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Abstract

Since decades, immune dysfunction and the involvement of infectious agents in the pathophysiology of
schizophrenia are under greater importance. Schizophrenia is a long lasting state of mental uncertainty that leads to
unreliable perception, not suitable actions and feelings, and a sense of mental fragmentation. Patients with
schizophrenia show different characteristics of immunological diseases, such as previous infections, anti-
inflammatory cytokines or other inflammatory proteins in blood-co-existence of other autoimmune diseases. Its
diagnosis is done over a large period of time showing continuous signs of the disturbance that persists for at least six
months. Once detected, the psychiatrist diagnosis is made through a series of psychic tests, to avoid the diagnosis of
other mental states or diseases. Currently, hundreds of genes across many chromosomes have been identified for
schizophrenia, including some genes from the Major Histocompatibility Complex (MHC). Genetic studies offer the
hope of gaining new insight into the mechanisms that increase a person’s susceptibility to develop schizophrenia, in
particular by identifying potential new targets for treatment. But the genetic basis of schizophrenia has proven
exceptionally difficult to unravel. Given the rapid evolution of molecular genetic research technologies,
breakthrough progress is imminent in the near future. In this paper we will look on the major role of cytokines in

schizophrenia, neuro-inflammation and its effects on memory and learning through cytokines, genetic aspects, and
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correlation between schizophrenia and (autoimmune and atopic diseases) and lastly its treatment with respect to the
immune system.

Keywords: Psychotic effects, microglial activation, cytokines, neuroinflammation, memory impairment, brain

activity and dopamine levels, Interferons and interleukins, anti-psychotic drugs.

1. Introduction

Schizophrenia is a chronic psychiatric disorder that affects almost 1% of the world’s population. Schizophrenic
patients experience behavioral and intellectual problems such as inability to express one’s emotions, detachment
from reality, hallucinations, and difficulties in social interactions. Schizophrenic patients often encounter hardships

in work and studies, i.e. their memory and learning is negatively affected.

Schizophrenia is a medically identified mental illness, with roots in genetics, immune system, and environmental
factors. It presents in late teenage to early adolescence and is diagnosed through a variety of brain and blood tests,
and physical examination. Typical symptoms include disorganized speech, delusion, hallucinations and catatonia.
Here, we discuss the immune-genetic aspects of this disorder, its root causes, manifestations, and treatment in an
attempt to review the underlying reasons behind the origin of schizophrenia and its influence on daily life activities

such as learning and memory development [1, 2, 3]

2. Cytokines profile in Schizophrenia

Cytokines are small proteins that lead to the communication among different cells of the immune system. They exist
in two forms i.e. soluble forms or membrane-bounded forms. Cytokines alert an immune cell to elevate or decline
the enzymatic action and hence provide the signals to the cells whether to die or persist. Cytokines are produced by
T-helper cells, macrophages or dendritic cells. The major functions of cytokines are the activation of humoral or
cellular immunity, the pro-inflammatory or anti-inflammatory responses, the settlement of hematopoiesis, and the
healing of wounds [4]

Cytokines are particularly associated with Schizophrenia. One of the aspects of Schizophrenia is such that the levels

of cytokines are altered. They are considered as a potent leader of Schizophrenia development.

2.1-Categories of cytokines in Schizophrenia

Category Example

Enhanced cytokines Interleukin-6, TNF-o, Interleukin-12, IL-1p
Cytokines that are not altered IL-2, IL-4, IL-17

Enhanced and non-altered IL-8, INF-y (Interferon)

Can be enhanced or declined IL-10 [5]
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3. Meta-analysis on cytokines in Schizophrenic patients

Cytokines concentration is modified by different factors like age, gender, obesity, hormone therapy and trauma, etc.
Studies have been done on Africans as they demonstrated higher inflammatory rates as compared to whites. This
was due to poor socio-economic status (SES). After study conduction, it was demonstrated that Schizophrenic
patients have usually poor SES. Insomnia, a common feature of Schizophrenic patients, is also due to abnormal
levels of cytokines. [6]

Smith and Maes study said that macrophages and T-helper cells produce Tumor Necrosis Factor and Interleukin
that play a key role in abnormal levels of cytokines and Schizophrenia patients. Data from 60 studies was gathered
that demonstrated the presence of IFN- vy, IL-2, IL-4, ILIRA, TNF- a and IL-10 in Schizophrenic patients. This is
characterized by inflammatory syndrome in Schizophrenia [7].

According to a meta-analysis conducted by Miller, Buckley et al, on the basis of cytokines, patients were divided
into three groups: Drug-naive first episode psychosis, acute-relapse phase of psychosis and medicated outpatients of
Schizophrenia. Results proclaimed that patients with first episode psychosis and acute-relapse psychosis were
having greater concentrations of IL-2, IL-6, TNF- o and IFN- y. These concentrations ultimately constructed a
relationship between psychosis and Schizophrenia. Those Schizophrenic patients that had undergone anti-psychotic
drugs were having declined levels of these cytokines. So, the conclusion was made, saying that, “Schizophrenia

status and cytokine profile highly depend on anti-psychotic treatment and the clinical position of patient.” [8]

4. Insomnia in Schizophrenia in light of cytokines

Cytokines also play a part in sleep regulation. Interleukin 1 (IL-1) and TNF- a regulate the sleep behavior.
Alterations in these cytokines lead to insomnia which is a greatest hallmark of Schizophrenic patients. Loss of sleep
is accompanied by many different symptoms in Schizophrenia like depression, memory impairment and fatigue.
Insomnia in Schizophrenia leads to the development of chronic inflammation which is mediated by cytokines. There
is an inhibitor of IL-1 i.e. the IL1-receptor antagonist (IL1RA) that actually declines the sleep levels in such patients.

Tumor Necrosis factor soluble receptor (STNFR) inhibits the sleep levels [9].

5. Psychotic aspects and cytokines

Cytokines play a very important role in inflammatory responses. Several mood disorders are linked to pro-
inflammatory status of cytokines in Schizophrenic patients. Psychological stress in Schizophrenia is directly linked
to immune system and nervous system. Cytokines signal the brain to undergo neuro-immune, neurochemical and
behavioral changes leading to change in mood. This change in thinking and mood leads to psychiatric disorder like

Schizophrenia ultimately causing psychological and physiological stress.
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Figure 1: Stress in Schizophrenia by cytokine action in communication with different neuronal pathways: Both
psychological stress (e.g., academic stress, depression) and physical stress (e.g., infection, trauma) can activate
interleukin-1 (IL-1). IL-1 activates other cytokines and acute phase proteins to elevate the stress and psychiatric
disorders. IL-1 activates neurochemical and neuroendocrine factors that stimulate psychological stress in
Schizophrenia patients. IL=interleukin, TNF-a=tumor necrosis factor-a, CRH= corticotrophin-releasing hormone,
GnRH=gonadotropin-releasing hormone, NE=norepinephrine, 5-HT=serotonin, DA=dopamine, NK=natural Killer.
[10]

6. Microglial activation in Schizophrenic patients

Microglia is derived from mesoderm like blood and immune system cells. They play a role in innate immunity and
leads to the formation of cytokines and free radicals as well. Microglial activation in the case of Schizophrenic
patients leads to unnecessary synapse pruning which cause neuro-inflammation in brain and has prolonged impact
on learning behavior and memory. Due to the production of radicals, there is an oxidative stress that renders its part

in pathogenesis of Schizophrenia. [11]
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Figure 2: Role of microglia in Schizophrenia. Activated microglia leads to the formation of cytokines that cause
disorders in white and gray matter of brain by neurodegeneration. As a result, synapse formation is inhibited
somehow that causes the onset of Schizophrenia. Antipsychotic drugs like non-steroidal anti-inflammatory drugs
(NSAIDs) can inhibit the microglial activity. PAMPs: Pathogen associated molecular pattern molecules. DAMPSs:

Damage-associated molecular patterns. Microglia can become activated through PAMP and DAMP. [12]

7. Immunological causes of schizophrenia

As we know, schizophrenia is a brain disorder, in which the structure and function of certain brain activity is altered.
In this disease the part of the brain that effect the working of memory and learning activity of the patient, mainly
effecting the prefrontal and medial temporal region of the brain. We are more interested in finding the
immunological aspects of schizophrenia. The immunity is developed because of cytokines. So, when cytokines are
affected the adaptive immunity is weakened. The human is unable to produce antibodies that help them to defend

against these neurological damages.

In order to find the immunological causes of schizophrenia, the scientists have to draw an experiment that include
patient suffering from different neurological disorder i.e., patients suffering from schizophrenia, patients suffering
from bipolar disorder and some were healthy people that were used as control whether to see if the experiment being
held is right or wrong. For the immunological aspect to be involved the blood plasma was taken from each group

and it was being examined under MRI to see what immunological factor is involved.

8. Experimental evidence of cytokines
The experiment involved individual in an approximate ration or 2:1 of effected and unaffected individuals. The
experiments showed that their cytokine profile was affected. The immune response that is mediated by cytokines
was affected and there were total of 5 mediators that were actually affected.

1. Interleukins; they act as pro inflammatory cytokines. Without them our body can’t differentiate.

2. Helper T cytokine 1; they act as the creator of pro inflammatory response

3. Helper T cytokine 2; they balance the effect if type 1 T-cell.

4. Helper T cytokines 17; act as defense mechanism against pathogens

5. Helper T regulator.
The first meta-investigation of plasma test displayed there was increment level of interleukin (IL) - 1 receptor
enemy, dissolvable IL-2 receptor, and IL-6 in people with schizophrenia. In a moment meta-examination, included
expanded fiery cytokines IL-1p and IL-6, and the administrative cytokine changing development factor-p (TGF-p).
Significantly, these cytokine levels were standardized after treatment. Potential characteristic markers that stayed
raised after antipsychotic treatment like raised IL-12, interferon-y (IFN-y), and cancer rot factor-a (TNF-a) were
likewise recognized. Taken together, the two investigations obviously show that cytokine levels are modified in the

plasma/sera of people with schizophrenia.

9. Relation of schizophrenia and bipolar cytokines
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Sometimes there are people who have both of these diseases. This is because the cytokines of these 2 overlaps. A
little study of bipolar syndrome specially their cytokine reveals there is a similarity between bipolar and
schizophrenia especially in their cytokines. When a study was conducted in a ration of approximately 1:1 of people
having bipolar and people having no disorder concluded in their meta- analysis that their plasma have increase the
level of similar mediators such IL-6 receptor, TNF-a, soluble IL-2, IL-4, IL-10, IL- 1 receptor antagonist, and
soluble TNF-1 receptor.

On a serious note, there was high level of IL-4 and IL-10, but in schizophrenia patient their level was not that high.
On the other hand, the patients of bipolar have less level of IFN-y which was seen high in schizophrenia patient. But

the study of similarity between these two was on some candid cytokines.

10. Genetics involved in schizophrenia

Schizophrenia is developed by changing factors in genes. There is a chance of increasing the risk of these diseases
by few changes in the gene even a very small change put the chance at risk. There is not much knowledge about its
genetic fate and not many people have studied in detail as it is a rare disease and only first stage of this disease is
curable. There are chances of its relationship with the environment. For instances, if a new born is exposed to some

pathogen before he\ she is born or if the delivery is done in stressful condition.

If one chromosome out of many gets multiplied and gets missed, is the main cause of having this disorder as it put
other genes at risk too. If we talk about which chromosome gets multiplied or deleted so a chromosome called
22Q11 gets a little change in the 22 region. This happens only in rare cases. If a someone has schizophrenia by
deletion of this chromosome so there are chances of having other diseases as well e.g., weak immunity, heart
diseases and babies born with open mouth pallet caused by deletion syndrome 22Q11.2. The chances of running this

disease in families but we know that it doesn’t run in families.
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Figure 3: Chromosomal changes leading to behavioral deficit in Schizophrenia
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11. Neuro inflammation In Schizophrenia
Schizophrenia is an intense brain related illness that disrupts the normal functioning of the mind and affects roughly
1% of the population in the whole world. Schizophrenia patients normally suffer from positive symptoms including

delusions, hallucinations and disorganized speech, and negative symptoms such as decreased response [19].

The immune system includes a complex mechanism of cells and balancing substances that has developed largely to
protect human beings from infection and malignancy. It may be widely idea about as which includes an innate
reaction, performing as a rapid, non-particular first line of defense, and an adaptive reaction this is slower and
antigen particular. The innate response is balanced through neutrophils and macrophages that sense them and kill
invading organisms. Inflammatory cytokines, secreted through macrophages and other cells, assist this process. The
adaptive reaction includes immunological reminiscence, and consists of T (thymic) lymphocytes that sense antigens
and cause breakdown of inflamed cells, and B lymphocytes that release antibodies as a part of the humoral reaction
[19].

Help for an immune-mediated reason in schizophrenia comes from genome-wide association studies that file big
relations between schizophrenia and markers close to the most important histocompatibility complicated (MHC)
location on chromosome 6. This region performs incorporation of many immune-related genes, together with those
related to antigen presentation and inflammatory mediators. A 2014 genome-extensive association study identified
108 genetic loci (83 formerly undetected) that are related to schizophrenia. Broadly, these represent genes expressed
within the mind and immune cells concerned in adaptive immunity (CD19 and CD20B lymphocytes), further to the
MHC. Moreover, associations with the immune-associated genes remained good sized after the MHC area becomes
excluded, suggesting that those findings have been now not pushed by using the sturdy association at the MHC. Any
other genome-huge related study suggested considerable genetic overlap related to the MHC vicinity among

schizophrenia and multiple sclerosis, a situation characterized by immune dysfunction. [20]

12. Inflammatory Cytokines

(2\eta-analyses of many studies show that schizophrenia is related with disturbance of the cytokine milieu and the
propensity for the production of pro anti-inflammatory cytokines. Longitudinal research of anti- inflammatory
markers and next disorders are scarce. Findings from the ALSPAC birth cohort suggested that multiplied serum
awareness of the pro anti-inflammatory cytokine interleukin 6 at age 9 years is related with twofold increased
possibility of betterment of a psychotic ailment at age 18 years. The study also proves a sturdy dose-reaction
affiliation between increased interleukin 6 concentrations in formative years and subsequent chance of subclinical
psychotic reviews in young maturity, which persists after several capability confounders are taken under
deliberation, careless of gender, weight of the body, and psychological and behavioral problems previous the size of

youth interleukin 6.

No links between serum C-reactive protein concentrations at baseline and upcoming psychiatric issues were

observed, but another longitudinal study suggested improved risk of late, or very late, onset schizophrenia for
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accelerated serum C-reactive protein concentrations at baseline. Moreover longitudinal studies are needed to
confirm whether the increase in serum concentrations of pro anti-inflammatory cytokines in schizophrenia and
linked psychosis is the cause or effect of contamination, even though these findings suggest causal mechanisms.
[21]

[22] Antipsychotic-naive first-episode psychosis and acute psychotic relapse are also related with increased serum
concentrations of interleukin 6 and other pro anti-inflammatory cytokines, together with tumor necrosis component
o (TNFa), interleukin 1f, interferon vy, and decreased serum concentrations of anti-inflammatory cytokine
interleukin 10, which can be normalized after remission of symptoms with antipsychotic treatment. Decreased
interleukin 2 which is manufacturing in vitro by way of T cells accumulated from sufferers with schizophrenia
become thought to be pointing towards the direction of autoimmune reasons of psychosis. However, acute psychosis
is not associated with changes in serum interleukin 2 concentrations. The concentration of soluble interleukin 2
receptor will increase in schizophrenia that is probably to be a compensatory mechanism that inhibits interleukin 2
manufacturing. For that reason, the statistics are constant with an increase in pro anti-inflammatory cytokines in
acute psychosis. But few studies have adjusted for critical immune-modulatory factors consisting of body mass or
smoking, or examined cytokines in cerebrospinal fluid, in which an increase in interleukin 6 concentration has been

said in schizophrenia.

One study suggested increased serum interleukin 6 concentrations in humans with an at-risk intellectual country for
psychosis compared with controls. some statistics endorse that serum cytokine concentrations, including interleukin
6, are related with contamination severity, period, and antipsychotic therapy, but little is thought regarding the
institutions between pressure, cortisol and cytokine concentrations in one of a kind ranges of schizophrenia.
Consequently, greater studies are had to apprehend the associations between cytokine concentrations, disease

prodrome, progression, and remedy reaction [22].

Longitudinal findings of first-episode psychosis, persons at medical high hazard for development of psychosis, and
people with remedy refractory infection could be beneficial to have a look at these issues. rather than merely
reporting group variations in cytokine serum or cerebrospinal fluid concentrations, future studies have to study
associations between cytokines, cognitive and social functioning, comorbid physical illness, and structural and
practical brain indices in people with psychosis and healthy controls.[23]

13. Effect of Neuro inflammation on Memory and Learning Through Cytokines

Latest studies have made some big advancement in arranging the outcomes of precise cytokines within the brain on
learning and memory. But, these studies have also exposed important roles of cytokines in modulation of memory.
Given the complexity of inflammatory signaling in the mind, it is suggested that transferring the point of interest
from man or woman cytokines to networked activation of cytokines may be a constructive method to acknowledge

the impact of inflammatory signaling on memory and cognitive properties.
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Interleukin 1B (IL-1p), Interleukin 6 (IL-6) and tumor necrosis thing o (TNFa) are a number of the most typical and
normally studied cytokines in brain. These proteins are strongly upregulated inside the bloodstream after systemic
inflammatory activities which include LPS injection, sepsis model, surgical procedure, and different peripheral
accidents. Similarly, IL-1B, IL-6 and TNFa are strongly expressed inside the hippocampus after manipulations

within the periphery or brain and are consequently properly positioned to modulate memory [24].

There may be a fewer evidence for involvement of IL-1B, TNFa, and IL-6 in precise memory processes such as
acquisition, consolidation, or retrieval. As an example, peripheral IL-6 stages correlate with reminiscence retrieval
and submit-schooling injection of LPS disrupts consolidation of context fear conditioning through IL-1 .Maximum
research. But, have used transgenic models, persistent injection, or acute injection of cytokine or inflammatory
stimulus previous to training, demonstrating roles in modulation of learning and memory, but obscuring their role in

unigue memory methods [24].

14. The Genetic Aspect of Schizophrenia — The Genes Involved

Schizophrenia, like many other biological disorders, is not the outcome of mutation in a single gene, rather it is a
polygenic trait i.e. a cumulative effect produced by a number of different mutated genes [25]Currently, hundreds of
genes across many chromosomes have been identified as ‘candidate genes’ for schizophrenia, including some genes
from the Major Histocompatibility Complex (MHC). Some of the important genes include dysbindin (DTNBP1),
neuregulin (NRG1), catechol-O-methyltransferase (COMT), as well as some alleles of C4 gene encoding the

complement system [26].

14.1- DNTNBP 1

Dystrobrevin-binding protein 1, or DTNBPL, is a gene located on the short arm of chromosome 6, and its encoded
protein, dysbindin, is present in high amounts in the CNS. It is a component of Biogenesis of Lysosome-related
Organelle Complex 1(BLOC-1). In the brain and spinal cord, BLOC-1 subunits are derived from the synaptic
membranes, leading to the hypothesis that these subunits play a part in the control and delivery of post-synaptic
receptors. High normal amounts of dysbindin are found in hippocampus, neocortex and cerebellum, which are some

of the important areas affected in schizophrenia.

Although highly conserved, SNPs of DTNBP1 that contribute to schizophrenic symptoms have been identified.
Important SNPs include rs1997679 and rs9370822, which cause visual hallucinations; rs4236167 causes auditory
ones; rs9370822 and rs9370822 are associated with olfactory hallucinations. Furthermore, a reduced expression of
mRNA and protein product of DTNBP1 gene has been proven to be associated with the cognitive deficits that

schizophrenic patient’s exhibit. [27]
14.2-NRG1

Neuregulin, like dysbindin, is abundantly present in cerebellum, midbrain and frontal cortex, and is involved in
myelination, neuronal migration, and function of neurotransmitter receptors. Neuregulin is cleaved by the protease
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[-secretase 1, also called BACE 1, to perform its role by activating the ErbB signaling pathway. Disruption in the
amount of NRG1, and improper or no cleavage by BACE 1 can lead to a number of different endphenotypes
associated with schizophrenia, including PPI and eye movement deficits, and the neuropathology of schizophrenia.
[28]

14.3-PP1 or pre-pulse inhibition, is a phenomenon in which a weak pulse can lower the startle response that a
subsequent stronger stimulus would produce. [29] It allows the organism to adapt to strong environmental stimuli.
Schizophrenic patients or healthy people who carry the risk genotype of NRG, exhibited reduced or impaired pre-

pulse inhibition. [28]

Eye Movement Deficits in schizophrenia patients have been widely investigated, though there is no enough proof of
involvement of NRG1 genotypes in impaired eye movement [28]. SPEM, which stands for Smooth Pursuit Eye
Movement, refers to smooth eye movements required to stabilize the image of a moving object [30]. Some studies
found the SNP8NRG243177 genotype to be related to impaired SPEM in healthy individuals, while others
demonstrated a significantly higher percentage of impaired SPEM in schizophrenic patients as compared to that in

healthy controls.

Different studies have also shown that the NRG1 SNP rs3924999 is linked to the functioning of ASEM in healthy
individuals, which proposes a potential role of different NRG1 genotypes in the eye movement deficits of

schizophrenia patients [28].

Neuropathology of schizophrenia includes the characteristics such as brain atrophy, reduction in brain volume, and
reduction in the white and gray matter in many areas of the brain. Since NRGL1 is responsible for myelination of
neurons, these characters can be attributed to variation in the NRG1 gene structure in schizophrenia. However, more

studies are required to link NRG SNPs to neuropathology of schizophrenia [28].

14.4-Catechol-O-Methyltransferase:

The COMT gene is one of the most important candidate genes for schizophrenia because of two well-known
reasons: its involvement in the metabolism of catecholamine neurotransmitters including dopamine, and its presence
in the region of a common microdeletion of chromosome 22 (Digeorge syndrome) which results in several different

psychiatric manifestations, of which schizophrenia is relatively important [31].

14.5-Dopamine Metabolism and Val/Met SNP of COMT:

COMT s particularly involved in catabolic clearance of dopamine in the prefrontal cortex (PFC), a major site
affected in schizophrenia. The most recent hypothesis for dopamine utilization presents an “inverted U shaped
curve” to demonstrate the amount of dopamine required for healthy functioning of the PFC. The model states that

there is only a narrow range in which dopamine levels will produce optimal brain activity [32].

Arch Microbiol Immunology Vol. 6 No. 1 - March 2022. 132



Arch Microbiol Immunology 2022; 6 (1): 123-140 DOI: 10.26502/ami.93650081

e | Val/Met |

(e} s

= =2

=3 | vairval | | Met/Met |

==

o l l

<

=

5

-

= ¢

o =

=-

= Low High
Dopamine levels

Figure 5: The Inverted U shaped Curve for Dopamine Utilization: Optimal PFC activity is seen at intermediate
levels of dopamine found in Val/Met individuals. Individuals on either side of this curve have abnormally high or

low levels of COMT which accounts for various disorders such as schizophrenia and Parkinson’s disease [33].

An SNP rs4680 in the codon 108 of the soluble cytoplasmic COMT (S-COMT), or at the codon 158 of membrane
bound COMT (MB-COMT) results in a Valine-to-Methionine polymorphism, with the Valine and Methionine allele
conferring high and low COMT activity, respectively. No significant association has been found between Val/Met
substitution and schizophrenia. However, if factors other than the SNP rs4680 are considered, including
environmental effects, effects of other SNPs in the COMT gene, population differences, and allele and phenotypic
frequencies that may vary in and among populations, the Val/Met variation can be attributed to schizophrenia.
According to the inverted-U model then, an individual to the left of the curve who has low normal levels of
dopamine in brain would benefit more with the Methionine allele (low activity), and for an individual with higher
normal levels of dopamine, the Valine allele (high activity) would be more beneficial. The high and low normal
levels of dopamine are, of course, determined by factors other than the Val/Met SNP, and must be taken into

account when studying the association of rs4680 with schizophrenia [32].

15 Digeorge Syndrome:

Digeorge syndrome refers to a microdeletion of about 3 Mb, which spans more than forty genes. Commonly known
as 22g11.2 deletion syndrome and velocardiofacial syndrome (VCFS) [34], this microdeletion includes the COMT
gene. People with VCFS have a higher rate of developing different kinds of psychiatric disorders such as
schizophrenia, attention deficit disorder (ADD), obsessive compulsive disorder (OCD) [32], autism, and learning
and intellectual disabilities [34]. In addition, schizophrenic patients have shown increased rates of the 22g11.2
deletion as compared to healthy individuals. These findings make COMT a strong positional candidate for

schizophrenia among other genes in the 3 Mb deletion regions [31].

16 Complement Component 4 (C4):
The C4 gene is the strongest candidate for schizophrenia out of the >100 genes that have been linked to the disorder
so far. C4 not only explains the neurological symptoms of schizophrenia, but also provides an association of the

disorder to the immune system.
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C4 has two functional forms i.e. C4A and C4B, and is present in great variation among individuals, both with
respect to DNA sequence and copy numbers. According to a study, the structural and copy number variations that
produced an increased expression of C4A were directly associated with high risks of schizophrenia development.

In addition to its role in the body’s immunity, C4 also plays a major part in synaptic pruning. It tags a weak synapse
with another protein of the complement system called C3 so that it can be identified for pruning. Excessive
expression of C4 thus leads to excessive synaptic pruning [35], ultimately resulting in fewer synapses, which is a

characteristic feature of the brains of schizophrenic patients [36]

17 Schizophrenia as a consequence of Intrauterine or early childhood infections

Several intrauterine and early childhood infections were the first reasoning considered in the etiology of
schizophrenia. Environmental studies have revealed that the more children that were born in winter and spring
developed schizophrenia. This was considered as a link between early infections and schizophrenia. Scientists made

an effort to find the correlation between Schizophrenia and inflammatory processes in the early 20th century.

Meninger has listed 20 cases of psychosis survivors in the epidemic of influenza. About one third of the patients
were identified as ‘domentia preecox’( the term previously used for schizophrenia). Scientists began investigating
each possible infection that was likely to show same results after the initial idea of influenza as a possible cause of
schizophrenia. Some other intrauterine infectious diseases were suggested as culprits other than influenza infection
which includes: birth canal infections, juvenile paralysis, and parasitic infection with Toxoplamsa gondii, rubella,

herpes virus type and upper repiratory tract inflammations [37].

Psychotic disorder  Type of childhood CNS @ Risk estimate Measure of risk

infection (95% ClI)

Dalman et al. | Non-affective Cytomegalovirus 16.6 (4.30-65.10) | Risk ratio
(2008) psychosis® Mumps virus 2.7 (1.20-6.20)
Rantakallio et al. | Schizophrenia CBV-5 meningitis 12.5% (—4.90%— | Cumulative
(1997) 29.90%) incidence
Leask et al. | Schizophrenia Tuberculosis 15 (2.00-120.00) | Odds Ratio
(2002) Affective psychosis | Tuberculosis 12 (1.60-91.00)

Chicken pox 0.33 (0.20-0.70)

Infections were thought to be agents that might change the development of fetal brain, or were capable to change
material predisposed to schizophrenia which will be phenotypically expressed. Some scientists have suggested that
an increase in inflammatory protein in pregnancy is sufficient to cause schizophrenia in a child without a real
infection. C- reactive protein (CRP) and tumor necrosis alpha were considered as the most adverted causative agent.
Except during pregnancy, infection might have a role in the schizophrenia in the postpartum period as well. A meta-
analysis of 2424 cases revealed that early childhood CNS infection nearly double the chances of developing

schizophrenia comparing with healthy controls [38].
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Figure 6: (Meta-analysis of childhood CNS infection and adult non-affective psychosis including schizophrenia)

18 Correlation between schizophrenia and autoimmune diseases

The notion of immunological pathways that play a role in the etiology of the subsystem of psychiatric disorders has
grown in interest in recent decades. One of the findings that have aroused interest here is a clear link between
autoimmune diseases and psychiatric disorders. This is supported by genetic findings that link immune-related
genetic markers to schizophrenia, and clinical studies look for increased levels of inflammation in patients with
psychosis. Several large-scale epidemiological studies have found a positive link between autoimmune diseases and
psychiatry.

Patients with schizophrenia show different characteristics of immunological diseases, such as previous infections,
anti-inflammatory cytokines or other inflammatory proteins in blood-co-existence of other autoimmune diseases.
The main function of immune system is to differentiate self and non-self-antigen. Whenever antigen enters into the
body, it is recognized by the immune system and a series of responses are activated for the elimination of intruder.
Failure of differentiation between self and non-self- antigen i.e., the failure of natural tolerance results in the
development of autoimmune diseases. Autoimmune diseases are more common i about 3.6% schizophrenia patients,
and a maximum of 3.1% of autoimmune patients are related to schizophrenia. Many studies have covered the
comparison between autoimmune diseases and schizophrenia. These studies have revealed that 6 independent
mutant loci were present in genomes of patients suffering from schizophrenia and that of Crohn's disease, Multiple
Sclerosis, psoriasis, rheumatoid arthritis and Ulcerous colitis. It was found that the proteins involved in the

immunological processes are encoded by 6 of 108 loci of their genome [40].

Anti-NMDA receptor auto antibodies were reported to be found in the cerebrospinal fluid of patients of
schizophrenia. In comparison to healthy patients, these patients are three times as likely to have elevated titer of -
NMDA-receptor auto-antibodies. This is also the same case in bipolar affective disorder and depression. Anti-
NMDA receptor causes autoimmune processes in encephalitis, a progressive disease that manifests initially with
psychiatric symptoms. Patient can recover by the removal of autoantibodies and immune therapy. Opposition to

NMDAR and glutamate hypo-function has long been suggested as a process for causing psychological symptoms
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and cognitive impairment in Schizophrenia. Injecting NMDAR anti-ketamine into healthy volunteers causes positive
psychological symptoms such as delusions and hallucinations as well as false symptoms [41].

19 Correlation between Schizophrenia and Atopic diseases

Atopic diseases in children, especially asthma, are more common in patients who later develop schizophrenia. Other
atopic diseases besides asthma are more common in patients with schizophrenia, such as atopic dermatitis, urticarial
and atopic rhinitis showed that asthma patients have a higher risk of developing schizophrenia. The study included
25023 asthma patients. After 6 years of follow-up, 100 of them developed schizophrenia. On the other hand,
schizophrenia developed in only 138 out of 50046 healthy control subjects. One should also keep in mind that
asthma sufferers often take corticosteroids regularly, which are often thought to be the cause of psychiatric disorders
[42].

20 Treatment of schizophrenia in the view of immune system

Studies have shown an association of the imbalance in type 1 i.e., the cell mediated immune response and type 2 i.e.,
the humoral immune response, in the occurrence of Schizophrenia. Hence, the treatment options for schizophrenia
include the involvement of such antipsychotic drugs that target to improve the balance of the pathways and the
production of immune elements that help to appease the inflammatory responses.

20.1 How antipsychotic drugs work?

The patients of schizophrenia have altered type 1 immune response due to low levels of IL-2 (interleukin-2) and IFN
v (interferon), which in turn decrease the cytokine type-1 production. This leads to a disruption in the pathways
involved in the immune responses [43]. The main area of work for anti-psychotic drugs lies in correcting this
disruption caused in the type-1 and type-2 immune responses. When treated with neuroleptic agents, the problem of
low levels of IFN vy is solved because of the elevated levels of memory cells; which play an important role in
producing IFN vy (44). Also, the results of a study on patients of schizophrenia treated with soluble receptors of
interleukins-2 (i.e., sIL-2R) showed there was an increase in IL-2, hence regulating the response of type-1 immunity
[45]. In some cases of schizophrenia, the tumor necrosis factor TNF-a and its receptor tend to decrease resulting in

low immunity. When they were subjected to clozapine, the TNF-o and its receptor increased in production [46].

Moreover, there is protein molecule residing on the lymphocytes and macrophages called ICAM-1 i.e., soluble
intercellular adhesion molecule-1 [43]. In schizophrenic cases the level of mentioned protein deviates which
becomes a hindrance in the activation of type-1 immune response. This hindrance can also be eliminated by the use
of antipsychotic drugs of short-term therapy, in which the levels of ICAM-1 are increased [47]. There is a link in
the IL-6 mechanism and the humoral response [43]. The antipsychotic drug treatment provides to enhance the levels
of IL-6, thus improving the immune response by triggering the macrophages and monocytes [45]. Some of the
antipsychotic drugs include Aripiprazole, Asenapine, Brexpiprazole, Cariprazine ,Clozapine Some drugs that are

used in the form of injections are Haloperidol decanoate, Paliperidone, Risperidone [48]
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In addition to antipsychotics, if the patients are treated with anti-inflammatory drugs, then they both have a
combined effect to treat the negative and positive symptoms of schizophrenia. Some of the anti-inflammatory drugs
are Celecoscib, Minocycline, and aspirin [52]

20.2: Relation of tryptophan degradation pathway with Schizophrenia

The tryptophan metabolism is done by the reactions of kynurein pathway KP. This pathway produces a metabolite
called kynurenic acid KYNA, which further is a source of QUIN i.e., quinolinic acid. These two products are
antagonists of an important molecule that functions in most of the brain activities as it plays a role in synapses, this
molecule is called NDMA receptor (N methyl, d- aspartate). The major enzymes in this pathway that slightly affect
this pathway are IDO indoleamine 2, 3 dioxygenase and tryptophan 2, 3 dioxygenase TDO. The alteration in the
levels of these enzymes can alter the metabolism of tryptophan. According to a hypothesis, in schizophrenia, the

KYNA levels in the body increase which disturb the brain activities and motor functions [49, 51].

20.3 COX-2 inhibition to treat schizophrenia

To treat the altered levels of KYNA and QUIN in the patients of schizophrenia, various approaches are met, one of
which is cyclo-oxygenase COX inhibition. The COX -2 inhibitory treatment worked to reduce the levels of KYNA.
The treatment study included the administration of cox-2 inhibitor; celecoxib along with an additional risperidone.
The results of this application proved to increase the activity of type-1 immune response. Additional studies

provided that the effect of these inhibitors is not the same all the time [50].

20.4 Effect of risperidone

The role of risperidone in treating schizophrenia is vital as it has shown positive results in minimizing the harmful
factors. It works to stabilize the cytokine levels in the schizophrenic patients, the levels are brought back to normal
values and it is effective in the patients with preliminary onset of disease. It reduces the production of nitric oxide
which can toxify the environment for neurons [52]. In addition to medication, schizophrenia also needs to be dealt
with the intervention of some psychological ways; they include rehabilitation, psychosocial therapy, family support

and skill training.

21 Conclusions

Hence, Schizophrenia leads to psychotic disorders. Being characterized by changes in thinking, cognition, insomnia
and emotions make a path for hallucinations and a prominent impact on memory and learning. According to meta-
analysis, Schizophrenia is marked by 15% suicides. Because of immune dysregulation, neuro-inflammation takes
place because of abnormal levels of cytokines. Schizophrenia is such a mental disorder that is not inclined to be
made fun of as it is common in people who are homeless or who have poor socio-economic status. Having an effect
on everyday life, it should be treated properly before it can damage the neuronal action due to microglial activation
and enhanced neuro-inflammation due to cytokines. There should be more research done for the proper cure of
Schizophrenia as the antipsychotics may not solve the issues regarding the deep impact on insomnia and memory
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loss. A schizophrenic patient should be turned back to a disillusioned person by the complete immune therapy and

proper counseling regarding personality modification and control over unnecessary and uncontrolled thoughts.
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