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ABSTRACT

Special biological markers are needed in psychiatric diseases for understanding the organic
etiology. Such kind of biological markers are required in differential diagnosis of psychiatric
diseases and in following up of their response to treatment. While the etiology of most
psychiatric disorders remains unclear and unknown, there are a lot of supporting evidences
that hereditary factors are important in the pathogenesis of psychiatric diseases. Finding the
roles of genetic factors in the etiology of diseases probably enhance the understanding of
these illnesses better. We can recognize them earlier. Today, we are faced with new scientific
developments in this field. Whole genome studies developed in these days have revealed many
“hot spot”regions on human genome which could be related to psychiatric disorders. By using
new cell culture techniques, we had a chance to have new biological markers in these diseases.
Organoids, which resemble original cerebral tissues, were obtained in “in vivo” conditions.
Induced pluripotent stem cells were used in organoid techniques for obtaining different cell
types. Disease specific animals-genetically modified animals were created with known gene
defects of psychiatric diseases in laboratories. New brain banks, which allow us to postmortem
studies on human brain, are established in different cities around the world. In the light of
the recent developments in cell biology and molecular biology/genetics, this review discusses
organic structural findings, taking place in psychiatric disease progression. It is a fact that as the
findings increase rapidly in this area, the etiologies of psychiatric diseases will be understood
and clarified more easily. By using these technologies, important biological markers will be
obtained in the diagnosis. The new treatment protocols can be revealed.

Introduction

General biology and neural system biology in particular have

sadness, long term irritability, extremely high and low mood
in normal conditions, and excessive anxiety or worry (1,2). A

become powerful scientific disciplines in this century. Despite
these improvements in biology and neural system biology,
no satisfactory pathologic mechanism has been clarified in a
psychiatric disease. Achieving a biological mechanism would
create a paradigm shift for understanding the psychiatric
diseases such as schizophrenia, bipolar disorder, anxiety
disorders or obsessive-compulsive disorder (1,2).

Biological markers are needed in psychiatric diseases for
understanding the etiology of these diseases. All psychiatric
diseases have confusingly similar symptoms, such as long-run

biological marker has a potential of revealing the diagnosis of an
undiagnosed psychiatric case. Specialists can use these markers
in differential diagnosis and in monitoring the achievement
of treatment (3,4). Despite the fact that the mechanisms of
psychiatric disorders remain obscure, there is strong evidence
that hereditary factors are important in the progression of
major psychiatric illnesses such as schizophrenia and bipolar
disorder (5). Twins studies revealed hereditary predisposition in
large series in literature. Big meta-analyses studies in literature
presented the importance of inheritance in psychiatric illnesses
(6). Genomix (functional genome analyses) and proteomix
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(functional protein analyses) probably point out the significance
the hereditary factors. These advances would bring up new
approaches to the treatment of psychiatric diseases, an area
that has been inert condition for the last thirty years (Table 1) (2).

In this review, the new approaches in cell biology and
molecular biology/genetics are mentioned in understanding the
pathology of psychiatric diseases. The new culture techniques
used in the development of cerebral organoids are explained.
Also, the advantages of a genetically engineered mouse model
in the uses of experimental studies are tried to be explained.
Finally, the roles of brain banks in postmortem studies are
discussed (Table 1) (7).

Cell Biology Studies and Findings

Cell biology studies the structures and functions of cells.
New microscopes and staining techniques give an opportunity
to see more details within different cells. There are several
main subfields in cell biology, including developmental biology
and system biology. In developmental biology, cell growth,
differentiation and morphogenesis are studied especially
in utero conditions. Systems biology is the computational
and mathematical analysis of cells. It includes modeling of
complex biological systems. System biologists try to explain the
interrelationship of gene control mechanisms in entire human
genome. On computer simulations, they try to clarify intercellular
and extracellular networks (Table 1) (8).
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The generation and the maturation of neuronal synapses is
important in brain developmant. Neuronal network development
is also associated with the elimination process of synaptic
structures in brain in gestational period. The elimination of
synaptic structure in brain development is known as synaptic
pruning. Neuron degeneration (neuronal cell death/neuronal
apoptosis) is essential in pruning. Only axon/dendrite
degeneration can be seen in a neuron. In neuron degeneration,
apoptotic mechanisms are important (9). It is believed that the
aims of synaptic pruning are to remove unnecessary neuronal
structures from the brain and to reorganize the neuronal/glial
structures. At the end of gestation period, simpler neuron
structures are obtained in organogenesis period. Dysregulation
of pruning in normal brain development seems important in the
etiology of autism spectrum disorder (10). In recent years, over
proliferation of synapses has been determined after pruning
in “in utero” brain development. Such kinds of findings have
represented that synaptic reorganizations are important in
normal human brain development (11).

Glial cells like neuronal cells also have important role on
synaptic pruning in all parts of the nervous system. Glias are the
special types of cells in brain structure, which do not generate
electrical impulse. Glia cells maintain homeostasis, form myelin,
and provide support and protection for neurons. Glia and neuron
cells use sets of common signaling pathways in pruning process

Table 1. Three major research areas are studied in understanding of etiology of psychiatric diseases

Research areas Main laboratory studies

Main laboratory techniques

Sequencing and bioinformatics findings

Whole genome analyses and a single gene sequencing techniques w/o
bioinformatics analyses

Cell culture studies

2-D and 3-D cell culture techniques, induced pluripotent stem cell, and

stem cell studies, organoid studies etc.

Invertebrate models; e.g. C. elegans, fruit fly-drosophila melongester

Genotyping

screens®,

Mouse models for schizophrenia; e.g. disrupted in schizophrenia

Animal studies

1 (DISC1) and 22g11.2 deletion syndrome, and for autism; methyl

CpG binding protein 2 (MECP2) and 15911-13 deletion/duplication
syndromes™**,
Zebrafish***

Genome-Wide Association Studies
(GWAS), brain tissue studies, etc

Metabolomics, genomics, proteomics, transcriptomics etc.

Molecular biology/ Cell culture studies

2-D and 3-D cell culture techniques, induced pluripotent stem cell, and
stem cell studies, organoid studies etc.

pathology

Brain tissue studies of model animals, obtained intervertebrate,
vertebrate animal models.

Animal studies

Human brain tissue studies

Brain tissue studies obtained from brain bank.

Chemical screen

Brain tissue studies of model animals and humans.

New therapies Cell culture studies

2-D and 3-D cell culture techniques, induced pluripotent stem cell, and
stem cell studies, organoid studies etc.

Animal studies

Brain tissue studies of model animals

*C. elegans is useful for interference (RNAI) screens. Invertebrate genes exhibit some evolutionary conservation with human genes. Homologues of ~50% and 75% of
human disease genes can be identified in C. elegans and D. melanogaster respectively.

**Mouse is useful for single (or few) gene connections to phenotype, for biomarker studies and for new therapeutic approaches studies.

***Zebrafish is useful for genetic interactions and variant analysis, for biomarker analyses and for new therapeutic approaches studies.
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(12). Local cytoskeleton disassembly occurs before axon/
dendrite degeneration in pruning. Recent evidences suggest
that microtubule disassembly is the local trigger mechanism in
pruning (13,14). Dendritic spine formation is a critical process
for many synaptic functions in human brain development. The
formations and modifications of spines are accepted as vital
process for learning and memory abilities of human brain. As
known, dendritic spine formation occurs especially in early
postnatal period in humans. Like the formation of spines, the
removal of dendritic spines is also a normal process in human
life. Despite this, we do not know clearly the causes of spine
formation and removal in dendrites. The role of dendritic spines’
disruption is explained in many neuro-developmental disorders
(15). Normally, the strength of synapses can be increased or
dicreased in different conditions. Strong action potential is
associated with active synapses. Weak synapses are less
active and generate weak action potentials. Synaptic plasticity in
long term period forms the memory storage conditions in human
brain. Long term synaptic depression which is characterized by
weak action potentials seems important in the etiology of autism
spectrum disorders (16).

As a complex psychiatric disorder, understanding the
etiology of schizophrenia is very hard. Schizophrenia pathology
is linked to a large number of genes in human genome with
highly heritable condition. New technologies improved in cell
and molecular biology are tried to be used to find the functions
of these genes in disease etiology. Gene abnormalities cause
developmental problems in cells such as neuronal migration
and axon degeneration (17). Cell movement or migration is
the dynamics of cellular processes which include microtubule
and adhesion complex dynamics, contraction of actin/myosin
filaments (Figure 1) (18). Hockemeyer and Jaenisch (19) have
mentioned in a manuscript that schizophrenia patient-derived
olfactory cells are more mobile than control-derived cells. Focal
adhesion kinase signaling was found as the main factor in the
motility of olfactory cells in this experiment.

Stem Cell and Cell Culture Studies

Stem cells are special cells that can differentiate into other
types of cells. They can also divide in self-renewal condition to
produce more of the same type of stem cells. Induced pluripotent
stem cells (iPS cells or iPSCs) are human generated stem cells,
differentiated from terminally differentiated cells. They can divide
and differentiate into every other cell type in the body (such as
neuron, fat, muscle, and pancreatic cells). Pluripotent stem cells
hold promise in the field of regenerative medicine because of
these specificities (Table 1) (20).

Cell culture in two dimensions (2D culture) has been routinely
used in laboratories worldwide for many years. 2D culture
is a simple and easy technique. Despite these advantages,
it has very important disadvantages, e.g. it does not show

the anatomy or physiology of a tissue. Cell culture in three
dimensions (3D culture) is an artificially created environment. In
3D cell cultures, biological cells are grown and interacted with
their surroundings like in tissues (21). Progress in stem cell and
iPSC technologies make it possible to use 3D culture systems
in laboratory conditions. Today, having an organoid structure is
possible using these techniques (22,23). A cerebral organoid
is an artificially grown model organ resembling the brain
tissues. It can be created for studying a psychiatric disease in
a simpler condition. Human brain consists of very complex and
heterogeneous structure. The complexity of this tissue makes
it difficult to understand how it works in neuroscience (Table 1)
(24).

In schizophrenia, a genetically induced vulnerability in brain
development was reported. iPSCs obtained from patients with
schizophrenia indicate functional problems in neural progenitor
cells. Neuronal progenitor cells differentiate into all glial and
neuronal cell types, observed in central nerves system. Neural
progenitor cells which have functional impairments disturb
neocorticogenesis in an organoid model (23). On an organoid in
a culture flask, a disorder that has been difficult to study such as
microcephaly can be studied also (24).

Autism spectrum disorder is a disorder of neurobiological
origin that affects children up to the age of 3. Developmental,
cognitive, and behavioral problems occur in an autistic child.
Gross motor skills and fine motor skills are also affected due to
brain dysfunction. Connectivity problems due to dysfunction in
neuronal migration directed by mitochondria are accused of as
reliable reason in disease etiology. Intrauterine hyperglycemia
and hyperinsulinemia also cause neuronal migration problems
which may be important in autism pathology. Today, we know
that prolonged neonatal hypoglycemia may cause mitochondrial
dysfunction (25). Neuronal migration like neuronal differentiation
is a fundamental process occurring in embryonic time period.
Today, the effects of many genes on cell migration are put forward
in literature. These genes also have similar effects on neural
migration. Gene knockout studies in mice have revealed that
specific mutations which affect neuron migration proceed severe
brain malformations. It seems that such kinds of mutations can
cause complex and heterogeneous developmental neuronal
migration disorders (26). Cell movement or migration can be
achieved by microtubule dynamics, contraction of actin and
myosin filaments (Table 1, Figure 1) (18).

Molecular Biology/Genetic Studies and Findings

Today, we know that a potential genetic predisposition
observed in a family is important in the occurrence of many
psychiatricdisorders such as autism, attention deficit hyperactivity
disorder, bipolar disorder, major depression and schizophrenia
(27). Cytogenetic analyses have revealed many chromosomal
alterations on various kinds of psychiatric illnesses in so many
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Figure 1. Microtubules and adhesion complexes are important on cell movement and migration. Microtubules and adhesion complexes may probably
have roles on the migrations of neuron and glias in embryonic period during the brain development (the figure was modified and drawn again by the

author from reference 18)

years. In linkage studies, “hot spots” probably susceptible in
psychiatric disorders have been reported (28).

In 1990, a large Scottish family with a (1;11)(q42;914.3)
translocation was published, which had a significant correlation
to specific clinical phenotypes, including schizophrenia and
affective disorders (29). Ten years later, Millar et al. (30)
described a translocation breakpoint region on chromosome
1942. The same group identified two novel genes directly
disrupted by this translocation (‘disrupted in schizophrenia’
1-DISC1 and ‘disrupted in schizophrenia’ 2-DISC2). By using
new techniques, genetically modified mice were obtained in
recent years. This type of mouse is a genetically modified mouse
in which researchers have inactivated a target gene. They are
important animal models for studying the roles of genes which
have been sequenced but whose functions have not been
determined. Up to now, several DISC1 gene knockout mouse
models have been generated for use in experimental studies. All
these mouse models display neuro-anatomical and behavioral
abnormalities relevant to schizophrenia (Table 1) (31).

In a separate study, the gene DIBD1 has been found to
be disrupted by a translocation involving 1123 chromosome
region in a family for bipolar disorder (32). Bipolar disorder is a
chronic neuropsychiatric condition characterized by pathological
changes in mood of patients from mania to depression. So,
bipolar disorders can be accepted as a multifactorial and
polygenic genetic disorder. Today, we know that bipolar disorder
is the most heritable form of mental illnesses. Despite these,

clarifying the hereditary factors in this disease is not easy. Neuro-
developmental factors which affect nervous system development
and cell migration were found as altered in bipolar disorders in
genome-wide association studies (GWAS) (33). Each GWAS
marker appears to confer little risk in bipolar disorder. Even so,
common variants together account for 25% of the heritability
of bipolar disorder (34). In these studies, 16p11.2 gene region
had been identified with a higher-risk association. If we found
appropriate genetic markers for bipolar disorders, they can be
used in the diagnosis of this illness easily (35). Twins studies
also have elucidated a high heritability in autistic disorder (36).
Large scale meta-analyses in GWAS have reliably identified
huge numbers of genetic polymorphisms associated with
neuropsychiatric disorders. In most of bipolar disorder, single
nucleotide polymorphism (SNPs) located in non-coding genomic
regions is correlated with the disease etiology. The molecular
importance of SNPs in bipolar disorders is not fully understood.
Today, studying the functional properties of disease-associated
variants is important for finding the role of these variants in
disease etiology in gene expression levels (35). In a manuscript
written by Bryzgalov et al. (34), fourteen regulatory SNPs are
selected as potential gene locus related to neuropsychiatric
disorders. The functions of targeted genes are related to some
important processes in cell life cycle such as “posttranscriptional
regulation”, “neuron differentiation” and “neuron development”.
On a similar large panel, the psychiatric GWAS consortium found
regulatory SNP (rSNP)- targeted genes. This group explained
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the reason of expression differences among patients and control
groups in brain region (NRAS-in schizophrenia cohort, CDC25B,
DDX21 and NUCKS1-in bipolar disorder cohort) (36). So, new
genetic findings observed in psychiatric diseases are important
for genetic counseling and genetic testing (Table 1) (37).

Animal Models Obtained by Using New Gene

Technologies for Psychiatric Diseases

Genome/gene editing technology gives opportunity to
scientists the ability to change a genome of an organism. In this
technology, genetic material can be added, removed, or altered
at targeted locations in the genome. Today, generally CRISPR-
Cas9 methodology is used in the laboratories widely because it
is faster, cheaper and efficient (38,39). By using CRISPR-Cas9
technology, genetically engineered mouse can be obtained
such as DTNBP1 gene disrupted mouse (40). DTNBP1 gene
encodes a protein that plays a role in organelle (e.g. lysosome)
biogenesis in a cell. Also, this protein has been explained as
a causative factor in schizophrenia etiology. We know that it
regulates prefrontal brain functions in fetal and adult period.
DTNBP1 gene expresses in the dorso-lateral prefrontal cortex
and hippocampus. Decreased levels of dysbindin-1 mRNA were
found in brain tissues in schizophrenia cases. Scientists claim a
strong connection among dysbindin-1 function and schizophrenia
pathology (41). In a genetically engineered mouse, which had
functionally disturbed dysbindin-1 gene, similar behavioral
activities can be observed like in schizophrenic patients. Huang
et al. (42) found that this gene has important roles for in the
regulations of amygdala functions (Table 1).

Reelin protein is located in the extracellular matrix. It is
involved in the development of cortical neural connectivity at
embryonic phase. Reelin protein generally regulates synaptic
plasticity of neurons at postnatal stages. Epigenetic changes
in reelin gene in schizophrenic patients probably cause an
inhibition in reelin expression in human brain (43,44). Proper
cortical development is important in brain structure. In reelin
gene mutant mouse (named as a reeler mouse), dysfunction
of cortical region was found. The absence of reelin expression
in genetically engineered mouse caused migration defects in
neurons and developmental defects in dendrites (45).

Injection of human progenitor cells into an immunodeficient
mouse gives chance to have “humanized mouse”. By using this
technology, it can be possible to obtain a brain in the mouse
which has “human-like” neuronal structures (46). Capps
explained in a manuscript that oligodendrocyte and astrocyte
development was found as altered in schizophrenia in chimeric
mice experiments. Also, cell-cell interactions were found as
important in the pathogenesis of early-onset schizophrenia (47).

Zebra fish represents a good model among complexity and
simplicity of system. Studying on zebra fish gives us a good

opportunity for finding the mechanisms of brain functions in
brain illnesses. Zebra fish can be used as a model for finding
the effects of psychotic drugs. Fear and anxiety problems can
be analyzed with zebra fish studies easily (Table 1) (48).

Establishing Brain Banks for Postmortem Brain Studies

For postmortem brain studies, storing and banking of brain
tissue samples is an important step. Generally, the brain tissues
are stored in liquid nitrogen at -195 °C for a long time. Brain
banks are given an opportunity to research on the etiologies of
different psychiatric diseases. The recent advances in neuro-
imaging and molecular biology increased the interests to human
brain studies in these days (Table 1) (49).

Generally, brain banks collect human brain tissues from
donors who had neurological and/or psychiatric disorders. Also,
normal human brain tissues are stored in brain banks obtained
from healthy donors. The brain tissues stored in brain banks
are shared to other scientific researchers around the world.
In this way, experiments about understanding the molecular
mechanisms in psychiatric diseases can be done on brain
samples in all laboratories (50). GWAS are achieving huge
successes in identifying disease-associated variants in specific
human brain tissues as seen in data in Psychiatric Genomics
Consortium (PGC; http://www.med.unc.edu/pgc) (36). The
disease-associated variants in psychiatric disease etiology are
generally SNPs located in non-coding regions. The effect of each
SNP seems in small size in disease etiology. Today, the scientists
believe that the cumulative effects of SNPs are stimulated the
initiation factors in psychiatric diseases. So, the interpretation
of functions in disease associated gene variants can be hidden.
In population-based human variation studies, DNA methylation
and histone modification were found as important. Gene variant
rs199347 is located on an non coding intron region in a protein
coding gene named as GPNMB (Glycoprotein Nmb). This variant
affects the expression of GPNMB only in human brain. We know
that the effect of variant rs199347 is associated with Parkinson
disease etiology. This kind of effect in rs199347 variant can not
be observed in other tissues in organisms (51). Such kinds of
findings represent that the human brain tissues obtained from
brain banks can be used in comprehensive molecular studies
for advanced researches in neuropsychiatric disorders (50).
For that reason, the achievement of brain bank projects is
generally dependent on these kinds of complex studies. First
of all, the patients and their families should be convinced in
the donation of the patient’s tissues in postmortem period. And
then, the cooperation among scientists and clinicians should be
established for more complex studies (49).

Conclusion

So, developments in cell biology and molecular biology/
genetics techniques reveal new approaches in understanding of



etiology in psychiatric diseases. The improvements may affect
the diagnosis and treatment of these cases in immediate future.
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