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Chromosomal aberrations in children
with suspected genetic disorders

Mohamed M. Mokhtar!

ignate 3159 DU Ll Guliall JULYY 3 Slinall &
J-L'.‘i..- dases doss

Sl B ¢ Las ol3di 1"'!""1""’|u""""““"m 137 WL (g ol Taacdi dt o o 1 oD
o L;LI.\“ il dly ¢ com 035y ¢ Ll aby ¢ dsdaddl -u,U-i Sla g tally ¢ susEll e 1,0
( %38.7 ) V> 53 48 pae JJ;"—’.’L;J‘,_,.H L.q.._ilgs:_,.l..u oy dity L Ol depdzey o waseall
s(%ZZchl>3)18ML¢JSJ(%263tdb36)2lumjbsfﬂ J_LL«SLM
¢ u\lui)uwiuwlw‘jdf.dx,l, ¢ (%07 ¢ zamly B ) 13 et L5,

—ts e 2prgy ¢ (LS uLJ'L>-)C_..~LJI Gl S0 g Al OBl o (%36
Y eda S wud adl, . (%29 ‘u\!b-4)a.,.._;__tul:_._,aJ1Jc_, (LS5 QW)

e B Sl L O kel o3 e el L G olad] g alhl Bl b Lyl
(298 Olad s (§ ppd! padetall AST Ll L ggmn 2015 bl cubialt JUBYI o claizad
Bl 210 el

ABSTRACT Karyotyping was done in 137 children suspected of having chromosomal abnormal-
ities such as genetically uncertain syndromes, multiple congenital anomalies, short stature, dys-
morphic features, unclassified mental retardation and Down syndrome. A total of 53 (38.7%) had
an abnormal karyotype: trisomy 21 (36; 26.3%), trisomy 18 (3; 2.2%), trisomy 13 (1; 0.7%), partial
autosomal aneuploidy (5; 3.6%), pericentric inversion of chromosome 9 (2; 1.5%), marker chro-
mosome (2; 1.5%) and sex chromosome aberrations {4; 2.9%). All of them showed phenotypic—
cytogenetic heterogeneity. These findings suggest that cytogenetic analysis is useful in the
investigation of children with genetic disorders of unknown origin to confirm clinicat diagnosis and
10 allow for proper genetic counselling.

Les aberrations chromosomiques chez les enfants suspects de troubles génétiques
RESUME Un cariotype a été réalisé chez 137 enfants suspects d’anomalies chromosomiques
telles les syndromes génétiquement incertains, les anomalies congénitales multiples, le retard
statural, les traits de dysmorphie, l'arriération mentate non classifiée et le syndrome de Down. Au
total, 53 enfants avaient un cariotype anormal: trisomie 21 (36; 26,3%), trisomie 18 (3; 2,294),
trisomie 13 (1, 0,7%), hétéroploidie autosomique partielle (5; 3,6%), inversion péricentrique du
chromosome 9 (2; 1,5%), marqueur chromosomique {2; 1,5%) et aberrations des chromosomes
sexuels (4; 2,9%). Tous présentaient une hétérogénéité phénotypique et cytogénétique. Ces ré-
sultats laissent penser que l'analyse cytogénétique est utile dans les investigations réalisées
chez les enfants ayant des troubles génétiques d'origine inconnue afin de confirmer le diagnostic
clinique et de permettre le conseil génétique approprié.
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Introduction

There arc over 100 chromosomal syn-
dromes which have been reported. While
on an individual basis many of these are
rare, together they make a major contribu-
tion to human morbidity and mortality [/].

The impact of chromosomal abnormali-
ties is greatest during fetal lifc when they
have their highest frequency and represent
a major cause of fetal loss [2]. The frequen-
¢y uf various chromosomal abnormalities is
quite different in neonates (0.7%) as com-
pared to abortuses (about 50%), since some
aneuploidies are lethal in utero [3].

The major autosomal abnormalities
share a number of phenotypic features that
are not distinctive or specilic, including
mental retardation, cardiac malformation
and growth deficiency. While there is vari-
ability within every cytogenetic syndrome,
neonatal death and serious congenital mal-
formations are frequent manifestations.
Most of the specific cyrogenetic syndromes
have a constellation of features that distin-
guish them and allow the clinician to sus-
pect the condition [Z].

Several studies have shown document-
ed chromosomal abnormalities among un-
selected populations of neonates and older
children [4). Other cytogenetic studies
among selected populations with abnormal
phenotype features have also been conduct-
ed [5,6]. The frequency of chromosomal
abnormalities is known to be significantly
higher in selected populations than in unse-
lected populations [7,8].

The aims of the present work were to in-
vestigate the different types of chromosom-
al aberrations and their relative frequencies
in a group of children with suspected genet-
ic disorders and to identify precisely the
role of cytogenetic investigation in confirm-
ing the diagnosis, thus allowing proper ge-
netic counselling to be offered.

Patients and methods

The study included 137 children with vari-
ous phenotypic abnormalities such as ge-
netically uncertain syndromes, multiple
congenital anomalies, short stature, dys-
morphic features, unclassified mental retar-
dation and Down syndrome. Their ages
ranged from one month to nine years, They
were selected from the outpatient clinic of
the Human Genetics Department, Medical
Rescarch Institute, Alexandria University.
All the patients were subjected to a full ge-
netic study; complete genetic examination
and pedigree construction was done to ex-
clude known nonchromosomal causes of
anomaly. Cytogenetic analysis was carried
out for all the patients. The study included
peripheral lymphocyte culture by a stan-
dard method using the G-banding tech-
nigue according to Seabright [9]. At least
30 metaphases were scored for each pa-
tient. Three cells were karyotyped. Usually
the total chromosome count was deter-
mined in 10~15 cells, but if mosaicism was
suspected then 30 or more cell counts were
undertaken [70].

Results

Of the 137 patients on whom chromosomal
analysis was done, chromosomal aberra-
tions were detected in 53 patients (38.7%);
of these, 49 (35.8%) involved autosomes,
while only 4 (2.9%) involved gonosomes.

Ninety-seven per cent of the cases (40/
41) referred as having a known chromo-
somal syndrome were aneuploid; 13% of
the remaining (13/96) with suspected chro-
mosomal disorders had an abnormal karyo-
type (Table 1).

Forty patients had autosomal trisomy;
trisomy 21 was detected in 36 patients
(67.9% ol the cytogenctically abnormal
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cases), which formed the majority. Among
those, 88.9% had free trisomy 21, 8.3% had
translocation trisomy 21 and 2.8% had mo-
saic trisomy 21.Three patients had trisomy
18 and one had trisomy 13 (Tables 2 and 3;
Figures 1, 2 and 3).

Five patients (3.6%) had partial autoso-
mal aneuploidy: one had 46,XY,del(5)
(p14); one had 46,XY,add(5)(q35.3); one
had 46,XY,del(10)(q26.2926.3); one had
46,XY,add(12)(p13.3); and the last one had
46,XY,add(15)(q26.3). (Tables 2 and 3;
Figure 4A, B and C).

Table 1 Genetic disorders in patients referred for cytogenetic studies

Suspected genalic Number of pationts Numbor of patients
disorder referred cytogenetically abnormal
Down syndrome 36 36
Edwards syndrome 4 3
Patau syndrome 1

Mental retardation/dysmorphic 08 13
features/congenital anomalies/short

stature of unknown cause in females

Total 137 53
Table 2 Abnormal karyotypes

Karyotype Phenotype Number of cases
47 XY, +21 Down syndrome 19

47 XX, +21 Down syndrome 13

46 XY, 1(13;21) Down syndrome 1

46,XY, t1(14;21) Down syndrome 2

47 XY, +21/46 XY Mosaic Down syndrome 1

47 XX, +18 Edwards syndrome 3
47,XY,+13 Patau syndrome 1
46,XY,del (5SHp14) Mental retardation 1
46,XY,add (5)(q35.3) Dysmorphic features 1
48,XY,del (10)(q26.2q26.3) Mental retardation 1
46,XY,add {(12)(p13.3) Congenital anomalies 1
46,XY,add (15)(q26.3) Mental retardation 1
46,XY,inv (9)(p11) Dysmorphic features 1
46,XY,inv (9)(p11) Mental retardation 1
47,XX,+mar/46 XX Congenital malformations 1

47, XY, 1mar/46,XY Congenital malformations 1

45X Turner syndrome 2
45,X/46,XX Mosaic Turner syndrome 2

Total 53
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Table 3 Categories and frequency of the chromosome abnormalities

i n
& ¥ 3 12 4 12

identified

Category Number of cases %
Trisomy 21 (Down syndrome)} 36 26.3
Trisomy 18 {Edwards syndrome) 3 2.2
Trisomy 13 {Patau syndrome) 1 0.7
Partial autosomal aneuploidy 5 3.6
Inversion (perigentric) of chromosome 9 2 1.5
Marker chromosome 2 1.5
Monosomy X (Turner syndrome) 2 1.5
Mosaic Turner syndrome 2 1.5
Normal 84 61.3
Tota¥ 137 100
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Figure 1 Male karyotype showing Figure 2 Male karyotype showing

translocation (13;21)

translocation {14;21)
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Figure 5 Female karyotype showing
Figure 3 Male karyotype showing trisomy 21 monosomy X (Turner syndrome)

Figure 4 Partlal karyotype showing:

A (1): normal chromosome 5

A (2): del (5) (p14);

B (1): normal chromosome 10

B (2): del{10)(q 26.2q26.3)

C (1): normal chromosome 12

C (2):add (12} (p13.3)

D (1): normal chromosome 9

D {2): pericentric inversion of chromosome 9
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Two patients (1.5%) had pericentric in-
version of chromosome 9. The patient re-
ferred with dysmorphic features was
46,XY,inv(9)(p11) and the patient with
mental retardation was 46,XY,inv(9)(p11)
(Tables 2 and 3; Figure 4D).

Two patients (1.5%) had mosaic super-
numerary marker chromosome: the girt
who had been referred with congenital mal-
formations was 47, XX+mar/46,XX; the in-
fant who was also referred with congenital
malformations was 47 XY+mar/46,XY. In
each patient the exact nature of the marker
chromosome could not be identified. The
parents were also subjected to chromosom-
al analysis but the marker was not present
(Tables 2 and 3).

Four patients (2.9%) had sex chromo-
some aberrations; two girls referred with
short stature were monosomic X (45,X)
and two girls referred with dysmorphic fea-
tures were mosaic Turner (45,X/46,XX)
(Tables 2 and 3; Figure 5.).

Discussion

In consecutive neonatal studies, autosomal
abnormalities are usually as common as sex
chromosome aberrations [7/]. In studies
based on a referred population with pheno-
typic abnormalities, such as the present
work, autosomal abnormalitics (35.8%) are
much higher than those of the gonosomes
(2.9%). This figure is in agreement with
other surveys [12,13].This is mainly due to
the fact that sex chromosome imbalance
has a much less deleterious effect on the
phenotype than does autosvmal ancuploidy
[11].

There are wide variations in the fre-
yuency of chromosomal aberrations in in-
dividuals suspected of having genetic
disorders as reported by different investiga-
tors [7,8]. Berry et al. studied 114 patients

and found chromosomal aberrations in 18
(15.8%) [/4]. Navsaria et al. evaluated
1000 patients and found clirummusomal ab-
errations in 160 (16%) [15]. Al-Awadi et al.
studied 472 patients and found 92 cases
(19.5%) [16). Al-Arrayed reporicd a fre-
quency of 27% among 500 patients [17],
Verma and Dosik found a frequency of
27.19% among 357 patients [6] and Singh
reported a frequency of 28.8% among 451
patients [51.

In the presemt work, chromosomal aber-
rations were detected in 38.7% of the cases
with suspected genetic disorders. This fig-
ure is higher than in most of the previously
mentioned studies. A similar higher fre-
quency (40%) of chromosomal abnormali-
ties was reported by Kenue et al. among
120 patients [/3]. This may be due to the
small sample size.

Among patients with no known chro-
mosomal syndrome in the present study,
13.5% (13/96) were karyotypically abnor-
mal. This frequency is in agreement with
Kenue et al. [13]; however, it was much
higher than that observed in unselected
populations |4].

Trisomy 21 has been recognized for
more than 100 years. Because it is a com-
mon and familiar disorder, Down syndrome
has been studied much more thoroughly
than other chromosomal disorders. The
Down syndrome phenotype is due to a tri-
ple amount of chromosome 21 []/]. The
frequency of Down syndrome in patients
with abnormal chromosomes in the present
study was 67.9%. This value was similar to
other surveys [72,13]. This could be attrib-
uted to its easy detection at the clinical lev-
el.

The frequency of standard trisomy 21
amongst Down syndrome patients in the
present study was 88.9%. This value is in
agreement with other surveys which ranged
from 84.6% to 95% [1/]. The frequency of
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mosaicism in Down syndrome patients is
reported to vary between 0% and 4%. Only
2.8% of patients with Down syndrome in
the present study had mosaic Down syn-
drome. The frequency of translocation in-
volving chromosome 21 among patients
with Down syndrome in the present study
was 8.3%. This figure is higher than previ-
vus reports (5.6% [18], 5.2% [19], 6.81%
{20]), but the actual level depends on the
maternal age distribution and the rate of in-
dication for prenatal diagnosis [27].

Although individually rare, partial auto-
somal aneuploidies are the second most
common chromosomal abnormality afier
trisomy 21 [2]. Our results (3.6%) confirm
this finding but the frequency found in our
study is higher than that reponied by Kenue
et al. (0.8%) [/3] and Al-Awadi et al.
(0.3%) [16]). It is believed that excess or
loss of several contiguous genes along the
chromosome involved will explain the phe-
notypes of these conditions.

Most of the pericentric inversions ob-
served in humans do not in themselves give
rise to any specific phenotypic abnormali-
ties. However pericentric inversion has
been found to be associated with infertility,
repeated fetal loss, congenital anomalies
and mental retardation [/7,22]. With regard
to the two cases with pericentric inversion
detected in the present study, one had been
referred with mental retardation while the
other had congenital anomalies. Pericentric
inversion has been implicated as a possible
predisposing factor for nondisjunction and
interchromosomal effect [22].

Marker chromosomes are defined as ab-
normal chromosomes that cannot be fully
characterized based on standard cytogenet-
ic analysis [23]. The incidence of marker
chromosomes has been found to be 0.024%
among neonates [24]. The association of an
additional marker chromosome and abnor-

mal phenotype has been described by Ball-
esta et al. in 14 probands with mental retar-
dation and malformations [25]. The two
patients with a marker chromosome detect-
ed in the present study had been referred
with congenital malformations but the pre-
cise origin of the markers could not be de-
termined using available techniques.

The incidence of Turner syndrome in
consecutive neonates has been reported to
be 0.04% [13]. Turner syndrome is one of
the few chiomosomal aberrations that can
be recognized clinically during infancy or
childhood based on short stature, broad
shield chest, lymphoedema of the lower
limbs, webbed neck and multiple minor
anomalies [26]. However, karyotyping is
necessary to confirm the diagnosis. The
present study included four (2.9%}) patients
with Turner syndrome. Their chromosomal
patterns were variable; 43,X (two cases)
and 45,X/46,XX (two cases). This frequen-
cy agrees with Kenue et al. (2.5%) [13] but
it was lower than that reported by Guera et
al. (18%) [27].

Conclusion

Among a group of children with phenotyp-
ic abnormalities, the frequency of autosom-
al chromosomal aberrations was found to
be much higher than scx chromosome
anomalies. Trisomy 21 and partial autoso-
mal aneuploidy were the most frequent.
The precise delincation of a major autoso-
mal trisomy is only possible using clinical
examination and cytogenetic tools. Recog-
nition of parents with chromosomal abnor-
malities is important as the risk of
recurrence is high in some cases. This
knowledge allows proper genetic counsel-
ling to be provided.
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Who is the target audience?

This publication is aimed at health policy-
makers and health professionals, particularly
those concerned with the prevention, control
and management of congenital and genetic
disorders.

Why has this book been written?

This publication critically reviews the data
available on the epidemiological characiterislics
of congenital and genstically determined
disorders and evaluates their present
magnitude within the Eastern Mediterranean
Raglon. It aims 1o increase awareness of these
disorders as an issue of growing concern to
public health. Faasible public health
intervention is discussed, with emphasis on the
role of primary health care. A structure and
guidelines for the establishment of prevention
and control programmes withint existing heafrh/

care systems are proposed.

EMRO publications are available from Distribution and Sales, WHO Regional Office for the
Eastern Mediterranean, PO Box 1517, Alexandria 21511, Egypt.
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