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Introduction

KBG syndrome (OMIM #148050) was first described in 1975 
as an autosomal dominant disorder associated with character-
istic macrodontia, distinctive facial features, skeletal anomalies, 
and neurological problems [1]. KBG represents the surname 
initials of the first families diagnosed with the disorder. The di-
agnostic criteria for KBG syndrome were proposed in 2007. That 

is, a preliminary diagnosis of this disorder could be made when a 
patient had four or more of the following seven clinical features: 
macrodontia of the upper central incisors, distinctive facial 
features, hand anomalies, neurological involvement with global 
developmental delay, delayed bone age, costovertebral anoma-
lies, postnatal short stature, and a first degree relative with KBG 
syndrome [2]. 

ANKRD11, encoding ankyrin repeat domain-containing pro-
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KBG syndrome is an autosomal dominant syndrome presenting with macrodontia, distinctive facial features, skeletal anoma-
lies, and neurological problems caused by mutations in the ankyrin repeat domain 11 (ANKRD11) gene. The diagnosis of KBG 
is difficult in very young infants as the characteristic macrodontia and typical facial features are not obvious. The youngest 
patient diagnosed to date was almost one year of age. We here describe a 2-month-old Korean boy with distinctive craniofa-
cial features but without any evidence of macrodontia due to his very early age. He also had a congenital megacolon without 
ganglion cells in the rectum. A de novo deletion of exons 5-9 of the ANKRD11 gene was identified in this patient by exome 
sequencing and real-time genomic polymerase chain reaction. As ANKRD11 is involved in the development of myenteric 
plexus, a bowel movement disorder including a congenital megacolon is not surprising in a patient with KBG syndrome and 
has possibly been overlooked in past cases.
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tein 11, was identified as the gene responsible for KBG syndrome 
in 2011 [3]. Previous molecular testing of ANKRD11 helped 
to identify additional patients with KBG syndrome in whom 
the clinical phenotypes did not fulfill the previously-proposed 
diagnostic criteria [4,5]. Moreover, additional but uncommon 
phenotypes have now been associated with this condition such 
as cryptorchidism, conductive hearing loss, congenital heart de-
fects, and palatal defects [4]. The diagnosis of KBG syndrome is 
difficult in very young infants as the characteristic macrodontia 
and typical facial features are not obvious. The youngest patient 
diagnosed to date was almost one year old [5,6].

We here describe a two-month-old infant who presented 
with dysmorphic facial features and multiple anomalies. KBG 
syndrome was suspected due to a large exonic deletion of AN-
KRD11 gene detected by exome sequencing and confirmed by 
genomic quantitative polymerase chain reaction (PCR). Of note, 
this patient had a congenital megacolon which has not been 
described previously with this syndrome. 

Case

The study case was the third child of non-consanguineous 
Korean parents. He was delivered by cesarean section at 37 ges-
tational weeks with a birth weight of 2,580 g (standard devia-
tion [SD] score, –1.0) and height of 47 cm (–1.1 SD score). The 
pregnancy, labor, and delivery were uneventful. Immediately 
after birth, however, he was admitted to the neonatal intensive 
care unit due to transient tachypnea of newborn and feeding 

intolerance. Abdominal ultrasonography revealed diffuse lumi-
nal dilatation of the entire colonic loop with fecal material, but 
he passed meconium during the first 1 to 2 days after birth. He 
showed distinctive craniofacial features, including a coarse face, 
frontal bossing, mild synophrys, anteverted nares, a thin up-
per lip with marked cupids bow, a high-arched palate, and bifid 
uvula. Right cryptorchidism, single transverse palmar crease, 
and left foot polydactyly were also evident. Echocardiography 
revealed a small atrial septal defect and patent duct arteriosus. 
His karyotype was 46, XY and a chromosomal microarray was 
normal. His symptoms improved after supportive care and he 
was discharged at 20 days after birth. 

Following discharge, the patient had no stool passage for 
10 days and showed abdominal distension. A colon study per-
formed at 1 month of age revealed a markedly dilated colon 
and transition zone in the proximal part of sigmoid colon, which 
indicated a congenital megacolon (Fig. 1A). The congenital 
megacolon was then surgically corrected with a laparoscopic 
endorectal pull-through operation at 1 month of age. The 
pathological findings indicated an absence of ganglion cells in 
the rectum (Fig. 1B-1) but these cells were observed in the sig-
moid colon (Fig. 1B-2). Immunostaining of Bcl-2 and calretinin, 
which are biomarkers of enteric ganglion cells, was negative in 
the distal part of the sigmoid (Figs. 1C-1 and 2), suggesting the 
existence of a transitional zone.

We decided to perform targeted exome sequencing due to 
difficulty of suspicion of specific disease, despite clinical in-
formation and dysmorphic facial features. Following written 

Fig. 1. (A) A colon study of the patient revealed a dilated colon above the transition zone in the proximal part of sigmoid colon. (B-1) Absence of 
ganglion cells in the rectum (H&E stain, ×200). (B-2) Detection of ganglion cells in the sigmoid colon (H&E stain, ×200). (C) Bcl-2 (C-1, ×100) and 
calretinin immunostaining (C-2, ×100) was negative in the distal part of the sigmoid.
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informed consent, blood samples were collected for exome 
sequencing from the parents and the patient at 2 months of age 
using genomic DNA (gDNA) from peripheral blood leukocytes. 
Exomes were captured using the TruSight One Panel (Illumina 
Inc., San Diego, CA, USA), which enriches a 12-Mb region span-
ning 4,813 genes. Sequencing was then performed on a Next 
Seq platform (Illumina Inc.) and the sequence reads were aligned 
to the reference genome, hg19, using a Burrow-Wheeler Aligner 
(version 0.7.12; MEM algorithm). The mean depth of coverage 
was 90× (% of > 10×=98%). Real time-polymerase chain reac-
tion (RT-PCR) was performed to assess the gDNA content of the 
ANKRD11 gene (NM_013275.5) in the patient, parents, and in a 
control. Total gDNA was extracted from peripheral blood lym-
phocytes using the Gentra Puregene kit (Qiagen Inc., Valencia, 
CA, USA). The PCR reactions were carried out in a total volume 
of 10 mL, containing 50 ng of gDNA template, 10 pmol of each 
primer, and SYBR Premix Ex Taq (Takara Bio Inc., Shiga, Japan). 
The comparative threshold cycle method was used to determine 
the relative quantification of gDNA expression levels. A deletion 
was suspected in exons 5-9 of the ANKRD11 gene following 
targeted exome sequencing. RT-PCR analysis of ANKRD11 gene 

expression suggested a haploinsufficiency of exons 5-9 in the 
patient compared to the normal control (Fig. 2). Following the 
combined exome sequencing and RT-PCR results, the patient 
was diagnosed with KBG syndrome caused by a deletion of ex-
ons 5-9 in the ANKRD11 gene.

At 2 months of age, the patient had feeding problems such 
as aspiration, and respiratory difficulties due to a velopharyn-
geal insufficiency and weak sucking power. Tube feeding was 
therefore commenced. His right cryptorchidism was surgically 
corrected at 9 months of age. He could control his head and roll 
over at 11 months of age. At the latest evaluation at 1 year, his 
height was 77.4 cm (0.5 SD score), and body weight was 9.4 kg 
(–0.5 SD score). He had no vertebral and rib anomalies on X-ray 
and physical examination. 

Discussion

To date, about 100 cases of KBG syndrome due to an AN-
KRD11 haploinsufficiency have been reported [4,5,7,8]. Most of 
these patients have shared common clinical features, such as 
macrodontia, variable degrees of developmental delay, short 
stature, hand anomalies, and distinctive facial features, includ-
ing a prominent nasal bridge with bulbous nasal tip, long and 
smooth philtrum, thin upper lip, and brachycephaly with a tri-
angular face [4,5]. Additional features that have been reported 
include seizures, cardiac abnormalities (15-25%), conductive 
hearing loss (32%), palatal abnormalities (10-20%), and velo-
pharyngeal insufficiency [4,5]. However, with the further devel-
opment of genetic diagnostic techniques, more KBG syndrome 
cases without the full spectrum of clinical features have been 
identified such as our current case.

Most of the reported ANKRD11 mutations in KBG syndrome 
patients have been frameshift and nonsense, the majority of 
which have been located in exons 9 and 10 [4,5,8]. Differently 
sized exonic ANKRD11 deletions have also been reported in 6 
patients. However, including our present case, and there appears 
to be no differences in phenotypic severity according to deletion 
size [5]. 

ANKRD11 mutations are associated with developmental 
delay and autistic spectrum disorder as this gene is expressed 
in the brain and its deficiency primarily affects neuronal and 
glial cells [3]. The ANKRD11 protein is also involved in chroma-
tin remodeling for histone acetylation and gene expression in 
neural precursor cells. In addition, ANKRD11 has recently been 
suggested to induce dendrite growth and migration in cortical 
neurons through the brain-derived neurotrophic factor (BDNF) 

Fig. 2. Results of real-time polymerase chain reaction (PCR) to assess 
the genomic DNA (gDNA) content of the ANKRD11 gene in the study 
patient and his parents compared to a normal control. A deletion of 
exons 5-9 in the patient indicated gene dosage ratios of 0.2 to 0.6. 
The parents did not have these deletions and showed ratios of 0.7 to 
1.9. The gDNA for the exon 5-9 of ANKRD11 gene expression is less 
abundant in the patient than in the normal control.
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and its receptor, tropomyosin-related kinase B (TrkB) signal-
ing [9]. Hence, its deficiency reduces the proliferation of neural 
precursors and neurogenesis, and leads to aberrant neuronal 
positioning [10]. Of note also, BDNF and TrkB are also expressed 
in the myenteric plexus and are involved in enhancing enteric 
nervous system signaling and gastrointestinal motility [11,12]. 
In an aganglionic intestine, BDNF and TrkB expression is dimin-
ished [13]. Therefore, an ANKRD11 deficiency is quite probably 
associated with a congenital megacolon via the reduced BDNF/
TrkB signaling in KBG syndrome. Gastrointestinal involvement 
with KBG syndrome such as gastro-esophageal reflux disease 
and feeding difficulty has been reported [5,8]. In addition, a 
recent Austrian study reported a case of KBG syndrome with an 
abdominal viscera and vessel malrotation [14]. However, bowel 
movement disorders including a congenital megacolon had not 
been reported with this condition until our present case study. 

In conclusion, our current case report expands the clini-
cal spectrum of KBG syndrome. Considering the relationship 
between ANKRD11 and BDNF/TrkB signaling, an evaluation of 
bowel movement disorders is necessary in future assessments of 
this condition.
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