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Abstract To investigate the involvement of uniparental
disomies (UPDs) in spontaneous abortions, we analyzed
in detail the polymorphism of microsatellites on each
chromosome in cases of abortion. Of the 52 spontaneous
abortions investigated, 25 had a normal karyotype. The
polymorphic analysis of these cases revealed that, in the
villi from 24 of the 25 cases, biparental patterns were
present in informative microsatellites in all autosomes.
In the remaining case with a 46, XX karyotype (case 18),
however, the informative patterns of the microsatellites
of chromosome 16 appeared to be both of maternal
origin. The results also showed that the region from the
distal end of the short arm to near the middle point of
the long arm of chromosome 16 (pter to D16S3107) were
heterozygous, and those of the remaining region of the
long arm (D16S3018 to qter) were homozygous. That is,
this fetus had maternal isodisomy and heterodisomy of
chromosome 16, originating from a maternal, meiosis I
non-disjunction of dyad 16 that accompanied a cross-
over at near the middle point of the long arm. The
present finding suggests that some UPDs may become a
cause for spontaneous abortions.
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Introduction

Among all recognized pregnancies, about 10–15% end
in spontaneous abortion. About half of these abortions
are caused by chromosomal abnormalities, including
many kinds of aneuploidy, polyploidy, monosomy of the
X-chromosome, and so on (Lauritsen 1976; Hassold
et al. 1980; Kajii et al. 1980; Warburton et al. 1980).
Some of the chromosomal abnormalities detected in
these abortions are also seen in liveborns, and the fre-
quency of pregnancies with each of these chromosomal
abnormalities that end in abortion is far higher than the
frequency of those which produce liveborns (Epstein
1986; Gardner and Sutherland 1996). The findings have
indicated that chromosomally unbalanced embryos are
mostly eliminated as spontaneous abortion during the
developmental stages.

On the other hand, the causes of other cases of
abortions of fetuses with a normal karyotype are
mostly unknown, although immunological and other
defects (Gill 1986; Chiu et al. 1996; Kaider et al. 1999)
have been detected in some cases. However, the fact
that typical chromosomal abnormalities account for a
large portion of spontaneous abortions suggests that
functional, structural, and constitutional abnormalities,
which are undetectable by usual chromosomal analysis,
may contribute to these abortions. These abnormalities
could be, for example, a deletion of fine chromosomal
segments including genes essential to fetal development,
abnormal inactivation of the X-chromosome, or
abnormal imprinting. Uniparental disomy (UPD)
of chromosomes having an imprinting region is also
included in this category. UPD cases cannot usually
be detected by chromosome banding, except for a
few cases with remarkable heteromorphism of the
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chromosomes. To-date, only a few UPD cases have
been found among spontaneous abortions (Shaffer
et al. 1998; Smith et al. 1998; Fritz et al. 2001). In the
present study, we analyzed the chromosomal origin of
spontaneous abortions with a normal karyotype, using
microsatellite polymorphic markers to investigate the
involvement of UPDs, and found one case of UPD for
chromosome 16 in 52 abortions.

Materials and methods

Cases of abortions analyzed

We obtained 143 cases of spontaneous abortion from the patients
admitted to the Department of Obstetrics and Gynecology, Nag-
oya City University School of Medicine, Nagoya and from the Cell
Bank, constructed by a Health Sciences Research Grant for Re-
search on Human Genome (H10-Genome-008) from the Ministry
of Health and Welfare of Japan. Of the 143 cases, the 52 that were
miscarriages of first-time pregnancies at weeks 7–9 were analyzed in
the present study. After the women and their spouses in these cases
had been given understandable and detailed information on this
study and its purposes, all agreed to allow the use of parental and
fetal materials for analysis. Peripheral blood of the woman and her
spouse and chorionic villi from the abortion were obtained in each
case.

Chromosomal analysis

Part of the villi from the abortions was cultured and prepared for
chromosomal analysis after 7–23 days. Peripheral blood lympho-
cytes from the patient and her spouse were also cultured and har-
vested conventionally for chromosomal analysis.

DNA extraction and polymorphic analysis of microsatellites

Genomic DNA was extracted from the villi of the aborted fe-
tuses and the blood of the women and their spouses by the
standard methods. Two hundred polymorphic microsatellite
markers on about every 2 Mb in all autosomes and the X-
chromosome were selected from the Genethon collections (Dib
et al. 1996). Most of the primer sets used in this study were
gratefully accepted gifts from Prof. Y. Nakamura of the Medical
Institute of Tokyo University, and other primers were synthe-
sized. Genotypes of the fetus and the parents for each marker
locus were determined using the DNA-sequencer-assisted method
with fluorescent microsatellite marker DNAs (Fujimoto et al.
1998; Alf Express Fragment Manager, Pharmacia Biotech).
When the results suggestive of UPD for certain chromosomes
were obtained, further analyses using other microsatellite mark-
ers on the same chromosome were carried out to clearly identify
the parental chromosome origin. To examine the exact stage
occurred, a non-disjunction and the existence of recombination
on chromosome 16 during maternal meiosis, we detected the
exact arrangement of allelic microsatellite patterns of each
chromosome 16 in the mother of the aborted fetus (case 18) by
analysis of the microsatellite patterns of the grandparents on the
mother’s side.

Results

Of the 52 spontaneous abortions investigated, 27
(51.9%) had chromosomal abnormalities: 47,XX or

XY,+16 and 45,X in five cases; 47,XX or XY,+22 in
three cases; 47,XX or XY,+9 and 69,XXY in two cases;
and 47,XX,+2, 47,XY,+10, 47,XX,+13, 47,XX,+15,
47,XY,+18, 47,XY,+21, 48,XX,+16,+22, 69,XXX,
70,XXY,+22, 92,XXYY in one case. Polymorphic
analysis of microsatellites was carried out in the
remaining 25 cases with normal karyotypes: 46,XX in 13
cases and 46,XY in 12 cases. Polymorphic analysis of
the villi from 24 of the 25 cases revealed biparental
patterns, one paternal and the other maternal, in
informative microsatellites in all autosomes and in the
X-chromosome of the 46,XX cases. The results thus
indicated that every paired chromosome originated
from one paternal and one maternal chromosome.

In the remaining case of 46,XX (case 18), the mi-
crosatellite polymorphic patterns of all paired auto-
somes and the X-chromosome, except chromosome 16,
indicated to be one paternal and one maternal chro-
mosome; however, the informative patterns of three
microsatellites of chromosome 16 were both of mater-
nal origin. Further polymorphic analysis of this case
was carried out using other primer sets for chromo-
some 16 (Fig. 1). The exact arrangement of microsat-
ellite patterns in each chromosome 16 in the mother
was detected by analysis of the grandparents on the
mother’s side (data not shown). Eight microsatellites
showed informative patterns clearly indicating both
maternal origin, and all patterns of the other 17 mi-
crosatellites were consistent with maternal origin. The
results also showed that the microsatellite patterns in
the region from the end of the short arm to about the
middle part of the long arm of chromosome 16
(D16S423 to D16S3107) were heterozygous, while those
in the remaining region from that point to the distal
end of the long arm (D16S3018 to D16S413) were
homozygous. That is, the microsatellite analyses indi-
cated that this fetus had maternal isodisomy and
heterodisomy of chromosome 16. The results also re-
vealed that both chromosomes 16 originated from a
maternal, meiosis I non-disjunction of dyad 16; one
accompanied one meiotic recombination at about the
middle of the long arm, and the other had no recom-
bination. In this case, all the 100 cells analyzed had a
normal karyotype of 46,XX, and there was no evidence
of mosaicism including trisomy 16.

Case 18 was the first pregnancy of a 32-year-old
woman. Her spouse was 33 years old. The karyotypes of
the woman and her spouse were normal. There was
nothing remarkable either before or during the early
period of pregnancy. When the pregnancy was con-
firmed at 6 weeks and 2 days, the gestational sac was
about 16 mm and heartbeat was confirmed. The fetus
was diagnosed as having a stopped heartbeat in the
eighth week of pregnancy, and aborted finally at
8 weeks and 4 days of pregnancy. In the aborted
materials, the fetus could not be found. Abnormal fig-
ures indicating signs of hydatidiform, and cystic features
were not found in the chorionic villi obtained from the
abortion in this case.
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Discussion

The frequency and distribution of chromosome abnor-
malities in the present study of spontaneous abortions
were similar to the data in the previous studies (Carr and
Gedeon 1977; Hassold et al. 1980; Kajii et al. 1980).
Whereas the frequency of polyploidies was compara-
tively low, and the respective frequency of some
abnormalities differed as compared with the previous
studies, these discrepancies may be due to a small
number of cases in the present analysis.

Full UPDs for various chromosomes have been de-
tected by DNA polymorphic analysis and other methods
in human individuals with chromosomal abnormalities,
imprinting disturbances, and non-Mendelian inheritance
of recessive genes. In a previous review (Engel 1998),
maternal (mat) UPDs of chromosomes 1, 2, 4, 6, 7, 9, 10,
13–16, 21, 22, and X, and paternal (pat) UPDs of
chromosomes 1, 5–8, 11, 13–16, 20–22, and X have been
reported. Among these UPDs, some cases, such as of
UPDs 1, 13, 21, and 22, which do not relate to anom-
alous transmission of recessive genes, had almost no
clinical features (Ledbetter and Engel 1995; Morison
and Reeve 1998). In contrast, abnormal clinical features
have been distinctly shown in cases of both pat and mat
UPDs 14 and 15 (Nicholls et al. 1989; Antonarakis et al.
1993; Bottani et al. 1994; Cotter et al. 1997). Abnormal
clinical features were also shown in cases of pat UPDs 6
and 11 (Henry et al. 1991; Temple et al. 1995) and in
cases of mat UPDs 2, 7, and 16 (Vaughan et al. 1994;
Kotzot et al. 1995; Johnston et al. 1996). In particular,
serious clinical features have been described in some
cases of mat UPD 2 showing phenotypes of severe
growth retardation, renal failure, and pulmonary dys-
plasia (Webb et al. 1996; Shaffer et al. 1997) of pat UPD

14 showing skeletal dysplasia and thoracic narrowing
(Cotter et al. 1997), and of mat UPD 16 showing con-
genital heart and digestive-tract anomalies and stunted
growth (Vaughan et al. 1994). Furthermore, no UPDs of
chromosomes 3, 12, and 17–19 have been found in any
case to-date. These findings, therefore, suggest the pos-
sibility that some UPD cases may also exhibit serious
abnormalities before birth, including during the periods
of embryogenesis and early fetal development. Previous
mouse studies have clearly indicated that some UPDs
affect the development of embryos and placentas
(Ferguson-Smith et al. 1991). In humans, however, it has
not been sufficiently ascertained whether UPDs affect
development before birth, including early embryogene-
sis, implantation, organogenesis, and differentiation,
through the involvement of some imprinting genes. In
the present study, we documented the first case of mat
UPD 16 in a human spontaneous abortion. This finding
indicates the possibility that UPDs may affect
the development of the fetus.

To-date, many UPD 16 cases in fetuses and liveborns
have been reported in the literature. Whereas one was a
child of pat UPD 16 without any clinical abnormality
(Kohlhase et al. 2000), mat UPD 16 cases showed
clinical abnormalities such as body stalk anomaly,
intrauterine growth retardation, imperforate anus, and
congenital heart disease (Kalousek et al. 1993; Vaughan
et al. 1994; O’Riordan et al. 1996; Abu-Amero et al.
1999; Chan et al. 2000). Mat UPD 16 has frequently
been associated with trisomy 16-confined placental
mosaicism (CPM) (Kalousek et al. 1993; Yong et al.
2003). In the present study, the analysis of a large
number of cells from cultured chorionic villi excluded
the possibility of CPM and, thus, suggests that the case
of UPD 16 was probably derived from a trisomy rescue

Fig. 1a, b Polymorphic
patterns of microsatellites of
chromosome 16 seen in the
aborted fetus and the parents in
case 18. a List of primers that
showed informative patterns of
microsatellite polymorphism
and the size of PCR products
(bp). The arrangement of
markers and the locus of the
centromere are roughly shown.
b Polymorphic patterns of
microsatellites in the fetus (case
18) and the parents. The
arrangement of microsatellite
patterns in each chromosome
16 of the mother was detected
by analysis of the grandparents
on the mother’s side (data
not shown). The polymorphic
analysis indicates that this
is a case of maternal iso/
heterodisomy of
chromosome 16
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event at the first mitotic stage or from fertilization be-
tween disomic and nullisomic gametes. The result also
suggests the possibility that the clinical or pathological
effects of full mat UPD 16 on pregnancies may differ
from cases of mat UPD 16 associated with CPM of
trisomy 16.

The mechanism of UPDs is first considered to be
derived from the trisomy rescue event (Cassidy et al.
1992; Purvis-Smith et al. 1992). Full trisomy 16 is the
major cause of spontaneous abortions, and the fre-
quency of trisomy 16 seen in spontaneous abortions may
be higher than that of any other trisomy. Therefore,
UPD 16 may be due to the process of trisomy rescue.
One can also consider UPD by fertilization between
nullisomic and disomic gametes for the same chromo-
some, but the frequency of UPDs produced by this
mechanism may be low. Though the results confirmed a
low incidence of UPD in spontaneous abortion (Fritz
et al. 2001), the possibility of UPD 16 causing sponta-
neous abortion has not been excluded.

Most trisomies seen in liveborns, including trisomies
18 and 21, are also found in spontaneous abortions at
several times the rate in liveborns; for example, trisomy
21 is found at about 3.3 times the rate in liveborns and
trisomy 18 at more than 15 times, according to the cal-
culations of the data of Carr and Gedeon (1977) and
Hook and Hamerton (1977) with the assumption that
spontaneous abortions occur at the rate of about 15% of
conceptions. These facts also suggest that UPDs seen in
liveborns with congenital abnormalities may become a
cause for spontaneous abortions, in the same way as
trisomies. However, the relationship between UPDs and
abortion is still not well understood. In the literature to-
date, there have been only two reported UPD cases
(UPDs 9 and 21) among spontaneous abortions (Fritz
et al. 2001), and the present case is the first report of
UPD 16 in spontaneous abortions. So far, there have
been four studies searching for UPD in consecutively
corrected spontaneous abortions of a normal karyotype
(Shaffer et al. 1998; Smith et al. 1998; Fritz et al. 2001;
present study). The combined frequency of UPD cases
from these studies is 1.65% (3/182), which confirms a
low incidence of UPDs in spontaneous abortions (Fritz
et al. 2001). The data indicated that while the frequency
of UPDs in spontaneous abortions may be low, the
possibility of UPDs causing spontaneous abortion has
not been excluded.

However, there is still an insufficient number of de-
tailed studies on the origin of whole chromosomes in
spontaneous abortions, using DNA polymorphic anal-
yses and other means. In order to clarify the relationship
between UPDs and spontaneous abortions, or the effects
of UPDs during the developmental stages in humans,
further investigations of abortions using DNA poly-
morphic markers and other means are needed. Through
these studies, one may discover unknown imprinting
regions in human chromosomes and genes only acti-
vated during limited periods such as embryogenesis and
fetal development.
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