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Abstract
Kabuki syndrome (KS) is a well-recognized disorder characterized by postnatal growth deficiency, dysmorphic facial features,
skeletal anomalies, and intellectual disability. The syndrome is caused by KMT2D gene mutations or less frequently KDM6A
gene mutations or deletions. We report a systematic evaluation of KS patients from Campania region of Italy; data were also
compared with literature ones. We collected data of 15 subjects (8 males and 7 females with age range 10-26 years; mean age
16.9 years) with confirmed diagnosis of KS, representing the entire cohort of patients from Campania Region. Each patient
performed biochemical testing and instrumental investigation. Neuro-intellectual development, cranio-facial dysmorphisms, and
multisystem involvement data were collected retrospectively. For each category, type of defects and frequency of the anomalies
were analyzed. Our observation shows that KS patients from Campania region have some particular and previously underscored,
neurological and immunological findings. We found high prevalence of EEG’s abnormalities (43%) and MRI brain abnormal-
ities (60%). Microcephaly resulted more common in our series (33%), if compared with major cohorts described in literature.
Biochemical features of immunodeficiency and autoimmune diseases including thyroid autoimmunity, polyserositis, and vitiligo
were observed with high prevalence (54.5%). Low immunoglobulins levels were a frequent finding. Lymphocyte class inves-
tigation showed significantly reduced CD8 levels in one patient.

Conclusions: These data confirm great heterogeneity of clinical manifestations in KS and suggest to introduce further clinical
diagnostic criteria in order to perform a correct and precocious diagnosis.

What is Known

* Kabuki syndrome is characterized by growth deficiency, dysmorphic facial features, skeletal anomalies, and intellectual disability
* Immune dysfunction is a common finding but autoimmune diseases are rarely seen

* Neurological features are common

What is New

* Some particular facial features could help gestalt diagnosis (hypertelorism, broad nasal bridge, micrognathia, tooth agenesis, cutaneous
haemangiomas and strabismus)

* Higher prevalence of autoimmune disorders than previously reported

* Particular neurological features are present in this cohort (EEG and MRI brain abnormalities)
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Francesca Di Candia and Paolo Fontana contributed equally to this work. .
Introduction
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Kabuki syndrome (KS, OMIM # 147920 and 300867) was
firstly described by Niikawa and Kuroki [1-3] and, over the
years, has become a well-recognized multiple congenital
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The incidence of KS is about 1/32,000 of live births [4].
The lysine (K)-specific methyltransferase 2 family (KMT2 A-
E), originally named the myeloid/lymphoid or mixed-lineage
leukemia (MLL1-5) proteins, regulates the expression of
genes involved in embryogenesis and development. KMT2D
(12q13.12, also known as MLL2, OMIM *602113) was the
first gene associated with KS [5-9], and most KS patients bear
KMT2D gene mutations. Additionally, a minority of patients
have mutations or deletions of KDM6A (Xpl1.3, OMIM
*300128), which takes part of the same transcription complex
as KMT2D [10-16]. Potential genetic defects remain un-
known in about 30% of patients clinically diagnosed with
KS [17].

KS is included in the chromatinopathies, a group of hereditary
disorders caused by abnormalities of chromatin regulation, deter-
mined by variants in the various genes encoding for the compo-
nents of the epigenetic machinery. Neurological impairments or
ID are common features, though these conditions are character-
ized by clinical heterogeneity [18]. The widespread of next-
generation sequencing methods improved diagnosis and expand-
ed knowledge about these disorders [19].

Niikawa et al. [1, 3] initially defined five cardinal features
of KS, consisting of postnatal growth deficiency, dysmorphic
facial features, skeletal anomalies, persistent fingertip pads,
and ID (typically in the mild to moderate range) [20, 21].

The consensus diagnostic criteria for KS were created by
an international group of experts in 2018 [22-28].

Here, we perform a systematic evaluation of a cohort of
patients representing the entire medical record of patients from
Campania region and compared reported data with the ones
reported in the literature [24-32].

Subjects and methods
Subjects

Data of 15 subjects with KS, representing the entire cohort of
patients from Campania region of Italy were collected. All the
patients were followed up in Medical Genetics Units. The
study was approved by the Medical Ethics Committee of
“Federico II” University of Naples.

In this retrospective study cranio-facial dysmorphisms,
neuro-intellectual development, and multisystem involvement
data were collected. For each category, the type of defects and
the frequency of the single anomalies were analyzed.

Auxological, neurologic, ophthalmologic, ear-nose-throat
(ENT), and rheumatologic evaluations were performed.

Laboratory investigation for baseline thyroid profile, auto-
antibodies for autoimmune thyroiditis, screening for celiac
disease and serum immunoglobulins were also recorded.

Lymphocyte class investigation was performed in 5
patients.
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Auditory brainstem response (ABR), electroencephalo-
gram (EEG), magnetic resonance imaging (MRI) of brain
and cervical spine, echocardiocolor-Doppler, and abdominal
ultrasound were also performed.

Molecular analyses

Clinical diagnosis was confirmed in all patients performing
molecular studies on DNA extracted from peripheral blood
lymphocytes. Genomic DNA was extracted from fresh and/
or frozen peripheral blood leukocytes of patients and their
available family members using an automated DNA extractor
and commercial DNA extraction Kits (Qiagen, Germany).
Mutation screening of all 54 coding exons of the KMT2D
(MIM #602113, NM_003482.3) gene and 29 coding exons
of the KDM6A (MIM #300128, NM_021140.3) gene was
performed by PCR amplification and direct sequencing as
reported [33].

Results

In this study, 15 patients, 8 males and 7 females with age
range 10-26 years (average 16.9 years), have been included;
13 patients present heterozygous mutations in KMT2D
(86.7%); and 2 patients present heterozygous mutations in
KDM6A (13.3%). Almost all, except one, reported patients
had de novo variants. One patient inherited a KMT2D variant
from the affected mother, who presents a mild phenotype
characterized by typical facial features (long palpebral fis-
sures, lower palpebral eversion, epicanthus) and joint pain,
without involvement of other systems.

Main clinical features of patients, compared to literature
records, are summarized in Tables 1, 2, 3, 4, 5, and 6 and
Figs. 1, 2, and 3. Data in tables are separately shown for
children (0-16 years, n = 8) and adults (> 16 years, n = 7).
Detailed informations for each patient are available in
Tables S1-S2 (see Supplement). Only significant results are
reported in the text.

Characteristic facial features

Most of the typical facial features of KS, such as long palpe-
bral fissures 15/15 (100%), lower palpebral eversion 13/15
(87%), and arched eyebrows 10/13 (77%) with thinning of
the lateral third 12/15 (80%), were present in almost all pa-
tients. Ear anomalies, micrognathia, and broad nasal root were
very common. Cleft lip or palate was reported in 3/11 (27%)
whereas high-arched palate was frequent 9/11 (82%). None of
the patients showed full lower lips, nodules, or pits, although
this is a frequent feature in KS patients. Abnormal dentition
was recorded in 6/6 adults and 3/3 children, specifically dental
agenesis 5/9 (55.5%); 3 children presented, respectively,
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eruptive cyst, dysodontiasis, and oligodontia; an adult patient
presented dysodontiasis and maxillary odontoma. Finally,
4/11 (36%) patients showed cutaneous haemangiomas: two
patients in frontonasal region and two patients in sacral region
(Table 1).

Neurological abnormailities

Intellectual disability (intellectual quotient, IQ < 70) was
found in 87% of cases.

Mild (IQ 50-69) and moderate (IQ 35-49) ID was observed
in 6/15 (40%) and in 3/15 (20%) patients, respectively. In 4/15
(27%), an unspecified degree was recorded. None had severe
disability (IQ < 34) and 2 had normal intellective function.

Intellectual function does not change over time.
Nevertheless, a patient showed an 1Q improvement (from
43, with WPPSI scale at the age of 6 years, to 61, with
WISC-III scale at the age of 7 years); this difference could
be explained by the diffident behavior of the patient that prob-
ably influenced the first evaluation. No sufficient data were
available for the evaluation of a progression of behavioral
problems. Rare findings, present in three different patients,
include speech delay (1/15), aggressive behavior (1/15), and
severe posttraumatic stress disorder with psychotic episodes
and visual hallucinations (1/15).

Hypotonia was reported in one adult patient; neonatal hy-
potonia has not been reported. Microcephaly was present in
5/15 (33%), with neonatal onset only in one patient.

Two patients presented seizures, one pharmacologically
treated; three patients showed EEG anomalies without clinical
manifestations.

Brain MRI showed anomalies in 6/10 patients: modest in-
crease of CNS liquoral spaces (2/10), upper parietal gyrus reduc-
tion, corpus callosum abnormalities, pituitary microadenoma,
partial empty sella, and consequences of CNS ischemia in one
patient, respectively (Table 2 and Fig. 1).

Skeletal abnormalities

Skeletal abnormalities were reported in 14/14 patients (100%):
brachydactyly 7/13 (54%), fifth finger clinodactyly 7/13 (54%),
scoliosis 7/10 (70 %), vertebral abnormalities 4/10 (40%) (2
cases of L3 vertebral cleft, one case of butterfly vertebra and
one case of C7 apophysis malformation), fingertip pads 14/14
(100%). Skeletal alterations also interested hip, knee and feet (flat
foot, hip dislocation, and valgus knee) (Table 3).

Growth and endocrine system involvement
Growth

Harmonic short stature (height less than — 2.0 SD) was present
in 27% (4/15); in three patients, height corresponded to — 2.0

@ Springer

SD. Mean height in the 7 adult patients (5 female and 2 male)
was 155.3 cm, in particular 153 cm (— 1.62 SD) in females and
161.1 cm (— 2.32 SD) in males. Short stature was present in
both adult male patients; one of them was diagnosed for
growth hormone (GH) deficiency but parents refused therapy;
the other one showed a familiar short stature. Growth hor-
mone deficiency was investigated, and GH deficit was detect-
ed in 3/10 patients. Parents of one patient refused GH therapy;
his height was 157 cm at the age of 22 years (— 2.94 SD). Two
of them, one male and one female, underwent recombinant
growth hormone therapy: one had a good response and
reached a normal stature, while the other still shows short
stature. GH deficiency was diagnosed in the female patient
when she was 6 years old (height 105.5 cm, — 2.02 SD).
The patient underwent GH treatment from the age of 6 to
the age of 15.75 years (height was 152 cm, — 1.6 SD). GH
deficiency in the male patient was diagnosed when he was 13
years old (height 135.6 cm, SD — 2.79). GH therapy is still
ongoing, and his height at the age of 15.67 years was 149.5 cm
(= 2.9 SD). No adverse effect was reported for both patients.
Intrauterine growth restriction was reported in two cases and
polyhydramnios in five pregnancies. One patient was born
small for gestational age and two late-preterm.

Endocrine system

The study of thyroid function showed high TSH levels in 2/8
and autoimmunity in 4/11, but only two of these presented
hypothyroidism. Recurrent hypoglycaemia was reported in
two patients, just in one case in neonatal period.
Hyperinsulinism was present in one child, no patients showed
diabetes mellitus. Obesity or overweight were reported in 4/14
patients (29%), all adults. Cryptorchidism was present in five
patients, and one of them underwent orchidopexy at age 11
years. Hypogonadism and hypogenitalism are rarely reported
(Table 4).

Immune system involvement

Autoimmune markers and/or diseases were detected in 6/11
cases: thyroid autoantibodies in 4 patients, vitiligo in one pa-
tient, and periodic fever and polyserositis in another patient.

Some patients with KS (2/11) also underwent recurrent ear
and respiratory infections.

Low immunoglobulin levels were a frequent finding: de-
creased IgA were observed in 7/9; decreased IgG in 6/8; de-
creased IgM in 4/8; severe immunodeficiency with pan-
hypogammaglobulinemia in 4/8 patients.

Lymphocyte class investigation was normal with the ex-
ception of one patient showing significantly reduced expres-
sion of CD8* T cells (6% vs normal range 19-29%, average
23%), according with the trend of lymphocyte reduction de-
scribed in the literature (Table 5).
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Multisystem involvement

Ophthalmologic examination showed strabismus in four pa-
tients, exophthalmos in two, myopia in one, corneal leukoma
in one, and fundus oculi abnormalities in two (optical disc
atrophy and bulging in the retinal nasal area).

Hearing loss appears to be common (4/6): three patients
showed conductive hearing impairment, and the other one
mixed hearing loss. Chronic otitis was reported in 2/6 patients.

Congenital heart disease (CHD) was reported in 10/13 pa-
tients. The most common were septal defects: ventricular de-
fects 6/13; atrial defects 2/13; patent foramen ovale 2/13. We
also reported three children with aortic coarctation, two with
persistent arterial duct, one with bicuspid aortic valve, one
with aortic valve dysplasia and one with aortic dilatation.

Urogenital abnormalities were present in 60% of KS pa-
tients: pyelectasis (2/10), renal cysts (2/10), double kidney
district (2/10), abnormal kidney position (2/10), renal hypo-
plasia or dysplasia (1/10), fused kidney (1/10), and
vesicoureteral reflux (1/10) were observed (Table 6).

Discussion

Kabuki syndrome is a well-recognized multiple congenital
anomaly/ID disorder, mainly characterized by dysmorphic fa-
cial features, dermatoglyphic abnormalities, postnatal growth
deficiency, and ID; congenital malformations can also be pres-
ent [20, 21].

Our observation shows that KS patients from Campania
region of Italy have some peculiarity.

We detected high prevalence of specific facial features,
such as micrognathia, hypertelorism, broad nasal bridge, tooth
agenesis, cutaneous haemangiomas, and strabismus.

Tooth abnormalities were present in all patients of our co-
hort, in particular tooth agenesis, abnormal tooth shape, and
size (pitted incisors and truncated tooth roots). KM72D and
KDMO6A are expressed in the dental epithelium of human tooth
germs, thus confirming their roles in tooth development
[34-36].

Cutaneous hemangiomas in our cohort are present in 4/15
patients (26 %), while prevalence in general population is
reported between 4.5 and 9.9% [37, 38]. Association between
KS and cutaneous haemangiomas has never been reported in
literature, whereas in our cohort, it is well represented.

Minor variants such as brachidactyly, clinodactyly, and
joint laxity, included among diagnostic criteria, are actually
quite nonspecific. On the other hand, persistent foetal fingertip
(100% of present cases) is a very peculiar feature, even if not
pathognomonic, since other syndromes share this feature
(Pitt—Hopkins syndrome, FG Opitz—Kaveggia, 2q37
microdeletion, and fetal alcohol syndrome ) [39-42].

@ Springer

The most frequent ophthalmologic anomaly reported in
literature is strabismus (36%) [20-27, 29], comparable to
our cohort (31%). We also recorded a considerable presence
of fundus oculi abnormalities (15%), outlining the importance
of ophthalmological examination.

Middle ear infections occur in approximately 70% of patients
and can lead to conductive hearing loss and speech delay [34].
Hearing impairment (mostly conductive) appears to be common
in our cases (67%). Delayed speech was also reported in one
patient with conductive hearing loss.

Urogenital abnormalities are reported in 30-40% of KS
patients [24] and include hydronephrosis, abnormal kidney
position, renal hypoplasia or dysplasia, and fusion defects
[16]. These anomalies showed a high frequency (60%) in
our patients.

Rare findings reported in two pediatric patients in this paper
are as follows: bronchial isomerism and bronchiectasis in one;
left pulmonary artery hypoplasia and thymic ectopia in another.

Scoliosis could also strengthen the diagnostic suspicion, in
particular if associated with a vertebral malformation [43].

Several neurological involvements are reported in KS pa-
tients, including hypotonia, seizures, behavioral problems,
and intellectual disability [44—47].

Several studies on epilepsy in KS reported that patients were
likely to present with focal seizures and focal EEG abnormalities,
generally with favorable outcome. High prevalence of epilepsy
in KS patients without brain abnormalities was previously report-
ed [44]. In agreement with the literature, in our cohort, 29% of
patients presented seizures. A relevant data was the high preva-
lence of EEG anomalies, namely pointed waves, reported in 43%
of cases and rarely described in literature. Interestingly, both
patients (2/2) with KDM6A mutations showed sporadic pointed
waves and epilepsy with paroxysm.

Most KS patients have normal CNS imaging, even if brain
atrophy and organic structural lesions have been reported [45,
46]. On the other hand, MRI abnormalities were described
with high frequency in our cohort (60%), in particular slight
increase of CNS liquoral spaces (20%). Microcephaly resulted
more common in our series, if compared with literature
[21-27, 29].

Neurodevelopmental and behavioral problems have been
extensively reported in KS [47]. Previous reports indicated a
wide range of 1Q, with specific deficits in motor abilities, in
linguistic domains, in phonological and oromotor functions;
behavioral skills seem to be fairly preserved. In the present
cohort, ID (IQ < 70) was one of the primary characteristics of
KS, in mild to moderate range, and behavior problems were
reported in two patients.

Congenital heart disease is described in literature in 50—
75% of the patients [48, 49]. Next-generation sequencing in
fetuses with CHD showed pathogenic variants in MYH6 and
KMT2D [48]. In the present report, CHD were described in all
children and in 40% of adults.
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Fig. 1 Prevalence of nervous 80%
system abnormalities in patients T
of present cohort and in the 70%
patients reported in the literature 7
from Matsumoto et al. [21] (white 60% %
bars with diagonal lines pattern), /
Wessels et al. [23] (gray bars), 50% VA
Banka et al. [24] (white bars with /
dots), this paper (black bars). 40% VA
EEG electroencephalography, /
MRI magnetic resonance imaging 30% %

20% %

10%

%
0% 2 : :
Hypotonia Microcephaly EEG's anomalies MRI abnormalities

Patients with KS are also vulnerable to infections, includ-
ing those affecting middle ear and upper airway tract.
Recurrent infections, mostly affecting the upper respiratory
tract, were recorded in 18% of our patients. Immune impair-
ment is a common finding in KS, since correct histone-3 meth-
ylation patterns are essential to achieve modifications in Ig
genes required for B cell development and function [50-53].
Approximately half of the patients present with common var-
iable immune deficiency (CVID)-like characteristics.
Concerning to healthy individuals, the numbers of memory
B cells are reduced, with difficulty to generate or maintain
specific antibody responses and long-term immunological
memory [31, 32, 54, 55].

Lower serum IgG, IgA, or/and IgM levels have been scored
in 10-79% of KS patients [55, 56]. In the current cohort, we
observed hypogammaglobulinemia in several patients and re-
duced CDS levels in one patient.

Autoimmune diseases are rarely seen in patients with KS
[57, 58] but were documented in 54.5% of our patients.

Mutations in KMT2D gene are highly recurrent and occur
early during tumorigenesis in diffuse large B cell lymphoma

and follicular lymphoma. These findings suggest that, in KS,
loss of KMT2D function could lead to impairment of cell
maturation [50]. A significant reduction in memory B and T
cells has been documented in an entire cohort of 12 KS pa-
tients with KMT2D heterozygous variants [31, 32, 54].
Furthermore, a reduced generation of memory cells can be
based on the lack of a delayed hypersensitivity response (in-
cluding purified protein derivative PPD and candidin), as doc-
umented in a Brazilian cohort of KS patients [54]. These data
can help us to explain the variable occurrence (interindividual
and temporal) of dysgammaglobulinemia that can increase the
risk of infections or autoimmune diseases. So, the study of
lymphocytes can be considered a useful tool to identify
asymptomatic subjects who can develop autoimmune
disorders.

Regarding endocrinological disorders, postnatal GH defi-
ciency is reported in KS patients, while rare findings include
hypothyroidism, diabetes insipidus, primary ovary dysfunc-
tion, abnormal pituitary findings on magnetic resonance im-
ages, hyperinsulinism, and hypoglycemia [59-65]. In our
cases, short stature (height < — 2SD) is reported in 4 patients

Fig. 2 Prevalence of immune
system abnormalities in patients
of this cohort and in patients
reported in the literature from
Stagi et al. [30] (gray bars),
Lindsey et al. [26] (white bars
with dots), Hoffman et al. [32]
(white bars with diagonal line
pattern), this paper (black bars)
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(a)

Fig. 3 Facial fetaures in some of KS patients reported in this paper; the
code is the same reported in Tables S1-S2. a P5. Long palpebral fissure,
palpebral eversion, hypertelorism, arched eyebrow with thinning of
lateral third, malformed and prominent ear, broad nasal root, short
columella, thin lips, microretrognathia. b P11. Long palpebral fissure,
palpebral eversion, epicanthus, thinning of lateral third of eyebrow,
malformed and prominent ear, broad nasal root, thin lips, micrognathia.
¢ P9. Long palpebral fissure, palpebral eversion, strabismus, ptosis,
exophtalmos, epicanthus, arched eyebrow with thinning of lateral third,
malformed and prominent ear, short columella, thin lips, high forehead. d
P3. Long palpebral fissure, palpebral eversion, ptosis, strabismus

and 3 patients showed height corresponding to — 2SD; GH
deficiency was diagnosed in 3/10 patients. It is noteworthy
that short stature was present in both adult male patients, one
with GH deficit and the other with familial short stature.
Considering that the prevalence of GH deficiency is only
1% in the general population and 2% in one of the major
reviews, it seems very high in our series. GH replacement
therapy has many beneficial effects on KS children, including
a significant improvement in joint hypermobility, suggesting a
direct effect of GH on connective tissue [60, 61].

(surgical correction), malformed ear, broad nasal root, anteverse
nostrils, thin upper lip, low neck implant. e P15. Long palpebral fissure,
eversion of third lateral, arched and thick eyebrow with thinning of lateral
third, malformed and prominent ear, broad nasal root, short columella,
depressed nasal tip, thin upper lip, down lip corners, micrognathia, high
forehead. f P14. Long palpebral fissure, palpebral eversion, ptosis, arched
eyebrow with thinning of lateral third, malformed and prominent ear,
broad nasal root, short columella, thin lips with lip pit, micrognathia,
high forehead. g P7 and his mother. Long palpebral fissure, lower
palpebral eversion, epicanthus and prominent ear in a patient of our
cohort (on the left) and his affected mother (on the right)

High levels of TSH, with thyroid hormone deficiency were
recorded in 2 patients. Similar data are described in a single
case report [66].

In our series, 20% of the patients showed premature
thelarche; rare findings included hypermenorrhea,
micropolycystic ovary, ginecomastia, hypogonadism, and
hypogenitalism. High prevalence of cryptorchidism has been
recorded in our cases when compared to literature.

More than 50% of KS patients reported in the literature are
overweight or obese, during childhood or adolescence [16,

@ Springer
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20-23]. In our series, overweight or obesity was present only
in adult patients and three adolescents, instead, presented gen-
eralized poor growth.

Patients with KS can present with hypoglycemia, which
can be transient or persistent [63—65]. One of our patients
presented with neonatal hypoglycemia; chronic hypoglycemia
was detected in 20% of the patients and one of them had
hyperinsulinemia. KS patients with KDM6A variants may be
at higher risk for neonatal hyperinsulinemic hypoglycemia
than those with KMT2D variants [63, 64]. As
hyperinsulinemic hypoglycemia is one of the most common
causes of persistent hypoglycemia in KS patients, a high de-
gree of suspicion is needed for early diagnosis and appropriate
management.

Regarding genotype-phenotype correlation, it has been re-
ported that patients with KMT2D variants show a significantly
higher frequency of short stature, typical facial features, per-
sistent fetal finger pads, renal abnormalities, and feeding prob-
lems compared with patients with KDM6A variants [7, 10, 16,
67-70]; conversely, KDMO6A variants are associated with var-
iable phenotypes, ranging from typical KS to milder clinical
presentations [11-15]. Patients with KDMG6A variants seem to
have hypotonia and feeding difficulties during infancy, poor
postnatal growth, and short stature.

Developmental delay and learning disabilities are generally
moderate to severe in boys and mild to moderate in girls with
KDMO6A mutations [15], as expected for X-linked disorders,
but it has recently been described a female patient with
KDMG6A variant showing typical facial features, severe 1D,
short stature, CHD, recurrent infection, and Chiari malforma-
tion [13].

In our cohort we found that patients with KDMO6A variants
showed a more severe clinical presentation. We observed two
patients carrying KDM6A de novo variants. The first one, a
26-year-old woman, showed short stature, tipical dysmorphic
features, ogival palate, maxillary odontoma and
dysodontiasis, moderate ID, EEG and MRI anomalies, poly-
cystic ovary disorder with hypermenorrea, autoimmune hypo-
thyroidism, mild dilatation of the renal pelvis, and scoliosis
with C7 apophysis malformation. The second patient was a
21-year-old woman, showing peculiar features: long palpebral
fissures with eversion of the lateral third of the lower eyelids,
sparseness of eyebrows’ lateral sides, ptosis of the left eye,
strabismus, hypodontia, fetal pads, malformed ears,
micrognathia, brachidactyly, mild ID, behavior disorder, sei-
zures, and anterior pituitary hypoplasia. In both cases, there
was no CHD. Thus, our experience suggests that KDM6A
phenotype has moderate-severe manifestations of disease that
persist even in adulthood. In particular, we underline the pre-
dominantly neurological phenotype of KDM6A mutations, in
which epilepsy, seizures, or EEG anomalies seem much more
frequent.

@ Springer

Conclusion

In conclusion, we confirm that KS is characterized by a great
heterogeneity of clinical manifestations and suggest to take
into consideration further clinical diagnostic criteria as an
aid to perform a correct and more precocious diagnosis.
Some dysmorphic features very common in our series, such
as hypertelorism, broad nasal bridge, micrognathia, tooth
agenesis, cutaneous haemangiomas, and strabismus, could
be added to the signs allowing a gestalt diagnosis.

We also outline the multisystem involvement of KS and the
need of a multi disciplinary team involved in the follow-up pro-
gram, in order to allow a precocious diagnosis and treatment:the
team should include neurologist, endocrinologist, ophthalmolo-
gist, ENT specialist, orthopedic, immuno-rheumatologist, cardi-
ologist, dentist, nephrologist, gastro-hepatologist, and surgeon.
Indeed, disease-specific treatment is probably on the way.

Abbreviations CHD, Congenital heart disease; CNS, Central nervous
system; EEG, Electroencephalogram; ID, Intellectual disability; 1Q,
Intellectual quotient; KS, Kabuki syndrome; MRI, Magnetic resonance
imaging
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