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A B S T R A C T

Objective: About 10–15% of all clinically recognized pregnancies end as spontaneous abortions while at
least 50% of pregnancies are lost before reaching term gestation. Genetic abnormalities are responsible
for �50% of all early miscarriages. The aim is to indentify associations between UPD and abortions and
regarding UPD as pathogenetic mechanism possibly to understand the role of imprinted genes or
recessive mutations in abortions.
Study design: To determine additional factors causing spontaneous abortions we searched for uniparental
disomies (UPD) which is known to be associated with distinct birth defects as per the chromosome
involved and parental origin. Studies were carried on DNA of 68 cases of first trimester spontaneous
abortions and DNA of their parents. We examined tissue from aborted fetuses, especially in the first
trimester, with molecular techniques to detect UPD to chromosomes that contain imprinting genes.The
inheritance of each region of the chromosome was determined by comparing the genotypes obtained
from abortion and parental DNA.
Results: Of the 68 cases of spontaneous abortions investigated, 324% were found to be biparental
inheritance or were uninformative in locus that they were examined, 4118% were matUPD, 147% trisomy
for a chromosome, 8,8% patUPD and 294% matUPD and trisomy for a certain chromosome. Most cases of
UPD found on chromosomes 21 and 14. Many of those are found in combination with chromosomes 13,
20 and 22.
Conclusions: UPD might be a common finding among spontaneous abortuses. UPD can be a cause of
miscarriage if localized to regions of chromosomes with imprinted genes which control embryogenesis
and fetal development and or can activate a recessive mutation in genes which are essential for early
embryogenesis.

© 2019 Elsevier B.V. All rights reserved.
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Introduction

About 10–15% of all recognized pregnancies end as spontaneous
abortions while at least 50% of pregnancies are lost before reaching
term gestation [1,2,4]. The majority of spontaneous abortions (SM)
occur during the first trimester [1,3,4]. Repetitive spontaneous first
trimester spontaneous abortions as well as second and third
trimester fetal deaths are considered as recurrent pregnancy losses
(RPL) and represent 1% of all pregnancies [5]. The risk of
spontaneous abortions in a clinically recognized pregnancy is
rising from 12% in women younger than 20 years to 26% in women
aged over 40 years [6–8].

It is well known that chromosome abnormalities are responsi-
ble for more than 50% of the abnormal genetic abnormalities in all
early spontaneous abortions [2–4] (Table 1).

The term uniparental disomy (UPD) was first introduced by Engel
in 1980 [10]. UPD is the presence of both copies of a chromosome, or
partof a chromosome, from only one parentandwith the subsequent
absence of the corresponding copies from the other [11,12]. UPD can
eitherbematernally (matUPD) orpaternally(patUPD)derived.There
are two different types of UPD: isodisomy (iUPD): the inheritance of
two copies of one parental chromosome and heterodisomy (hUPD):
the inheritance of two different homologouschromosomes from one
parental chromosomal pair [13–15].

UPD can be formed either in the entire chromosome or in part
or a region of a chromosome (segmental UPD interstitial or
telomeric). 11% of all UPD cases are segmental [15–17]. Complex
UPD is UPD of a part or a whole chromosome when is associated
with a chromosomal aberration [14,18,19].

The most likely mechanisms of formation of UPD are trisomy
and monosomy rescue. Mechanisms like post fertilization error
and gamete complementation are also contributing in UPD
formation but are rare [10,16,20,21].

The frequency of UPD depends on that of aneuploidy, which is
rather high in human gametes. When these abnormal gametes are
involved in fertilization, there is an increased risk for the
pregnancy to be lost during the first trimester [10,17,22]. Taking
into account the frequency of trisomies in spontaneous abortions
stemming from meiotic errors in human gametes, the frequency of
UPD is estimated at 1.65 per 1000 conceptuses [13,21,23].

There are several problems associated with UPD: a) trisomy
mosaicism (placental or embryonic), b) abnormal genomic
Table 1
Genetic abnormalities of spontaneous abortions.

% of cases References

Chromosomal Abnormalities
Structural anomalies �10% [36]

Numerical abnormalities �90% [29,24]
monosomy X 20% [24]
Polyploidy 20% [24]
Triploidy 6% [35]
autosomal trisomies 60% [24,29]

trisomy 16 20%-30% [24]
trisomy 21 20% [24,29,36]
trisomy 22 20% [24,29,36]
Parental balanced translocation 3%-6% [24]
Confined placental mosaicism (CPM) 20% [24,30,19]
Single gene disorders 10% [24,36]
Thrombophilia 10% [9]
X-linked conditions 10% [36]
imprinting and c) homozygosity of autosomal recessively inherited
mutations.

Trisomy mosaicism can be formed either with hUPD and iUPD
with the aneuploid cell line apparently often confined to the
placenta and somatically undetected. Although miscarriage could
result from mosaicism [12,24], true mosaicism only accounts for
about 0.125–0.2% of early miscarriages [17,25,26]. Most mosaicism
is demonstrated as confined placental mosaicism (CPM) and
accounts for 0.7–2% [25,27,28]. CPM may lead to pregnancy loss
and intrauterine growth restriction, in up to 20% of cases [1,26,29].
CPM with trisomy 16 has the higher pregnancy loss rate [1,13,24].

In genomic imprinting, a small group of genes (so called
“imprinted genes”) are expressed from only one parental allele,
either maternal or paternal. It is known that imprinting is tissue
specific and the genes controlling growth, cell division and
development of trophoblast and embryonic tissues at the early
stages, are imprinted and important for fetal and placenta
development [30,31] (Table 2). Thus it is logical to propose that
a UPD of a chromosome carrying imprinted genes affects their
normal monoallelic expression and it could be hypothesized that
spontaneous abortions could be one of the groups with an elevated
observed frequency of UPD [1,32].

The phenotypic effect of UPD is also determined by a possible
homozygotization of recessive mutant genes as a consequence of
isodisomy. Upon mutations in genes which are essential for early
embryogenesis, UPD may lead to the arrest of intrauterine
development, or in spontaneous abortions [16,32].

Material and methods

Cases

Studies were carried on DNA of 68 cases of first trimester
spontaneous abortions and DNA of their parents. All of the parents
in these cases agreed to allow the use of parental and fetal
materials for analysis, after being given understandable and
detailed information on this study and its purposes. Peripheral
blood of the parents, placenta and extraembryonic tissues from the
abortion, were obtained for each case.

Most of them represented cases of early embryolethality
diagnosed during ultrasound examination of pregnant women.
72 embryos were examined of which 61 (84.7%) were spontaneous
abortions with no apparent clinical characteristics, while the
remaining 11 (15.3%) showed clinical features which either
resulted in intrauterine death or in pregnancy termination. The
embryonic material represented, as a rule, by fetal sac tissues were
provided by Department of Obstetrics and Gynaecology, hospital of
Ioannina. The gestation age varied from 5 to 16 weeks and was
8.5 � 2.6 weeks, on average.

Molecular analysis

Of the 72 samples received, successful molecular analysis was
possible in 68 samples. Genomic DNA was extracted from placenta
and extraembryonic tissues of spontaneous abortuses using
QIAamp Blood Mini Kit and from peripheral blood lymphocytes
of parents by the standard method.

Search for uniparental disomies for nine human chromosomes
was carried out by analysis of the pattern of inheritance of alleles of
polymorphic DNA markers localized on these chromosomes from



Table 2
Imprinting genes and UPD.

Gene Locus expression UPD Role and consequences Syndrome

GRB10 7q12.2 B m – SRS
PEG1/
MEST

7q32.2 P m regulates placental and fetal growth SRS (5%) and IUGR

PEG10 7q21 P m When down expressed causes abortion SRS
IGF2 11p15.5 p p play a role in fetal development and is a potent embryonic growth factor BWS (20%) SRS
H19 11p15.5 m p is essential for the growth of embryonic and extraembryonic tissues SRS
PHLDA2 11p15.5 m Plays a role in regulating placenta and fetal growth IUGR
KCNQ10T1 11p15.4 m P increased risk of embryonal tumor formation and plays a role in embryonic

and placental growth
BWS, absence causes neonatal lethality in the
mouse (10%)

MEG3/
GTL2

14q32.2 m P placenta size and organization, and prenatal lethality in mice phenotypes similar to paternal UPD14

DLK1 14q32.2 p M Play a role in neuroendocrine differentiation phenotypes similar to maternal UPD14
UBE3A 15q11.2 m P AS

Table 3
Molecular analysis with polymorphic markers results.

Number of samples Result Rate (%)

, < tot

14 8 22 Normal-Non informative 324%
26 2 28 matUPD 4118%
5 1 6 patUPD 8,8%
1 – 1 Trisomy 13 147%
1 – 1 Trisomy 18
5 3 8 Trisomy 21
1 – 1 Trisomy 14 kαi 21 294%
1 – 1 Trisomy 14, 21 kαi 22
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parents. A panel of 25 dinucleotide markers which were selected
based on high heterozygosity (ranging from 0.91 to 0.65 with most
being 0.8 or higher), was used for analysis of chromosome
inheritance. The information about sequence of oligonucleotide
primers and conditions of amplification was obtained from the
genomic database (www.gdb.org).

PCR products were analysed by separation according to their
length on 12% polyacrylamide gel electrophoresis visualised by
silver staining. The inheritance of each chromosome was deter-
mined by comparing the genotypes obtained from abortion and
parental DNA. Determination of UPD was based on at least two
informative markers. This analysis was not designed to identify or
exclude partial or segmental UPD. However, in a few cases proved
either uninformative, or only eliminated the possibility of UPD
inherited from only one of the parents, further testing was
performed using random polymorphic markers for the uninfor-
mative chromosomes until our objective of excluding holochro-
mosomic UPD was met.

A DNA marker (SRY) which is located in gene region for the
determination of the sex in humans was used for the determina-
tion of sex of the samples.

From the entire sample, we can exclude the maternal
contamination in: a) all male samples, for the reason that carry
the Y chromosome, b) samples that either by molecular or
cytogenetic analysis have diagnosed with a trisomy for a specific
chromosome, c) samples that after molecular analysis bearing
zones that correspond to zones of paternal origin in one or more
chromosomes and d) 46,XX samples, which have diagnosed with
patUPD.

But we cannot exclude the existence of maternal contamination
in some female fetuses which show matUPD and normal karyotype
(46, XX). For this reason, we tested all the samples which were
diagnosed with matUPD in more than one chromosome. These
samples did not produce visible bands of paternal origin when
tested with polymorphic DNA markers and it was not possible to
analyze karyotype.

Bioinformatics

Using bioinformatics (http://genome.ucsc.edu) we searched for
genes in the regions of polymorphic markers that were used for
molecular analysis, mutations in which are possibly related to
embryonic development (Table S1).

Results

Of the 72 cases studied a successful molecular evaluation was
performed in 68 cases (94.5%). Polymorphic analysis has revealed
the following results as shown in Table 3.
Originally a way to exclude maternal contamination in fetal
tissues is to check the area of the SRY gene of the Y chromosome
responsible for sex determination in humans. After the molecular
analysis 55 samples were female (764%) and 17 were male (236%).

Nine samples of the 26 female samples that were diagnosed
with matUPD were examined for maternal cell contamination. The
seven of them were founded to be contaminated with maternal
cells and were excluded from the study.

The number of cases and rates for matUPD, patUPD and trisomy
in each marker used for the molecular analysis of the samples are
presented in Table 4.

Using bioinformatics we found several genes, which recessive
mutations are responsible for clinical features such as develop-
mental delay, embryonic development or are associated with
clinical syndromes that may lead to embryonic arrest and possibly
spontaneous abortions. Those genes are presented in Table S1.

Discussion

Our study was designed to examine tissue from aborted fetuses,
especially in the first trimester, with molecular techniques to
detect UPD to chromosomes that contain imprinting genes.

The trisomy 21 (20%) is the second most observed trisomy in
spontaneous abortions after trisomy 16 (20–30%) [27,33]. From the
molecular analysis, we found that trisomy 21 was observed at a
greater rate than other trisomies. In our samples trisomy 21 is the
most frequent trisomy observed as well as more frequently
appeared UPD21, where it can be the result of rescue trisomy 21.
Also we observed that our samples exhibit large percentage of
random chromosomal rearrangements.

According to the literature the rate of observed matUPD
compared with patUPD is larger, which is confirmed by our own
results [10]. This difference in rate of maternal and paternal UPD is
due to the fact that most events of not segregation of chromosomes
in meiosis occurring during the formation of eggs in approximately

http://www.gdb.org
http://genome.ucsc.edu


Table 4
Cases of UPD and trisomy in each polymorphic marker that were used.

Chromosome Marker Chromosome Region Number of examined families IN % NI %

total BPI UPD Tr NI

mat pat

7 D7S645 7q11.22 13 1 1 0 0 11 15.4% 84.6%

13 D13S1295 13q34 8 1 0 0 1 6 25% 75%
D13S1243 13q12.12 20 1 1 0 1 17 15% 85%

14 D14S608 14q12 55 15 12 3 2 23 58% 42%
D14S1279 14q31.3 11 1 2 1 0 7 36.4% 63.6%
D14S267 14q32.2 11 10 0 0 0 1 91% 9%

15 D15S542 15q11.2 2 0 2 0 0 0 100% 0%
GABRB3 15q12 2 0 1 0 0 1 50% 50%

16 D16S3121 16q24.3 11 0 2 1 1 7 36.4% 63.6%
D16S3045 16p12.3 10 10 0 0 0 0 100% 0%
D16S3018 16q23 19 3 2 1 0 13 31.6% 68.4%

18 D18S59 18p11.32 19 6 4 1 3 5 73.7% 26.3%
D18S1141 18q23 7 0 0 0 1 6 14.3% 85.7%

20 D20S96 20q13.1 10 6 4 0 0 0 100% 0%
D20S171 20q13.32 9 0 1 1 0 7 39.5% 60.5%
D20S162 20p12.2 4 0 1 0 0 3 25% 75%

21 D21S11 21q21.1 17 2 7 1 3 4 76,5% 235%
D21S1437 21q21.1 55 6 14 3 5 27 51% 49%
D21S1446 21q22.3 64 16 9 4 6 29 54.7% 45.3%
D21S1270 21q22 15 2 1 1 1 10 33,4% 666%

22 D22S1138 22q11.21 25 0 0 0 0 25 0% 100%
D22S1169 22q13.32 5 0 1 1 0 3 40% 60%
D22S281 22q12 23 7 5 1 1 9 61% 39%

BPI: Biparental Inheritance, Tr: Trisomy, NI: Non Informative, IN: Informative.
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50% (maternal meiosis I) despite the spermatozoa (5%) [22,34].
There is a higher frequency of aneuploidy in oocytes (20%) than in
sperm (10%) because the oocyte has a less active machinery to
eliminate chromosomal mistakes when compared to the sper-
matocyte [20,22].

According to our results the percentage of observed matUPD is
larger compared with patUPD. A total of 35 samples showed UPD at a
ratio of about 6:1 (6 matUPD: 1 patUPD). Mainly are UPD of a section
of chromosome (segmental UPD) for chromosomes 7, 13, 14, 16, 18,
20, 21 and 22 or for the entire chromosome for chromosome 21. Most
cases of UPD found on chromosomes 21 and 14. Many of those are
found in combination with chromosomes 13, 20 and 22.

Conclusion

UPD of chromosome regions or chromosomes containing
imprinted genes or recessive mutations can lead to severely
harmful phenotypes or to spontaneous abortions if are involved
genes which control embryogenesis and fetal development.

Trisomic rescue and UPD should be highly actual fields of research,
considered as important for epigenetic gene regulation. Thus,
cytogenetic tools like fluorescence in situ hybridization could also
be of interest in UPD-research. The genetic background of a ‘UPD-
patient’, needs to be thouroughly investigated by molecular and
cytogenetics methods since a UPD event is associated with one third of
the chromosomal rearrangements in general. To avoid abortion is
necessary to examine embryos for UPD with PGD techniques.
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