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Abstract
Background: Williams–Beuren syndrome (WBS; OMIM #194,050) is a rare multi-
system disorder of a variable phenotypic spectrum caused by a heterozygous micro-
deletion in the WBS chromosome region (WBSCR) in 7q11.23.
Methods: We screened 38 Chinese Han patients with suspected WBS using chromo-
somal microarray analysis (CMA).
Results: Pathogenic CNVs were identified in 34 of the patients, including 29 cases 
with a typical 7q11.23 microdeletion, three cases with atypical copy number varia-
tions (CNVs) within the WBS chromosome region and two cases with CNVs associ-
ated with other known syndromes. All 29 WBS patients with a typical microdeletion 
exhibited distinctive facial dysmorphisms and developmental delay. We observed 
that the incidence of pulmonary abnormalities was slightly higher than that of aortic 
abnormalities. We also found long philtrum and prominent lips with a thick lip that 
may warrant suspicion of WBS in the Chinese Han patients.
Conclusion: CMA facilitates diagnosis in individuals with classic/nonclassic fea-
tures of WBS and demonstrated that when Chinese Han patients present with a less 
classical phenotype, such as pulmonary abnormalities, this may raise suspicion for a 
WBS diagnosis and suggest a referral for a genetics evaluation for a differential 
diagnosis.
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1 |  INTRODUCTION

Williams–Beuren syndrome (WBS; OMIM #194050) is a 
rare multisystem disorder with a variable phenotypic spec-
trum that includes a distinctive facial appearance, cardio-
vascular abnormalities, developmental delays, and aberrant 
neurocognitive profile (Pober, 2010). The prevalence of 
WBS is estimated to be one in 7,500 to 20,000 live births 
(Dutly & Schinzel, 1996; Strømme, Bjømstad, & Ramstad, 
2002).

Williams–Beuren syndrome is caused by a heterozygous 
microdeletion in the WBS chromosome region (WBSCR) on 
chromosome 7 at position 7q11.23. The common deletion/
duplication ranges in size from 1.55 to 1.84 Mb and spans 
approximately 26–28 genes. This region is flanked by low 
copy repeats (LCRs) that can mediate nonallelic homologous 
recombination resulting from a misalignment of LCRs during 
meiosis (Savina et al., 2011). Moreover, clear Mendelian in-
heritance for WBS has been observed in a small proportion 
of patients with a family history of the disease (Parlak et al., 
2014).

Clinical diagnosis of WBS is made based on dysmor-
phic features, aortic anomalies, intellectual findings; how-
ever, the broad spectrum of anomalies exhibits variable 
expressivity. In some specific conditions, such as Noonan 
syndrome and Turner syndrome, may present with similar 
symptoms that may be confused with WBS. An atypical 
CNV may be the leading cause of the substantial pheno-
typic variability among WBS patients, thereby making this 
disease difficult to classify and diagnose in some cases. 
Thus, frequently a genetic test is necessary to confirm a 
diagnosis.

In the past, the American College of Medical Genetics 
and Genomics (ACMG) recommends the use of fluorescence 
in situ hybridization (FISH) as the first‐tier diagnostic test 
for WBS (Manning & Professional, 2010). However, this 
approach is not suitable for the study of CNV due to low‐
resolution and low throughput (Hussein et al., 2016). More 
recently, Multiplex ligation‐dependent probe amplification 
(MLPA) and chromosomal microarray analysis (CMA) have 
been successfully applied to detect the CNV in the 7q11.23 
regions (Honjo et al., 2015; Li et al., 2016; Sharma et al., 
2015). Exploring the underlying genetic etiology of CNV in 
WBS patients may provide more information about diagno-
sis, such as CNV length and affected genes. These genetic 
data also have proven to be an invaluable source for under-
standing how haploinsufficient genes contribute to disease 
pathogenesis.

In this study, we reviewed the clinical and molecular 
findings in 38 Chinese Han patients with clinically sus-
pected WBS to explore the molecular etiology and to as-
sess the clinical significance of each factor. We analyzed 
the clinical features and genetic data and elucidated the 

genotype–phenotype correlations in 29 patients with clas-
sically presenting WBS. We further assessed the clinical 
significance of the genetic results in patients presenting 
with similar symptoms to WBS to provide more informa-
tion for clinical screening and genetic counseling for the 
disease.

2 |  MATERIALS AND METHODS

2.1 | Study subjects
We analyzed a cohort of 38 Chinese Han patients (15 fe-
males and 23 males) with suspected WBS from the Prenatal 
Diagnosis Center and the Department of Cardiac Surgery 
of the Guangdong General Hospital between July 2015 and 
March 2018. All patients underwent a complete examina-
tion according to the Genetics Committee of the American 
Academy of Pediatrics (2001), and those receiving a score 
≥3 were enrolled in the study (Leme et al., 2013). Clinical 
data, including medical records, electrocardiograms, echo-
cardiography, and cardiac catheterization reports were sys-
tematically reviewed. The family history was obtained by 
interviewing the parents of the index cases. The study pro-
tocol was approved by the Institutional Research Ethics 
Committee of the Guangdong General Hospital. Informed 
written consent was obtained from the patients’ parents. 
Approximately 2.0 ml of peripheral venous blood was col-
lected, and DNA was extracted with the Gentra Puregene 
blood kit (QIAGEN, Santa Clara, CA, USA) according to the 
manufacturer's instructions.

2.2 | Fluorescent in situ hybridization
We have performed FISH in five patients. FISH was carried 
out on metaphase spreads using the dual color locus‐specific 
identifier WBS region probe (Vysis probe; Abbot, USA) that 
hybridizes to the ELN, LIMK1, and EIF4H loci at 7q11.23 
(orange) and the control loci D7S486 and D7S522 at 7q31 
(green). Approximately 10–15 cells in metaphase were ana-
lyzed for each patient.

2.3 | Chromosomal microarray testing and 
CNV evaluation and validation
DNA (250 ng) was amplified, labeled, and hybridized to 
the CytoScan HD array platform (Affymetrix, USA) ac-
cording to the manufacturer's protocol. Data were visual-
ized and analyzed with the Chromosome Analysis Suite 
(ChAS) software package (Affymetrix, USA) with a mini-
mal cutoff of 20 consecutive markers in a 25‐kb length for 
CNV calling. All segments were monitored for the degree 
of overlap with previously identified common CNVs and 
annotated by the Database of Genomic Variants (DGV). 
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All reported CNVs were based on NCBI human genome 
build 37 (hg 19).

Detected CNVs meeting the following criteria were se-
lected for further analysis: (1) deletions ≥50 kb/25 markers; 
duplications ≥100 kb/50 markers; (2) not found in the con-
trol populations cataloged in the DGV; and (3) <50% overlap 
with known segmental duplications (SD).

A total of 174 population‐based controls without cardiac 
lesions were selected from the local database. Additional con-
trols included DECIPHER (https://decipher.sanger.ac.uk/), the 
DGV (https://dgv.tcag.ca/dgv/app/home), the 1000 Genomes 
Project (https://www.1000genomes.org/), the Deciphering 
Developmental Disorders (DDD) Project (https://www.ddduk.
org/), and previously published studies that used high‐density 
microarray platforms comparable to the ones used in this study.

Following the ACMG's standards and guidelines for the 
interpretation of CNVs, the remaining CNVs were classified 
into three categories: pathogenic (P), variants of uncertain 
significance (VUS), and benign (B). VUS was further di-
vided into three parts: likely pathogenic (LP), likely benign 
(LB), and no subclassification (Kearney, Thorland, Brown, 
Quintero‐Rivera, & South, 2011). Only genes that function 
in a dominant manner that are within the pathogenic CNVs 
and likely pathogenic CNVs were investigated in this study.

All annotated CNVs were experimentally validated by 
real‐time quantitative PCR (qPCR). During the initial period 
of the study, five patient samples tested by FISH were also 
detected by CMA.

2.4 | Statistical analysis
Statistical analysis was performed with SPSS 23.0 (SAS 
Institute, Cary, NC, USA). The data collected were expressed 
with mean ± SD. A p value of <0.05 was considered statisti-
cally significant.

3 |  RESULTS

3.1 | Patients’ demographics and clinical 
characteristics
Between July 2015 and March 2018, 38 patients with sus-
pected WBS were eligible for inclusion in the study and 
underwent CMA. The average patient age at diagnosis was 
24.2 months (14.2–34.1, 95%). In total, 39.5% (15/38) were 
female and 60.5% (23/38) were male. All patients without a 
family history of WBS.

3.2 | FISH findings in five suspected 
WBS cases
FISH analysis indicated the ELN deletion in all the five sus-
pected WBS cases (Supporting Information Figure S1). T

A
B

L
E

 2
 

A
ty

pi
ca

l 7
q1

1.
23

 C
N

V
 in

 th
e 

W
B

SC
R

 id
en

tif
ie

d 
in

 n
on

cl
as

si
ca

l W
B

S 
pa

tie
nt

s b
y 

C
M

A

ID
Se

x
A

ge
 (m

on
th

)
C

yt
ob

an
d

Le
ng

th
R

ef
Se

q 
ge

ne
s

Ph
en

ot
yp

es

13
M

60
D

up
 7

q1
1.

23
 (7

2,
47

0,
63

9–
74

,4
38

,6
33

)
1.

97
 M

bp
N

SU
N

5 
TR

IM
50

 F
KB

P6
 F

ZD
9 

BA
Z1

B 
BC

L7
B 

TB
L2

 M
LX

IP
L 

VP
S3

7D
 D

N
AJ

C3
0B

U
D

23
 

ST
X1

A 
AB

H
D

11
 C

LD
N

3 
CL

D
N

4 
M

ET
TL

27
 

TM
EM

27
0 

EL
N

 L
IM

K1
 E

IF
4H

 L
AT

2 
RF

C2
 

CL
IP

2 
G

TF
2I

RD
1 

LO
C1

07
98

68
10

 G
TF

2I
 

N
CF

1 
G

TF
2I

RD
2 

G
AT

SL
1

pu
lm

on
ar

y 
ar

te
ry

 st
en

os
is

, c
oa

rc
ta

tio
n 

of
 th

e 
ao

rta
, i

nt
el

le
ct

ua
l d

is
ab

ili
ty

15
M

31
D

el
 7

q1
1.

23
 (7

3,
46

7,
49

2–
73

,4
74

,8
31

)
7,

34
0 

bp
EL

N
 (e

xo
ns

 1
8–

25
)

pu
lm

on
ar

y 
ar

te
ry

 st
en

os
is

, l
ef

t p
ul

m
on

ar
y 

ar
te

ry
 st

en
os

is
, r

ig
ht

 p
ul

m
on

ar
y 

ar
te

ry
 

st
en

os
is

, d
ev

el
op

m
en

ta
l d

el
ay

29
F

8
D

up
 7

q1
1.

23
 (7

2,
22

1,
64

9–
73

,3
49

,5
97

)
1.

13
 M

bp
TY

W
1B

 P
O

M
12

1 
TR

IM
74

 N
SU

N
5 

TR
IM

50
 

FK
BP

6 
FZ

D
9 

BA
Z1

B 
BC

L7
B 

TB
L2

 M
LX

IP
L 

VP
S3

7D
 D

N
AJ

C3
0B

U
D

23
 S

TX
1A

 A
BH

D
11

 
CL

D
N

3 
CL

D
N

4

di
st

in
ct

iv
e 

fa
ci

al
 a

pp
ea

ra
nc

e,
 p

ul
m

on
ar

y 
ar

te
ry

 st
en

os
is

, d
ev

el
op

m
en

ta
l d

el
ay

D
el

 7
q1

1.
23

 (7
3,

43
3,

05
5–

74
,3

39
,0

45
)

0.
91

 M
bp

EL
N

 L
IM

K
1 

EI
F4

H
 L

AT
2 

RF
C

2 
C

LI
P2

 G
TF

2I
RD

1 
LO

C
10

79
86

81
0 

G
TF

2I
 N

C
F1

 G
TF

2I
RD

2 
G

AT
SL

1

N
ot

e.
 G

en
es

 in
 b

ol
d 

ar
e 

re
po

rte
d 

to
 b

e 
du

pl
ic

at
io

n;
 g

en
es

 in
 li

gh
t a

re
 re

po
rte

d 
to

 b
e 

de
le

tio
n.

https://decipher.sanger.ac.uk/
https://dgv.tcag.ca/dgv/app/home
https://www.1000genomes.org/
https://www.ddduk.org/
https://www.ddduk.org/


   | 5 of 8XIA et Al.

3.3 | CMA findings in 38 suspected 
WBS cases
An interpretable CMA profile was obtained for all of the 38 
genomic DNA samples. Seven CNVs identified in nine pa-
tients were considered to be likely benign, listed in the DGV 
or of no known gene included. We also found 6 (15.7%) pa-
tients with VUS CNVs.

Pathogenic CNVs were detected in 34 of 38 samples 
(89.5%) that overlapped with well‐characterized WBS CNVs, 
with a DECIPHER entry, or comprised OMIM genes. These 
included 29 cases with a typical 7q11.23 microdeletion rang-
ing from 1.4 to 1.9 Mb (see Table 1). We also identified three 
atypical CNVs associated with WBS, including one case 
with a compound atypical microdeletion and microduplica-
tion within the WBSCR, one case with a smaller atypical 
microdeletion involving the ELN, and one case with a typ-
ical microduplication in 7q11.23 (see Table 2). In addition, 
two cases presented with CNVs associated with other known 
syndromes, including 22q11.2 microdeletion syndrome 
(22q11DS, DiGeorge syndrome) and 10p15.3 microdeletion. 
(see Table 3). Of these 34 patients, 10.5% (4/38) had more 
than one CNV. Notably, there were 10.5% (4/38) cases for 
which no abnormalities were detected by CMA.

3.4 | Clinical features in 
classical and nonclassical WBS patients
Based on the clinical presentation and CMA results, 29 pa-
tients with a typical microdeletion in the WBSCR were diag-
nosed with classical WBS. Clinical features were analyzed in 
these 29 classical WBS patients (the patient with an atypical 
7q11.23 CNV was excluded). The average classical WBS pa-
tients’ age at diagnosis was 25.7 months (15.9–35.5, 95%). 
In total, 27.6% (8/29) were female and 72.4% (21/29) were 
male. The findings are summarized in Table 1.

All classical WBS patients exhibited a distinct facial 
appearance (Supporting Information Figure S2). The cra-
niofacial features of classical WBS patients included a long 
philtrum (27/29), prominent lips with a thick lip (26/29), 
short nose with anteverted nares (25/29), periorbital puffi-
ness (24/29), ocular hypertelorism (24/29), and abnormal 
teeth (18/21) (Table 4).

The frequency of cardiac abnormalities in classical WBS 
patients was 89.7% (26/29) (Table 5). The cardiac abnormal-
ities were pulmonary abnormalities (17/29), aortic defects 
(15/29), and intracardiac lesions (12/29). The most frequent 
pulmonary findings in our WBS patients were pulmonary ar-
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aortic valve stenosis (AVS; 4/29). Overall, 41.4% of cases 
(12/29) were affected by “left‐right shunt CHDs,” including 
atrial septal defects (ASD; 7/29), ventricular septal defects 
(VSD; 4/22), patent foramen ovale (PFO; 2/29), patent duc-
tus arteriosus (PDA; 2/29), and 55.2% of cases (17/29) were 
not annotated. Isolated SVAS with no other cardiac lesion 
was observed in three patients. We also found one patient had 
arrhythmia.

Among classical WBS patients, nineteen (19/29) pre-
sented with intellectual disability (10 classical WBS patients 
under 1 year old were unavailable for testing). Developmental 
delay was observed in 62.1% of patients (18/29). Motor de-
velopmental delay was also present in 55.2% of patients 
(16/27). Other relatively less common findings in our study 
included hypothyrea (2/29), hyperthyrea (3/29), inguinal her-
nia (2/29), hypercalcemia (1/29), and hypertension (1/29), 
based on the available records.

Moreover, we identified two patients with an atypical 
microdeletion in the WBSCR. These patients were diag-
nosed with nonclassical WBS. One patient (No. 29) with a 
compound deletion and duplication in 7q11.23, this patient 
presented with a distinctive facial appearance, PAS, and de-
velopmental delay. Another patient (No. 15) with a smaller 
microdeletion involving deletion of exons 18–25 in ENL gene, 
presented with isolated PAS, LPAS, RPAS, and developmen-
tal delay, but no other WBS‐related syndromes (Table 2).

Furthermore, we identified one patient (No. 13) with a 
1.8 Mb microduplication in the WBSCR. This patient was di-
agnosed with 7q11.23 microduplication syndrome. He was af-
fected by PS and CoA at birth and subsequently presented with 
profound intellectual disability and atypical behavior (Table 2).

3.5 | Clinical features in two patients with 
CNVs associated with known syndromes
We also identified one patient with a 22q11 microdeletion, 
who presented with PAS, distinctive facial features, bilateral 
Indirect Inguinal Hernia, right crumpled ear, and hypocalce-
mia. Another patient with a 10p15.3 microdeletion presented 
with distinctive facial features, ASD, congenital talipes equi-
novarus (CTEV), developmental delay, and intellectual dis-
ability (Table 3).

4 |  DISCUSSION

In this study, we detected clinically significant results in 
89.5% (34/38) of cases suspected to have WBS. We iden-
tified 29 patients with classical WBS characterized by a 
typical deletion, two patients with nonclassical WBS char-
acterized by atypical CNVs in 7q11.23 and one patient 
with a 7q11.23 duplication. Our results are in agreement 
with previous reports showing that a CMA approach can 
robustly identify pathogenic CNVs in WBS. These find-
ings indicate that CMA is an important supplement to clini-
cal examination for accurate diagnosis of WBS (Hussein 
et al., 2016). Notably, one patient with a small CNV in-
volving the ELN, presented with isolated PAS, LPAS and 
RPAS (see Table 2). Previous studies have shown that ELN 
contributes mainly to elastic fiber formation and confers 
elasticity to organs and tissues; deletions and mutations in 
this gene are associated with SVAS. These CMA findings 
provide possible clues to further explore the mechanisms 
underlying the association between ELN deletion and pul-
monary artery defects. Further elucidating the genetic basis 
of WBS‐associated genes will expand our understanding of 
the disease etiology. Moreover, we identified two patho-
genic CNVs related to known syndromes, such as 22q11 
DS and 10p15.3 microdeletion syndrome. The clinical fea-
tures of these genetic syndromes can be easily confused 
with WBS, suggesting that if the CMA is combined with 
clinical examination, a more accurate diagnosis can be 

T A B L E  4  Facial Features in 29 classical WBS patients

Facial features Frequency Percentage (%)

Long philtrum 27/29 93.1

Prominent lips with a thick lip 26/29 89.7

Short nose with anteverted nares 25/29 86.2

Periorbital puffiness 24/29 82.8

Ocular hypertelorism 24/29 82.8

Abnormal teeth 18/21 62.1

T A B L E  5  Type of cardiac malformation in 29 classical WBS 
patients

Cardiac Malformation Frequency Percentage (%)

Aortic defects

SVAS 7/29 24.1

CoA 6/29 20.7

AVS 4/29 13.8

Pulmonary abnormalities

PAS 9/29 31.0

PVS 4/29 13.8

LPAS 5/29 17.2

RPAS 5/29 17.2

Left‐right shunt CHDs

ASD 7/29 24.1

VSD 4/22 13.8

PFO 2/29 6.9

PDA 2/29 6.9

Note. ASD, atrial septal defects; AVS, aortic valve stenosis; CoA, coarctation of 
the aorta; LPAS, left pulmonary artery stenosis; PAS, pulmonary artery stenosis; 
PDA, patent ductus arteriosus; PFO, patent foramen ovale; PVS, pulmonary valve 
stenosis; RPAS, right pulmonary artery stenosis; SVAS, supravalvular aortic ste-
nosis; VSD, ventricular septal defects.
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achieved. Nevertheless, 10.5% (4/38) of the cases remained 
elusive, suggesting that other factors may be implicated in 
the etiology of those patients.

The facial dysmorphic features were present in all pa-
tients with typical deletion (n = 29) and displayed a dis-
tinct pattern. The most prominent facial features were 
a long philtrum (27/29), prominent lips with a thick lip 
(26/29), and short nose with anteverted nares (25/29). 
These findings are not entirely consistent with previous re-
ports in other populations (Ferrero et al., 2007; Kruszka et 
al., 2018). Patil, Madhusudhan, Shah, and Suresh (2012) 
reported that a wide mouth, short nose, and periorbital 
fullness were the most prominent facial features (27/27), 
and long philtrums were found in 63.4% of Indian patients 
(23/27). Viana, Stofanko, Gonçalves‐Dornelas, da Silva 
Cunha, and de Aguiar (2013) demonstrated that Brazilian 
patients had prominent lips (14/15), slanted palpebral fis-
sures (9/15), and a long philtrum (8/15). Using both clinical 
exam and facial analysis technology, Kruszka et al. (2018) 
found wide mouth, short nose, and texture of eyelids/epi-
canthic folds were the common characteristic features of 
WBS in the global population, but the width of the mouth 
was not depicted as a top feature of WBS in the African 
group. We consider that the discrepancies in facial mor-
phology among different populations are likely due in part 
to differences in genetic background of different popula-
tions and ethnicities. Thus, a long philtrum and prominent 
lips with a thick lip are facial anomalies that may warrant 
suspicion of WBS in the Chinese Han population.

Great arteries anomalies were observed in 72.4% of pa-
tients (21/29). These results are consistent with previous 
reports of 66%–85% incidence in WBS patients (Rubens, 
Rodríguez, Hach, DelCastillo, & Martínez, 2008; Yuan, 
2017). However, we observed the incidence of pulmonary 
abnormalities (17/29) to be slightly higher than that of aortic 
abnormalities (15/29) in the Chinese Han population, which 
is consistent with what was reported by Yau, Lo, and Lam 
(2004) but not with what was reported in previous studies on 
other populations (Ferrero et al., 2007; Rubens et al., 2008; 
Yuan, 2017). We also found PAS was the most common car-
diovascular defect (9/29), followed by SVAS (7/29) and ASD 
(7/29). Cases of “left‐right shunt CHDs” were frequent among 
our patients (12/29). Interestingly, 10.3% of our WBS patients 
did not exhibit a cardiac phenotype. We speculate that prena-
tal diagnosis, such as fetal echocardiography and fetal CMA, 
contribute to a reduced number of WBS patients with cardio-
vascular abnormalities, particularly in aortic abnormalities 
associated with WBS. If fetuses do not manifest heart defects, 
their parents will not seek further genetic testing. Therefore, 
the numbers of WBS patients without cardiovascular abnor-
malities increased. Accordingly, it is necessary to improve ge-
netic testing, provide genetic counseling, and to raise public 
awareness of WBS for parents to reduce birth rate of WBS.

In our study, all patients had various degrees of physical 
and mental disabilities, as previously described (Hussein 
et al., 2016; Saad et al., 2013; Sharma et al., 2015). Other 
relatively less common findings in our study included hy-
pothyrea/hyperthyrea, hypercalcemia, inguinal hernia, and 
strabismus. These observations were concordant with the 
prevalence and variations described in the literature (re-
ported to occur in 5%–10% of patients; Sammour et al., 2014; 
Sindhar et al., 2016).

Today, FISH and MLPA remain the most widely used 
laboratory tests for WBS diagnosis (Dutra et al., 2012; 
Hussein et al., 2016; Manning & Professional, 2010; Sharma 
et al., 2015). However, compared to FISH and MLPA, CMA 
is not only suitable for identifying typical/atypical CNVs 
and refining the distal break point for classical or nonclas-
sical WBS, but also can identify other potential pathogenic 
CNVs, due to its high‐resolution and high accuracy at the 
whole genome level. Due to their relative simplicity and 
time efficiency, FISH and MLPA are better suited for a pri-
mary genetic screen for WBS. In addition, it is necessary 
to improve genetic counseling, to develop more detection 
approaches, especially for assessing brain morphology and 
function, and to raise public awareness of WBS to increase 
the detection rate.

The present study has some limitations. First, the intellec-
tual development of these WBS patients could not be accu-
rately assessed because the average patient age was <3 years. 
Second, we did not have information about CNVs for all the 
patients’ parents. Thus, only some genetic information re-
lated to CNVs was obtained.

In summary, our study demonstrates that although the 
clinical features of WBS display a highly variable phenotyp-
ical spectrum, CMA facilitates diagnosis in individuals with 
classical and nonclassical features of WBS. In Chinese Han 
patients, a less classical phenotype in other races and ethnic-
ities, such as PAS and long philtrum should raise suspicion 
for WBS and suggest referral for a genetics evaluation and a 
differential diagnosis.
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