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Abstract

Background: Beckwith-Wiedemann syndrome (BWS) is a genetic overgrowth disorder with variable clinical features
and cancer predisposition. In this study, we aim to characterize the clinical features and molecular defects of BWS
patients in China.

Methods: Thirty-one patients with clinical suspicion of BWS were retrospectively recruited to the study from
Shanghai Children’s Hospital between January 2014 and December 2017. Clinical data, including demographics,
clinical features, and molecular testing results were extracted and systematically analyzed.

Results: Twenty-one patients with a BWS score =2 4 (6, IQR 4, 7) were clinically diagnosed with BWS, and 10 children
with a BWS score 2 2 and <4 (2, IQR 2, 3) were clinically suspected BWS patients. The most common cardinal
feature of clinically diagnosed patients was macroglossia (71.4%) followed by lateralized overgrowth (33.3%) and
exomphalos (14.3%), and the major suggestive features were umbilical hernia and/or diastasis recti (65.0%) and ear
creases or pits (61.9%). Among 10 clinically suspected BWS patients, macroglossia and lateralized overgrowth were
observed in 3 (30%) and 2 (20%) patients, and umbilical hernia and/or diastasis recti occurred in 7 (70.0%) patients.
Seven (33.3%) clinically diagnosed patients and 3 (30%) suspected patients were identified with loss of methylation
at KCNQ1OT1:TSS differentially methylated region (DMR; IC2 LOM), 5 (23.8%) clinically diagnosed BWS patients were
identified with gain of methylation at H19/IGF2:1G-DMR (IC1 GOM), and 1 (4.8%) clinically diagnosed BWS patients
was identified with paternal uniparental isodisomy 11 (pUPD11). The phenotype-genotype correlation analysis
showed no significant difference among patients with IC2 LOM, IC1 GOM, and pUPD11.

Conclusions: The current study presents the first cohort study of BWS patients in mainland China. The clinical and
molecular features of the patients are similar to those of other reported BWS patients in the Chinese population.
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Introduction

Beckwith-Wiedemann syndrome (BWS, OMIM#130650),
first reported by Beckwith JB and Wiedemann HR in the
1960s, is a rare genetic overgrowth disorder with variable
clinical features and cancer predisposition [1-3]. The esti-
mated incidence of BWS is 1 in 10,000 live births [4]. The
clinical manifestations of BWS include macroglossia,
macrosomia, abdominal wall defects, hemihyperplasia, en-
larged abdominal organs, ear anomalies, facial nevus flam-
meus, and nephroureteral malformations. In addition, an
increased risk of developing embryonal tumors during
early childhood was reported in patients with BWS, such
as Wilms’ tumor and hepatoblastoma [1, 5].

BWS is caused mainly by molecular alterations affect-
ing imprinted gene expression located within the
chromosome 11p15.5 region [1, 2]. The imprinting clus-
ter of chromosome 11p15.5 harbors two imprinting do-
mains, IGF2/H19 and CDKN1C/KCNQI1/KCNQ1O0T],
which are controlled by H19-associated imprinting cen-
ter 1 (IC1) and KCNQI1OT1-associated IC2, respectively
[6]. It has been demonstrated that an epigenetic or gen-
etic defect affecting imprinted genes in chromosome re-
gion 11p15 could be observed in the majority of BWS
patients, and DNA methylation abnormalities are the
most commonly detected molecular defects [7, 8]. Gain
of methylation at H19/IGF2:IG differentially methylated
region (DMR; IC1 GOM), loss of methylation at
KCNQI1OT1:TSS (DMR; IC2 LOM), paternal uniparen-
tal isodisomy (pUPD11), CDKN1C loss of function mu-
tations, and chromosome abnormalities altering copy
number or structure of 11p15.5 were identified in re-
ported BWS patients [4, 7-9].

Various clinical phenotypes and genotypes have been
well-described in European and North American BWS
patients [1]. However, there are only limited reports of
the clinical features and molecular etiology of BWS pa-
tients from mainland, China. In this study, we conduct a
single-center retrospective study to characterize the clin-
ical features and genetic defects of patients with clinical
suspicion of BWS in Shanghai, China.

Materials and methods

Study cohort

Thirty-one children with clinical suspicion of BWS en-
rolled in Shanghai Children’s Hospital were retrospect-
ively recruited to the study between January 2014 and
December 2017. Clinical data including demographics,
clinical features, pregnancy-related findings, family his-
tory of BWS, and molecular testing results were ex-
tracted from medical records and were systematically
reevaluated by a recently developed international con-
sensus statement of clinical and molecular diagnosis of
BWS [1]. The clinical diagnostic criteria of classical
BWS are patients with a BWS score of 24 based on
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cardinal and suggestive features. The scoring system is
defined as 2 points per cardinal feature and 1 point per
suggestive feature [1]. This study was conducted in com-
pliance with the Helsinki Declaration and was approved
by the Ethical Review Board of Shanghai Children’s Hos-
pital. Written informed consent was obtained from par-
ents or legal guardians of all pediatric patients.

Molecular testing

Genomic DNA was extracted from peripheral blood of
the subject using the QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany). The methylation-specific-multiplex
ligation-dependent probe amplification (MS-MLPA)
method was used to detect the methylation status and
copy number change of the IC1 (H19/IGF2:IG-DMR)
and IC2 (KCNQI1OT1:TSS-DMR) genes in the chromo-
some 11pl15 region. The kit used was ME030-C1 BWS/
RSS kit from MRC-Holland (Amsterdam, NL) in accord-
ance with the manufacturer’s instructions. Genomic
DNA (200 ng) was denatured and hybridized for 16 h at
60°Cby the probe mixture. Samples were equally split
into two aliquots and treated either with ligase alone or
with ligase and Hhal. Polymerase chain reaction (PCR)
was performed and the products were separated on ABI
Dx3500 genetic analyzer (Applied Biosystems, Foster
City, CA, USA). Genescan software was used to analyze
the electropherograms and Coffalyser version 9.4 soft-
ware (MRC-Holland, Amsterdam, NL) was used to cal-
culate the relative peak area. Heterozygous deletions or
duplications of recognition sequences were defined as a
35-50% reduced relative peak height of the amplification
product of that probe. GOM and LOM was defined as a
methylation percentage >20% higher or lower than the
normal healthy control (methylation percentage around
50%), respectively [10]. Patient had both IC1 GOM and
IC2 LOM is identified as pUPD11 [11].

Data analysis

Demographics, clinical features, pregnancy-related find-
ings, family history of BWS, and molecular testing re-
sults of the patients were collected for analysis. All data
were entered into a customized database and then ana-
lyzed with SPSS statistical software (version 22, IBM,
Armonk, NY, USA). Quantitative data were summarized
as the median and interquartile range (IQR 25th—75th)
or number with percentage where appropriate. Descrip-
tive analysis was conducted to analyze the general char-
acteristics, specific clinical features, and molecular
defects of the patients. Comparison of clinical features
among the different genotype groups was conducted by
using Fisher’ s exact tests (2 x 2, or 3 x 2 matrices). Two-
tailed p-values <0.05 were considered as statistically
significant.
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Results

Clinical features

As shown in Table 1, of those 31 children with clinical
suspicion of BWS enrolled in the study, 18 were boys
(58.1%), 13 were girls (41.9%), and the median age at en-
rollment was 3 months (IQR 2, 6.5), ranging from 1 to
72 months. Twenty-one children with a BWS score >4
(6, IQR 4, 7) were clinically diagnosed with BWS, and 10
children with a BWS score > 2 and < 4 (2, IQR 2, 3) were
clinically suspected BWS patients. The most common
cardinal feature of 21 clinically diagnosed patients was
macroglossia (Fig. 1a), which was observed in 15 patients
(71.4%) followed by lateralized overgrowth (7/21, 33.3%;
Fig. 1b, ¢) and exomphalos (3/21, 14.3%). Hyperinsulin-
ism lasting >1week and requiring escalated treatment
was observed in 1 patient (4.7%). The most common
suggestive features were umbilical hernia (Fig. 1d) and/
or diastasis recti and ear creases or pits (Fig. 1e), which
were detected in 65.0 and 61.9% of the clinically diag-
nosed patients, respectively. Other suggestive features
were also observed in clinically diagnosed BWS patients:
facial naevus simplex (11/21, 52.3%, Fig. 1f), nephrome-
galy and/or hepatomegaly (10/21, 47.6%), birthweight >
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2 SDS above the mean (8/21, 38.1%), transient
hypoglycemia (5/21, 23.8%), and polyhydramnios (4/21,
19.0%). Among 10 clinically suspected BWS patients,
macroglossia and lateralized overgrowth were observed
in 3 (30.0%) and 2 (20.0%) patients, respectively. The
most common suggestive feature of clinically suspected
BWS patients was umbilical hernia and/or diastasis recti
(7/10, 70%) followed by nephromegaly and/or hepato-
megaly (2/10, 20.0%), birthweight >2 SDS above the
mean (2/10, 20.0%), ear creases or pits (1/10, 10.0%),
and polyhydramnios (1/10, 10.0%). BWS-related embry-
onal tumors were not observed at the time of enrollment
in this cohort. One female patient with a BWS score of
6 was conceived by assisted reproductive technology
(ART).

Molecular defects

The MS-MLPA test was performed in all 31 patients
with clinical suspicion of BWS. A total of 10 (7 clinically
diagnosed and 3 suspected) patients were identified with
IC2 LOM, and 5 clinically diagnosed BWS patients were
identified with IC1 GOM (Table 2). One 4-year old boy
had both IC1 GOM and IC2 LOM, was identified as

Table 1 Clinical features of patients with clinical diagnosis of BWS (n =21, BWS score 2 4) or suspected BWS (n =10, BWS score = 2

and < 4)
Clinical diagnosis Suspected Total
n=21 (n=10) (n=31)
Age, months, median (IQR) 4(2,12) 25(1,45) 3(2,6.5)
Gender
Boy 13 (61.9%) 5 (50.0%) 18 (58.1%)
Girl 8 (38.1%) 5 (50.0%) 13 (41.9%)
BWS score, median (IQR) 6(4,7) 22,3 43,6
Cardinal features
Macroglossia 15 (71.4%) 3 (30%) 18 (58.1%)
Lateralized overgrowth 7 (33.3%) 2 (20%) 9 (29.0%)
Exomphalos 3 (14.3%) 0 (0%) 3 (9.7%)
Hyperinsulinism 1 (4.7%) 0 (0%) 1 (3.2%)
Wilms tumor or nephroblastomatosis® 0 (0%) 0 (0%) 0 (0%)
Suggestive features
Umbilical hernia and/or diastasis recti 16 (65.0%) 7 (70.0%) 23 (74.2%)
Ear creases and/or pits 13 (61.9%) 1 (10.0%) 14 (45.2%)
Nephromegaly and/or hepatomegaly 10 (47.6%) 2 (20.0%) 12 (38.7%)
Facial naevus simplex 11 (52.3) 0 (0%) 11 (35.5%)
Birthweight > 2 SDS above the mean 8 (38.1%) 2 (20.0%) 10 (32.3%)
Transient hypoglycaemia 5 (23.8%) 0 (0%) 5 (16.1%)
Polyhydramnios 4 (19.0%) 1 (10.0%) 5(16.1%)
Typical BWS tumors® 0 (0%) 0 (0%) 0 (0%)

@ Multifocal and/or bilateral Wilms tumor or nephroblastomatosis

® Neuroblastoma, rhabdomyosarcoma, unilateral Wilms tumour, hepatoblastoma, adrenocortical carcinoma or phaeochromocytoma

BWS Beckwith-Wiedemann syndrome, IQR interquartile range
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Fig. 1 Representative cardinal and suggestive features of Beckwith-Wiedemann syndrome: a Macroglossia (patient No. 3); b, ¢ Lateralized
overgrowth (patient No. 7); d Umbilical hernia (patient No. 1); e Ear creases (patient No. 13); (f) Facial naevus simplex (patient No. 23). Written
informed consent was obtained from the parents for the publication of these images

pUPDI11 (Fig. 2). The female patient conceived by ART
was identified with IC2 LOM. No copy number change
of the IC1 and IC2 was observed by MS-MLPA. The
correlation analysis between clinical features and geno-
type showed no significant difference among patients
with IC2 LOM, IC1 GOM, and pUPDI11, except latera-
lized overgrowth (Table 3). Finally, a total of 24 patients
were confirmed with BWS based on a BWS score >4
and/or a detected molecular defect.

Discussion

Clinical features and molecular etiology in European and
North American BWS patients have been well-studied in
the literature. Although the typical clinical manifesta-
tions of BWS are macroglossia, macrosomia, abdominal
wall defects, and an increased risk of embryonal tumors,
a growing body of evidence indicates that not all BWS
patients display all of these phenotypic features [1]. In-
creasing BWS patients in the absence of cardinal fea-
tures were confirmed by the identification of molecular
defects in the 11p15.5 region [12, 13]. Thus, both clinical

Table 2 Molecular defects of patients with clinical diagnosis of
BWS (n =21, BWS score = 4) or suspected BWS (n =10, BWS
score 2 2 and < 4)

IC2 LOM IC1 GOM  pUPD11  Unknown
Clinical diagnosis (n1=21) 7 (333%) 5 (23.8%) 1 (48%) 8 (38.1%)
Suspected (n=10) 3(30.0%) 0 (0%) 0(0%) 7 (70.0%)
Total (n=31) 10 (322%) 5(16.1%) 1 (32%) 15 (48.4%)

BWS Beckwith-Wiedemann syndrome, IC imprinting center; LOM, loss of
methylation, GOM gain of methylation, pUPD paternal uniparental isodisomy

features and molecular testing are important for the
clinical diagnosis and management of BWS.

In the current study, we conducted a single-center
retrospective cohort study to characterize the clinical fea-
tures and molecular defects of clinical suspicion BWS pa-
tients in a tertiary children’s care center in Shanghai,
China. We showed that the most common cardinal fea-
tures and suggestive features in clinically diagnosed BWS
patients in our cohort were macroglossia (71.4%) and
lateralized overgrowth (33.3%), umbilical hernia and/or
diastasis recti (65.0%) and ear creases or pits (61.9%), re-
spectively, which were comparable with two previous
studies of BWS in the Chinese population [14, 15]. A
study [14] of 47 Chinese patients with clinical suspicion of
BWS, conducted in Taiwan, showed that the most com-
mon major clinical features of clinically diagnosed patients
were abdominal wall defects, macroglossia and pre- or
postnatal overgrowth, and the most common minor fea-
tures were ear creases or pits and facial nevus flammeus
[14]. A retrospective tertiary-wide study [15] performed in
Hong Kong with 27 molecularly confirmed BWS reported
that the most common clinical features were macrosomia
and macroglossia (70.4%) and abdominal wall defects
(70.4%). Since BWS patients present with a wide range of
clinical features, a recent study investigated whether clin-
ical presentation varied across BWS patients of different
race/ethnicity populations [9]. It was shown that the inci-
dences of macroglossia and exomphalos were higher in
BWS patients of European/North American populations
than Asian populations, while the incidences of umbilical
hernia, organomegaly, and lateralized overgrowth were
lower in European/North American populations than



Wang et al. Italian Journal of Pediatrics (2020) 46:55 Page 5 of 7

Undigested Hhal digested

OT1-11CR [HF
OT1-14CR [HF
OT1-14CR [H-
OT1-14CR [HF

KCNG:
KCNQ:
KeNa:
KCNQ:

05-176.648452

1C-1b [HHA1)

ESCO2-1 [HHA1) (Dig)
9.up [HHA1)
9-up [HHA1)

Reference C/M!
Reference C/M"
H

H
H
H

Fig. 2 MS-MLPA test result of the patient (No. 19) had both gain of methylation at H19/IGF2:IG differentially methylated region (DMR; IC1 GOM)
and loss of methylation at KCNQ1OT1:TSS-DMR (IC2 LOM) (a, b), and a healthy control (c, d)

Table 3 The correlation between clinical features and IC2 LOM, IC1 GOM, and pUPD11 defects of the study cohort

IC2 LOM (n=10) IC1 GOM (n=5) pUPD11 (n=1) p-Value
Cardinal features
Macroglossia 10/10 (100.0%) 4/5 (80.0%) 1/1 (100%) NS
Lateralized overgrowth 1/10 (10.0%) 3/5 (60.0%) 0/1 (0%) < 005
Exomphalos 1/10 (10.0%) 0/5 (0%) 0/1 (0%) NS
Hyperinsulinism 0/10 (0%) 1/5 (20.0%) 0/1 (0%) NS
Wilms tumor or nephroblastomatosis® 0/10 (0%) 0/1 (0%) 0/1 (0%) NS
Suggestive features
Umbilical hernia and/or diastasis recti 8/10 (80.0%) 4/5 (80.0%) 1/1 (100%) NS
Ear creases and/or pits 5/10 (50.0%) 2/5 (40.0%) 0/1 (0%) NS
Nephromegaly and/or hepatomegaly 3/10 (30.0%) 3/5 (60.0%) 0/1 (0%) NS
Facial naevus simplex 5/10 (50.0%) 2/5 (40.0%) 0/1 (0%) NS
Birthweight > 2 SDS above the mean 3/10 (30.0%) 3/5 (60.0%) 1/1 (100%) NS
Transient hypoglycaemia 2/10 (20.0%) 2/5 (40.0%) 0/1 (0%) NS
Polyhydramnios 1/10 (10.0%) 2/5 (40.0%) 0/1 (0%) NS
Typical BWS tumors® 0 /10 (0%) 0/5 (0%) 0/1 (0%) NS

@ Multifocal and/or bilateral Wilms tumor or nephroblastomatosis
® Neuroblastoma, rhabdomyosarcoma, unilateral Wilms tumour, hepatoblastoma, adrenocortical carcinoma or phaeochromocytoma
BWS Beckwith-Wiedemann syndrome, LOM loss of methylation, GOM gain of methylation, pUPD paternal uniparental isodisomy, NS no significance
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Asian populations [9]. The incidences of major clinical
features of clinically diagnosed BWS patients in our stud-
ied cohort were comparable with previously reported
Asian BWS patients [9]. Although an increased risk of de-
veloping embryonal tumors during early childhood was
reported in patients with BWS [1, 5], BWS-related embry-
onal tumors were not observed in this cohort. In addition,
ART was reported as a risk factor for BWS [16], and one
female patient with a BWS score of 6 was conceived by
ART in our study.

To date, only a small number of genetically confirmed
BWS cases have been reported from mainland, China. In
2013, we reported the first two epigenetically confirmed
cases with BWS in Shanghai, China: a female patient
with IC2 LOM and a male patient with IC1 GOM [17].
Wang Q. et al. reported two Chinese cases with BWS
caused by de novo paternal origin duplication of
chromosome 11p15.5 in Shenzhen, China, including one
patient diagnosed by prenatal analysis on cord blood
[18]. It was shown that IC2 LOM (50-60%) and IC1
GOM (5-10%) in the chromosome 11p15 region occurs
in the majority of BWS patients with a known molecular
defect [5]. The MS-MLPA test was performed to detect
the methylation status of the IC2 and IC1 genes in the
chromosome 11p15 region in all patients with clinical
suspicion of BWS in this study. Seven clinically diag-
nosed cases and 3 suspected BWS cases were identified
with IC2 LOM, 5 clinically diagnosed BWS children
were identified with IC1 GOM, and 1 clinically diag-
nosed BWS children were identified with pUPD11. A
lower incidence of IC2 LOM and a higher incidence of
IC1 GOM were observed in our studied cohort than pre-
viously reported European/North American and Asian
BWS patients [9], which may due to the small size of
study cohort. It was shown that 50% of clinically diag-
nosed BWS patients were identified with IC2 LOM, and
4% with IC1 GOM were identified in Taiwanese BWS
patients [14]. Furthermore, molecular studies of Chinese
BWS patients in Hong Kong showed that 48.1% of the
BWS cases were caused by IC2 LOM, and 11.1% were
caused by IC1 GOM [15]. The female patient conceived
by ART was identified with IC2 LOM, which was con-
sistent with previous studies [15, 19]. Both CDKNI1C
mutation and pUPDI11 were also observed in previous
studies of Chinese BWS patients [14, 15]. Unfortunately,
CDKNIC loss of function mutation test was not per-
formed in this cohort at the initial genetic testing, and
the parents of the patients refused further genetic testing
during the follow-up. Nevertheless, it is important to in-
clude CDKN1C mutation test to investigate the molecu-
lar etiology of BWS children in our future works.

Several limitations exist in the present study. Firstly, this
report describes a single-center retrospective study with a
limited number of subjects. Secondly, microsatellite
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analysis was not performed to further confirm the
pUPDI11 case identified by MS-MLPA. Thirdly, CDKN1C
loss of function mutations test was not performed in this
study cohort. It is important to include CDKN1C muta-
tion test and microsatellite analysis to characterize the ge-
notypes of Chinese BWS children in our future works.

Conclusions

Our study was the first to describe the clinical features
and molecular defects of a cohort of 31 clinical suspicion
BWS patients in mainland China. Given the large Chin-
ese population and limited reported cases, further stud-
ies are needed to investigate the clinical features and
genetic mechanisms vary between Chinese population
and other well-studied populations.
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