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Introduction

Worldwide, neuropsychiatric illnesses have a significant negative impact on the economy,
health care system, and wellbeing of affected patients and their dependents (1).
Neuropsychiatric disorders, such as major depressive disorder (MDD), schizophrenia (SZ), or
bipolar disorder (BD), is thought to affect at least one in four members families. Mental illness
and substance use disorders accounted for a combined 173.1 million disability-adjusted life
years (DALYs), or roughly 7.1% of the total disease burden worldwide (2). Due to the COVID-19
pandemic, the number of people who suffer from anxiety and depressive disorders significantly
increased in 2020 (3). According to studies from India, depression and anxiety are very common
in both the general population and COVID-19 infected patients as well as in the post-COVID-19
infection stage (4).

The term "potency" describes a stem cell's capacity to multiply and differentiate into various
cell types. In many ways, stem cells have revolutionized how we study and treat diseases (5).
Due to the central nervous system's (CNS) poor capacity for regeneration, stem cell therapies
are widely used in regenerative medicine, particularly in neurological pathologies. Numerous
pre-clinical animal models have demonstrated the safety and efficacy of stem cell therapy,
spurring an increase in clinical trials (6). Stem cell (SC) therapies benefit the CNS through a
number of mechanisms, including cell replacement, inflammation control, and
neuroprotection. Depending on where stem cells are coming from, these mechanisms change.
Human pluripotent stem cells (hPSCs), fetal-derived neural progenitor stem cells (fNPCs), and
mesenchymal stem cells (MSCs) are the three types of stem cells that are frequently used (7).
Human Pluripotent Stem Cells

Stem cells, like hPSCs, are helpful in regenerative medicine because they can self-renew and
differentiate into specific tissue types. Human embryonic stem cells (hESCs) and human
induced pluripotent stem cells (hiPSCs) are the two types of hPSCs that are most frequently
used. In the clinical setting, cell expansion and replacement are the main uses of hPSCs. Due to
the high risk of cancer caused by mutations accumulated during the proliferation of
undifferentiated tissues as well as the effects of the local microenvironment, this cannot occur
by direct implantation. 26
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Prior to transplantation, the cells should ideally be cultured and differentiated into tissue (2).
Fetal-Derived Neural Progenitor Stem Cells

Cells from the fetal brain and spinal cord are used to create fNPCs. These stem cells are
advantageous for treating CNS pathologies because they can differentiate into different CNS
cell types, including neurons, glial cells, and neuroectodermal cells. The availability of fNPCs is
a significant limiting factor, though; for some transplantations, ten aborted fetuses may be
needed for each patient. Cell replacement is the main therapeutic strategy for treating fNPCs,
with encouraging outcomes in rat models of Parkinson's disease, Huntington's disease,
traumatic brain injury, and stroke (7).

Mesenchymal Stem Cells

Multipotent self-renewing stem cells known as mesenchymal stem cells (MSCs) can also be
found in the umbilical cord, peripheral blood, and adipose tissue. MSCs are typically taken
from bone marrow. Animal models of pathologies of the heart, liver, eye, and blood have been
used primarily in MSC testing. A meta-analysis found that there was no increase in acute
infusional toxicity, organ system complications, infection, death, or malignancy when MSCs
were administered intravenously (8).

Cell therapy employed for neuropsychiatric disorders

Depression

Stem-cell therapy targets the hippocampus in an effort to improve neuronal plasticity. The
hippocampal grey matter is severely reduced in patients with depression. In depressed people,
this diminution results in fewer neurons and decreased brain communication. Many of the
symptoms of depressive episodes are caused by the loss of interneurons in the hippocampus'
anterior cingulate cortex (1). The outcomes of various experimental studies strongly support
stem cells' potential therapeutic use in the treatment of depression. Although data from
experimental models has demonstrated beneficial effects in treating depression, there are still
open questions (8).

Autism Spectrum Disorder

The basis for the potential use of stem cells in ASD therapy has been provided by the molecular
and cellular changes that underlie ASD. Most importantly, the paracrine effects and
immunomodulatory properties of SC have made it possible for clinical applications in the
treatment of ASD. SC option therapy may offer significant advantages for restoration therapy
through the secretion of, secretome, a complex tool of macromolecules (interleukins, growth
factors, and extracellular vesicles) which is responsible for the recovery of damaged tissues,
and plays a significant role in the paracrine effect of stem cells (27).

Schizophrenia

iPSC may be a more effective option in schizophrenia. Interneurons, which are damaged in
schizophrenia, are created using embryonic stem cells in several studies to serve as a disease
model. In addition, stem cell-derived interneurons may one day be used to treat schizophrenia

in patients by being transplanted into their bodies. Patients with schizophrenia have fewer
GABAergic cells in their prefrontal cortex (PC) therefore implantation of interneurons in PC
region could improve connectivity (1). 57
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Bipolar Disorder

Neuropsychiatric disorders including bipolar disorder, have been linked to microRNAs
(miRNAs), which play a critical role in brain development and plasticity. Additionally, it has
been reported that changes in neural stem cell numbers, distribution, and differentiation
capacity have a significant impact on brain homeostasis and neuroplasticity. Therefore, it may
be important to identify target miRNAs to understand the future prospects of neural stem cells
in maintaining brain homeostasis as a promising therapeutic tool for stem-cell-based therapy
and as a promising potential therapeutic tool suitable for BD therapy (28).

Obstacles in bench to bed progress of cell therapy

Efficacy issues

Numerous cells are being used for cell therapy, however, the therapeutic effectiveness is one of
the important factors of any transplanted cell. Cell therapy alone is not sufficient to produce
desired therapeutic effects, therefore, supportive treatments such as rehabilitation,
pharmacological agents, and electrical/magnetic stimulation are required to enhance the
effectiveness of cell therapy (29).

Safety issues

Safety issues are not the problem in case of autologous patient-derived cells. Reprogrammed
or genetically modified cells have increased stemness potential but these cells are associated
with the risk of uncontrolled proliferation. As an alternative, allogenic transplants from healthy
donors may avoid the cell proliferation issues, however, these cells have a risk of rejection from
immune system. Failsafe procedures should be verified using a variety of techniques in clinical
settings even after extensive testing (29).

Evaluation procedure issues

Several methods are employed during the clinical testing to ensure the safety and efficacy of
the cell therapy. The significant criteria of the stem cells, quality and well-defined
characteristics, should be checked before their clinical use. Dose, route, time, and non-invasive
procedure to administer cells, and well-designed clinical trials play significant role in ensuring
the safety and efficacy of cell therapy (29).

Patient’s rights issues

Privacy of the patients, involved in the testing of cell therapy, must be protected. Problems
may arise from the transplanted cells, cell associated factors, and cell therapy procedure
during the clinical trials. Patient complications should be monitored in invasive procedure, as
well as during transplantation and post-transplantation period to ensure long term safety (29).

Conclusion

Cell based therapy is the promising therapy for various neuropsychiatric disorders including
depression, ASD, schizophrenia, bipolar disorders. Stem cells including hPSCs, fNPCs, and
MSCs are frequently used, and provide their effects through neuroestoration (release of
neurotransmitter), activation of neurogenesis, anti-inflammation, and neuroprotection
mechanisms. Despite of several advantages, cell therapy also has numerous obstacles such as
poor efficacy, safety issues, investigational problems, and patient’s rights issues which hinder

28

APTI Women's Forum Newsletter, Vol 1, Issue 3 | Sept - Dec 2022



translation of safe and effective cell-based therapies from bench to bed. Further, cell-based
therapies might be good therapeutic options for the treatment of neuropsychiatric disorders,
however, extensive research in this area is required.
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Figure 1: The therapeutic potentials of cell therapy

Table 1. Stem cell models to study neuropsychiatric disorders

5. No. Neuro- Animal model details Major findings Refer-
psychiatric ences
Disorders
1 Depression Wistar rats; depression, ‘ Anti-inflammatory effects; J|.pro-inflammatory cytokines; 39)
induced with Chronic mild expression of anti-inflammatory cytokines; BMMCs | 8'2-
_ stress (CMS) | deoxyguanosine level
C57BL/6 mice; depression- | Improves depressive-like behaviors. J.expression of (10)
induced with CMS inflammatory factors in the serum.
J-microglial activation in the hippocampus
Wistar Kyoto rats model of =~ MSCs encapsulation ‘T-treatment effects
treatment-resistant
depression
Mice model depression The hUC-MSCs treatment improves anxiety-like behaviors, (11)
induced by CUMS Jepro-inflammatory factor levels, and “Tanti-inflammatory
factor levels.
Inhibit microglial M1 polarization and the level of inflammation
factors.
C3a-C3aR signaling inhibition alter polarization of microglia
results JLneuroinflammation.
JJ-neuronal damage and synaptic deficits.
Sprague Dawley rats; BMSCs-derived exosomes improved hippocampal neuren injury (11)

Depression model by
corticosterone injection

of rats with depression by upregulating miR-26a.
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Table 1. Stem cell models to study neuropsychiatric disorders (continued...)

kale BALB c mice miRMNA Jlevels of pro-inflammatory cytokines [IL-15, IL-6, and 112}
depression, induced by C% ThFa} released by astrocytes in vivo; Exosomes with - miR-207
levels shawed Joantidepressant activity in vivo experiments.
Joantidepressant activity MiR-207 could Jforelease of pro-
inflammatary cytokines in witra.
IPEC-dertead Treatment of seratonergic neurans with shart interfering RNA (13}
serotonergic {siRMA]
neurans targeting PCOHAE/PCDHAR
T meurite length in teratonangic medrons.
2. Autism  Spectrum | BTER mice; M5C derived Ameliarating autistic-like behaviors. (14
Disorders {A30) ayoLomes
BTBR mice and contral T Saciakinteraction and JJrepetitive behaviars; ultrasanic {14}
wild type CSTEL mice; MSC | vocalization and maternal pup retrieval were also improved
derived exosomes
IFEC-derned o levels of GABA=rgic neuranal (15])
telencephalic differentiation
arganaids
iPSC-derived NPCs and & Proliferation; neurons showed a rescue of network defects (16]
naurans
IFEC-derned T Synaptic puncta (17
neurans and astrocytes
iPEC-derived L Synansn, 1 puncta, synaptic cannections, dendrite length, |1B]
excitatory neurans branch complexity
3 Schirophrenia Radent; phencyclidine Improwed novel abject recognition and normalized pre-pulse (19])
{PCPY madel of inhibition
schizophrenia
MAM radent madel Maormalized atent inhibition, ‘T socal interaction time, 1)
T reversal learning and extradimensional set shifting,
narmalized dopamine population activity, J-hippocam pal
hyperactivity, L amphetamine-induced locomator activity,
T contextual fear conditioning normalized dapamine
papulation activity, and Lhippocampal by peractivity.
Cyclin D2 knock-out L Amphetamine-induced locomotor activity, “Toontextual fear {20}
wanditioning normalized dogamine population activity, and
& hippocampal hypersctivity
iPEC-derived Hewrans showed an T connectivity and sxpression of {21}
naurans glutamate receptors
IPEC-derteed NPCs, FURIM rs4702: control and CRISPR-Cas%-edited excitatory (22}
eycitatory neurans nauran FURIN ENA axprassian made mare similar
4. Bipalar Disorder IPEC-dertead Lol respander neurons (23}
hippacampal exhibited J number of action potentisk and
dentate gyrus [0G] A& hyperexcitability
granube-like neurons
IPEC-derieed Treatment with a-dendrotexin, (24}
hippocampal Tetraethylammonium chlaride,
DG granule-like ar d-aminapyridine: J.neuranal exctability in LiCl responder
neurans and CA3 and non-responder lines treatment with Licl:
prramidal neurans L excitability of LiCl responder neurans
IPEC-dertead T Mo b-catenin bignaling (25}
hippacampal activity, 4 hyperexcitability
Di&E-like nevrons
IFEC-derned Recoversd neuranal [26)

astrocytes and neurons

activity
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