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Abstract. Schizophrenia (SZ) is a highly inherited disease that affects *0.5% of the population. The genetic and environmental factors
are involved in its aetiology and they interact with each other. Combination of symptoms is unique to each patient, the disease seriously
interferes with the ability to function in society and affects the mental state of the patient. In most patients, the first manifestations of SZ
appear during the adolescence or early adulthood. The hypothesis that SZ origin in impaired development of the nervous system is currently
widely accepted. Some studies have identified several genetic and environmental factors that increase the risk of the disease manifestation,
but none of them can be considered as the only cause of SZ. The genetics of the disease is complex and in last two decades it is assumed
that the cryptic rearrangements could be one of its causes. Cryptic rearrangements (microdeletions and microduplications) are the chro-
mosomal rearrangements smaller than 3–5 Mb. Their discovery was conditioned by the development of molecular genetic and molecular
cytogenetic techniques. The aberrations affect one or more genes and change the gene dose. In this article, we present the rearrangements of
the regions of human chromosomes more closely associated with the onset and development of SZ. Next, the candidate genes will be
presented together with their inclusion in the context of theories trying to explain the origin of SZ through some important factors (e.g.
action of dopamine or glutamate or GABA, formation of dendrites and neuronal synapses, etc.).

Keywords. cryptic rearrangement; schizophrenia; human chromosomes; copy number variations; aetiology of schizophrenia; genetics of
schizophrenia.

Introduction

Schizophrenia (SZ) is a serious mental disorder that affects
*24 million people or one in 300 people (0.32%) world-
wide. This rate is one in 222 people (0.45%) among adults
(IHME 2022). The sexes are affected in approximately the
same way, with a later onset observed in women. The onset
may be gradual or acute, with acute being associated with
severely impaired behaviour (World Health Organization
1992, ICD-10). The inheritance of SZ is around 80% (Hilker
et al. 2018), but both genetic and environmental factors play
a role in its development.

The symptoms are divided into three categories: positive,
negative and cognitive. The positive symptomes are present
in schizophrenics, but not in a healthy people. Examples
could be disillusions and hallucinations of various kinds,
auditory e.g. they comment on the actions and thoughts of
the affected person, or the voices can talk about the person

among themselves. They also include disturbed thinking,
which is reflected in incoherent narration and incoherence.
Patients’ attention is often focussed on common things and
details that they consider more important than the whole
object or situation (Tandon et al. 2013b; World Health
Organization 1992). The negative symptoms indicate a lack
or absence of normal mental functions including thinking,
behaviour, and perception. These include, for example,
impoverished speech, decreased ability to communicate,
limited social relationships, decreased affective expression,
and others (Tandon et al. 2013b). The cognitive symptoms
include impaired working, long-term and episodic memory,
attention, and learning. Patients have difficulty in under-
standing the meaning of words (Kurtz et al. 2001). Para-
noia, irritability, loss of goals, and transition to aimless
behaviour are also common. Thus, the disease significantly
reduces the ability to function in social situations (Tandon
et al. 2013b).
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The hypothesis that SZ origin in impaired development of
the nervous system, is currently widely accepted. Studies
have identified several genetic and environmental factors
that increase the risk of disease manifestation, but none can
be considered the sole cause of SZ.

Genetics of SZ is complex and a lot of candidate genes
have been presented in association with SZ (i.e. DISC1,
NRG1, COMT, GRM3 and other genes) (González-Castro
et al. 2016; Saini et al. 2017; Jagannath et al. 2018; Wang
et al. 2018). However, the problem is inconsistent replication
of study results (Harrison̄ and Weinberger 2005). Whole
genome association studies were followed, which identified
a number of common low-effect alleles associated with the
diagnosis (Ripke et al. 2013; Li et al. 2017).

The discovery of cryptic rearrangements enriched in
schizophrenics has attracted attention due to the potentially high
impact––the rearrangements often involve several genes and
affect the gene dose. In addition to their associationwith SZ as its
cause, it is possible that the presence of some may have the
opposite effect, e.g. 22q11 duplication is likely to protect the
wearer from SZ manifestation (Marshall et al. 2017).

Environmental factors are likely to interact with genetic
factors, increasing the risk of disease. Examples of such
factors are prenatal maternal immune activation, perinatal
hypoxia, adolescent marijuana use, stress, and many more
(Schmidt and Mirnics 2015).

Cryptic rearrangements

The chromosomal aberrations which are lesser than 3–5
Mb are considered as cryptic rearrangements. They got
their name due to their undetectability by classical
cytogenetic methods (dyeing and banding). They are
also referred as microdeletions, microduplications, etc.
They belong to the so-called copy-number variants
(CNV), which are defined as differences from the ref-
erence human genome in terms of DNA sequence losses
or gains. CNVs are divided into recurrent and nonre-
current (sporadic) which is related to how and where
they originate.

Cryptic rearrangements can lead to the so-called
microdeletion or microduplication syndrome, or may not
have any clinical phenotype. The onset of syndromes is
conditioned by a change in the copy number of a gene
that is sensitive to the gene dose, and in the case of a
deletion, it can lead to haploinsufficiency. The organism
better tolerates duplications leading to partial trisomies
than deletions causing haploinsufficiency. Thus,
duplications usually have a milder or no clinical man-
ifestation. Changes in gene dose caused by microdele-
tion or microduplication may also play a role in
the aetiology of polygenic disorders such as SZ or
autism.

Table 1. Cryptic rearrangements of chromosomes analysed.

Chromosomal region del/dup Effect on SZ risk Candidate genes Involvement of genes in the aetiology of SZ

1q21.1 del ?? GJA8
GJA5
BCL9
PRKAB2

Synapse, signalling; GABA
Synapse, signalling; GABA
Development of NS; other
Other

dup ?

2p16.3 del ? NRXN1 Synapse, signalling
3q29 del ?? PAK2

DLG1
FBXO45

Dendrites; synapse, signalling
Glutamate; dendrites; development of NS
Synapse, signalling; development of NS

7q36.3 dup (?) VIPR2 Development of NS
7q11.23 dup ?
15q11.2 del (?) CYFIP1 Glutamate; dendrites;

synapse, signalling; development of NS
15q13.3 del ? CHRNA7

OTUD7A
Other
Dendrites

15q11-13 dup ? UBE3A Synapse, signalling
16p11.2 dup ?? KCTD13

MAPK3
Other
Other

16p13.1 dup ?? NTAN1
NDE1

Development of NS
Synapse, signalling; development of NS

17q12 del (?) LHX1 Synapse, signalling; development of NS
dup (?)

22q11.2 del ?? COMT
PRODH

Dopamine
Glutamate

?, Positive effect on the development of SZ.
??, Strong positive effect on the development of SZ.
(?), Uncertain positive effect on the development of SZ
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Cryptic rearrangements associated with SZ (see
table 1)

Chromosome 1: deletion and duplication in 1q21.1

There are several regions on chromosome 1 that are thought
to be associated with SZ. From them the existence of cryptic
deletions and duplications has been described in 1q21.1
region (International Schizophrenia Consortium 2008; Ste-
fansson et al. 2008; Levinson et al. 2011; Rees et al. 2014;
Marshall et al. 2017). Two types of CNV are typical for this
area. The more common type I contains only the distal part
of the 1q21.1 area of 1.8 Mb and type II of 2.7 Mb occurs
proximally (Brunetti-Pierri et al. 2008). Deletion in this area
represents almost seven-fold increase in SZ risk (Chang
et al. 2016). Studies with a sufficiently large sample did not
detect rearrangements in control subjects (Mefford et al.
2008), or they were detected in a very small number of
control subjects (0.02%) (Stefansson et al. 2008).

In the 1q21.1 region, there are four genes associated with
SZ and affected by CNV: GJA8, GJA5, BCL9 and PRKAB2.
Changing their gene dose (heterozygous deletion/duplica-
tion) increases the risk of SZ.

Gap junction protein alpha 8; connexin 50 (GJA8) is the
gene encoding the alpha 8 conductive junction protein, while
gap junction protein alpha 5; connexin 40 (GJA5) is the gene
encoding the alpha 5 conductive junction protein. Connexins
are the basis of a gap junctions and they serve for metabolic
and electrical intercellular communication. Communication
through them is affected by antipsychotic drugs. As well
GABAergic interneurons (c-aminobutyric acid, GABA)
connected by electrical synapses, and the damage of these
synapses can result in manifestations of SZ (Rouach et al.
2002; Ni et al. 2007).

BCL9 is a gene whose product plays a role in the Wnt
signalling pathway, important for development, function and
structure of the nervous system and thus it could play a role
in the development of the mental diseases (Xu et al. 2013; Li
et al. 2011; Kimura et al. 2015a).

Studies focussing on the association of the PRKAB2 gene
with SZ in humans does not exist yet. A study of its ortholog
on an animal model is the only one that exists (Nagy et al.
2018).

Chromosome 2: deletion in 2p16.3

The first finding of NRXN1 gene disorder associated with SZ
was in 2007 (Kirov et al. 2007). The 0.25-Mb deletion in the
2p16.3 regions was diagnosed in two siblings with SZ and
their mother without SZ. The deletion included the promoter
and exon 1 of the gene. Due to the previous deletions in
patients with mental retardation and autism it was considered
pathogenic. The nonpathogenic maternal phenotype suggests
that the deletion has an incomplete penetrance.

In the following years, other cases of deletion of different
sizes were reported (0.018–0.420 Mb), but they have been
discovered only in some patients (Walsh et al. 2008; Kirov
et al. 2009; Need et al. 2009). Because the deletions are rare
and the studies have been performed with small samples,
Kirov et al. (2009) performed a meta-analysis of data from
the above studies and two others (International
Schizophrenia Consortium 2008; Rujescu et al. 2009), in
order to obtain the convincing results for the association with
SZ. Their analysis provided strong evidence for the associ-
ation of the exon extending deletions with SZ. The affected
gene encodes proteins that are involved in the release of
neurotransmitters from the presynaptic vesicles (Missler
et al. 2003) and in the formation of synapses (Craig and
Kang 2007).

Chromosome 3: deletion in 3q29

Bailer et al. (2002) and Schosser et al. (2004) performed
binding studies that indicated an association of the 3q29
region with SZ. The subsequent studies have found that
the size of deletions occur in the area 0.8–1.6 Mb. The
presence of a deletion in the 3q29 region increases the risk
of SZ more than 40-fold (Mulle 2015). By comparing the
deletions of patients and controls, it was found that the
region deleted in patients is longer, includes more genes
and was created de novo, making it considered pathogenic
(Mulle et al. 2010).

PAK2, DLG1 and FBXO45 are considered as candidate
genes. PAK2 and DLG1 are genes homologous to X chro-
mosome genes (PAK3, DLG3), which are associated with
mental retardation (Levinson et al. 2011).

The serine/threonine kinase PAK 2, encoded by PAK2, is
highly expressed in the foetal brain. It plays a role in
cytoskeletal regulation, nuclear signalling, and possibly
plays a role in neuronal differentiation (Demyanenko et al.
2010). It also attenuates the inhibitory interaction between
RhoGDI and ras-related C3 botulinum toxin substrate 1
(Rac1) (Shin et al. 2009), wherein Rac1 is a regulator of the
dendritic spine morphology of maturing neurons (Nakayama
et al. 2000).

The level of scaffold protein encoded by DLG1 was
reduced to half in the prefrontal cortex in patients with SZ
(Toyooka et al. 2002). The protein affects the dendrit growth
(Zhou et al. 2008) and plays a role in glutamate receptor
transport. Its loss in mice did not avert the incorporation of
glutamate receptors because other proteins from their group
were expressed and compensated its absence (Howard et al.
2010).

The FBXO45 gene (coding FBXO protein 45, a substrate-
recognition subunit of E3 ligases) has been characterized to
have pivotal roles in many human diseases, including ner-
vous system diseases. However, it is mainly investigated in
connection with carcinogenesis (Lin et al. 2020).
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Chromosome 7

Duplication in 7q36.3: The duplications in the 7q36.3 region
affects a single gene for vasoactive intestinal peptide
receptor 2 (VIPR2). Duplications of different sizes were
detected in the gene, optionally they occurred 0.089 Mb
upstream of the gene sequence. An area of 0.362 Mb is
considered as a critical (Vacic et al. 2011).

In the same year, a study was also published that found
the exonic duplications in patients with positive symptoms
(Levinson et al. 2011). The study by Aleksic et al. (2013)
suggest that for further studies of the association of dupli-
cation with SZ, it is necessary to pinpoint the begining and
the end of CNV, because they examined the smaller dupli-
cation (0.035 Mb) in the critical area which was not asso-
ciated with SZ. The metaanalysis does not support the
association because of the increased incidence in patients
which was not significant in comparation with the incidence
in control subjects (Rees et al. 2014). Studies performed on
the Chans support the association (Yuan et al. 2014; Li et al.
2016).

VIPR2 is a receptor for the vasoactive intestinal peptide
(VIP) and the pituitary adenylate cyclase-activating
polypeptide (PACAP), which are important for the embry-
onic development of the nervous system and its protection,
and they were also associated with disease as well (Hashi-
moto et al. 2007; Levinson et al. 2011). The receptor is
expressed in areas of the brain that are associated with
cognition and behaviour (Sheward et al. 1995).

Duplication in 7q11.23: De novo duplications in the area have
been associated with autism and subsequently discovered in
patients with SZ (Stewart et al. 2011; Kirov et al. 2012). The
association with SZ is also supported by other studies that
identified the duplications of different lengths (0.47–1.56
Mb). The duplications increase the risk of SZ 10-fold. It is
considered risk mainly due to its rarity and the current
association with autism, which are properties that share
CNV associated with SZ (Mulle et al. 2014; Li et al. 2016).
The significant support for the association was provided by
Marshall et al. (2017).

Chromosome 15

Deletion in 15q11.2: A deletion in the 15q11.2 region of 0.47
Mb in association with SZ was described by Stefansson
et al. (2008). A support for this study is also provided by
studies by Kirov et al. (2009), Melhem et al. (2011) and
Rees et al. (2014). In contrast, the studies by Ikeda et al.
(2010) and Saxen et al. (2019) did not support the associa-
tion and claim that the deletions are not pathogenic.

The region includes four genes, with CYFIP1 being
considered a candidate gene. This gene encodes the protein
interacting with the fragile X mental retardation protein
(FMRP), from which its name is also derived––cytoplasmic

FMR1 interacting protein 1 (CYFIP1). It also modulates the
actin dynamics and interacts with Rac1, which is involved in
the regulation of the dentrite growth (Stefansson et al. 2008).
Reduced CYFIP1 expression resulted in impaired expression
of the FMRP gene and postsynaptic density genes associated
with SZ (Fromer et al. 2014; Purcell et al. 2014; Nebel et al.
2016).

FMRP is a RNA binding protein that regulates translation
and is required for neurogenesis and glutamate signalling at
synapses (Callan and Zarnescu 2011). The postsynaptic
density genes play a role in dendritic plasticity and in the
excitatory components of neurons (Purcell et al. 2014).

The haploinsufficiency of CYFIP1 in mice resulted in a
decrease of its level and thus in a decrease of dendritic
complexity and an increase of the incidence of immature
dendritic processes (Pathania et al. 2014). A recent study
confirms the effect of CYFIP1 haploinsufficiency in mice on
stability of the dendritic thorns, but not on the formation and
the deficits in social behaviour that are in some cases the
symptoms of SZ as well (Bachmann et al. 2019).

Deletion in 15q13.3: In 2008, a two or more studies showed an
association of a 1.57-Mb long deletion in the 15q13.3
regions which was also present in small portion of the
control subjects (0.02%) (International Schizophrenia Con-
sortium 2008; Stefansson et al. 2008). This was also sup-
ported by the study of Levison et al. (2011), which also
pointed out that the shorter deletions in this area are not
associated with SZ. The deletions in the area are up to 10
times more common in schizophrenics, but the risk of
manifestation of the disease is only 10% if deletion present
(Levinson et al. 2011; Fejgin et al. 2014). According to the
study by Marshall et al. (2017), the deletion occurs almost
16 times more frequent in patients than in controls.

The deletion affects seven genes, of which CHRNA7 and
OTUD7A are considered candidate genes. CHRNA7 encodes
an acetylcholine receptor subunit. In a mouse model with
microdeletion the defects in the processing of sound stimuli
similar to patients with SZ were detected using an elec-
troencephalogram (Fejgin et al. 2014; Thelin et al. 2016).
The study of Uddin et al. (2018) focussed on the OTUD7A
gene, which they consider important for brain development
because it occurs in mice model participated in the formation
of dendritic spines. The protein encoded by OTUD7A is a
deubiquitinase whose role is to remove ubiquitin from pro-
teins intended for degradation. It is located in the postsy-
naptic density, where it probably regulates the proteins
important for synapse maturation. It is not yet known whe-
ther it cooperates with CHRNA7 in the regulation of den-
dritic growth, or if these proteins act in other cell types or in
different time (Uddin et al. 2018).

Duplication in 15q11-13: The finding of about 5-Mb long
duplications in schizophrenics supports the claim that SZ
belongs to the spectrum 15q11-13 duplication syndrome
disease (Ingason et al. 2011b; Liao et al. 2012). An atypical

   30 Page 4 of 10 Livia Jurisova and Roman Solc



0.129-Mb long duplication involving only the UBE3A gene
was also found (Noor et al. 2015).

Therefore, the UBE3A gene became a candidate gene. It
plays a role in the creation of synapses based on experience
(so-called experience-driven synaptic plasticity) (Greer et al.
2010). The new study also provides the support for the
duplication of this candidate gene (Salminen et al. 2019).

Chromosome 16

Duplication in 16p11.2: A 0.6 Mb microduplication posed
up to a 14-fold increased risk of SZ (McCarthy et al.
2009). The support of the association of duplication with
SZ is relatively large and both rare, and common gene
variants and are associated with SZ risk (Vacic et al. 2011;
Steinberg et al. 2014; Chang et al. 2017; Zhou et al.
2018).

The region includes 28 genes, of which at least 17 are
expressed in the mammalian brain. In patients with
microduplication, a microcephaly was found, but this was
not statistically significant (McCarthy et al. 2009). In
another study, there was the statistical significance between
the microcephaly in humans and the microduplication
(Shinawi et al. 2010). Because of that the KCTD13 gene
(which has an effect on changes in head size in Danio rerio)
is considered significant candidate gene (Golzio et al. 2012).
It is one of the genes whose expression is positively corre-
lated with gene dose (Kusenda et al. 2015).

MAPK3 is another candidate gene. Its locus is associated
with SZ (Schizophrenia The Working Group of the Psychi-
atric Genomics Consortium 2014) and it is in transcription
relationship with KCTD13. In particular, when in D. rerio
with overexpressing KCTD13 (which leads to micro-
cephaly), the MAPK3 suppression occurs and a normal
phenotype is observed.

Duplication in 16p13.1: The association of the duplication in
the 16p13.1 region with SZ is relatively strong (Kirov et al.
2009; Ikeda et al. 2010; Ingason et al. 2011a; Rees et al.
2014), although there are studies that do not support this
association (Grozeva et al. 2012). The microdeletion is 1.5
Mb in size and is surrounded by LCR that destabilize this
area. It is not clear whether the rearrangements are benign or
pathogenic (Ingason et al. 2011a).

Candidate genes in this region are NTAN1 and NDE1.
The genes play a role in the brain development, in the
neuronal proliferation and migration, and in the synapse
formation. NTAN1 encodes an N-terminal asparagine
amidase that is thought to be important for social beha-
viour and memory (Ingason et al. 2011a). In the case of
NDE1, a rare single-nucleotide variant has been discov-
ered that is associated with SZ (Kimura et al. 2015b). The
effect of haploinsufficiency of the genes is not known yet,
and thus their susceptibility to gene dose changes is only
presumptive.

Chromosome 17

Deletion in 17q12: Moreno-De-Luca et al. (2010) identified a
deletion of 1.4 Mb, which in almost all patients form de novo
and it can therefore be considered pathogenic. In Rees et al.
(2014), one patient with a deletion was described. The study
by Grozev et al. (2012) decreased the association of the
deletion, but it remained significant. Any deletion in this area
is considered important because it is one of the 10 most
common pathogenic deletions in children with unspecified
neurodevelopmental disorders (Moreno-De-Luca et al.
2010).

LHX1 could be considered a candidate gene. It plays a
role as a transcription factor in the nerve cell differentiation,
in the transcriptional control, and in the axonal guidance
(Avraham et al. 2009). In knockout mice, the gene ortholog
was found to be an important regulator of the head organizer
(Shawlot and Behringer 1995). So far, its role in the SZ is
only at the level of speculation.

Duplication in 17q12: Szatkiewicz et al. (2014) found in a
relatively large and homogeneous sample of schizophrenics
the duplication reciprocal to the deletion occuring in 17q12 .
Since this discovery, a case of the treatment-resistant patient
with SZ has been described with the duplication. The authors
of the study assume a connection between CNV and treat-
ment resistance (Rogdaki et al. 2016).

Chromosome 22: deletion in 22q11.2

The deletion syndrome of chromosome 22q11.2, also known
as DiGeorge syndrome, is probably the most common
microdeletion syndrome. A 3-Mb long deletion and an
overlapping proximal 1.5-Mb long are the most typical ones
(McDonald-McGinn et al. 2015). As many as 30% of people
with a deletion are diagnosed with SZ in adulthood and
0.5–1% of schizophrenics carry this deletion (Schneider
et al. 2014). The association of the deletion with SZ is well
known and represents up to 20% increased risk. It is there-
fore considered one of the three most risk factors for man-
ifestation of the disease. The deletion affects a large number
of genes and two candidate genes in this region will be
described: COMT and PRODH.

COMT encodes the protein catechol-O-methyltransferase,
whose role is the degradation of catecholamines, and thus
including dopamine. The gene occurs in two functional
polymorphisms COMT158Val and COMT158Met. COMT158-

Met encodes an enzyme with reduced activity (McDonald-
McGinn et al. 2015). Too low or too high dopamine levels
are thought a risk for SZ, so the activity of this enzyme could
be a critical factor (Cools and D’Esposito 2011). The
decreased expression, enzyme activity and changes in
dopamine signalling were observed in the deletion carriers
(Evers et al. 2014; Gothelf et al. 2014). In the
schizophrenics with deletion, neither the more frequent
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occurrence of one of the alleles nor the association between
COMT158Met allele and the disease was not proven (Bassett
et al. 2007; Gothelf et al. 2013). The consequences of
COMT haploinsufficiency at the neuronal level, in relation
with the system of reward and with the psychotic symptoms
are currently unclear.

PRODH is a gene for proline dehydrogenase that cat-
alyzes the first reaction in the proline conversion to gluta-
mate. Therefore, the glutamate abnormalities could occur in
patients with deletion. Some studies have reported increased
and some unchanged glutamate levels (Tebartz van Elst et al.
2005; Lutkenhoff et al. 2010).

Theories linking genes in cryptic rearrangements
with SZ

Now, here is an overview that integrates gene into the con-
text of SZ theories (see figure 1). One of the leading prop-
erties of a gene, that makes it a candidate gene for SZ, is the
localization of its expression. For obvious reasons, these are
the most common genes expressed in the brain, where they
could cause the disruptions in the connectivity of neurons to
each other or to individual areas of brain.

The theory that links all the following hypotheses and
gene properties comprehends SZ as a disease of pathologi-
cally altered brain connectivity. For example, the severity of
the positive symptoms is associated with the reduced overall
structural connectivity, the increased or reduced structural
and functional interconnection of areas of the brain and the
reduced efficiency of the whole brain network. The severity
of negative symptoms is associated with the reduced overall
function connectivity, the increased structural and functional

interconnection and also the reduced efficiency of the whole
brain network (Skudlarski et al. 2010; Wang et al. 2012).

Many candidate genes are associated with an effect on the
dendritic growth, the morphology of the dendritic spines and
dendritic complexity. The studies point to the reduced den-
dritic complexity, which causes (together with the reduced
number of synapses) the reduction of the gray matter (Glantz
and Lewis 2000; Sweet et al. 2009). The complexity of
dendritic approval determines the number of receptive
synapses and its reduction could impair the healthy
connectivity.

The dopamine hypothesis assumes that the psychosis can
be attributed to dopamine deregulation. The dopamine
deregulation could cause aberrant salience (Howes and
Kapur 2009). The role of dopamine in reward processes is
well known, it also plays a role in the positive reinforcement
for required behaviour. The animal model studies suggest
that dopamine is also involved in aversive behaviour (Barr
et al. 2009; Fadok et al. 2009). The dopamine is likely to
convert the neutral property to attractive or aversive feature.
It therefore affects saliency, the process by which the situ-
ations and thoughts attract attention and, depending on their
association with reward or aversion, a reaction arises (Ber-
ridge and Robinson 1998). In psychosis, a long-term process
occurs, which starts with an increase of attention and an
increase of emotionality associated with anxiety. The sal-
iency is then abnormal, because a situation or an object is
assigned a property not based on context, but based on the
current mental state. This results in the disillusionment, this
is the way the brain copes with the confusion that has arisen
(Yung and McGorry 1996).

The glutamate hypothesis states that impaired gluta-
matergic signalling may be responsible for the manifestation

Figure 1. Various theories linking genes involved in cryptic rearrangements with SZ.
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of the SZ. The hypothesis is based on the results of studies
which found that the antagonists of the N-methyl-D-aspar-
tate (NMDA) glutamate receptors cause SZ-like symptoms
and that their administration to schizophrenics prolongs and
worsens the symptoms (Krystal et al. 1994; Malhotra et al.
1997). For example, the phencyclidine in rats caused a
decrease of the functional connectivity, which is also
observed in the schizophrenics (Dawson et al. 2014).

The glutamatergic neurons predominate in the excitatory
signalling, which occurs through the metabotropic and
ionotropic receptors. The symptoms are probably caused by
a malfunction of NMDA receptors (Pilowsky et al. 2006;
Stone 2011). Studies suggest that the increased levels of
glutamate and glutamine (an indicator of glutamate sig-
nalling generated by recycling of synaptic glutamate) (Tan-
don et al. 2013a; Bustillo et al. 2014). It is not known how
the glutamate abnormalities cause the symptoms of SZ.

In connection with SZ, it is important to mention the c-
aminobutyric acid (GABA) signalling. The GABAergic
neurons are inhibitory and they are thought that the reduc-
tion of their activity leads to the apathetic behaviour or social
separation because it affects the emotional and cognitive
functioning (Gur et al. 2000). In schizophrenics, the overall
GABAergic activity is likely to be reduced, starting with the
GABA synthesis and ending with the GABA receptor level
compensation. The imitation of the reduced GABA synthesis
in the rats resulted in the impaired working memory per-
formance, which is one of the common SZ signs (Enomoto
et al. 2011).

Conclusion

With the expansion of the new methods of molecular
genetics and molecular cytogenetics, it was possible to dis-
cover a number of the earlier unknown (cryptic) chromo-
somal rearrangements, whose association with SZ is the
subject of many studies for last two decades. Several cryptic
rearrangements associated with SZ are presented in this
article.

The chromosomal area 22q11.2 is considered to be one of
the three most important risk factors for the diagnosis of SZ.
The areas 1q21.1, 15q11.2 and 15q13.3 were discovered
among the first and support for their association with SZ is
relatively strong. The areas 7q11.23, 15q11-13 or 16p12.1
can represent a new direction in research, as they have
gained the support in the association during the last five
years. The 17q12 region is poorly studied and was included
due to its association with the neurodevelopmental damage
and the possible effect on the SZ resistance to treatment. In
this area, further research is needed to determine their sig-
nificance in SZ. The other mentioned rearrangements are
extensively researched and despite the existence of studies
which do not support the association, they remain significant
still.

Many cryptic rearrangements point to the problems of
their study. An example is deletion in the 2p16.3 regions
where the rarity of the rearrangement may affect the esti-
mation of the significance of the association. The cryptic
rearrangements are a possible cause of the disease in only
2–4% of the patients.

A collective feature of the candidate genes is their effect
on brain connectivity. The genes play roles in the develop-
ment of the nervous system, the synapse formation, the
signalling or the social behaviour.

The opinions on the influence of these cryptic rearrange-
ments on the manifestation of SZ are different, but they
definitely represent an interesting area of research with the
potential in diagnostic or in the drug development. The
heterogeneity of the disease suggests the need for further and
extensive research to identify the structure of the interactom,
and the causes and symptoms of the disease.
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