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Summary

Uniparental disomy has recently been recognized to cause human disorders, including Prader-Willi syndrome
(PWS). We describe a particularly instructive case which raises important issues concerning the mechanisms
producing uniparental disomy and whose evaluation provides evidence that trisomy may precede uniparental
disomy in a fetus. Chorionic villus sampling performed for advanced maternal age revealed trisomy 15 in
all direct and cultured cells, though the fetus appeared normal. Chromosome analysis of amniocytes obtained
at 15 wk was normal in over 100 cells studied. The child was hypotonic at birth, and high-resolution
banding failed to reveal the deletion of 15q11-13, a deletion which is found in 50%-70% of patients with
PWS. Over time, typical features of PWS developed. Molecular genetic analysis using probes for chromo-
some 15 revealed maternal disomy. Maternal nondisjunction with fertilization of a disomic egg by a normal
sperm, followed by loss of the paternal 15, is a likely cause of confined placental mosaicism and uniparental
disomy in this case of PWS, and advanced maternal age may be a predisposing factor.

Introduction

In 1981, Ledbetter et al. (1981) found, on high-
resolution chromosome analysis, that Prader-Willi
syndrome (PWS) was associated with a deletion at
i5q1 -13. Since then, a number of studies on series of
patients have shown that only about 50%-70% have
this deletion (reviewed by Butler 1990). The deletion
was first noted by Butler and Palmer (1983) to invari-
ably occur in the paternally derived chromosome 15.
Among the clinically typical patients who appear to
lack a cytogenetic deletion, a small percentage have
some other rearrangement involving proximal chro-
mosome 15, and the remainder are cytogenetically
normal (reviewed by Ledbetter and Cassidy 1988). In
1989, Nicholls et al. (1989a) noted that some patients
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with apparently normal chromosomes 15 had mater-
nal disomy, a state in which both normal chromo-
somes 15 were maternal and in which there was no
paternal chromosome 15. This finding supported a
concept first proposed by Engel (1980)-i.e., that uni-
parental disomy could result in human disorders. Ge-
netic imprinting has been implicated in the cause of
PWS because the 15q deletions associated with it are
always paternal, while the uniparental disomy is al-
ways maternal (Nicholls et al. 1989a; Hall 1990). The
existence of an imprinting effect is further supported
by the presence of both the same or a very similar
deletion of 15q1 1-13 in the maternal chromosome and
occasional paternal disomy in a clinically distinct dis-
order, Angelman syndrome (Knoll et al. 1989; ,Ma-
genis et al. 1990; Williams et al. 1990; Malcolm et al.
1991).

Speculation as to the mechanisms which might lead
to maternal disomy suggests the following four likely
processes by which this could occur: (1) disomic egg
+ monosomic sperm producing a trisomic zygote, fol-
lowed by subsequent loss of the paternal 15; (2) diso-
mic egg + nullisomic sperm; (3) monosomic egg +
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nullisomic sperm producing monosomic zygote, fol-
lowed by duplication of maternal 15; and (4) postfer-
tilization nondisjunction producing trisomic and
monosomic cell lines, with subsequent duplication in
the monosomic line. Documentation of any of these
mechanisms as a cause of PWS has not yet occurred.
However, recently it has been found that many cases of
PWS with maternal disomy show advanced maternal
age, while those with deletion usually do not (Rob-
inson et al. 1991; Nicholls et al. 1992). Since advanced
maternal age predisposes to nondisjunction, as is well
known for autosomal trisomies, this finding suggests
that mechanisms for producing maternal disomy
which begin with a disomic egg are likely to cause
PWS.
We have studied a child with PWS who was born

to a mother with advanced maternal age who had
prenatal diagnosis by chorionic villus sampling (CVS),
which showed trisomy 15. The child was found post-
natally to have maternal disomy for chromosome 15.
This case confirms that maternal nondisjunction for
chromosome 15 is a mechanism which can lead to
PWS resulting from maternal disomy.

Material and Methods

Cytogenetic Analysis

Chromosome studies on lymphocytes and amnio-
cytes employed the usual techniques, based on modi-
fied procedures developed by Moorhead et al. (1960).
Chorionic villus tissue was prepared and analyzed us-
ing modified procedures developed by Simoni et al.
(1983), involving analysis both from direct prepara-
tion and of cultured cells. For the cultured chorionic
villus tissue and the amniocytes, at least two indepen-
dently grown cultures were used. Lymphocyte karyo-
typing involved phytohemagglutinin stimulation and
Giemsa banding.

DNA Probes

The DNA probes pML34 (D1559), p3-21 (DiSS10),
pIR4-3R (DlSS11), pIR10-1 (D15S12), p189-1
(D15S13), and pCMW-1 (D15S24) were obtained
from the American Type Culture Collection (Rock-
ville, MD) and have been described elsewhere (Donlon
et al. 1986; Rich et al. 1988; Nicholls et al. 1989b).
The probe pMS620 (D15S86), which detects a highly
variable region in terminal 15q, was provided by Drs.
J. A. Armour and A. J. Jeffreys (Armour et al. 1990).
We used a chromosome 1 dinucleotide repeat,
DlS104 (Weber et al. 1990), an HLA-DRji probe

(Cox et al. 1988), a COL6A1 probe from chromo-
some 21 (Francomano et al. 1991), and a VNTR
probe from chromosome 2 (D2S44; Nakamura et al.
1987) to study paternity in this family.

RFLP Analysis

Isolation of high-molecular-weight DNA from pe-
ripheral blood, restriction-enzyme digestion of DNA,
electrophoresis of the restriction fragments, Southern
transfer, and blot hybridization were performed using
standard technology (Maniatis et al. 1982).

Case Report

A 43-year-old gravida 3 woman was referred for
prenatal diagnosis because of advanced maternal age.
She was healthy except for hypothyroidism adequately
treated with Synthroid. Her family history was unre-
markable; she had two healthy teenage children, a boy
and a girl, and her father had an identical twin brother
with five normal children. After ultrasound dating at
10 wk. a CVS was performed at week 11 of gestation,
without complications. Direct preparation of chori-
onic villus tissue and analysis of six Giemsa-banded
karyotypes at 320-band resolution showed no struc-
tural chromosome abnormalities, but all 6 cells, as
well as each of the next 35 cells counted, showed tri-
somy 15: 47,XX + 15 (fig. 1). Cultured cells from the
same sample also showed trisomy 15 in all 40 cells
counted, and again there were no structural chromo-
some abnormalities, at 450-band resolution. Detailed
follow-up ultrasound examinations of the fetus at

Figure I
15 (arrows)

Cytogenetic analysis from CVS, showing trisomy
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weeks 12, 15, and 21 of gestation were normal. Am-
niocentesis at week 15 of gestation revealed a normal
female karyotype, 46,XX, in two independently
grown cultures from which over 150 cells were
counted, and 12 cells were specifically analyzed for a
chromosome 15 deletion and other structural abnor-
malities (band resolution >600) (fig. 2, left). Amniotic
fluid alpha-fetoprotein level was normal. The preg-
nancy was monitored closely and proceeded well until
the mother developed premature labor and preeclamp-
sia. When the fetal movements decreased and the bio-
physical profile fell from 8-10 to 4, she was delivered
by cesarean section at week 35 of gestation.
The birth weight was 2,197 g, length was 43 cm,

and head circumference was 31 cm. Apgars were 3
and 8 at 1 and 5 min, respectively. The baby was
significantly hypotonic, with a weak cry but no sei-
zures or focal neurologic signs. She developed mild
persistent respiratory distress, episodes of apnea, and
poor suck leading to marked feeding problems. She
had decreased deep-tendon reflexes, a normal skull
shape, small palpebral fissures, a relatively narrow
face, mild micrognathia, single transverse palmar
creases, decreased flexion creases, and decreased mus-
cle mass. She was hospitalized for 8 wk during which
the hypotonia and feeding problems gradually im-
proved. The diagnosis of PWS was considered, but
findings were too nonspecific for diagnostic certainty.
Results of numerous studies to document an infection

or metabolic disorder were normal, as were a cranial
computed-tomography scan, cranial magnetic-reso-
nance-imaging scan, and electroencephalogram. Lym-
phocyte karyotyping with Giemsa banding at >600-
band resolution showed a normal female karyotype,
46,XX, in 105 cells, without evidence of trisomy 15
mosaicism or structural abnormalities; the two chro-
mosomes 15 showed different polymorphisms, one
with short satellite stalk and the other without a satel-
lite stalk (fig. 2, right).

For the first 6 mo of life the patient required gavage
feeding to supplement regular bottle feeding. She was
generally healthy, but she had several fever episodes
which appeared to represent an exaggerated fever re-
sponse to relatively mild infections. She continued to
be hypotonic. At 14 mo of age, her length was at the
20th percentile, weight at the 5th-1Oth percentile, and
head circumference at the 40th percentile. She had a
relatively narrow face with a narrow bifrontal diame-
ter, epicanthal folds, thin lips, and small hands and
feet. Her developmental milestones corresponded to
those of an 11-mo-old, except that gross motor devel-
opment was at the 8-mo level. She required physical,
occupational, and speech therapies.
A summary of the cytogenetic studies is presented

in table 1. Molecular genetic studies were performed
on the patient, her mother, and her father when the
patient was 20 mo of age. These revealed maternal
disomy for distal chromosome 15, with complete ab-

Figure 2 Cytogenetic analysis on the basis of amniocytes (left) and peripheral blood (right). Note euploidy and absence of apparent
lSq deletion. Note also that the two chromosomes 15 differ in appearance, one having a short satellite stalk and the other having no stalk
(indicated by arrows in left panel).
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Table I

Cytogenetic Studies in the Proband

Study Age of Patient Results No. of Cells

CVS .11 wk gestation Direct: 47,XX + 15 41
Cultured: 47,XX + 15 40

Amniocytes ............... 15 wk gestation 46,XX (550 bands) >150
Peripheral blood ........ Newborn 46,XX (600 bands) 105

sence of paternal chromosome 15 material when
tested with probe pMS620 (fig. 3). However, the
probes in the PWS chromosome region were not infor-
mative for disomy or deletion, since both parents had
the same alleles and since both the mother and the
child were homozygous for all of the probes (table 2).
No faint alleles were detected in the mother or child,
despite overexposure of the Southern blot.

.~ ~~.

Figure 3 RFLP analysis of DNA from the patient and her
parents. DNAs (3*g) were digested with Mbo., and the restriction
fragments were separated by 0.7% agarose gel electrophoresis,
transferred to a nylon filter, and hybridized with 32P-labeled probe
pMS620. The autoradiogram was performed after 7 d exposure at
- 700C. The molecular weights of the alleles are shown in kilobase
pairs (kb).

Testing for paternity indicated that the father and
child shared the 162-bp allele at D1S104 (population
frequency .45), DR3 or DRw6 at HLA-DR'5 (the two
are not distinguishable with TaqI; population fre-
quency .37), and the 9.2-kb BamHI allele at COL6A1
(Caucasian population frequency .46). We also used
the VNTR probe D2S44, with the frequency utilized
for the most abundant TaqI allele being .075, which
is that in the Caucasian population (S. Odelberg, per-
sonal communication), since slight variation in con-
ditions precludes accurate assignment of the allele.
Using all the above frequencies, we calculated a pater-
nity index of 10.8, making nonpaternity unlikely.

Discussion

Trisomy 15 is one of the more common autosomal
trisomies found in series of karyotyped abortuses,
comprising about 8% (Warburton et al. 1991). In
some cases, these abortions occurred in the fetal,
rather than the embryonic, stage of the gestation. The
maternal age of abortuses trisomic for chromosome 15
is statistically significantly advanced compared with
maternal age of chromosomally normal abortuses, be-
ing about 4 years older on average (Hassold et al.
1984). Although surviving infants with trisomy 15
have not been described, it is apparent that concep-
tuses with trisomy 15 are not rare and may be signifi-
cantly increased in women with advanced maternal
age. With the recent increase in utilization of CVS as
a prenatal diagnostic tool in early gestation, it should
not be surprising, therefore, to find an occasional sam-
ple with trisomy 15. Should one of the chromosomes
15 in the fetus be lost sufficiently early in life, it seems
possible that the fetus might survive to term, either
with somatic mosaicism or with complete loss of triso-
mic cells due to selective disadvantage. Confined pla-
cental mosaicism for trisomy 15 may also reflect a
previously trisomic embryo which has lost the third
chromosome 15 and thus survived but whose placenta
and thus CVS would remain trisomic. Recent molecu-
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Table 2

Alleles of Family Members at the PWS Region

Size
Locus Probe Enzyme (kb) Father Mother Patient

D15S9 ........ pML34 ScaI 6.5 + + +
6.3

D15S10 ...... p3-21 TaqI 9.0 + + +
8.2

D1SSl1 ...... pIR4-3R RsaI 1.2 +
1.0 + + +

D15S12 ...... pIR10 ScaI 17.5
16.1 + + +
12.5

D15S13 ...... p189-1 TaqI 3.8 + + +
2.0

D15S24 ...... pCMW-1 TaqI VNTR 2.2 kb
2.0 kb 2.0 kb 2.0 kb

D15S86 ...... pMS620 MboI VNTR 3.6 kb
3.0 kb 3.0 kb

2.5 kb

lar analysis in patients with PWS without visible 15q
deletion, using probes within and outside of 15q 1-
13, have suggested that, in most cases studied, mater-
nal disomy extends over the entire chromosome (Ni-
cholls et al. 1992). The finding of heterozygosity or
homozygosity for maternal loci near the centromere,
and the finding of the reverse pattern distally, also
suggests the occurrence of nondisjunction during mei-
osis I or meiosis II, respectively (Rogan et al. 1991).
An alternative possible explanation for cases such

as the one we present would be mitotic nondisjunction
leading to a trisomic line (paternal/paternal/mater-
nal) and a monosomic cell line (maternal) with subse-
quent duplication of the monosomic line, as suggested
by Spence et al. (1988). This would lead to homozy-
gosity at all loci, whereas the mechanism discussed
above (meiotic maternal nondisjunction leading to a
paternal / maternal / maternal constitution with subse-
quent loss of the paternal chromosome in the fetus) is
likely to result in heterozygosity at some loci. Al-
though the studies in our case failed to show molecular
heterozygosity, there was cytogenetic heterozygosity
(fig. 2), making postfertilization nondisjunction un-
likely.

In the family with PWS presented here, maternal
disomy was detected in distal 1Sq by probe pMS620.
Both the patient and her mother are homozygous for
the same alleles detected by the probes within 15ql 1-13
(DlSS11, D15S13, D1SS9, DlSS10, D15S12, and
D15S24, as well as D15S86; table 2). This situation

is likely to be coincidental and related to (a) the fact
that the mother and child are both homozygous for
the most common allele at each locus and (b) the fact
that linkage disequilibrium is likely to be present for
proximal 15q. Cytogenetically it was thought that
there were two different chromosomes 15 in the pa-
tient, on the basis of 15p variation. Unfortunately,
blood for maternal grandparental cytogenetic and mo-
lecular studies is currently unavailable.
Whether liveborns who are euploid but who were

trisomic as early embryos would be normal is un-
known. In the case we present, the resultant maternal
disomy for a presumably imprinted area of the genome
resulted in an abnormality, PWS. It is not known what
the outcome would be if one of the two maternal chro-
mosomes 15, rather than the paternal 15, had been
eliminated from the trisomic embryo, nor what the
outcome would be if this event occurred on a different
chromosome in a nonimprinted region of the genome.
These processes will be far more difficult to demon-
strate. Other questions are also raised by this case. Is
it possible for the fetus, not just the placenta, to survive
having trisomy 15 for several gestational weeks? What
if there is mosaicism? What tissues are most suscepti-
ble to the effects of trisomy or uniparental disomy? Is
uniparental disomy the cause of some of the dysmor-
phic syndromes of unknown etiology or of unrecog-
nized patterns of malformation? This case also raises
questions about the management of the patient whose
CVS demonstrates a trisomy of any chromosome but
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whose amniocentesis is "normal." Can one no longer
be merely reassuring? When the trisomic chromosome
is 15, it is appropriate to do molecular studies seeking
uniparental disomy, the presence of which would sug-
gest PWS or Angelman syndrome, depending on
whether it is maternal or paternal disomy. In the fu-
ture, as probes to test for heterozygosity are developed
for other chromosomes, it may be appropriate to seek
potentially harmful uniparental disomy in all such
cases.
The issue of recurrence risk for PWS must also be

readdressed in light of this case. A recent review of
published and in-press reports of patients studied by
molecular genetic techniques demonstrates that virtu-
ally all individuals with clinically typical PWS have
paternal deletion i5qi1-13 or maternal disomy for
15q (Cassidy 1992). Indeed, even patients with PWS
who had inherited familial apparently balanced chro-
mosome rearrangements (primarily translocations) in-
volving chromosome 15 were found, by molecular
techniques, to have associated deletion or disomy of
15q, presumably predisposed to by the rearrangement
(Nicholls et al. 1989a; Hulten et al. 1991; Smeets et
al. 1992). Thus, all typical PWS appears to be caused
by absence of the paternal contribution to i5qi1-13.
Although recurrence of typical PWS under any circum-
stances is rare, recurrence ofPWS in a family in which
one member has a cytogenetic deletion or maternal
disomy has not been demonstrated. The few families
with recurrence in siblings showed normal chromo-
somes and have either not yet been studied with molec-
ular techniques (Lubinsky et al. 1987) or have shown
absence of deletion and of uniparental disomy (Anvret
et al. 1992). In the past, prior to the discovery of
uniparental disomy in this disorder, the empiric recur-
rence risk for PWS was suggested to be as little as
<0.1% (Cassidy 1987) to as much as 1.6% (Clarren
and Smith 1977). Since deletions likely represent a de
novo mutational event, it now seems reasonable to
propose a very low recurrence risk when a deletion
is present: certainly <1%. When maternal disomy is
present, it may be more appropriate to propose a max-
imum recurrence risk similar to that for Down syn-
drome due to nondisjunction-namely, 1%-2%-
though the need for an additional event (loss of the
paternal chromosome 15) would be expected to re-
duce this risk. The magnitude of recurrence in cases
of familial balanced translocation involving chromo-
some 15 is unknown but presumably is increased
above background risk and is probably >1%-2%,
on theoretical grounds. Confirmation or refutation of

these suggested recurrence risk figures will await
larger-scale studies of patients with PWS by using mo-
lecular genetic techniques.
The mechanisms and consequences of uniparental

disomy and genetic imprinting in humans are just be-
ginning to be unraveled. Publications which address
these issues have been incisive but primarily theoreti-
cal (e.g., see Hall 1990; Engel and DeLozier-Blanchet
1991). The case we present here demonstrates that
at least one of the mechanisms does occur-namely,
embryonic trisomy 15 with subsequent loss of the pa-
ternal 15 resulting in PWS due to maternal disomy.
This process is presumed to be due to maternal nondis-
junction, a presumption strengthened by the presence
of advanced maternal age in this case and in many
cases of PWS with uniparental disomy. The higher
incidence of maternal versus paternal nondisjunction
is a likely explanation of the fact that paternal disomy
ofchromosome 15 as a cause ofAngelman syndrome is
far less frequent than maternal disomy ofchromosome
15 as a cause ofPWS (Knoll et al. 1991). It is apparent
that there is still much to learn about both the genetics
ofPWS and the mechanisms by which this multisystem
complex disorder can occur. In the meantime, it will
be important to give recurrence risk counseling with
caution and to be on the alert for potentially instruc-
tive cases such as the one presented.
Note added in proof. -After submission of this

manuscript, the Journal published a letter which de-
scribes a case similar to that reported in the present
paper. That patient, a male, had trisomy 15 on CVS
followed by a finding of normal amniocyte chromo-
somes, and, after his birth, he was shown to have PWS
with maternal disomy for chromosome 15 (Purvis-
Smith et al. 1992). The authors of that letter note that
confined placental mosaicism is common and that this
type of "correction" of fetal trisomy by loss of a paren-
tal chromosome may be a frequent cause of human
abnormality based on uniparental disomy. Since the
consequences of uniparental disomy for most chromo-
somes remains unknown, we concur with these au-
thors that patients in whom trisomy is detected on
CVS and not confirmed on amniocentesis deserve
close clinical follow-up not only for the remainder of
the pregnancy but also for months or years thereafter.
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