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Abstract 
The severe acute respiratory syndrome coronavirus 2 has led to the worldwide pandemic named coronavirus disease 2019 
(COVID-19). It has caused a significant increase in the number of cases and mortalities since its first diagnosis in December 
2019. Although COVID-19 primarily affects the respiratory system, neurological involvement of the central and peripheral 
nervous system has been also reported. Herein, the higher risk of neurodegenerative diseases in COVID-19 patients in future 
is also imaginable. Neurological complications of COVID-19 infection are more commonly seen in severely ill individuals; 
but, earlier diagnosis and treatment can lead to better long-lasting results. In this respect, stem cell biotechnologies with 
considerable self-renewal and differentiation capacities have experienced great progress in the field of neurological disor-
ders whether in finding out their underlying processes or proving them promising therapeutic approaches. Herein, many 
neurological disorders have been found to benefit from stem cell medicine strategies. Accordingly, in the present review, the 
authors are trying to discuss stem cell-based biotechnologies as promising therapeutic options for neurological disorders 
secondary to COVID-19 infection through reviewing neurological manifestations of COVID-19 and current stem cell-based 
biotechnologies for neurological disorders.
Lay Summary  Due to the substantial burden of neurological disorders in the health, economic, and social system of soci-
ety, the emergence of neurological manifestations following COVID-19 (as a life-threatening pandemic) creates the need 
to use efficient and modern methods of treatment. Since stem cell-based methods have been efficient for a large number of 
neurological diseases, it seems that the use of mentioned methods is also effective in the process of improving neurological 
disorders caused by COVID-19. Hereupon, the current review aims to address stem cell-based approaches as treatments 
showing promise to neurological disorders related to COVID-19.
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Abbreviations
COVID-19	� Coronavirus disease 2019
SARS-CoV-2	� Severe acute respiratory syndrome corona-

virus 2
CT scan	� Computed tomography scan
RT-PCR	� Real-time polymerase chain reaction

ACE2	� Angiotensin converting enzyme 2
PPI	� Protein-protein interaction
TMPRSS2	� Transmembrane serine protease 2
IFN-γ	� Interferon gamma
Th1	� T-helper1
IL	� Interleukin
TNF	� Tumor necrosis factor
ARDS	� Acute respiratory distress syndrome
CRP	� C‐reactive protein
CNS	� Central nervous system
PNS	� Peripheral nervous system
BBB	� Blood-brain barrier
ADEM	� Acute disseminated encephalomyelitis
GBS	� Guillain-Barre syndrome
ADR	� Adverse drug reactions
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CQ	� Chloroquine
HCQ	� Hydroxychloroquine
iPSC	� Induced pluripotent stem cells
ESC	� Embryonic stem cells
DA	� Dopamine
GABA	� Gamma-aminobutyric acid
MSCs	� Mesenchymal stem cells
NSCs	� Neural stem cells
BDNF	� Brain-derived neurotrophic factor
VEGF	� Vascular endothelial growth factor
NGF	� Nerve growth factor
MS	� Multiple sclerosis
ALS	� Amyotrophic lateral sclerosis
CDNF	� Cerebral dopamine neurotrophic factor
GDNF	� Glial-derived neurotrophic factor
NPs	� Neural progenitors
HSC	� Hematopoietic stem cell
NCSC	� Neural crest stem cells
DPSC	� Human dental pulp stem cells
EPI-NCSC	� Epidermal neural crest stem cells
iNSCs	� Induced neural stem cells

Introduction

Nowadays, there is a current global outbreak of coronavi-
rus disease 2019 (COVID-19) resulting from severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) or a 
novel type known member of β coronaviruses [13, 15, 16, 
113]. Until now, the most common early manifestations of 
COVID-19 appear to occur in the respiratory system. But 
there are ample shreds of evidence that it can be spread to 
other major organs, including the central and peripheral 
nervous systems (CNS and PNS). In this context, based on 
the variation in the severity of symptoms in the affected 
area, the subsequent destructive health, economic, and social 
burdens are also different. Hence, in many cases in addi-
tion to the need for costly treatments, it can lead to irrevers-
ible complications and death [134, 145, 148]. Since finding 
effective treatment options to reduce the destructive conse-
quences of the disease is always an important goal of health 
systems [97], this is also very important for the reduction of 
COVID-19 manifestations in various organs, especially the 
nervous system. Herein, cell therapy and regenerative medi-
cine investigations as a pivotal part of clinical investigations 
promise powerful developments in medical science [13–15, 
44–47, 102, 106–108, 115]. In this respect, the emphasis 
of many studies is related to the safety and efficacy of the 
stem cell therapies for treating neurological disorders. Men-
tioned therapies rely on various factors, including the form 
and seriousness of the disorders, medical comorbidities, and 
other specific dilemmas [7, 32, 40, 42, 43, 45, 47, 68–70, 85, 
105–108, 126]. Overall, given the issues raised, the purpose 

of writing the present review is to consider studies on the 
impacts of stem cells to improve neurological manifestations 
following COVID-19.

COVID‑19 Infection

COVID-19 infection caused by SARS-CoV-2 is a recent 
public health challenge spread around the world. SARS-
CoV-2 originated from bats, transmitted to humans by the 
means of intermediate animals, and thus affecting the global 
medical, economic, and public health. The incubation period 
of the disease ranges from 2 to 14 days [122, 125], and res-
piratory droplets, direct contacts, and contaminated surfaces 
are mentioned to be the three ways of transmission [86]. 
The disease can be diagnosed by computed tomography scan 
(CT scan), real-time-polymerase-chain-reaction (RT-PCR), 
antibody detection (with lower sensitivity), and viral culture 
(a more time-consuming method) [91]. COVID-19 typically 
results in respiratory and enteric infection. However, age, 
hypertension, diabetes mellitus, and chronic lung disease are 
some factors that can lead to worse outcomes [101].

Mechanism of Action

Studies have shown that SARS-CoV-2 utilizes angioten-
sin-converting-enzyme 2 (ACE2) as a cellular receptor for 
entry into the human cells. ACE2 presents in different tis-
sues and organs including alveolar epithelial cells as well 
as renal, cardiovascular, and gastrointestinal tissues [6]. 
Moreover, it has been found that the ACE2 receptor utilized 
by SARS-CoV acts as a mediator of neuronal damage due 
to the coronavirus infection. It may indicate the probable 
similar neurovirulence for SARS-CoV-2, too [6]. Also, pro-
tein–protein interaction (PPI) and recognized hub genes have 
effects on the viral activity and cytokine secretion [6]. Cel-
lular entry of coronavirus consists of receptor binding and 
virus-cell fusion following proteolysis. After receptor bind-
ing, transmembrane-serine-protease 2 (TMPRSS2) as proxi-
mal serine proteases takes part in spike (s) protein priming 
of SARS-CoV-2 and spike cleaving. Thereafter, the spike 
fusion peptide releases by proteases like Furin following 
viral entry through the endosomal pathway. In this regard, 
the low pH and also proteases may help SARS-CoV-2 reach 
the cytosol. It may lead to the mature virion production and 
more spread due to more viral replication [87]. In the next 
step, activation of pro-inflammatory cytokines results in the 
apoptosis and necrosis of infected cells along with triggering 
inflammatory responses. Producing interferon-gamma (IFN-
γ) by CD4 + T-helper1 (Th1) cells to provide immunity and 
recruitment of neutrophils and macrophage by Th17 cells 
to produce interleukin (IL)-17, IL-21, and IL-22 are also in 
the next parts of infection [31]. Indeed, inflammation has an 
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important role in executing proper immune responses and 
it is required to eliminate infection successfully. However, 
SARS-CoV-2 infection results in excessive and prolonged 
inflammatory responses in some patients named cytokine 
storm. Hereupon, cytokine storm is defined as the sud-
den and acute production of different pro-inflammatory 
cytokines such as interferon, IL-6, IL-1, and tumor necrosis 
factor (TNF)-α that may lead to more severe complications 
and multiple organ dysfunction [30, 104, 114, 123, 147]. 
Cytokine storm has a mentionable connection to a potential 
neurological injury mechanism [6]. Moreover, acute respira-
tory distress syndrome (ARDS) followed by lower oxygen 
saturation is mentioned to be the main cause of death among 
infected patients with SARS-CoV-2 in which this higher pro-
duction of inflammatory responses has an important effect 
[2, 104].

Symptoms, Signs, and Complications

COVID‐19 can be associated with a different range of symp-
toms from asymptomatic to severe respiratory failure [27]. 
Nevertheless, fever, cough, shortness of breath, muscle ache, 
confusion, and headache are more common symptoms of 
disease [27, 144]. Gastrointestinal involvement can be also 
found with the presentation of diarrhea, nausea, and vomit-
ing [101]. On the other hand, CT scan imaging has shown 
bilateral involvement, especially with the characteristic of 
multiple lobular ground-glass opacities in infected patients. 
Thus, asymmetric ground-glass opacities and absent pleu-
ral effusions are mentionable clinical features which can be 
found on radiographs of symptomatic patients [27, 39, 104, 
154]. Laboratory findings among patients hospitalized with 
pneumonia due to COVID-19 on their admission indicate the 
presence of leucocytosis (24–30%), leucopenia (9–25%), and 
lymphopenia (63%). Higher ranges of alanine aminotrans-
ferase/aspartate aminotransferase were also seen among 
laboratory abnormalities (37%) [150, 153]. Mild thrombo-
cytopenia, a higher level of lactate dehydrogenase C‐reactive 
protein (CRP), and lower pro-calcitonin levels have been 
also reported [54, 101]. Patients with the requirement of 
intensive treatment unit have shown higher prothrombin and 
D-dimer levels, too (Fig. 1). Herein, increased troponin lev-
els found in patients can be suggestive of virus-associated 
myocarditis. D-dimer levels are mentioned to be considered 
indicators for coagulopathy which is related to the higher 
mortality rate from coronavirus infection [12]. As it was 
mentioned, COVID-19 infection can lead to the multiple 
organ dysfunction and cause complications in different 
organs such as the respiratory system (through pneumonia 
following by ARDS) and cardiovascular system (which can 
be manifested by arrhythmia, cardiac inflammation, myo-
cardial infarction, and thrombosis). The involvement of the 
gastrointestinal system (by anorexia, nausea, vomiting) and 

urinary system (for instance, renal impairment) has been 
also stated about the complications of COVID-19. Septic 
shock, miscarriage, and premature delivery are also other 
complications [9]. Thus, the effects of coronaviruses are 
not limited to the respiratory tract. In this regard, they can 
also invade the nervous system leading to the neurological 
abnormalities [25].

Neurological Events Secondary to COVID‑19

Although COVID-19 is primarily introduced as a respiratory 
disease, its effects on the other organs like nervous system 
(on both CNS and PNS) and its extrapulmonary features are 
well established, too [6, 98]. Indeed, the brain is a poten-
tial target for SARS-CoV-2 because of ACE2 expression 
in both neurons and glial cells [60]. ACE2 receptors are 
mainly found in the brainstem (in the responsible regions 
for the regulation of cardiovascular function). In addition 
to utilizing these receptors, a direct trans-synaptic route 
using the olfactory bulb (by inhalation) is another possible 
way of invasion [130]. The blood circulatory pathway, fol-
lowed by cytokine release, and increasing the permeability 
of blood–brain barrier (BBB) are also other probable routes 
for the virus to infect CNS [145]. Thus, reactivating astro-
gliosis and activation of microglia due to the viral invasion 
can lead to the considerable neuro-inflammatory cascade. 
Moreover, the BBB may be compromised because of the 
systemic inflammation related to COVID-19 infection. It 
may result in disturbed brain homeostasis and death of neu-
ral cells. Chemosensory neural cells (related to respiratory 
and cardiovascular regulation) and neurons of the respiratory 
center can be also affected in this infection pathway [121, 
130]. Therefore, the massive neurologic effects and compli-
cations of COVID-19 related to the viral infection, immune 
response, and critical illness have been explained. The com-
plications related to the therapies and recovery managements 
are also found as the COVID-19 neurologic effects [6].

Neurological Manifestations of COVID‑19

Neurotoxicity due to direct, indirect, and post-infectious 
effects of COVID-19 should be considered fundamentally to 
provide more effective management approaches for patients 
[60]. Taken together, autoimmune processes, thrombotic 
events, BBB alterations, and cytokine-related disturbances 
may lead to both PNS and CNS manifestations (Fig. 1) 
[133].

CNS‑Related Effects

Hyposmia/anosmia, hypogeusia/ageusia, headache, dizzi-
ness, impaired consciousness in addition to acute cerebro-
vascular disease, and epilepsy can be mentioned as some 
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of the CNS-related effects of COVID-19 infection [93, 94, 
103, 145]. Anosmia with or without dysgeusia is a frequent 
symptom among COVID-19 patients [26, 65, 110]. It is 
mostly reported found in the early 20 s of patients and oth-
erwise healthy/asymptomatic patients [8]. It has been found 
that anosmia/hyposmia can be the only symptom of the dis-
ease especially in paucisymptomatic patients [67]. Ageusia 
is also reported to be found mostly in the initial presen-
tation of the disease and in asymptomatic individuals [35, 
93, 94]. Damaging the olfactory receptor nerves because 
of viral replication (in the olfactory cells) can lead to anos-
mia. Indeed, replication of SARS-CoV-2 in the non-neural 
olfactory cells can lead to the damages of olfactory receptor 
nerves, and subsequently, anosmia occurs [146]. Headache 
can be mentioned as a common symptom of COVID-19 
presenting in up to 40% of infected individuals [19, 33]. 

Although the probable role of direct viral invasion in nerv-
ous system involvement and cytokine storm syndrome has 
been found, there is limited information about the head-
ache mechanisms and timing in COVID-19 patients [21]. 
However, according to a cross-sectional study, it has been 
found that headache due to COVID-19 is mostly moder-
ate to severe with pressing and diffuse characteristics. Also, 
COVID-19-related headaches have shown a relation to the 
past medical history of primary headache events, comor-
bidities, or dehydration [81]. Dizziness is another impor-
tant symptom of the disease that can occur as the result of 
hypoxia and hyper-coagulopathy in addition to the direct 
invasion and immune-mediated processes. Although dizzi-
ness is mentioned to be a nonspecific COVID-19 symptom, 
it requires notable attention to find out its leading cause such 
as vestibular neuritis, acute otitis media, or stroke [119]. It 

Fig. 1   Some features of COVID-19. Fever, cough, shortness of 
breath, muscle ache, confusion, and headache are more common 
symptoms of the disease [27], Wolff, Nee et  al. 2020). Gastrointes-
tinal involvement including the presence of diarrhea, nausea, and 
vomiting can be also associated with COVID-19 [101]. Hyposmia/
anosmia, hypogeusia/ageusia, GBS, acute myelitis, Miller Fisher 
syndrome, and polyneuritis cranialis are some PNS-related effects 
of COVID-19 [93, 94, 121], whereas headache, dizziness, impaired 
consciousness, acute cerebrovascular disease, and epilepsy are 
CNS-related manifestations [93, 94, 103], Wu, Xu et  al. 2020). 

Asymmetric ground-glass opacities and absent pleural effusions are 
mentionable clinical features which can be seen on radiographs of 
symptomatic patients (Ragab, Salah Eldin et al. 2020). Lymphopenia, 
mild thrombocytopenia in addition to the increased liver enzymes, 
lactate dehydrogenase, CRP, prothrombin, D-dimer, and troponin lev-
els and also lower levels of procalcitonin can be found on laboratory 
data [12, 54, 150, 153]. COVID-19, coronavirus disease 2019; GBS, 
Guillain–Barre syndrome; PNS, peripheral nervous system; CNS, 
central nervous system; CT scan, computed tomography scan; CRP, 
C‐reactive protein
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has been reported that impaired consciousness with different 
manifestations (including somnolence, confusion, delirium, 
stupor, and even coma) has been observed in almost 15% of 
hospitalized COVID-19 patients. In addition to the direct 
effects of the virus, some other factors including pain, pro-
longed hospitalization, metabolic conditions, and constipa-
tion can affect this condition. Pro-inflammatory cytokine 
release along with tissue hypoxia, sleep deprivation, and 
neurotransmitter imbalance are explained as the contrib-
uting underlying pathways [151]. Herein, delirium can be 
introduced as a marker for severe conditions of COVID-19, 
especially in older individuals with a preexisting history of 
neuropsychiatric comorbidity [136]. Delirium along with 
other neurological manifestations should be regarded seri-
ously because they can lead to sustained sedation, mechani-
cal ventilation, and thus worse prognosis [50]. On the other 
hand, disruption of BBB, impairments of ion channel func-
tions, alterations in glutamate, aspartate, and γ-aminobutyric 
acid levels along with increased cytokine production can 
lead to epilepsy and seizures [95]. According to the related 
studies, recurrent transient seizures may be found even in 
patients without a history of epileptic seizures or a family 
history of it which demonstrates the importance of physi-
cians’ awareness about it [93, 94]. However, minimal risk 
is imagined for seizures in the acute stage of the disease 
[80]. Cerebrovascular diseases are also other neurological 
manifestations that can be provoked by COVID-19 as a 
viral infection. In this regard, downregulated natural anti-
coagulant processes because of inflammatory mediators and 
coagulation system disturbances can lead to cerebrovascular 
diseases [93, 94]. Higher D-dimer levels and severe platelet 
reduction which are often seen in critically ill patients can 
show their tendency to cerebrovascular events [145]. Thus, 
COVID-19 hyper-coagulopathy (which can be mentioned 
as sepsis-induced coagulopathy) may predispose patients to 
stroke [52]. In addition to these more common neurological 
signs and symptoms explained, ataxia, viral encephalitis, 
acute disseminated encephalomyelitis (ADEM), meningi-
tis, encephalitis, endotheliitis, and neurodegenerative dis-
eases are also other important neurological manifestations 
of COVID-19 according to the CNS involvement [4, 8, 22, 
93, 94]. Different manners in which COVID-19 affects the 
brain and causes nervous tissue damages (like direct infec-
tion, infection of the olfactory bulb neuron, severe systemic 
inflammation, global brain ischemia, increased intravascular 
clotting, and psychological stress) may lead to the increased 
risk of neurodegenerative diseases and induced dementia 
[82, 124, 137].

PNS‑Related Effects

PNS-related effects of COVID-19 infection are usually 
less severe, such as Guillain–Barre syndrome (GBS), acute 

myelitis, Miller Fisher syndrome, and polyneuritis cranialis 
[93, 94, 121]. GBS as a heterogeneous disorder related to the 
viral infection is another PNS-related manifestation which 
can be linked to the COVID-19 infection and mostly seen 
in elderly men [109]. Although the exact cause of the exist-
ing relationship between SARS-CoV-2 infection and GBS is 
not clear yet, autoimmune processes according to COVID-
19 through pathogenic priming can have an important role 
[133]. It has been found that GBS due to SARS-CoV-2 
infection has the most characteristics of classic GBS (post-
infectious) and it is probably related to the same immune-
mediated pathogenetic pathways [3].

Psychological and Cognitive Disorders

Previous investigations proposed at evaluating the psycho-
logical symptoms of epidemics and pandemics have shown 
that restrictive measures including quarantine and social/
physical distancing can affect people’s psychological health. 
Nowadays, clinicians have detected a surge in some people 
especially children suffering from including anorexia ner-
vosa, bulimia nervosa, binge eating disorder, and other eat-
ing disorders (EDs) as a result of the COVID-19 epidemic. 
However, there is no epidemiological evidence to illustrate 
how eating disorder rates changed during the pandemic. 
Herein, environmental measures to prevent the spread of the 
COVID-19 have an impact on food availability and access 
to appropriate coping techniques, as well as contributing 
to weight-phobic media messaging that may be especially 
harmful to individuals with EDs. Moreover, changes in 
socialization and routine, stress, and trauma experiences 
that are occurring around the world may all be detrimental 
to ED risk and recovery. On the other hand, one neurological 
symptom that COVID-19 individuals typically experience 
is lingering mental fog or cognitive impairment. Mental fog 
can remain for months after the sickness has passed in cer-
tain circumstances. In general, mental fog can be caused 
by a lack of sleep, excessive work, or stress. Of course, the 
cause of mental fog in patients who have COVID-19 may 
be caused by inflammation in and around the brain. Addi-
tionally, physiological and psychological aspects are thought 
to be involved, but generally are still under investigation 
by researchers. Trouble sleeping, insomnia, headaches, 
low energy or fatigue, impaired cognitive function, mood 
swings, irritability, forgetfulness trouble concentrating, low 
motivation, lack of ideas, and mild depression are some of 
the mental fog symptoms.

Neurological Complications of COVID‑19 
Medications

Besides the neurologic manifestations stated about 
COVID-19 infection, there are many neurologic adverse 
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drug reactions (ADRs) and drugs’ pharmacokinetics 
associated with routine medications used for COVID-
19 (Fig. 2) [37]. Chloroquine and hydroxychloroquine 
(CQ/HCQ) treatment for COVID-19 consists of several 
neurological adverse effects. In this regard, CQ has been 
reported to have headache, dizziness, and seizures [36], 
in addition to depression and delirium as some CNS-
related adverse effects [96]. Also, headache, dizziness 
[37], ataxia, and seizure are some adverse effects of 
HCQ related to the CNS involvement [36]. Both CQ and 
HCQ may lead to myopathy as their PNS-related adverse 
effects [1, 55]. Myalgia is a PNS-related effect of both 
lopinavir/ritonavir and IFN-alpha that can cause fatigue, 
headache, and insomnia as their CNS-related reactions 

[37]. Remdesivir can be also another promising drug for 
COVID-19 management. However, more evaluations are 
required to indicate its effectiveness along with its adverse 
events and safety, and it typically shows low quality of 
adverse events [66]. In this regard, according to the stud-
ies, no CNS- and PNS-related adverse effects have been 
found for it yet. Corticosteroids are introduced as another 
class of drugs that can be used in COVID-19 management. 
Myopathy and neuropathy [37], as well as disturbances of 
mood, cognition, sleep, delirium, and psychosis, are some 
possible adverse effects of them [140]. Changing intracel-
lular potassium metabolism and brain sodium levels can be 
a cause for the adverse effects of corticosteroids leading 
to seizures, psychosis, sleep disturbances, euphoria, and 
mental abnormalities [29].

Fig. 2   Neurological complica-
tions of COVID-19 medica-
tions. Some of the drugs used 
during COVID-19 management 
are chloroquine (with headache, 
dizziness, seizure, depression, 
and delirium as some CNS-
related adverse effects and 
myopathy as its PNS-related 
adverse effect), hydroxychlo-
roquine (with the same PNS 
adverse effect and headache, 
dizziness, ataxia, and seizure 
as some CNS-related adverse 
reactions), lopinavir/ritonavir 
and IFN-alpha (with fatigue, 
headache, and insomnia as some 
CNS-related adverse effects and 
myalgia as PNS-related adverse 
reaction), remdesivir (with no 
known CNS- and PNS-related 
adverse effects), and corticoster-
oids (with CNS-related adverse 
effects of mood/cognition dis-
turbances, delirium, psychosis, 
seizures, and euphoria along 
with myopathy as PNS-related 
adverse effect) [1, 36, 37, 55, 
66, 96, 140]. COVID-19, coro-
navirus disease 2019
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Brief Review of Stem Cell Medicine

Stem cells can be divided into the groups of totipotent, 
pluripotent, multipotent, and unipotent stem cells. Totipo-
tent stem cells can generate all types of developing organ-
ism’s cells and differentiate into embryonic and extraem-
bryonic tissues. Pluripotent stem cell as descendants of 
these cells can produce all differentiated cells of the body 
[23, 53]. The next main type of stem cells, multipotent 
stem cells, also have the ability to generate a number of 
types, but especially those from a related family [91]. 
Moreover, unipotent stem cells can create cells of their 
own type along a solitary lineage. In general, stem cells 
with their capacity of self-renewal and differentiation into 
different kinds of cells (such as blood, heart, cartilage, and 
nervous cells) have become an interesting part of treatment 
strategies for several disorders. Various sources including 
embryonic, adult, fatal, and induced pluripotent stem cells 
(iPSC) have been known for this kind of therapy [44, 46, 
100, 106–108, 120]. Indeed, the field of stem cell therapy 
and regenerative medicine has experienced significant pro-
gress due to the higher demands for the new therapeutic 
strategies. It made stem cell-based therapies a promising 
and important therapeutic approach for chronic and long-
lasting disorders [5, 38, 41–43]. Some of the disorders 
which may benefit from stem cell medicine are recurrent 
cancers, age‐related functional defects, immune system, 
and blood disorders, heart failure, and diabetes as well 
as disorders related to the skin, lung, eye, muscles, and 
digestive system [84]. Stem cell therapies are also consid-
ered to be a promising approach to attenuate inflammatory 
processes of COVID-19 [28, 74, 100, 116]. Neurological 
disorders (consisting of CNS and PNS-related disorders) 
mostly have limited therapeutic options and poor drug 
approval rates. In this context, stem cell-based therapy 
has also provided hopes for patients suffering from neuro-
logical disorders [10, 11].

Stem Cell‑Based Biotechnologies for Neurological 
Disorders

Human embryonic stem cells (ESCs) as undifferentiated 
pluripotent cell lines with specific embryonic antigens 
can be reached from the blastocyst. They have a signifi-
cant ability for differentiation into all three germ lineages 
including nervous tissue [34, 51, 58, 118]. Some transcrip-
tion factors and other features of ESCs that make them 
proper cell sources for therapy of neurological disorders 
include their capacity for generating neurons and glia fol-
lowing transplantation a well as their ability for integra-
tion into the local structure because of their long-lasting 

stability. They can also provide trophic support by secret-
ing neurotrophic factors [127]. Despite the known capac-
ity of human ESCs as a source of defined cells in regen-
erative medicine, there are also some ethical concerns 
about scientific researches on human blastocysts. The 
probable neoplastic potential of ESCs also has provided 
some challenges [20, 58]. On the other hand, iPSCs with 
their clear pluripotency potential can be effective for rejec-
tion-tolerance personalized replacement treatments [57]. 
Different neural cell subtypes such as cortical neurons, 
dopamine(DA)ergic, inhibitory gamma-aminobutyric-
acid (GABA)ergic, and motor neurons can be generated 
from patient-derived iPSCs [99]. The iPSCs have also pro-
vided opportunities for understanding or even potentially 
reversing the disease pathology especially in neurodegen-
erative diseases [141–143]. Despite the known potentials 
of patient-derived iPSCs for understanding molecular 
targets and subsequently develop the hopes for treatment 
and drug discovery, there are some remaining challenges. 
Cell identity problems, safety, and purity issues along 
with long-term risks are some of these issues [17]. Here-
upon, mesenchymal stem cells (MSCs) as multipotent 
cells (harvested from various tissues, i.e., umbilical cord 
blood, bone marrow, and adipose tissue) are multipotent 
progenitors which can be used for cell therapy of different 
neurological disorders (N [53, 88]. MSCs have some great 
features that make them proper for treating neurological 
diseases including their migration to the malignant sites 
which have beneficial effects in brain tumor. They also 
provide immunosuppressive properties with useful effects 
on inflammation-related neurological disorders. MSCs can 
also restore impaired neural tissue in neural injury causes 
of neurological disorders (N [88]. Thus, they have shown 
an ability to modulate immune responses. Promoting angi-
ogenesis and restoring BBB integrity can be mentioned as 
other benefits of their application [71]. Transplantation of 
human MSCs has also shown neuroprotection effects and 
better neurological function after irradiation in mice [129]. 
But, safety challenges should be eliminated. Also, efficacy 
and mode of action of MSCs should be more widely found 
in clinical trials to achieve more reliable results [71]. Neu-
ral stem cells (NSCs) also have multipotential ability to 
grow indefinitely especially to provide three major cell 
types of CNS including neurons, astrocytes, and oligo-
dendrocytes [135]. In neural injuries, transplanted NSCs 
can differentiate into neurons/glia and modulate motor 
dysfunction following by injury [111]. It has been also 
found that NSCs can act as an ideal candidate in the field 
of gene transfer therapy in neurological disorders [62]. 
Self-renewal capacity, proper histocompatibility with low 
immunogenicity, and the multi-directional potential of dif-
ferentiation are features of them. It has been also found 
that exogenous NSCs in combination or overexpressing 
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with brain-derived neurotrophic-factor (BDNF), vascular 
endothelial growth-factor (VEGF), and nerve growth-
factor (NGF) may lead to better results. NSCs can either 
supplement necrotic nerve cells or participate in repair 
mechanisms [152]. Contrary to ESCs and iPSCs, the prob-
able tumorigenic effect of NSCs has not been found yet. 
However, their abnormal proliferation following in vivo 
transplantation may cause tumors. Producing stem cells in 
a large-scale, potential allogeneic rejection, survival effi-
ciency of cell transplantation, challenges in administrating 
routes, and targeting issues are other remain challenges of 
NSC application [24, 152].

Neurological Disorders Benefit from Stem Cell 
Therapy

The effects of stem cell-based therapies in the treatment of 
many neurological disorders such as Parkinson’s disease, 
Huntington’s disease, stroke, traumatic brain injury [63], 
multiple sclerosis (MS), multiple system atrophy, amyo-
trophic lateral sclerosis (ALS), Alzheimer’s disease, spinal 
cord injury, brain tumor, lysosomal storage diseases [92], 
epilepsy [89], and ataxia [141–143] have been supported. 
Herein, the use of stem cell therapy in some of them espe-
cially those that have been introduced as possible neurologi-
cal complications of COVID-19 [137] is reviewed:

Parkinson’s disease: Neurodegeneration of DA neurons 
— of substantia nigra pars compacta — (with unknown 
cause mostly) and the accumulations of eosinophilic 
inclusions are the main pathological characteristics of 
Parkinson’s disease [131]. ESCs, iPSCs, NSCs, and 
MSCs can be mentioned as the most likely sources 
for stem cell therapy in Parkinson’s disease. Stem cell 
biotechnologies regarding NSC and MSCs grafts have 
effects on the treatment management in direct and indi-
rect repair pathways. Inducing endogenous neurogenesis, 
DA release, and DA neuron differentiation, as well as 
neural circuit integration and striatum reinnervation, are 
some of their effects on the direct repair pathways. Indi-
rect repair pathways encompass expressing neurotrophic 
factors including cerebral dopamine neurotrophic factor 
(CDNF), NGF, BDNF, and glial-derived neurotrophic 
factor (GDNF), in addition to the facilitating DA neuronal 
maintenance and differentiation [34].
Huntington’s disease: Huntington’s disease is a neuro-
degenerative disorder, with autosomal dominant inherit-
ance caused by an unstable expansion of CAG repeats 
within a huntingtin protein [18, 138]. Extensive loss in 
neurons of cerebral cortex and striatum can be another 
pathological feature of the disease. In this regard, suc-
cessful use of stem cell‐based medicine for the treatment 
of Huntington’s disease has been reported. It has been 

found that among different sources of stem cells used 
for neurological disorders, NSCs were preferably used 
in experimental studies for Huntington’s disease due to 
their clear capacity for becoming neurons or glial cells 
after transplantation and inducing functional recovery. 
Lost neuron populations may be replaced according to 
the intrastriatal transplantation of GABAergic neurons 
leading to the restored functionality of the damaged cir-
cuits [61].
Alzheimer’s disease: Extracellular amyloid-beta peptide 
leading to the amyloid plaque formation and neuronal loss 
can be mentioned as the most important characteristics of 
Alzheimer’s disease [59, 72]. Stem cell therapy for Alz-
heimer’s disease can promote regeneration of neurons and 
repair injured neurons. It can also lead to enhanced syn-
aptogenesis in addition to the effects on higher amyloid-
beta degradation [139]. MSCs and NSCs are the most 
commonly sources of stem cells used for transplantation. 
MSCs have been shown to have the advantages of pro-
moting anti-inflammatory responses, angiogenic effects, 
and ease of isolation, whereas better neurogenesis and 
neuroprotective influences are mentioned about NSC 
advantages [117].
Brain ischemic stroke: According to the irreversible 
loss of neurons and neural tissue damage during brain 
ischemic stroke, stem cell therapy seems to be a hopeful 
treatment strategy [152]. ESCs, iPSCs, NSCs, and MSCs 
have been used in different animal studies of stroke treat-
ment. In this regard, stem cell therapy has shown benefi-
cial therapeutic effects for stroke according to its ability 
for cell replacement and neuroprotection. Angiogenesis, 
endogenous neurogenesis, and their capacity to attenuate 
inflammatory and immune responses are other mentioned 
benefits of stem cell therapy in this field. Many animal 
studies have been shown repaired neuronal function after 
transplantation [48]. Moreover, exosomes derived from 
NSC have been stated to have beneficial effects in the 
field of stem cell-based medicine that can overcome many 
challenges of this field [152]. As an example, some clini-
cal trials in the field of brain stroke with the aim of utiliz-
ing stem cells are concluded in Table 1.
Epilepsy: Epileptogenic changes and hippocampal degen-
eration following epilepsy have shown promising changes 
(including improved cognitive dysfunction and amelio-
rated seizure) due to the stem cell therapy approaches 
[42, 43]. Repairing neural network by replacement of 
impaired neurons and promoting the survival of them 
are some benefits that can be mentioned for stem cell 
therapy in epilepsy [128]. ESCs, MSCs, and human 
iPSCs are the mentioned sources for this cell therapy [42, 
43]. Moreover, NSCs and neural progenitors (NPs) have 
shown promising results regarding the great capacity of 
self-renewal and their ability for integrating into brain 
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circuitry. It can cause hopeful results especially in some 
types of epilepsy associated with loss or malfunction of 
specific neurons of specific brain structures. Embryonic 
blastocyst, and adult and fetal brain in addition to the 
non-neural tissues can be mentioned as potential sources 
[112].
Ataxia: The cerebellar ataxias encompass different neuro-
logical disorders introduced by motor coordination loss as 
a cause of neuron degeneration in the brainstem, spinocer-
ebellar tracts, and cerebellar cortex [64]. Although there 
are not a lot of researches worked on using stem cells for 
modeling and treatment of cerebellar ataxia, iPSC-based 
models are mentioned to be hopeful approaches to find 
out disease progression processes and also to develop 
early-intervention treatment strategies [141–143]. MSCs 
have also shown effective results in some mouse models 
of cerebellar ataxia by promoting synaptic connection, 
inducing neuronal growth, and reducing apoptosis as the 
results of secreting innate factors [90].

Stem Cell‑Based Biotechnology: a Promising Approach 
for COVID‑19‑Associated Neurological Disorders

As it was mentioned, COVID-19 may be associated with 
neurological complications. SARS-CoV-2 infection may be 
followed by probable impairment of the neuraxis, virtually 

in any part of it. Herein, direct invasion, triggered metabolic 
abnormalities, and autoimmune responses to the viral infec-
tion may result in neurological diseases [19]. Increased risk 
of neurodegenerative diseases and dementia as well as other 
mentioned neurological complications related to CNS (such 
as headache, dizziness, impaired consciousness, acute cer-
ebrovascular disease, and epilepsy) and PNS (such as hypos-
mia/anosmia, hypogeusia/ageusia, and GBS) can be stated 
as these neurological complications [93, 94, 137]. Human 
neurological disorders whether neurodegenerative diseases 
such as Alzheimer’s disease and Parkinson’s disease or other 
types like brain stroke are associated with neuron and glial 
cell loss of CNS. In this regard, stem cell-based biotech-
nologies have been noticed as interesting approaches for the 
treatment of these disorders in different ways of generating 
neurons and glial cells, attenuating some abnormalities in 
animal models of neurological disorders, and even in clinical 
level on patients. They can do their functions through cell 
replacement, their trophic actions, and by modifying inflam-
matory [83]. Utilizing an effective therapeutic approach 
requires a sufficient understanding of different aspects of 
the neurological disorders regarding their pathophysiology 
which was mentioned before. The functional features of 
stem cell strategies and their various influences regarding 
their different types should be also known. According to 
the histological and functional data obtained from animal 
studies, the most appropriate stem cell type and strategy 
can be designed [149]. More than 200 clinical studies have 

Table 1   Some stem cell-based clinical trials for stroke (https://​clini​caltr​ials.​gov/)

Study title Condition Intervention/treatment Phase Identifier number

Autologous Bone Marrow Stem 
Cells in Middle Cerebral Artery 
Acute Stroke Treatment

Stroke, acute infarction, middle 
cerebral artery

Infusion on autologous 
CD34 + stem cells into middle 
cerebral artery

Phase 1 Phase 2 NCT00761982

Efficacy Study of CD34 Stem Cell 
in Chronic Stroke Patients

Stroke, middle cerebral artery 
infarction

Intercerebral implantation of 
autologous stem cells and con-
vention therapy

Phase 2 NCT00950521

A Study of Allogeneic Mesen-
chymal Bone Marrow Cells in 
Subjects With Ischemic Stroke

Ischemic stroke Allogeneic adult mesenchymal 
bone marrow stem cells

Phase 1 Phase 2 NCT01297413

Intraarterial Stem Cells in Suba-
cute Ischemic Stroke

Ischemic stroke, middle cerebral 
artery infarction

Infusion of autologous bone 
marrow-derived mononuclear 
cells and standard care

Phase 1 NCT03080571

Cord Blood Infusion for Ischemic 
Stroke

Stroke Allogeneic umbilical cord blood Phase 1 NCT02397018

Clinical Trial Study About Human 
Adipose-Derived Stem Cells in 
the Stroke

Stroke Adipose-derived stem cell injec-
tions

Phase 1 NCT02813512

A Clinical Study of iNSC Intervent 
Cerebral Hemorrhagic Stroke

Stroke, ischemic Induction of neural stem cells Early phase 1 NCT03725865

A Safety and Tolerability Study 
of Neural Stem Cells (NR1) in 
Subjects With Chronic Ischemic 
Subcortical Stroke (ISS)

Ischemic stroke Neural stem cells Phase 1, Phase 2 NCT04631406
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been conducted that mainly focus on using stem cells for the 
treatment of MS, stroke, and spinal cord injuries as neuro-
logical disorders [10, 11]. Human ESCs and human iPSCs 
as pluripotent stem cells can be used in the field of neu-
rodegenerative disorders. Although ESCs contain optimal 
cell sources for cell-replacement treatments, eliminating any 
danger of contamination and solving existing ethical issues 
are remaining challenges [75, 83]. The iPSCs can be used 
as neurodegenerative disease models and for autologous 
transplantation which does not need immuno-suppressive 
therapies and does not bring ethical challenges (because of 
their sources of somatic cells). The iPSCs with similar char-
acteristics to ESCs (including morphology, differentiation 
potential, and gene expression profile) have also the same 
and even more challenges than ESCs including significant 
reprogramming variability and the higher risks of tumor for-
mation [76, 83]. Human MSCs, as multipotent stem cells, 
have both paracrine and autocrine functions in impaired tis-
sues and can modulate inflammation. Relatively easy expan-
sion with no ethical issues and their migration ability to the 
brain damaged areas are other features of them [78, 79]. 
Human hematopoietic stem cells (HSCs) are other types of 
multipotent stem cells that have benefits in promoting neo-
vascularization and in hemostasis maintenance with no ethi-
cal concerns. But, consistency of number and cells’ potency 
in addition to the needing for “ex vivo” expansion of cells 
are some possible challenges [83, 132]. NSCs, neural crest 
stem cells (NCSCs), human dental pulp stem cells (DPSCs), 
human epidermal neural crest stem cells (EPI-NCSCs), and 
olfactory ensheathing glia are other multipotent stem cells 
which have the neurogenic potential [73]. The safety profile 
of NSCs seems to be good but it is largely unknown. Their 
application can be associated with minor ethical concerns 
according to the sources of them [51]. The direct production 
of induced neural stem cells (iNSCs) from the conversion 
of mouse somatic cells can be also provided opportunities 
for disease modeling and therapeutic options (in the field of 
neurological disorders) with more therapeutic applicability 
[77]. Despite the considerable developments of stem cell-
based biotechnologies in the treatment of neurological dis-
orders, there are still some challenges and questions should 
be answered including the ideal source for cellular grafts; 
because there are different sources that neurons can be har-
vested from including NSCs, ESC, umbilical cord blood 
hematopoietic stem cells, bone marrow MSCs, and iPSC. 
Safety issues according to the risks of tumorigenicity should 
be also solved. It has been also found that ESCs or NSC-
derived cell types may be associated with other neuronal 
or glial cells leading to the unwanted interactions among 
transplanted cells or with host neurons [63]. Taken together, 
stem cell-based approaches have provided hopeful strate-
gies for the treatment of various disorders especially those 
that do not have definite effective therapeutic approaches. 

Stroke, amyotrophic lateral sclerosis, Parkinson’s disease, 
and Alzheimer’s disease as some of the neurological involve-
ments are some of these mentioned disorders that may ben-
efit from stem cell-related strategies [78, 79]. Also, as it was 
mentioned earlier, neurological events can be mentioned as 
important COVID-19 complications [60]. Indeed, COVID-
19 infection can be associated with multiple neurological 
manifestations, although the causative link or true incidence 
has not been established yet. The characteristics of immu-
noactive treatments and other therapeutic approaches have 
been explained so far. But, novel therapeutic strategies are 
still required [49]. In this regard, stem cell-based approaches 
could be defined as hopeful therapeutic approaches for the 
treatment of these COVID-19 neurological complications 
according to their previous successful applying in similar 
neurological disorders.

Conclusion and Future Perspectives

Due to the destructive effects of CNS and PNS involvement 
following COVID-19, health planners need to be conscious 
of the rising burdens. Accordingly, this is considered the 
important focus of most modern news. Herein, accretive 
clinical, symptomatic, and epidemiological examinations 
via collaboration of clinicians and scientists are expected 
to help characterize the neurological manifestations and 
complications [56, 93, 94]. On the other hand, the impor-
tance of studying to find the best and most modern treatment 
methods is also undeniable. Today’s cell-based therapeutics 
are considered a revolutionary approach in treatment. New 
research in this area is based on the launch of smart cell 
therapy. Accordingly, the future smart cell treatments should 
be advantageously adjustable, have characteristic harmful-
ness decreasing the executives’ frameworks, and have the 
option to settle quickly changing disease resolution preven-
tion mechanisms.
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