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Cytogenetic and molecular study of four
couples with multiple trisomy 21 pregnancies
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We studied four families each with three trisomy 21 conceptions. In two of the
families the trisomy 21 conceptions all occurred when the mothers were under
35 years of age and in the other two families they all occurred when the
mothers were over 35 years of age. Cytogenetic studies showed low level
mosaic trisomy 21 in the two younger mothers, but not in the two older. In the
three families tested using molecular techniques the results were consistent
with the additional chromosome 21 in the trisomic conceptuses being
maternally derived. Novel alleles were detected in the trisomic offspring of one
of the younger mothers, demonstrating that the mother had been conceived as
a trisomy with three different chromosomes 21. Therefore the multiple trisomy
21 pregnancies in the two younger mothers resulted from maternal trisomy 21
mosaicism, but may have been due to chance in the older mothers.
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Introduction
Trisomy 21 occurs in 0.45% of all clinically recognised
pregnancies1 and the recurrence risk of trisomy 21 in a
family with an affected child is said to be 1–2%.2

However, there has been a number of families
described with multiple trisomy 21 conceptions.3–10 It
has been suggested that in some families with multiple
trisomy 21 conceptions, a genetic predisposition to non-
disjunction of chromosome 21 may have been
unmasked. However, a study of 22 families with
recurrent trisomy 21 failed to identify any evidence for
such a predisposition.9 The only well established risk
factors for trisomy 21 conceptions are parental mosai-
cism for a trisomy 21 cell line, and increased maternal

age.1,8 Estimates of the frequency of parental mosai-
cism which is detectable cytogenetically range from
2.7%–4.3%.6 However, the karyotype demonstrated in
blood or skin tissues does not necessarily represent the
chromosome constitution of the germline cells. Nielsen
et al7 described a female with six confirmed trisomy 21
conceptions. No trisomic cell line was found during
extensive examination of blood and skin tissue, but
cytogenetic analysis of ovarian tissue demonstrated a
trisomy 21 cell line in 12/79 cells.7 The recent availabil-
ity of highly polymorphic microsatellite sequences has
made it possible to reveal the trisomic constitution of a
parental germline by the identification of an allele in
the trisomic offspring which is not seen in the somatic
tissues of either parent.9

Prenatal diagnosis has been undertaken in our
laboratory since 1972. During this 25-year period we
have ascertained nine women who have had more than
one trisomy 21 pregnancy; five women have had two
such pregnancies and four women have had three. In no
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family was there any recognised case of Down syn-
drome outside the proband sibship. The women fell into
two groups on the basis of maternal age (Table 1); in
one group of three women all the trisomy 21 concep-
tions occurred when the mothers were under 35 years
of age and in the other group of six women all the
trisomy 21 conceptions occurred when the mothers
were over 35 years of age.

The occurrence of three trisomy 21 conceptions,
especially under the age of 35 as was the case in two of
our patients, suggested that they might well be the
result of an underlying biological mechanism rather
than an unfortunate play of chance. The four couples
who had three trisomy 21 pregnancies were therefore
investigated for the presence of mosaicism. Where
possible this was done (i) by determining the parental
origin of the additional chromosome 21, (ii) by scoring
a minimum of 100 cells from both blood and skin
fibroblasts in the parent who had contributed the
additional chromosome, and (iii) by studying the
inheritance of a number of chromosome 21 DNA
polymorphisms in the parents and trisomy 21 con-
ceptuses to see whether we could detect one or more
alleles in the trisomy 21 offspring that were absent from
the somatic tissues of the parents. The presence of such
alleles would provide direct evidence for trisomy 21
mosaicism involving the germ cells of the parent who
had contributed the additional chromosome 21.

Materials and Methods
Families
The pedigrees of the four families are shown in Figure 1.

Family F was ascertained in 1978 because of a Down
syndrome male born when the mother was aged 23. Three
subsequent pregnancies were monitored by prenatal diag-
nosis; the first conceived when the mother was 24 was a male

with trisomy 21, the second conceived when the mother was
24 was a normal male, while the third, conceived when the
mother was 29 was a male with trisomy 21.

Family W was ascertained in 1990 because of prenatal
diagnosis of a female foetus with trisomy 21 conceived when
the mother was aged 37. Previously she had had two normal
male children and a spontaneous abortion. Prenatal diagnosis
was carried out in two subsequent pregnancies, when the
mother was aged 40 and 43. Both showed a female foetus with
trisomy 21.

Family E was ascertained in 1991 through a female child
with Down syndrome born when the mother was aged 28.
Two years later she had a chromosomally normal male child,
followed by prenatal diagnosis of a female foetus with trisomy
21 when she was aged 32 and a male foetus with trisomy 21
when she was aged 33. She is currently five months pregnant
and carrying a foetus with a 46,XX chromosome
constitution.

Family EG was ascertained in 1992 through a male child
with trisomy 21 born when the mother was 36 years old. Two
subsequent pregnancies, conceived when the mother was
aged 40, were both diagnosed prenatally as male foetuses with
trisomy 21.

Molecular Analysis
DNA was extracted from peripheral blood, amniocytes,
chorionic villi and foetal tissues using a salt precipitation
technique.11 In order to determine the parental origin of the
additional chromosome the inheritance of polymorphic
microsatellite DNA markers located along the length of
chromosome 21 was studied. The loci tested, in order from
21pter to 21qter were: D21S369, D21S215, D21S258,
D21S120, D21S13, D21S1, D21S11, D21S210, D21S82,
D21S213, D21S223, IFNAR* < > *D21S1910, D21S55,
D21S156, HMG14, D21S113, D21S171, D21S112, COL6A112

[Hassold T, personal communication 1997] (* Order of these
two markers uncertain). Loci D21S13, D21S1, D21S82,
D21S55, D21S113, D21S112 and COL6A1 were tested by
Southern analysis. The remaining markers were tested using
standard PCR techniques.13 Probes and primer sequences
used are available on the Genome Data Base.

In order to determine the cell division at which the non-
disjunctional event occurred, in the absence of an informative

Table 1 Maternal ages at time of conception of +21
pregnancies

Maternal age (y)
at conception of +21No. of No. of +21

Family pregnancies pregnancies 1 2 3

W 6 3 37 40 43
EG 3 3 36 40 40
D ?2 2 38 38
E 4 3 28 32 33
F 4 3 23 24 29
H 3 2 26 28
N 3 2 15 28
PE ?2 2 23 30
PU ?2 2 26 29

Figure 1 Pedigrees of families F, W, E and EG.
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centromeric marker the most proximal 21q markers,
D21S369, D21S215, D21S258 and D21S120 were studied.
Informative loci were heterozygous in the parent of origin,
and heterozygosity was either retained in the trisomic
offspring, indicating an error during meiosis I (MI) or
reduced to homozygosity in the trisomic offspring, indicating
an error either during meiosis II (MII) or during post-zygotic
mitosis (PZM). MII and PZM errors could be distinguished
by the reduction to homozygosity of all informative markers
along the length of the chromosome in cases of mitotic non-
disjunction.

Cytogenetic Analysis
Cytogenetic studies of blood, skin fibroblasts, amniocytes and
chorionic villi were done using standard techniques. All
prenatally diagnosed trisomy 21 pregnancies were terminated

and the results confirmed on fibroblasts grown from foetal
tissues.

Results
Molecular Analysis
Molecular studies could be undertaken in only three of
the four families as Family F was ascertained in 1978
and no material was available for DNA extraction.
Results of molecular analyses of families W, E and EG
are in Table 2, and examples shown in Figure 2.

In family W the maternal origin of the additional
chromosome 21 was demonstrated by the presence of

Table 2 Molecular results of three families with three trisomy 21 conceptions

Locus Probe Enzyme Location Father Mother Proband 1 Proband 2 Proband 3

Family W
D21S369 21 cen-q11 1,1 1,2 N/T 1,1,2 1,1,1
D21S215 21 cen-q11 1,1 1,1 1,1,1 1,1,1 1,1,1
D21S258 21 cen-q11 2,3 1,3 N/T 1,3,3 3,3,3
D21S120 21q11 A,A/2,2 A,B/1,2 A,A,B 1,2,2 2,2,2
D21S13 pGSM21 Taq 1 21q11 1,1 1,2 1,1,2 N/T N/T
D21S1 pPW228c Msp1/BamH1 21q21 1,2 1,2 1,1,2 N/T N/T
D21S11 21q21 1,2 1,3 N/T 1,2,3 1,1,3
D21S210 21q21-q22.1 1,2 1,2 N/T 1,2,2 1,1,2
D21S82 Fr-8-77 BamH1 21q22.1-qter 2,2 2,2 2,2,2 N/T N/T
D21S213 GTO5 21q21-q22.1 A,A B,B A,B,B A,B,B N/T
D21S223 1,2 2,3 N/T 1,2,3 2,2,3
D21S167 2,2 1,2 N/T 1,2 1,2
D21S55 pPW518-1R Taq1 21q22.3 A,B A,A A,A,B N/T N/T
D21S156 21q22.3 A,B C,D A,C,D A,C,D N/T
HMG14 21q22.3 1,3 2,4 N/T 1,2,4 1,2,4
D21S113 pMCT15 Taq1 21q22.3 A,B A,A A,A,B N/T N/T
D21S171 21q22.3 2,3 1,2 N/T 1,2,2 1,2,2
D21S112 pNT427-4/14/15 Taq1/Rsa1/Rsa1 21q22.3 A,A/A,B A,B/A,C A,A,B/A,A,C N/T N/T
COL6A1 pML18 Taq1/1-2 21q22.3 1,2/A,A 1,2/B,B 1,1,2/A,B,B N/T N/T

Family E
D21S369 21 cen-q11 2,2 1,2 1,1,2 1,1,2 1,1,2
D21S215 21 cen-q11 2,2 1,2 1,1,2 1,1,2 1,1,2
D21S258 21cen-q11 1,3 2,2 1,2 1,2,2
D21S120 21q11 2,3 1,1 1,1,3 1,1,3 1,2
D21S210 21q21-q22.1 2,2 1,2 2,2,2 2,2,2 2,2,2
D21S223 3,4 1,2 2,2,4 2,2,4 2,3
IFNAR 21q22.1 1,2 2,4 1,2,3* 1,3*,4 2,2,3*
D21S1910 1,3 2,4 1,4,5* 1,2,5* 3,4,5*
D21S167 2,2 1,2 1,1,2 1,2 1,2
HMG14 21q22.3 2,3 1,4 1,3,4 1,1,2 1,3,4
D21S171 21q22.3 2,2 1,3 1,2,3 2,3 1,2

Family EG
D21S369 21cen-q11 1,3 1,2 1,1,2 1,1,2 1,1,2
D21S215 21cen-q11 1,2 3,4 1,3,4 1,3,4 1,3,4
D21S210 21q21-q22.1 2,2 1,3 1,2,3 1,2,3 1,2,3
D21S223 1,2 1,1 NT 1,1,2 NT
IFNAR 21q22.1 1,3 1,2 1,1,2 1,2,3 1,2,3
D21S1910 1,4 2,3 1,2,3 2,3,4 2,3,4
HMG14 21q22.3 3,4 1,2 1,2,3 1,2,4 1,2,4

*=denotes a novel allele not found in either parent. N/T = not tested.
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two maternally derived alleles at loci D21S156 (pro-
bands 1 and 2) and HMG14 (probands 2 and 3). There
was also increased dosage of a maternal allele at
D21S213 (probands 1 and 2) and COL6A1 (proband 1).
In this family probands 1 and 2 resulted from errors
during maternal MI, since the most proximal informa-
tive markers tested retained their heterozygosity in the
trisomic offspring. In proband 3, however, the error
must have occurred during MII as heterozygosity is
reduced to homozygosity in markers close to the
centromere but is retained in the more distal markers.

In family EG the maternal origin of the additional
chromosome 21 was demonstrated by the presence of a
second maternally derived allele at D21S215, D21S210,
D21S1910 and HMG14 in all three trisomic offspring.
In this family at all loci where the mother is hetero-
zygous, the heterozygosity is retained in all the trisomic
offspring. This suggests that all three offspring resulted
from a reduction or absence of recombination with
subsequent non-disjunction at mat MI.

In family E all three trisomic offspring had three
different alleles at locus D21S1910. One of the alleles
was present in the mother and one in the father, but the
3rd allele was apparently novel and was not detectable
in either parent (Figure 3). At locus IFNAR trisomies 1
and 2 had three different alleles, one from each parent

and one novel, while the novel allele was also detected
in the third trisomy, in association with two copies of an
allele detected in both parents. At other loci there was
evidence for an additional allele that was also detected
in the mother, suggesting that the extra chromosome
was maternally inherited: HMG14 (probands 1 and 3)
and D21S171 (proband 1). There was increased inten-
sity of an allele also present in the mother at D21S369
and D21S215 (probands 1, 2 and 3); D21S258 (proband
2); D21S120 (probands 1 and 2); D21S223 (probands 1
and 2); D21S167 (proband 1) and HMG14 (proband
2).

Cytogenetic Analysis
Results of cytogenetic analysis of parental blood and
skin samples are in Table 3. In two of the mothers (F
and E) a minor cell line with an additional chromosome
21 was identified. In family F 3/82 cells from maternal
blood showed trisomy 21. In family E 1/170 cells from
the mother’s blood and 3/100 cells from skin fibroblasts
showed trisomy 21. In families W and EG there was no
evidence of parental trisomy 21 mosaicism in 100 cells
examined from both peripheral blood and skin (mother
and father EG, and mother W) or from peripheral
blood alone (father W).

Figure 2 Autoradiographs of microsatellite repeat analysis using primers at the HMG locus to demonstrate the parental origin of the
additional chromosome 21 in the trisomic (DS) offspring of families W, E and EG Family. W: Father 1,3; Mother 2,4; DS2 1,2,4; DS3
1,2,4. Family E: Father 2,3; Mother 1,4; DS1 1,3,4; DS2 1,1,2; DS3 1,3,4; Normal 46,XX sib 1,3. Family EG: Father 3,4; Mother 1,2;
DS1 1,2,3; DS2 1,2,4; DS3 1,2,4.
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Discussion
We have identified four families each with three
trisomy 21 conceptions, and have attempted to define
the mechanisms resulting in trisomy 21 in each case.
Previous studies of multiple Down syndrome concep-
tions have demonstrated that parental mosaicism for a
trisomy 21 cell line is causal in a proportion of cases, for
example in references.6,8&9 As expected, in such cases
parental age at conception of the trisomic offspring
does not appear to be increased over the age at
conception of normal offspring. In the absence of
parental mosaicism for a trisomy 21 cell line, the
trisomic pregnancies may have arisen either by a non-
disjunctional error during meiosis, or by a post-zygotic
mitotic error resulting in the gain of a chromosome 21.
The majority of trisomy 21 conceptions has been shown
to be the result of errors during maternal MI12 and

associated with an increased maternal age at
conception.

In two of the four families studied (families F and E)
the maternal age was less than 35 years at the time of
conception of each trisomic pregnancy. Cytogenetic
analysis of parental bloods, and skin where available,
demonstrated low level mosaicism for trisomy 21 in
these two mothers (Table 3). Maternal mosaicism for
trisomy 21 is therefore the cause of the multiple Down
syndrome offspring in these families. These mothers
may themselves have been conceived either as trisomy
21 with the subsequent very early mitotic loss of one of
the chromosome 21 homologues, or as normal concep-
tions with the subsequent gain of a chromosome 21
resulting from a post-zygotic mitotic error. In both
cases, the degree of mosaicism was very low, and there
was no Down syndrome phenotype. Unfortunately we
were not able to ascertain parental ages at the time of
conception of the mothers. In family F there was no
material available for molecular studies, however, in
family E, molecular studies demonstrated the presence
in all three trisomic offspring of alleles which were not
detectable in the maternal DNA extracted from
somatic tissues (Table 2, loci IFNAR and D21S1910).
These ‘novel’ alleles indicate that within the maternal
germline there must be a trisomy 21 cell line with three
different chromosomes 21. This mother, therefore,
originated as a trisomy 21 conceptus after a non-
disjunctional meiotic event, with the subsequent loss of
one chromosome 21 homologue resulting in a mosaic
karyotype. Three similar patients have been reported
by Pangalos et al,9 one a cytogenetically confirmed
mosaic mother of two Down syndrome offspring, and
two mothers in whom mosaicism had not been con-
firmed cytogenetically. The detection of ‘novel’ alleles
in the trisomics does confirm the presence of parental
mosaicism as the cause of recurrent trisomy 21. If there
had been no cytogenetic evidence of maternal mosai-
cism, the parental origin of the additional chromosome
21 could not have been confirmed since the ‘novel’
alleles could have been derived from either parent.
However, the presence in the trisomics of additional

Figure 3 Autoradiograph of microsatellite repeat analysis
using primers at D21S1910 to demonstrate the presence of
‘novel’ allele 5 in all Down syndrome offspring in family E.
Father 1,3; Mother 2,4; DS1 1,4,5; Normal 46,XY sib 2,3; DS2
1,2,5; DS3 3,4,5; Normal 46,XX sib 1,2.

Table 3 Parental karyotypes in the four families with three +21 pregnancies

Maternal karyotype Paternal karyotype

Family Blood Skin fibroblasts Blood Skin

F 46,XX,[79]/47,XX,+21,[3] NT 46,XY NT
W 46,XX[100] 46,XX[100] 46,XY[100] NT
E 46,XX[169]/47,XX+21[1] 46,XX[97]/47,XX+21[3] 46,XY[100] 46,XY[2]
EG 46,XX[96]/45,X[3]/47,XXX[1]a 46,XX[100] 46,XY[100] 46,XY[100]
aCells that have an aberrant number of X chromosomes are considered to be the result of aging.
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alleles shared with the mother is suggestive of a
maternal origin.

The parents and cell divisions of origin and the
reduction in recombination seen in the probands born
to the two older mothers are very similar to those seen
in a large series of singleton Down syndrome pregnan-
cies.12 Whilst it is impossible to exclude a genetic
predisposition to trisomy 21 non-disjunction in these
women, it is an unattractive suggestion because there is
no convincing evidence for a genetic predisposition to
non-disjunction in our species, either for a specific
chromosome9 or for non-disjunction in general.14 It
therefore seems reasonable to consider that the three
trisomic probands in the older women arose by
chance.

If the data from our four families are added to those
of Pangalos et al,9 there is a total of nine sibships with
multiple trisomy 21 pregnancies born to mothers aged
35 or less, and eight sibships with multiple trisomy 21
pregnancies born to mothers aged 36 or more. In the
young maternal age group six of the nine were found to
have a parent who was a trisomy 21 mosaic, while in the
older age group only one of the eight had a mosaic
parent. Thus gonadal mosaicism may be the explana-
tion for the great majority of women who have more
than one trisomy pregnancy at a young age, while
multiple Down syndrome pregnancies in older women
are more likely to be due to chance.
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