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Familial 4.3 Mb duplication of 21q22 sheds new light on the
Down syndrome critical region
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A 4.3 Mb duplication of chromosome 21 bands q22.13–q22.2
was diagnosed by interphase fluorescent in-situ hybridisation
(FISH) in a 31-week gestational age baby with cystic hygroma
and hydrops; the duplication was later found in the mother and
in her 8-year-old daughter by the same method and confirmed
by array comparative genomic hybridisation (aCGH). All had
the facial gestalt of Down syndrome (DS). This is the smallest
accurately defined duplication of chromosome 21 reported with
a DS phenotype. The duplication encompasses the gene DYRK1
but not DSCR1 or DSCAM, all of which have previously been
implicated in the causation of DS. Previous karyotype analysis
and telomere screening of the mother, and karyotype analysis
and metaphase FISH of a chorionic villus sample, had all failed
to reveal the duplication. The findings in this family add to the
identification and delineation of a ‘‘critical region’’ for the DS
phenotype on chromosome 21. Cryptic chromosomal abnorm-
alities can be missed on a routine karyotype for investigation of
abnormal prenatal ultrasound findings, lending support to the
use of aCGH analysis in this setting.

D
own syndrome (DS) due to trisomy of chromosome 21 is
a condition with a highly recognisable facial phenotype,
moderate to severe intellectual disability and character-

istic cardiac, gastrointestinal and haematological abnormalities.
Cytogenetic and molecular studies of individuals with partial
duplications of chromosome 21 and features of DS have sought
a ‘‘critical region’’ on this chromosome, the duplication of
which is postulated to be both necessary and sufficient to
produce the DS phenotype. This has been narrowed down to
21q22, a region named as the Down syndrome critical region
(DSCR), approximately 5.4 Mb in length.1 2 A mechanism
whereby two of the 30 or so genes in this region, DSCR1 and
DYRK1, may produce the DS phenotype when duplicated has
recently been described.1 However, reports of individuals with
duplications of this region only, without reciprocal deletions of
other chromosomes, are extremely rare and the validity of this
DSCR has been questioned. We describe a family in which the
diagnosis of a 4.3 Mb duplication within 21q22.13–q22.2,
encompassing DYRK1 but not DSCR1 or DSCAM, was
suggested by the phenotypes of a mother, her daughter and
her baby with cystic hygroma and hydrops. Karyotype analysis
and metaphase fluorescent in-situ hybridisation (FISH) were
normal in the mother and her baby, but interphase FISH
revealed a microduplication within 21q22 in all three indivi-
duals, confirmed by array comparative genomic hybridisation
(aCGH). The phenotype in this family is of DS with mild
learning disability but no major organ malformations.

CLINICAL DETAILS
This family first came to notice when referred to a genetic clinic
for investigation of delayed development of the daughter, then
aged 3 years. Both mother and daughter had the facial gestalt

of DS and mosaicism was suspected, but routine karyotyping
and later FISH studies of the subtelomeric regions were normal.

The mother is one of non-identical twins born at term
weighing 1.7 kg compared with 2.7 kg for her twin sister, and
requiring nasogastric feeding for some weeks. She walked at
12 months and was not noted to have muscular hypotonia, but
lagged in development behind her twin and, despite many years
of speech therapy, continues to have articulation difficulties
with oromotor dyspraxia. Although she received mainstream
schooling until 16 years of age without special assistance, it
was described as ‘‘a constant struggle’’, in contrast to her twin
who is professionally trained. She has lived independently since
finishing school, but receives a government pension for
developmental disability. She presents as a socially mature
woman with an open and engaging personality and with a high
level of emotional awareness, who stated that she had often
been asked if she has DS owing to her appearance.

The daughter, now 8 years, weighed 3 kg at birth with a head
circumference of 34.6 cm. She walked at 14 months, but delays
in her development were noted by 2.5 years of age. She needed
speech and occupational therapy, and now attends a class for
children with mild intellectual disability at a mainstream
school.

Mother and daughter are similar in appearance (fig 1) but
significantly different from other family members. Both have
heights on the 10th centile for age, brachycephaly with normal
head circumference, round face with malar flush, epicanthic
folds, short upslanting palpebral fissures and high arched
palate, and the mother has hypotelorism with an interpupillary
distance of 50 mm (,3rd centile). The daughter has clinodac-
tyly of the fifth digits, but the mother does not, and both have
high palmar triradii, brachydactyly and a wide sandal gap
between the 1st and 2nd toes. Neither has Brushfield spots on
the iris or single palmar creases. The mother had a normal
echocardiogram and the daughter does not have any clinical
evidence of cardiac malformation. Neither has hearing loss, nor
any other medical problem.

The mother next presented at 28 years of age, 11 weeks
pregnant in a new relationship. She had had one previous
miscarriage with her current partner. An ultrasound revealed a
bilateral septated cystic hygroma of 5–6 mm. Chorionic villus
sampling at 12 weeks showed a female karyotype with no
abnormalities detected on GTG banding. The parents were
counselled that the absence of visible chromosomal abnormal-
ities did not predict a normal outcome with certainty but they
decided to continue with the pregnancy. Further ultrasounds at
15, 19 and 27 weeks gestation showed persistence of the cystic
hygroma with no other fetal abnormalities detected.

After spontaneous rupture of membranes with chorioamnio-
nitis at 30 weeks gestation, the fetus was found, on repeat
ultrasound examination, to have developed generalised

Abbreviations: aCGH, array comparative genomic hybridisation; BAC,
bacterial artificial chromosome; DS, Down syndrome; DSCR1, Down
syndrome critical region 1; FISH, fluorescent in-situ hybridisation
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hydrops, and died soon after birth 3 days later. External
examination of the baby, despite its hydropic appearance,
suggested DS, with round face, brachycephaly, upslanting
palpebrae and protruding tongue (fig 2). Autopsy showed
small size of all internal organs for gestational age, indicating
generalised growth failure, but no cardiac or other malforma-
tion was found. Re-examination of the karyotype from
Chorionic Villus Sampling including FISH of the DSCR on
21q22 was requested, but no abnormality could be confirmed at
the resolution obtained. However, owing to ongoing clinical
suspicion of DS in the family, FISH was rescanned on
interphase cells. This showed a microduplication with two
copies of the DSCR contig probe for D21S259, D21S341 and
D21S342 (VysisTM) on one chromosome 21, corresponding to
bands 21q22.13–21q22.2 (fig 3A).

Subsequent to identification of the fetal duplication, repeat
FISH using the VysisTM DSCR probe on interphase cell
preparations showed both mother and daughter to carry an
identical duplication within 21q22. This duplication was
excluded in both maternal grandparents. aCGH performed on
DNA from the mother using a bacterial artificial chromosome
(BAC)-based array containing 19 000 RPCI-11 clones demon-
strated a 4.3 Mb gain of one copy of the same region (fig 3B),
which contains many genes previously identified in the DSCR,
but excludes DSCR1 and DSCAM (fig 4). The rest of the
genome had an apparently normal aCGH profile with most
outlier BAC clones found associated with regions of normal
segmental duplications and large-scale variation in the human
genome.3 4 5

DISCUSSION
The findings in this family narrow down the critical region of
duplication underlying the characteristic features of DS and
clarify the contribution of genes previously implicated in the
pathogenesis of this condition. Since the identification of
trisomy 21 as the cause of DS in 1959, reports of individuals
with this condition due to duplication of parts of chromosome

21 have appeared. Attempts were then made to identify the
smallest or ‘‘critical’’ region necessary and sufficient in
duplication to produce the DS phenotype. This has resulted in
some confusion, since many reports included either were too
early for accurate chromosome banding, included mosaic
individuals6 7 8 or resulted from familial translocations, which
may have involved undefined reciprocal deletions.7 9–16

A survey of the literature reveals 29 reported cases of partial
trisomy 21 without other reported chromosomal involve-
ment.2 7 13 17–23 Analysis of these reports has identified the
region of duplication common to cases with a recognisable DS
phenotype as 21q22, which is not surprising since it contains
most of the G-band-negative, gene-rich area of the chromo-
some. This region has been named the DSCR, but its extent is
imprecise, with the smallest estimates being about 5–6 Mb,
within 21q22.1–21q22.3.1 2 However, there are only two
previous reports of microduplications of the DSCR, which were
not visible by routine cytogenetic analysis: one, a 30-year-old
man with a clinical diagnosis of DS and duplication of a region
defined by molecular analysis to be 21q22.11–22.3,24 and the
other an 18-month-old boy with clinical DS and DNA analysis
showing duplication of the superoxide dismutase (SOD1) gene
at 21q22.11.25 In the latter, no further delineation of the limit of
the duplication was reported. The rarity of such cases is possibly
due to the failure of routine metaphase FISH or cytogenetics to
identifiy such small duplications, as was our experience. Of
interest also in the identification of the DSCR are reports of
three individuals who had trisomy 21 with deletion of band
21q22 on one chromosome 21, making them effectively disomic
for this area.16 22 These reports clearly indicate a non-DS
phenotype. Another report of a similar individual with trisomy
21 and deletion at 21q22.1–q22.2 does not indicate whether the
phenotype was consistent with DS.2

Research into the mechanism whereby duplication of all or
part of human chromosome 21 causes DS has not been helped

Figure 1 Mother and daughter were found to have microduplication of
the Down syndrome critical region (DSCR). Informed consent was obtained
for publication of this figure.

Figure 2 Fetus with microduplication of Down syndrome critical region
(DSCR), showing round face, protruding tongue and downslanting
palpebral fissures. Informed consent was obtained for publication of this
figure.
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by the limited similarity to mouse models of trisomy 21.
However, recent work has linked increased expression of two
genes, DYRK1 and DSCR1, to disruption of the NFAT (nuclear
factor of activated T cells) regulatory gene pathway, with more
specific similarities between mouse models of NFAT dysregula-
tion and human DS (including endocardial cushion defects,
aganglionic megacolon, annular pancreas and even increased
sociability) than seen in the mouse models of trisomy 21.1

DYRK1 is located within the area duplicated in this family, but

DSCR1 and DSCAM are not. Previous reports have linked the
genes DSCR1 and DSCAM to cardiac defects in DS, which were
not present in this family.23 26

Another issue raised in this case is the possibility of missing
the diagnosis of microduplication using karyotype analysis and
even metaphase FISH. In the absence of a chromosomal
abnormality, published normal live birth rates after diagnosis
of ultrasound abnormalities in the first trimester vary enor-
mously, from 4%27 to 80%28 for cystic hygroma and from 46%29
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Figure 3 (A) Fluorescent in-situ
hybridisation (FISH) images of the VysisTM

locus-specific probe for chromosome 21
including D21S59, D21S341 and D21S342
on the interphase and metaphase cells of the
mother. Partial karyotype of her
chromosomes 21 at 550 band resolution. (B)
Array comparative genomic hybridization
(aCGH) profile of chromosome 21 assayed
on the RPCI 19K bacterial artificial
chromosome (BAC) array demonstrating
duplication at megabase pairs 36–40.3.
Average log2 ratios (y axis) were plotted for
all clones based on the chromosomal
position (x axis), with the blue bar
demarcating the centromere. Regions of
normal segmental duplications are
represented by blue and green triangles, and
can be found at http://genome.ucsc.edu/
cgi-bin/hgGateway and http://
projects.tcag.ca/variation/, respectively.
Horizontal red lines indicate the log2 ratio
for each segment as segmented by circular
binary segmentation.
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Figure 4 University of California Santa Cruz (UCSC) human genome browser screenshot of 4.3 Mb duplicated region of chromosome 21 detailing base-
pair position, BAC clones utilised, cytogenetic band position and known genes (blue).
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to 82%30 for increased nuchal translucence. It is possible that
many of the fetuses included as having a normal karyotype in
these figures have microduplications or deletions, which could
only be detected by the use of specific probes on interphase cells
or high-resolution aCGH. In the presence of ultrasound
abnormalities, more sensitive testing using aCGH to correctly
identify cryptic chromosomal abnormalities would assist
accurate prenatal diagnosis and counselling.
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Key points

N A 4.3 Mb duplication of chromosome 21 caused Down
syndrome phenotype in three family members.

N The microduplication was detected only by interphase
FISH and aCGH, not by metaphase FISH.

N The duplication involves DYRK1, but not DSCR1 or
DSCAM
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