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ABSTRACT. Prader-Willi syndrome (PWS) is caused by the lack of
expression of genes located on paternal chromosome 15q11-q13. This
lack of gene expression may be due to a deletion in this chromosomal
segment, to maternal uniparental disomy of chromosome 15, or to a
defect in the imprinting center on 15q11-q13. PWS is characterized by
hypotonia during the neonatal stage and in childhood, accompanied by
a delay in neuropsychomotor development. Overeating, obesity, and
mental deficiency arise later on. The syndrome has a clinical overlap
with other diseases, which makes it difficult to accurately diagnose.
The purpose of this article is to review the Prader-Willi-like phenotype
in the scientific literature from 2000 to 2013, i.e., to review the cases
of PWS caused by chromosomal abnormalities different from those
found on chromosome 15. A search was carried out using the “National
Center for Biotechnology Information” (www.pubmed.com) and
“Scientific Electronic Library Online (www.scielo.br) databases and
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combinations of key words such as “Prader-Willi-like phenotype” and
“Prader-Willi syndrome phenotype”. Editorials, letters, reviews, and
guidelines were excluded. Articles chosen contained descriptions of
patients diagnosed with the PWS phenotype but who were negative for
alterations on 15q11-q13. Our search found 643 articles about PWS,
but only 14 of these matched with the Prader-Willi-like phenotype
and with the selected years of publication (2000-2013). If two or more
articles reported the same chromosomal alterations for Prader-Willi-
like phenotype, the most recent was chosen. Twelve articles of 14 were
case reports and 2 reported series of cases.

Key words: Prader-Willi-like phenotype; Prader-Willi syndrome;
Obesity; Mental deficiency

INTRODUCTION

Prader-Willi syndrome (PWS) is a disorder characterized by neurogenetic, neuromet-
abolic and neurobehavioral alterations. Its level of incidence is between 1:10,000 and 1:20,000
live births, with 350,000 to 400,000 people affected in the world (Bittel and Buttler, 2005).
Its main clinical features are hypotonia, hyperphagia, obsesity, hypogonadism, short stature,
small hands and feet, mental disabilities, and behavioral problems (Cassidy, 1997; Cassidy
and Driscoll, 2008). Most of these phenotypic manifestations, such as short stature, hypogo-
nadism and hyperphagia are related to a dysfunction in the hypothalamus (Goldstone, 2004;
Wattendorf and Muenke, 2005). It is a human multisystemic complex genetic disorder due
to the lack of expression of paternal genes on chromosome 15q11-q13. Therefore, there are
three main classes of chromosomal abnormalities that lead to PWS: deletion on 15q11-q13,
maternal uniparental disomy (mUPD) of chromosome 15, or a defect in the imprinting center
on 15q11-q13, although gene mutation (<0.1%) and balanced translocation (0.1%) can also be
found (Figure 1). It is important to mention that deficiency of paternal 15q11-q13 is an impor-
tant cause of syndromic obesity in humans.

imprinting gene balanced

deletion UPD defect mutation translocation

o o °© o o o
== ) @ B &
65-75% 20-30% 5% 0-0.1% 0.1%

Figure 1. Ideograms showing possible causes of chromosomal abnormalities in Prader-Willi syndrome. In light
purple, maternal chromosome 15; in blue, the paternal chromosome 15. UPD = uniparental disomy.
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It is not easy to see a deletion on 15q11-q13 using an ordinary light microscope. This
may be due to the difficulty in visualizing a 3-5 Mb deletion with a light microscope and
differences in condensation of band 15q12 (Varela et al., 2002). Therefore, G-banding is not
sufficient to diagnose PWS (Gillessen-Kaesbach et al., 1995). To get an accurate diagnosis it
is necessary to apply molecular techniques, such as fluorescence in situ hybridization (FISH)
to confirm whether or not a chromosomal deletion is present (Figure 2) (Borelina et al., 2004),
as well as the PCR-based methylation test (PBMT) for amplification of 15q11-q13, which is
the gold standard technique for detection of the three main etiological genetic classes of PWS.

Figure 2. Metaphasic chromosomes subjected to hybridization with fluorescent probes (FISH) for SNRPN and
15qter. Green dot: 15qter probe; red dot: SNRPN probe. White arrow indicates the hybridization of the red probe
SNRPN.

The challenge for the scientific community is not only to differentiate more clearly
between PWS and the various PW-like phenotypes on a clinical level but also to provide con-
clusive genetic explanations for these phenotypes to provide accurate genetic counseling and
treatment. Therefore, clinicians face a challenge in determining when to request the specific
molecular test used to identify patients with classical PWS because the signs and symptoms
of PWS are common to other syndromes (Cassidy and Driscoll, 2008). The absence of a cor-
rect diagnosis may worsen the prognosis of these individuals due to the endocrine-metabolic
malfunctioning associated with the PW phenotype. Therefore, an accurate chromosomal in-
vestigation is necessary to differentiate classical PWS from the PW-like phenotype.

Our aim was to review the literature from 2000 to 2013, to shed light on Prader-Willi-
like phenotypes. This phenotype is caused by mutations other than those on chromosome 15.
This means that we included in this mini-review the patients who were clinically diagnosed as
having the PW-like phenotype, since they had signs and symptoms compatible with classical
PWS but were negative for alterations on 15q11-q13.

MATERIAL AND METHODS

We reviewed the literature between 2000 and 2013 for cases of PW-like phenotype
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caused by mutations other than those on chromosome 15. A search was carried out using
the “National Center for Biotechnology Information” (www.pubmed.com) and “Scientific
Electronic Library Online (www.scielo.br) databases and combinations of key words such
as “Prader-Willi-like phenotype” and “Prader-Willi syndrome phenotype”. Editorials, letters,
reviews, and guidelines were excluded.

RESULTS

Our search found 643 articles about PWS, but only 14 of these matched with the
Prader-Willi-like phenotype and with the selected years of publication (2000-2013). If two
or more articles reported the same chromosomal alterations for PW-like phenotype, the most
recent was chosen. Twelve articles of 14 were case reports (Lukusa and Fryns, 2000; De
Molfetta et al., 2002; Florez et al., 2003; Stalker et al., 2003; Niyazov et al., 2007; Nowicki et
al., 2007; Gabbett et al., 2008; Pramyothin et al., 2010; Tsuyusaki et al., 2010; Ben-Abdallah-
Bouhjar et al., 2012; Doco-Fenzy et al., 2013; Izumi et al., 2013) and two reported series of
cases: one of 78 cases (Hosoki et al., 2009) and another of 9 cases (D’Angelo et al., 2013)
(Table 1). The patients included in this review were clinically diagnosed as bearing the PW-
like phenotype because they were negative for alterations on 15q11-q13.

The authors cited in our review evaluated a total of 117 PW-like patients. Of these 117
patients, 44 had their final genetic diagnosis established. Their most frequent symptoms were
obesity (84%), hyperphagia (72.7%), mental disability (54.5%), psychomotor delay (50%),
and hypotonia (43.18%).

At first sight, the above characteristics led to initial clinical diagnoses of PWS. To
confirm the diagnosis, a variety of genetic tests were performed, such as PBMT, FISH and
karyotype analysis, as well as comparative genomic hybridization (CGH). After the applica-
tion of these techniques, the authors were able to exclude classical PWS, i.e., the syndrome
caused by deficiency on 15q11-q13. They investigated further and discovered other mutations
that could be associated with the PW-like phenotype, such as: a molecular pattern compatible
with Angelman’s syndrome (De Molfetta et al., 2002); chromosome 14 maternal uniparental
disomy (Hosoki et al., 2009); monosomy of 1p36 (Tsuyusaki et al., 2010); deletion of 6q
(Izume et al., 2013), 2pter deletion (Doco-Fenzy et al., 2013); and 1026 deletion (Lukusa
and Fryns, 2000); paracentric inversion (X)(q26q28) (Florez et al., 2003); 12q subtelomere
deletions (Niyazov et al., 2007); Xq27-qter disomy; deletion 3p26.3 (Ben-Abdallah-Bouhjar
etal., 2012); fragile X (Nowicki et al., 2007); and fragile X with 47,XYY (Stalker et al., 2003);
deletion in 6q (Izumi et al., 2013); and Klinefelter syndrome karyotype, which showed a du-
plication of X(q21.1-q21.31) (Pramyothin et al., 2010) (Table 1). Recently, D’Angelo et al.
(2013) reported different copy number imbalances of chromosomes 2, 3, 6, 10, 12, 14, and X,
in nine patients showing the PW-like phenotype.

Maternal uniparental disomy of chromosome 14 was tested in 78 of 117 patients,
and four disomies were encountered in this sample [three full upd(14)mat and 1 mosaicism],
including one patient who had an epimutation in 14q32.2. The clinical features of the patients
with epimutation or with mosaic upd(14)mat were not distinct from those of the patients with
full upd(14)mat (Hosoki et al., 2009). Thirteen patients were positive for fragile X (Nowicki
et al., 2007); 2/117 had a deletion in 1p36 (Tsuyusaki et al., 2010).
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DISCUSSION

PWS has two distinct phases. The first is characterized by different degrees of hypo-
tonia during the neonatal period and early childhood. Hypotonia is not progressive and begins
to improve between 8 and 11 months of age, on average. When hypotonia improves, the child
becomes more alert but hyperphagia starts. The onset of the second phase is marked by obesity,
which usually occurs as a consequence of hyperphagia around 2 years of age. In this phase,
children demonstrate small facial anomalies such as almond eyes, strabismus and thin upper lip.
The patient also shows neuropsychomotor delay, short stature, small hands and feet, hypopig-
mentation of skin, hair and retina, learning problems, and pubertal delay (Butler, 1990; Holm
et al., 1993; Cassidy, 1997; Fridman et al., 2000). Therefore, it is difficult to clinically diagnose
PWS because some symptoms change with age and some characteristics are common to other
pathologies. It is worth mentioning that significant obesity usually begins after hyperphagia has
begun between the ages of 1 and 6 years (Cassidy, 1997), which makes early diagnosis difficult.
Thus, PWS is often not clinically recognized in infants and, on the other hand, is wrongly sus-
pected in obese and mentally deficient patients (Gillessen-Kaesbach et al., 1995).

We aimed with this article to review the different PW-like phenotypes and their re-
spective chromosomal abnormalities (Table 1). PWS was excluded in the majority of the PW-
like patients presented in this review by means of PBMT specific for this chromosomal region.
This method can detect the three most frequent etiological classes of PWS such as deletion,
mUPD or defective genomic imprinting on paternal 15q11-q13 (Cassidy and Driscoll, 2008).

It is important to emphasize that signs and symptoms of PWS could also be found
in patients who show other types of chromosomal abnormalities such as a duplication of Xq
(Gabbett et al., 2008), 1p36 monosomy (Tsuyusaki et al., 2010), a 6q deletion (Izumi et al.,
2013), or fragile X (Stalker et al., 2003; Nowicki et al., 2007). Therefore, these patients exhib-
ited a PW-like phenotype. Thus, it is necessary to routinely exclude fragile X syndrome from
the diagnosis when the patients present mental deficiency and/or psychomotor delay.

Our literature review also showed up other chromosomal abnormalities that were
less commonly cited as associated with the PW-like phenotype, such as the 10q26 deletion
(Lukusa and Fryns, 2000), 12q subtelomere deletions (Niyazov et al., 2007), chromosomal
abnormality associated with Angelman’s syndrome (De Molfetta et al., 2002), 2pter deletion
(Doco-Fenzy et al., 2013), and other X chromosome abnormalities (Florez et al., 2003; Ben-
Abdallah-Bouhjar et al., 2012). The resultant phenotype of the duplications of the long arm of
the X chromosome is more severe in males because of modulation by skewed X-inactivation
in females. Therefore, clinical manifestations widely vary depending on the gender of the
patient and on the gene content of the duplicated segment. Nowadays, the growing number of
X(q duplications can be described with the widespread use of array CGH techniques. Microar-
ray analysis in clinical practice has facilitated the identification of novel obesity-associated
syndromes, usually associated with learning disability and/or developmental delay.

A causal relationship has been recognized in both monogenic (e.g., BDNF, TRKB, and
SIM1 deficiencies) and syndromic forms of obesity (e.g., PWS). On the other hand, genotype-
phenotype correlation is critical to determine the effects of novel copy number variants in
patients associated with obesity and learning disability (D’ Angelo et al., 2013).

It is important to mention that the majority of suspected patients who had a negative
result for the specific PBMT for PWS had not shown the main features of PWS, such as neona-
tal hypotonia, feeding problems, facial features, or hypogonadism. Therefore, none of the ar-
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ticles included in this review presented patients bearing all of the PWS clinical characteristics.

Gilhuis et al. (2000) described a case and reviewed the literature about obese patients
with alterations in the long arm of chromosome 6. They found that these patients had in com-
mon obesity, hypotonia and delayed development similar to PWS. One explanation for this
phenotype could be the presence of gene SIM haplodeficiency causing a defect in the leptin-
melanocortin-oxytocin pathway (Holder et al., 2000; Tolson et al., 2010).

A comparative study investigating the prevalence and severity of obsessive-compul-
sive symptoms (OCS) in PWS and Prader-Willi-like syndrome showed that PWS patients suf-
fered a higher incidence of OCS and more severe symptoms than their PW-like counterparts
(State et al., 1999). Fridman et al. (2000) emphasized that the PBMT specific for PWS should
be requested for all neonates and infants showing hypotonia, the most frequent clinical feature
found in the patients considered in this review. However, other phenotypic characteristics
must also be present to make an early diagnosis of PWS, such as small hands and feet, skin
hypopigmentation, almond eyes, a narrow forehead and/or feeding difficulties. It is worth
mentioning that an early and precise diagnosis of PWS is essential for avoiding obesity and
related co-morbidities. It also allows for the provision of adequate genetic counseling for the
patients and their families.

CONCLUSION

The challenge for the scientific community is not only to differentiate more clearly
between PWS and the various PW-like phenotypes on a clinical level, but also to come up with
conclusive genetic explanations for these phenotypes, to provide accurate genetic counseling.
Although, the PCR-based methylation test is the gold standard technique for detecting PWS,
cytogenetic analysis should also be attempted, not only to look for a 15q11-q13 deletion, but
because other chromosomal abnormalities can be identified by the same technique. There is
no doubt that new clinically recognizable syndromes will soon be described using the CGH
technique, allowing targeted diagnosis.
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