Everted lower lip 15/24 66.7 9/11 81.8 25/35 71.4

Large/prominent ears 14/32 43.8 0/11 0.0 14/43 32.6

Musculoskeletal anomalies 25/32 78.1 8/11 72.7 33/43 76.7

Tracheo/laryngomalacia 5/33 15.2 4/11 36.3 9/44 20.9

Scoliosis/kyphosis 13/33 39.4 4/12 33.3 17/45 37.8

Joint hyperlaxity 17/30 56.7 7/11 63.6 24/41 58.5

Positional deformity feet 12/31 38.7 8/11 72.7 20/42 47.6

Visual and hearing impairments 16/29 55.2 8/9 72.7 24/38 63.2

Hypermetropia 10/31 32.3 6/11 54.5 16/42 38.0

Strabismus 12/33 36.4 6/11 54.5 18/44 40.9

Hearing impairment 9/28 32.1 1/12 8.3 10/40 25.0

Heart defects 11/33 33.3 6/11 54.5 17/44 38.6

Renal and urogenital anomalies 14/32 43.8 5/10 50.0 19/42 45.2

Cryptorchidism 7/14 50.0 3/5 60.0 10/19 52.6

Ectodermal abnormalities 21/32 65.6 7/10 70.0 28/42 66.7

Multiple moles 5/33 15.2 3/11 27.3 8/44 18.2
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communicating hydrocephalus, periventricular white matter
changes,13,22,29 and partial pituitary stalk interruption syndrome.19

Case 35 presented with a Chiari type 1 malformation, which has also
been described by Terrone et al,23 co existing with a mild anomaly of
the medulla oblongata. Three cases in our cohort had spinal cord
anomalies, including tethered cord (case 13), hydromyelia of the
thoracic cord (case 38), and painful disabling dural ectasia and cysts
(case 45). Interestingly, Tan et al22 also described an individual with
scoliosis, dural ectasia and a Tarlov cyst.

Neuropsychological disorders
In general, individuals with KdVS are sociable and have an amiable
affect.13,18,22 This is also reported in our cohort in 89% of all cases.

However, behavioural problems such as hyperactive behaviour,
anxiety, and stammering have also been reported.13,18,20,22,30 In our
cohort, we observed behavioural problems in 57% of cases. These
problems included autism/autistic traits, ADHD/attention deficit/
hyperactivity, shyness, anxiety/phobias, impulsive and stereotypic
behaviour, psychosis, and depression. Case 41, a 10-year-old girl with
a KANSL1 SNV, for example, had a disturbed sleep pattern,
dependence on routines, and self-stimulating behaviours (eye poking
and chewing on fingers). Case 44, a 20-year-old man with a KANSL1
SNV, had mild perseverative behaviour and anxiety in early childhood,
with worsening in early adolescence. He had anxiety and fluctuating
aggressive/agitated behaviours and developed severe perseverative/
obsessive compulsive behaviours in late adolescence that interfered

Figure 2 Clinical photographs of individuals with KdVS due to a 17q21.31 deletion. Facial photographs of (a) case 5; (b) case 7; (c) case 10; (d) case 11;
(e) case 12; (f) case 14; (g) case 16; (h) case 17; (i) case 18; (j) case 22; (k) case 24 front view; (l) case 24 side view; (m) case 25; (n) case 26; (o) case
28; (p) case 29; (q) case 30; (r) case 31; (s) case 32; and (t) case 33. A written informed consent was obtained for publication of clinical photographs in
the medical literature.
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with activities of daily living. Some regression was also reported in case
33, a 50-year-old woman with a 17q21.31 deletion. While at one point
she wrote clearly and precisely, over the years she lost that ability. She
had a tendency towards obsessive thoughts that have persisted her
whole life. In addition, she developed situational depression on two
occasions. A more detailed description of her is provided in the
Supplementary Note.

Facial dysmorphism
The most prominent facial dysmorphisms present in our series of 45
cases are the long face, upslanting palpebral fissures, narrow/short
palpebral fissures, ptosis, epicanthal folds, tubular- or pear-shaped
nose (81%) with bulbous nasal tip (88%), everted lower lip, and large
prominent ears (Figure 2 and Figure 3). A high and narrow palate has
been described in eight cases as another frequent feature. The facial
features are similar between the 17q21.31 deletion group (Figure 2)
and the KANSL1 SNV group (Figure 3). With age, there is elongation
and coarsening of the face. An abnormally shaped skull is reported in
9 cases, including dolichocephaly (cases 15, 25, 35), metopic ridge
(case 15), bitemporal narrowing (cases 22, 23, 24), trigonocephaly
(case 24), brachycephaly (case 29), turricephaly/scaphocephaly
(case 32), and frontal bossing (case 41). Craniosynostosis as well as
minor alterations in skull shape have been described previously.13,18,21,22

Other nonfacial dysmorphic features that have been reported in the
medical literature include fetal finger pads,22 slender lower limbs,13

and postaxial polydactyly of fingers and toes.24,32

Musculoskeletal anomalies
Musculoskeletal anomalies were present in 77% of our cases and
included tracheo/laryngomalacia, pectus excavatum or carinatum,
scoliosis/kyphosis, hip dislocation/dysplasia, joint hypermobility, and
positional deformities of the feet. Tracheo/laryngomalacia (21%) can
occasionally result in severe respiratory problems (case 38 needed
supraglottoplasty twice). Joint hypermobility mainly involved the
fingers and hands, whereas the positional deformities of the feet can
be severe and included pes planus but also pes cavus. Leg length
discrepancy was present in 2 of the 45 cases (cases 30 and 31). Less
frequent features included cervical stenosis (case 17), spondylolisthesis
(case 29), and spina bifida at L2 (case 33). Other musculoskeletal
anomalies described in KdVS are fused vertebrae and compression of
the spinal cervical cord,13 recurrent dislocation of the elbow, patellar
dislocation, limited elbow extension and leg length discrepancy
requiring femoral osteotomy, and club feet.16,22,26 Finally, Dornelles-
Wawruk et al17 described a case with chronic anaemia, mild cervical
vertebral arthrosis, and multiple thoracic and lumbar vertebral fusions.

Figure 3 Clinical photographs of individuals with KdVS due to a pathogenic KANSL1 variant. Facial photographs of (a) case 35; (b) case 36 front view;
(c) case 36 side view; (d) case 38; (e) case 39; (f) case 40 age 2 years; (g) case 40 age 7 years; (h) case 41 (i) case 42 front view; (j) case 42 side view;
(k) case 43 side view; (l) case 43 front view; (m) case 44; (n) case 45 side view; and (o) case 45 front view. A written informed consent was obtained for
publication of clinical photographs in the medical literature.
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Visual and hearing impairments
Hypermetropia is present in 38% of our cohort, and strabismus is
noted in 41%. Some other clinical features involving the eye were also
present. Case 32, a 43-year-old male with a 17q21.31 deletion, had
optic nerve hypoplasia. Wright et al,26 reported a similar case with
optic nerve hypoplasia and early cataract. Case 29 had cerebral visual
impairment (CVI) probably due to neonatal asphyxia and hard-to-
treat seizures. Delayed visual maturation and mild CVI was also
present in case 36, a 5-year-old boy with a KANSL1 SNV and West
syndrome, and in cases 38 and 41, both with a KANSL1 SNV and
epilepsy. Cataract was not present in our series but has been reported
in the literature,13,17 as well as coloboma.21

Hearing impairment (25%) is conductive in most cases and often
the result of recurrent otitis media. This has also been described by
Tan el al.22 Notably, Dubourg et al18 and Wright et al26 described
patients with sensorineural hearing loss.

Cardiovascular defects
The congenital heart anomalies in our series (39%) mainly included
atrial septal defect (ASD) or ventricular septal defect (VSD), but other
cardiac anomalies were seen, including patent ductus arteriosus,
hypoplastic aortic valve, bicuspid aortic valve, common left pulmonary
vein, dysplastic pulmonary valve, dilated left ventricle, anomalous right
subclavian artery, doubly committed VSD, broad aorta, patent fora-
men ovale, and mitral insufficiency. Persistent ductus arteriosus has
been reported previously13 as well as pulmonary stenosis, intracardiac
non-obstructive lesions, bicuspid aortic valve, and a dilated aortic
root.18,22,26

Renal and urogenital anomalies
Renal and urogenital anomalies were present in 45%. Cryptorchidism
was present in 53% of the male patients. Other important anomalies
of the renal and urogenital tract included vesiculoureteral reflux,
hydronephrosis, pyelectasia, a duplex renal system, a pear-shaped
bladder, and macroorchidism. A duplex kidney has been reported in
the medical literature twice, but cryptorchidism, hydronephrosis, and
vesiculoureteral reflux were the most prevalent features.13,22 Less
common features included pyelectasia, reflux nephropathy associated
hypertension, hypospadia, shawl scrotum, phimosis, and multicystic
renal dysplasia.13,18,22

Ectodermal abnormalities
Ectodermal abnormalities were present in 67% of our cases and have
previously been described.13,18,22,24,26,30 Skin involvement included,
among others, multiple nevi, depigmentosa, hyperkeratosis, eczema,
keratosis pilaris, café-au-lait maculae, ichthyosis vulgaris, acne vulgaris,
piezogenic papules, and hemangiomas. Importantly, case 17 developed
melanoma at 9 years of age. Cases 25 and 32 both had vitiligo. Case 25
has been described previously by Maley et al31 in addition to another
child with a 17q21.31 deletion and vitiligo. Hypopigmented cutaneous
patches which resemble vitiligo have been described before,16 as well
as skin changes reminiscent of those seen in patients with cardiofa-
ciocutaneous syndrome (OMIM #115150).26 Other ectodermal
abnormalities included abnormal hair color/texture, alopecia, and
brittle nails. Dental problems consisted of enamel hypoplasia, caries,
absence of secondary elements, and small, widely spaced, or
conical teeth.

Miscellaneous
Case 14, an 8-year-old boy with a 17q21.31 deletion, was born at
37 weeks of gestation with a haemorrhagic parenchymal infarction.

Prenatal ischemic infarction has been described twice,13,18 and Vlckova
et al24 described a monozygotic twin with KdVS who had perinatal
hypoxia during delivery followed by intracranial hemorrhage.24 Case
25 had vitiligo and developed Addison’s disease with GAD65 auto-
antibodies. This case has been described in more detail by Maley
et al.31 Other clinical features that might be of importance are
hypertension (case 20), neutropenia (cases 7 and 25), and recurrent
infections in at least 11 out of 45 cases (24%).

PREVALENCE

In 2008, we estimated the prevalence of the KdVS to be 1 in 16 000
individuals.13 This was based on 19 cases that had been included in
broader cohorts, including a total of 2978 patients with ID (frequency
0.64%). This estimation was biased towards deletion positive cohorts.
Vulto van Silfhout et al37 report on 10 children with a 17q21.31
deletion among a cohort of 5531 children with developmental delay
and/or ID, giving a frequency of 0.11% among individuals with
unexplained ID, and subsequently, a prevalence of the 17q21.31
deletion of 1 in 55 000 individuals. This is in line with the study of
Coe et al,34 in which 31 cases were identified in a cohort of 29 085
children with developmental delay, ID, and autism spectrum disorder
(prevalence of 0.11%). In the same cohort, similar numbers were
found for Prader Willi syndrome (#176270; n= 40) and Smith
Magenis syndrome (#182290; n= 24).34

The prevalence of the KANSL1 SNV cannot be ascertained with
precision owing to the limited number of cases identified thus far. In
the first 1133 children with developmental disorders in the DDD
project (www.ddduk.org/), one de novo KANSL1 variant was identi-
fied, giving a frequency of 0.09%.33 Coe et al34 report on 7 KANSL1
SNVs among 4716 cases with unexplained developmental delay or
autism resulting in a frequency of 0.15% (although at least one of the
mutations was inherited from a non-affected mother, see the section
'Genetic testing'). These data suggest that the pathogenic KANSL1
SNVs might be as frequent as the deletion, but more studies are
needed to determine an unbiased prevalence of the syndrome.

DIFFERENTIAL DIAGNOSIS

In the majority of cases, the diagnosis of KdVS results from genome-
wide molecular cytogenetic analysis, such as genomic microarrays or
whole-exome sequencing. Most findings in KdVS are common and
relatively nonspecific indications for genetic analysis. However, the
concurrent finding of (severe) neonatal hypotonia, ID with speech that
is particularly affected, epilepsy, ASD/VSD, renal or urologic anoma-
lies, cryptorchidism, hypermetropia, and the characteristic facial
dysmorphic features is suggestive for the diagnosis of KdVS. Because
of the hypotonia, Down syndrome and Prader Willi syndrome may
have been considered in the neonatal period. In contrast to Prader
Willi syndrome, however, childhood hyperphagia and central obesity
have not been reported in KdVS. In some cases with IUGR and short
stature, Silver Russell syndrome (#180860) had been suggested and
other children with KdVS have previously been tested for Angelman
syndrome (#105830) because of the ID, epilepsy, and severe speech
delay. Moreover, phenotypic similarities of individuals with KdVS to
individuals with cardiofaciocutaneous syndrome (#115150) have been
described, including nevi and other pigmentary skin abnormalities,
together with ID, a coarse facial appearance, and relative
macrocephaly.26 The facial dysmorphism might also reflect Ohdo
syndrome (#300895; short palpebral fissures), 22q11 microdeletion
syndrome (#192430; long face, short palpebral fissures, prominent
nose), and Fragile X syndrome (#300624; long face that coarsens
with age).
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CONCLUSION

This study shows that haploinsufficiency of KANSL1 by itself is
sufficient to cause the full KdVS phenotype,5,20 including neonatal
hypotonia, feeding difficulties, developmental delay, ID with speech
delay, seizures, characteristic facial dysmorphism, musculoskeletal
anomalies, congenital heart defects, renal and urogenital anomalies,
and ectodermal anomalies. Although many individuals with KdVS
display a social and friendly behaviour, dysfunctional neuropsycholo-
gical problems are also common.
All KANSL1 SNVs reported so far are truncating variants. Genetic

testing of the 17q21.31 locus can be challenging, because of the
structural complexity of the genomic region. Especially for a variant in
the 5′-end of the KANSL1 gene, analysis of the parental samples is of
utmost importance to ensure that the variant is ‘de novo’, before
declared a pathogenic variant.
So far, little is known regarding the natural history of KdVS.

Therefore, further clinical studies (www.17q21.com) including long-
itudinal cognitive-socio-behavioural studies are needed to provide
proper counselling to parents and caregivers. Moreover, functional
studies (eg, using induced pluripotent stem cells and animal models)
will give more insights in the molecular mechanisms by which
haploinsufficiency of KANSL1 produces the broad spectrum of clinical
features.
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