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Partial trisomy and tetrasomy of chromosome 21 without Down Syndrome 
phenotype and short overview of genotype-phenotype correlation. A case report

Pavlina Capkovaa, Nadezda Misovicovab, Dita Vrbickaa

Aims. Trisomy of chromosome 21 is associated with Down syndrome (DS) – the commonest genetic cause of mental 
retardation. We report two unusual cases with partial trisomy of chromosome 21 and tetrasomy of chromosome 21 
without DS phenotype. We include a short overview of the genotype-phenotype correlation studies in discussion.
Methods. Conventional chromosomal analysis, fluorescent in situ hybridisation (FISH), quantitative fluorescent PCR 
(QFPCR) and Nimblegen targeted chromosome 21 array were used for deciphering the genotypes.
Results. Conventional chromosomal analysis revealed one extra copy of derivative chromosome 21 in peripheral blood 
lymphocytes of the patients. FISH and QF PCR analyses identified duplicated loci (D21Z1, D21S1414, D21S1435) span-
ning from the centromere to band 21q21. Nimblegen targeted chromosome 21 array specified the range of duplication 
from the centromere to the band 21q21.3 (19 Mb) in the first case and the range of duplication and triplication resp 
from centromere to the bands 21q21.3 (15 Mb) and 21q11.2 (4 Mb) resp. in the second case. Additional material was of 
maternal origin in both cases. The different mechanisms led to the formation of the particular chromosomal imbalances.
Conclusion. These findings confirm the conclusion of nonpresence of DS when bands 21q22.2 and 21q22.3 (Down 
critical region) are not duplicated. The patients had nonspecific phenotypes although some of their features such as 
“sandal gaps", joint hyperlaxity, hypotonia and brachycephaly are present in patients with DS. Our observation can 
help to narrow the region responsible for DS and to map the loci accountable for minor features of DS.
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INTRODUCTION 

Chromosome 21 is the smallest human chromosome 
comprising about 1.4% of the total human genomic length. 
Trisomy 21 (Down Syndrome, DS, #190685) is the major 
abnormality associated with this chromosome and is the 
commonest genetic cause of mental retardation, which af-
fects 1.3 per 1000 livebirths1. Although it is usually caused 
by the presence of an extra copy of chromosome 21, a 
subset of diagnostic features may be associated with the 
excessive presence of band 21q22 only. We report two 
cases with partial trisomy of chromosome 21 and tetra-
somy of chromosome 21 without typical Down Syndrome 
(DS) phenotype.

CLINICAL REPORTS

Case 1
The patient - a 4 year old boy - was the first child 

of healthy nonconsanguineous parents. His mother was 
25 years old at term. The pregnancy was uneventful; nor-
mal delivery was at 39th week of gestation with a weight 
of 4150 g, length 55 cm and head circumference (HC) of 
35 cm. Apgar score was 8, 9 and 10. The baby required 
treatment for congenital stridor of larynx and pneumonia. 

At the age of 4, the child had hypotonia, brachycephaly 
(head circumference 51 cm), “sandal gaps” (gaps between 
toes 1 and 2), joint hyperlaxity and developmental delay 
with speech delay. Apart from brachycephaly no dysmor-
phic features were detected. Chromosomal analysis re-
vealed an extra copy of chromosome 21. 

Case 2
The first child of a 31 year old mother was examined 

at the age of 14 months for hypotonia and slightly de-
layed developmental milestones for the first time. “Sandal 
gaps” and macroglossia were also observed. Hypotonia 
with joint hyperlaxity persisted up to age 6. The mental 
development of the patient was normal at the time. The 
family history was unremarkable except for one spontane-
ous abortion. The parents were healthy and nonconsan-
guineous. Chromosomal analysis revealed an extra copy 
of chromosome 21.

MATERIAL AND METHODS

Chromosome analyses were performed on samples 
of the probands and their parents on peripheral blood 
lymphocytes using standard techniques. 
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Fluorescence in situ hybridisation (FISH) studies were 
carried out with probes LSI 21q22.2 (MNB,D21S270, 
D21S337,D21S55,D21S233,GIRK2) (Cytocell , 
Cambridge, UK), LSI 21q22.13-22.2 (D21S259,D21S341, 
D21S342) (Vysis, USA), CEP13/21(D13Z1/D21Z1) 
(Cytocell, Cambridge, UK) according to manufacturer’s 
specifications. Chromosomes were counterstained with 
DAPI and hybridised metaphase spreads were analyzed 
using an epifluorescence microscope.

Genomic DNA was extracted from peripheral 
blood lymphocytes of the patients and both parents. 
Polymorphic markers from chromosome 21: D21S1414, 
D21S1435,D21S1411,D21S1446 (Sigma, Aldrich) and 
penta D (Promega) were studied by quantitative fluores-
cent PCR (QFPCR).

Niblegene targeted array was performed by the 
Department of Human Genetics University Medical 
Centre Nijmegen as the patients were involved in HSA21 
research study AnEUploidy project.

RESULTS

Cytogenetic resuts
Case 1: the karyotype of the patient was 47,XY,+ 

der(21)(pter →q21). Normal karyotype was found in the 
father whereas the mother was revealed to carry a bal-
anced cryptic translocation of chromosome 21 and 15. 
Thus her karyotype was 46,XX,t(15;21)(p11.2;q21).ish 
t(15;21)(MNBx2,GIRKx2)

Case 2: the karyotype of the patient showed the pres-
ence of an extra copy of chromosome 21:47,XY,+psu 
idic(21)(q21). 

The karyotypes of the parents were 46,XX and 46,XY.

FISH studies
Case 1: FISH study with probe CEP 13/21 and LSI 

21q22.2 in the proband confirmed the presence of the 
third copy of chromosome 21 and the absence of terminal 
parts of the extra chromosome. The case was concluded 
as a partial trisomy of chromosome 21 which arose due 
to 3:1 segregation with tertiary trisomy. Karyotype was: 
47,XY,+der(21)t(15;21)(p11.2;q21).ish dup(21)

(D13Z1/D21Z1+,D21S270-,MNB-,D21S337-, 
D21S55-,D21S233-,GIRK-)[25]mat.

Case 2: FISH study in the patient with probe CEP 
13/21 and LSI 21q22.2 confirmed the result of cytogenet-
ic analysis and narrowed the loci which were tetrasomic 
and disomic: 47,XY,+psu idic(21)(q21).ish idic 21(q21) 
(D13Z1/D21Z1++,D21S270-,MNB-,D21S337-,D21S55-, 
D21S233-,GIRK-)[130] dn. However, the status of chro-
mosome bands q11.2 and q21 was not exactly determined.

Molecular analysis 
Polymorphic markers from 5 loci (bands 21q21, 

21q22.3) of the chromosome 21 were analysed. Results 
are summarized in Fig. 1.

Results of oligonucleotide array
Niblegene targeted array mapped the breakpoints 

more precisely in the cytobands 21q21.3 in the first case 
and 21q11.2 and 21q21.3 resp. in the second case (Fig. 1).

Case 1: Karyotype was specified: 47, XY,+der(21)
t(15;21)(p11.2;q21).ish dup(21)(D13Z1/D21Z1+, 
D21S270-,MNB-,D21S337-,D21S55-,D21S233-,GIRK-). 
arr 21q11.2q21.3(13,200,000-30,923,550)x3. The size of 
the duplication is about 19 Mb (including centromere) 
(Fig. 1).

Case 2: Karyotype was specified: 47,XY,+psu idic(21)
(q21).ish idic(21)(q11)(D13Z1/D21Z1++,MNB-,GIRK-).
arr 21q11.2q11.2(13,200,000-16,064,300)x4, 21q11.2q21.3 
(16,064,300-31,167,150)x3. Th e size of the triplication is 
about 4 Mb (including centromere) and of the duplication 
about 15 Mb.

DISCUSSION AND CONCLUSION

In both cases, partial trisomy and tetrasomy of chro-
mosome 21 were detected by FISH, QFPCR and specified 
by oligonucleotide DNA array. DS phenotype was not 
present in either of the probands with the exception of 
some “minor abnormalities“ (Fig. 1).

The lack of Down syndrome phenotype was caused 
by an absence of the partial trisomy of bands 21q22.2 
and 21q22.3 - Down syndrome critical region (DSCR) 
(ref.2). The precise description of loci responsible for 
partial features of DS is a subject of many studies but 
genes responsible for them are still unknown. The analysis 
of several overlaping segmental trisomies 21 has led to 
suggestion that DS phenotype is associated with several 
dosage sensitive genes on chromosome 21 which, when 
present in three copies, cause the many different pheno-
types seen in DS.

The cases of duplication of chromosome 21 excluding 
band 21q22 did not show the Down syndrome pheno-
type but instead, a rather unremarkable clinical pattern3,4. 
Their faces appeared normal or showed very mild and 
non-specific dysmorphic traits such as: hypertelorism, epi-
canthic folds, strabismus, mildly dysmorphic ears, short 
nose with depressed bridge etc. Most patients were mildly 
retarded with IQs between 50 and 70 (ref.5). Speech was 
especially delayed and defective, and in most patients par-
ticular behavioural abnormalities were observed, such as 
motor incoordination, restlessness and etc.3,6-8. Another 
patient with trip(21)(pter-q22.1) idic(21)(q22.1) did not 
exhibit Down syndrome phenotype; however brachyceph-
aly, round face and prominent lower lip were described6. 
Duplication extending to band 21q22.1 shows strong as-
sociation with severe mental retardation without dysmor-
phism consistent with DS (ref.9,10). Nineteen of typical 
Down features could be assigned to just 2 regions: short 
stature, joint hyperlaxity, hypotonia, major contribution to 
mental retardation and 9 anomalies of the face, hand and 
foot to the region D21S55, or DSCR, located on q22.2 or 
very proximal q22.3, and spanning 0,4-3 Mb; six facial and 
dermatoglyphic anomalies to the region D21S55-MX1, 
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Fig. 1. Genotype - phenotype correlation in case 1 and case 2 .
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including the DSCR and spanning maximum of 6 Mb on 
q22.2 and part of 22.3 (ref.11,12). We detected hypotonia, 
“sandal gap” and joint hyperlaxity in both probands but 
duplication D21S55 was not present (Fig. 1). Antanorakis 
described three patients with partial trisomy 21, which 
can extend as far distally as locus D21S82 without DS. 
The area between D21S82 and D21S55 was determined 
as the area of transition between two and three copies. 
The genetic distance between these loci is approximately 
12cM and physical distance is estimated to be approxi-
matelly 10 Mb (ref.13). Minimal region of chromosome 
21 which, when duplicated, generates the facial features, 
heart defect, mental retardation, and probably several of 
the dermatoglyphic changes of DS may include parts of 
bands 21q22.2 and 21q22.3, but it must exclude the genes 
SOD1(CuZn-superoxide dismutase mapping in 21q22.1) 
and APP (amyloid precursor protein mapping in 21q21.2) 
and most of the band 21q22.1, specifically the region de-
fined by SOD1, SF57 and D21S47 (ref.2,14). 

Our observation can definitely exclude the area in-
volving genes APP and area involving loci D21S47 and 
D21S82 from DS phenotype. However, some facial fea-
tures (brachycephaly, macroglossia, etc.) and further 
minor abnormalities (hypotonia, joint hyperlaxity) are 
determined by loci proximal to DSCR 1, which is consis-
tent with our observation7,14,15.

In  recent studies the nonexistence of single region 
(DSCR) responsible for all the most severe DS features 
has been expressed16,17. This is supported by fact that four 
of the major DS phenotypes: DS-specific congenital heart 
disease (DSCHD), Hirschsprung disease (HSCR), DS – 
associated leukemia and Alzheimer’s disease (AD) have 
never been associated with a particular region in chromo-
some 21. KCNJ6 (potassium inwardly-rectifying channel), 
RCAN1 (regulator of calcineurin), COL6A1/2 (collagen 
VI) and DYRK1A (dual- specifity tyrosine - regulated 
kinase 1A) were previously suggested to be critical for 
DSCHD. But DSCAM (DS cell adhesion molecule), as 
it is known to be highly expressed in the developing heart, 
is a likely candidate for it16. The same gene is suggested 
as candidate gene for HSCR (ref.16). The genes RUNX1 
(runt-related transcription factor), ERG (erythroblastosis 
virus E26) might be responsible for DS-associated leuke-
mia but it excludes the necessary role of TIAM1(T cell 
lymphoma invasion and metastasis 1) and BACH1 in 
acute megakaryocytic leukemia (AMKL) (ref.16).

It was found that the mode of inheritance of centro-
meric chromosomal markers was compatible with duplica-
tion of one parental chromosome 21 in 9 DS patients with 
transient myeloproliferative syndrome. For these reasons, 
the hypothesis of 'disomic homozygosity' of a mutant 
gene on chromosome 21 as the causative mechanism was 
proposed in Down syndrome patients18. However neither 
of our patients suffered from transient abnormal myelo-
poiesis (TAM). 

One  possible explanation is that the cytogenetic ab-
normalities of our cases occured through meiosis I error. 
Cytogenetic and molecular studies demonstrated that in 
Down syndrome associated with TAM, trisomy 21 had 

arisen much more frequently through mitotic (or meiosis 
II) nondisjunctions than through meiosis I errors19. 

The APP gene seems to be a candidate for AD. 
Nevertheless it is highly probably that more than one re-
gion exists16. While genetic studies have clearly confirmed 
the importance of triplication of the APP gene, in the 
pathogenesis of early onset AD in DS patients, the con-
tribution of other genes is still largely undefined. It has 
been previously shown that increased dosage of two genes, 
RCAN1 and DYRK1, that are found on chromosome 21, 
cooperatively reduces the activity of the calcineurin/
NFAT-signaling pathway during embryonic develop-
ment. The studies suggest that perturbation of the calci-
neurin/NFAT genetic circuit contributes to many of the 
developmental phenotypes observed in DS. Calcineurin, 
RCAN1 and DYRK1 have all also been implicated in 
AD pathogenesis20. However, the results regarding their 
molecular and cellular role in AD (AD associated with 
DS or sporadic AD) has neither been systematically stud-
ied in genetic loss- of-function (LOF) or gain-of-function 
(GOF) mouse models nor in trisomy 21 patient cells and 
CNS tissues. Only the APP gene was duplicated without 
DYRK1 and RCAN1 in both our patients, which could 
be explanation for the fact that neither of the patients 
suffered from early onset of AD.

Although there are many common features in our 
patients the mechanisms, which led to the formation of 
the abnormalities, are different. The additional derivative 
chromosome in the case 1 reflected a tertiary trisomy 
due to 3 : 1 meiosis I malsegregation. Meiotic nondis-
junction is the cause of the presence of the extra copy of 
chromosome 21 in case 2. As the orientation of the du-
plicated loci on derivative chromosome was not studied, 
only hypothetical explanation of the origin of duplication/
triplication can be proposed. The extra chromosome 21 
was dicentric with interstitial supposedly inverted duplica-
tion and terminal deletion. Two mechanisms come into 
consideration. In one mechanism, either parent carries a 
paracentric inversion. This results in formation of a loop 
during meiotic pairing with a recombination event occur-
ing in the loop. In the second mechanism, inverted low 
copy repeats in the same chromosome arm allow partial 
folding of one homologue onto itself with a recombina-
tion event between the inverted repeats. These two mecha-
nisms require that a single copy region exists between the 
duplicated and deleted regions on the derivative chromo-
some21. The presence single copy between duplicated and 
deleted part of the derivative chromosome was confirmed 
by array. However, the first mechanism can be excluded 
as neither of parents was a carrier of inversion. 

URLS

Database of Genomic Variants 
(http://projects.tcag.ca/variation/).
GeneLoc 
(http://genecards.weizmann.ac.il/geneloc).
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