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Genomic imprinting: genetic mechanisms and phenotypic consequences
in Prader-Willi and Angelman syndromes
Cintia Fridman and Célia P. Koiffmann

Abstract
Chromosomal 15q11-q13 region is of great interest in Human Genetics because many structural rearrangements have been described for
it (deletions, duplications and translocations) leading to phenotypes resulting in conditions such as the Prader-Willi (PWS) and Angelman
(AS) syndromes which were the first human diseases found to be related to the differential expression of parental alleles (genomic
imprinting). Contrary to Mendelian laws where the parental inheritance of genetic information does not influence gene expression, genomic imprinting is characterized by DNA modifications that produce different phenotypes depending on the parental origin of the
mutation. Clinical manifestation of PWS appears when the loss of paternally expressed genes occurs and AS results from the loss of a
maternally expressed gene. Different genetic mechanisms can lead to PWS or AS, such as deletions, uniparental disomy or imprinting
mutation. In AS patients an additional class occurs with mutations on the UBE3A gene. Studies of PWS and AS patients can help us to
understand the imprinting process, so that other genomic regions with similar characteristics can be located, and different syndromes can
have their genetic mechanisms elucidated.
INTRODUCTION

Genomic imprinting is defined as the differential
marking of parental alleles in gametogenesis, resulting in
the differential expression of maternal and paternal genes
during development. Imprinting is an epigenetic process
and requires three main steps, i.e., gamete DNA marking,
maintenance of the marking in embryo and adult somatic
tissues and resetting of marking at the beginning of gametogenesis (Hall, 1990).
Since imprinting seems to be a functional inactivation process and inactive chromatin regions have been associated with hypermethylation of CpG islands, DNA methylation has been suggested as candidate to the main mechanism responsible for the marking and differentiation of individual parental alleles (Peterson and Sapienza, 1993; Razin
and Cedar, 1994; Glenn et al., 1996, 1997; Brannan and
Bartolomei, 1999), although it is not known if DNA methylation is involved in the maintenance or in the establishment of imprinting.
The Prader-Willi (PWS) and Angelman (AS) syndromes are neurobehavioral disorders with completely different phenotypes and were the first human diseases found
to be related to genomic imprinting. These syndromes are
caused by the loss of function of imprinted genes in the
15q11-q13 region, and differential methylation patterns
between normal, PWS and AS individuals can be detected
in this region (Driscoll et al., 1992; Clayton-Smith et al.,
1993; Dittrich et al., 1993; Reis et al., 1994). This is the

first evidence of an epigenetic event and suggests that the
DNA methylation may have an important function in the
genomic imprinting mechanism (Nicholls, 1993a).
Besides the methylation difference found in the
15q11-q13 region, asynchronous DNA replication also occurs in imprinted gene clusters (Izumikawa et al., 1991;
Knoll et al., 1994), with non-imprinted alleles replicating
earlier than imprinted alleles. It is known that condensed
inactive chromatin initiates a heterochromatic state and that,
in general, heterochromatin replicates later, and genes that
replicate later are not able to compete for transcription factors with earlier replicating euchromatin. However, it is not
known whether this asynchronous replication phenomenon
is related to regulation of imprinted gene expression or if
it is just a consequence of imprinting (Glenn et al., 1997).
CLINICAL FEATURES

Prader-Willi syndrome
PWS was first described in 1956 (Prader et al., 1956)
and today is one of the most common microdeletion syndromes and the most frequent form of genetically caused
obesity in humans (Cassidy, 1997).
The syndrome is characterized by neonatal hypotonia, hypothermia, hypogenitalism, feeding problems during
infancy and some facial anomalies (Cassidy, 1984; Butler
et al., 1986; Butler, 1990). When hypotonia improves, appetite improves and weight gain increases. Obesity starts to
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occur between 1 and 6 years of age (Butler, 1990; Holm et
al., 1993) and marks the second phase of the syndrome, characterized by neuropsycomotor delay, hyperphagia with obesity, short stature, short hands and feet and mental retardation with learning disabilities (Figure 1A) (q.v. Fridman,
1997). Some individuals present hypopigmentation, high pain
threshold (Ledbetter et al., 1981; Butler, 1990), obsessivecompulsive disorder, depression, violent episodes and inappropriate social behavior (Holm et al., 1993; Cassidy, 1997).
Einfeld et al. (1999) found that anti-social and psychopathological behavior was more frequent in PWS individuals than
in a control group of mentally deficient patients. PWS patients show a higher degree of irritability, as well as stubbornness, a tendency to be argumentative, possessive, and
persevering, and have a tendency to steal and to lie.
Although many clinical manifestations of PWS seem
to be the result of hypothalamic deficit, no structural defect
in the brain have been found, so any such deficit must be functional, but its exact nature remains unknown (Cassidy, 1997).
Genetically, PWS is caused by the absence of paternal alleles that are normally active in the 15q11-q13 region, with the maternal alleles normally being inactive due
to the genomic imprinting. Paternal deletion of the 15q11q13 region (70% of cases) or maternal uniparental disomy
(UPD) (20-25% of cases) can lead to the absence of paternal alleles (Robinson et al., 1991; Mascari et al., 1992).
Translocations or other structural anomalies of chromosome 15 are found in about 5% of cases, resulting in paternal deletion or UPD15 (Rivera et al., 1990; Smeets et al.,
1992; Qumsiyeh et al., 1992; Donnai, 1993; Freeman et
al., 1993; Reeve et al., 1993; Smith et al., 1993, 1994;
Vickers et al., 1994). About 1-5% of cases, including families, have imprinting center (IC) mutations (Reis et al., 1994;
Sutcliffe et al., 1994; Buiting et al., 1995; Dittrich et al.,
1996; Saitoh et al., 1996, 1997). The absence of patients
with point mutations in a single gene suggests that PWS is a
contiguous gene syndrome, caused by the loss of two or
more paternally expressed genes (Nicholls, 1993b, 1994;
Ohta et al., 1996).
Clinical comparisons between deleted and UPD patients have not revealed significant differences, although
hypopigmentation occurs in patients with deletion and increased maternal age is a factor in UPD cases (Butler, 1989;
Robinson et al., 1991; Gillessen-Kaesbach et al., 1995)
due to the known correlation between maternal age and nondisjunction events (Robinson et al., 1991, 1993). The nonimprinted P gene responsible for oculocutaneous albinism
(OCA2) maps on the distal part of the 15q11-q13 and is
deleted in the majority of PWS cases with deletion (Spritz
et al., 1997).
Angelman syndrome
AS is characterized by developmental delay, severe
mental retardation, speech impairment, seizures, ataxia,
hyperactivity, macrostomia and an apparently happy de-
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Figure 1 - A, A 12-year-old PWS patient; B, a 4-year-old AS patient. (Both
from the Genetic Counseling Unit, University of São Paulo).
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meanor with outburst of laughter (Figure 1B) (Angelman,
1965; Robb et al., 1989; Fryburg et al., 1991; ClaytonSmith and Pembrey, 1992; Williams et al., 1995; Fridman,
1997). The behavioral features are very important for diagnosis in young children because the facial anomalies are
not so prominent and the phenotype shows wide variability.
The genetic mechanisms responsible for this syndrome
are complex and about 2/3 of the patients show a 4-Mb
maternal deletion in the 15q11-q13 region (Magenis et al.,
1987; Knoll et al., 1989), which is the same segment deleted in PWS cases (Magenis et al., 1990). Paternal UPD
is present in 2-3% of cases (Nicholls, 1993a), a small group
of patients show IC mutations (Sutcliffe et al., 1994;
Buiting et al., 1995; Saitoh et al., 1996), and about 8% of
cases present mutations in the UBE3A gene (Kishino et al.,
1997; Matsuura et al., 1997).
It has been pointed out that AS patients with UPD have
a milder phenotype compared to patients with deletions
(Bottani et al., 1994; Gillessen-Kaesbach et al., 1995;
Fridman et al., 2000), possibly because in UPD cases only
the AS gene is lost while the more severe phenotype seen
in patients with deletion could be caused by the loss of both
the AS gene and other contiguous genes. These differences
in AS severity could also be explained by recessive mutations in hemizigosity (Bottani et al., 1994). UPD cases can
also manifest characteristics caused by the homozygosity
state of some loci.
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Summary of genetic mechanisms
It therefore appears that there are 3 main classes of
PWS patients, i.e., paternal deletion, maternal UPD and
IC mutations and 4 classes of AS patients, i.e., maternal
deletion, paternal UPD, IC mutations and UBE3A mutations. There are also about 5% of PWS and 15% of AS
patients with no detectable cytogenetic or molecular abnormalities for whom the genetic mechanism of the condition is unknown, making genetic counseling very difficult.
THE 15q11-q13 REGION

The 15q11-q13 region is about 5 Mb and many genes
and transcripts have been mapped to this region, which can
be divided into 3 subregions comprising a distal portion
containing non-imprinted genes, a central portion containing the only maternally expressed gene (UBE3A-E6), and
a proximal portion containing paternally expressed genes
(Figure 2).
Some paternally expressed genes and trancripts mapping at the PWS/AS region are SNRPN, ZNF127, NDN,
IPW, PAR1 and PAR5 (Özcelik et al., 1992; Glenn et al.,
1993; Reed and Leff, 1994; Sutcliffe et al., 1994;
MacDonald and Wevrick, 1997), as well as the maternally
expressed transcript UBE3A which is expressed exclu-

Figure 2 - Genetic map of the 15q11-q13 region showing the common breakpoints (BP1, BP2 and BP3), the critical region of PWS and AS, the imprinting center
(IC) and the loci with maternal or paternal transcription (+ = expression; - = no expression). The IC structure spans 150 kb of genomic DNA. The smaller region
of overlap (SRO) in AS families corresponds to IC exon 3 (IC3) of ~2 kb, and is responsible for the switch from paternal to maternal imprint. The PWS SRO
corresponds to SNRPN exon 1, of ~4 kb, responsible for the maternal to paternal imprint switch. (Modified from Glenn et al., 1997 and Nicholls et al., 1998).
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sively in brain tissue (Sutcliffe et al., 1997; Kishino and
Wagstaff, 1998). The imprinting of these genes seems to
be under the control of the IC, since familial and sporadic
cases of PWS and AS with microdeletions in this region
are consistent with a mutation in the imprinting process
(Reis et al., 1994; Sutcliffe et al., 1994; Buiting et al.,
1995; Saitoh et al., 1996).
The small nuclear ribonucleoprotein polypeptide N
(SNRPN) gene is imprinted both in mice (Cattanach et
al., 1992) and humans (Glenn et al., 1993; Nakao et al.,
1994; Reed and Leff, 1994), and is expressed only by the
paternal chromosome. In humans this gene is mapped in
the shortest region of overlap (SRO) of deletion in PWS
(Figure 2) (Özçelik et al., 1992) and was the first candidate gene involved in the etiology of PWS (Glenn et al.,
1996). This gene has 10 exons extending over 30 kb of
genomic DNA, with exon 1 and the promoter being located in a CpG island (Sutcliffe et al., 1994; Glenn et al.,
1996) and showing a differential methylation pattern between the paternal and maternal alleles in all somatic tissues (Glenn et al., 1996, 1997). SNRPN methylation
analysis is the best test for the diagnosis of PWS and AS,
identifying patients with deletion, UPD and imprinting
mutation (Figure 3) (Glenn et al., 1993; Sutcliffe et al.,
1994; ASHG/ACMG, 1996; Kubota et al., 1996; Saitoh et
al., 1996). The gene also encodes a protein (SmN) involved in pre-mRNA splicing, but its exact role is still
unknown (Özçelik et al., 1992; Glenn et al., 1996).
Sequence analysis and evolutionary studies of the upstream exons (exons 1, 2 and 3) of the SNRPN gene have
indicated that there might also exist another open reading
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Figure 3 - Methylation pattern observed using a probe corresponding to
the SNRPN gene exon 1. N = Normal individual; P = Prader-Willi syndrome
patient; A = Angelman syndrome patient. Note the 4.2 kb band corresponding to the maternal methylated chromosome 15 and the 0.9 kb band corresponding to the paternal non-methylated chromosome.

frame (ORF) in the SNRPN mRNA (Glenn et al., 1996,
1997) in addition to the ORF containing exons 4 to 10 previously described by Schmauss et al. (1992). This second
ORF, confirmed by cDNA analysis, was named SNURF
(“SNRPN upstream reading frame”) and corresponds to the
first 3 SNRPN exons (Gray et al., 1999). The finding that
two independent proteins (SmN and SNURF) are encoded
by a single mRNA renamed it as the bicistronic SNURFSNRPN locus and suggested that the SNURF cistron may
participate in the imprint regulation of the 15q11-q13 region, since it is mapped in the IC (Gray et al., 1999).
Another gene within the PWS/AS region, denominated
NECDIN (NDN) was identified (Jay et al., 1997; MacDonald and Wevrick, 1997) and is orthologous to mouse
Necdin (Ndn). This gene is transcribed only by the paternal
allele in fibroblast, amniocytes, and brain and placenta tissues, indicating that NDN is imprinted in these tissues (Jay
et al., 1997; MacDonald and Wevrick, 1997). The NDN
gene encodes a nuclear protein (NECDIN) expressed in all
central nervous system post-mitotic neurons (Watrin et al.,
1997). In agreement with the observation that imprinted
genes have few and small introns (Hurst et al., 1996), the
human NDN is formed by only one exon (MacDonald and
Wevrick, 1997) and its cDNA has 1,592 kb. Watrin et al.
(1997) have also reported that the NDN gene is imprinted,
paternally expressed with the maternal allele methylated,
and replicates asynchronously. The loss of expression of
this gene could lead to anomalies, especially in brain development (Jay et al., 1997; MacDonald and Wevrick,
1997), and contributes to the PWS phenotype.
It has been suggested that the UBE3A mutation is the
main cause of AS (Kishino et al., 1997; Matsuura et al., 1997;
Malzac et al., 1998; Fang et al., 1999). This gene maps within
the critical region for AS and has 16 exons extending over
120 kb of genomic DNA, with transcription being oriented
from telomere to centromere (Burke et al., 1996; Kishino
and Wagstaff, 1998). How mutations in the maternally inherited UBE3A gene cause AS and whether mutations in this
gene can account for all AS patients in the biparental class
remain to be determined (Glenn et al., 1997).
Many types of mRNA (isoforms) produced by the
UBE3A gene through alternative splicing of pre-mRNA
have been detected (Rougeulle et al., 1997; Yamamoto et
al., 1997; Kishino and Wagstaff, 1998). Recent studies in
mice and humans (Albrecht et al., 1997; Rougeulle et al.,
1997) have shown imprinting and maternal-only expression of this gene in specific brain regions, especially the
hippocampus and cerebellum, and it is the first gene with
maternal-only expression mapped within the PWS/AS region, supporting the idea that it is a candidate gene for AS
(Rougeulle et al., 1997).
The UBE3A gene encodes an E3 ubiquitin-protein ligase (E6AP) that acts in the ubiquitination process (Huibregtse
et al., 1995; Yamamoto et al., 1997), the two main substrates
of UBE3A being p53 and HHRAD23A, but it is not known if
they are the target substrates in AS (Malzac et al., 1998).
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Rearrangements within the 15q11-q13 segment such
as deletions, marker chromosomes, duplications, triplications and translocations have been detected. Knoll et al.
(1990) classified the AS patients with deletion into two
groups according to the breakpoints located in the proximal region of 15q11-q13 (the terminal breakpoint is common to the two groups). Later it was also observed in PWS
patients with deletion (Christian et al., 1995). These
breakpoints (BP1, BP2 and BP3) (Figure 2) were characterized by Christian et al. (1999) as DNA regions containing pseudogenes, called duplicons. Studies using YACs have
revealed the presence of 2 in tandem oriented duplicon
copies at BP3 and 1 copy at BP2.
Buiting et al. (1992, 1998a) isolated a gene family
(MN7) presenting many copies in the 15q11-q13 and
16p11.2 regions. The presence of many of these copies in
the proximal 15q region may be related to the instability of
this region. Amos-Landgraf et al. (1999) have identified
new duplicons mapped at BP1, BP2 and BP3 that include
MN7 sequences and represent large duplications of a new
gene mapped within the 15q11-q13 region, the HERC2 (Ji
et al., 1999).
All these data suggest that duplication of large DNA
segments within the pericentromeric region may create
the instability that is responsible for the high level of
chromosomal rearrangements due to the unequal crossing over event.
THE IMPRINTING CENTER

Biparental inheritance disclosed by microsatellite
analysis and uniparental methylation pattern can identify
PWS and AS patients with imprinting mutations (Reis et
al., 1994; Buiting et al., 1995; Dittrich et al., 1996; Glenn
et al., 1993, 1997; Saitoh et al., 1996, 1997). Half of the
known cases are familial and, like the sporadic cases, show
the classical PWS or AS phenotype (Reis et al., 1994;
Buiting et al., 1995; Dittrich et al., 1996; Saitoh et al.,
1996, 1997). Most of these patients inherited microdeletions in the 5' region of SNRPN gene, indicating that
this region is responsible for the imprinting process. This
region, the IC (Buiting et al., 1995; Dittrich et al., 1996;
Saitoh et al., 1996, 1997), maps between the loci D15S63
(Dittrich et al., 1992) and SNRPN loci (Figure 2) (Glenn et
al., 1996), and is responsible for the differential allele marking, spanning its signal bidirectionally over a segment of
about 2 Mb where the group of imprinted genes is located.
This IC region has been intensively studied and some
transcripts are now known, including alternative SNRPN
exons, mapped on the 5' end of this gene (Dittrich et al.,
1996; Färber et al., 1999). Mutations in these alternative
exons occur in PWS and AS patients with imprinting mutation (Dittrich et al., 1996; Färber et al., 1999). RT-PCR
analysis has shown that these transcripts can use two alternative start sites, are subject to alternative splicing and use
SNRPN exons at their 3' end (Dittrich et al., 1996). Färber
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et al. (1999) have found that the presence of more than one
start site can assure IC transcript expression even if deletions occur at one of these sites.
The analysis of informative families has allowed the
delineation of the IC microdeletion map, and has shown that
deletions in AS patients are centromeric while deletions in
PWS are more telomeric. In this way, the SRO of deletions
in AS has been established and corresponds to IC exon 3
(IC3), spanning 2 kb (Saitoh et al., 1996; Ohta et al., 1999a).
This seems to be the element responsible for the paternal
to maternal imprinting switch (pat→mat) in the female gametogenesis. In PWS, the SRO is defined as the SNRPN
exon 1 and the promoter region, corresponding to 4 kb of
genomic DNA. This region is responsible for the maternal
to paternal (mat→pat) imprinting switch during spermatogenesis (Figure 2) (Buiting et al., 1995; Ohta et al., 1999b).
The IC seems to be a bipartite structure and the gene transcription in patients with IC mutation is altered due to a
failure in the imprinting erasure and reestablishment (Reis
et al., 1994; Buiting et al., 1995; Dittrich et al., 1996;
Saitoh et al., 1996).
Figure 4 shows how the transmission of IC mutations
occurs in males and females, and can be summarized as follow. When a male transmits a maternal imprinting mutation, the maternal epigenotype is not erased and a paternal
imprinting during male gametogenesis is not established.
This mutation blocks the mat→pat switch, resulting in the
transmission of maternal imprinting to half of the gametes.
The individual who inherits this abnormal epigenotype will
be homozygous for the maternal epigenotype and, therefore, present PWS. On the other hand, the transmission of a
paternal mutation by a woman results in failure of the
pat→mat switch, leading to the inheritance of an abnormal
paternal epigenotype. The woman’s offspring will be homozygous for the paternal imprint and, therefore, present
AS (Nicholls et al., 1998).
In these PWS and AS cases, the IC mutations have no
direct effect on the carrier, are silenced and transmitted
through the same sex of the origin of the mutation, with
manifestation only occurring when the mutation passes
through the gametogenesis process of the opposite sex.
A model of the functioning of IC (Dittrich et al., 1996)
and how mutations can result in PWS or AS individuals has
been proposed by several authors (Buiting et al., 1998b;
Nicholls et al., 1998; Ohta et al., 1999a,b). The bipartite IC
structure consists of two elements, the imprintor (IC exon
3) and the switch initiation site (SIS) (SNRPN exon 1). Only
in the paternal chromosome does the imprintor encode a transcript that acts in cis form on the SIS, possibly by the introduction of modifications in chromatin structure. This change
allows a trans factor, present only in the female germ line,
to act and complete the pat→mat switch, spreading the imprint bidirectionally over the 2-Mb region of imprinted
genes. This signal inactivates the imprintor activity since it
now has the maternal imprint. In the male germ line, with
the absence of the trans factor, the SIS erases the maternal
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Figure 4 - Examples of families with IC mutations. A, The
mutation can arise in a chromosome 15 from a female ancestor and when it passes through male gametogenesis the
offspring of this male will be PWS, since the paternal chromosome has a female epigenotype. B, The mutation originates from a paternal ancestral chromosome 15 and when it
passes through the female germ line results in an AS child,
since the maternal chromosome has a male epigenotype.
The star represents the IC mutation, and the letter in parenthesis demonstrates the corresponding epigenotype. M =
Maternal, P = paternal. The chromosomes out of the symbols (squares and circles) represent the gametogenesis and
then, the switch of maternal to paternal imprint and viceversa. In IC mutation cases the switch does not occur.

imprint and the paternal imprint is established, reactivating
the imprintor activity (Dittrich et al., 1996).
In this way, mutations in imprintor (or IC3) lead to a
failure in the erasure of the paternal imprint and to the establishment of the maternal imprint, producing an AS child,
while mutations in the SIS lead to a failure in the erasure of
the maternal imprint and to the establishment of the paternal imprint, resulting in a PWS child.
Both imprinting mutation cases with deletion in the
IC (familial and sporadic) and sporadic cases with imprinting mutation and no structural alteration in the IC have been
detected (Bürger et al., 1997; Buiting et al., 1998b).
Patients with IC deletion present the typical AS phe-

notype (Williams et al., 1995), however, some characteristics distinguish these patients from those with 15q11-q13
deletion, including absent crisis or milder seizures, absence
of microcephaly, larger neonatal length, better motor control and normal pigmentation (Ohta et al., 1999a). These
differences can be explained because the non-imprinted
genes, when in a haploinsufficiency state (deletion), can
contribute to the complete AS phenotype (Nicholls et al.,
1998), while IC mutation or UPD15 patients may present a
milder phenotype due to incomplete imprinting of the
UBE3A gene in the brain (Albrecht et al., 1997; Rougeulle
et al., 1997; Vu and Hoffman, 1997), and then a double dose
of paternal expression of this gene occurs.
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GENETIC COUNSELING

Genetic counseling for PWS and AS is complex since
the parents of deleted or UPD patients have a low recurrence risk (<1%); but when an IC mutation is detected it is
necessary to verify whether or not there is a deletion and if
it is inherited or sporadic. If the deletion is de novo or there
are IC mutations without deletion the risk is low (<1%).
The IC deletion group includes familial (up to 50% risk)
and sporadic cases, and all non-IC deletion cases are sporadic (Bürger et al., 1997; Saitoh et al., 1997; Buiting et
al., 1998b). AS patients with the UBE3A mutation can be
sporadic, with a low recurrence risk, or familial with a 50%
risk of inheritance from a carrier mother (Stalker and Williams, 1998).
MOUSE MODEL

The central part of mouse chromosome 7 (chr 7C) is
homologous with the 15q11-q13 human region, with the
genes arranged in the same order but inverted in relation to
the centromere (Albrecht et al., 1997; MacDonald and
Wevrick, 1997; Wevrick and Francke, 1997).
Some genes with only paternal expression mapped
at the PWS/AS region show homologous genes that are
also imprinted in the mouse, such as Snrpn (Leff et al.,
1992), Ipw (Wevrick and Francke, 1997), Ndn (MacDonald
and Wevrick, 1997), and Zfp127 (review in Gabriel et al.,
1998). The Ube3a gene, also mapped in the 7C, shows
only maternal expression in some brain tissues, as in humans (Albrecht et al., 1997; Rougeulle et al., 1997; Vu
and Hoffmann, 1997). So, not only the physical characteristics of 15q11-q13 human segment are conserved in
the mouse but also the imprinting features (Gabriel et al.,
1998).
Working with balanced chromosome translocations,
Cattanach et al. (1992, 1997) obtained paternal and maternal Chr 7C UPD mice. Studying the phenotype of the animals they concluded that the presence of two maternal copies of this region results in the complete absence of the
paternally expressed gene and that the mice died between
the 2nd and 8th post-natal days because of developmental
delay. These mice were considered as a model for PWS.
The paternal Chr 7C UPD resulted in mice with developmental retardation, ataxia and hyperactivity - all characteristics present in AS patients, although the mouse phenotypes were milder.
Jiang et al. (1998) showed that the maternal deletion
of Ube3a is sufficient to produce animals with motor delay and abnormal electroencephalogram (EEG), a phenotype similar to that of AS children (seizures, hyperactivity
and learning disabilities) suggesting that it could be used as
a mouse model of AS (Nicholls, 1998).
Some studies have been conducted to better define
the role of Snrpn in imprinting regulation. This gene was
characterized in mice and is very similar to the SNRPN hu-
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man gene, containing 10 exons spanning over 22 kb of genomic DNA with the promoter region showing only paternal expression (Cattanach et al., 1992; Leff et al., 1992).
To evaluate the role of SNRPN and IC in PWS, Yang
et al. (1998) described mice with either intragenic deletion in the Snrpn region or a large deletion which included
a small part of the Snrpn and the distal part of the putative
mouse IC. The animals with the intragenic deletion were
phenotypically normal, suggesting that SNRPN mutations
are not sufficient to cause PWS. The mice with deletion in
the putative IC died a few days after birth, were small and
showed developmental delay with weight loss due to feeding difficulties. These animals also presented loss of expression of other paternally expressed genes such as Zfp127
(homologous to ZNF127), Ndn and Ipw, showing that the
IC position and its role in imprinting regulation are conserved between humans and mice (Yang et al., 1998).
Gabriel et al. (1999) described a mouse lineage with
deletion of the homologous PWS/AS region and demonstrated that the paternal deletion transmission resulted in
loss of paternally imprinted gene expression while the maternal deletion transmission resulted in loss of the Ube3a
expression, a situation similar to that of patients who have a
4-Mb deletion in the 15q11-q13 region. A similar phenotype including developmental delay and neonatal death was
obtained in the three PWS mouse models (Cattanach et al.,
1992; Yang et al., 1998; Gabriel et al., 1999).
The development of mouse models for Prader-Willi
and Angelman syndromes using knockout techniques is very
important, allowing investigations of gene function and the
future development of therapeutic strategies for individuals with these syndromes.
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RESUMO

O segmento cromossômico 15q11-q13 é de grande interesse em Genética Humana uma vez que diversos rearranjos
estruturais têm sido descritos nessa região (deleções, duplicações
e translocações) resultando em fenótipos diferentes como os das
síndromes de Prader-Willi (PWS) e Angelman (AS), que foram
as primeiras doenças humanas a serem relacionadas com a expressão diferencial de alelos parentais (imprinting genômico). Contrário às leis de Mendel onde a herança parental da informação
genética não influencia a expressão gênica, o imprinting genômico
é caracterizado por modificações no DNA que produzem diferentes fenótipos dependendo da origem parental da mutação. A
manifestação clínica da PWS aparece quando ocorre a perda de
genes com expressão exclusivamente paterna, e a AS resulta da
perda do gene com expressão exclusivamente materna. Diferentes
mecanismos genéticos podem resultar em PWS ou AS como
deleções, dissomia uniparental ou mutações no processo de imprinting. Em pacientes com AS existe uma classe adicional de
pacientes com mutação no gene UBE3A. Estudos de pacientes
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com PWS e AS podem ajudar no entendimento do processo de
imprinting e, assim, outras regiões do genoma com características
similares podem ser localizadas, e diferentes síndromes podem
ter seus mecanismos genéticos elucidados.
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