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Abstract

One of the most severe mental disorder which leads to a disturbance in the percipience of reality
is named schizophrenia. Schizophrenia is a combination of hallucinations, delusions, and mental
disorders that the severity of them impairs healthy thinking and behavior, and in general, the inability 17 00 no5 0%

to perform daily activities. Behavioral, intellectual, and emotional disorders indicate the widespread  gail- nassim72274@,yahoo.
impact of schizophrenia on various aspects of mental health. Schizophrenia’s signs and symptoms ~ com

of schizophrenia are varied, although delusions, hallucinations, or disorganized speech included in

common symptoms. Dopamine has been the main subject of much research on schizophrenia for

decades. Molecular neuroimaging studies to explore the dopamine system (DA system) in vivo have  pyplished online 28 September,
revealed that Schizophrenia is first associated with a defect in the striatum and then with a defectin 2020
extrastriatal regions with centralizing on cortex and midbrain. Also, the gamma-aminobutyric acid
(GABA) mRNA dysregulation and neuroinflammatory mechanisms can be useful in schizophrenia.
Various medications such as antipsychotic drugs used to the aim of treating this disease, but they

can just decline or improve the positive symptoms. Modeling neurodevelopment and synaptic
connection defects by induced human pluripotent stem cells have made appropriate circumstances

to eliminate schizophrenia treatment barriers. With the development of cell therapies and induced
pluripotent stem cells (iPSCs), there is a hope that the negative symptoms can be improved.
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Introduction Symptoms

One of the most severe mental disorders leading to Behavioral, intellectual, and emotional disorders indicate

a disturbance in the percipience of reality is named
schizophrenia'. Schizophrenia has defined by one or all
of these following symptoms: delusions, hallucinations,
disorganized thinking (speech), and negative symptoms
that the severity of them impairs normal thinking and
behavior, and in general, disrupts the ability to perform
daily activities.> Having Schizophrenia requires the
patient to receive medication for a lifetime,> which
imposes a substantial economic burden on the patient
and their relatives. Starting treatment in the early
stages of the disease is more effective in controlling the
progression and preventing more severe symptoms.' The
onset of schizophrenia in the 20s-30s is common, and
the risk for more aged people is remarkably rare.” Global
statistics investigations revealed that approximately 25
million people are affected.® Based on this information
and estimation of the economic burden for schizophrenia,
the vacancy of more economical and practical therapeutic
approaches has felt. To achieving this purpose, precise
cognition of symptoms and their causes has required.

the widespread impact of schizophrenia on various aspects
of mental health. Although the signs and symptoms of
schizophrenia are very varied, delusions, hallucinations,
or disorganized speech included in common symptoms.”
Based on the general symptom classification, there is
three dominant class of schizophrenia symptoms which
are including (1) positive (2) negative and cognitive,
which have described in detail below.?

Delusions

It is a definite symptom that means false thoughts that
are not objective and real. For instance: believing that you
have been harassed or harmed. You find yourself under
the command of something unrealistic. You are incredibly
talented and famous, someone loves you infinitely,
announcing a close catastrophe.” Almost all people with
schizophrenia access delusions. Many recent studies
reported an evidenced correlation between delusion and
bias against disconfirmatory evidence.'
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Hallucinations

It is another positive symptom class and comes when
a persons perception feels beyond reality, although a
person with schizophrenia experiences these feelings
objectively. Hallucinations may occur for all five senses;
hearing imaginary noises is more common than others."!

Disorganized Thinking (Speech)

Disorganized thinking has inferred from disorganized
speech. It will be impossible to communicate effectively
with a person with schizophrenia due to unrelated
answers to questions, whether partial or general. On rare
occasions, the speech has included expressing sentences
that contain meaningless and irrelevant words known as
word salad; therefore, it will be incomprehensible to the
listener.*?

Negative Symptoms

This means that daily activities have almost disrupted.
For example, the person may neglect personal hygiene or
appear to lack emotion (does not make eye contact, does
not change facial expressions or speaks in a monotone).'>!*
Also, the person may lose interest in everyday activities,
socially withdraw, or cannot experience pleasure.”
Periodic improvement and worsening of symptoms have
created a wide range of severity and type of symptoms.'S
The onset of symptoms of schizophrenia in men occurs in
the middle of the third decade of life, while in women, the
symptoms occur in the late twenties.”

Schizophrenia Etiology

Schizophrenia is a complex disease of unknown etiology.
The occurrence of schizophrenia as a multifactorial disease
is related to genetics, environment, and pathophysiological
factors, it shows a combination of behavioral and mental
problems ultimately.’® Schizophrenia is a testament
to the intense interaction between genetics’ and
the environment.”® The neurochemical hypothesis,'®
genetic susceptibility,”® immunological alteration,” and
environmental factors such as multiple infections are the
primary etiological response of schizophrenia.”

Dopamine Hypothesis

The dopamine hypothesis is the earliest etiology of
schizophrenia and has been an important topic of
schizophrenia investigations for decades.” It has shown
that the amount of dopamine in a stratum is more than
average in schizophrenia patients compared with healthy
people.* Excess dopamine intensifies of psychotic
symptoms in patients is correlated with increases in
released dopamine levels. Excess secretion of dopamine
is observant significantly throughout exacerbation in
comparison to remission periods.” Additionally, using
a higher-resolution scanner and more sophisticated
region-of-interest analysis methods to identify the striatal

substructures demonstrates that excess striatal dopamine
was most prominent in the rostral caudate.” Significant
enhancement in dopamine secretion throughout the
cortex is measurable. Dopamine release in the dorsolateral
prefrontal cortex (DLPFC) was significantly positively
associated with working memory-related BOLD
activation, suggesting a relationship between the blunted
release and deficits of frontal cortical function.”

The Role of GABA in Schizophrenia

Some evidence demonstrates the altering of GABAergic
neurotransmission in schizophrenia and counted as the
main convincing reason for cognitive defects in patients.
Postmortem data suggest that GAD67 mRNA translation
in the DLPFC has initially decreased through layers 1 to 5,
resulting in decreased GAD67 protein levels.? It can cause
a reduction in the number of neurons in schizophrenia.
Based on these studies, it has claimed that the disturbance
in GAD67 gene expression occurs exclusively in a specific
subset of GABAergic neurons.” Additionally, Postsynaptic
GABA Receptors can play a crucial role in schizophrenia.
Owing to recent advances in medical technology, more
accurate investigations of deficits of GABA-A receptor
subunits are possible.*

Neuroinflammatory Mechanisms in Schizophrenia

For many years, the association of dopamine levels with
schizophrenia has been a significant target of researches.
However, these days there is an innovative trend based
on new evidence that has concentrated on a particular
emphasis on the accurate performance of the immune
system.” Based on it, the role of neuroinflammation and
defect in immune system function is a potent factor in
the development of schizophrenia and the symptoms of
psychosis in patients.”” Epidemiological data and historical
observations have drawn the attention of researchers to
inflammatory processes for decades. Recently extensive
research on exposure to infection, stress-induced
inflammatory response, glial cell signaling, structural
and functional brain changes, and therapeutic trials have
confirmed that inflammation can be an effective factor
in the appearance and development of schizophrenia.*
Accordingly, severe infections and autoimmune diseases
canincrease therisk of schizophreniaand related disorders.
Due to aberrations in the immune system and high level
of pro-inflammatory cytokines during pregnancy, the
mother will be more vulnerable to infections.* In seasons
when the influenza epidemic is more prevalent, the
exposure to infection naturally increases, resulting in an
increased risk of congenital disabilities in children prone
to schizophrenia.® Also, respiratory and reproductive
tract infections have considered as an increasing factor
of the onset risk of offspring to schizophrenia.”® Other
pathogens linked to schizophrenia include maternal
infection with Toxoplasma gondii, rubella, measles, polio,
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and herpes simplex type 2.7 Besides studies that have
corroborated the role of environmental factors in the
occurrence of prenatal infections, attention has focused
on the whole genomic studies in new approaches since
immune-related genes have discovered in schizophrenia
patients.’® According to this fresh information, recent
studies have attempted to identify polymorphisms and
immune system alteration to approve the risk of infections
that can be rooted in a person’s genetics.*® In addition to
environmental factors that cause infection, researches
have shown that genetic polymorphisms can increase a
person’s susceptibility to schizophrenia.®* These genetic
variations can include the immune system divergent genes
involved or alterations in response to infectious agents.*!
Extensive study groups have tracked the polymorphisms
vulnerable to schizophrenia on different gene loci located
on chromosome 6p22. HLA complex genes, moderator
the inflammatory response, were the major correlated
genes."

Effective Genes in Schizophrenia
Schizophrenia is a highly heritable disorder with
monozygotic concordance rates of approximately 50%
and dizygotic concordance rates of approximately 10%.
Genomewide association studies have identified several
common variants that are associated with schizophrenia.*
Some of the pathways implicated in these studies have
involved neural differentiation, synaptic transmission,
and circuit development, lending weight to the hypothesis
that schizophrenia is a developmental disorder. There
are almost 608 genes that can cause schizophrenia.*
Principally genes schizophrenia expression should be
traceable in organs such as the cerebellum, cerebral
cortex, medulla oblongata, thalamus, and hypothalamus.*
Psychiatric ~ behavioral = disorders  incorporating
schizophrenia genes included ADHD, bipolar disorder,
autism spectrum disorder, alcohol dependence, cancer,
Alzheimer’s and Parkinson’s disease, sleep disturbances,
and inflammation.* By taking advantage of recent studies
and approaches, by exploring biological pathways and
analyzing genes related to schizophrenia, numerous
related genes have identified which listed in Table 1.4
Biological mechanisms involving synaptic
transmission, regulation of membrane potential, and

Table 1. Gene Families Involved in Schizophrenia

Gene Categories Genes Name

Glutaminergic receptors GRIAT, GRIN2, GRIK4, GRMS5

Serotonergic receptors HTR2A, HTR2C
GABAergic receptors GABRAT, GABRB2
Dopaminergic receptors DRD1, DRD2
Calcium-related channels CACNATH, CACNA1B
Solute transporters SICT1AT, SLC6A2

Neurodevelopmental genes  ADCY1, MEF2C, NOTCH2, SHANK3

transmembrane ion transport have identified as before
cellular applications related to schizophrenia genes.*
Additionally, some genetically neurological disorders
that their induced pluripotent stem cells (iPSCs) associate
with schizophrenia patients. For instance, it has shown in
a study that iPSCs with del 22q11.2 (DiGeorge syndrome)
identified in schizophrenia patients.*** Furthermore, the
variety in copy number of 15q11.2 links to schizophrenia,
and it causes a reduction in adherence junctions and
retains proper apical polarity.>>

The Treatments of Schizophrenia

There have been various ways for curing schizophrenia
of past decades. Contrary to different functional
mechanisms of three classes of antipsychotic medications
(conventional typical, atypical, and dopamine partial
agonist) operate base on the dopamine system.
Additionally, the antioxidant drugs are beneficial during
treatment, and cannabidiol has neuronal and molecular
effects on the mesolimbic dopamine system.” The use
of these drugs is not very satisfactory for reasons such
as multiple side effects, lack of effect on the negative
or cognitive symptom, and not valid for all patients.*
There are currently no FDA-approved medications
available to reduce the negative and cognitive symptoms
of schizophrenia, which are the leading causes of patient
disruption life.® Negative symptoms, such as blunted
affect, and social avoidance, and cognitive symptoms,
like deficits in attention and executive function, reduce
capable of life, extremely.* Even among schizophrenia
patients who respond to antipsychotic medications,
disability is significant, and functional consequences
are disappointing. Therefore, the need for immediate
treatment for negative and cognitive symptoms of
schizophrenia is greatly felt” The complexity and
multifactorial nature is a major obstacle to an accurate
knowledge of schizophrenia, and as a result, it has
become almost impossible to find a completely effective
treatment for this disorder.”® Human-induced pluripotent
stem cells (hiPSCs) supply a high-potential domain for
a more accurate study of neurological disorders like
schizophrenia. HiPSC provides an adequate opportunity
that permits researchers to model and studies the exact
mechanisms of the schizophrenia progression.”

The Induced Pluripotent Stem Cells

In a groundbreaking discovery, Yamanaka showed that
ectopic overexpression of the four transcription factors
c-Myec, Klf4, Oct4, and Sox2 could reprogram fibroblasts
into iPSCs.® The human iPSCs generated in this manner
share many characteristics with human blastocyst-derived
embryonic stem cells (hESCs), including indefinite self-
renewal, clonogenicity, and pluripotency (the ability to
differentiate into all adult cell types in the body).®' Hence,
this reprogramming process enabled the generation of
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hESC-equivalent pluripotent stem cells in the laboratory
from readily available adult somatic cells, without any
need for a human blastocyst.> Human iPSCs can be
differentiated into neurons using a variety of methods.
Initial studies of schizophrenia using iPSCs have yielded
some promising results.® The first such study showed
that neurons from schizophrenia patients had regular
functional properties (as measured with electrophysiology
and Ca’* imaging), but displayed reduced connectivity,
neurites, and synaptic protein levels.** Schizophrenia
neurons also had altered expression of genes involved
in the Wnt, cAMP, and glutamate-signaling pathways.*®
A later study of these iPSCs showed that schizophrenia
neural progenitor cells (NPCs) had an abnormal
expression of genes and proteins related to cytoskeletal
remodeling and oxidative stress pathways.®

Appropriate Cells in the Brain to Modeling the iPSC-
Derived Cells

There is no enough evidence to identify the relevant
type of iPSCs-derived cells that can appear related
symptoms to the disease. Although postmortem brains
from patients demonstrate a decline in the volume of the
cortex.®” Furthermore, it has shown that the volume of the
hippocampus has reduced in patient’s brains. Especially
in the dentate gyrus and cornu ammonis 3 hippocampal
fields.®® Also, schizophrenia patients, the pyramidal
neurons in the cortex, the spine density, and synapse
numbers are decreased.” As a result, the cell models from
the cortex and hippocampus of schizophrenia patients
can be appropriate to show the schizophrenia disease
features and identify the new treatment approaches. The
cortical neurons and hippocampal dentate gyrus neurons
can use as differentiated cells from human iPSCs. The
rate of homogeneity is noticeable in cultures.”® The
heterogeneous neuronal cultures are beneficial since they
are more similar to their original niches in the brain.

iPSC-Derived Cells Approach

To achieve advanced and effective treatment for
schizophrenia by using stem cell-derived neurons;
generally, two approaches are studied.

Reprogramming and Inducing Cells Using Viruses

For the first time, Chiang et al. claimed that hiPSCs
have derived from schizophrenia patients; indeed, there
was no information about differentiation.”" Brennand et
al presented a new founded based on a defect of SCZD
hiPSCs in neuronal connectivity. Additionally, they
reported a significant reduction of post syntactical gene
expression.” In the first step, the iPSCs should reprogram.
So the primary human fibroblasts are reprogrammed
using inducible lentiviruses.”” There are two fundamental
limitations to using viruses to reprogramming cells. First
of all, the lack of complete suppression of viral genes, and

the second is the risk of viral mutagenic gene insertion.”
So, recently a doxycycline-inducible lentiviral system
applied to silence viral genes completely.

While using adenovirus, plasmid vectors, however, with
low efficiency, and synthetic modified mRNA approaches
are developing for reprogramming.” In the first step,
and inducible lentiviruses are engaged to reprogram the
primary human fibroblast. Schizophrenia hiPSCs have no
evident deficiency in differentiation NPCs and neurons.™
To ensure the differentiation of hiPSC to the NPCs and
neurons, the trans-neuronal spread of rabies is a reliable
tool for evaluating synaptic communication. The synaptic
contacts make rabies transmission and are associated
with synaptic input potential.” Though there are
ambiguous sides of rabies trans-neuronal tracing, NCAM
as a presynaptic protein indicates reduced expression in
schizophrenia hiPSC neurons.”® Trans-neural detection
is the result of reduced neural connections; it does
not necessarily lead to reduced synaptic function, in
schizophrenia hiPSC neurons. In postmortem human
studies and animal models repeating of some cellular
and molecular phenotypes in hiPSC neurons from
heterogeneous patients with similar deficits perceived.
The decreased in neuronal connectivity in schizophrenia
hiPSC neurons was observed.”® Expression studies of
hiPSC neurons provide this possibility of intuition of
antipsychotic treatment on live, genetically identical
neurons with an effective response to treatment and
pretermitting of confounding variables of postmortem
analysis such as treatment history, drug or alcohol abuse,
and cause of death.”” In the schizophrenia hiPSC neurons,
of the 596 unique genes differentially expresses and the
hypotheses based on pharmacological and genomewide
association (GWAS) studies of schizophrenia has
confirmed by gene expression profiles of schizophrenia
hiPSC neurons and additionally, it identifies some novel
pathways including NOTCH signaling, SLIT/ROBO axon
guidance, EFNA mediated axon growth, cell adhesion,
and transcriptional silencing.”® Multiple genes involved in
increasing schizophrenia hiPSC neurons efficiency depend
on schizophrenic pathways and have not recognized as
specific genes involved in this disease, such as PDE family
genes, ADCYS, and PDE4B.”® The use of human iPSCs
to model individual patient’s cells has reinvigorated the
hope that a new wave of targeted treatment opportunities
will emerge soon. The five antipsychotic drugs have tested
to modify neuronal connectivity in vitro. In the last 21
days of neuronal differentiation, clozapine, loxapine,
olanzapine, risperidone, and thioridazine have distributed.
The loxapine in all patients is effective in enhancing the
connection between neurons” and realizing the best
possible concentration, and the best time to administer
drugs upgrades the antipsychotic medication efficiency.
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Interneuron Transplants, Derived From Embryonic Stem
Cells

It has demonstrated that within developmental processes,
the parvalbumin (PV) somatostatin (SST)-positive
interneurons are brunched from the medial ganglionic
eminence. The fetal medial ganglionic eminence tissue
has used to restitute the function of interneurons in the
methyl azoxy methanol (MAM) developmental model
of schizophrenia.” The interneuron transplants into
the ventral hippocampus decrease the hyperactivity of
hippocampal and also dopamine operation, and the
amphetamine-induced locomotor activity will be at
a regular rate that is a model for positive symptoms of
schizophrenia.®*® By this method, the positive symptoms
may be cured in the MAM model of schizophrenia and
can be a functional approach to improving the negative
and cognitive symptoms of patients whose treatment was
not successful with antipsychotic medications.*

The observations show that the SST- and PV-enriched
transplants can modify the behavioral disease differently.
The transplants of SST and PV both can change the
ventral hippocampus hyperactivity.

Unique anatomical, biochemical, and physiological
characteristics of SST and PV make this variety of effects.
For instance, the firing pattern can specialize in the PV-
and SST-positive interneurons. As shown, the dopamine
hypothesis claims that increased dopamine levels in
the mesolimbic stimuli the positive symptoms, but by
this method, both SST- and PV-positive interneuron
transplants into the ventral hippocampus decline the
dopamine population activity in MAM-treated animal
models.”

One of the cognitive flexibilities is reversal learning,
which shows a defect in schizophrenia, and reversal-
learning has associated with orbitofrontal activity and
subcortical dopamine function. Also, community
relations and extra-dimensional set-shifting, which linked
with a part of the brain that receives direct projections
from the ventral hippocampus and in schizophrenia
patients are not regulated well, can be improved with only
PV-positive transplants and can improve the disorders.*
Generally, this strategy could be useful for the treatment
of schizophrenia. However, the timing of the transplant
should consider. The cells should be transplanted
between postnatal day (PND) 40-45 and circulating
androgen dosage. For using the MAM rodent model, the
cell transplantation must perform as early as PND 40.7
Another practical factor that should consider is the stage
of schizophrenia. So the transplantation will be most
effective if done in the earliest stage of the disease.

Conclusion

Brain-imaging studies were the first approach in
schizophrenia  investigations.  Although structural
differences in healthy and patient groups have observed,

brain studies were unable to determine the damaged parts
of the nervous system accurately® accurately.

On the other hand, it identified the effective pattern of
dopamine and glutamate in schizophrenia and applied the
pharmacological treatment to improve severe symptoms.
GWAS studies, with the onset of the genetic age, is
beginning. These studies presented documented reports
based on susceptibility to infection of polymorphisms.*
Nevertheless, recent advances in cell therapy have given
researchers an unprecedented and immense circumstance
for recognizing and treating schizophrenia. While
pharmacological treatment exclusively attempts to attack
schizophrenia symptoms, cell therapy seeks to improve
other neurological diseases, including Parkinson’s and
stroke. The capacity of cell transplants in schizophrenia is
not known well yet. Therefore there are lots of features of
this that should achieve.

Conflict of Interest
The authors declare that they have no conflict of interests.

Ethical Statement
Not applicable.

References

1. Owen MJ, O'Donovan MC, Thapar A, Craddock N.
Neurodevelopmental ~ hypothesis ~ of  schizophrenia.
Br J Psychiatry. 2011;198(3):173-5. doi: 10.1192/bjp.
bp.110.084384.

2. American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders. 5th ed. Arlington: American
Psychiatric Publishing, 2013 .

3. Davis KL, Kahn RS, Ko G, Davidson M. Dopamine in
schizophrenia: a review and reconceptualization. Am
J Psychiatry.  1991;148(11):1474-86.  doi:  10.1176/
ajp.148.11.1474.

4. Cho §J, KimJ, Kang Y], Lee SY, Seo HY, Park JE, et al. Annual
Prevalence and Incidence of Schizophrenia and Similar
Psychotic Disorders in the Republic of Korea: A National
Health Insurance Data-Based Study. Psychiatry Investig.
2020;17(1):61-70. doi: 10.30773/pi.2019.0041.

5. Rajji TK, Ismail Z, Mulsant BH. Age at onset and
cognition in schizophrenia: meta-analysis. Br J Psychiatry.
2009;195(4):286-93. doi: 10.1192/bjp.bp.108.060723.

6. Klein C, Gordon J, Pollak L, Rabey JM. Clozapine in
Parkinson’s disease psychosis: 5-year follow-up review. Clin
Neuropharmacol. 2003;26(1):8-11. doi: 10.1097/00002826-
200301000-00003.

7. Lehman JF. The diagnostic and statistical manual of mental
disorders. 2000.

8.  Carpenter WT Jr, Buchanan RW. Schizophrenia. N Engl ] Med.
1994;330(10):681-90. doi: 10.1056/nejm199403103301006.

9. Hannerz H, Borgd P, Borritz M. Life expectancies for
individuals with psychiatric diagnoses. Public Health.
2001;115(5):328-37. doi: 10.1038/sj.ph.1900785.

10. WoodwardTS, MoritzS, Cuttler C, Whitman)C.The contribution
of a cognitive bias against disconfirmatory evidence (BADE)
to delusions in schizophrenia. J Clin Exp Neuropsychol.
2006;28(4):605-17. doi: 10.1080/13803390590949511.

11. E Pienkos E, Giersch A, Hansen M, et al. Hallucinations

@ journals.sbmu.ac.ir/Neuroscience

Int Clin Neurosci J. Vol 7, No 4, Autumn 2020 [ 175


http://journals.sbmu.ac.ir/Neuroscience

Rastgar

Beyond Voices: A Conceptual Review of the Phenomenology
of Altered Perception in Psychosis. Schizophr Bull. 2019;45(45
Suppl 1):567-S77. doi:10.1093/schbul/sby057

extrastriatal dopamine release in schizophrenia: a positron
emission tomographic functional magnetic resonance
imaging study. JAMA Psychiatry. 2015;72(4):316-24. doi:

12. Kuperberg G, Caplan D. Language Dysfunction in 10.1001/jamapsychiatry.2014.2414.

Schizophrenia. In: Neuropsychiatry. Philadelphia: Lippincott 28. Schoonover KE, Dienel SJ, Lewis DA. Prefrontal cortical
Williams and Wilkins; 2003:444-66. alterations of glutamate and GABA neurotransmission in

13. Andreasen NC. Negative symptoms in schizophrenia. schizophrenia: Insights for rational biomarker development.
Definition andreliability. Arch Gen Psychiatry. 1982;39(7):784- Biomark  Neuropsychiatry.  2020;3.  doi:  10.1016/j.
8. doi: 10.1001/archpsyc.1982.04290070020005. bionps.2020.100015.

14. Marder SR, Galderisi S. The current conceptualization of 29. Gluck MR, Thomas RG, Davis KL, HaroutunianV. Implications
negative symptoms in schizophrenia. World Psychiatry. for altered glutamate and GABA metabolism in the
2017;16(1):14-24. doi: 10.1002/wps.20385. dorsolateral prefrontal cortex of aged schizophrenic patients.

15. Marder SR, Davidson M, Zaragoza S, Kott A, Khan A, Wang Am | Psychiatry. 2002;159(7):1165-73. doi: 10.1176/appi.
X, et al. Issues and perspectives in designing clinical trials for ajp.159.7.1165.
negative symptoms in schizophrenia: consensus statements. 30. Javitt DC, Spencer KM, Thaker GK, Winterer G, Hajés M.
Schizophrenia Bulletin  Open. 2020;1(1). doi: 10.1093/ Neurophysiological biomarkers for drug development in
schizbullopen/sgz001. schizophrenia. Nat Rev Drug Discov. 2008;7(1):68-83. doi:

16. Galderisi S, Mucci A, Buchanan RW, Arango C. Negative 10.1038/nrd2463.
symptoms of schizophrenia: new developments and 31. Radhakrishnan R, Kaser M, Guloksuz S. The link between the
unanswered  research  questions. Lancet  Psychiatry. immune system, environment, and psychosis. Schizophr Bull.
2018;5(8):664-77. doi: 10.1016/s2215-0366(18)30050-6. 2017;43(4):693-7. doi: 10.1093/schbul/sbx057.

17. LiR, Ma X, Wang G, Yang J, Wang C. Why sex differences in 32. Altamura AC, Buoli M, Pozzoli S. Role of immunological
schizophrenia? ] Transl Neurosci (Beijing). 2016;1(1):37-42. factors in the pathophysiology and diagnosis of bipolar

18. Zamanpoor M. Schizophrenia in a genomic era: a review disorder: comparison with schizophrenia. Psychiatry Clin
from the pathogenesis, genetic and environmental etiology Neurosci. 2014;68(1):21-36. doi: 10.1111/pcn.12089.
to diagnosis and treatment insights. Psychiatr Genet. 33. Watkins CC, Andrews SR. Clinical studies of
2020;30(1):1-9. doi: 10.1097/ypg.0000000000000245. neuroinflammatory mechanisms in schizophrenia. Schizophr

19. Schmidt-Kastner R, Guloksuz S, Kietzmann T, van Os J, Rutten Res. 2016;176(1):14-22. doi: 10.1016/j.schres.2015.07.018.
BPF. Analysis of GWAS-derived schizophrenia genes for links 34. Benros ME, Mortensen PB, Eaton WW. Autoimmune
to ischemia-hypoxia response of the brain. Front Psychiatry. diseases and infections as risk factors for schizophrenia.
2020;11:393. doi: 10.3389/fpsyt.2020.00393. Ann N'Y Acad Sci. 2012;1262:56-66. doi: 10.1111/j.1749-

20. Hilker R, Helenius D, Fagerlund B, Skytthe A, Christensen 6632.2012.06638.x.

K, Werge TM, et al. Heritability of schizophrenia and 35. Romero R, Gotsch F, Pineles B, Kusanovic JP. Inflammation
schizophrenia spectrum based on the nationwide Danish twin in pregnancy: its roles in reproductive physiology, obstetrical
register. Biol Psychiatry. 2018;83(6):492-8. doi: 10.1016/j. complications, and fetal injury. Nutr Rev. 2007;65(12 Pt
biopsych.2017.08.017. 2):5194-202. doi: 10.1111/j.1753-4887.2007.tb00362..X.

21. Malavia TA, Chaparala S, Wood J, Chowdari K, Prasad 36. Khandaker GM, Zimbron J, Lewis G, Jones PB. Prenatal
KM, McClain L, et al. Generating testable hypotheses for maternal  infection,  neurodevelopment and  adult
schizophrenia and rheumatoid arthritis pathogenesis by schizophrenia: a systematic review of population-based
integrating epidemiological, genomic, and protein interaction studies. Psychol Med. 2013;43(2):239-57. doi: 10.1017/
data. NPJ Schizophr. 2017;3:11. doi: 10.1038/s41537-017- s0033291712000736.

0010-z. 37. BrownAS, Patterson PH. Maternal infection and schizophrenia:

22. Caspi A, Moffitt TE. Gene-environment interactions in implications for prevention. Schizophr Bull. 2011;37(2):284-
psychiatry: joining forces with neuroscience. Nat Rev 90. doi: 10.1093/schbul/shq146.

Neurosci. 2006;7(7):583-90. doi: 10.1038/nrn1925. 38. Gurling HMD, Kalsi G, Brynjolfson J, Sigmundsson T,

23. Meltzer HY, Stahl SM. The dopamine hypothesis of Sherrington R, Mankoo BS, et al. Genomewide genetic
schizophrenia: a review. Schizophr Bull. 1976;2(1):19-76. linkage analysis confirms the presence of susceptibility loci
doi: 10.1093/schbul/2.1.19. for schizophrenia, on chromosomes 1g32. 2, 5g33. 2, and

24. Zhang Y, Yang R, Cai X. Frequency-specific alternations 8p21-22 and provides support for linkage to schizophrenia,
in the moment-to-moment BOLD signals variability in on chromosomes 11¢23. 3-24 and 20q12. 1-11.23. Am ]
schizophrenia. Brain Imaging Behav. 2020. doi: 10.1007/ Hum Genet. 2001;68(3):661-73. doi: 10.1086/318788.
s11682-019-00233-1. 39. Corvin A, Morris DW. Genome-wide association studies:

25. Lodge DJ, Grace AA. Hippocampal dysregulation of dopamine findings at the major histocompatibility complex locus in
system function and the pathophysiology of schizophrenia. psychosis. Biol Psychiatry. 2014;75(4):276-83. doi: 10.1016/j.
Trends Pharmacol Sci. 2011;32(9):507-13. doi: 10.1016/j. biopsych.2013.09.018.
tips.2011.05.001. 40. Fineberg AM, Ellman LM. Inflammatory cytokines and

26. McCutcheon RA, Abi-Dargham A, Howes OD. Schizophrenia, neurological and neurocognitive alterations in the course
dopamine and the striatum: from biology to symptoms. of schizophrenia. Biol Psychiatry. 2013;73(10):951-66. doi:
Trends  Neurosci. 2019;42(3):205-20. doi:  10.1016/j. 10.1016/j.biopsych.2013.01.001.
tins.2018.12.004. 41. Tsuang MT, Bar JL, Stone WS, Faraone SV. Gene-environment

27. Slifstein M, van de Giessen E, Van Snellenberg J, Thompson JL, interactions in  mental disorders. World  Psychiatry.
Narendran R, Gil R, et al. Deficits in prefrontal cortical and 2004;3(2):73-83.

176 | Int Clin Neurosci J. Vol 7, No 4, Autumn 2020 @journaIs‘sbmu.ac.ir/Neuroscience


http://journals.sbmu.ac.ir/Neuroscience

Human iPSC New Schizophrenia Treatment Approach

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Ferentinos P, Dikeos D. Genetic correlates of medical
comorbidity associated with schizophrenia and treatment
with antipsychotics. Curr Opin Psychiatry. 2012;25(5):381-
90. doi: 10.1097/YCO.0b013e3283568537.

Chen X, Lee G, Maher BS, Fanous AH, Chen J, Zhao Z, et
al. GWA study data mining and independent replication
identify cardiomyopathy-associated 5 (CMYA5) as a risk gene
for schizophrenia. Mol Psychiatry. 2011;16(11):1117-29. doi:
10.1038/mp.2010.96.

Borglum AD, Demontis D, Grove J, Pallesen J, Hollegaard MV,
Pedersen CB, et al. Genome-wide study of association and
interaction with maternal cytomegalovirus infection suggests
new schizophrenia loci. Mol Psychiatry. 2014;19(3):325-33.
doi: 10.1038/mp.2013.2.

Sundararajan T, Manzardo AM, Butler MG. Functional analysis
of schizophrenia genes using GeneAnalytics program and
integrated databases. Gene. 2018;641:25-34. doi: 10.1016/j.
gene.2017.10.035.

Freudenreich O. Psychotic Disorders: A Practical Guide.
Springer; 2020.

Cacabelos R. Pharmacogenomics of cognitive dysfunction
and neuropsychiatric disorders in dementia. Int ] Mol Sci.
2020;21(9). doi: 10.3390/ijms21093059.

Molnar E, Isaac JT. Developmental and activity dependent
regulation of ionotropic glutamate receptors at synapses.
ScientificWorldJournal.  2002;2:27-47.  doi:  10.1100/
tsw.2002.74.

Fénelon K, Mukai J, Xu B, Hsu PK, Drew LJ, Karayiorgou
M, et al. Deficiency of Dgcr8, a gene disrupted by the
22q11.2  microdeletion,
plasticity in the prefrontal cortex. Proc Natl Acad Sci U S A.
2011;108(11):4447-52. doi: 10.1073/pnas.1101219108.
Sigurdsson T, Stark KL, Karayiorgou M, Gogos JA, Gordon
JA. Impaired hippocampal-prefrontal synchrony in a genetic
mouse model of schizophrenia. Nature. 2010;464(7289):763-
7. doi: 10.1038/nature08855.

Topol A, English JA, Flaherty E, Rajarajan P, Hartley BJ, Gupta
S, etal. Increased abundance of translation machinery in stem
cell-derived neural progenitor cells from four schizophrenia
patients. Trans| Psychiatry. 2015;5(10):€662. doi: 10.1038/
tp.2015.118.

Liu YN, Lu SY, Yao J. Application of induced pluripotent stem
cells to understand neurobiological basis of bipolar disorder
and schizophrenia. Psychiatry Clin Neurosci. 2017;71(9):579-
99. doi: 10.1111/pcn.12528.

Miyamoto S, Duncan GE, Marx CE, Lieberman JA. Treatments
for schizophrenia: a critical review of pharmacology and
mechanisms of action of antipsychotic drugs. Mol Psychiatry.
2005;10(1):79-104. doi: 10.1038/sj.mp.4001556.

Horacek ], Bubenikova-Valesova V, Kopecek M, Palenicek T,
Dockery C, Mohr P, et al. Mechanism of action of atypical
antipsychotic drugs and the neurobiology of schizophrenia.
CNS Drugs. 2006;20(5):389-409. doi: 10.2165/00023210-
200620050-00004.

Cerveri G, Gesi C, Mencacci C. Pharmacological treatment of
negative symptoms in schizophrenia: update and proposal of
a clinical algorithm. Neuropsychiatr Dis Treat. 2019;15:1525-
35. doi: 10.2147/ndt.s201726.

Connolly M, Kelly C. Lifestyle and physical health in
schizophrenia. Adv Psychiatr Treat. 2005;11(2):125-32. doi:
10.1192/apt.11.2.125.

Malhotra N, Kulhara P, Chakrabarti S, Grover S. Lifestyle

results in altered short-term

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

related factors & impact of metabolic syndrome on quality of
life, level of functioning & self-esteem in patients with bipolar
disorder & schizophrenia. Indian ] Med Res. 2016;143(4):434-
42. doi: 10.4103/0971-5916.184284.

Ochoa S, Usall J, Cobo J, Labad X, Kulkarni J. Gender
differences in schizophrenia and first-episode psychosis: a
comprehensive literature review. Schizophr Res Treatment.
2012;2012:916198. doi: 10.1155/2012/916198.

Brennand KJ, Simone A, Jou J, Gelboin-Burkhart C, Tran
N, Sangar S, et al. Modelling schizophrenia using human
induced pluripotent stem cells. Nature. 2011;473(7346):221-
5. doi: 10.1038/nature09915.

Yamanaka S. Strategies and new developments in the
generation of patient-specific pluripotent stem cells. Cell Stem
Cell. 2007;1(1):39-49. doi: 10.1016/j.stem.2007.05.012.
Buecker C, Chen HH, Polo JM, Daheron L, Bu L, Barakat
TS, et al. A murine ESC-like state facilitates transgenesis
and homologous recombination in human pluripotent stem
cells. Cell Stem Cell. 2010;6(6):535-46. doi: 10.1016/j.
stem.2010.05.003.

Feng B, Ng JH, Heng JC, Ng HH. Molecules that promote
or enhance reprogramming of somatic cells to induced
pluripotent stem cells. Cell Stem Cell. 2009;4(4):301-12. doi:
10.1016/j.stem.2009.03.005.

Brennand KJ, Landek-Salgado MA, Sawa A. Modeling

heterogeneous patients with a clinical diagnosis of
schizophrenia with induced pluripotent stem cells.
Biol  Psychiatry. 2014;75(12):936-44. doi: 10.1016/j.

biopsych.2013.10.025.

Pruessner JC, Champagne F, Meaney MJ, Dagher A. Dopamine
release in response to a psychological stress in humans and
its relationship to early life maternal care: a positron emission
tomography study using [11Clraclopride. J Neurosci.
2004;24(11):2825-31. doi: 10.1523/jneurosci.3422-03.2004.
Biechele TL, Camp ND, Fass DM, Kulikauskas RM, Robin
NC, White BD, et al. Chemical-genetic screen identifies
riluzole as an enhancer of Wnt/B-catenin signaling in
melanoma. Chem Biol. 2010;17(11):1177-82. doi: 10.1016/j.
chembiol.2010.08.012.

Hook V, Brennand KJ, Kim Y, Toneff T, Funkelstein L, Lee
KC, et al. Human iPSC neurons display activity-dependent
neurotransmitter secretion: aberrant catecholamine levels in
schizophrenia neurons. Stem Cell Reports. 2014;3(4):531-8.
doi: 10.1016/j.stemcr.2014.08.001.

Korpi ER, KleinmanJE, Goodman SI, Wyatt R]. Neurotransmitter
amino acids in post-mortem brains of chronic schizophrenic
patients.  Psychiatry ~ Res.  1987;22(4):291-301.  doi:
10.1016/0165-1781(87)90108-9.

Wang Z, Neylan TC, Mueller SG, Lenoci M, Truran
D, Marmar CR, et al. Magnetic resonance imaging of
hippocampal subfields in posttraumatic stress disorder.
Arch Gen Psychiatry. 2010;67(3):296-303. doi: 10.1001/
archgenpsychiatry.2009.205.

Glantz LA, Lewis DA. Decreased dendritic spine density
on prefrontal cortical pyramidal neurons in schizophrenia.
Arch  Gen Psychiatry. 2000;57(1):65-73. doi: 10.1001/
archpsyc.57.1.65.

Yu DX, Di Giorgio FP, YaoJ, Marchetto MC, Brennand K, Wright
R, et al. Modeling hippocampal neurogenesis using human
pluripotent stem cells. Stem Cell Reports. 2014;2(3):295-310.
doi: 10.1016/j.stemcr.2014.01.009.

Chiang CH, Su Y, Wen Z, Yoritomo N, Ross CA, Margolis RL,

@ journals.sbmu.ac.ir/Neuroscience

Int Clin Neurosci J. Vol 7, No 4, Autumn 2020 [ 177


http://journals.sbmu.ac.ir/Neuroscience

Rastgar

et al. Integration-free induced pluripotent stem cells derived
from schizophrenia patients with a DISCT mutation. Mol

autism.  Neuropsychopharmacology. 2018;43(8):1789-98.
doi: 10.1038/s41386-018-0021-0.

Psychiatry. 2011;16(4):358-60. doi: 10.1038/mp.2011.13. 78. Lee G, Papapetrou EP, Kim H, Chambers SM, Tomishima MJ,

72. Huang HP, Chen PH, Yu CY, Chuang CY, Stone L, Hsiao WC, Fasano CA, et al. Modelling pathogenesis and treatment of
et al. Epithelial cell adhesion molecule (EpCAM) complex familial dysautonomia using patient-specific iPSCs. Nature.
proteins promote transcription factor-mediated pluripotency 2009;461(7262):402-6. doi: 10.1038/nature08320.
reprogramming. J Biol Chem. 2011;286(38):33520-32. doi: 79. Inan M, Welagen J, Anderson SA. Spatial and temporal bias
10.1074/jbc.M111.256164. in the mitotic origins of somatostatin- and parvalbumin-

73. Tran NN, Ladran IG, Brennand KJ]. Modeling schizophrenia expressing interneuron subgroups and the chandelier
ysing induced pluripotgnt stem cell-derived and fibroblast.- subtype in the medial ganglionic eminence. Cereb Cortex.
induced neurons. Schizophr Bull. 2013;39(1):4-10. doi: 2012:22(4):820-7. doi: 10.1093/cercor/bhr1 48.
1011023/schbul/sbs127. ) o 80. Marchetto MC, Carromeu C, Acab A, Yu D, Yeo GW, Mu Y,

74. Rajarajan P, Borrman T, Liao W, Schrode N, Flaherty E, Casifio
C, et al. Neuron-specific signatures in the chromosomal etal. A mod?I for neura! developmer?t and treatment of Rett

. . . S . syndrome using human induced pluripotent stem cells. Cell.
connectome associated with schizophrenia risk. Science. 2010:143(4):527-39. doi: 10.1016/i.cell. 2010.10.01
2018;362(6420). doi: 10.1126/science.aat4311. i143(4):527-39. doi: 10.1016/.cell.2010.10.016.

75. MacDonald AB. Alzheimer’s neuroborreliosis with trans- 81. Maheirah N, Sridharan R, XIe'W’ Utikal ), Eminli S, Arn9|d K, .Et
synaptic spread of infection and neurofibrillary tangles al. Directly reprogrammed fibroblasts show global epigenetic
derived from intraneuronal spirochetes. Med Hypotheses. remodeling and widespread tissue contribution. Cell Stem
2007;68(4):822-5. doi: 10.1016/j.mehy.2006.08.043. Cell. 2007;1(1):55-70. doi: 10.1016/j.stem.2007.05.014.

76. Donegan J), Tyson JA, Branch SY, Beckstead MJ, Anderson 82. Lange N, Giedd JN, Castellanos FX, Vaituzis AC, Rapoport
SA, Lodge D). Stem cell-derived interneuron transplants as a JL. Variability of human brain structure size: ages 4-20
treatment for schizophrenia: preclinical validation in a rodent years. Psychiatry Res. 1997;74(1):1-12. doi: 10.1016/50925-
model. Mol Psychiatry. 2017;22(10):1492-501. doi: 10.1038/ 4927(96)03054-5.
mp.2016.121. 83. Brennand KJ, Gage FH. Concise review: the promise of human

77. Donegan J], Boley AM, Lodge DJ. Embryonic stem cell induced pluripotent stem cell-based studies of schizophrenia.
transplants as a therapeutic strategy in a rodent model of Stem Cells. 2011;29(12):1915-22. doi: 10.1002/stem.762.

178 | Int Clin Neurosci J. Vol 7, No 4, Autumn 2020 @journaIs‘sbmu.ac.ir/Neuroscience


http://journals.sbmu.ac.ir/Neuroscience

