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Abstract

Schizophrenia is a severe mental illness characterized by a disconnection from reality, significantly impacting a person's
ability to function and leading to substantial disability. While the exact causes of schizophrenia remain unclear, it is
understood to result from a combination of genetic, neurochemical, and environmental factors. The heritability of
schizophrenia is high, although it does not follow Mendelian patterns. The symptomatology includes both positive
symptoms such as hallucinations, delusions, and psychotic episodes, and negative symptoms like apathy and speech
difficulties, which fluctuate in severity over time. Environmental influences, including prenatal and perinatal factors,
trauma, and lifestyle, also play a crucial role in its development. The prevalence of schizophrenia is approximately
12.1% globally, with incidence rates higher in males than females. Genetic studies have identified several associations
that contribute to the disease's pathophysiology, including common variants and copy number variants. Epigenetic
mechanisms, such as DNA methylation and histone modifications, further influence gene expression and disease
manifestation. The interplay between genetic predisposition and environmental factors underscores the complexity of
schizophrenia and the importance of a multifaceted approach to its study and treatment.
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1. Introduction

Schizophrenia is a serious mental illness that affects the way a person behaves. They seem to be out of touch with reality,
and their symptoms can make it difficult for them to participate in effective activities [1] that cause significant disability
and are highly heritable. Recent studies have estimated a high degree of heritability although these are not due to
Mendelian segregation [2,3].

According to the U.S. National Institute of Mental Health (NIMH) [4], a serious mental disorder is defined as “a
heterogeneous group of persons with severe psychiatric disorders, who have mental disturbances of prolonged
duration, involve a variable degree of disability and social dysfunction, and must be cared for through various social and
health care resources of the psychiatric and social care network”.

The causes of schizophrenia are not known but researchers believe that a combination of genetics, brain chemistry and
environment contribute to the development of this mental disorder [5].
1.1. Symptomatology

This disorder is characterized by a general decline in mental abilities and emotional and behavioral regulation, leading
to a disruption of all basic cognitive processes. Symptomatology includes positive signs such as fantasies, hallucinations,
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delusions, psychotic outbursts, psychomotor agitation (also called subjective symptoms), and negative signs such as
apathy, speech problems and those related to the reward system (also called life-limiting) [6,7, 8].

As time goes by, symptoms vary in severity and frequency. Males, compared to females, show symptoms in their early
20s [1].

1.2. Environmental factors

Epidemiological studies establish that the risk factors for schizophrenia occur from a very early period in brain
development (during pregnancy), however, this does not exclude adulthood and adolescence from presenting
manifestations [9].

The symptoms expressed may vary due to different factors (or origins of the disease) such as fetal life, nutritional status,
paternal age, trauma, genetic susceptibility, environmental factors and the combination of all of them that generate a
decrease in the normal functions of neurotransmitters and affect the normal development and maturation of the brain
[8,10].

In addition to having a major impact on health, the disease also has a major social and occupational relevance and
reduces life expectancy by 15 to 20 years compared to people without severe mental illness [7].

1.3. Heritability

The most important risk factor is family history, taking into account the most important elements: siblings, father
and/or mother with schizophrenia [1].

A 2022 paper suggests that epigenetic information, independent of DNA, could be inherited over many generations,
even in humans. This could indicate that epigenetics contributes to the phenotypic variation that leads to human
evolution. [11] It explains that this inheritance can occur through direct replication or indirect reconstruction of a signal
in younger generations [12].

1.4. Prevalence and incidence

Globally, schizophrenia has a prevalence rate of 12.1%[13]. The number of people affected has increased from 13.1
million in 1990 to 20.9 million in 2016. The incidence has been reported as 15.2/100 000 persons [14].

It appears in men between 15 years of age and in women between 25 and 35 years of age, appearing a greater number
of times in men than in women with a ratio of 1.2 to 1.4. It is estimated that only in Mexico there are half a million
affected [15, 16].

1.5. Mortality and morbidity

The comorbidity of schizophrenia represents a high medical pathology. Some studies say it affects 46-80% of inpatients
and 23-43% of outpatients. It is associated with an excess of premature deaths since it decreases from 9 to 10 years.
Many of the patients affected with this disorder are likely to have a higher pain tolerance, and their hygienic abilities
make them more prone to chronic diseases [17].

People suffering from schizophrenia experience a 2 to 3 times higher risk of death, as they have a higher rate of suicides
and accidents due to poor health behaviors, effects of their psychotic outbreaks, under-diagnosis or under-treatment of
general disorders [14, 18, 19].

1.6. Genetic of schizophrenia

Recently, there has been much progress in human genetics of SCZ, concluding that there are three classes of genetic
associations: common variants identified by genome-wide association studies; copy number variants, and uncommon
coding variants identified by exome/genome. These last have a lot of impact and a strong individual risk for having the
disease.

1.7. Common variants

With the genome-wide association studies in 2022, there was nominated approximately 120 genes associated with
schizophrenia, which are concentrated in genes that codify for excitatory and inhibitory neurons in the central nervous
system; besides they have an important participation in neuronal development and differentiation, synaptic
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organization, and transmission. With this, it can be concluded that schizophrenia pathophysiology arises from
modifications in neuronal aspects, such as their function, development and/or communication [20].

Gen SLC39A8 is one of the common genes in schizophrenia. When it presents a missense mutation (A391T) on it, it
cannot synthesize for ZIP8, a zinc transporter. The lack of this gene in the brain affects proteins involved in glutamate
and gamma-aminobutyric acid (GABA) neurotransmission, dopamine, and adhesion migration [21, 22].

The major histocompatibility complex locus has the most statistically significant association with SCZ in the European
genetic ancestry meta-analysis, and it was related to the complement component 4 (C4), specially C4A which has more
potent effects in men than in women, what is one of the genetic factors that explain the higher prevalence of
schizophrenia in men than in women. [20]

1.8. Copy number variants.

The 22q11.2 microdeletion is one of the best-studied examples of these variants that increase the risk of developing
schizophrenia because it includes the catechol-O-methyltransferase gene that plays a critical role in dopamine
metabolism [22, 21].

Another variant is the 2p16.3, which increases the risk more than 10 times, impacting the NRXN1 gene, which encodes
neurexin-1, a presynaptic cell—adhesion molecule involved in synapse properties. When it is deleted, it can show a
significantly impaired synaptic transmission, a disease phenotype observed in neurons of patients with schizophrenia.

1.9. Environmental factors involved in schizophrenia

It should be noted that the environment can have a strong impact on the developmental stages after childhood and even
into adulthood [23]. The most frequently associated factors include obstetric complications, infections, addictions, and
migration, among others[24]. Environmental factors account for 15% to 40% of the risk of schizophrenia. [25]

1.10. Time of birth

A higher incidence has been found in people born between the winter and spring seasons [26] which has been justified
by the variation in viral exposure, immune system condition, exposure to sunlight or a combination of all these variables
that lead to a change in the conformation of the product. Vitamin D deficiency is associated in winter, according to the
data mentioned in the diet section. This area of research is still being explored, expecting it to apport future preventive
and therapeutic strategies [24].

1.11. Diet

It has been proposed that the type and amount of food may accelerate disease manifestation in genetically compromised
individuals [23].

Deficiencies of eicosapentaenoic and docosahexaenoic acids (omega-3 fatty acids) are crucial for the normal
development of the nervous system and low levels of these acids are often associated with people with schizophrenia
as they are involved in the regulation of neuronal function and inflammation that cause symptoms to become even more
severe. Similarly, low levels of vitamin D, vitamin B12, and folic acid negatively impact overall mental health.
Additionally, diets high in sugar, saturated fats, gluten, and casein exacerbate the symptoms of this mental disorder
through associated inflammatory processes. Conversely, a diet rich in antioxidants has the opposite effect [27, 28].

1.12. Infections

Several viral, bacterial, and parasitic agents, including Toxoplasma Gondii, Cytomegalovirus, Chlamydia Spp, and various
types of herpes viruses, have been shown through testing to be associated with schizophrenia developed during the
prenatal and perinatal period. It is suggested that interaction with these pathogens triggers abnormal responses in
susceptible individuals, which contribute to inflammation and oxidative stress that ultimately affect neurotransmission
and synaptic plasticity. Infections can trigger an inflammatory mechanism that results in the release of cytokines and
other molecules, which are implicated in altering DNA methylation in schizophrenia-related genes such as RELN [29].

1.13. Obstetric complications

It encompasses complications during pregnancy, delivery, growth and abnormal development of the fetus. Oxygen
insufficiency has been a shared feature and a possible reason that triggers this mental disorder. Additionally, important
factors have been mentioned regarding fetal development that affect individuals. These include maternal complications
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such as diabetes, preeclampsia, and Rh incompatibility, as well as fetal factors like low birth weight and reduced head
circumference, which can be directly related to maternal care.

Furthermore, we must highlight complications during childbirth, such as asphyxia, emergency cesarean sections, and
uterine atony, which ultimately result in a lack of oxygen to the newborn and a predisposition to the disorder [24, 30].

1.14. Upbringing and family environment

Upbringing and family environment play a crucial role in mental health as they can have profound effects on
neuropsychological development. It should be noted that environmental factors also include the child-rearing
environment and child abuse, which are important triggers for psychosis in the future. Many of the most common issues
that give rise to this serious disorder are divorce, death in the family, abuse, financial difficulties, among others. Family
stress, parental conflict, abuse or neglect can activate epigenetic pathways related to schizophrenia, for example in
childhood has been associated with alterations in the NR3C1 gene, which is crucial in the stress response [24].

1.15. Migration

Migration is an increasingly common phenomenon that can put individuals at a disadvantage. A greater relationship has
been found between migrants and psychotic disorders, especially schizophrenia(38). It is suggested that this section is
closely related to the stress experienced and also the social and environmental differences involved in a change of this
magnitude. Migration brings with it a series of changes that can cause stress and various concerns, such as cultural
adaptation, discrimination, language barriers, etc., which ultimately influence the gene-environment interaction and
trigger the onset of this disease [24, 31].

1.16. Urbanity

Living in a more densely populated area causes the risk of developing schizophrenia to grow exponentially compared
to people living in rural areas (all indirectly related to migration) [24, 32].

Areview of 43 studies showed that schizophrenia conditions varied according to the region investigated; socioeconomic
factors, migration status and social fragmentation were independently associated with the risk of developing
schizophrenia. It has been shown that the reduction of green areas and pollution are elements that have a positive
relationship with greater development of schizophrenia [33].

1.17. Cannabis use

Cannabis use is usually accompanied by the abuse of more addictive substances, which generally increase the risk of
schizophrenia. This type of association may also bring with it a genetic predisposition that is likely to be a shared risk
factor with their ancestry and offspring [34].

This environmental factor has been justified by the increased concentration of the active ingredient
“tetrahydrocannabinol” and the early exposure to cannabis for the first time.

Cannabis itself can produce, in most of its users, psychotic outbreaks as well as mental health disorders [35].

1.18. Gene-environment interactions

Some gene-environment interactions have been identified, with the inconvenience that are difficult to detect, they have
been widely studied and the findings are important. Among the most studied factors are cannabis use, stress, infections
and difficulties in childhood [39].

1.19. Infection

The link between psychosis and infections has been demonstrated with several pathogens such as Toxoplasma in the
prenatal period, rubella, herpes simplex and cytomegalovirus, which make the risk of damage to neurological
development higher. Among them, Toxoplasma is the one that has the most evidence in the development of
schizophrenia disorder [36].

A GWAS was shown to be susceptible to Toxo and resulted in an enrichment in genes associated with schizophrenia
[37]. The metallopeptidase-9 polymorphism, which actively participates in neurological inflammation, has also been
associated with schizophrenia, in the glutathione S-transferase Theta 1 polymorphism, which is related to the 22q11.2
locus that is relevant to schizophrenia [36].
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Concerning herpes simplex, it has been shown that the gene that participates in the IL18 pathway, IL18RAP, has been
related to herpes seropositivity in schizophrenia, however there are still many biases in this research on herpes and the
genetics of schizophrenia [38].

Another of the viruses associated with psychosis is COVID-19, which although it is very recent has relevant studies on
its relationship with schizophrenia, this virus results in an increase in cytokines and chemokines, which causes
inflammation that can be a risk for developing schizophrenia, in the same way in the fetus the increase in IL-8 in the
third trimester is a risk for the development of schizophrenia [39].

1.20. Cannabis use

Cannabis use was related to schizophrenia after it was discovered that those who developed psychosis due to the use
of this drug had a family history of schizophrenia, so there could be a genetic predisposition [40]. The gene mainly
studied to investigate the relationship between cannabis and schizophrenia is COMT, which is also located on
chromosome 22q11.1. The Val158Met polymorphism was found on this chromosome, which is important in moderating
cannabis consumption and the development of schizophrenia. However, it is still being studied whether the relationship
between this factor and schizophrenia is direct [41].

1.21. Childhood adversity and psychosocial stress

A factor directly related to psychosis is psychosocial stress. In genetic research, there were found interactions between
COMT and stress. As mentioned before, COMT is associated with the relationship between cannabis and schizophrenia.
It was mainly found that the allele COMT Val was present in individuals with susceptibility to stress. This allele was also
found to be present in those who experienced childhood adversities such as bullying, abuse, or violence [42].

1.22. Sex influence on the development of schizophrenia

There is an important amount of information about the differences in schizophrenia, which is not surprising because of
the importance of this topic in medicine, especially in a clinical way. It's known that both sexes have biological
differences, including brain development, gene expression, and volume of different brain structures, among others that
could guide us to a specific diagnosis for each gender. In Table 2 we had some differences between both sexes at distinct
factors; the information was taken from [43, 44, 45] bibliography.

Table 1 Differences between both sexes with schizophrenia disease [43].

perinatal risks

Factor Differences

Schizophrenia Are higher in males than in females.

rates.

Genetic There is a relation between the catechol-O-methyltransferase and gamma aminobutyric acid

differences. (GABA) genes and the sex differences.
The ZNF804A (encodes the zinc finger protein) and the SLC30A3 (encodes the protein zinc
transporter) genes have a risk of schizophrenia in women.
The dopamine, GABA and glutaminergic gene are a factor for the differences of treatment in both
sexes.

Prenatal and | Davies et.al [44] made a systematic review with 152 studies refereed to this factors, and the

majority referred males to be more susceptible to develop abnormalities through the pregnancy
then women, including bacterial infections, mother stress, premature rupture of the membranes,
polyhydramnios, infant congenital malformations, physical challenges of labor and delivery, and
another obstetric complications. [45]

Brain In most studies where are evaluated the structure of the brain in schizophrenia patients, the

abnormalities majority is from male, and it’s reported as having larger brain volumes of many tissues like
amygdala, hippocampus, insula, white matter, cortex, pallidum, putamen and cerebellar cortex.
Another aspect is that X-linked genes show high expression rates in the brain, what can influence
in the variability involved.

Premorbility Brain changes during adolescence are notable in females but not in males. These changes includes

the volume of hippocampus and amygdala, and the increase of cerebral blood flow; another
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aspect is the action of female gonadal hormones at puberty that also delays onset of illness and
provide a better initial course of illness.

1.23. Genetic and Environmental Influences on Schizophrenia: Analysis of Twin and Family Studies.

Schizophrenia is a complex mental disorder that has been extensively investigated to understand its causes and risk
factors. The following are key findings from family and twin studies of schizophrenia, highlighting the influence of
genetic and environmental factors that have been investigated over time.

Gottesman (1987) compiled results from about 40 European family studies conducted between 1920 and 1987 [46].
These studies showed that the risk of schizophrenia in relatives of schizophrenic individuals increases with the degree
of genetic relatedness, proving once again that schizophrenia is a highly heritable disease due to the genetic component
of developing schizophrenia[47].

Table 2 The risks

Third-degree relatives (cousins, nieces, nephews, grandchildren): 2%

Second-degree relatives (aunts, uncles, nieces, nephews, grandparents): | 4 to 6%

First-degree relatives (parents, siblings, children) 9% to 13%.

Identical twins or offspring of double marriages: 46%.

Several studies have found that monozygotic twins have a higher probability of developing schizophrenia compared to
dizygotic twins [47].

A descriptive study conducted in Santiago de Cuba in 2007 examined 24 pairs of twins diagnosed with schizophrenia.
It found that 62% of the monozygotic twins suffered from schizophrenia, in contrast to 18% of the dizygotic twins. The
study also investigated the age of symptom onset, finding that 50% of the monozygotic twins had symptoms before the
age of 20, while in the dizygotic twins, symptoms appeared around the age of 23. The study also confirmed that
susceptibility to schizophrenia is greater the closer the family relationship is to the first generation [48].

The results also supported the hypothesis that environmental factors, such as obstetric complications and viral
infections during the intrauterine period, may interact with genetic vulnerability in the development of schizophrenia.
In conclusion, family and twin studies highlight the relevance of genetic and environmental factors in the development
of schizophrenia.

1.24. Epigenetic of Schizophrenia

Epigenetics focuses primarily on transformations in how genes are expressed without changing the DNA sequence, but
by altering the organization and activity of chromatin. These changes, susceptible to environmental influences such as
chemicals, stress or diet, can have long-lasting effects on gene regulation over time. Epigenetic regulation is essential in
development and myelination, which, as we recall, is of paramount importance throughout our brain development
because of the many functions it is responsible for in neuronal communication. During oligodendrocyte maturation,
changes in chromatin structure occur due to histone modifications and DNA methylation [49]. Abnormal regulation of
oligodendrocyte and myelin-related factors has been observed in mental illness. Several studies in psychiatric cohorts
have concurred and identified changes in epigenetic regulators such as histone modifiers, methylation enzymes and
microRNAs in schizophrenia [50].

A 2005 study suggests that epigenetic abnormalities in schizophrenia are partly linked to abnormal regulation of the
enzyme GAD67. This enzyme synthesizes the inhibitory neurotransmitter GABA, the protein reelin, and the GABA
membrane transporter (GAT1). The study observed a significant reduction in GAD67 activity, which is crucial as GABA
is the main inhibitory neurotransmitter in the central nervous system. Additionally, a decrease in spider-like GABA
interneurons has been associated with the lack of cortical coordination and deficits in working memory characteristic
of schizophrenia [51].
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1.25. Metilation

Multiple investigations have discovered DNA methylations in gene promoter regions, specifically in oligodendrocytes,
which could indicate abnormalities in myelin development in psychiatric disorders like schizophrenia. Methylation
changes in the BDNF gene at its promoter may contribute to the development of this disease, as well as the potential
impact of peripheral BDNF production on brain activity. Individuals diagnosed with schizophrenia and bipolar disorder
exhibit common alterations in the microstructure of white matter in the limbic system and the connections between
neocortical regions. These changes, such as in the fornix, cingulum, and uncinate fasciculus, are unique features of
schizophrenia. Reductions in white matter are associated with an increased genetic risk of developing the disease, while
alterations in cortical gray matter seem influenced by environmental factors. Research involving neuroimaging,
genetics, molecular biology, and anatomy has revealed irregularities in myelin development in various psychiatric
illnesses, including schizophrenia [52, 53, 54].

In recent research on schizophrenia, increased levels of H3K9 have been noted globally in the parietal cortex in patients
with schizophrenia. This increase is linked to a rise in the activities of GLP and SETDB1 enzymes, which facilitate its
formation. In addition, men with schizophrenia have been found to show elevated levels of H3K9 di-methylation along
with increased expression of SETDB1-associated G9a methyltransferase, suggesting a higher prevalence of this disease
in men than in women [55, 56]. A connection has been established between DNA methylation in the SOX10 gene and
oligodendrocyte dysfunction in schizophrenia. This suggests that epigenetic mechanisms contributing to risk gene
dysfunction may increase the predisposition to oligodendrocyte dysfunction during the disease [57].

1.26. Histone alteration

Histone modification is present in a variety of psychiatric disorders. In recent research, decreased levels of one active
chromatin mark, known as H3K4 trimethylation, and increased levels of another repressive mark, H3K27
trimethylation, were identified in the prefrontal cortex of individuals with schizophrenia in postmortem studies [58].

In addition, reduced levels of H3K4 methylation at the promoter of the GAD67 gene were found in the brains of women

with schizophrenia, resulting in decreased expression of this gene. This finding suggests an important role of histone
modifications in gene regulation associated with schizophrenia, especially in the context of GABA neurotransmitter
function in the brain.

Histone alteration is present in a variety of psychiatric disorders. In one investigation, reduced levels of one active
chromatin mark called H3K4 trimethylation, and increased levels of another repressive mark, H3K27 trimethylation,
were found in the prefrontal cortex of people with schizophrenia postmortem. In addition, reduced levels of H3K4
methylation at the GAD67 promoter have been found in the brains of women with schizophrenia, resulting in decreased
expression of this gene [59].

1.27. Noncoding ARNs

Non-coding RNAs are a kind of RNA that was identified in eukaryotic genomes, whose essential characteristic is that
they do not translate into proteins; these molecules have a critical role in the occurrence and development of many
diseases, including mental disorders. They consist of short sequences (approximately 18-25 nucleotides) that cause
repression of the translation process or mRNA degradation causing the gene silencing process. It’s important to
mention that microRNAs are the most related kind of ncRNAs to mental disorders. [60, 61]

The reason why different studies of schizophrenia are focused on miARN is the microdeletion at chromosome 22q11.2,
which is related to a high risk of schizophrenia in humans for containing the gene (DGCR8) that transcribes a miRNA
processing protein [62, 63]

Different kinds of miRNA are related to schizophrenia, those in different parts of the brain, especially cortical and
subcortical zones; Perkins et. al. [64] cited by [60][62][65][66][67]were the first to identify these miRNA in postmortem
patients with schizophrenia, obtaining various altered molecules such as mir130, mir181b, mir497, mir185, mir9,
mir195, mir301a, mir132, mir1307, mir137, and others. Of all of them, mi137 is special for being a strongly predicted
earlier psychosis in schizophrenia, being linked to it in many genome-wide association studies. This miRNA is significant
for brain development and functions, as well as axon guidance signaling, ephrin receptor signaling, synaptic activity and
reduced integrity of white matter [68, 69, 60, 63]

On the other hand, Studies have shown an elevation and reduction of miRNAs in peripheral blood, also used as
identification factors; one of the most important miRNAs, 223, is expressed at the beginning of the disease. [70, 60]
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1.28. Epigenetic modifications by drugs as a therapeutic approach

Studies on epigenetic treatment for schizophrenia are still developing; however, some important foundations for this
treatment are presented in this section.

As previously mentioned, epigenetic modifications have a greater effect on gene expression; however, they are
reversible, an important aspect for pharmacological therapy. The idea of this treatment is to correct the epigenetic
abnormalities that are associated with the disease.

There are two main types of epigenetic treatment, DNA methyltransferase (DNMT) inhibitors, which reduce DNA
methylation, potentially reactivating genes that have been abnormally silenced, and histone deacetylase (HDAC)
inhibitors, which increase DNA acetylation. histones, which can lead to increased gene expression. An important
mechanism for the therapy of schizophrenia is based on histone acetylation, as the inhibition of histone acetylation
readers of a BET protein causes transcriptional defects to improve in neurons, thus making it an effective treatment for
schizophrenia. In this process, the patient’s age and the age at which SZ appeared also influence the outcome [71].

It has been observed that both basic and non-basic antipsychotics can affect DNA methylation [72]. In human research,
a significant reduction in global methylation levels has been found in those who had schizophrenia, and it has been
observed that the methylation of certain genes increases in patients with this disorder, DNA methylation very commonly
causes a decrease in expressed genes, while changes in histones can either increase or decrease gene expression [73].
Furthermore, it has been reported that patients not treated with antipsychotics show different methylation patterns
than those who have received treatment, suggesting that antipsychotic drugs could influence DNA methylation in
patients with schizophrenia [74, 75].

Some antipsychotic drugs such as risperidone and clozapine, after being administered, cause epigenetic regulation
through histone deacetylation of chromatin at the metabotropic glutamate 2 (mGlu2) receptors [76] However, clozapine
is not approved for the treatment of schizophrenia, since it has important adverse effects such as seizures,
agranulocytosis or cardiomyopathies [36].

The drug Valproate, an HDAC histone inhibitor (that also has a demethylating effect) is used in addition to antipsychotic
therapy (such as clozapine or sulpiride) that shows a greater demethylation. This is related to Valproate’s ability to
increase the potency of antipsychotic drugs, even so, adding this drug is not of great advantage since it causes dizziness
and sedation [77, 78].

The drug haloperidol causes changes in methylation, although this demonstration was carried out in rats, it is a basis
for evidencing the effects of haloperidol on epigenetic regulation. This is related to the fact that the degree of
methylation is linked to sex, which in turn is associated with the differences found in the degree of schizophrenia
between genders, despite this, haloperidol should be indicated only if its benefit outweighs the debilitating adverse
effects [79, 80].

Butyrate regulates gene expression by inhibiting HDACs. This compound, which belongs to the SCFAs, exerts a
significant influence on microglial homeostasis, according to recent studies [81]. Microglia, essential in various
pathways related to psychiatric disorders such as schizophrenia, play a crucial role as immune defense in the central
nervous system, constantly detecting abnormalities such as plaques, neuronal damage, and infectious diseases [75].

The continued use of antipsychotics was inversely related to methylation in a specific region of DNA near the MEK1
protein gene, indicating once again the demethylating effect of these drugs. A strong correlation was found between
methylation at the CpG13 site and treatment response in the negative symptoms of schizophrenia, where a decrease in
methylation was associated with a less favorable response [82, 78]

Although the mechanism is not yet fully understood, this finding highlights the importance of the serotonin type 1
receptor in the action of antipsychotics and the potential impact that a single methylation site can have on the treatment
response of this disease [78].

The identification of less invasive biomarkers, such as blood or saliva, multiple studies search for the relationship
between DNA methylation levels in these peripheral samples and the brain in neurological and psychiatric diseases.
Evidence suggests that some changes in DNA methylation in peripheral samples may reflect relevant changes in the
brain. Support has been found for using DNA methylation as a biomarker in peripheral blood to predict treatment
response in schizophrenia [83].
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2. Conclusion

Schizophrenia, a serious and complex disease, remains a great challenge for medicine and science. Despite its rarity, the
impact of schizophrenia on sufferers, their families and society as a whole is enormous. Understanding many biological
factors, including genetic, epigenetic and environmental aspects, has advanced significantly in recent years, revealing
complex interactions between genetic predisposition and environmental influences.

Recent genetic discoveries have opened new avenues for the treatment of schizophrenia. What has made the
development of new epigenetic treatments possible is, in part, the ability to reverse epigenetic modifications, which
makes it possible to control these different genetic changes through appropriate treatment, thus complementing or
even eliminating the biases that exist in current treatments.

Identifying the different environmental factors that tend to modify the presentation of schizophrenia makes itimportant
to implement long-term prevention and intervention methods. A better understanding of how factors such as
intrauterine stress, infections and drug use can interact with genetic damage may allow the development of more
effective health programs to reduce the incidence of this pathology.

The combination of genetic, epigenetic and environmental techniques promises not only a better understanding of
schizophrenia but also the creation of more personalized and effective treatments. To improve therapeutic options and
quality of life for those living with schizophrenia, this multidisciplinary strategy is required. To achieve these goals and
give hope to the millions of people affected by this complex disease, continued research and collaboration in this field
is necessary.
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