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Abstract

Diagnosis of KBGS due to a high risk identified by early Down’s syndrome screening has not been reported in previous studies,

and the prominent KBGS phenotype and absence of specificity on early ultrasound examination also pose a challenge for genetic

diagnosis.
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Key Clinical Message

KBG syndrome is a rare autosomal dominant genetic disease mainly caused by pathogenic variants of ankyrin
repeat domain-containing protein 11 (ANKRD11) or deletions involving ANKRD11.we report a case of KBGS
in a fetus that was prenatally diagnosed due to the high risk identified by early Down’s syndrome screening
and the finding of chromosome 16q24.3 deletion by chromosomal microarray analysis (CMA).

Key words :KBG syndrome;ANKRD11;chromosome microarray analysis

INTRODUCTION

KBG syndrome (KBGS) is a rare autosomal dominant genetic disorder characterized by extensive growth
retardation, craniofacial anomalies, oversized maxillary central incisors and skeletal anomalies, as well as
genetic alterations such as ANKRD11 gene mutation and 16q24.3 microdeletion (Gnazzo,2020), and prenatal
diagnosis of KBGS has rarely been reported in China. In this study, we prenatally diagnosed KBGS in a
foetus and analysed its possible mechanism to provide a basis for clinical diagnosis, genetic counselling and
prenatal diagnosis.

1



P
os

te
d

on
A

u
th

or
ea

20
J
u
l

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

67
52

56
.6

84
54

48
1/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

methods

Subject

A pregnant woman, 31 years old, in her second pregnancy and first delivery received early Down’s syndrome
serological screening at 12 weeks of gestation. The results suggested that the chance of trisomy 21 was
1:89, which is high risk. Prenatal assessment was performed to further clarify the risk. After informed
consent was obtained from the pregnant woman, amniocentesis was employed for amniotic fluid karyotyping
and chromosome microarray analysis. Termination of pregnancy was chosen after genetic counselling and
multidisciplinary consultation, but an autopsy was refused. The study was approved by the hospital ethics
committee, and the pregnant woman and her relatives signed an informed consent form.

Methods

Amniotic fluid karyotype analysis Foetal amniotic fluid (30 mL) was extracted via ultrasound-guided
transabdominal amniotic cavity puncture at mid-pregnancy, of which 10 mL was sent for gene chip analysis,
and 20 mL was placed in 2 sterile centrifuge tubes in a 37 and 5% CO2 incubator for cell culture. Cells
were harvested by trypsin digestion and imaged and subjected to G-banding analysis, in which more than
20 mid-phase divisions were counted, and karyotype analysis.

CMA assay Genomic DNA was extracted using a QIAamp DNA Mini Kit from Qiagen, Germany. The CMA
assay strictly followed the standard operating procedure of the Affymetrix Cytoscan 750K chip. Genomic
DNA was digested into short fragments with enzymes, ligated with connectors and then amplified by PCR.
After that, purification was performed by the magnetic bead method. The purified product was fragmented
into 25-125 bp fragments and labelled with biotin. The products were denatured by mixing with hybridization
solution, hybridized, washed, stained, and scanned by GeneChip Scanner 3000Dx v.2 with Autoloader, and
the data were analysed by ChAS3.0 and related bioinformatics software.

Results

Amniotic fluid karyotype analysis revealed the following karyotype: 46,XN.

Chromosome microarray analysis revealed the following results: arr[GRCh37] 16q24.3(89261399 -
89421499)x1, chromosome 16q24.3 deletion (approximately 160 kb; containing a total of 6 genes, 2 of which
are OMIM genes: CDH15, SLC22A31, ZNF778, ANKRD11, LOC105371414, and LOC100287036) (Figure
1). The 16q24.3 deletion region was located within the KBGS-related region and contained a partial deletion
of the key KBGS gene ANKRD11 (exons 4-14).

Peripheral blood high-throughput sequencing High-throughput sequencing of the pregnant woman’s periph-
eral blood revealed the following results: seq[GRCh37](1-22)x2,(X)x2.

High-throughput sequencing of the patient’s husband’s peripheral blood revealed the following results:
seq[GRCh37](1-22)x2,(XY)x1.

Discussion

KBGS (OMIM 148050) was first reported in 1975 (Herrmann,1975). The ANKRD11 gene on the long arm
of chromosome 16 is the causative gene of KBGS, which features ANKRD11 mutation and the 16q24.3
microdeletion (Gnazzo,2020). Karen Low et al (Low,2016)summarized the clinical and genetic features of 32
cases of KBGS in foetuses, and reported that the foetuses had few identifiable imaging features during the
pregnancy. Most of the 20-week anomaly scans were normal apart from single instances of a single umbilical
artery, atrioventricular septal defect (AVSD), placenta praevia, and decreased foetal movement. All babies
reached a gestation age of at least 36 weeks, and the vast majority were delivered at term. In 2017, Victoria
Hodgetts Morton et al (Hodgetts ,2017) reported a case of KBGS in a foetus with a 16q24.3 microdeletion
that was prenatally diagnosed due to enhanced intestinal echogenicity, but the autopsy revealed a more severe
phenotype: triangular face pattern, hypoplastic ears, cryptorchidism, and pulmonary dysplasia. Novara et
al (Novara,,2017)compared the phenotypes of KBGS with ANKRD11 mutation and KBGS with 16q24.3
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microdeletion and found that KGBS with 16q24.3 microdeletion had a more severe phenotype. Goldenberg
et al. reported two cases of KBGS with 16q24.3 microdeletion involving ANKRD11 and nearby gene deletions
that included clinical manifestations of multiple malformations and learning disabilities (Goldenberg,2016).

In 2012, Japanese scholars reported a clinically confirmed case of KBGS in a patient with a 690-kb deletion
on chromosome 16q24.3 (a de novo mutation involving part of ANKRD11) with typical facial appearance,
massive maxillary central incisors, hand deformity, delayed bone age and mental retardation, without autis-
tic symptoms (Miyatake,2013) Our reported case also had a de novo mutation with partial deletion of
ANKRD11, similar to that reported by the Japanese scholars, and no abnormality was seen on ultrasound at
22 weeks of gestation in our patient, posing a challenge for genetic counselling. The multidisciplinary consul-
tation and literature education informed the patient that (1) the clinical phenotypes of cases with deletions
are generally more severe than those of cases with duplications; (2) the larger the deletion or duplicated
fragment is, the more severe the manifestation (though the 160 kb fragment detected in the foetus was a
relatively small microdeletion, the region contains the key KBGS pathogenic gene ANKRD11 (deletion of
exons 4-10) , and partial deletion of exons of this gene presumably leads to severe defects in the function
of the encoded protein); (3) de novo mutations are generally highly pathogenic; and (4) postnatal clinical
manifestations such as delayed language development, mental retardation, learning disabilities, dwarfism,
epilepsy and autism may occur in the foetus, and dwarfism is a common symptom of KBGS for which there
is no specific treatment.

CONCLUSION

The diagnosis of KBGS with microdeletion type 16q24.3 was made in this case due to the high risk identi-
fied by early Down’s syndrome screening and the finding of chromosome 16q24.3 deletion by chromosomal
microarray analysis (CMA). Diagnosis of KBGS due to a high risk identified by early Down’s syndrome
screening has not been reported in previous studies, and the prominent KBGS phenotype and absence of
specificity on early ultrasound examination also pose a challenge for genetic diagnosis.
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Figure 1 Local magnification of chromosomal aberrations
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