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ABSTRACT

Beckwith-Wiedemann syndrome (BWS) is a disorder involving
overgrowth conditions. It is also characterized by a broad spectrum of
symptoms and physical conditions that changes in range and severity
from person to person. In this syndrome many individuals show
conditions including above-average birth weight and increased growth
after birth, uncontrolled growth of one side of the body. The syndrome
occurs mainly in infants. Imprinted genes tend to be grouped together
or clustered together. Several im In addition to H19 itself, this locus
also produces a micro-RNA, called miR-675, an antisense protein
coding transcript, called H19 opposite tumor suppressor (HOTS), and a

long inter-genic antisense transcript called 91H printed genes are found

in a cluster on chromosome 11p. The broad range of potential symptoms can affect many

different organs of the body. Affected individuals may not have all of the symptoms listed in

article. Cytogenetically detectable abnormalities involving chromosome 11p15 are found in

1% or fewer of affected individuals. Molecular genetic testing can identify epigenetic

and genomic alterations of chromosome 11p15 in individuals with BWS. Surgery may be

performed during early puberty to equalize significant differences in leg length secondary to

hemi-hyperplasia; craniofacial surgery may benefit individuals with facial hemi-hyperplasia

(@ symptom of BWS). More symptoms are mainly Macrosomia, Macroglossia,

Hemihyperplasia, Omphalocele, Placental mesenchymal dysplasia, Cleft palate and others.

KEYWORDS: Beckwith-wiedemann syndrome, clinical aspects, H19 genetic details,

symptoms and treatment management.
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INTRODUCTION

1. BECKWITH-WIEDEMANN SYNDROME

Beckwith-Wiedemann syndrome (BWS) is a disorder involving various overgrowth
conditions. It is also characterized by a broad spectrum of symptoms and some physical
conditions that change in range and severity from person to person.™*?
1.1. Synonyms of Beckwith-Wiedemann Syndrome!?*64

o Beckwith-Syndrome

e BWS

« Exomphalos-Macroglossia-Gigantism Syndrome

e Hypoglycemia with Macroglossia

e Omphalocele-Visceromegaly-Macroglossia Syndrome

e Wiedemann-Beckwith Syndrome

« EMG Syndrome

« Visceromegaly-Umbilical Hernia-Macroglossia Syndrome

However, in many individuals, associated features include above-average birth weight and an
unusually large tongue (macroglossia), macrosomia i.e. increased growth after birth,
organomegaly i.e. enlargement of certain internal organs, and also abdominal wall defects

(i.e. umbilical hernia).[*®!

BWS may also be associated with low blood sugar levels within the first few days (neonatal-
hypoglycemia), or after (hyper-insulinism), ear lobes having distinctive grooves and other
facial abnormalities, abnormal enlargement of one side of the body (hemihyperplasia or
hemihypertrophy) resulting in the uncontrolled and abnormal growth, and a high risk of
developing certain cancers in children, mainly like Wilms tumor and hepatoblastoma.[7’8]
Approximately 85 % of the people with BWS have genetic changes that appear to be occur
randomly. In approximately 10-15 percent of the people with this syndrome familial

transmission occurs.™

According to researches, BWS results from various abnormalities affecting the proper
expression of certain genes that control growth within a specific region of the “chromosome
1178 1t is disorder with growth regulation exhibiting somatic overgrowth and a

predisposition to embryonal tumors. There is 1 out of 13,700 cases of BWS.!*%
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2. HISTORY

In Germany, in 1964, a familial form of omphalocele with macroglossia was reported by
Hans-Rudolf Wiedemann. In 1969, Professor J. Bruce Beckwith from Loma Linda
University, California, described a similar series of patients. !

Originally, Professor Wiedemann termed EMG syndrome to describe the combination of
congenital exomphalos, macroglossia, and gigantism. Over time, this constellation was
renamed Beckwith-Wiedemann syndrome (BWS). Beckwith-Wiedemann syndrome is the
most common overgrowth syndrome in infants.*3*%)

3. PATHOPHYSIOLOGY

Despite the fact that the causes of Beckwith-Wiedemann syndrome remain unclear,
approximately 80% of the patients demonstrate genotypic abnormalities of the distal region
of chromosome 11p.[*!

The first identified example of the imprinting in mammals was 11p (i.e., the process by which
the 2 alleles of a gene are expressed differentially)i*”). For example, the maternal allele of
band 11p15.5 is normally imprinted. However, designate the silent allele as the imprinted

gene.t”!

During reviewing the literature, one must bear in mind that this inconsistent and confused
nomenclature. Imprinting has been associated with structural changes in DNA near the gene,
such as lack of acetylation or methylation. Many 11p genes are imprinted, including p57 (a
cation-independent cyclase), IGF-2 (gene for insulin like growth factor-2 [IGF-2]), the gene

for insulin, and H19.1*]

H19 is a particularly interesting gene because this gene is transcribed but not translated.
H19 messenger RNA (mRNA) appears critical for the proper imprinting of the nearby insulin
and IGF-2 genes because deletion of H19 or transposition from its usual position relative
to IGF-2 disrupts normal imprinting of genes.[zo] Evidence reveals that HI9 mRNA binds
with IGF-2 mRNA binding protein, which may be one mechanism by which it directly affects
the IGF-2 production.?”

There is a complex mode of inheritance in BWS. Reported results includes autosomal
dominance with some variable expressivity, contiguous gene duplication at band 11p, micro-
deletions, and genomic imprinting (resulting from a defective or absent copy of maternally
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derived allele).”” Not overall, the overgrowth associated with this syndrome appears to be

most often as the result of the enhanced IGF-2 action within prenatal and postnatal tissues. !

4. CAUSES

Imprinted genes tend to be grouped together or clustered together. Several imprinted genes
are found in a cluster on chromosome 11p15.5. The cluster is mainly divided into two
functional regions known as (IC1 and IC2) (which are imprinting centers). There are many
specified imprinted genes which are regulated by these imprinting centers that can play an
important role in the development of this syndrome. 2%

These genes involves the H19 gene (a gene that signals not to grow), the IGF2 (insulin-like
growth factor 11) gene, the KCNQ10T1 (LIT1) gene, and the CDKN1C (p57 [KIP2]) gene (a
signal not to grow).[?! Increased methylation at imprinting center 1 (IC1) occurs in 2-7% of
people with BWS and leads to loss of H19 expression and increased IGF2 expression.
Imprinting center 2 (IC2) is associated with KvDMR, a chemical switch found on
the KCNQ1 gene.’!

In about 50% of people, loss of methylation at KvDMR1 occurs with BWS and leads to loss
of imprinting and enhanced expression of the paternally-expressed KCNQ10T1 (long QT
intronic transcript 1 [LIT1]) gene, and also loss of expression of CDKN1C. H19 is a long non-
coding RNA thought which play a important role in inhibiting growth. i.e. IGF2 is a growth
factor. KCNQ10T1 is a non coding RNA and CDKN1C is a tumor suppressor and also cell

cycle regulator.®!

Some specific causes of BWS are associated with some specific symptoms (genotype-
phenotype correlation). Research indicates that the conditions like omphalocele and
macroglossia are more common in individuals with defects of IC2 or a mutation of
theCDKN1C gene. Individuals with defects of IC1 or uniparental paternal disomy (UPD)
appear to be at the greater risk of developing an associated cancer such as Wilms tumor.?*

Children mainly with uniparental paternal disomy(UPD) are also at a high risk of developing
hemi-hypertrophy. Many research is necessary to understand how the specific causes of BWS
correlate with the various symptoms of this disorder.”® In some rare cases, Beckwith-
Wiedemann syndrome results as changes in the structure of the chromosome 11p. Some of

these chromosomal abnormalities are inherited from the parent, while others occur as a
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random events in the earliest stages of development before birth or also during the formation

of reproductive cells (i.e. eggs and sperm).l?%2!

4.1. THE COMPLEXITY OF THE H19 GENE LOCUS

Recently various work done to better characterize the H19 locus have revealed that this locus
is housing several overlapping transcriptions on the DNA strands that can be produce
different transcriptional products. The most extensively studied is the H19 RNA itself, which
is transcribed by the RNA polymerase Il and been processed by capping, splicing and
polyadenylation, although it does not code for any protein product. Although the majority of
the transcriptional output of the H19 locus is non-coding RNAs, recently, it has become clear

that it can also code for a protein product.??%?*!

In addition to H19 itself, this locus also produces a micro-RNA, called miR-675, an antisense
protein coding transcript, called H19 opposite tumor suppressor (HOTS), and a long inter-
genic antisense transcript called 91H.I However, longer-range chromatin interactions at the
mouse IGF2 or H19 locus reveals a novel paternally expressed, long non-coding RNA,
called PIHit, which is the liver-specific capped and unpoly-adenylated transcript with
heterogeneous size, but it is located in a poorly characterized and intergenic region
between H19 and IGF2.1

91H 120Kb

HOTS 6Kb

. H19 mRNA 2.3Kb
LNSNSNSN

H19 Pri-mRNA

<
j% i% /‘/\\//‘\\V/\
miR675

Fig .4.1 showing the h19 chromosomal complexation.

AH19 mRNA

5. SIGN AND SYMPTOMS
The symptoms of BWS change greatly from person to person. Diagnosis of BWS can be
challenging because the patients are often mosaic (with the genetic changes occurring in

some cells or parts of the body but not others), although the external appearance is not
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necessarily predictive of internal effects. This results in few individuals appearing mildly
affected, while others seen more significantly affected.””? The broad range of potential
symptoms (clinical spectrum) can affect many different organs of the body. Affected
individuals may not have all of the symptoms listed below. There are many clinical features
of BWS becomes less evident with increasing age and many adults mainly experience normal
growth and appearance. Intelligence is been usually unaffected in BWS, until associated with
prolonged, untreated neonatal hypoglycemia or a chromosomal duplication.!?’ 2]

Some infants with BWS are born prematurely, but still have an excess birth weight (large for
gestational age). Many infants with BWS are more than the 97th percentile in weight for
gestational age. Overgrowth continues during childhood (macrosomia) and decreased around
7 or 8 years of age. Uncontrolled growth of one side or structure of the body
(hemihyperplasia or hemihypertrophy) may occur, resulting in unequal (asymmetric) growth.
Hemihyperplasia refers specifically to an increase in number of cells (proliferation) resulting
in asymmetric overgrowth. A similar term, hemi-hypertrophy, which is overgrowth due to

abnormally large cell size.[?®°)

Abdominal wall defects involve an exomphalos (also known as omphalocele), in which a part
of an infant’s intestines and abdominal organs protrude or stick out through the belly button.
The intestines and other organs are covered by a thin membrane. Less severe defects can
include protrusion of part of the intestines through an abnormal opening in the muscular wall
of the abdomen near the umbilical cord (umbilical hernia) and separation of the left and right
muscles (rectus muscles) of the abdominal wall or weakness. The internal organs of affected
individuals can become abnormally enlarged. Any or all of the following organs may be
affected just like that liver, spleen, pancreas, kidneys, or also adrenal glands.[?%%%

Some infants with BWS may have low blood sugar level (neonatal hypoglycemia or hyper-
insulinism) due to overgrowth and increased secretion of the hormone insulin by pancreatic
islets. Insulin functions to help regulate glucose level of blood by promoting the movement of
glucose into the cells. Most infants with neonatal hypoglycemia associated with BWS have
mild and transient symptoms. However, without proper detection and appropriate treatment,

neurological complications may result.!*!

Children with BWS can be have an enlarged tongue (macroglossia), which can cause

difficulties in speaking, feeding, and breathing. In addition to an enlargement of the tongue
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(macroglossia), BWS may be characterized by other abnormalities of the facial (craniofacial)
and skull region. Such features may include distinctive slit-like linear grooves or creases in
the ear lobes and indentations on the back rims of the ears (pits), prominent eyes with relative
improper development of the bony cavity of the eyes (i.e. intra-orbital hypoplasia), and/or a
prominent back region of the skull (occiput). Some infants may have flat, pale red or reddish
purple facial lesions at birth, mainly on the eyelids and forehead, which consist of abnormal
clusters of small blood vessels (i.e. capillary nevus flammeus). Such lesions typically can be
less apparent during the first year of life of infants. The children with hemihyperplasia or
hemihypertrophy, can show one side of the face appear larger than the other. Due to the
mosaic nature of BWS, some children have eyes with multiple colors. In addition, in some
affected children, there may be improper contact of the teeth of the lower jaw and upper jaw
(i.e. malocclusion) and abnormal protrusion of the lower jaw (i.e. mandibular prognathism).

These features may occur secondary to abnormal enlargement of the tongue.

There is a variety of renal abnormalities have occurred in individuals with BWS, including
abnormally enlarged kidneys (i.e. nephromegaly), renal medullary dysplasia i.e. incomplete
development of the innermost tissues of the kidney and the formation of calcium deposition
in the kidney (i.e. nephrocalcinosis), which could potentially impair and affect kidney
function. Additional abnormalities include duplication of the series of tubes and ducts
through which the kidneys reabsorb water and sodium (duplicated collecting system),
widening of some of the small tubes and collecting ducts (medullary sponge kidney), and the

occurence of small pouches (i.e. diverticula) on the kidneys.[*>6:28]

Children with BWS may have an high risk of developing certain childhood cancers, like
Wilms tumor (or nephroblastoma), which is a malignancy of the kidney, and tumors
involving the liver (i.e. hepatoblastoma). Less commonly, other malignancies have been
reported (e.g., neuroblastoma, rhabdomyosarcoma). The risk of malignancy is greatest before

the age of 8.

6. EPIDEMIOLOGY

In United States, frequency is determined at 1 in 15,000 live births.

e The International Worldwide frequency is determined at 1 in 13,700 live births in other
developed countries. Cases are also maximum in infants produced with in vitro

fertilization.[*?%
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e The most common is mental retardation. Strict maintenance of euglycemia decreases the
risk of nervous tissue damage.

e No race predilection is observed.

e No sex predilection is noted.

e Beckwith-Wiedemann syndrome is a congenital type of disorder. Also the Wilms tumor
is the most common cancer in children with Beckwith-Wiedemann syndrome, occurring
in about 5-7% of all children with Beckwith-Wiedemann syndrome.®*®!

e Wilms tumor develops in most children before 4 years of age. However, children with
Beckwith-Wiedemann syndrome can develop tumors like Wilms tumor when they are as
old as 7-8 years.

e 95% of all Wilms tumor cases have been diagnosed mainly in the age group of 8%.

e Approximately 85% of people with BWS have no family history of this syndrome. For
these people, BWS is caused by epigenetic changes and genetic variation (changes) that
appear to occur randomly. More rarely, the disorder appears to be inherited.?”

e The incidence is supposed to occur in 1 in 13,700 individuals in the general population.
Because people those are mildly affected may go undiagnosed, it is difficult to determine
the true frequency of BWS in the general population in world.

7. CLINICAL ASPECTS

This syndrome is considered a clinical spectrum, in which the affected individuals may have
many of these features or may have only one or two clinical findings. Early death may occur
from such complications of prematurity, hypoglycemia, cardio-myopathy, macroglossia, or

tumors. !

However, the previously reported mortality of 20% is likely an overestimate given better
recognition of the disorder along with enhanced treatment options. Macroglossia and
macrosomia are generally present at birth but may have postnatal onset. Growth rate slows
around age seven to eight years. Hemi-hyperplasia can affect the selected organs and tissues
or segmental regions of the body.**!

The imprinting center 1 (i.e. ICR) that resides between the IGF2 and H19 loci is normally
differentially methylated, leading to the IGF2 expression from the paternal chromosome

together with silencing of H19 expression, loss of H19 expression (H19 epimutation). This
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gain of methylation leads also to predisposition to develop the cancers such as Wilm’s tumor,
[23]

hepatoblastoma and other childhood tumors.

However, IGF2, other than H19, is the key factor in the development of BWS, since in many

cases of BWS, normal methylation and expression of H19 is accompanied by IGF2 bi-allelic

expression. However, in 2%-7% of BWS patients, both alleles are methylated, leading

to IGF2 loss of imprinting.l*”

8. DIAGNOSIS AND MANAGEMENT

8.1. DIAGNOSTIC TESTING

A provisional diagnosis of BWS based on clinical assessment may be confirmed by

molecular/cytogenetic testing.  Cytogenetically  detectable  abnormalities  involving

chromosome 11p15 are found in 1% or fewer of affected individuals. Molecular genetic

testing can identify epigenetic and genomic alterations of chromosome 11p15 in individuals

with BWS:

e Loss of methylation on the maternal chromosome at imprinting center 2 (IC2) in 50%
of affected individuals;

o Paternal uniparental disomy for chromosome 11p15 in 20%; and

e Also can be gain of methylation on the maternal chromosome at imprinting center 1 (IC1)
in 5%.

« Methylation alterations are associated with deletions or duplications in this region with

have high heritability.

Sequence analysis of CDKN1C identifies a heterozygous maternally inherited pathogenic
variant in approximately 40% offamilial cases and 5%-10% of cases with no family history of
BWS. 12

BWS may be diagnosed or confirmed very shortly after the birth based on the clinical
evaluation, detection of characteristic physical findings (e.g., increased weight and length,
macroglossia, abdominal wall defects and careful methylation testing and chromosomal

(cytogenetic) analysis of the BWS region (i.e., chromosome 11p15.12932%

In some cases, certain procedures may be performed before birth (prenatally). For example,
ultrasound imaging may allow assessment of organ size and overall size of the developing

fetus and potentially reveal other findings that may be suggestive of BWS, such as increased
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amniotic fluid surrounding the fetus (hydramnios), enlarged placenta, omphalocele, enlarged

abdominal circumference, and/or other abnormalities. If BWS is suspected, prenatal testing is

available.

[33,32,30]

8.1.1. MAJOR FINDINGS ASSOCIATED WITH BWS

Macrosomia (i.e. traditionally defined as weight and length/height >97th centile).
Macroglossia.

Hemihyperplasia (i.e. asymmetric overgrowth of one or more regions of the body).
Omphalocele (it is also called exomphalos) or umbilical hernia.

Embryonal  tumor  (e.g., Wilms  tumor, hepatoblastoma, neuroblastoma,
rhabdomyosarcoma) in childhood.5%!

One or more intra-abdominal organs including liver, spleen, kidneys, adrenal glands,
and/or pancreas involved by Visceromegaly.

Cytomegaly of the fetal adrenal cortex (i.e. pathognomonic).

Renal abnormalities including structural abnormalities, nephromegaly, nephrocalcinosis,
and/or later development of medullary sponge kidney.

Anterior linear ear lobe creases or posterior helical ear pits.

Placental mesenchymal dysplasia.

Cleft palate (most rare in BWS).

Cardiomyopathy (most rare in BWS).

Positive family history (=1 family members with a clinical diagnosis of BWS or a history

or a features suggestive of BWS).[40:3938.3€]

8.1.2. MINOR FINDINGS ASSOCIATED WITH BWS

Pregnancy-related findings including polyhydramnios and prematurity

Neonatal hypoglycemia

Vascular lesions including nevus simplex (typically appearing on the forehead, glabella,
and/or back of the neck) or hemangiomas (cutaneous or extracutaneous)

Characteristic facies including midface retrusion and infraorbital creases

Structural cardiac anomalies or cardiomegaly.

Advanced bone age (most common in overgrowth/endocrine disorders)!*3¢l

An enhanced frequency of female monozygotic twins discordant for BWS has been reported.

Loss of methylation at IC2 seen in these females. In contrast, the less frequently observed

male monozygotic twins show a broad spectrum of BWS-associated molecular alterations.!*!
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8.1.3. SUB-FERTILITY OR ASSISTED REPRODUCTIVE TECHNOLOGIES

It seems to be associated with an increased risk of BWS cases with loss of methylation at
IC2. No specific aspect of sub-fertility or its treatment has been specifically associated with
the enhanced risk of epigenetic defects associated with BWS after ART.[*>4!

9. MANAGEMENT AND TREATMENT

Treatment manifestations

Treatment of hypoglycemia to reduce the risk of central nervous system complications;
abdominal wall repair for omphalocele; endotracheal intubation for a compromised airway
and use of specialized nipples or nasogastric tube feedings to manage feeding difficulties
results as macroglossia. Children with macroglossia may benefit from tongue reduction

surgery in infancy or early and from speech therapy early childhood.[*4#%4¢]

Surgery may be performed during early puberty to equalize significant differences in leg
length secondary to hemi-hyperplasia; craniofacial surgery may benefit individuals with
facial hemihyperplasia.[*’4®!

Neoplasias can be treated using standard pediatric oncology protocols. pediatric nephrologist
can treat and assessed the Nephrocalcinosis and other renal findings. Referral of children with
structural GI tract anomalies to the relevant specialist; standard management for cardiac
problems; standard interventions for children with developmental delay.!"!

Prevention of secondary complications

Prompt evaluation and standard treatment for suspected urinary tract infections to prevent
secondary renal damage.!*34!

Surveillance

Monitor for the hypoglycemia, especially in the neonatal period; screen for embryonal tumors
by abdominal ultrasound examination every three months until age eight years; monitor
serum alpha-fetoprotein (AFP) concentration every two to three months in the first four years
of life for early detection of hepatoblastoma.”™ Annual renal ultrasound examination
foraffected individuals between age eight years and mid-adolescence to identify those with
nephrocalcinosis or medullary sponge kidney disease; consideration of annual or biannual

measurement of urinary calcium/creatinine ratio.**"
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