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ANKRD11 variants cause variable clinical features
associated with KBG syndrome and Coffin–Siris-like
syndrome

Satoko Miyatake1,2, Nobuhiko Okamoto3, Zornitza Stark4, Makoto Nabetani5, Yoshinori Tsurusaki1,
Mitsuko Nakashima1, Noriko Miyake1, Takeshi Mizuguchi1, Akira Ohtake6, Hirotomo Saitsu1,7

and Naomichi Matsumoto1

KBG syndrome (KBGS) is an autosomal dominant multiple congenital anomaly-intellectual disability syndrome, characterized by

developmental delay with neurological involvements, macrodontia of the upper central incisors, characteristic facial dysmorphism

and skeletal anomalies. Variants in ANKRD11 cause KBGS. We present five individuals from four families with ANKRD11
variants identified by whole-exome sequencing. Four of the five were clinically affected, and their diagnoses were varied. One

was typical KBGS, two were Coffin–Siris syndrome-like (CSS), and one was intellectual disability with infantile spasms. One

individual showed extremely mild phenotype. All individuals fulfilled the proposed diagnostic criteria for KBGS. Phenotypic

features overlap between KBGS and CSS to some extent, and characteristic dental and fifth finger/toe findings can indicate

differential diagnosis. These findings indicate that patients with ANKRD11 variants occupy a wide spectrum of intellectual

disability, including clinically normal individuals. This is the first report highlighting the clinical overlap between KBGS and

CSS and supporting the recently proposed clinical concept, in which transcriptional machineries are disrupted.
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INTRODUCTION

Multiple congenital anomaly-intellectual disability syndrome
(MCA/ID) is a heterogeneous group of genetic syndromes comprising
intellectual disability and multiple anomalies. It can be difficult
to determine specific MCA/ID diagnoses for patients because of
the phenotypic overlap between syndromes. Whole-exome
sequencing (WES) has been successfully applied to patients with these
syndromes to help diagnosis and to better understand their
genetic bases.
KBG syndrome (KBGS) and Coffin–Siris syndrome (CSS) are

MCA/ID syndromes that show autosomal dominant inheritance.
KBGS is characterized by developmental delay with various neurolo-
gical involvements, macrodontia of the upper central incisors,
characteristic facial dysmorphism and skeletal anomalies.1 ANKRD11,
which encodes a chromatin regulator,2 is associated with this
syndrome.3 CSS is characterized by developmental delay, coarse facial
appearance, feeding difficulties, recurrent infections, hypertrichosis,
and hypoplastic-to-absent fifth fingernails and fifth distal phalanges.4

Genes encoding the subunits of the BAF (Brg1-associated factors)
complex,5,6 or in SOX117 are associated with CSS.

Here we present five individuals from four families with ANKRD11
variants. Four of the five are clearly affected, but have varied diagnoses:
typical KBGS, CSS-like or intellectual disability with infantile spasms.
We discuss their clinical phenotypes with respect to the idea
of clinically distinct diseases sharing common disease mechanism
disrupting transcriptional machineries.8

MATERIALS AND METHODS
In each family, we picked only the index individual for WES analysis as
previously described.9 In brief, genomic DNA was captured using the SureSelect
Human All Exon V5 kit (Agilent Technologies, Santa Clara, CA, USA)
and sequenced on a Illumina HiSeq2000 or HiSeq2500 (Illumina, San Diego,
CA, USA) with 101-bp paired-end reads. Image analysis and base calling were
performed using sequence control software with real-time analysis
and CASAVA software (Illumina). Reads were aligned to GRCh37 using
Novoalign (http://www.novocraft.com/). Marking PCR duplicates, indel
realignment and base-quality-score recalibration were performed using
Picard (http://picard.sourceforge.net/) and Genome Analysis ToolKit (GATK)
(https://www.broadinstitute.org/gatk/index.php). Variants were called by the
GATK UnifiedGenotyper (http://www.broadinstitute.org/gatk/) and annotated
using ANNOVAR (http://www.openbioinformatics.org/annovar/) after
excluding the common variants registered in the common dbSNP135 database
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(minor allele frequency ⩾ 0.01). Detected AKNRD11 variants were validated by

Sanger sequencing. Parental samples were also tested to check the mode of

inheritance of identified variants. Experimental protocols were approved by the

Committee for Ethical Issues at Yokohama City University School of Medicine.

Written informed consent was obtained from all individuals or their parents.

Clinical information was collected from medical records obtained by doctor–

patient consultation.

RESULTS

Genetic analysis
WES with the depth of 10× reads or more covered 90.5–93.5%
of the total coding sequence of RefSeq genes. Through WES,
we identified three novel variants in ANKRD11 (NM_013275.4):
a de novo 4 bp deletion (c.3224_3227del: p.Glu1075Glyfs*242) in

individual 2, a de novo nonsense variant (c.6187G4T: p.Glu2063*)
in individual 3, and a missense variant (c.6416C4T: p.Pro2139Leu) in
individual 4 that was also present in his mother (individual 5). We also
identified a reported variant10 (c.1903_1907del: p.Lys635Glnfs*26) in
individual 1 that had arisen de novo (Figure 1). Pro2139 is a well-
conserved amino acid among vertebrate species and it resides in the
activation domain, which is capable of stimulating transcription.11

Web-based tools (SIFT, PolyPhen2 and MutationTaster) predicted that
this variant was pathogenic (SIFT: 0, PolyPhen2 (HumVar): probably
damaging with score 0.999, and MutationTaster: disease causing with
a probability 40.999). This variant was not detected in 575 normal
Japanese control exomes, or in the NHLBI Exome Sequencing
Project (http://evs.gs.washington.edu/EVS/), the 1000 Genome Project
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Figure 1 ANKRD11 functional domains and detected variants. Upper section depicts ANKRD11 protein structure. AD, activation domain; ANK, ankyrin
repeats; RD1, repression domain 1; RD2, repression domain 2. Middle section shows the location of identified variants. Lower section shows
electropherograms and substituted/truncated amino acids found in each individual. ANKRD11 sequence is based on RefSeq NM_013275.4. Note that
Sanger sequencing of the PCR amplicons at the mutation site in individual 5 showed the same height of mutant and wild-type allele peaks, respectively,
implying the possible heterozygote. A full color version of this figure is available at the Journal of Human Genetics journal online.

Figure 2 Clinical features of individuals with KBG syndrome. (a) Images of individual 1 at 7 years of age. From left to right: frontal view, lateral view, right
foot and left hand. Hypertelorism and prominent lips are present. Brachydactyly of the first finger and toe is recognized, as well as sandal gap in the foot.
Fifth finger/toe hypoplasia and nail hypoplasia are not seen. (b) Images of individual 2 at age 10 years. From left to right: frontal view with his mouth open,
frontal view with his mouth closed, lateral view, occipital view and left hand. Thick eyebrows, long eyelashes, inverted epicanthal folds, broad nasal bridge
with bulbous nasal tip, thick lips and low posterior hairline were observed. Brachydactyly of all fingers and clinodactyly of the fifth finger were present.
(c) Images of individual 3 at age 1 or 2 years. From left to right: frontal view at 1-year old with her mouth closed, frontal view at age 2 years with her mouth
slightly open, lateral view at age 2 years, and T1-weighted sagittal brain magnetic resonance image (MRI) performed at age 2 years. Brachycephaly with
a round facial shape, narrow palpebral fissures, prominent nasal bridge, smooth philtrum and down turned corners of month are present. Brain MRI shows
a markedly intense, curvilinear lesion stretching over the superior margin of the corpus callosum body through the posterior margin of the splenium to the
retro-thalamic cistern, which was diagnosed as pericallosal lipoma, and cerebellar vermis hypoplasia. (d) Dental findings of individuals 1–4. From upper left
to right: individual 1 at age 7 years, individual 2 at age 10 years and individual 3 at age 2 years. In individual 1, primary teeth are of normal shape and
size. In individual 2 macrodontia of upper incisors, supramentary, malpositioned mamelons are present. In individual 3 upper deciduous incisors are large.
From lower left to right: individual 4 at age 7 years 1 month, and his pan tomography at that time. In individual 4 upper incisors are large and supramentary
mamelons are noted. A full color version of this figure is available at the Journal of Human Genetics journal online.
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(http://www.1000genomes.org/), or the Human Genetics Variation
Database (http://www.genome.med.kyoto-u.ac.jp/SnpDB/). In ExAC
browser (http://exac.broadinstitute.org/), only 2 out of 106 544 alleles
(minor allele frequency= 1.87×10 � 5) were detected to have this
variant in a heterozygous state. Considering that individual 5 had an

extremely mild KBGS phenotype, the pathogenicity of this variant in
this family could not be excluded. In individuals 1 and 2 with
the initial diagnosis of CSS-like, no variants were identified in any of
BAF complex-related gene or in SOX11. In individual 4 who
was initially suspected to have Noonan syndrome, no variants were
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identified in genes associated with Noonan syndrome (PTPN11, SOS1,
RAF1, RIT1, KRAS, NRAS, BRAF, MAP2K1, RRAS, RASA2, A2ML1,
SOS2 and LZTR1).

Phenotypic analysis
The clinical features of the five individuals are presented in Figure 2,
Supplementary Figure 2, Table 1 and Supplementary Table 1. Indivi-
duals 4 and 5 did not give us permission to present their photographs.
Individuals 1 and 2 were clinically diagnosed as CSS-like. Individual
3 was not specifically diagnosed, and was considered as a patient
with ID and infantile spasms of an unknown cause. Individual 4 was
clinically diagnosed as KBGS. Individual 5 was suspected to have mild
KBGS after finding the variant. She has never had developmental
delay nor specific medical history, and currently has normal
intelligence, but she has short stature, facial dysmorphism and
macrodontia of upper central incisors with the width of 12–13 mm.
Among the five individuals, frequently observed characteristics were

delayed bone age (3/3; 100%), macrodontia (4/5; 80%), speech delay
(3/5; 60%), short stature (3/5; 60%), hand anomalies (3/5; 60%),
neurodevelopmental delay (3/5; 60%), seizures (3/5; 60%), hearing
loss (3/5; 60%) and vision anomalies (3/5; 60%). Common facial
dysmorphic features were round/triangular face (4/5; 80%),
hairline abnormality (4/5; 80%), hypertelorism (4/5; 80%), synophrys
(3/5; 60%) and prominent nasal bridge (3/5; 60%).
Macrodontia was the most frequently observed dental abnormality,

and supramentary, malpositioned mamelons were observed in indivi-
duals 2 and 4. Individual 1 had abnormally delayed dentition, which is
a characteristic feature of CSS. Two of the five individuals
had costovertebral abnormality (abnormal vertebrae and scoliosis in
individual 4, and spinal abnormality in individual 3). Hand anomalies
in the five individuals were short hand and tubular bones, and

brachydactyly in three of four, and two of three individuals,
respectively. Brachydactyly–clinodactyly of the fifth finger without
hypoplasticity was noted in individuals 1 and 2, who were CSS-like.
Severity in neurodevelopmental delay varied among the five indivi-
duals. Cognitive delay was observed in three of the five individuals,
together with speech delay. Speech delay was relatively severe.
Individual 1 could use several words at age 7 years; individual
2 attained sentence-level speech at age 10 years; and individual
3 spoke no words at 2 years of age. These three also had seizures.
Individuals 4 and 5 were evaluated to be normal with respect
to neurodevelopment. With regard to behavioral abnormalities,
individual 2 had pervasive developmental disorders and individual
3 was suspected to have autism spectrum disorder, but she was too
young to be diagnosed as autism spectrum disorder.
In CSS-like individuals, several CSS features, such as ‘coarse face’,

thick lower lip, wide mouth, long eyelashes, ear abnormality and
abnormal delayed dentition, were observed, while feeding difficulty,
hypotonia, sparse hair, and absent/hypoplastic fifth finger/nail, joint
laxity, body hypertrichosis, and recurrent infections were not
observed.
Pericallosal lipoma was identified in individual 3 by brain MRI. This

has not been previously described in KBGS.
All five individuals with an ANKRD11 variant fulfilled the

established diagnostic criteria for KBGS (four or more of eight
major criteria).12 The recently proposed, modified criteria10 were also
satisfied in all five individuals.

DISCUSSION

We reviewed the literature and compared the representative
characteristics of molecularly confirmed patients with these two
syndromes (Table 1, Supplementary Table 1 and Supplementary

Table 1 Clinical symptoms of individuals with KBG syndrome

Individual 1 2 3 4 5

Family 1 2 3 4 4

Age at examination 7 y 10 y 2 y 7 y 30 y

Initial clinical diagnosis CSS CSS Infantile spasm, pericallosal lipoma,

ID

KBGS —

ANKRD11 mutation c.1903_1907del c.3224_3227del c.6187G4T c.6416C4T c.6416C4T

ANKRD11 amino-acid substitution p.Lys635Glnfs*26 p.Glu1075Glyfs*242 p.Glu2063* p.Pro2139Leu p.Pro2139Leu

Mutation status De novo De novo De novo Inherited from mother Unknown

KBGS major criteria KBGS (%)a

Short stature 60.5 + − − + +

Delayed bone age 38.5 + + NA + NA

Facial dysmorphism 100.0 + + + + +

Macrodontia 88.4 − + + + +

Width of the upper

central incisors

5 mm 9.5 mm NA 11–12 mm 12–13 mm

Number of permanent teeth 0 8 0 NA NA

Costovertebral abnormality 41.9 − − + + −

Hand anomalies 82.9 + + − + −

Neurodevelopmenta abnormality 100.0 + + + − −

First-degree affected relatives 32.3 − − − + +

Number of KBGS criteria fulfilledb 5 5 4 7 4

Number of KBGS modified

criteria fulfilledc
4 4 4 6 4

Abbreviations: CSS, Coffin–Siris syndrome; ID, intellectual disability; KBGS, KBG syndrome; NA, not applicable; y, years. NM_013275.4 was used as genomic reference.
aThe number of patients showing each clinical feature in KBGS were collected or counted from the papers3,10,13–16.
bDiagnostic criteria for KBGS had been proposed by Skjei et al.12. At least four out of the above eight major criteria should be fulfilled for the definite diagnosis.
cModified criteria for KBGS has recently proposed by Ockeloen et al.,10 removing ‘delayed bone age’ from the criteria and three out of seven criteria would be required for the definite diagnosis.
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Figure 1).3,10,13–16 The phenotypic features of CSS overlap those
of KBGS to some extent. These include growth abnormality
(short stature, delayed bone age), neurodevelopmental delay,
behavioral abnormalities, seizures, hearing loss or brain MRI abnorm-
ality (Supplementary Figure 1a). However we have to be aware that
these overlapping features are quite unspecific and would be observed
in most MCA/IDs. Both KBGS and CSS can show facial dysmorphism,
dental and fifth finger/toe malformation, but their expression seems to
be different with a minimal overlap (Supplementary Figure 1b and c).
Patients with KBGS tend to have facial characteristics of brachyce-
phaly, round/triangular face, bulbous nasal tip, prominent nasal
bridge, hypertelorism and synophrys. On the other hand, sparse hair,
thick eyebrows, long eyelashes, wide mouth and thick lower lip, which
are all ‘coarse face’ features, are more frequently observed in
CSS (Supplementary Figure 1c). Other features of KGBS that are
useful for differential diagnosis are macrodontia, brachy/clinodactyly
of fifth finger/toe, short tubular bones of the hand, and first-degree
relatives of KBGS probands who are also affected. Meanwhile,
CSS characteristics that often distinguish from KBGS include delayed
dentition, absent/hypoplastic fifth finger/toe/nail, body hypertrichosis,
feeding difficulty, hypotonia and recurrent infection (Supplementary
Figure 1b). Patients 1 and 2 were clinically diagnosed as CSS-like but
had mixed phenotypes of KBGS and CSS. It was noted that delayed
eruption of primary dentition were observed in individual 1 as a new
dental finding for KBGS. Previously individual 4 was clinically
suspected to have Noonan syndrome based on the findings of
short stature, hypertelorism, webbed short neck and cryptorchidism.
He also had congenital heart defects including aortic stenosis,
mitral regurgitation and mitral stenosis, which seemed atypical
(retrospectively) as Noonan syndrome in a sense that they were all
left-side defects in heart.
Intrafamilial variability of KBGS has been reported,17 and more

male cases have been reported than females in a family probably due
to the different expressivity. Individuals 4 and 5 are another examples.
Further clinical investigation revealed that the mother of individual
5 also had short stature (148 cm: � 2.0 s.d., calculating using the
data from National Health and Nutrition Survey in Japan, 2014,
on the mean height (158.3 cm) and s.d. (5.1) for females with ages
30–39 years), and she resembles her daughter with very mild
dysmorphic face. Unfortunately we could not obtain DNA from
parents of individual 5 for further investigation. Considering indivi-
dual 4 as a typical KBGS phenotype and intrafamilial variability in
KBGS, the missense variant found in this family is probably
pathogenic. The variant is supported as pathogenic by the following
evidences: the extreme rarity in general population, in silico prediction
as pathogenic and occurrence at conserved amino acid within the
domain. There has been two reported patients with KBGS having
a missense variant in AKNRD11.16,18 They satisfied the diagnostic
criteria (Supplementary Table 2). We compared the phenotypes of the
four individuals (two from the literature, and individuals 4 and 5 from
our study) with KBGS having a missense ANKRD11 variant, to those
with truncating ANKRD11 variants (Supplementary Table 3). The
former tended to express typical phenotypes, except the cognitive
delay, observed in relatively low frequency (25% in missense group
vs 85.7% in truncation group). Further studies of KBGS patients with
missense variants are needed to clarify this issue.
Another possible explanation for the mild phenotype observed in

individual 5 is the somatic mosaicism. However, Sanger sequencing of
the PCR amplicons at the mutation site showed the same height of
mutant and wild-type peaks amplified from mutant and wild-type
alleles, respectively, implying the possible heterozygote rather than the

somatic mosaic mutation. DNA samples from different tissues of
individual 5 were unavailable for further investigation.
Three of the individuals had mild to moderate motor/cognitive

deficits and relatively severe speech difficulties. On the other hand,
individuals 4 and 5 had no neurodevelopmental abnormalities.
According to our literature review, 32.3% of patients with KBGS
had affected first-degree relatives. Considering the highly varied
clinical severity of KBGS, with the mildest form, KBGS can be
inherited. In contrast, CSS is essentially sporadic and is rarely
inherited.
Genetic analysis of syndromic intellectual disabilities using next-

generation sequencing has identified overlaps among some MCA/ID
syndromes where mutant genes are associated with epigenetic
modification; for example between CSS and Nicolaides–Baraitser
syndrome sharing SMARCA2 variant,19 CSS and Borjeson–
Forssman–Lehmann syndrome with PHF6 variant,20 Kabuki
syndrome, Wiedemann–Steiner syndrome (WSS) and Cornelia de
Lange syndrome (CdLS) with KMT2A variant,8,21 and Cornelia
de Lange syndrome (CdLS) and KBGS with ANKRD11 variant.15,22

Our study suggests that it might be sometimes difficult to clinically
distinguish between CCS and KBGS. In mice, ANKRD11 is a
chromatin regulator that binds to histone deacetylase 3 (HDAC3)
and controls histone acetylation and the expression of multiple genes
that are important for neural development.2 The BAF complex is an
ATP-dependent chromatin remodeling complex that is essential for
neural crest development.23 This is the first report presenting
phenotypic overlap between KBGS and CSS, adding more evidence
for the possibility of two distinct diseases sharing a common genetic
mechanism of disrupting transcriptional machineries.
In conclusion, variants in ANKRD11 cause a wide spectrum of

clinical phenotypes, even with intrafamilial phenotypic variability,
from the mild form of KBGS to CSS-like syndrome.
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