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Abstract

Background—Beckwith-Wiedemann Syndrome (BWS) is characterised by overgrowth and
tumour predisposition. While multiple epigenetic and genetic mechanisms cause BWS, the
majority are caused by methylation defects in imprinting control regions on chromosome 11p15.5.
Disease-causing methylation defects are often mosaic within affected individuals. Phenotypic
variability among individuals with chromosome 11p15.5 defects and tissue mosaicism led to the
definition of the Beckwith-Wiedemann Spectrum (BWSp). Molecular diagnosis of BWSp requires
use of multiple sensitive diagnostic techniques to reliably detect low-level aberrations.

Methods—Multimodal BWS diagnostic testing was performed on samples from 1057
individuals. Testing included use of a sensitive gRT-PCR-based quantitation method enabling
identification of low-level mosaic disease, identification of CNVs within 11p15.5 via array
comparative genomic hybridisation or gRT-PCR, and Sanger sequencing of COKNIC.

Results—A molecular diagnosis was confirmed for 27.4% of individuals tested, of whom 43.4%
had mosaic disease. The presence of a single cardinal feature was associated with a molecular
diagnosis of BWSp in 20% of cases. Additionally, significant differences in the prevalence of
mosaic disease among BWS molecular subtypes were identified. Finally, the diagnostic yield
obtained by testing solid tissue samples from individuals with negative blood testing results shows
improved molecular diagnosis.
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Conclusion—This study highlights the prevalence of mosaic disease among individuals with
BWSp and the increases in diagnostic yield obtained via testing both blood and solid tissue
samples from affected individuals. Additionally, the results establish the presence of a molecular
diagnosis in individuals with very subtle features of BWSp.

INTRODUCTION

Beckwith-Wiedemann Syndrome (BWS (MIM: 130650)) is an overgrowth disorder
characterised by a range of clinical phenotypes, including lateralised overgrowth,
macroglossia, omphalocele, hyperinsulinism and cancer predisposition.t Multiple epigenetic
and genetic defects can give rise to BWS, and each defect results in altered expression
and/or function of one or more genes within the 11p15.5 imprinted gene cluster.2 Clinical
manifestations of the disease include wide variation and constitute the Beckwith-
Wiedemann Spectrum (BWSp), and the phenotypic presentation of affected individuals
ranges from ‘classical BWS’ (eg, omphalocele and macroglossia) to isolated lateralised
overgrowth.!

There are two differentially methylated imprinting control regions, H19/IGF2:1G DMR
(hereafter termed IC1) and KCNQ1OT1:TSS DMR (hereafter termed 1C2), within 11p15.5
that regulate parent-of-origin-specific expression of /GF2and KCNQ10T1 from the
paternally inherited allele and COKNICand H19from the maternally inherited allele,
respectively (figure 1).2 Epigenetic and genetic changes resulting in increased expression of
IGF2and/or loss of CDKNI1C expression are thought to cause the majority of BWS
phenotypes.# Molecular defects are identified in approximately 80% of individuals with
BWS and epigenetic defects represent the most commonly identified cause of disease.2
Multiple distinct epigenetic defects are known to cause BWS; loss of methylation on the
maternally inherited allele of IC2 (IC2 LOM) is found in ~50% of affected individuals, gain
of methylation on the paternally inherited allele (IC1 GOM) in ~10% of affected individuals
and chromosome 11 paternal uniparental disomy (upd(11)pat) is detected in ~20% of
affected individuals.® Epigenetic defects are often present at mosaic levels within affected
individuals, and the proportion of defect-containing cells within the same individual can
differ across sites.5-8 Additionally, multiple types of genetic defects also cause BWS.
Sequence changes resulting in COKNIC loss-of-function are identified in approximately 5%
of sporadic and ~40% of familial cases.? Deletions, duplications and chromosomal
rearrangements involving either or both IC1 and IC2 are identified in ~5% of cases.10

For each individual with BWS, identification of their specific disease-causing aberration is
critical, as this information informs risks for cancer predisposition in the same individual
and risk of familial recurrence. However, for any given individual with BWS, finding such
an aberration requires the use of multiple assays, each of which is designed to identify a
subset of the epigenetic and genetic changes that cause BWS.8 Methylation-sensitive
multiplex ligation-dependent probe amplification (MS-MLPA) is the most commonly used
method for BWS epimutation molecular diagnosis and has been demonstrated to reliably
detect methylation level changes of >20% relative to normal 50% values. However, MS-
MLPA may have difficulty identifying methylation level changes of <20% relative to normal
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50% values.13811-17 Thys, the use of sensitive assays capable of ascertaining low-level
mosaic disease may increase the diagnostic utility of BWS molecular testing.

The results of molecular testing of 1057 sequentially tested individuals with concern for
BWSp are reported here. The use of a multimodal testing strategy allowed identification of
disease-causing epigenetic and genetic defects, and the use of sensitive quantitative methods
of methylation level measurement enabled enhanced molecular diagnosis of individuals with
mosaic disease.

MATERIALS AND METHODS

Cohort source

Cohort members were referred to the University of Pennsylvania Genetic Diagnostic
Laboratory (GDL) for molecular testing by an outside physician on the basis of suspicion for
BWS. Results from testing performed between February 2012 and February 2018 were
analysed retrospectively after communication of results. Note, the same kits and reagents
were used to run all clinical assays performed during this period. Clinical and phenotype
data for each tested individual was extracted from test requisition forms filled out by
ordering physicians. Molecular data for all tested individuals was extracted from test result
records. Study data were anonymised by removing all personal identifiers.

DNA isolation

Two independent DNA isolates were collected from each sample submitted for testing as
previously described.18 A quality control check, consisting of an evaluation of polymorphic
short tandem repeats to verify that both independent DNA isolates were collected from the
same individual, was performed as described.1?

Measurement of IC1 and IC2 methylation level values

Duplicate allele-specific methylated multiplex quantitative real-time PCR (ASMM)-gRT-
PCR experiments were performed using DNA isolated from two separate blood collection
tubes, separate aliquots from the same collection tube if only a single collection tube was
provided, or bisected tissue samples. Bisulfite conversion of 200 ng of genomic DNA was
performed using the EZ DNA Methylation Kit (Zymo, Irvine, California, USA). ASMM-
gRT-PCR was performed as previously described.29 ASMM-qRT-PCR reactions were run
using a StepOnePlus Real-Time PCR System (Thermo Fisher Scientific, Waltham,
Massachusetts, USA), and data were analysed using the cycle threshold (Ct) method.2! Data
from one of four technical replicate wells was selected for exclusion from methylation level
calculations. Wells selected for exclusion represent Ct value outliers, or, if no outlier is
identified, the first replicate position within the ASMM-qRT-PCR plate. Three previously
run samples with known normal methylation levels were run simultaneously and used as
normal controls. Final reported methylation level values represent the combined results from
two ASMM-qRT-PCR experiments compared relative to the normal controls.
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Calculation of the fraction of cells with altered level of methylation

The per centage of BWS cells in an individual with upd(11)pat is the absolute value of the
difference between the IC1 methylation per centage and 50% plus the absolute value of the
difference between the 1IC2 methylation per centage and 50%. For patients with IC1 GOM or
IC2 LOM, the per cent of BWS cells is the absolute value of the difference between the
methylation per centage for IC1 or IC2, respectively and 50%, multiplied by 2. Methylation
level values obtained via ASMM-gRT-PCR were validated using samples from patients with
upd(11)pat with known levels of mosaicism ascertained via chromosomal SNP microarray
testing, as previously described, data not shown.22

Array comparative genomic hybridisation

Array comparative genomic hybridisation (aCGH) was performed using a custom-designed
Agilent Technologies (Santa Clara, California, USA) 180 k array that included increased
probe density within chromosome 11p15.5. DNA digestion, labelling and hybridisation
within an Agilent G2545a Hybridisation Oven were performed following manufacturer’s
guidelines. Scanning was performed using an Agilent Technologies Surescan Scanner.
Agilent Cytogenomics 4.0 was used for analysis. CNVs and copy neutral regions of
homozygosity (cnROH) were classified following American College of Medical Genetics
(ACMG) recommended guidelines.23

Maternal cell contamination

Maternal cell contamination in prenatal samples was evaluated as reported previously.1®

CDKN1C variant characterisation and classification

For methylation negative cases, COKNIC sequence was interrogated by Sanger sequencing.
Variants were reported only if identified in both independent genomic DNA isolates
collected from the same individual. Variants in CDKNIC were annotated using the
NM_000076.2 transcript and classified following ACMG recommended guidelines.24
Variants classified as a variant of unknown significance, likely pathogenic, or pathogenic
were included in the diagnostic report. Testing of maternal and paternal samples was
performed, when available, to aid in classification of COKNIC variants.

Statistical analysis

Data were analysed using R V.3.5.0. Summary statistics including frequencies and
descriptives were performed on all variables. Two-tailed Fisher’s exact and X2 tests were
performed as indicated, to evaluate for significant differences between factors analysed. Test
result p values <0.05 were considered to be statistically significant.

RESULTS

Cohort description

A total of 1057 individuals were referred to the GDL for BWS clinical molecular diagnosis.
Of these, 53 were tested prenatally. Median age of the remaining 1004 individuals was 9
months (range 0-41 years), with 51.8% being female and 48.2% being male. Sex
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information was not available for individuals tested prenatally. A total of 1174 samples
representing 21 tissue types were tested (online supplementary table 1). The most common
tissue types submitted for testing included blood, skin and amniocytes.

Establishment and reporting of diagnostic methylation level values

In order to define the lower limit of detection for methylation level differences measured at
IC1 and IC2, methylation levels in 100 individuals with normal methylation at IC1 and 1C2
were examined. Mean methylation values at IC1 and IC2 were between 47% and 53%
(figure 2A). Using these results, criteria for all IC1 and 1C2 diagnostic methylation level
findings were defined as follows: (1) to be designated as positive for a methylation defect,
methylation values must differ from normal 50% values by +>3% and (2) the 95% Cls,
defined as the meanz2 times the SD of the mean, for both patient and control methylation
values must not overlap. The two horizontal dotted lines in figure 2A indicate the boundaries
of mosaic results. Thus, methylation values that differed from normal by >+3% but <+20%
were reported as mosaic gain of methylation or mosaic loss of methylation, respectively.
Such mosaic findings indicate the presence of postzygotic changes in a fraction of cells
within a tissue and that such cells may not be uniformly distributed in all tissues as
demonstrated later. The upper and lower thresholds between which methylation level
changes were reported as mosaic represent the limit of detection of the ASMM-gRT-PCR
assay used by our laboratory and reported lower limit of detection of MS-MLPA, the most
common method used in the molecular diagnosis of BWS epimutations.1~38 Methylation
values that differed from normal by +>20% were reported as gain of methylation or loss of
methylation, respectively. Methylation values were reported as mosaic upd(11)pat if IC1
methylation values differed from normal by >+3% but <+20% and IC2 methylation values
differed from normal by >-3% but <-20%. Methylation values were reported as upd(11)pat
if either the IC1 or IC2 measurements were above the mosaic range.

Molecular testing results

BWS molecular testing performed consisted of up to three assays: (1) measurement of
methylation levels at IC1 and IC2, (2) assessment of CNVs and cnROH at chromosome
11p15.5 via either aCGH or qRT-PCR-based methods and (3) Sanger sequencing of the
CDKNIC gene. While each assay was individually orderable, the majority of individuals
received chromosome 11p15.5 methylation and gRT-PCR copy number assays; that, if
negative, reflexed to Sanger sequencing of CDOKNIC (see online supplementary table 2 for
details).

Molecular testing of all 1174 samples resulted in confirmation of clinical suspicion and a
molecular diagnosis for 290/1057 (27.4%) individuals (figure 3A). Testing of methylation
levels at IC1 and 1C2 on chromosome 11p15.5 detected disease-causing methylation defects
in 282/290 (97.2%) individuals (figure 3B). Overall, IC2 LOM was identified in 141/290
(48.6%) individuals, IC1 GOM identified in 57/290 (19.7%) individuals and upd(11)pat
identified in 73/290 (25.2%) individuals (figure 3B). In total, 271/282 (96.1%) individuals
with a methylation defect received a molecular diagnosis of BWS. Significant differences in
the number of individuals diagnosed with IC2 LOM, IC1 GOM and upd(11)pat were noted
(p<0.001, x=20.6).
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Among the 271 individuals with BWS-causing methylation defects, concomitant pathogenic
disease-associated findings were identified via aCGH in 2/141 (1.4%) individuals with 1C2
LOM, 3/57 (5.3%) individuals with IC1 GOM and 2/73 (2.7%) individuals with upd(11)pat
(online supplementary table 3). Genome-wide upd(11)pat was not identified in any
individual within the cohort with methylation results positive for upd(11) pat for whom the
aCGH assay was also performed (n=23). Additionally, gain of KCNQ1 copy number in 1/57
(1.8%) individuals with IC1 GOM and duplications on the paternally inherited allele
inclusive of both IC1 and IC2 loci in 2/73 (2.7%) individuals were identified via a qRT-
PCR-based copy number assay. Of note, both individuals had unbalanced translocations
involving 11p15.5 via chromosome analysis (data not shown). A total of 11/282 (3.9%)
individuals received an alternate molecular diagnosis of either Russell-Silver Syndrome
(RSS (MIM: 180860)), caused by IC1 LOM (n=6), or a dual diagnosis of BWS/RSS
subsequent to identification of IC1 LOM and IC2 LOM (n=5) (figure 3B). Similar to
previously reported results, individuals who received BWS/RSS dual diagnoses had mixed
BWS/RSS phenotypes and molecular testing of these individuals revealed similar levels of
hypomethylation at IC1 and IC2 (data not shown).2®

Sanger sequencing of COKNIC identified pathogenic loss-of-function variants in 8/290
(2.8%) individuals (online supplementary table 4) (figure 3B).

Prevalence and magnitude of diagnostic 11p15.5 methylation level differences in BWS

Use of the sensitive ASMM-gRT-PCR method for quantification of methylation levels at IC1
and I1C2 enabled detection of mosaic disease, defined by the GDL as methylation level
differences of >+3% and <+20% relative to normal 50% values. Differences in the
prevalence of mosaic disease among BWS molecular subtypes was assessed using data from
219 individuals who received a molecular diagnosis on the basis of peripheral blood testing.
Mosaic disease was detected in 95/219 (43.4%) individuals and a significant association
between the proportion of mosaic disease and BWS molecular subtype was noted (p<0.001,
x=67.15) (figure 2B). Accordingly, mosaic diagnoses were significantly more common
among individuals diagnosed with either IC1 GOM versus IC2 LOM (p<0.001) and upd(11)
pat versus IC2 LOM (p<0.001) (figure 2B).

Next, differences in the magnitude of diagnostic methylation level findings among BWS
molecular subtypes were examined following the calculations described in the ‘Materials
and methods* section. Individuals with IC2 LOM exhibited a median IC2 methylation level
of 9%, corresponding to LOM in 82% of cells and 18% normal cells. A median methylation
level of 62%, corresponding to GOM in 24% of cells and 76% normal cells, was observed
among individuals with IC1 GOM. Within individuals with upd(11)pat, median methylation
levels of 64% at 1C1 and 36% at 1C2 were observed, values corresponding to upd(11)pat in
28% of cells and 72% normal cells. Comparison of median methylation levels across BWS
molecular subtypes indicated that the absolute value of median methylation level differences
were significantly greater in individuals with IC2 LOM relative to individuals with either
IC1 GOM (p<0.001) or upd(11)pat (p<0.001) (figure 2B).
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Clinical features

The international BWS consensus group recently introduced a scoring system, based on the
presence of both “cardinal’ and ‘suggestive’ features, to be used in the clinical diagnosis of
BWSp.1 The GDL BWS test requisition form included 3/8 BWSp cardinal features
(lateralised overgrowth, macroglossia and omphalocele), as well as Wilms tumour, a
suggestive feature that was added to the requisition form subsequent to diagnosis of BWS in
multiple individuals presenting with Wilms tumour.262” The BWS test requisition form can
be found in online supplementary file 1.

Comparison of phenotype frequency among all individuals who received a molecular
diagnosis revealed significant differences among individuals representing different BWS
molecular subtypes (table 1). Clinical phenotypic data were not available for all cohort
members, thus the following analyses include only individuals for whom such information
was available. Lateralised overgrowth was significantly more common among those with
either IC1 GOM or upd(11)pat relative to those with IC2 LOM (p<0.001 and p<0.001,
respectively). Macroglossia was significantly more common among individuals with 1C2
LOM relative to those with either IC1 GOM (p<0.001) or upd(11)pat (p<0.001).
Omphalocele was significantly more common among individuals with IC2 LOM relative to
those either IC1 GOM (p<0.001) or upd(11)pat (table 1, p<0.001). Wilms tumour was
significantly more common in those with IC1 GOM relative to upd(11)pat (p<0.01) or IC2
LOM (p<0.001) and was also significantly more common in those with upd(11)pat relative
to IC2 LOM (p<0.01). Phenotypic feature frequency information for individuals with
pathogenic variants in CODKNIC can be found in online supplementary table 5.

Analysis of phenotype frequency among all individuals diagnosed with BWS based on
methylation testing revealed significant differences between those with mosaic versus non-
mosaic disease (table 2). Lateralised overgrowth was significantly more common among
those with mosaic disease (p<0.001), whereas both macroglossia (p<0.001) and
omphalocele (p<0.001) were significantly more common among those with non-mosaic
disease. Within the 1IC2 LOM molecular subtype, lateralised overgrowth was significantly
more common among those with mosaic disease (p<0.001), whereas macroglossia (p<0.01)
and omphalocele (p<0.001) were more common among those with non-mosaic disease.
Within the IC1 GOM molecular subtype, lateralised overgrowth was significantly more
common among those with mosaic disease (p<0.001). No significant differences in
phenotype frequency were observed among those with mosaic versus non-mosaic
upd(11)pat. Overall, the frequencies of clinical phenotypes among individuals with non-
mosaic disease are more similar to previously reported frequencies than are the phenotype
frequencies observed among individuals with mosaic disease (table 2).127-29

Diagnostic yield

Overall, testing confirmed a molecular diagnosis for 27.4% (290/1,057) of individuals tested
(figure 3A). In order to better understand the factors that contribute to a BWS diagnosis,
differences in diagnostic yield among patients with varying numbers of cardinal phenotypic
features indicated on test requisition forms were investigated. Additionally, the diagnostic
utility of testing solid tissue samples in addition to blood was also evaluated.
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One or more cardinal BWS phenotypic features was indicated for 82.0% (867/1057) of
cohort members. Analysis of the diagnostic yield obtained from testing individuals with one,
two or three cardinal features indicated a significant association between cardinal
phenotypic feature number and diagnostic yield (p<0.001, X=13.71) (figure 4A).
Accordingly, diagnostic yield among individuals with two or three cardinal phenotypic terms
was significantly higher than that for individuals with one phenotypic term (figure 4A). A
significant difference in diagnostic yield between individuals with two or three features was
not noted. Of the 168 individuals with a single cardinal feature who received a molecular
diagnosis, 59 (35.1%) had mosaic disease. Of the individuals with a single cardinal feature
and mosaic disease, upd(11)pat and IC1 GOM were each identified in 24/59 (40.7%)
individuals, with IC2 LOM was identified in 11/59 (18.6%) individuals. Additionally, the
diagnostic yield of testing individuals with omphalocele was 36.2%, with a molecular
diagnosis identified for 55/152 individuals.

Dividing cohort members into two groups based on those who had only blood samples tested
and those who had blood and tissue samples tested revealed significant intergroup
differences (p<0.001, x=32.32) (figure 4B). The diagnostic yield of testing blood samples
was 23.6%, with a molecular diagnosis identified for 214/906 individuals. The diagnostic
yield of testing blood and one or more solid tissue samples was significantly higher than that
of testing blood samples alone, with a molecular diagnosis identified for 57.3% (35/61)
individuals (p<0.001) (figure 4B). Of the 35 individuals diagnosed via blood and tissue
testing, both blood and one or more tissue samples were positive in 21/35 individuals. Blood
testing was negative and tissue testing was positive in 14/35 individuals; upd(11)pat was
identified in pancreas samples from seven individuals presenting with hyperinsulinism;
among seven individuals presenting with Wilms tumour, upd(11)pat was identified in six
individuals and IC1 GOM identified in one individual. Additional clinical information for a
subset of these patients and a discussion of progressive sample testing has been reported.”26

DISCUSSION

Molecular diagnosis of BWS is crucial for proper clinical management and informs risk for
tumour predisposition and familial recurrence. Here, the results of BWS molecular testing of
1057 individuals using a multimodal testing strategy that included use of sensitive
quantitative methods for measurement of methylation levels at IC1 and 1C2 were presented.
Mosaic disease, defined by this laboratory as methylation level differences between >+3%
and <+20% relative to normal 50% values, was a common finding within this cohort, with
such findings identified in 95/219 (43.4%) of individuals tested. Mosaic disease was
identified across the three most common BWS molecular subtypes, IC1 GOM, IC2 LOM
and upd(11)pat, and notably, such mosaicism represented the majority of IC1 GOM and
upd(11)pat molecular diagnoses.

Pathogenic variants in CDKNIC and pathogenic aCGH findings, including both pathogenic
CNVs and pathogenic cnROH indicative of upd(11)pat, accounted for a small proportion of
molecular diagnoses within the cohort, consistent with previously reported results.19 In some
cases, ASMM-qRT-PCR detected low-level mosaicism for upd(11)pat when aCGH did not,
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highlighting both the increased sensitivity of ASMM-gRT-PCR and the inability of aCGH to
reliably detect low-level mosaicism.2230

These results support previously described epigenotype/phenotype correlations present
among BWS molecular subtypes and extend these findings by describing significant
differences in cardinal BWSp phenotype prevalence between individuals with mosaic and
non-mosaic disease.”31-34 Within this cohort, lateralised overgrowth was significantly more
common among individuals with mosaic disease. Conversely, phenotypes associated with
classical BWS, that is, macroglossia and omphalocele, were more common among
individuals with non-mosaic disease. Recently published consensus guidelines
recommended diagnostic testing for all individuals with one or more cardinal BWSp
phenotypic features.> A diagnostic yield of 23%, 48% and 75% was obtained from testing
individuals with one, two and three cardinal features, respectively. These results both
demonstrate a robust increase in diagnostic yield with increasing cardinal phenotype number
and support the consensus statement diagnostic testing recommendations.t Notably,
diagnostic yield values reported here are greater than those reported for equivalent cardinal
phenotype numbers from other cohorts and likely reflect the increased sensitivity of the
ASMM-gRT-PCR method for methylation level measurement.2028

The testing of blood and solid tissue samples from multiple individuals allowed the
assessment of the diagnostic utility of testing solid tissues in addition to blood within this
patient cohort. Overall, these results demonstrate testing blood and solid tissues offers a
significantly increased diagnostic yield relative to the testing blood alone and support recent
consensus recommendations advocating the testing of multiple tissues, when available.!

While the use of ASMM-gRT-PCR does allow for increased sensitivity in detecting mosaic
disease-causing methylation changes, a molecular diagnosis was not identified for all
patients. This work suggests that testing of solid tissue samples from individuals for whom
blood testing was negative may result in identification of additional molecular diagnoses.
Additionally, the use of techniques such as next-generation methylation sequencing may
allow for both more sensitive methylation level measurement and identification of small
sequence insertions and deletions within IC1 and 1C2 that cannot readily be identified using
either aCGH or chromosomal SNP microarray-based approaches.3>

In summary, these findings indicate mosaic disease is a common cause of BWSp and help
further define epigenotype/phenotype correlations present among individuals with mosaic
disease. Additionally, our results support the recent consensus recommendations of testing
of individuals across the BWSp as well as testing multiple sample types, when available.
Finally, this work provides a strong rationale for the use of ASMM-gRT-PCR in routine
BWS diagnostic testing.!

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Chromosome 11p15.5 Beckwith-Wiedemann Syndrome locus.This locus is divided into two

distinct regions, termed IC1 and 1C2, each of which contains multiple imprinted genes.
Filled/unfilled boxes represent genes and the direction of transcription is indicated by arrows
above gene boxes. The direction of antisense transcription is represented by arrows below
gene boxes. Note, this locus is not drawn to scale.

l:]Not-Expressed O Methylated OUnmethylated

J Med Genet. Author manuscript; available in PMC 2022 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Baker et al.

Page 14
A 100% B 100%
90% ° a8
c 80%; “8’ 80% 1 ; :
o S I .- —
g 2
> o/ -4
E 60/0 ()] 60% 1
2 50% §
= o/, J
g 0% S 40%
S 30% -
& @
20% S .
10% 1 o 2%
00/0- -
T T T T T T 0% -
IC2 IC1 IC2 IC1 IC2 IC1 ° : : ,
(Normal) (Normal) LOM GOM upd(11)pat IC2LOM IC1 GOM upd(11)pat
Figure2.

Mosaic methylation findings. (A) Distribution of measured mosaic methylation defects
among BWS molecular subtypes. Normal n=100. IC2 LOM n=126, IC2 GOM n=45,
upd(11)pat n=48. (B) Prevalence of mosaic methylation defects among BWS molecular
subtypes. ***P<0.0001. BWS, Beckwith-Wiedemann Syndrome.
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Figure 3.
Summary of diagnostic findings. (A) Diagnostic yield of testing 1057 individuals, (B)

breakdown of molecular diagnoses by defect molecular subtype.
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Factors influencing diagnostic yield. (A) Diagnostic yield by number of clinical features
indicated on requisition form, (B) diagnostic yield by sample types tested. ***P<0.0001.
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Table 1
BWS phenotypic feature frequency
Phenotypic feature IC2LOM n=124 [IC1GOM n=53 Upd(11l)pat n=67 Combined n=244
Lateralised overgrowth 29.0% (36) 62.2% (33) 65.7% (44) 46.3% (113)
Macroglossia 67.7% (84) 32.1% (17) 23.9% (16) 52.0% (127)
Omphalocele 37.1% (46) 1.9% (1) 10.4% (7) 22.1% (54)
Wilms tumour 0.0% (0) 30.2% (16) 9.0% (6) 9.0% (22)

BWS phenotypic feature frequency. The number of individuals across the IC2 LOM, IC1 GOM and upd(11)pat molecular subtypes with each
phenotypic feature is shown. Combined represents the sum of all individuals in each of the three molecular subtype-specific columns. Note, only
individuals for whom clinical information was available are included in table.

BWS, Beckwith-Wiedemann Syndrome.
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