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CYTOGENETIC MANIFESTATIONS OF CHROMOSOMAL
REARRANGEMENTS IN THE KARYOTYPE OF CHILDREN WITH
ATTENTION DEFICIT AND HYPERACTIVITY SYNDROME
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In this article, based on a cytogenetic study of 62 children with attention deficit hyperactivity disorder, it was found that an
increase in the length of the Y chromosome is associated with the development of attention deficit and hyperactivity syndrome.
It is also one of the factors for predicting the likelihood of the formation of the syndrome and is used in screening and prenatal
diagnostics, with the aim of early detection of a predisposition to the development of the syndrome and the adoption of pre-

ventive measures.
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mental development are individual and largely

depend on hereditarily determined genetic fac-
tors. Individual genetic predisposition to a certain
development of the nervous system is due to the
involvement of many genes. Genes involved in the
development and functioning of the nervous system,
in the formation of the neurocognitive and behav-
ioral profile, can exist in several allelic variants and
occur in different populations with different fre-
quencies. Genetic polymorphism is one of the caus-
es of various phenotypic manifestations of genes in
the development and functioning of the nervous sys-
tem and the formation of mental status [2, 6].

In some cases, deviations in phenotypic manifes-
tations can be the cause of genetic mutations.
Mutations can manifest themselves at the genomic,
chromosomal and gene levels and affect various
mechanisms for the implementation of the genetic
program. Thus, mutational rearrangements leading
to a decrease (deletion) or increase (amplification)
of the genetic material lead, respectively, to a
decrease or increase in the expression of individual
involved genes. The influence of the “dose” effect
of genes also causes various changes in phenotypes
and variants of their manifestations [10].

It is known that genes associated with sex chro-
mosomes, including the NLGN4Y, SRY, PCDHI1Y
genes located on the Y chromosome, can participate
in the formation of the neurocognitive and behav-
ioral profile [3, 5, 9]. It has been shown that an
increase in the number of copies of the Y chromo-
some genes leads to overexpression of gene products
involved in the development and functioning of the
brain. Influencing the formation of the neurobiolog-
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ical foundations of mental status, the involved genes
can serve as a potential factor that increases the risk
of various changes in the behavioral and social phe-
notype, in particular, in the presence of the gene
“dose” effect. However, the specific genes associat-
ed with the behavioral phenotype and the molecular
mechanisms of cognitive disorders associated with
sex chromosomes are not fully understood [1, 4, 7].

However, studies of the relationship between the
size of the Y chromosome and the development of
attention deficit hyperactivity disorder in children
have not yet been conducted.

The purpose of the study: was to analyze the
association of ADHD with Y-chromosome size
variability, as well as with other possible cytogenet-
ically detectable changes in the karyotype.

Materials and methods of research: The most
informative method to evaluate the entire karyotype
is the standard cytogenetic research method (SCR).
Using this method, it is possible to detect not only the
full form of a cytogenetic deviation from the norm,
but also a mosaic one. This allows us to conclude
about the origin of chromosomal changes (germinal,
embryonic) and the possibility of their transmission
to offspring. When examining children with ADHD
for chromosome analysis, peripheral blood lympho-
cytes stimulated with the mitogen phytohemagglu-
tinin (PHA) were used as a biological sample.

We examined 62 children aged 6-15 years with
clinically diagnosed ADHD, among which there
were 75.8% (47) boys and 24.2% (15) girls. The
girls were included in the study to assess the possib-
le involvement in cytogenetic variants in ADHD not
only of the Y chromosome, but also of other chro-
mosomes, both sex and autosomes. The results
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obtained were compared in a comparative aspect
with the results of karyotyping of apparently
healthy children without clinically established signs
of ADHD (the control group included 45 children,
including 21 (46.7%) boys and 24 (53.3%) girls).
The ranking of the subjects based on gender showed
that the number of children with a 46,XY karyotype
who were diagnosed with ADHD was 1.6 times
more (t=2.32; p<0.05) than children without the
syndrome, then as the number of children with a
46,XX karyotype with and without signs of ADHD
did not differ statistically significantly (t=1.94;
p>0.05). This fact provides a cytogenetic basis for
confirming the fact that individuals carrying the Y-
chromosome in the karyotype, i.e. boys are more
likely to develop ADHD.

The study showed that among the children of the
main group, the karyotype without cytogenetically
detectable changes in the sex chromosomes was
found in 45.1£7.2% of cases in boys and in 100% of
cases in girls (69.3+5.8% of children with ADHD in
total). In the control group, the proportion of meta-
phases with a karyotype without changes in the sex
chromosomes in boys was 85.7+7.6%, and in girls
it was 100% (in total, 93.3+3.7% of children).
Comparison of data from the main and control
groups as a whole showed that in children with
ADHD, the proportion of karyotype without cyto-
genetically detectable changes in sex chromosomes
was 1.3 times less (t=3.49; p<0.05) than in children
without clinical signs syndrome. The absence of
changes in sex chromosomes in girls in our study

may indicate the absence of an association of cyto-
genetic X chromosome variations with ADHD.
However, the fact that no such relationship was
found in our study may also be due to the small
number of girls included in the survey using the
SCR method. To clarify this fact in the future, it is
necessary to conduct an additional study with the
participation of a larger number of girls.

Changes in sex chromosomes in 54.9% of boys
affected mainly the length of the Y chromosome.
This cytogenetic manifestation has so far been con-
sidered not a pathology, but a polymorphism and
was regarded as a variant of the norm. However, in
the light of recent data regarding the identification of
the relationship between ADHD and an increase in
the Y-chromosome material [3, 6, 9] and the effect of
the “dose” of genes [7, 8], it is necessary to take into
account not only the number of Y chromosomes in
the karyotype, but also the increase in the size of this
chromosome. In our study, we did not find any kary-
otypes with supernumerary Y chromosomes in chil-
dren with ADHD. However, 19 out of 47
(40.4£7.2%) examined boys with ADHD showed an
increase in the size of the Y chromosome.

An enlarged Y-chromosome was also found in
the karyotype of one boy from the control group.

According to the calculated odds ratio, the risk
of developing hyperactive syndrome in male
patients with Yp and Yq+ is significantly higher by
33.9 times (¥2=22.3; P<0.05; OR=33.9.; 95% CI
4.31-267.1) compared to boys without chromoso-
mal change (without Ypss or Yqss+) (Tab.).

Table
Results of cytogenetic studies
Sex General Yp+ Yq+ Norm XX Xy
Boys 47 1 18 28 1 46
Girls 15 - - 15 15 -
Total 62 1 18 27 16 46
Control 51 0 1 50 - 51

Note: boys with ADHD: 19/47 (40.4%); boys without ADHD (control group): 1/51 (1.96%). ¥2=22.3; P<0.05; OR=33.9; 95%

CI 4.31-267.1;

Evaluation of changes in the length of the Y-chro-
mosome was of an objective-subjective nature.
Changes in the relative length of the Y chromosome
were determined based on its comparison with chromo-
somes 21 and 22 (G group of small acrocentric chro-
mosomes) and chromosome 18 (small submetacentric
chromosome of group E). In the case when the length of

the Y-chromosome was comparable to chromosome 18,
but 1.5-2 times longer than the length of the chromo-
somes of group G, it was considered to be increased. If
the Y-chromosome was equal in size or slightly larger
than the chromosomes of group G, but smaller than
chromosome 18, then this cytogenetic variant of its
length was considered as the norm (Fig. 1).

38



ﬁﬁﬁ

19 20 21

$tE>%8 sy e
Hﬁﬁﬁﬁﬂﬁ

- % B = e el B 17

i—ri—ki—q

@)

O

A.

X RS

ﬁﬁﬁ

19 20 21

ﬁﬁﬁﬁﬁﬁﬁ

I A o S i
(=

naRn

ﬁﬁw
[j@

Fig. 1. Comparative assessment of the length of the Y-chromosome based on
comparison with small acrocentric chromosomes, chromosomes of the G group (21 and 22)
and small submetocentric chromosome 18 from the E-group.

The change in size affected mainly the long (q)
shoulder. It is known that the main array of hete-
rochromatin (Gh) in the Y chromosome, with the
exception of small areas in the centromeric region
(p11.1—ql1.1), is located precisely in the q arm (q12
locus). A change in the size of the g-arm was noted
both in children with ADHD (38.3+£7.1%) and in
control subjects (14.3+7.6%). At the same time, the
difference when comparing the data of both groups
was significant (t=2.31; p<0.05), which confirmed
the non-randomness of this cytogenetic variant and
its relationship with the development of ADHD.

In one case (2.1£2.1%), we noted an increase in
the short (p) arm. This change could occur both due
to amplification of the heterochromatin region in
the p arm of the Y chromosome (locus p11.1) and
due to the insertion of a fragment of another chro-
mosome. In the latter case, the rearrangement could
affect not only the heterochromatic but also the
euchromatic region. The variant of uneven transla-
tional exchange of fragments with other chromo-
somes is also not excluded (Fig. 3). However, the
single case of an increase in the p-arm in the group
of patients indicates the unreliability of this event,

39



113
"2

111

"

"nn
"n"%

11.23

Gh

Fig. 2. Map of the Y-chromosome with the location of the bands and heterochromatic (Gh)
regions (indicated by an arrow) in accordance with the international classification system
for chromosomes ISCN 2009.

its randomness and the absence of a connection
with ADHD in our study.

It should be noted that all cases of increase in the
length of the Y-chromosome that we identified were
complete cytogenetic variants, when the detected
changes can be found in all cells of the body,
including sex cells. This suggests the possibility of
transmission of Y-chromosome length variants, as
well as the associated predisposition to ADHD oft-
spring, and therefore suggests the presence of a
hereditary factor in the development of the syn-
drome. However, this version is hypothetical and
needs to be confirmed by further additional studies
in larger samples.

Conclusions. Thus, our study of the karyotype
showed that in children with ADHD, cytogenetical-
ly detectable changes occur 33.9 times more often
than in children without clinical signs of the syn-
drome. We did not reveal cytogenetic changes asso-
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XULASO

DIiQQOT DEFISIiTIi VO HIPERAKTIVLIK SINDROMU iLO USAQLARIN KARIOTIiPINDO
XROMOSOM YENILONMOLORININ SITOGENETIK OLAMOTLORI

Saidxocayeva S.N., Vafoeva Q.R.
Daskaond Pediatrik Tibb Institutu, nevrologiya, usaq nevrologiyasi va tibbi genetika kafedrasi, Daskond,
Ozbakistan

Taqdim edilmis moaqaladas diqqgetin defisiti va hiperaktivlik sindromu ils olan 62 usaqda sitogenetik tadqiqat asasin-
da Y-xromosomunun uzunlugunun artmasinin diqqatin defisiti va hiperaktivlik sindromu ils slagasi tayin edilmisdir.
Hom do bu tapint1 adigokilon sindromun omals golmasi ehtimalinin prognozlagdirilmasi amillarinden sayilir va sin-
dromun yaranmasina meylliyin erkon agkarlanmasi va profilaktik todbirlorin goriilmasi magsadi ila skrininq vo peri-
natal diagnostikada istifads edilir.

Acar sozlor: digqoetin defisiti vo hiperaktivlik sindromu, kariotip, Y-xromosom, fenotip, asosialliq.

PE3IOME

HIUTOI'EHETUYECKHUE ITPOABJIEHUA XPOMOCOMHBIX PEAPAHKUPOBOK B
KAPUOTHIIE JIETEW C CHHAPOMOM JE®UIINTA BHUMAHUSA U TUTIEPAKTUBHOCTH

Cannxomkaea C.H., Bagoena I.P.
Tawxenmcxuii [leouampuuecxuti Meouyuncxuti Mncmumym, xaghedpa nesponoeuu,
OdemcKoll Hespono2uu u MeduyuHckol cenemuxu, Tawkenm, Y36exucman

B nmanHo# cTarbe Ha OCHOBAHWY IIUTOTEHETUYECKOTO UCCIENOBAaHUA 62 MeTeil ¢ CHHIPOMOM JIeQHITa BHUMAHUS C
THUTIEPAKTHBHOCTHIO OBLIO YCTAHOBJICHO, YTO YBEIIMUEHUE JUIMHBI Y-XPOMOCOMBI aCCOIIMAPOBAHO C PA3BUTHEM JIaH-
HOTO COCTOSIHUSA. DTO SBISCTCS OMHUM U3 (PaKTOPOB MPOTHO3ZUPOBAHMS BEPOSTHOCTH (POPMUPOBAHUS CUHAPOMA U
HCTIOJIB3YETCA B CKpUHUHIOBOUM M MPEHATATIbHOW AUAarHOCTUKE, C 1EJIbI0 PAHHETO BBISIBICHUS MPEIPACIOIOKEHHO-
CTH K €T0 Pa3BUTHUIO U MPUHATUSA MPOPUITAKTHICCKUAX MEP.

KiroueBble cjioBa: CHHIPOM JieUIMTa BHUMAHUS C TUIIEPAKTUBHOCTBIO, KAPHOTHII, Y-XpoMocoMa, (PeHOTHII, aco-
[HATBLHOCTD.
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