7

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5496 /wjmg.v11.i2.21

World Journal of
Medical Genetics

World | Med Genet 2023 June 2; 11(2): 21-27

ISSN 2220-3184 (online)

CASE REPORT

Mosaicism of a novel variant in the ANKRD11 gene in a child with a
mild KBG phenotype: A case report

Roberto Franceschi, Francesca Rivieri, Antonio Novelli, Daniele Ferretti, Adriano Anesi, Massimo Soffiati,
Giulia Porretti, Evelina Maines, Mafalda Mucciolo, Giorgio Radetti

Specialty type: Endocrinology and

metabolism

Provenance and peer review:

Unsolicited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Mijwil MM, Iraq;
Zhang XQ, China

Received: February 6, 2023
Peer-review started: February 8,
2023

First decision: April 28, 2023
Revised: May 3, 2023

Accepted: May 19, 2023

Article in press: May 19, 2023
Published online: June 2, 2023

Jaishideng®

WIMG | https://www.wjgnet.com 21

Roberto Franceschi, Department of Pediatrics, S. Chiara Hospital of Trento, APSS, Trento
38122, Italy

Francesca Rivieri, Adriano Anesi, Genetic Unit, Laboratory of Clinical Pathology, Department of
Laboratories, APSS, Trento 38122, Italy

Antonio Novelli, Laboratory of Medical Genetics, Ospedale Pediatrico Bambino Gesu, Rome
00165, Italy

Daniele Ferretti, Mafalda Mucciolo, Human Genetics Laboratory, Ospedale Pediatrico Bambino
Gesu, Rome 00165, Italy

Massimo Soffiati, Evelina Maines, Department of Pediatrics, S. Chiara General Hospital, APSS,
Trento 38122, Italy

Giulia Porretti, Department of Radiology, S. Chiara General Hospital, APSS, Trento 38122,
Italy

Giorgio Radetti, Department of Pediatrics, General Hospital Bolzano, Marienklinik, Bolzano
39100, Italy

Corresponding author: Evelina Maines, MD, Department of Pediatrics, S. Chiara Hospital,
Largo Medaglie d’Oro, 9, Trento 38122, Italy. evelina.maines@apss.tn.it

Abstract

BACKGROUND

KBG syndrome is likely underdiagnosed because of mild and non-specific
features in some affected patients especially before the upper permanent central
incisors eruption at about the age of 7-8 years. Somatic mosaicisms are usually
recognized in the parents only after a typically affected son is diagnosed with
KBG syndrome. We describe for the first time the mosaicism of a novel variant in
a child with a mild KBG phenotype.

CASE SUMMARY

Our patient presented at 24 mo of age with short stature, hand abnormalities,
facial dysmorphism and mild developmental delay. Pituitary hypoplasia and
central hypothyroidism were also detected. By next generation sequencing (NGS)
analysis we found a novel deletion in the ANKRD11 gene (c.4880_4893del.), that
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can be classified as likely pathogenic for the syndrome, with the percentage of mutated allele of
36%. We considered this finding as causative of the mild and non-specific phenotype for KBG
syndrome in our patient, as previously reported in adults. A heterozygous variant in HESX1 gene,
classified as variant of uncertain significance, but suspected of causing pituitary hypoplasia and
hormonal deficiency, was also found. The patient started levothyroxine and growth hormone
treatment.

CONCLUSION
The increased use of NGS analysis may expand the phenotypic spectrum of KBG syndrome
because it allows genetic diagnosis of somatic mosaicisms also in children.

Key Words: ANKRD11; KBG; Mosaic; HESX1; Child; Case report
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Core Tip: Somatic mosaicisms of KBG syndrome are usually recognized in the parents only after a
typically affected son is diagnosed. We report for the first time the case of a somatic mosaicism for KBG
syndrome diagnosed in a child with a mild and non-specific phenotype. The increased use of next
generation sequencing allows a genetic diagnosis of this mosaic form in children expanding the
phenotypic spectrum of the KBG syndrome.
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INTRODUCTION

“KBG” represents the initials of the last name of the first three families diagnosed with the syndrome
and is a rare genetic disease (OMIM 148050). Common manifestations are macrodontia (especially of the
upper central incisors), typical facial features, short stature, skeletal anomalies, hearing loss, global
developmental delay, and intellectual disability[1-4]. The transmission of this disease is autosomal
dominant, and is caused by either heterozygous ANKRD11 point mutations (OMIM 611192) or microde-
letion in chromosome 16q24.3 including the ANKRD11 gene[5] or ANKRD11 intragenic duplication[6].
The ANKRD11 gene encodes an ankyrin repeat containing protein (ANKRD11) which is indispensable
in neuron proliferation and acts as a transcriptional repressor by two transcriptional repression domains
(RDs: RD1, aa 318-611; and RD2, aa 2369-2663) and promoting transcription through one activation
domain (AD), aa 1851-2145[1]. Since 1975, over 200 KBG patients have been described[1].

KBG syndrome is likely underdiagnosed because of mild and non-specific features in some affected
patients especially before the upper permanent central incisors eruption at about the age of 7-8 years|2,
7]. Macrodontia of the permanent upper incisors is a typical finding, making diagnosis prior to the
eruption of these teeth a challenge[2]. According to the latest diagnostic criterion, KBG syndrome
should be considered in a patient with cognitive delay/learning difficulties, speech delay or behavioral
anomalies with at least two major criteria or one major and two minor criteria[2]. Major criteria are: (1)
Macrodontia or phenotypic features of KBG in child with primary dentition; (2) height < 10* centile; (3)
recurrent middle ear infections and/or hearing loss; and (4) 1 degree relative with KBG syndrome.
Minor criteria are: Brachydactyly or relevant hand anomaly; epilepsy; cryptorchidism; feeding
difficulties; palate abnormalitities; autism; large anterior fontanelle and/or delayed closure. A
phenotypic variability among KBG patients has been observed intra- and interfamilial, and between
patients with the 16q24.3 microdeletion compared to those harboring ANKRD11 gene mutations[1].
Somatic mosaicisms have been reported in the parents after a typically affected son was diagnosed with
KBG syndrome, and exhibited a milder phenotype, suggesting that KBG phenotypes in adults might be
dose-dependent[5-7].

Here we describe for the first time in a child a mosaicism of a novel variant in the ANKRD11 gene.
The patient had a mild KBG phenotype and the diagnosis was performed by NGS analysis, providing
insights into the spectrum of mosaic mutations.
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CASE PRESENTATION

Chief complaints

The proband came to our attention at the age of 24 mo, owing to postnatal growth retardation
(Supplementary Figure 1).

History of present illness

The boy was born at term (41 wk) after a pregnancy achieved with egg fertilization by intracytoplasmic
sperm injection. Birth weight was 3830 g (0.84 SD), length 53 cm (1.38 SD), head circumference 34 cm (-
0.76 SD). Non-consanguineous parents had a normal stature (father 179 cm, mother 182 cm, mid- parent
sex-adjusted target height 187 cm).

History of past illness
Not informative.

Personal and family history
Not informative.

Physical examination

His height was 89 cm (-2 SD), his weight was 12.6 Kg (-2 SD), and his head circumference was 50 cm (0
SD). Clinical examination revealed facial dysmorphisms, including tall forehead, widely spaced eyes,
bushy eyebrows, left palpebral ptosis, prominent and anteverted ears, facial asymmetry. Skeletal
anomalies included short fingers with fifth finger clinodactyly. He showed delay/cognitive impairment
as assessed by Griffith’s scale.

Laboratory examinations

Routine chemistry turned out as normal. ACTH was 16.7 pmol/L (normal range 5-25), cortisol 286.9
nmol/L (normal range 250-550), and prolactin 13.2 ug/L (normal range 4-15); insulin like growth factor
1 (IGF-1) 4.84 nmol/L (normal range 1.70-30.46), T4 was repeatedly low: 9.8-10.2 pmol/L (normal range
12-22) with inappropriately normal TSH: 2.3-4.79 mU/L (normal range 0.2-4.5). Thyroid Ultrasound
revealed an in situ and normal sized gland. An arginine stimulation test elicited a reduced peak of
growth hormone (GH) peak 2.28 ng/mL and IGF-1 was 8.76 nmol/L (2.61-45.36). Considering growth
retardation, psychomotor delay and dysmorphic features, clinical exome sequencing analysis was
performed.

Imaging examinations

At 36 mo, bone age corresponded to 3 mo for the carpus and 12-16 mo for the phalanges, in the presence
of mild malformation of the intermediate phalanx of the fifth finger (Supplementary Figure 2). He
presented extra tarsal persistence of chalazion, with sub-palpebral hematomas. Pituitary magnetic
resonance imaging (MRI), revealed a hypoplastic gland (Figure 1) with a normal pituitary stalk. Brain
MRI excluded central nervous system abnormalities.

FINAL DIAGNOSIS

Exome sequencing analysis identified a deletion of 14 nucleotides in the ANKRD11 gene,
¢.4880_4893del CCGCCCGTCGTCTG. The deletion is a mosaic with the percentage of mutated allele of
36%. At protein level the deletion determines the introduction of a premature stop codon
p-Alal627GluTer9. The frameshift variant, not present in the father DNA, is not reported in the
gnomAD database, and has never been described in literature. According to current the American
College of Medical Genetics and Genomics (ACMG) guidelines[8], the variant can be classified as likely
pathogenetic (class 4) for KBG syndrome.

Exome sequencing analysis also identified three variants: (1) A heterozygous variant in HESX1 gene
(c.541A>G, p.Thr181Ala, NM_003865.3), inherited from the father, who presented with normal height,
TSH and fT4. This variant has been reported as heterozygous and pathogenetic in a patient with isolated
growth hormone deficiency and pituitary hypoplasia[9] and in a patient with combined pituitary
hormone deficiency, anterior pituitary hypoplasia, and ectopic posterior lobe[10]; in silico analysis
suggests that this missense variant does not affect protein structure/function and according to current
ACMG guidelines[8], the variant can be classified as variant of uncertain significance (VUS); (2) a
hemizygous VUS in ATRX gene (c.189G>A, p.Glu63Glu, NM_000489.5); and (3) a heterozygous VUS in
NIPBL gene (p.11e1982Leu, p.Ile1982Leu). The latest two variants are not present in the father DNA.
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Figure 1 Pituitary magnetic resonance imaging revealed a hypoplastic gland with a normal pituitary stalk.
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TREATMENT

Once the diagnosis of central hypothyroidism was confirmed, treatment with levothyroxine was started.
After GH test, we started GH treatment that changed growth trajectory (Supplementary Figure 1).

OUTCOME AND FOLLOW-UP

The patient is on follow up at our outpatient clinic, he is now 7 years old, and he started GH six months
ago.

DISCUSSION

KBG syndrome is a rare autosomal dominant disorder characterized by short stature, delay/cognitive
impairment and distinctive craniofacial characteristics. It shows a wide spectrum of clinical phenotypes
and it is likely underdiagnosed because of mild and non-specific features in some affected patients
especially before the upper permanent central incisors eruption at about the age of 7-8 years. Here we
present, for the first time in literature, the mosaicism (36%) of a novel variant in the ANKRD11 gene that
underlies a mosaic KBG phenotype in a child.

This finding led us to conclude that the variant was acquired at a postzygotic level, and is classifiable
as likely pathogenetic for KBG syndrome.

Somatic mosaicism is usually recognized in the parents only after a typically affected son is
diagnosed with KBG syndrome, because patients with somatic mosaicisms exhibited a milder
phenotype. The phenotypic effect of mosaic ANKRD11 haploinsufficiency might be dose-dependent[4]
and some experiences in the literature confirm this hypothesis (Table 1).

Nevertheless, recent emerging evidence also suggests that somatic mosaicism is found in apparently
healthy individuals and increases with age[11].

Our patient presented with short stature (-25D and mid-parent sex-adjusted target height of 187 cm),
that is very common among patients with KBG syndrome, being found in 40%-77% of affected patients
[12]. We reported typical but milder features of KBG syndrome[12]: Dysmorphic features (widely
spaced eyes, bushy eyebrows, ptosis and large protruding ears), delayed bone age, hand anomalies
(clinodactyly and brachydactyly), mild developmental delay and mild ocular involvement (anisotropy
and left eye exodeviation). Major problems as epilepsy, intellectual disability, spinal-costal anomalies,
heart defects, hearing loss, kidney abnormalities, or feeding problems, were not presented by our
patient[3].

Interestingly, our patient presented with extra tarsal persistence of chalazion, with sub-palpebral
hematomas; skin and hair abnormalities have been previously reported in KBG syndrome: one patient
with a tendency to skin bruising, and delayed wound healing, and another with keloid scarring[3].

Primary subclinical hypothyroidism has been described in KBG syndrome[12], but our patient
presented with secondary (pituitary) hypothyroidism. Our patient presented also pituitary hypoplasia,
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Table 1 Cases of mosaic KBG phenotype reported in the literature

Sex and . % Phenotype in relative with the same non-mosaic
Ref. Molecular analysis . Phenotype .
age mosaicism mutation
Our 2yr Deletion (c.4880_4893del.) 36 Short stature, hand -
case abnormalities, facial
dysmorphism, mild
developmental delay
Khalifa Female, Microdeletion 16q24.3 38 Round face, brachy- ~ Female, 11 yr, Multiple congenital abnormalities including
etal[5], 3lyr cephaly, patent foramen ovale, umbilical hernia, hypospadias with
2013 (mother) macrodontia, chordee, penile-scrotal fusion, intestinal malrotation, chronic
abnormal dentition interstitial pulmonary disease, febrile seizure, pharyngeal
with malposition and ~ dysphagia, developmental delay, dysmorphic features (round
extra teeth, brachy- face, epicanthic folds, hypertelorism, broad arched eyebrows
dactyly, postaxial with synophrys, a flat nasal bridge, and a relatively small nose
polydactyly, partial ~ with a bulbous tip), brachycephaly, short neck, macrodonzia,
syndactyly between  dental malocclusion, chronic otitis media, partial syndactyly
the 2" and 3™ toes, between the 2" and 3™ toes, delayed bone age
short stature,
learning difficulty
Crippa NA Microduplication 16q24.3 5 Mild facial Male, 17 yr. Short, stature, Female, 13 yr. Short, stature,
etal[6], (mother) (chr16:89,350931-89439639, dysmorphisms, moderate intellectual moderate intellectual
2015 hg19) similar to those of her disability, facial disability, facial
children, and anasal ~ dysmorphisms including long dysmorphisms including long
voice triangular face, frontal triangular face, frontal
bossing, arched and bushy bossing, arched and bushy
eyebrows with slight eyebrows, large and
synophrys, large and prominent ears, broad and
prominent ears, broad and high nasal bridge with
high nasal bridge with bulbous nasal tip, anteverted
bulbous nasal tip, anteverted  nares, long philtrum,
nares, long philtrum, macrodontia of central
macrodontia of central incisors, and a nasal voice,
incisors, and a nasal voice, brachymetacarpia, ureterocele
brachymetacarpia, third- associated with duplex
degree vesicoureteral reflux pelvicalyceal district
Guoet Female, ¢.5227C>T Only 2 outof  History of Male, 5-10 yr. More severe phenotypic features in comparison
al[7], 30-35 yr 298 miscarriage, mild to the mother, history of seizures and concurrent speech and
2022 (mother) p. (GIn1743%) sequencing facial features, (e.g., ~ motor delays, mitral valve repair at around one year of age,

reads for this
variant found
in her blood

synophrys, thick
eyebrow, wide nasal
bridge, prominent
nasal tip) with speech
delays and seizures
in childhood

abdominal migraines

NA: Not available.
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up to now reported as associated to KBG in only one patient[4] who presented with hypogonadotropic
hypogonadism at 15 years, and GH deficiency.

Mutations in the transcription factor HESX1 can cause several congenital pituitary defects, ranging
from isolated growth hormone deficiency[9,13] to septo-optic dysplasia (SOD) with panhypopituitarism
[14]; most patients carry mutations at the heterozygous state, invariably associated with reduced
penetrance, and generally show a milder phenotype than the rare homozygous patients[9,15].
According to us, in our patient pituitary hypoplasia, central hypothyroidism and GH deficit might be
explained by the variant in HESX1 gene.

CONCLUSION

In conclusion, we reported for the first time in literature the case of a somatic mosaicism for KBG
syndrome, diagnosed in a child with a mild and non-specific phenotype that included short stature,
hand abnormalities, distinctive facial dysmorphism and mild developmental delay, in absence of
macrodontia consistent with his age. A heterozygous variant in HESX gene, strongly suspected of
causing pituitary hypoplasia and hormonal deficiency was also found.

KBG syndrome is likely underdiagnosed because of mild and non-specific features in some affected
patients; mosaic forms are even more challenging. Our case underlines that the recognition of
mosaicism is important not only for establishing a diagnosis, but also for assessing recurrence risk and
for providing genetic counseling to the family. Our paper increases awareness of mild forms of KBG
syndrome in children and underlines the importance of NGS analysis for an early genetic diagnosis of
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mosaic forms.
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