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Schizophrenia

Genetic profiling and association to depressive
andimmune disorders and environmental factors

Schizophrenia is an intricate mental disorder characterized by severely
impaired thinking, delusional thoughts, hallucinations and poor emotional
responsiveness, and typically arises in late adolescence or early adulthood.
Although the cause of this disorder cannot be determined yet, the genetic
background is not completely unclear. Provided that there are no distinct
pathology or diagnostic standards for schizophrenia, it is challenging to link
gene mutations to specific physiological or biochemical alterations linked
to the illness. However, plenty of genes are clearly linked to schizophrenia.
The disorder seems to have a similar genetic background with depressive
disorders, since a gene overlap is observed, and with immune disorders, as
well. Epidemiological evidence shows that there is an increased incidence of
immune disorders to people suffering from schizophrenia and to their rela-
tives. Finally, schizophrenia is, also, related to environmental factors, smoking
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1. INTRODUCTION

Schizophrenia (SCZ) is identified as a neurodevelop-
mental disorder, which includes disability of growth and
development of the brain, and is frequently linked to
cognitive, neurological, or psychiatric dysfunction. “Neu-
rodevelopmental disorder” is a general term that can
encompass a wide range of disease classifications, such
as bipolar disorder (BP), autism, SCZ, intellectual disability
(ID), developmental delay (DD), etc. to different degrees.’

SCZ is an intricate mental disorder, the severe symp-
toms of which include delusional thoughts, hallucinations,
severely impaired thinking, and poor emotional respon-
siveness,? and that typically arises in late adolescence or
early adulthood.? It is estimated that 1% of people globally
suffer from SCZ, this invalidating mental illness.? SCZ affects
males 1.4 times more than females,® but in a different age
of onset; 20-28 years for the firsts and 26-32 for the second
ones.’ Both genetic and environmental factors affect the
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risk of developing schizophrenia,” which involves both
developmental and degenerative features.” SCZ seems to
be among the top ten global causes of long-term disability,
characterized by a complex set of symptoms including
hallucinations, delusions, restlessness, apathy, alogia, and
cognitive impairment.®

As far as the cause of the disorder is concerned, the eti-
ology of SCZ has not been identified yet, despite the large
number of investigations on the biological foundations of
the disorder.? However, the increased risk of developing
SCZ is confirmed for susceptible people exposed to certain
environmental factors;* hence, the age at illness onset in
SCZ is influenced by a combination of both genetic and
environmental factors. Additionally, the variety of SCZ
symptoms and outcomes seen can be explained by the
amalgamation of genetic and environmental backgrounds
in the vascular-inflammatory theory of SCZ.2

An elevated genetic susceptibility to schizophrenia
has been linked to an early age at illness onset, which has
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been considered a key risk factor for SCZ.’ Research has
also shown that a course of illness, a positive family his-
tory of psychosis, and a higher risk of illness in siblings are
associated with an early age at illness onset.”” The afore-
mentioned risk differentiates between males and females,
being consistently proved raised for males’?and concerning
the mean age at onset, being later for females, despite the
equal peak age at onset for both sexes.’”> Additionally, SCZ
is hereditary to a remarkable extent; the heritability of SCZ
is around 60 to 80%.#’* This explains the risk of suffering
from SCZ between relatives of those with SCZ and differs
according to the relation among them, as well (tab. 1).”¢

2. GENETICS BEHIND SCHIZOPHRENIA

Linking gene mutations to specific physiological or
biochemical alterations related to SCZ seen to be chal-
lenging provided the absence of distinct pathologies or
diagnostic standards.” Consequently, the genetic architec-
ture is intricate, with thousands of independent common
genetic variants accounting for between 23% and 50% of
the variance.””’8 This suggests a polygenic model in which
avariety of genetic variants affect the risk of the disease.’”"?

Research has consistently proved the relation between
SCZ and several genes including: genes of the major his-
tocompatibility complex (MHC) region on chromosome
6p21.3-22.1,2% the zinc finger protein gene ZNF804A on
chromosome 2q32.1,%* neuregulin1 (NRGT) on chromo-
some 8,2 and transcription factor 4 (TCF4) on chromosome

Table 1. Risk of relatives of those with schizophrenia.

Relation Risk
(%)

Identical twins 57.70
Parents 4.40
Brothers and sisters 8.50
Children 8.20
Uncles and aunts (second-degree relatives) 2.00
Nephews and nieces (second-degree relatives) 2.20
Grandchildren 2.80
Half-brothers and sisters 3.20
Third-degree relatives (first cousin) 2.90
Risk of offspring of 0-2 schizophrenic parents

Neither parents schizophrenic 8.20

One parent schizophrenic 13.80

Both parents schizophrenic 36.60
General population 0.86

18921.1.22%° Other genes that influence SCZ are the follow-
ing: a negative regulator of the Wnt signaling pathway
(NRX1),%6 a potassium channel (KCNH2),”” and many other
brain-expressed proteins, such as dysbindin.?® Additionally,
the most researched candidate genes are GRINT, GPM6A,
SEPTIN4, TPH1, TPH2, CACNA1C, CACNB2, and BCL9,* and
three of the best-supported regions are 6p24-22, 1g21-22,
and 13g32-34, where individual studies have attained
genome-wide significance.’? Some genomic “hotspots”
in sizable patient cohorts with the disease carry multiple
structural variants that are strongly related to the illness.
For instance, when comparing SCZ patients to controls,
deletions at four different loci (1921.1, 15q11.2, 15913.3,*
and 22g11.12%) show a significant over-presentation.

Figure 1 depicts the links between the genes as men-
tioned above, not only concerning SCZ but also in different
other symptoms.?

Pertaining to the etiopathogenesis of SCZ, over fifty-
seven have been found and confirmed by the Genome-Wide
Association Studies (GWAS) carried out in the last few years.’”
Immunology, neuroendocrinology, and neurodevelop-
ment constitute the fields to which most of the genes are
associated.*® In addition to this, neurodevelopment, neuro-
transmission, and neuroplasticity-related genes may play
significant roles in the development of the illness. These
could indicate the molecular pathways altered in SCZ, even
though they only slightly increase the risk for the SCZ.%°
The precise molecular pathways whose disruption results
in the disorder are not completely concrete, though.? An-
other likely reason for this is that SCZ is not generated by
a single genetic factor, but a combination of them. A more
plausible theory presents SCZ as the “product” of a variety
of both common and uncommon alterations.?

Other genes reported that single nucleotide polymor-
phisms (SNPs) that seem to be mostly related to this disorder
are the below: ADORA2A, BCL9L, CASP2, CDH4, CEBPA, COPG,
DAXX, DTNBP1, FLOT1, FOLH1, FUBP3, GABBR1, GTF2IRD1,
HISTTHTE, HRAS, KCNQ1, MAPK1, MEF2A, MYLK, NFASC, NMB,
PICALM, PIK3C2A, PPFIA3, PRX, SLC2A4, SMAD3, SNX22, STX1B,
TRAF2, TRIM39, TUBAS, VARS, ZFP36L1.2

Several genes (e.g., GRM3, GRIN2A, SRR, GRIAT) involved
in synaptic plasticity and glutamatergic neurotransmission,
as well as DRD2; the target of all effective anti-psychotic
drugs, have concrete significant associations with the
etiopathology and the therapy of SCZ according to major
hypotheses. Moreover, correlations at the voltage-gated
calcium channel subunit-encoding sites CACNA1C, CACNB2,
and CACNA1A expand on earlier discoveries linking the
protein family to SCZ and other mental illnesses.?
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Figure 1. Visualization of the genes that seem to relate with schizophrenia (SCZ): NRG1, TCF4, NRX1, KCNH2, GRIN1, GPM6A, SEPTIN4, TPH1, TPH2,

CACNA1C, CACNB2, and BCL9.

Furthermore, of the over 100 chromosomal locations
on the genomic “skyline” of SCZ that are known to carry
a hereditary risk for the disorder, the gene known as C4;
complement component 4, is by far the tallest tower. SCZ is a
disorder that influences approximately 1% of the population
and is up to 90% heritable; nevertheless, understanding how
particular genes contribute to risk has been confirmed to
come by until recently.”’ Research in “DISGENET” concerning
genes that are relative to SCZ showed, also, that they are
about 4,064, most of them being protein-coding.

A Manhattan plot of the SCHizophrenia Exome Meta-
Analysis (SCHEMA) findings declared genes substantially
linked to the risk of the disorder. These seem to be the
following: SETD1A, CUL1, XPO7, TRIO, SP4, RB1CC1, HERCI,

GRIN2A, CACNAT1G, GRIA3.2° GRIN2A and GRIA3, two of the
ten aforementioned genes identified in the SCHEMA study,
provide evidence that synapse plays a significant role in
the mechanistic foundation of SCZ. The function of these
genes is the encoding of a portion of the glutamate receptor,
namely the cellular antenna neighboring neurons. Although
prior pharmacological research has contributed to the
investigation of the influence of glutamate signaling on
SCZ, the SCHEMA study offers the first conclusive genetic
proof of this. Regarding GRIN2A activity in the brain, the
peak appears during adolescence, coinciding with the onset
of symptoms in individuals with the disorder.?”

Nonetheless, none of the SCHEMA genes have previously
been linked to a brain ailment or neuron-specific function.



BACKGROUND OF SCHIZOPHRENIA

Finally, some additional schizophrenia candidate genes
are the following: AKT1, APOE, COMT, DAOA (G72), DISC1,
DTNBO1, ERBB4, GABRB2, GRIN2B, HTR2A, IL1B, NOTCH4,
NRG1, NRXN1, PDE48, PRODH, RELN, RGS4.*°

All the genes that seem to be linked to schizophrenia
are summarized in table 2.

2.1. Genes overlapping with depressive disorders

More and more research is pointing to shared genetic
risk factors for both depression and SCZ.%°

A comprehensive associative investigation encom-
passing five primary psychiatric disorders revealed that
single-nucleotide variations (SNVs) in chromosomal loci
3p21 and 10g24, along with the CACNATC and CACNB2
genes that encode calcium subunits, are predominantly
linked to SCZ, depression, BP, attention deficit hyperactivity
disorder (ADHD), and autism spectrum disorders (ASDs).*’
Nevertheless, GRIN1, GPM6A, SEPTIN4, TPH1, TPH2, CACNATC,
CACNB2, and BCL9 are the most researched candidate genes
of SCZ and depression comorbidity (overlap).’® In more
detail, the localization and the function of these genes are
described in table 3.#

2.2. Rare genetic variation

According to research, the genes released by the ultra-
rare variants were found to have the several functions,*
including the movement of charged particles into and
out of cells and synaptic functioning (CACNATG, GRIN2A,
and GRIA3), the control of transcription — the copying of
instructions coded in DNA that are used to make proteins
(SP4, RB1CC1, and SETD1A), the movement and growth
of neurons during development (TRIO), the movement of
substances into and out of the nucleus of cells (XP07), and
the modification of proteins by adding ubiquitin, which
helps tell the cell where the protein should go (CUL1 and
HERC1).

Current research on the molecular genetics of SCZ,
concentrating on positional and functional candidate genes
suggested to be related to SCZ, seems to generate upcom-
ing findings of great interest. These include neuregulin
(NRG-1,8p12-21), dysbindin (DTNBP1, 6p22.3), G72 (13q34),
D-amino acid oxidase (DAAO, 12q24), proline dehydroge-
nase (PRODH-2, 22q11.21), catechol-O-methyltransferase
(COMT, 22g11.21), regulator of G protein signaling (RSG-4),
5HT2A and dopamine D3 receptor (DRD3). Examining the
new genome scan project in the context of earlier scans,
chromosomes 1q, 2q, 5q, 6p, 8p, 10p, 13q, 159, and 22q
are, also, among the regions associated with the disorder.’®

Table 2. Genes associated to schizophrenia.

Genes associated to schizophrenia

ZNF804A DTNBO1 SETDI1A NMB COPG
KCNH2 HTR2A SP4 PRX FOLH1
TPH1 PDE48 CACNA1G STX1B HISTTH1E
BCL9 NRGT1 comT VARS MEF2A
CASP2 GRINT ERBB4 cuLt PICALM
DAXX TPH2 IL1B RB1CC1 SLC2A4
FUBP3 CACNATI PRODH GRIA3 TRAF2
HRAS CDH4 TCF4 DAOA (G72)  ZFP36L1
MYLK DTNBP1 GPM6A GABRB2 XPO7
PIK3C2A GABBR1 CACNAIC NOTCH4 HERC1
SMAD3 KCNQT1 ADORA2A RELN AKT1
TRIM39 NFASC CEBPA NRX1 DISC1
4 PPFIA3 FLOT1 SEPTIN4 GRIN2B
TRIO SNX22 GTF2IRD1 CACNB2 NRXN1
GRIN2A TUBA8 MAPK1 BCLIL RGS4
APOE

Table 3. Description of the genes overlapping both schizophrenia and
depression.

Genes Localization Function
on
chromosome

GRIN1 9q34.3 Encodes a critical subunit, a member of the
glutamate receptor channel superfamily

GPM6A 4q34.2 Encodes a neuronal membrane
glycoprotein M6-A

SEPTIN4 17922 Encodes different isoforms of the protein
septin 4 with alternative splicing

TPH1 11p15.1 Encodes an enzyme, member of the
aromatic amino-acids hydroxylase family,
tryptophan hydroxylase type 1 (TPH1)

TPH2 12921.1 Encodes an enzyme, member of the
family of pterin-dependent aromatic
amino-acid hydroxylases, tryptophan
hydroxylase type 2 (TPH2)

CACNATC  12p13.33 Encodes the a-1 subunit of the potential-
dependent calcium channel

CACNB2 10p12.31 Encodes a subunit of the potential-
dependent calcium channel protein,
which is a member of the superfamily of
potential-dependent calcium channel

BCL9 1921.1 Unknown

3. LINKS BETWEEN SCHIZOPHRENIA AND
DEPRESSIVE AND IMMUNE DISORDERS

3.1. Depressive disorders

When considering depressive disorders, individuals
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with SCZ are more likely to experience them than people
in general.* The co-occurrence of depression and SCZ
raises the possibility that the pathophysiology and or
genetic predispositions coincide of these mental illnesses
coincide.’” Additionally, patients suffering from both SCZ
and depressive disorders have a higher risk of suicide.*#

Regarding depression, the molecular mechanisms link-
ing SCZ and depression seem to be polygenic.?’ A substan-
tial portion of the worldwide disease burden is attributed
to these two socially relevant mental disorders; depression
and SCZ.#-# That explains the fact that patients suffering
from depression may have a high risk of developing SCZ
and psychotic disorders as well.**->* Nevertheless, it is still
unknown if depression symptoms are indicative of comor-
bidity, SCZ, or the non-connectedness of epiphenomena.*®
Negative symptoms of SCZ, such as anhedonia, abulia,
alogia, amotivation, volitional states, and social isolation,
partially overlap with depressive symptoms,*” which are
suggested to be part of the SCZ syndrome complex.”®¢’
This is verified by the high prevalence of depressive symp-
toms in SCZ and the link between depression and other
manifestations of SCZ.%? Alternately, depressive disorders
in individuals with SCZ may be provoked in part by an
adverse reaction to antipsychotics (APs),%* secondary to
other comorbid conditions, such as substance of abuse or
an unclear reaction to the consequences of the disorder.*

Itis evident that there is some overlap in the presenta-
tion of both mental ilinesses, regardless of the status of
depressive symptoms as major or comorbid with SCZ, a
fact thatis declared by the increasing evidence of common
genetic risk factors for both SCZ and depression.’’

3.2. Immune disorders

Immune system disorders are more common in SCZ
patients and their parents than in population controls
and their parents. This statement could be explained by
the genetic overlap in the pathogenesis of both kinds of
disorders. In particular, there are multiple significant genetic
similarities between SCZ and immune disorders, which adds
to the growing body of evidence suggesting the immune
system may be involved in the genesis of SCZ.%®

Epidemiological research confirms the raised frequency
of immune system abnormalities among patients suffering
from SCZ and their relatives. Provided that the immuno-
logical condition was identified prior to the onset of SCZ,
the elevated risk is not solely a result of the mental illness.
Moreover, parents of SCZ patients had a higher incidence
rate ratio (IRR) than parents of comparison subjects.®*%

A noteworthy exception, as far as immune disorders
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are concerned, is rheumatoid arthritis (RA), which has been
reported to be higher in parents of participants with SCZ
than in parents of controls.®” Additional epidemiological
investigations have proved the protective role of SCZ against
RA.%This divergence implies that RA risk may be augmented
by both genetic and other family-related factors, in contrast
with environmental and disease-related factors that may
shield SCZ patients from developing the condition (RA).

Research into the shared genetics between SCZ and
auto-immune diseases has been carried out through the
usage of targeted techniques, focusing on the significance
of specific gene variants or locations that might be related
to the chance of developing both types of conditions. The
outcomes strengthen the growing and convergent body of
proof indicating thatimmunological elements are influential
in the origin of SCZ.%*

4. LINKS BETWEEN SCHIZOPHRENIA
AND ENVIRONMENTAL FACTORS

4.1. Environmental factors

Numerous studies substantiate the link between SCZ
and environmental variables including birth in winter or
early spring, urban birth, paternal age, famine, and nutri-
tional and perinatal complications.®® Analysis of twin pairs
with SCZ reveals both genetics and environment contrib-
ute to the risk of developing the disorder. These studies
consistently demonstrate a raised concordance in mono-
zygotic (MZ, B50%) than dizygotic (DZ, B17%) twins. As a
consequence, while SCZ appears to be heavily influenced
by genetics, it is not solely determined by genetic factors.®

4.2. Cigarette smoking

Observational studies have effectively demonstrated
the strong correlation between smoking cigarettes and
SCZ. The cause-and-effect relationship is still unknown,
though.”>”In earlier studies, about 80% of participants with
SCZ reported that they are currently smoking,”” confirm-
ing that patients suffering from SCZ smoke more than the
general population, even though most recent estimates
suggest that the prevalence of smoking in in-patients is
nearer 60%.”? In comparison to the general population,
individuals with SCZ are more likely to be heavy smokers,
starting earlier in life, smoking more cigarettes per day, and
consuming larger quantities of smoke overall.”?

4.3. Substances: alcohol and drugs

Evidence shows that comorbidity between SCZ and
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substance abuse exists and it could be attributed to com-
mon underlying risk factors such as a shared genetic
background.” Previous investigations into the lives of
adolescents and young adults have indicated a correla-
tion between mental health conditions —specifically SCZ,
depression and anxiety disorders— and substance use.””
To be more precise, it has been established that cannabis
use”® and cigarette smoking”” are linked to a propensity for
psychosis. There have also been reports of a high comor-
bidity rate between alcoholism-alcohol dependence and
psychiatric problems in general.” Factors are pertinent for
both SCZ and substance use provided that they follow a
heritability pattern/schema. It should also be noted that
heritability concerning substance use varies from 11% to
84% for substance use.”*”?

Recentresearch has demonstrated that there is a genetic

overlap between substance use, especially cannabis use and
SCZ Polygenic Risk Score (PRS). Cannabis use patterns during
adolescence are also linked to genetic vulnerability to SCZ.7

5. CONCLUSIONS

SCZ constitutes a complicated neurodevelopmental
condition that is impacted by both genetic and environ-
mental features, characterized by severe cognitive and
emotional impairments and is associated with a significant
risk of comorbid conditions, such as depression and immune
disorders. Understanding the genetic underpinnings and
shared risk factors can not only contribute to the forma-
tion of more effective and successful treatment plans for
the patients suffering from this disorder but it can also
enhance their outcomes.
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