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Examination of trisomy 13, 18 and 21 foetal tissues at
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In man high levels of aneuploidy are seen in spontaneous abortions. Very few autosomal trisomies survive
to birth, the three most common being those for chromosome 13, 18 and 21 giving rise to the syndromes
named Patau, Edwards and Down respectively. Since the majority of these spontaneously abort, what
makes the survivors different from the aborters? Could it be that they have tissue specific mosaicism with
the additional normal cell line supporting survival? In this study fluorescence in situ hybridisation was used
as a convenient way to detect trisomy in interphase cells. To study the level of mosaicism across gestation,
different tissues from 21 trisomic foetuses were analysed using probes for chromosome 13, 18, 21, X and Y.
Two trisomy 18 foetuses exhibited mosaicism. Two others, one trisomy 13 and one trisomy 18 had mosaic
placentas. There was no clear association between the limited mosaicism seen and severity of the
phenotype. We conclude that at least for this sample set, tissue-specific mosaicism was not likely to be
responsible for potential survival to birth. European Journal of Human Genetics (2000) 8, 223–228.
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Introduction
Aneuploidy is probably the major reason for pregnancy loss,1

with over 60% of first trimester miscarriages having an
abnormal karyotype, half of which are autosomal trisomy.2

The majority of aneuploid pregnancies are lost early during
gestation with only 5.8% of still-borns3 and 0.59% of live-
borns having a chromosomal defect.4 Of those autosomal
trisomies that survive to birth, trisomies 13 (Patau syndrome,
1:5000 births), 18 (Edwards syndrome, 1:3000 births) and 21
(Down syndrome 1:700 births) are the most common.5 It has
been suggested that the presence of a euploid placenta could
create an in utero environment that will maintain these

trisomies to birth. In 14 cases of trisomy 13 and 18, a normal
cell line (12–100%) was documented in the cytotrophoblast.
However, this was not seen in 12 cases with trisomy 21.6

Nevertheless, survival of the small proportion of these
trisomies to term and beyond could be due to tissue-specific
mosaicism.

Fluorescence in situ hybridisation (FISH) can be used to
study chromosome copy number in interphase cells7 and this
technique has been used successfully as a rapid alternative to
conventional karyotyping.8 FISH is also useful in situations
where it is difficult to obtain metaphase spreads for karyotyp-
ing, such as cancer tissue,9 preimplantation embryos10 and
foetal material after miscarriage. Studies using FISH on
preimplantation embryos and first trimester chorionic villus
biopsies have shown that chromosomal mosaicism occurs at
early stages of development.11–13

Analysis of villi from chorionic villus sampling (CVS) has
shown that 1–2% of pregnancies exhibit confined placental
mosaicism (CPM) where the karyotype of the placenta is

Correspondence: Dr Gudrun E Moore, Department of Maternal and
Fetal Medicine, Division of Paediatrics, Obstetrics and Gynaecology,
Imperial College of Science, Technology and Medicine, Queen
Charlotte’s and Chelsea Hospital, Goldhawk Road, London W6 0YG; UK.
Tel: + 44 8383 5231; Fax: + 44 8383 3922; E-mail: g.moore@rpms.ac.uk
Received 1 July 1999; revised 12 November 1999; accepted
16 November 1999

European Journal of Human Genetics (2000) 8, 223–228
© 2000 Macmillan Publishers Ltd All rights reserved 1018–4813/00 $15.00 y
www.nature.com/ejhg



different from that of the foetus.14,15 One possible explana-
tion is that mitotic error occurs after the differentiation of the
embryonic and chorionic compartment.16 The chance of
mosaicism occurring in the chorionic compartment is greater
because 64% cells are destined to become trophectoderm
rather than the inner cell mass or embryo proper.17 If
mosaicism occurs before the differentiation of those two
compartments, the embryo proper might have some control
mechanisms to limit the replication of the abnormal cells.
This would result in a very low proportion or absence of
aneuploid cells in the embryo with mosaicism persisting in
the placenta. There could also be some separate mechanism
that preferentially allocates abnormal cells to the trophecto-
derm.18,19 In postnatal studies on dysmorphic patients there
have been several reports of different proportions of abnor-
mal cell lines in lymphocytes vs skin fibroblasts.20–23 In some
instances, mosaicism is confined to a specific organ, or
present in various percentages in different organs.24,25 In
addition, karyotyping at different ages in mosaic patients
have shown a decrease in the number of abnormal cells with
time.20,23,26 This implies a selective advantage for the euploid
cell.

Most of these studies were based on conventional kar-
yotyping. In our study interphase FISH has been used to
examine samples from foetuses with trisomies 13, 18 and 21
to evaluate the level of mosaicism in different tissues across
gestation. As the tissue had been snap-frozen conventional
karyotyping could not be performed. Given the difficulty of
studying tissues from trisomic patients that survive to and
beyond birth, our cohort contained 21 foetal sample sets
with over half from mid to late second trimester. This
represents a population that would most likely have survived
to term. If mosaicism was found could it be related to the
severity of the phenotype and the capacity to survive to and
beyond birth?

Materials and methods
Sample preparation
Samples of foetal tissue from different organs were collected
after therapeutic terminations at 11–26 weeks of gestation.
Twenty-one cases were examined–four cases due to tris-
omy 13, 10 cases of trisomy 18, and 7 cases with trisomy 21.
Placenta, lung, brain, muscle, kidney, liver, gut, heart, skin,
and adrenal tissues were studied. Not all the tissues were
collected from every pregnancy. Frozen tissues from euploid
pregnancies were also collected and studied in the same
manner.

Foetal tissues were snap-frozen immediately and stored at
–80°C. Samples were prepared with a cut tissue surface
dabbed on to a clean slide. In each of the four repeats
different areas within the frozen blocks were sampled. The
slide was flooded with fixative (3:1 methanol : acetic acid),
allowed to dry, flooded with 70% acetic acid, allowed to dry
and dehydrated through an ethanol series.

A control slide was prepared for each FISH from a normal
male lymphocyte culture and hybridised in parallel. In
addition, three skin fibroblast cultures from foetuses trisomic
for chromosome 13, 18 and 21 were analysed in both
metaphase and interphase to assess the accuracy of detection
of the signals in interphase. The collection of the tissues for
this study had maternal consent and local ethical committee
approval (Project registration 94/4290).

Fluorescence in situ hybridisation
FISH was performed as described previously.27 The sex of the
foetuses was determined in placenta using probes for the X
and Y chromosomes. This was to verify the karyotypic data
and to rule out any maternal contamination (which is only
possible for male foetuses); see Tables 1 and 6. All probes were
obtained from (Vysis UK Ltd, Richmond, UK). CEP18,
Spectrum Aqua (alpha satellite D18Z1) probe hybridises to
the centromere region of chromosome 18 (18p11.1–q11.1).
CEPX Spectrum Green (alpha satellite DXZ1) probe hybrid-
ises to the centromere region of chromosome X
(Xp11.1–q11.1). CEPY Spectrum Orange (alpha satellite
DYZ3) probe hybridises to the centromere region of chromo-
some Y (Yp11.1–q11.1). LSI 13 Spectrum Green LSI 13 RB-1,
probe hybridises to the long arm of chromosome 13, 13q14.
LSI 21 Spectrum Orange (Loci D21S259, D21S341, D21S342)
probe hybridises to the long arm of chromosome 21,
region 21q22.13–q22.2. The FISH images were visualised
using Zeiss Axioscope fluorescence microscope and captured
using a cool, coupled, charged device camera (photometrics)
and analysed using Smartcapture software.

To test the variation in sensitivity of the technique
between interphase and metaphase a trisomic fibroblastoid
cell line was analysed for chromosomes 13, 18 and 21. Over
2400 interphases were counted and compared with > 30 met-
aphases per trisomy (see Table 2).

Each trisomic frozen tissue sample was hybridised four
times independently and > 300 interphase nuclei were
counted on each side. Four different operators carried out
these experiments. They all did several blind studies using
the same tissues and similar probes. Differences in the
scoring were within the standard deviations found. The
accepted criterion for separate signals is that the signals
needed to be more than one signal-distance apart.28 The
percentage mean of the cells with three signals was compared
with the mean found in the interphase of the trisomic
fibroblast cultures (see Tables 3–5).

Results
The clinical details and conventional cytogenetic results at
CVS or amniocentesis are presented in Table 1. In every case
the initial cytogenetic analysis demonstrated that all the
metaphases examined were trisomic. The sexing of the foetal
tissue by FISH verified the sexing from the cytogenetic data

Tissue-specific mosaicism in trisomies 13, 18 and 21
y GE Moore et al

224

European Journal of Human Genetics



with the exception of 18.6 where maternal contamination is
suspected in the placenta.

The skin fibroblast cultures from foetuses with trisomy 13,
18 and 21 respectively were all fully trisomic after counting at
least 30 metaphases. The average percentages of cells with
three signals for each trisomy derived from counting inter-
phase cells were 10% to 20% lower. The number for
trisomy 18 was lower than that for trisomy 21 and 13 (79% vs
88%). The chromosome 18 probe is an alpha-satellite probe,
giving a larger signal and more chance of overlap of the
signals in interphase. These fibroblast culture interphase
values represent the controls to which the interphase counts

from the frozen trisomic tissue would be compared. A score
of 80% for chromosome 18 and 90% for chromosomes 13
and 21 would indicate a full trisomic line in that tissue (see
Table 2).

Tables 3–5 show the mean percentages from each tissue
from the frozen trisomic samples. The figures for trisomy 18
were in the range of 65–85% while the ones for trisomy 21
were 85–95% and for trisomy 13 were 90–95%. One foetus
was considered to be mosaic in the trisomy 18 group (18.9).
From the two tissues available, liver and gut, only 45% of
cells had three signals. Also, 18.10 showed a 61% level of
trisomy 18 in brain, clearly lower than the expected 79%.

Table 1 Conventional cytogenetic and clinical features of the cases in the study

Patient Maternal Gestation Cytogenetic Clinical data
age (wks)

Cell count Karyotype

13.1 31 19 5 CVS 47,XX+13 multiple abnormalities
13.2 37 20 15 A 47,XY+13 cleft lip, cleft palate, polydactyly, rockerbottom feet
13.3 42 23 5 CVS 47,XX+13 cleft palate, hydronephrosis, rockerbottom feet, exomphalos
13.4 26 26 10 FB 47,XX+13 multiple abnormalities

18.1 43 11 5 CVS 47,XX+18 no abnormalities seen at US or TOP
18.2 41 12 5 CVS 47,XX+18 no abnormalities seen at US or TOP
18.3 46 13 5 CVS 47,XX+18 no abnormalities seen at US or TOP
18.4 38 13 10 CVS 47,XY+18 no data
18.5 44 13 7 CVS 47,XX+18 no data
18.6 39 16 5 CVS 47,XY+18 multiple abnormalities on US
18.7 41 18 5 A 47,XX+18 low set ears, rockerbottom feet
18.8 42 18 5 A 47,XX+18 multiple abnormalities on US
18.9 45 18 5 CVS 47,XX+18 mild phenotype, rockerbottom feet
18.10 33 20 5 CVS 47,XY+18 multiple abnormalities on US

21.1 36 13 10 CVS 47,XY+21 abnormal US
21.2 38 15 10 CVS 47,XY+21 no data
21.3 31 17 15 CVS 47,XX+21 no abnormalities detected by US
21.4 42 17 15 A 47,XX+21 no abnormalities detected by US
21.5 40 17 15 A 47,XY,inv(8) no data

(p23.1q23.2),+21
21.6 31 18 15 A 47,XX+21 a small ventricular septum defect
21.7 38 no data 10 CVS 47,XY+21 no data

TOP=termination of pregnancy; US=ultrasound; CVS=chorion villus sample; A=amniocentesis; FB=fetal blood sample

Table 2 Cells with three signals out of total cells counted from trisomic fibroblast cultures (3 separate lines for each trisomy and
8 separate counts per trisomy

Interphase cells Metaphase cells
percentages cells counted percentages cells counted
(mean±S.D.) (total) (mean±S.D.) (total)

Trisomy 13 88.40±4.0 2449 100 32
Trisomy 18 78.93±4.7 2652 100 31
Trisomy 21 87.97±3.4 2422 100 55

Table 3 Percentage mean plus standard deviation of cells with three signals from trisomy 13 samples and with two signals in
the normal euploid tissue controls (repeats n=4)

Case Placenta Lung Brain Muscle Kidney Liver Gut Adrenal

13.1 93.8±0.7 95.5±0.3
13.2 93.8±1.3 96.6±0.6 94.8±0.5 98.1±0.3
13.3 40.4±3.5 92.2±0.3 94.6±0.6 91.2±1.5
13.4 95.5±0.2 90.2±1.8 96.5±0.5 94.2±0.6 97.4±0.2
Norm 94.0±2.0 96.8±1.7 97.6±0.6 96.3±0.7 97.0±0.4 95.7±1.4 96.1±0.3 98.3±0.5

Norm: normal euploid tissues from termination of pregnancy in late second trimester; mosaic values in bold.
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Mean percentages of trisomic signals in the placentas of
cases 13.3 and 18.6 were also low. When studying placenta,
maternal cell contamination should be considered. As foe-
tus 13.3 was female, maternal cell contamination by sexing
could not be ruled out. However, meticulous precaution was
observed to avoid the problem by using only a freshly cut
surface to dab on the slide. Another possible explanation for
this case is CPM. Concerning case 18.6 the foetus was
unambiguously male but the placenta had 40% diploid
female cells (Table 6). Given the high level of female cells,
maternal cell contamination was the most likely explana-
tion. The level of trisomy 18 (72%) in the male cells was not
mosaic.

The remaining trisomic tissues analysed were all in the
90% range for chromosome 13, the 70–80% range for
chromosome 18 and the 80–90% range for chromosome 21,
indicating that the foetuses were not mosaic. In the normal
frozen tissue, the levels of euploidy were greater than 90% for
all the probes. This is higher than the interphase data from
the control fibroblastoid trisomic lines but the overlap of one
of three signals is more likely than one of two.

Discussion
It is interesting to speculate why only a small percentage of
Down, Patau and Edwards syndromes survive to term. Given
the percentage that spontaneously abort, one theory is that
the survivors are in fact mosaic and the level of normal cells
in different tissues enhances survival. It is widely believed
that many surviving Turner syndrome individuals (45,X) are
mosaics with a normal cell line.29 This hypothesis is sup-
ported by the known fertility in a considerable number of
Turner syndrome cases, implying gonadal mosaicism.30 The
published levels of mosaicism in lymphocytes for triso-
mies 13, 18 and 21 in the literature are < 10%, 10% and 1%
respectively but this does not rule out tissue-specific mosai-
cism.31 Mosaicism is most commonly found for chromo-
some 18 and these known mosaics have variable phenotypes
from normal intellect to severe malformations.32 The analysis
of tissue-specific mosaicism is very difficult in living cohorts.
Using interphase FISH on tissue samples from a deceased
neonate with unexplained abnormalities, a 17% trisomy 18
line was found in liver but was not in lymphocytes,
fibroblasts or kidney.25

In this study we have exploited interphase FISH to look at
frozen tissues from trisomic abortuses. By comparing the
sensitivity of detection of three signals between interphase
and metaphase in trisomic fibroblast cell lines a 20%
reduction was seen in interphase. This fall in sensitivity of
detection from cytogenetic metaphase spreads to analyses by
FISH in interphase is not a new finding and has been shown
in other studies.33–35

Table 4 Percentage mean plus standard deviation of cells with three signals from trisomy 18 samples with two signals in the
normal euploid tissue controls (repeats n=4)

Case Placenta Lung Brain Muscle Kidney Liver Gut Heart Skin

18.1 84.2±1.2 70.6a 68.7a

18.2 74.0±3.9 80.2±1.3
18.3 74.6±2.5 76.3±2.7 76.5±1.7
18.4 73.1±2.5 80.0±2.9 76.9±2.3 77.3±3.4 75.7±4.8
18.5 74.7±6.5 76.1±5.4
18.6 42.0±1.9 84.5±2.9 75.7±3.0 80.1±0.5
18.7 67.1±4.5 77.4±2.2 69.6±1.2
18.8 80.4±1.2 68.2±2.5 78.7±3.6
18.9 45.6±6.3 44.9±1.9
18.10 70.8±4.6 61.2±4.3 81.4±2.7
Norm 91.3±0.5 93.0±2.6 92.0±0.8 89.4±2.6 90.0±2.6 96.3±0.6 91.3±0.5 97.7±0.6
atissue only hybridised once due to scarcity; Norm: normal euploid tissues from termination of pregnancy in late second trimester;
mosaic values in bold.

Table 5 Percentage mean plus standard deviation of cells with three signals from trisomy 21 samples with two signals in the
normal euploid tissue controls (repeats n=4)

Patient Placenta Lung Brain Heart Skin Liver

21.1 92.0±2.8 90.0±2.8 94.0±4.4 93.8
21.2 86.0±3.2 87.0±2.8
21.3 86.7a 86.8a 86.6a 90.9a

21.4 84.0±5.2 88.0±2.8 87.0±2.0 95.0±4.4
21.5 88.7±3.0 91.0±2.7 89.9±1.2
21.6 92.0±0.5 90.0±1.3 92.0±1.5 89.0±2.8
21.7 91.0±3.2 95.0±2.4 90.9a

Norm 94.3±1.5 95.5±0.6 95.0±1.7 96.6±0.6 95.0±0.5 94.0±0.9
atissue only hybridised once due to scarcity; Norm: normal euploid tissues from termination of pregnancy in late second trimester.

Table 6 Percentage of trisomic signals in the placenta for
male foetus (18.6) (XY : XX cells approximately 55 : 40) n=4

Total cells Percentage Percentage
counted XX181818 XX1818

Female cells 481 5.57 (±2.28) 88.10 (±4.92)
Male cells 727 71.72 (±4.33) 26.61 (±4.31)
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Of the 21 foetuses analysed, two had mosaic placentas, one
had apparent true mosaicism of chromosome 18 in the two
available tissues, with a further foetus showing a reduced
level of trisomy in the brain. This level of 10% mosaicism in
Edwards syndrome is similar to that documented in the
literature.36

The clinical features of the cases varied. All four cases of
trisomy 13 had multiple abnormalities and a high level of
trisomy in the tissues studied. One had a mosaic placenta but
as the foetus was female, the possibility of maternal con-
tamination could not be excluded. Similarly, all the cases of
trisomy 18 diagnosed in mid-trimester exhibited ultrasound
findings suggestive of Edwards syndrome. Cases 18.1–18.5
were all diagnosed on first trimester CVS performed because
of advance maternal age, and therefore detailed ultrasound
was not performed. The foetus with mosaicism in liver and
gut (18.9) demonstrated the mildest phenotype on scan. The
mosaicism in placenta of foetus 18.6 is likely to be maternal
contamination and therefore not related to the phenotype.
Foetus (18.10) had a lower level of trisomy in the brain and
multiple abnormalities. None of the trisomy 21 cases were
found to be mosaic in any of the tissues analysed. As all the
pregnancies in this study were interrupted, it is only an
assumption that they would have progressed to term. It is
therefore a possibility that other surviving trisomies are
tissue-specific mosaics. However, four cases were 20 + weeks’
gestation which would have had a 70% chance of survival to
term.37 All except one of the trisomic foetuses studied
showed high levels of trisomy from interphase FISH. We
conclude that the potential survival of these trisomies is not
necessarily related to tissue-specific mosaicism. However, as
only one site in the placenta of these late second trimester
foetuses were analysed it is impossible to rule out CPM. It is
more likely that the mechanism of survival in some cases is
tolerance of an extra chromosome in all tissues and/or
placental mosaicism. If the former is true in isolation, why so
many abort in utero remains unanswered.
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