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Abstract

BACKGROUND

The incidence of short stature in KBG syndrome is relatively high. Data on the
therapeutic effects of growth hormone (GH) on children with KBG syndrome
accompanied by short stature in the previous literature has not been
summarized.

CASE SUMMARY

Here we studied a girl with KBG syndrome and collected the data of children
with KBG syndrome accompanied by short stature from previous studies before
and after GH therapy. The girl was referred to our department because of short
stature. Physical examination revealed mild dysmorphic features. The peak GH
responses to arginine and clonidine were 6.22 and 5.40 ng/mL, respectively. The
level of insulin-like growth factor 1 (IGF-1) was 42.0 ng/mL. Genetic analysis
showed a ¢.2635 dupG (p.Glu879fs) mutation in the ANKRD11 gene. She received
GH therapy. During the first year of GH therapy, her height increased by 0.92
standard deviation score (SDS). Her height increased from -1.95 SDS to -0.70 SDS
after two years of GH therapy. There were ten children with KBG syndrome
accompanied by short stature who received GH therapy in reported cases. Height
SDS was improved in nine (9/10) of them. The mean height SDS in five children
with KBG syndrome accompanied by short stature increased from -2.72 + 0.44 to -
1.95 £ 0.57 after the first year of GH therapy (P = 0.001). There were no adverse
reactions reported after GH treatment.

CONCLUSION
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GH treatment is effective in our girl and most children with KBG syndrome
accompanied by short stature during the first year of therapy.

Key words: Growth hormone therapy; KBG syndrome; ANKRD11 gene; Short stature;
Children; Case report
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Core tip: KBG syndrome is a rare autosomal dominant disorder. The percentage of height
below 10th centile is relatively high at 66%. Children with KBG syndrome accompanied
by short stature could benefit from growth hormone therapy.
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INTRODUCTION

KBG syndrome (OMIM 148050) is a rare autosomal dominant disorder first reported
by Herrmann et al'l in 1975. They described seven affected individuals from three
unrelated families. The KBG syndrome was named after the surname initials K, B, and
G of the three original families. It is characterized by developmental delay, intellectual
disability, specific craniofacial features, macrodontia of the upper central incisors,
short stature, and skeletal abnormalities®”. KBG syndrome is caused by mutations in
the ANKRD11 gene located on chromosome 16q24.3, which encodes an ankyrin repeat
domain-containing cofactor!”. Over 110 cases have been reported in the literature so
fartl. KBG syndrome should be distinguished from 16q24.3 microdeletion syndrome.
Although the clinical manifestations of these two syndromes overlap, there are some
differences in phenotypes. In 16q24.3 microdeletion syndrome, short stature and
delayed bone age are often not observed’.

Low et al”l described 31 patients affected by KBG syndrome with ANKRD11 gene
mutation in 2016. They proposed new diagnostic criteria for KBG syndrome. The
major criteria included macrodontia (85%), height below the 10th centile (66%),
recurrent otitis media and/or hearing loss (44%), and 1st-degree relatives with KBG
syndrome (22%). The minor criteria included brachydactyly (50%), seizures (43%),
cryptorchidism (31%), feeding problems (34%), palate abnormality (25%), autism
(24%), and delayed closure of the anterior fontanelle (22%). KBG syndrome can be
diagnosed in patients with developmental delay/learning difficulties, speech delay,
or significant behavioural issues, with at least two major criteria or one major and two
minor criteria.

There are no specific treatments for KBG syndrome. Based on their complex clinical
symptoms, genetics, neurology, cardiology, endocrinology, surgery, rehabilitation
medicine, and education need to be involved in the treatment in the form of multi-
disciplinary team!!. The incidence of short stature in KBG syndrome is relatively high.
The effects of growth hormone (GH) therapy on children with KBG syndrome
accompanied by short stature are not clear. It has been reported that two children
with KBG syndrome showed a good response to GH therapy. They almost reached
their parental target height after 3 and 5 years of GH therapy, respectively’l. Further
study was needed to determine whether GH may be successful in treating children
with KBG syndrome accompanied by short stature. Data on the therapeutic effects of
GH on children with KBG syndrome accompanied by short stature in previous
studies have not been summarized. Therefore, we report our experience with one girl
with KBG syndrome and collected the data of children with KBG syndrome
accompanied by short stature from previous studies before and after GH therapy to
provide evidence for the effect of GH treatment in children with KBG syndrome
accompanied by short stature.
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CASE PRESENTATION

Chief complaints
A Chinese girl aged 5 years and 6 mo presented to the Pediatric Department of our
hospital complaining of short stature.

History of present illness

The girl was born at term as the only child of her parents. Her birth weight was 3400 g
[0.58 standard deviation score (SDS)], and her length was 50 cm (0.1 SDS). Pregnancy,
delivery, and the neonatal period were uncomplicated. At 2 mo of age, a
developmental delay was found by regular physical examination. She received
rehabilitation therapy for 4 mo intermittently. She started walking at 17 mo of age and
spoke her first words at 12 mo. Her height was below the mean for age (less than the
3 percentile). Ordinarily, she was quiet, short-tempered, and irritable.

History of past illness
Her past medical history was unremarkable except for developmental delay.

Personal and family history

No specific personal history of disease was recorded. Her parents were healthy, with
no significant family history. Her mother’s height was 160 cm, and his father’s height
was 171 cm. The target height for the proband was 159.0 cm (-0.30 SDS).

Physical examination upon admission

Her height was 104.7 cm (-1.95 SDS). Her weight was 15.5 kg. Her head circumference
was 57.9 cm (+0.3 SDS). Physical examination revealed mild dysmorphic features,
including a long triangular face, frontal bossing, large and protruding ears, broad
eyebrows, a high nasal bridge, a long philtrum, macrodontia of the central incisors,
and brachydactyly. No significant hearing loss or palate abnormalities were found.

Laboratory examinations
After two stimulation tests (arginine test and levodopa test), the peak GH responses
to arginine and levodopa were 6.22 ng/mL and 5.40 ng/mL, respectively. The cut-off
peak GH value for GH deficiency was < 10 ng/mL. GH deficiency was confirmed.
Serum GH level was measured using chemiluminescence assay (Cobas E170, Roche
Diagnostics, Germany). The level of insulin-like growth factor 1 (IGF-1) was 42.0
ng/mL. Serum IGF-1 were measured using chemiluminescence assay (Siemens
Healthcare Diagnostics, USA). Other biochemical examinations, such as of thyroid
function, sex hormones, adrenal function, and blood glucose, were normal.

Written informed consent for clinical whole-exome detection was obtained from
her parents. Clinical whole-exome detection was offered by Sino-Science in Beijing,
China.

Imaging examinations
Her bone age was 4.5 years. Bone age was estimated using the atlas of Greulinch-pyle.
Pituitary magnetic resonance imaging (MRI) and echocardiography were normal.

Intelligence testing
She had a borderline intellectual disability with a total IQ of 79 (WISC-R).

FINAL DIAGNOSIS

A novel de novo mutation (c.2635 dupG, p.Glu879fs) was identified in the ANKRD11
gene. The variant was interpreted as pathogenic based upon the de novo variant in a
family without a disease history (PS2) according to the guidelines of ACMG. KBG
syndrome was confirmed. Sanger sequencing was employed for our girl and her
parents (Figure 1). No mutation of the ANKRD11 gene was present in her parents.

TREATMENT

The patient was treated with recombinant human GH injections (50 pg/kg/d, GenSci,
Changchun, Jilin Province) starting at age 5 years and 6 mo.
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ANKRD11 gene
€.2635dupG

Figure 1 Electropherograms of the patient and her parents. A de novo heterozygous single base pair duplication at position 2635 (c.2635 dupG) in the ANKRD11
gene was found in the patient, and was not inherited from her parents.

OUTCOME AND FOLLOW-UP

Follow-up was performed every 3 mo for two years. During the first year of GH
therapy, her height increased by 0.92 SDS. Over the two years of GH, her height
increased from -1.95 SDS to -0.70 SDS (Figure 2). Thyroid function and blood glucose
were normal during the two-year follow-up.

DISCUSSION

In this study, we collected the data of children with KBG syndrome accompanied by
short stature. To observe the effects of GH therapy on the height of children with KBG
syndrome accompanied by short stature, we mainly analyzed growth velocity during
the first year by comparing those with and those without GH therapy.

Children with KBG syndrome accompanied by short stature without description of
changes in height were excluded from our research. A total of ten children with KBG
syndrome accompanied by short stature who received GH therapy (P1-P10) were
included®*""l. Three children with KBG syndrome accompanied by short stature who
did not receive GH therapy (P11, P12, and P13) were also included®"l.

Clinical features of children with KBG syndrome accompanied by short stature
who received GH therapy are shown in Table 1 (P1-P8). P8 is our patient. Two
children (P9 and P10) without detailed clinical information are not shown in Table 1.
The birth length in three (3/5) children was below the 50th percentile. Height SDS
was below the 3rd percentile in all children (10/10). GH deficiency was suggested in
four (4/6) children. Levels of IGF-1 were low in three (3/4) children. Delayed bone
age was found in six (6/8) children.

In children with KBG syndrome accompanied by short stature who received GH
therapy (P1-P10), Patient 5 showed no response to GH therapy, though specific height
velocity data were missing. The authors did not explain why the child showed no
response. The height velocities of children with KBG syndrome accompanied by short
stature who received GH therapy (P1-P4 and P6-10) were compared with those who
did not receive GH therapy (P11, P12, and P13). Among them, Patient 3 was followed
for 9 mo, Patient 13 was followed for 8 mo, and three patients (P4, P9, and P10) were
followed for an unspecified time. Their height changes are shown in Figure 3. Height
SDS was improved in nine (9/10) children with KBG syndrome accompanied by short
stature after GH therapy. The mean height SDS in five children with KBG syndrome
accompanied by short stature (P1, P2, and P6-8) increased from -2.72 + 0.44 to -1.95 +
0.57 after the first year of GH therapy (P = 0.001). In children with KBG syndrome
accompanied by short stature who did not receive GH therapy, height SDS did not
change in 8 mo (from -1.25 to -1.25) in P13, increased mildly (from -2.3 to -1.9) in the
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Figure 2 Changes of height and weight in our patient with KBG syndrome during 2 years of growth hormone
therapy. GH: Growth hormone.

first year in P12, and decreased (from -3.2 to -3.5) in approximately one year in P11.
The dosages of GH were not given in the literature. There were no adverse reactions
(such as hypothyroidism, hyperglycemia, intracranial hypertension, and scoliosis)
reported after GH treatment.

The use of GH therapy obviously promoted growth in the girl with KBG syndrome
accompanied by short stature. There were no abnormalities in thyroid function or
glycemic status during the two years of follow-up. In the previous literature, most
children with KBG syndrome showed a good response to the first year of GH therapy
compared with untreated children affected by KBG syndrome. Our results are
consistent with other reported cases!’l. Based on the review of previously reported
cases and the experience obtained from our KBG case, we conclude that GH treatment
is effective in our girl and most children with KBG syndrome accompanied by short
stature during the first year of therapy.

It was reported! that only one child with KBG syndrome was diagnosed with acute
myeloid leukemia. Down-regulation of the ANKRD11 gene might be associated with
breast cancer!'”. The ANKRD11 gene was found to enhance the transcription of p53, as
ANKRD11 was thought to be a p53 coactivator!"”l. However, the role of the ANKRD11
gene in cancer was not confirmed!®. Therefore, we need further evidence from long-
term follow-up and close monitoring for tumors during GH therapy in patients with
KBG syndrome. There is a pressing need to establish guidelines for GH therapy in
patients with KBG syndrome.

This study had several limitations, such as incomplete data and short-term follow-
up. The long-term effects of GH therapy on children with KBG syndrome and its
benefits to adult height are not clear. A large-scale case-control and long-term follow-
up study is necessary to better understand the effects of GH therapy on children with
KBG syndrome accompanied by short stature.

CONCLUSION

In conclusion, our girl with KBG syndrome showed a good growth response to the
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Table 1 Clinical features of seven previously reported children and our girl with KBG syndrome using growth hormone therapy

Case P1 P2 P3 P4 P5 P6 P7 P8
Gender Male Male Female Male Female Male Female Female
Country Sweden Sweden China Australia Australia Ttaly Italy China
Pregnancy Normal Polyhyd- Normal Advanced Normal Normal Normal Normal
complication ramnios maternal age
Gestational 38.5 wk 40wkand 6d  Full term 40 wk 32 wk Full term Full term Full term
age
Delivery Breech Normal Vaginal Vaginal Cesarean Cesarean Cesarean Vaginal
presentation delivery delivery; Fetal  section section section delivery
distress and
meconium
liquor
Birth length, 47 (-1.5SDS) 50 (-0.5SDS) 48 (-0.90SDS)  50th NA NA NA 50 (0.1 SDS)
cm
Birth weight, g 2940 (-0.6 SDS) 3945 (1 SDS) 2400 (-2.19SDS) NA (< 10th) NA (90th) NA NA 3400 (0.58 SDS)
Referred age, 5.5 7 7.6 15 4 9 4 5.5
yr
Chief Short stature Short stature Short stature NA NA NA NA Short stature
complain
HeightSDS ~ -2.4 SDS -2.85DS -2.82 SDS <-1.88SDS <-1.88SDS -2.58 SDS -3.25 SDS -1.95 SDS
Midparental ~ -1.2SDS -0.3 SDS -1.6 SDS NA NA NA NA -1.6 SDS
height
Peak GH 40.3 mU/L 10mU/L (GH 5.7 ng/mL NA NA No GH deficit 5.1 ng/mL 6.22 ng/mL
deficit)
IGF-1 88 ng/mL 51,76,and 56 271 ng/mL NA NA NA NA 42 ng/mL
ng/mL
Thyroid Normal Normal Normal NA NA Subclinical Small thyroid ~ Normal
function hypothy-
roidism
Delayed bone Delayed 3.0 Delayed 1.5 Delayed 3.6 Yes No Yes No Delayed 1.0
age, yr
Pituitary MRI NA Normal Normal NA Neonatal Unspecific Enlarged Normal
/Brain seizures; structural cisterna magna;
imaging Multiple calcific abnormalities  Leptome-
foci in brain; ningeal cyst
Arachnoid cyst;
Germinolytic
cysts
GH therapy ~ 10.5yr 74 yr 7.9 yr 15 yr Not known 11 yr 52yr 55yr
started age
HeightSDS ~ -3.1SDS -2.8SDS -2.87 SDS <-1.88 SDS Not known -2.86 SDS -2.87 SDS -1.95SDS
GH dose 35 pg/kg/d 30 pg/kg/d 52 pg/kg/d NA NA NA NA 50 pg/kg/d
Others Triptorelin was No Intermittent No No response to  No No No
added at 12.5 yr treatment rthGH therapy
ANKRD11 c.3836del ¢.1903_1907del( c.6972dupc No genetic c.6472G>T c.7534C>T €.3339G > A €.2635 dupG
aberrations (p.Ser1279fs) p.Lys635GInfs * (p.p2271pfs*8)  testing (p.Glu2158) (p.Arg2512Trp) (p.Trpl113Ter) (p.Glu879fs)
26)

Two children with KBG syndrome accompanied by short stature with GH therapy (P9 and P10) who had no detailed clinical information are not shown in
this table. NA: Not applicable; P: Patient.
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first year of GH therapy. We reviewed and analyzed the changes in the height of
children with KBG syndrome accompanied by short stature during the first year of
therapy in the reported cases. We conclude that GH treatment is effective in our girl
and most children with KBG syndrome accompanied by short stature during the first
year of therapy. Our results provide evidence for GH treatment in children with KBG
syndrome accompanied by short stature.
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Figure 3 Changes of height SDS of children with KBG syndrome accompanied by short stature in the reported literature and in our study. There were nine
children with KBG syndrome accompanied by short stature who received growth hormone (GH) therapy (P1-P4 and P6-10) (black circle). Patient 5 showed no
response to GH therapy without specific data of height velocity were not included in the figure. There were three children with KBG syndrome accompanied by short

stature who did not receive GH therapy(P11, P12, and

P13) (white circle). We mainly recorded growth velocity in the first year of GH therapy. Patient 3 was followed

by 9 mo, Patient 13 was followed by 8 mo, and three patients (P4, P9, and P10) did not show specific follow-up time. GH: Growth hormone; NA: Not applicable; P:

Patient.
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