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Abstract: Kabuki syndrome (KS) is an autosomal dominant genetic disorder in which most 
cases are caused by de novo mutations. KS type 1 is caused by mutations in KMT2D 
(OMIM: #147920) and is more common. KS type 2 is caused by mutations in KDM6A 
(OMIM: #300867). Both genes encode proteins that modify histones and are involved in 
epigenetic regulation. The enzyme histone-lysine N-methyltransferase 2D, the product of 
KMT2D, is expressed in most adult tissues and is essential for early embryonic development. 
The main clinical manifestations of KS include dysmorphic facial features, such as elongated 
palpebral fissures, eversion of the lateral third of the lower eyelids, and short nasal columella 
with a broad and depressed nasal tip. Additionally, patients also present with skeletal 
abnormalities, dermatoglyphic features, mild-to-moderate intellectual disability, hearing 
loss, and postnatal growth deficiency. We describe an 11-year-old girl from Colombia, who 
presented with characteristic clinical signs of KS. Genetic studies showed a KMT2D intronic 
variant (KMT2D NM_003482.3: c.511-2A> T) as a cause of KS. 
Keywords: Kabuki syndrome, coloboma, rare disease, RNA splicing, sensorineural hearing 
loss

Introduction
Kabuki syndrome (KS) is a rare disease of genetic origin, first described in Japan by 
Niikawa & Kuroki in 1981. Its name is owed to the similarity of the facial 
dysmorphism characteristic of this condition with the makeup and kabuki masks 
used in traditional Japanese theater.1,2 KS prevalence is 1:32,000 live births in 
Japan and possibly similar in the rest of the world. In Colombia, the official number 
of diagnosed cases is unknown. However, 8 cases have been reported. KS does not 
have a predominance of ethnicity, age, or sex.2,3

This syndrome is characterized by dysmorphic facial features, such as elongated 
palpebral fissures with eversion of the lateral third of the lower eyelids, arched eye-
brows, and short nasal columella with a wide and depressed nasal tip, skeletal condi-
tions, such as cleft palate, spinal column abnormalities, brachydactyly, 
brachymesophalangia, clinodactyly, and craniofacial anomalies, dermatoglyphic 
anomalies, mild-to-moderate intellectual disability, and postnatal growth 
deficiency.2,3 In some cases, urogenital and cardiac abnormalities, visual deficiencies, 
conductive, sensorineural or mixed hearing loss due to recurrent otitis media in infancy, 
and endocrine disorders including precocious puberty, diabetes insipidus, thyroid 
dysfunction, and obesity may occur.3 Several cases with the characteristics described 
above have been reported in the literature (Table 1).
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The genetic mutations associated with KS are mainly 
found in the KMT2D and KDM6A genes.4,5 KMT2D (also 
called MLL2 or MLL4) is located on the long arm of chromo-
some 12 (12q13.12). It encodes the histone-lysine methyltrans-
ferase 2D protein responsible for di- and tri-methylation of 
H3K4 in the enhancers and promoters necessary for transcrip-
tional activation.6,7 This enzyme contains 5262 amino acid 
residues, 1 catalytic SET domain, 5 PHD domains, 2 ePHD 
domains, 1 HMG-I binding motif, and FY-rich motifs.8,9 

Alterations in KMT2D are the leading cause of KS type 1.7 

KDM6A (formerly known as UTX) is associated with KS type 
2 and encodes a demethylase that eliminates the trimethylation 
of histone 3 lysine 27 and interacts with KMT2D in the 
regulation of gene expression.10,11 KS has variable expression, 
is inherited in an autosomal dominant fashion, and is associated 
with de novo mutations in most cases.1,12

More than 650 genetic variants associated with KS have 
been identified. These include nonsense and missense muta-
tions, indels, duplications, frameshifts and splice site var-
iants. Most lead to truncated protein synthesis.12–14 Several 
cases of splicing variants linked with this syndrome have 
been reported (Table 2), and here we describe the case of 

a patient with clinical characteristics compatible with KS and 
an intronic variant in KMT2D that explains her phenotype.

Case Presentation
An 11-year-old Colombian girl was delivered at 38 weeks 
of pregnancy without complication. Her mother and father 
were non-consanguineous and aged 32 years and 44 years, 
respectively, at the time of birth. Birth weight was 2625 
g (3rd−10th percentile), and height was 49 cm (50th and 
75th percentile). No facial or phenotypic abnormalities 
were noticed at birth. However, at the age of 16 months 
and at 3 years, she underwent a pupilloplasty due to the 
reparation of the coloboma. Her family history was 
unremarkable.

At age 8 years, she underwent surgical correction of 
her right eyelid. One year later, ophthalmologic examina-
tion showed microphthalmia in the right eye with an 
irregular pupil, inferonasal coloboma, iridectomized iris, 
and soft-tissue protrusion at the superolateral pouch with 
dermoid fat herniation. The left eye had an irregular pupil 
with iris atrophy. Audiometric examination showed mild- 
to-moderate sensorineural hearing loss in the right ear 
(PTA 44dB); and normal hearing in the left (PTA 10dB). 
Estimated radiographic bone age was 6 years. Cardiac 
echocardiography showed normal ejection fraction 
(76%). Renal ultrasonography showed ectasia of the left 
renal sinus. Renal scintigraphy revealed bilateral postin-
fectious scarring with preserved parenchymal function, 
a dilated left renal sinus, renal sinus ectasia with interrup-
tion, and a probable duplex calyx system; renal function 
was 56% in the right kidney and 44% in the left. Spinal 
radiography showed a lumbar curvature to the right with 
slightly increased lumbar lordosis.

At age 11 years, the Intelligence Quotient (IQ) assess-
ment Wechsler Intelligence Scale for Children IV (WISC- 
IV) was performed with a total intelligence quotient testing 
score of 67; verbal comprehension score was 81 (average), 
perceptual reasoning score was 75 (low), working memory 
score was 68 (deficient), and information processing speed 
score was 62 (deficient). Height was 133 cm (4th percentile), 
weight was 40 kg (66th percentile), and head circumference 
was 52 cm (22nd percentile). Physical examination showed 
bilateral iris coloboma, right microphthalmia, inverse epi-
canthus, elongated palpebral fissures that inclined upwards, 
eversion of the lateral portion of the lower eyelid, anteverted 
nostrils, short columella, long philtrum, and normal ear posi-
tion (Figure 1A and B). Acanthosis nigricans was observed in 
the neck and armpits, and she had overdeveloped breast 

Table 2 Splice-Site Variants

Reports Variant Classification

This study c.511-2A>T Likely Pathogenic

Murakami H et al31 c.4419-2A>T Pathogenic

c.4239+5G>A Likely Pathogenic

c.5320-2A>G Pathogenic

c.16338+1G>A Pathogenic

c.13531-2A>T Pathogenic

c.400+1G>T Pathogenic

c.3906+1G>A Pathogenic

c.1258+5G>A Likely Pathogenic

c.4131+1G>C Pathogenic

c.2797+1G>A Pathogenic

c.15784+5G>C Pathogenic

Piro E et al39 c.674-1G > A Pathogenic

Aref-Eshghi, Erfan et al16 c.15785-10T>G Likely Pathogenic

Guo, Z et al40 c.335-1G > T Likely Pathogenic

de Billy, E41 c.511-1G>A Likely Pathogenic
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tissue. Cardiopulmonary auscultation was normal. Her abdo-
men had an enlarged panniculus adiposus and was soft and 
depressible without mass or organomegaly. Extremity exam-
ination showed persistent digital pads and a Beighton score 
of 4/6. Neurologically, she was alert and cooperative.

Massive Parallel Sequencing of the Multigen Panel 
for KS was performed to evaluate KMT2D, KDM6A, 
RAP1A, and RAP1B. The mean vertical coverage was 
325.14X, and the horizontal coverage was 99.46% (cod-
ing and splicing regions). This genetic panel detected an 
intronic KMT2D variant (KMT2D NM_003482.3:c.511– 
2A>T) in a heterozygous state. This variant was located 
in the fourth intron’s acceptor site, which would produce 
an alteration in the splice between the fourth and fifth 
exon. Sanger sequencing using an ABI 3500 sequencer 
(Applied Biosystems, Thermo Fisher Scientific, 
Waltham, MA, USA) was then performed and confirmed 
the results. This variant has not been annotated in data-
bases, such as Clinvar, ExAC, 1000 genomes and 
HGMD. Furthermore, it presents a DANN score of 
0.9917 and it is classified as a probably pathogenic var-
iant according to the recommendations of the American 
College of Medical Genetics and Genomics (ACMG) due 
to experimental data being required to confirm the patho-
genicity of the variant. Besides, a segregation study was 
performed and showed a negative result in the parents, 
demonstrating that the patient’s variant was de novo 
(Figure 2).

Discussion
KS is diagnosed clinically by the presence of facial, ske-
letal, and dermatoglyphic abnormalities, growth defi-
ciency, and mild-to-moderate intellectual disability. The 
central genes etiologically associated with this condition 
are KMT2D and KDM6A, which are involved in epigenetic 
regulation.15

The patient in this case report had developmental delay and 
intellectual disability and exhibited a probably pathogenic 
KMT2D splice site variant (NM_003482.3: c.511-2A> T). 
This type of variant can produce various effects such as exon 
skipping, intron retention, transcribed non-coding sequences 
or non-transcribed coding sequences, resulting in partially or 
completely non-functional proteins.16 Therefore, according to 
the diagnostic criteria established by an international group of 
experts in 2018, it met the criteria for a definitive diagnosis of 
KS. Typical dysmorphic features, such as elongated palpebral 
fissures, arched eyebrows, a short columella with a sunken 
nasal tip (Figure 1A and B), and persistent finger pads, were 
also evident.4

In addition to the typical KS features, the patient presented 
with coloboma (Figura 1A), a less commonly reported feature 
(Table 1). However, the incidence of coloboma is considerably 
higher in KS patients (3.2%) than in the general population 
(0.011%).17,18 Coloboma can affect the iris, choroid, retina, 
and/or optic nerve.18,19 Hearing loss is also frequent in KS 
patients, but sensorineural hearing loss is rare.20,21 Some stu-
dies have reported dysplastic cochlea, enlarged vestibules, and 

Figure 1 Facial characteristics. (A) Image of the patient where microphthalmia and eversion of the lateral third of the eyelid are observed. (B) Image of the patient with 
arched eyebrows, long palpebral fissures and wide nasal bridge, facial characteristics of kabuki syndrome. (C) Patient’s whole face image shows the dysmorphic 
characteristics previously described.
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even absence of the cochlea and semicircular canals in KS 
patients, demonstrating that a wide variety of abnormalities at 
the ear level can occur.20,21 These findings can be explained by 
KMT2D disease-causing variant effects on histone trimethyla-
tion, which is required for the open chromatin conformation 
needed for gene expression, especially in the control of genes 
essential for embryonic development, including HOX 
genes.22,23 The splice score was calculated by Human 
Splicing Finder HSF algorithm and the variation c.522-2A>T 
was -35.16%. This finding indicates that the KMT2D variant 
results in alteration of the wild-type acceptor site and might 
affect the splicing process. The KMT2D variant in our patient 
was located at the acceptor site of the fourth intron. 
Bioinformatic analysis (HSF v 3.1) predicted splice alteration 
that leads to a modified splicing process between the fourth and 
fifth exons. The fifth exon encodes for a zinc finger plant 
homeodomain (PHD) that consists of 2 β sheets and 2 struc-
ture-stabilizing zinc atoms anchored by the Cys4-His-Cys3 
motif.23 This homeodomain recognizes the methylation state 
of N-terminal lysine residues in histone H3, whether H3K4 di-, 

tri-, or non-methylated, thus acting as a histone reader.24,25 This 
interaction allows the recognition and retention of the entire 
protein complex (in this case, KMT2D) at a specific site in the 
chromatin and contributes to the regulation of enzymatic activ-
ity in response to modifications present in histones.26 

Therefore, the variation c.522-2A>T can result in skipping 
the succeeding exon or the use of a cryptic splicing site, within 
exon 5, or downstream of the wild-type splice-acceptor site 
(Figure 3). However, experimental data are required to confirm 
this hypothesis. Anyhow, this intronic variant would lead to the 
altered synthesis of one of the PHD domains, which plays an 
essential role in selection of the histone-lysine methyltransfer-
ase 2D enzyme-binding site.

Conclusion
We report a new intronic KMT2D variant as a probable 
cause of KS. Most characteristics described in our patient 
are similar to those previously reported. However, our 
patient also exhibited coloboma and sensorineural hearing 
loss, which are less common.

Figure 2 Pedigree information of the patient and Sanger sequencing electropherogram of both patient and her parents. The image shows a de novo mutation.
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