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for the treatment of ASD in this systematic review.

ment of ASD patients.

strategy and therapeutic potential.

Purpose Autism spectrum disorder (ASD) is a neurodevelopmental condition that affects patients’ ability to commu-
nicate, engage with others, and behave in certain ways. Despite the existence of several therapy possibilities, an effec-
tive treatment for ASD has not yet been identified. Cell therapies have been becoming increasingly recognized

in recent years as a potential therapeutic approach for the management of ASD. Different types of cellular products
are transplanted using different delivery methods as part of cell therapy, which has the ability to regulate the immune
system, demonstrate paracrine, neuro-regenerative, anti-inflammatory, and anti-oxidative stress effects, as well

as transfer healthy mitochondria. We have compared the results and findings of completed cell therapy clinical trials

Methods A total of 547 studies were identified, in which 11 studies were found to be eligible to be included in this
review as they were completed cell therapy clinical trials or clinical applications with quantitative results for the treat-

Results This systematic review provides an overview of clinical trials conducted with different types of cell therapy
strategies for the treatment of ASD and their potential mechanisms of action. The limitations and future possibilities
for this field of study, as well as the safety and efficacy of cell treatments in ASD, were reviewed.

Conclusion Overall, the evidence suggests that various cell therapy methods may offer a novel and effective treat-
ment option for individuals with ASD, although further research is needed to fully understand the optimal treatment

Keywords Autism spectrum disorder, Cell therapy, Clinical trials, Stem cells

Background

The autism spectrum disorders (ASDs) are a group of
various neurodevelopmental illnesses. Although autism
itself is the most prevalent ASD, Asperger’s syndrome,
Rett syndrome (RTT), childhood disintegrate disorders
(CDD), and pervasive developmental disorder not oth-
erwise defined (PDD-NOS) are also classified under
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the category of ASD. It is characterized by deficiencies
in social interaction and communication, the existence
of restricted interests, and repetitive and stereotypi-
cal verbal and nonverbal actions. ASD often manifests
in the early stages of life [3, 88]. According to studies,
the incidence of ASD is 1.5-1.8% worldwide; however,
recent research indicates that the tendency of the num-
ber of cases has been rising over the past 10 years [6, 69].
The pathophysiology of ASD is influenced by genetic,
environmental, and immunological factors [23, 26, 34,
53, 63, 70, 72, 90]. Up to 1000 potential genes are esti-
mated to be involved in the genetic causes of ASD, which
are linked through various inheritance patterns. For
instance, synaptogenesis, neurotransmitter metabolism,
broadly termed neurometabolic, or healthy mitochondria
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function are among the most important processes and
activities that structure the brain [13, 29, 65, 71, 92, 95,
97]. In summary, although the exact etiology of ASD is
still unknown due to the complexity of multiple mecha-
nisms involved in the disease, it is suggested that hor-
monal imbalance, immune dysregulation, chronic
neuroinflammation, mitochondrial dysfunction, and oxi-
dative stress conditions caused by certain environmental
factors may be inducing ASD in children with genetic
predispositions [45].

There is no known cure or proven effective therapy
for the condition, despite the progress in early detection
and behavioral therapies [24, 25, 84]. Psychotropic drugs,
behavioral, occupational, and speech therapy, as well as
specific educational and vocational assistance, are all
treatment options [22, 27, 59, 66, 87]. Therapeutic strat-
egies that affect immune modulation and regulation of
neural connection offer promise in the treatment of these
patients since there is evidence of increased neuroinflam-
mation, abnormal neuronal connectivity, and imbalances
in the immune system of people with ASD [12]. As par-
acrine effects (production of cytokines, chemokines, and
tissue repair-related growth factors), immunomodulatory
properties, and differentiation potential of mesenchymal
stem cells (MSCs) are their essential action mechanisms,
it is suggested that MSC therapies can show improve-
ments in several neurological conditions in ASD [9, 41,
51, 60, 82-84]. Besides MSCs, various other types of cel-
lular products like mononuclear cells derived from cord
blood [51] and/or from bone marrow [61, 77, 78] and
fetal stem cells [10] have also been used for the treat-
ment of ASD. There have been no safety issues reported
in these trials, which have generally reported benefits in
behavior, socializing, speech and language patterns, and
brain metabolism. Different studies have used differ-
ent diagnostic or evaluation tools for ASD which can be
listed as the Diagnostic and Statistical Manual of Men-
tal Disorders (DSM-5), Childhood Autism Rating Scale
(CARS), Gilliam Autism Rating Scale (GARS), the Autism
Treatment Evaluation Checklist (ATEC), the Vineland
Adaptive Behavior Scales (VABS), the Clinical Global
Impression Scales for the Severity of Illness (CGI-S) and
Global Improvement (CGI-I), Pervasive Developmental
Disorder Behavior Inventory (PDDBI), Expressive One-
Word Picture Vocabulary Tests (EOWPVT), Receptive
One-Word Picture Vocabulary Test (ROWPVT), Indian
Scale For Assessment of Autism (ISAA), Functional
Independence Measure Scales (FIM and pediatric ver-
sion Wee-FIM), Stanford Binet Knowledge/fluid reason-
ing subtests, positron emission tomography—computed
tomography (PET-CT), and electroencephalography
(EEQG) tests. Details of these diagnostic and evaluation
tools can be found in Table 1.
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The optimum method of delivery, cell source, process-
ing, cell doses, and administration intervals should be
determined, as well as whether or not any of these ele-
ments have an influence on the treatment’s final result.
Therefore, using a systematic review of the existing scien-
tific literature, we evaluated the effectiveness and safety
of these stem cell therapies as well as their impact on
cognitive and behavioral deficits.

Materials and methods

Eligibility criteria

Clinical trials conducted with children and adolescent
populations (age 3—18 years) who were diagnosed with
ASD, regardless of region, gender, or race were included
in this systematic review. Different types of cell thera-
pies on autistic children without placing any restrictions
on injection timings, delivery routes, or dosage were
examined. Trials in which stem cells were a component
of a complicated intervention as well as any prospective
controlled clinical investigations of stem cell treatment
on autistic individuals were included. Non-human tri-
als, qualitative research, clinical applications without any
post-op quantitative results, and studies that did not offer
comprehensive results were all excluded.

Literature search and study selection

The literature was searched using 4 databases, including
PubMed, U.S. National Library of Medicine (Clinicaltri-
als.gov), and Embase and Cochrane Library to identify
articles published from 2012 to December 2022. Stud-
ies were excluded if they were (a) non-human trials, (b)
reviews and other studies not designed as clinical trials
or clinical applications without adequate quantitative
results, or (c) without retrievable full-length articles.

Data collection and quality evaluation

A total of 547 studies (PubMed, n=401; ClinicalTrials.
org, n=46; Embase, n=42; Cochrane Library, n=58) were
identified in the included databases. A total of 11 studies
were found to be eligible to be included in this systematic
review as they were completed cell therapy clinical trials
or clinical applications with quantitative results for the
treatment of ASD patients (Fig. 1).

Results

Characteristics of included studies

Eleven studies that were found eligible for analysis were
first classified according to the cell type used in the treat-
ment of autism. Three of them have used mononuclear
cells (MNCs) derived from the autologous bone marrow, 4
of them were conducted with autologous or allogeneic cord
blood, 2 studies were carried out using mesenchymal stem
cells (MSCs) derived from bone marrow and umbilical
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Table 1 Details of diagnostic and/or evaluation tools used in studies included in this review

Name of the Tool Use

Explanation

DSM Diagnostic

CARS Diagnostic

GARS Diagnostic

VABS Diagnostic

ISAA Diagnostic

ATEC Measuring changes
in severity of ASD
in response to a treat-
ment

The "DSM," a reference work on mental health and brain-related illnesses and problems is writ-
ten, edited, reviewed, and published by the American Psychiatric Association (APA) [1, 2,6, 9,
39,45, 73, 74,88, 91]. It offers concise, in-depth descriptions of illnesses relating to the brain
and mental health. Additionally, it describes and illustrates the symptoms and indicators

of such illnesses and identifies the severity level of ASD. The latest edition of this reference
book is the 5™ edition (DSM-5).

The CARS [74] is a 15-item observation-based rating scale that is intended to distinguish
autistic children from those who are experiencing developmental delays without showing any
signs of autism. The CARS is designed to be utilized by highly skilled raters as part of a broader
multi-method approach that also includes behavioral observations, interviews with main car-
egivers, an evaluation of intellectual functioning, and a thorough developmental and family
history [74]. According to a seven-point rating scale (1, 1.5, 2...4), each of the 15 items is clas-
sified from "within normal limits for that age," which is coded as one, to "severely abnormal
for that age," which is coded as four [75]. The ratings for each of the 15 elements are added

up to create a final score. CARS overall scores vary from a low of 15 (all items within normal
limits) to a high of 60 (all things highly aberrant). In 2010 Schopler and colleagues published
the Second Edition (CARS2) [76].

A common diagnostic technique for determining if a person has ASD is the GARS (Gilliam
Autism Rating Scale). It was created by James E. Gilliam and is intended to help educators,
psychologists, and doctors recognize and diagnose ASD [32].

Three sub-scales make up the 56 items that make up the GARS:

Stereotyped Behaviors: This subscale focuses on the stereotyped and repetitive behaviors
that are frequently seen in people with ASD. It evaluates the existence and intensity of actions
including body swaying, echolalia, and hand flapping.

Communication: The individual’s verbal and nonverbal communication skills are evaluated
by this sub-scale. It evaluates skills in social language, expressive language, and receptive
language, among other areas.

Social Interaction: This sub-scale focuses at the person’s social interaction abilities and any
deficiencies brought on by an ASD diagnosis. It evaluates actions pertaining to interpersonal
interactions with peers, social responsiveness, and social play.

The GARS is seen to be an important diagnostic tool for ASD, especially when used in con-
junction with other evaluation tools and clinical judgment. It offers a systematic method

for assessing ASD-related behaviors and aids doctors in determining the severity of symptoms
across different domains.

The VABS is a thorough adaptive behavior assessment that produces composite standard
scores in three domains: communication, daily living skills, and socialization [86]. The Adaptive
Behavior Composite score (ABC), which combines the three core domain scores, is calculated.
Items are rated on a 3-point scale as O (never), 1 (sometimes), and 2 (usually) doing a behavior.
Items are arranged in a developmental sequence within each subdomain. The Receptive,
Expressive, and Written subdomains of the Communication domain evaluate the behaviors
required to interact with others vocally and in writing. The Personal, Domestic, and Com-
munity subdomains of the Daily Living Skills domain examine the behaviors required to be
self-sufficient in personal care, housekeeping, and community functioning. Its latest edition
was published in 2016 (VABS-3) [86].

The National Institute for the Empowerment of Persons with Intellectual Disabilities, Govern-
ment of India, created the ISAA screening tool to aid in the early detection of autism. In order
to diagnose autism, the ISAA, an objective assessment instrument for people with autism,
employs observation, clinical behavior evaluation, testing via contact with the individual,

as well as information from parents or other caregivers. The ISAA comprises of 40 items, each
of which is graded on a range of 1 to 5 (always). Six domains—social interaction and reciproc-
ity, emotional response, language and communication, behavior patterns, cognitive compo-
nent, and sensory aspects—are used to categorize the 40 items that make up the ISAA [14].

The ATEC is a questionnaire that caretakers administer to track changes in ASD severity

in response to therapy. Four subscale scores are presented along with a total score. The first
three subscales’questions are graded on a 0-2 scale. Health/Physical/Behavior, the fourth
subscale, is graded on a 0-3 point scale.

Speech/Language/Communication, the first subscale, has 14 items with a score range

of 0-28. Participants can score between 0 and 40 on the 20 items that make up the Sociabil-
ity subscale. With 18 items and a score range of 0-36, the third subscale measures sensory
and cognitive awareness. Finally, there are 25 items on the Health/Physical/Behavior subscale.
The total score, which varies from 0-179 points, is determined by adding the results from each
subscale. Lower scores reflect less severe ASD symptoms [68].
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Table 1 (continued)
Name of the Tool Use Explanation

cal Evaluating the sever-
ity and improvement

of psychiatric diseases

PDDBI Evaluating the sever-
ity and improvement

of ASD

EOWPVT Evaluation of expressive

vocabulary level

ROWPVT Evaluation of receptive

vocabulary skills

To evaluate the severity and improvement of psychiatric diseases, the rating scales CGI-I
(Clinical Global Impressions-Improvement) and CGI-S (Clinical Global Impressions-Severity)

are often used in clinical research and treatment. Based on observations and interactions

with the patient, they offer a clinician’s subjective assessment. The CGl-I is used to determine
how much a patient’s condition has changed or improved from its initial (pre-treatment) state.
The CGI-S'is a tool used to evaluate the severity of a disease in a patient at a certain period.

It offers a general assessment of the patient’s discomfort, functional impairment, and symp-
tom severity. The CGI-S aids physicians in determining the severity of a patient’s symptoms

by giving a picture of the patient’s present clinical condition. These rating scales are frequently
employed in clinical trials and academic research projects to evaluate the effectiveness

of the therapeutic intervention and to offer a standardized assessment of symptom intensity
and improvement [36].

ASD and other pervasive developmental disorders are evaluated and measured using
the PDDBI, a commonly used assessment instrument. The PDDBI is made up of two primary
parts:

The PDD Behavior Inventory measures problematic patterns of behavior that are frequently
seen in people with pervasive developmental disorders. It contains things that cover a range
of topics, including aberrant behavior, social interaction, and communication. The inventory
gives details on how frequently, severely, and appropriately these behaviors occur.

The PDD Screening Test is a screening instrument used to find people who may be at risk
of a pervasive developmental disorder. It consists of items that can only be evaluated in two
ways: either they are there or they are not, giving a rapid screening evaluation. From infants
to adults, the PDDBI may be used to evaluate people of various ages. Caretakers, parents,

or experts who are acquainted with the person’s conduct frequently complete it.

To compare a person’s behavior to that of those who are ordinarily developing or people who
have pervasive developmental disorders, the PDDBI offers standardized scores and profiles. It
can help in diagnosis, planning treatments, and tracking development over time [75].

A standardized assessment instrument called the EOWPVT is used to evaluate people’s expres-
sive vocabulary levels. It is frequently used to assess language abilities, particularly expressive
language abilities, in clinical, educational, and research settings.

In the EOWPVT, candidates are shown a sequence of images and asked to verbally describe
the term or concept that each image represents. Various semantic categories are covered
by the test, including objects, actions, and properties. The individual’s remarks are noted
and given an accuracy rating.

Raw scores, standard scores, percentile ranks, and age equivalents are just a few of the scores
that the EOWPVT offers. These results aid in evaluating a person’s expressive vocabulary abili-
ties against those of their classmates and in spotting possible language problems. Individuals
of all ages, from infants to adults, are eligible to take the exam. It can be given by qualified
experts with standardized testing experience, such as speech-language pathologists, psy-
chologists, or educators [30].

The ROWPVT is a test that measures a test-taker’s ability to properly match verbalized
words to their matching images, and it may be used to evaluate receptive vocabulary skills
in children as well as adults. These terms cover things, behaviors, and/or ideas that people
frequently encounter. The EOWPVT is frequently combined with this kind of measurement.
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Table 1 (continued)
Name of the Tool Use Explanation

FIM Evaluation of functional

abilities

Stanford Binet Knowledge Evaluation of intel-
ligence

The Functional Independence Measure (FIM) and WeeFIM (Functional Independence Measure
for Children) are evaluation instruments for assessing the independence and functional
abilities of people with a range of disorders, including Autism Spectrum Disorder (ASD). They
offer a systematic assessment of a person'’s level of functional mobility and independence
with regard to ADLs.

FIM: The FIM is a popular evaluation instrument for determining an individual's degree

of independence in ADL. Self-care, sphincter control, transfers, locomotion, communication,
and social cognition are among the six areas represented by its 18 items. Each item is given a
rating on a 7-point scale, with 1 being the highest level of support and 7 being the lowest. The
FIM offers a thorough assessment of a person’s functional condition, which can aid with treat-
ment planning and track advancement over time.

Functioning Independence Measure for Children, or WeeFIM:

A modified version of the FIM called the WeeFIM was created especially for kids, includ-

ing those with developmental problems like ASD. It evaluates one’s functional capacities

in the areas of mobility, cognition, and self-care. The WeeFIM consists of 18 questions

that assess a range of independent skills, including problem-solving, eating, dressing, bathing,
and transferring. Each item is scored on a 7-point scale, same as the FIM. The WeeFIM helps
with treatment planning and goal-setting by providing useful data on a child’s functional skills
[35,57].

The Stanford-Binet test is a well-known instrument for measuring intelligence. It may be used
to assess cognitive capacities in both adults and children. It is neither intended nor especially
developed for the diagnosis or evaluation of ASD.

Verbal reasoning, non-verbal reasoning, memory, and mathematical reasoning are all compre-

hensively assessed by the Stanford-Binet exam. It evaluates abilities like verbal comprehen-
sion, visual-spatial processing, and problem-solving. A sequence of exercises and questions
make up the exam, which gauges a person’s cognitive ability throughout a variety of ages.

The Stanford-Binet exam can reveal important details about a person’s cognitive pro-
file, but it's important to remember that ASD is a complex neurodevelopmental disease
that includes a variety of symptoms and difficulties beyond just cognitive ability.

cord, a combination of MNCs and MSCs derived from cord
blood was used in 1 study, and 1 study was conducted with
fetal stem cells (FSC). The number of patients enrolled,
administration route, and cell dosages in these studies
varied among each other. Table 2 describes the cell type
strategy, application route, dosage, and number of patients
enrolled in these studies.

Outcome of studies

Trials conducted with bone marrow-derived mononuclear
cells

Three of the analyzed studies were carried out using
autologous bone marrow-derived MNCs (Table 3). The
most recent one was conducted by Nguyen Thanh et al.
(2021) [61] with 30 patients aged between 3 and 7 who
were categorized as severe ASD with an average CARS
score of 50 (range 40-55.5).

The instruments DSM-5, CARS, VABS-II, and CGI
were utilized to diagnose, ascertain the degree of ASD
severity, and evaluate the efficacy of the treatment. Fur-
thermore, positron emission tomography-computed
tomography (PET-CT) was used to monitor changes in
brain metabolism prior to as well as 12 months after the

first stem cell transplantation. It is reported that after
BM-MNC transplantation, the severity of ASD decreased
remarkably in all patients enrolled in this study. After
18 months of follow-up, CARS scores decreased sig-
nificantly to an average of 46.5 (range 33.5-53.5), clas-
sification of ASD according to DSM-5 reduced, and
improvements were observed in various aspects includ-
ing social interaction, eye contact, expressive language,
stereotype behaviors, communication, and socialization.
The number of patients categorized as DSM-5 level 3
(requiring very significant support) at 18 months after
transplantation decreased from 28 to 18. Additionally,
it has been reported that improvements in metabolism
were seen in some brain regions, including the parietal
lobe, frontal lobe, and anterior cingulate gyrus accord-
ing to PET-CT scans, where severe hypo-metabolism
had been noted prior to BM-MNC transplantation, even
though the changes were not statistically significant.

It is reported that none of the patients experienced any
major adverse reactions during the treatment process.
The treatment process was reported to be safe, with just
minor side effects occurring. Only 46 (48%) mild and
moderate adverse events with symptoms like discomfort,
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Fig. 1 The inclusion chart of the literature

vomiting, and mild fever were noted. Overall the cellular
therapy process was reported to be safe and effective for
all patients enrolled.

Another clinical trial carried out with autologous BM-
MNCs was conducted by Bansal et al. in 2016 [7] with 10
patients. Although the cell dosage was not mentioned, it
is reported that all of the patients improved after intrath-
ecal BM-MNC applications without any adverse effects.
Importantly they reported that the maximal efficacy of
the treatment was to be within the first year, while the
improvement decreased with the increase in the age of
patients.

The last study investigated in this systematic review
using BM-MNCs for the treatment of ASD was carried
out by Sharma et al. [78]. Although further immunophe-
notype characteristics of the applied cells were not men-
tioned, the highest cell dosage was used in this study
among others using BM-MNCs with an average of 8.19
x 107 cells. CGI, ISAA, FIM, and Wee-FIM scales were
utilized as outcome measures to assess the effects of the
intervention. Also, PET-CT scanning was introduced
before and 6 months after the transplantation in order
to monitor functional neuroimaging changes in the brain
to assess therapeutic advancements. It was reported that
there was a statistically significant difference between the
pre- and post-CGI-I scores and ISAA scores only after 1

11 studies met eligibility criteria, all

Not presenting adequate qualitative results
Not related to cell therapy for autism

dose of intrathecal administration of BM-MNCs. Over-
all, the ISAA score was reduced in 29 out of 32 (90.6%)
patients, and on CGI-II scale, 96.9% showed global
improvement. Social, emotional, communicational,
behavioral, sensory, and cognitive aspects of patients
were improved significantly. Another important finding
of this study was the proof of increased metabolism after
cellular transplantation in areas with hypo-metabolism
which was shown by comparative PET-CT scans before
and 6 months after cellular transplantation indicating a
balancing effect of BM-MNCs. Additionally, it has been
reported that 93.8% of patients had no adverse effects
and just 6.2% had minor side effects that didn’t interfere
with function. In addition, the frontal lobe, cerebellum,
amygdala, hippocampus, parahippocampus, and mesial
temporal lobe were found to have enhanced FDG absorp-
tion 6 months after the intervention. Nevertheless, it is
important to acknowledge that the average age of the
participants involved in this study (10.49) exceeded that
of previous investigations, with a subset of patients sur-
passing 30 years of age.

Trials conducted with cord blood cells

There were 4 trials investigated in this systematic review
using autologous and/or allogeneic cord blood cells for
the treatment of ASD patients (Table 4).
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Table 2 Number of patients, used cell type, administration route, and cell dosage strategies of selected studies

Studies Patients Cell type Route Dosage (avg.) Summary of the outcome
enrolled
Treat Cont
Bansal et al. [7] 10 - Auto. BM-MNC Intrathecal Not mentioned Improvement
Sharma et al. [78] 32 - Auto. BM-MNC Intrathecal 8.19%107 Significant improvement
NguyenThanh etal. [61] 30 - Auto. BM-MNC Intrathecal Tst: 423 10%kg MNC Significant improvement
(26x10°CD34+)
2nd: 40.9x 105/kg MNC
(2.1x10°CD34+)
Chezetal. [15] 15 15 Auto. CB Intravenous 16.16x 10° TNC /kg No change
Dawson et al. [20] 23 - Auto. CB Intravenous 26107 TNC /kg Significant improvement
Dawson et al. [21] 19 61 Auto./Allo. CB Intravenous >25% 10" TNC/kg No change
Simhal et al. [81] 110 55 Auto./Allo. CB Intravenous 2.5% 107 TNC /kg No change
Sharifzadeh et al. [77] 18 18 Auto. BM-MSC Intrathecal Tst:0.5—1x 108 No change
2nd: 03—05%10°
Sun etal. [87] 12 - Allo. UC-MSC Intravenous Tst: 2x 10%kg Improvement
2nd: 2% 108/kg
3rd: 2x 10%/kg
Lvetal [51] 23 14 Allo. CB-TNC/Allo. CB-TNC group: 1st IV, 2nd—  1st: 2x 10% CB-TNC/ Significant improvement
CB-TNC+Allo.UC- 4thIT kg+1x10° UC-MSC/kg
MSC Combination group: 1st- 2nd: 2% 106 CB-TNC/

Bradstreet et al. [10] 45 -

HSCand FSC

2nd IV-IT CB'TNC, 3rd-4th IT kg +1x% 106 UC'MSC/kg

UC-MSC

Intravenous/subcutaneous

3rd: 2x 10° CB-TNC/
kg+1x10% UC-MSC/kg

4th: 2% 10° CB-TNC/
kg+1x10% UC-MSC/kg

1st: 48 x 106 TNC
2nd: 1844 x 10° FSC

Significant improvement

Treat treatment group, Cont control or placebo group, Auto autologous, Allo allogeneic, CB cord blood, BM bone marrow, UC umbilical cord, MNC mononuclear cell,
MSC mesenchymal stem cell, TNC total nucleated cells, HSC hematopoietic stem cell, /V intravenous, IT intrathecal

Table 3 Summary of the outcome of studies conducted with BM-MNCs

Sharma et al. [78]

Bansal et al. [7]

Nguyen Thanh et al. [61]

CARS (ISAA)
CGlHl

CGl-lI
CGI-lll

FIM, Wee FIM

VAB-II

Social relationship and reciprocity
Emotional responsiveness
Speech, language, communication
Behavior patterns

Sensory aspects

Cognitive component

PET-CT

Major adverse events

Improved significantly
Improved significantly
96.9% showed global improvement

- 21.9% marked therapeutic effect
- 40.6% moderate therapeutic
- 28% minimal therapeutic effect

No change

Improved significantly
Improved significantly
Improved significantly
Improved significantly
Improved significantly
Improved significantly

Increased metabolism after cellular trans-

plantation
None

Improved

None

Improved significantly

Improved significantly
Improved significantly
Improved significantly
Improved significantly
Improved significantly

No significant change

None
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One of the studies was carried out by Dawson et al.
(2017) [21] by administering a single dose of autologous
umbilical cord blood (AUCB) cells intravenously to 25
children aged between 2 and 5 years who were diag-
nosed with ASD according to DSM-5. An average of 2.6
x 107/kg (range 1-8 x 107) total nucleated cells (TNCs)
containing 0.3 X 10°/kg (range 0.1-4.2 X 10°) CD34+
cells were infused to all patients and followed up for
12 months. No participant experienced any significant
adverse events, and only 12 out of 92 AEs (71 mild and
21 moderate) were associated with the infusion, with an
allergic response, which was characterized by urticaria
and/or cough on the day of the infusion, being the most
prevalent. There were no bloodstream, infusion-related,
or serious infections in any of the patients. The VABS-
II, PDDBI, CGI-S and CGI-I, EOWPVT, and objective
eye gaze tracking assessments are only a few of the end
measures that showed substantial behavioral changes in
this study. This study also revealed a correlation between
nonverbal IQ and change, with higher nonverbal IQ
being associated to greater behavioral improvements.

Another similar study was conducted by Chez et al.
(2018) [15] using AUCB. An average of 16.16 (6.20—
31.82) 10°/kg TNCs were administered intravenously
to a total of 30 patients aged between 2 and 7 years old
with a diagnosis of ASD based on DSM-4-TR. Fifteen
subjects received either an AUCB infusion or a placebo,
were assessed at baseline, 12 and 24 weeks later, then
had the opposite infusion, and were assessed once again
at 12 and 24 weeks later. The average number of TNCs
administered was 16.16 (6.20-31.82) x 10°/kg, and the
average percent of viable CD34+ cells was 0.47 + (0.08—
1.48). Patients were followed up for a total of 24 weeks,
and there were no serious adverse events nor any allergic
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reactions experienced and autologous cord blood TNC
infusions were reported to be safe according to this study.
Three out of 86 minor adverse events experienced were
noted to be probably related to the infusion. Outcomes of
these studies’ results were analyzed according to EOW-
PVT, ROWPVT, Stanford Binet Knowledge/fluid rea-
soning subtests and VABS-II. In contrast with Dawson
et al’s study (2017) [21], there was no significant change
reported in any of the test results when two groups were
compared.

Dawson et al. [20] published their second clinical trial
for the treatment of ASD with cord blood cells, but this
time by using both autologous and allogeneic cells com-
paratively also with a placebo group involved in the trial.
As a phase 2, prospective, randomized, double-blind
study, they have administered a single dose of an average
of autologous 26.88 x 10° TNC/kg to 56 patients intra-
venously, a single dose of an average of allogeneic 38.45
x 10° TNC/kg to 63 patients (>4/6 HLA matched) intra-
venously and 61 patients received placebo. All patients
who participated were diagnosed with ASD according to
DSM-5 and aged between 2 and 7 years (avg. 5.47+1.65).
Clinical outcomes were assessed using VABS-3, PDDBI,
CGI-I, CGI-S, EOWPVT tools, and EEG testing at base-
line and 6 months after cord blood TNC application. It
was reported that no serious adverse events related to
the cell therapy were experienced among participants.
Primary clinical outcomes of this study showed that
there was no significant difference between CB and pla-
cebo groups, and also no evidence was reported for any
difference between autologous or allogeneic CB appli-
cations in terms of VABS-3 scores. The entire cohort
showed improvement based on CGI-I, but there was a
significant between-group difference in the percentage

Table 4 Summary of the outcome of studies conducted with cord blood TNC

Chezetal.[15]

Dawson et al. [20]

Dawson et al. [21] Simhal et al. [81]

CGl-l No change Improved significantly Improved? No change
CGI-S No change Improved significantly No change

EOWPVT No change Improved significantly No change No change
ROWPVT No change Improved significantly - -

VABS No change Improved significantly Improved No change
PDDBI - - No change No change
Daily skills, learning capacity No change Improved significantly - No change
Social interaction No change Improved significantly No change No change
Adaptive behavior No change Improved significantly - No change
Verbal cognitive ability No change Improved significantly - No change
Brain network reconfiguration - - Significant change® Significant change®
Major adverse events None None None -

2 CGl rating improvement was observed when only participants with NVIQ>70 were compared with the placebo group

b Significant change was observed when statistical analyses were performed by grouping patients according to their nonverbal IQ
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of participants who showed improvement in patients
with NVIQ 70 (76.9% in the CB arm versus 57.1% in the
placebo arm); it was noted that there was uncertainty in
this estimate. Another important finding of this study
was observed in EEG results. The subset of subjects with
lower NVIQ who got CB, according to the study’s find-
ings, showed a substantial decline in beta2 power pos-
terior/social. When participants with NVIQ>70 were
examined separately, the results of this study showed
that participants without intellectual disability who
received CB showed significantly increased relative alpha
POWeTgeriortoys ad significantly increased relative betal
POWET | brain regions/social COMpared with the placebo group.

The last study assessed in this systematic review where
cord blood cells were used for the treatment of ASD was
a single-site, prospective, randomized, double-blind pla-
cebo-control trial conducted by Simhal et al. [81]. The
most current study to date on this topic had a placebo
group of 61 patients and 180 children between the ages of
2 and 7 who met the DSM-5 criteria for ASD.

One hundred sixty-five children managed to complete
6 months of follow-up. Although further immunophe-
notype of cells and average cell dosages were not men-
tioned, it is reported that a minimum TNC dose of 2.5 X
107cells/kg was administered intravenously to the study
group of 119 patients, 56 of them with autologous and
63 of them with allogeneic (>4/6 HLA matched) cord
blood units. The number or severity of adverse events
experienced in this study cohort was not mentioned.
CGI-S and CGI-I scales, EOWPVT tests, VABS-3 inter-
views, and PDD-BI were used to measure patient’s over-
all level of core autism-related behavior, improvement
or worsening of social and communicative behavior,
language abilities, adaptive behavior, and autism-related
behaviors, respectively. In addition, brain MRI scanning
was used to evaluate any changes after cord blood TNC
infusions, especially on the white matter connectivity.
According to this study, compared to the placebo control
group, intravenous cord blood TNC infusion was corre-
lated with decreased streamline connectivity between the
dorsolateral prefrontal cortex (dIPFC) and three regions:
the inferior frontal gyrus (IFG)—pars opercularis, the
caudal middle frontal cortex, and the IFG—pars trian-
gularis in the right hemisphere. It has been found that
autistic persons differ in their levels of involvement in
each of these brain regions, despite the fact that each of
these brain areas is essential for social and communica-
tive functions. These findings imply that cord blood TNC
infusion causes reconfiguration in a brain network con-
nected with social and communicative skills, which has
previously been linked to the neurobiology of autism.
Interestingly, the results varied when statistical analy-
ses were evaluated by grouping participants according
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to their nonverbal IQ (NVIQ) below or over when col-
lapsing across children with NVIQ<70 and children with
NVIQ>70 when using diffusion-weighted images (DTI)
streamlines as the connectivity metric of interest, and it
has been reported that there were no regions that dis-
tinguished the combined treatment group (allogenic +
autologous) from the placebo group. However, the subset
of children with NVIQ<70 who received treatment (i.e.,
the combined allogenic + autologous group), showed less
white matter streamlines in the dIPFC to the right [IFG—
pars triangularis when compared to children who got a
placebo infusion. Additionally, in the study population
of children with NVIQ>70 who received allogenic cord
blood, they noted diminished white matter streamlines
between the left dIPFC and the left IFG—pars opercularis
and the left caudal middle frontal cortex in comparison to
the placebo group. There were no apparent distinctions
in the number of streamlines reported in the subset of
children with NVIQ>70 who either received just autolo-
gous cord blood or in the combined allogenic/autologous
therapy group. In the combined therapy group (allogenic
+ autologous), the subset of children with NVIQ>70 in
particular demonstrated a significant improvement in the
strength (Ollivier-Ricci curvature, ORC) of the connec-
tion between the cuneus and the fusiform gyrus in the
left hemisphere. Furthermore, while there were no sig-
nificant differences in ORC in any of the children with IQ
< 70, there was an increase in ORC of the link between
the right caudal anterior cingulate cortex (ACC) and
the left IFG—pars triangularis in the subset of children
who received an infusion of allogenic cord blood at base-
line and who also had NVIQ>70. There was no associa-
tion observed between the changes in the white matter
and the clinical measures evaluated when the changes
in either the DTI streamlines or ORC correlated with
clinical improvement, including the CGI-I, EOWPVT,
VABS-3, and PDD-BI. Also, there was no correlation
between improvements on these measures, although a
subset of children with NVIQ>70 showed improvement
on CGI-I and the VABS-3, and either change in stream-
lines or ORC. Overall, Simhal et al’s [81] findings suggest
that DTT can be used to identify distinct patterns of brain
connection between children receiving a single infusion
of umbilical cord blood and those in the placebo group.

Trials conducted with mesenchymal stem cells

There were 2 studies included in this systematic review
which were conducted with MSC administrations for the
treatment of ASD (Table 5). The first one was a parallel
single-blinded randomized controlled trial carried out
by Sharifzadeh et al. (2021) [77] by administering 2 doses
(1-month intervals) of autologous bone marrow-derived
mesenchymal stem cells (BM-MSCs) intrathecally to 14
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patients (4 out of 18 patients abandoned the study) aged
between 5 and 15 years, diagnosed with ASD according
to DSM-5 criteria. They followed up this study group
of 14 patients along with a placebo group of 18 more
patients for 1 year. The main outcomes of this study were
assessed by CARS, GARS-II, and CGI-I and CGI-S before
and after the interventions. Neither short- or long-
term adverse events nor allergic reactions in any of the
patients were reported in this study during 1-year follow-
up. No participants in this trial experienced any short- or
long-term adverse effects or allergic responses over the
course of the 1-year follow-up. Despite the fact that the
results of this study did not show any significant differ-
ences between the groups in terms of CARS total score,
GARS-II autism index, or CGI global improvement, the
improvement in CGI severity of illness was significantly
greater in the intervention group compared to the con-
trol group during the 12-month study period. Also high-
lighted by Sharifzadeh and colleagues was that there was
only a statistically significant difference between the two
groups on the two subscales of the CARS questionnaire,
“relationship to people” and “body usage”

The second study with MSCs was conducted by Sun
et al. [87] by administering 2 x 10° MSCs/kg intrave-
nously to a total of 12 patients with a median age of 6.4
years (range 4—9 years), by grouping them into 3 cohorts
and administering a different number of doses (1, 2,
and 3 doses for different groups in 2-month intervals)
to each cohort. Assessments for the effectivity of MSC
treatment were done according to VABS-3, PDDBI,
CGI-S, and CGI-I scales. It is reported that two partici-
pants experienced product-related adverse events (one
participant experienced hypersensitivity reaction and

Table 5 Summary of the outcome of studies conducted with MSCs
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mild hypotension, and another participant had moder-
ate hypotension; both treatments were completed after
administration of IV fluid bolus and an additional dose
of methylprednisolone). Also, 66 nonserious AEs and 22
psychiatric or behavioral symptoms were reported which
were not related to the MSC product. It is reported
that throughout the course of the trial, there were no
significant changes in any participant’s blood counts,
chemistries, basic inflammatory markers (CRP, ESR),
humoral and cellular immunological profiles, or signs of
graft-vs-host disease. The severity of autism symptoms
(PDDBI) with decreases of at least five points indicat-
ing improvement, assessments of social communication
skills (VABS-3) with increases of three points or more,
and expert clinical judgment (CGI-I) ranging from little
to significant improvement are some of the measures that
have been reported.

Other studies

Another important study on the treatment of ASD
with cellular products was carried out by Lv et al. [51].
According to the DSM-4, 23 children with ASD between
the ages of 3 and 12 were separated into two groups, with
one group receiving just allogeneic CB-TNC therapy (14
patients) and the other receiving both allogeneic CB-
TNC and allogeneic UC-MSC therapy (9 patients). The
research also included a control group of 14 patients who
received just rehabilitative treatment. For 24 weeks, every
patient was followed up with. Each study group received
4 doses of cellular products at an interval of 5-7 days.
2 x 10%/kg CB-TNC were applied intravenously for the
first transplantation in the CB-TNC treatment group and
subsequent three transplantations through intrathecal

Sharifzadeh et al. [77]

Sun et al.[87]

CARS
GARS-II
PDDBI -
CGl-l
CGI-S

Daily skills (VABS)
Learning skills (PDDBI)
Relationship to people
Social interaction (VABS)
Adaptive behavior (VABS)
Verbal cognitive ability
Motor skills (VABS)

Body usage

Major adverse events None

No significant difference
Improved significantly

No significant difference
No significant difference

No significant difference
No significant difference

No significant difference

No significant difference -
No significant difference -

Improvement in 5/12

Much improvementin 1/12
Minimal improvement in 8/12
No improvement in 3/12

Improvement in 6/12
Improvement in 5/12

Improved significantly -

Improvement in 6/12
Improvement in 6/12

No significant difference -

Improvement in 6/12

Improved significantly -

2
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injections, while the combination group received 2 doses
of 2 x 10°/kg CB-TNC intravenous and intrathecal infu-
sions each followed by 2 doses of 1 x 10°/kg UC-MSC
intrathecal injections. Using the CARS, CGI scale, and
Aberrant Behavior Checklist (ABC), individuals were
assessed for effectiveness at baseline and at 4, 8, 16, and
24 weeks after the first cell transplantation. It was found
that no allergic, immunological, or other serious adverse
effects occurred in either group receiving a stem cell
transplant at the moment of injection or over the full
follow-up period. Results were very promising accord-
ing to almost all assessments followed in this study. At
24 weeks, the combination group’s overall CARS scores
were significantly lower than those of the CB-TNC and
control groups. Also, the CB-TNC group’s CARS rat-
ings significantly differed from the baseline at 4 weeks,
8 weeks, and 16 weeks. Although there were no signifi-
cant variations in CGI scales between the three groups at
the baseline, the combination group’s CGI-SI levels at 24
weeks were substantially different from those of the con-
trol group. In comparison to the control group (7.69%),
the frequency of individuals who were better on the
basis of the CGI-GI scale rose in the combination group
(88.89%) and CBMNC group (50%) after 24 weeks. At
24 weeks, the combination group (88.89%) and CBMNC
group (50%) exhibited larger percentages of participants
with “marked” and “moderate” effects on the CGI-EI
scale when compared to the control group (7.69%). At 24
weeks, there was a statistically significant decline in all
groups’ ABC scores (combination 59.9%, CBMNC group
38.0%, and control group 17.4%). At 24 weeks following
treatment, there were statistically significant changes in
“lethargy/social withdrawal,” “stereotypic behavior,” and
overall ABC scores amongst the combination group and
the CBMNC and control groups. Interestingly, there was
a strong correlation between the ABC and CARS assess-
ment results at each evaluation point and the mean total
scores of ABC and CARS at each follow-up point after
therapy. Overall, the combination group had gener-
ally more robust therapeutic efficacy than the CB-TNC
group, according to the study by Lv et al. [51]. It is noted
that this may be explained by the action of CB-TNCs and
UC-MSCs in synergy, which exerts additional therapeu-
tic effects.

The last study evaluated in this systematic review was
conducted by Bradstreet et al. [10] by administering fetal
stem cells (FSCs) to 45 children with confirmed autism
according to DSM-4-TR with ages ranging from 3 to
15. FSCs were harvested from 5- to 9-week-old human
fetuses. Two different cell product approaches were fol-
lowed with fetal tissues,first, a cell suspension was pre-
pared from hematopoietic stem cells (HSCs) derived
from fetal liver, and a second suspension was prepared
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from fetal brain nervous stem cells. HSCs derived from
fetal liver containing a TNC number of >30x10°/ml with
an average of 1.6 ml volume (total of >48x10° TNC) were
administered to patients on day 1. The TNC suspension
was administered via a blood transfusion system along
with a 200-ml saline solution. Cultured neuro-progenitor
cells derived from fetal brain tissue were administered
into the subcutaneous abdominal adipose tissue on day 2.
The nucleated neuro progenitor cell dosage of this appli-
cation was reported to be >8.70x10%/ml with an average
of 2.12 ml total volume (>18.44x10° cells for each trans-
plantation). ATEC test and ABC scores were performed
for the assessment of the efficiency of the treatment at
6 and 12 months of follow-ups. According to reports of
the study, after a year of follow-up, there was a noticeable
decrease in the patient’s overall ATEC score. Also, the
patients’ mean scores on the ABC scale showed a sub-
stantial decline both after 6 and 12 months. Intriguingly,
this study also revealed that the B-lymphocyte (CD19+)
count dramatically decreased 6 months after therapy
and that CD3+4 and CD4+ counts considerably rose
12 months after therapy, suggesting that this may be an
indication of better cell-mediated immunity in children.
Table 6 summarizes the results of these two studies.

Discussion

Stem cells are essential for organ and tissue regeneration
in biological systems. They build organisms that evolve
naturally via selection because these cells can self-renew
and differentiate into many cell lineages [5, 94]. Cell ther-
apies have recently demonstrated promising results in
a number of debilitating, chronic conditions, including
spinal cord injuries [19, 47, 48, 80], graft-vs-host disease
(GvHD) [8, 46], diabetes and its complications [4, 11, 56],
stroke [37, 58], and others, according to clinical data. As
may be expected, more researchers are working to deter-
mine if cell therapy strategies for the treatment of ASD
can be successful.

The primordial finding of this systematic review was
that regardless of the type of the cell or the adminis-
tration route of the cellular product used, none of the
patients enrolled in these 11 different trials (a total of 437
patients in treatment groups) experienced any serious
adverse effects related to the cell therapy. Considering
numerous cell therapy studies on neurological diseases
[17, 31, 38, 49, 67, 93] including 11 studies investigated
in this systematic review, the safety of cell therapy appli-
cations is increasingly supported as studies increase and
progress.

The studies that are included in this systematic review
give us a glimpse of the areas where future stem cell
therapy for autism needs to be standardized. First, cell
doses varied in the trials. For studies that used intrathecal
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Table 6 Summary of the outcome of other studies conducted with a combination of different cellular products
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Lvetal.[51] Bradstreet et al. [10]
CB-TNC group CB-TNC/UC-MSC Combination
group
CARS Improved Improved significantly -
ATEC - - Improved significantly
CGI-SI Improved significantly Improved significantly -
CGI-El Improved significantly Improved significantly -
caGl-aGl Improved significantly Improved significantly -
ABC Irritability No change No change Improved significantly
Lethargy No change Improved significantly
Stereotypic behavior Improved significantly Improved significantly
Hyperactivity No change No change
Inappropriate speech No change No change

Major adverse events

Total score

Improved significantly
None

Improved significantly
None

None

BM-MNC applications, the cell dosage ranged from 2.69
to 42.3x10%kg BM-MNCs (in Sharma et al’s 2013 [78]
study, the average age at intervention was reported to
be 10.4, and the average weight of a 10-year-old child
is 30.4 kg according to WHO, so these patients were
given an average of 2.69x 10°/kg BM-MNCs). All three
BM-MNC studies in this systematic review showed
patient improvements in various areas. Even though
BM-MNCs may not cure autism, they can reduce sever-
ity and improve quality of life without side effects. Its
minimal invasiveness, ease of use, and use of autologous
cells make it a promising therapeutic option for ASD. In
studies using intravenous CB-TNC infusions, the dos-
age ranged from 16.1 to 26 x 10°/kg. Dawson et al’s [21]
study found significant improvements in ASD patients,
but their 2020 study, which included a control group and
a larger number of patients, found no clinical change. The
other two studies [15, 81] using intravenous CB-TNC
infusions found no clinical change.

There were two MSC studies with different administra-
tion routes. While two doses of 30—100x 10° BM-MSCs
were consecutively applied intrathecally in Sharifzadeh
et al’s (2021) [77] study, three doses of 2x10%/kg UC-
MSCs were administered intravenously in Sun et al’s [87]
study. Although some evidence of improvement in about
50% of the patients was reported in Sun et al’s [87] study,
there was not a control group to compare the improve-
ments in this study. Sharifzadeh et al’s (2021) [77] study
found no difference in patients’ conditions after MSC
therapy when compared to the control group.

Lv et al. [51] found that MSCs and CB-TNCs com-
bined therapy improved effectiveness compared to the
control group. CB-TNC. 2x10° CB-TNC/kg (i.v. and

i.t.), and 1x10° UC-MSC/kg (i.t.) were administered
to ASD patients. Importantly, this was the only system-
atic review to show significant improvement in ASD
patients after cellular therapy compared to a control
group.

In another study [10] where HSCs and FSCs were
administered intravenously and subcutaneously con-
secutively, significant improvement in patients was
observed, but there was no control group. 48 x 10° fetal
liver-derived TNC (including HSCs) and 18.44x 10°
FSCs derived from fetal brain tissues were used in this
study.

The cell type, dosage, and administration route are cru-
cial to cell therapy efficacy. This systematic review found
significant improvements in trials with MSCs/MNCs
(combined), BM-MNCs, and HSCs/FSCs (combined) in
11 included studies.

Considering hormonal imbalance, immune dysregu-
lation, chronic neuroinflammation, mitochondrial dys-
function, and oxidative stress conditions caused by
certain environmental factors may be inducing ASD in
children with genetic predispositions [45], cell therapy
strategies can be conceived for treatment as it is reported
in many studies that certain cellular products (especially
MSCs) have anti-inflammation [54, 67], immune sys-
tem regulation [28, 40], mitochondrial transfer [16, 42],
and antioxidative stress properties [1, 100]. Consider-
ing improvements in patients reported by intravenous
MSC applications performed in Sun et al’s [87] study
and MSC/MNC combined applications performed in Lv.
et al’s [51] study, these potential mechanisms of MSCs
may be the reason for clinical improvement in ASD
patients. Lv. et al’s [51] study was especially important
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as it reported significant improvement in patients when
compared to a control group. In contrast to these stud-
ies, Sharifzadeh et al’s MSC study [77] found no change
in CGI severity of illness, but the intervention group
improved more than the controls. The administration
route distinguished Sharifzadeh et al. [77] from Sun et al.
[87]. Systemic anti-inflammation, immune system regu-
lation, mitochondrial transfer, and antioxidative stress
effects of MSCs might be achieved better with intra-
venous administration route. Numerous studies have
shown the safety of MSCs [44, 55, 60, 61, 77, 78], but the
transplantation pathway was in question. Various tracing
methods in animals have demonstrated that MSCs can
migrate after an IV injection and may be drawn to the
regions that have been damaged [98]. Since the cerebro-
spinal fluid (CSF) is directly accessible from the intrathe-
cal pathway, its dynamic flow enables cells to easily pass
through the spinal cord and brain and reach impaired
regions [44, 55, 62, 79, 98, 99]. However, more research
is needed to determine if the therapeutically beneficiary
effect is obtained by anti-inflammation, immune system
regulation, mitochondrial transfer, and antioxidative
stress effects of MSCs or the neuro-inflammation reduc-
ing and regeneration by the trans-differentiation effect of
MSCs or both.

All three intrathecal BM-MNC trials in this system-
atic review showed patient improvements, especially
Nguyen Thanh et al. (2021) [61] and Sharma et al. [78],
which had statistically significant results. Despite the
lack of control groups, they nonetheless provide evi-
dence that intrathecal BM-MNC infusions in ASD
patients are beneficial. BM-MNCs are composed of
HSCs, MSCs, and endothelial progenitor cells (EPCs), in
addition to lymphocytes, monocytes, and macrophages.
Immunomodulatory and neurotrophic cytokines from
these cells help the central nervous system regenerate,
repair, and replace itself [33, 39, 50, 64, 85, 96]. There
are important differences between BM-MNCs and CB-
TNCs in the number and variety of stem cell popula-
tions. The majority of the stem cells in CB-TNCs are
hematopoietic, whereas the stem cells in BM-MNCs
include both hematopoietic and MSCs. Another dis-
tinction is the age of the cells. The bone marrow of adult
donors is the source of BM-MNCs, whereas the umbili-
cal cord blood of a newborn is the source of CB-TNCs.
As a result, CB-TNCs may have a higher proliferative
capacity and less immunogenicity when compared to
BM-MNCs [2, 18, 43, 52]. Since BM-MNCs and CB-
TNCs are similar, it is interesting that while BM-MNC
studies showed benefits for patients, CB-TNC stud-
ies showed no difference between patients and con-
trol groups [15, 20, 81]. The main differences between
BM-MNC and CB-TNC studies were cell dose and
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delivery method. The average number of CB-TNCs and
BM-MNCs used in studies covered in this systematic
review was 23.04x 10°/kg and 55 x 10%/kg, respectively.
In addition, CB-TNCs were given intravenously in all 4
studies, but BM-MNCs were given intrathecally in all 3.
However, Lv et al. [51] found significant improvement
with MSC/CB-TNC combination applications via intra-
venous and intrathecal administrations, suggesting that
TNCs enriched with MSCs may be the most effective
cellular therapy for ASD patients.

Bradstreet et al’s [10] study also reported significant
improvement in ASD patients after the application of a
combination of FSCs and HSCs intravenously and subcu-
taneously. ATEC and ABC improved significantly despite
a comparatively low average cell dosage (48x10° TNC
and 18.44x10° FSC) and no control group. There are
studies reporting ASD patients show an increase in the
permeability of the blood—brain barrier (BBB) [89]. Given
their ability to reestablish appropriate BBB properties,
FSCs may also provide a therapeutic target for this endo-
vascular dysfunction [82, 83]. Bradstreet et al’s achieve-
ment may be established by this function of FSCs. There
is still a need for improvement in our understanding of
how FSCs function in ASDs. To fully describe potential
FSC-linked improvements in ASD, larger randomized,
placebo-controlled trials, as well as future research inves-
tigations are essential.

Conclusion

Regenerative medicine and cellular therapies have lately
been investigated for the management of disorders for
which there is no effective treatment with traditional
therapeutic methods. Since there is currently no treat-
ment for autism, there are limited management alterna-
tives available. In this systematic review, we investigated
the effectiveness and safety of several cellular treat-
ments in individuals with ASD. It can be asserted with
confidence that there were no serious adverse events
reported relating to the application of the cellular prod-
ucts reviewed in this study, regardless of the severity of
the condition, application route, or dosage. This demon-
strates the safety of cellular treatments and the need to
consider them for ASD patients. Given that hormonal
imbalance, immune dysregulation, chronic neuroinflam-
mation, mitochondrial dysfunction, oxidative stress con-
ditions, and genetic predisposition are thought to be the
causes of ASD, cellular therapies can be thought of as a
safe and effective weapon against the condition due to
their potential for immune regulation, paracrine effects,
neuro-regenerative effects, anti-inflammation, and anti-
oxidative stress properties. The results, however, lack suf-
ficient evidence since they are based on research that did
not use a consistent treatment plan. It is crucial to create
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a consistent treatment protocol through several trials in
order to identify the appropriate cellular therapy type,
delivery method, and cell dosage. Post-treatment assess-
ments of cellular therapies also need to be enhanced.
These might advance the treatment outcome by leading
to the development of cellular therapeutics for autism
and its pathogenesis. Stem cell therapy is projected to be
used in the clinical treatment of autism and to have sig-
nificant therapeutic effects; however, there is still more
work to be done before this can happen.

Abbreviations

ABC Aberrant Behavior Checklist

ACC Anterior cingulate cortex

AE Adverse event

ASD Autism spectrum disorder

ATEC The Autism Treatment Evaluation Checklist

AUCB Autologous umbilical cord blood

BM Bone marrow

CARS Childhood Autism Rating Scale

CB Cord blood

cD Cluster of differentiation

CDD Childhood disintegrate disorders

CGH The Clinical Global Impression Scales for the Global Improvement

CGI-S The Clinical Global Impression Scales for the Severity of lliness

dIPFC Dorsolateral prefrontal cortex

DSM-5 The Diagnostic and Statistical Manual of Mental Disorders (5th
Edition)

DTl Diffusion-weighted images

EEG Electroencephalography

EOWPVT  Expressive One-Word Picture Vocabulary Tests

EPC Endothelial progenitor cell

FIM Functional Independence Measure Scales

FSC Fetal stem cell

GARS Gilliam Autism Rating Scale

GvHD Graft vs host disease

HSC Hematopoietic stem cell

IFG The inferior frontal gyrus

ISAA Indian Scale for Assessment of Autism

T Intrathecal

v Intravenous

MNC Mononuclear cell

MSC Mesenchymal stem/stromal cell

NVIQ Non-verbal 1Q

ORC Ollivier-Ricci curvature

PDDBI Pervasive developmental disorder behavior inventory

PDD-NOS  Pervasive developmental disorder not otherwise specified

PET-CT Positron emission tomography-computed tomography

ROWPVT  Receptive One-Word Picture Vocabulary Test

RTT Rett syndrome

TNC Total nucleated cells

uc Umbilical cord

VABS The Vineland Adaptive Behavior Scales

Wee-FIM Pediatric Version of Functional Independence Measure Scales

Acknowledgements
Not applicable.

Authors’ contributions

AA conceived and designed the analysis, collected data, analyzed the results,
and drafted the article. EK contributed to the study conception and design
and revised the article critically for important intellectual content.

Funding
No funding was received to assist with the preparation of this manuscript.

Page 14 of 17

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication

Both authors reviewed the results and approved the final version of the manu-
script to be published. Both authors hereby give consent for the publication
of our personal information in the Middle East Current Psychiatry Journal.

This information includes, but is not limited to, our name, age, sex, and any
other information that is included in the article. We also understand that we
are granting the publisher the exclusive right to publish the article in all lan-
guages, in whole or in part. We retain the right to use the article for our own
purposes, such as teaching, lecturing, and presenting at conferences.

Competing interests
The authors declare that they have no competing interests.

Received: 2 August 2023 Accepted: 9 September 2023
Published online: 01 December 2023

References

1. Ahmed LA, Al-Massri KF (2021) Directions for enhancement of the
therapeutic efficacy of mesenchymal stem cells in different neuro-
degenerative and cardiovascular diseases: current status and future
perspectives. Curr Stem Cell Res Ther 16(7):858-876. https://doi.org/10.
2174/1574888X16666210303151237

2. AliH, Al-Mulla F (2012) Defining umbilical cord blood stem cells. Stem
Cell Discovery 02(01):15-23. https://doi.org/10.4236/5¢d.2012.21003

3. Association AP, Association AP (eds) (2013) Diagnostic and statistical
manual of mental disorders: DSM-5, 5th edn. American Psychiatric
Association, Washington, D.C

4. Araujo DB, Dantas JR, Silva KR, Souto DL, Pereira MDFC, Moreira JP et al
(2020) Allogenic adipose tissue-derived stromal/stem cells and vitamin
D supplementation in patients with recent-onset type 1 diabetes mel-
litus: a 3-month follow-up pilot study. Front Immunol 11:993. https:.//
doi.org/10.3389/fimmu.2020.00993

5. Bacakova L, Zarubova J, Travnickova M, Musilkova J, Pajorova J, Slepicka
P et al (2018) Stem cells: their source, potency and use in regenerative
therapies with focus on adipose-derived stem cells — a review. Biotech-
nol Adv 36(4):1111-1126. https://doi.org/10.1016/j.biotechadv.2018.03.
011

6. Baio J, Wiggins L, Christensen DL, Maenner MJ, Daniels J, Warren Z et al
(2018) Prevalence of autism spectrum disorder among children aged 8
years — autism and developmental disabilities monitoring network, 11
Sites, United States, 2014. MMWR Surveill Summ 67(6):1-23. https://doi.
0rg/10.15585/mmwr.ss6706al

7. Bansal H, Verma P, Agrawal A, Leon J, Sundell 1B, Koka PS (2016) A short
study report on bone marrow aspirate concentrate cell therapy in ten
South Asian Indian patients with autism. J Stem Cells 11(1):25-36

8. Bloor AJC, Patel A, Griffin JE, Gilleece MH, Radia R, Yeung DT et al (2020)
Production, safety and efficacy of iPSC-derived mesenchymal stromal
cells in acute steroid-resistant graft versus host disease: a phase I, mul-
ticenter, open-label, dose-escalation study. Nat Med 26(11):1720-1725.
https://doi.org/10.1038/541591-020-1050-x

9. Boncoraglio GB, Ranieri M, Bersano A, Parati EA, Del Giovane C (2020)
Stem cell transplantation for ischemic stroke. Stroke 51(1). https://doi.
org/10.1161/STROKEAHA.119.026340

10. Bradstreet JJ, Sych N, Antonucci N, Klunnik M, lvankova O, Matyash-

chuk I et al (2014) Efficacy of fetal stem cell transplantation in autism
spectrum disorders: an open-labeled pilot study. Cell Transplant 23(1_
suppl):105-112. https://doi.org/10.3727/096368914X684916


https://doi.org/10.2174/1574888X16666210303151237
https://doi.org/10.2174/1574888X16666210303151237
https://doi.org/10.4236/scd.2012.21003
https://doi.org/10.3389/fimmu.2020.00993
https://doi.org/10.3389/fimmu.2020.00993
https://doi.org/10.1016/j.biotechadv.2018.03.011
https://doi.org/10.1016/j.biotechadv.2018.03.011
https://doi.org/10.15585/mmwr.ss6706a1
https://doi.org/10.15585/mmwr.ss6706a1
https://doi.org/10.1038/s41591-020-1050-x
https://doi.org/10.1161/STROKEAHA.119.026340
https://doi.org/10.1161/STROKEAHA.119.026340
https://doi.org/10.3727/096368914X684916

Akat and Karaodz Middle East Current Psychiatry

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2023) 30:94

Carlsson P-O, Schwarcz E, Korsgren O, Le Blanc K (2015) Preserved B-cell
function in type 1 diabetes by mesenchymal stromal cells. Diabetes
64(2):587-592. https://doi.org/10.2337/db14-0656

Carpenter KLH, Major S, Tallman C, Chen LW, Franz L, Sun J et al (2019)
White matter tract changes associated with clinical improvement in

an open-label trial assessing autologous umbilical cord blood for treat-
ment of young children with autism. Stem Cells Trans| Med 8(2):138-
147. https://doi.org/10.1002/5ctm.18-0251

Cauvet E, Van'TWesteinde A, Toro R, Kuja-Halkola R, Neufeld J, Mevel

K, Bolte S (2019) Sex differences along the autism continuum: a twin
study of brain structure. Cereb Cortex 29(3):1342-1350. https://doi.org/
10.1093/cercor/bhy303

Chakraborty S, Thomas P, Bhatia T, Nimgaonkar VL, Deshpande SN
(2015) Assessment of severity of autism using the Indian scale for
assessment of autism. Indian J Psychol Med 37(2):169-174. https://doi.
0rg/10.4103/0253-7176.155616

Chez M, Lepage C, Parise C, Dang-Chu A, Hankins A, Carroll M (2018)
Safety and observations from a placebo-controlled, crossover study to
assess use of autologous umbilical cord blood stem cells to improve
symptoms in children with autism. Stem Cells Transl Med 7(4):333-341.
https://doi.org/10.1002/sctm.17-0042

Chuang YC, Liou CW, Chen SD, Wang PW, Chuang JH, Tiao MM et al
(2017) Mitochondrial transfer from Wharton'’s Jelly mesenchymal stem
cell to MERRF cybrid reduces oxidative stress and improves mitochon-
drial bioenergetics. Oxid Med Cell Longev 2017:1-22. https://doi.org/
10.1155/2017/5691215

Connick P, Kolappan M, Crawley C, Webber DJ, Patani R, Michell AW

et al (2012) Autologous mesenchymal stem cells for the treatment

of secondary progressive multiple sclerosis: an open-label phase 2a
proof-of-concept study. Lancet Neurol 11(2):150-156. https://doi.org/
10.1016/51474-4422(11)70305-2

Cuende N, Rico L, Herrera C (2012) Concise review: bone marrow
mononuclear cells for the treatment of ischemic syndromes: medicinal
product or cell transplantation? Stem Cells Transl Med 1(5):403-408.
https://doi.org/10.5966/sctm.2011-0064

Curtis E, Martin JR, Gabel B, Sidhu N, Rzesiewicz TK, Mandeville R et al
(2018) A first-in-human, phase | study of neural stem cell transplanta-
tion for chronic spinal cord injury. Cell Stem Cell 22(6):941-950.e6.
https://doi.org/10.1016/j.stem.2018.05.014

Dawson G, Sun JM, Baker J, Carpenter K, Compton S, Deaver M et al
(2020) A phase Il randomized clinical trial of the safety and efficacy of
intravenous umbilical cord blood infusion for treatment of children
with autism spectrum disorder. J Pediatr 222:164-173.e5. https://doi.
0rg/10.1016/}jpeds.2020.03.011

Dawson G, Sun JM, Davlantis KS, Murias M, Franz L, Troy J et al (2017)
Autologous cord blood infusions are safe and feasible in young chil-
dren with autism spectrum disorder: results of a single-center phase |
open-label trial. Stem Cells Transl Med 6(5):1332-1339. https://doi.org/
10.1002/sctm.16-0474

DeFilippis M, Wagner KD (2016) Treatment of autism spectrum disorder
in children and adolescents. Psychopharmacol Bull 46(2):18-41

De La Torre-Ubieta L, Won H, Stein JL, Geschwind DH (2016) Advancing
the understanding of autism disease mechanisms through genetics.
Nat Med 22(4):345-361. https://doi.org/10.1038/nm.4071

De Magistris L, Picardi A, Siniscalco D, Riccio MP, Sapone A, Cariello R

et al (2013) Antibodies against food antigens in patients with autistic
spectrum disorders. Biomed Res Int 2013:1-11. https://doi.org/10.1155/
2013/729349

Eissa N, Al-Hougani M, Sadeq A, Ojha SK, Sasse A, Sadek B (2018) Cur-
rent enlightenment about etiology and pharmacological treatment of
autism spectrum disorder. Front Neurosci 12:304. https://doi.org/10.
3389/fnins.2018.00304

El-Fishawy P, State MW (2010) The genetics of autism: key issues, recent
findings, and clinical implications. Psychiatr Clin North Am 33(1):83—
105. https://doi.org/10.1016/j.psc.2009.12.002

Ellison-Wright Z, Boardman C (2015) Diagnosis and management of
ASD in children and adolescents: autism spectrum disorders. Prog
Neurol Psychiatry 19(6):28-32. https://doi.org/10.1002/pnp.407

Gao F, Chiu SM, Motan DAL, Zhang Z, Chen L, Ji HL et al (2016) Mesen-
chymal stem cells and immunomodulation: current status and future

29.

30.

31.

32
33.

34

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

Page 150f 17

prospects. Cell Death Dis 7(1):e2062-e2062. https://doi.org/10.1038/
cddis.2015.327

Gao R, Penzes P (2015) Common mechanisms of excitatory and inhibi-
tory imbalance in schizophrenia and autism spectrum disorders. Curr
Mol Med 15(2):146-167. https://doi.org/10.2174/156652401566615
0303003028

Gardner, M.F. manual (1979) Expressive one-word picture vocabulary
test. Academic Therapy Publications, Novato1 CA

Gautam J, Alaref A, Hassan A, Sharma Kandel R, Mishra R, Jahan N (2020)
Safety and efficacy of stem cell therapy in patients with ischemic stroke.
Cureus. https://doi.org/10.7759/cureus.9917

Gilliam JE (2006) GARS: Gilliam autism rating scale. Pro-ed, Austin, TX
Gogel S, Gubernator M, Minger SL (2011) Progress and prospects: stem
cells and neurological diseases. Gene Ther 18(1):1-6. https://doi.org/10.
1038/gt.2010.130

Grabrucker AM (2013) Environmental factors in autism. Front Psychia-
try 3. https://doi.org/10.3389/fpsyt.2012.00118

Graham JE, Granger CV, Karmarkar AM, Deutsch A, Niewczyk P, Divita
MA, Ottenbacher KJ (2014) The Uniform Data System for Medical
Rehabilitation: report of follow-up information on patients dis-
charged from inpatient rehabilitation programs in 2002-2010. Am J
Phys Med Rehabil 93(3):231-244. https://doi.org/10.1097/PHM.0b013
€3182a92c58

Guy W, editor (1976) ECDEU Assessment manual for psychopharmacol-
ogy. US. Department of Health, Education, and Welfare, Rockville, MD
Hess DC, Wechsler LR, Clark WM, Savitz S, Ford GA, Chiu D et al (2017)
Safety and efficacy of multipotent adult progenitor cells in acute
ischaemic stroke (MASTERS): a randomised, double-blind, placebo-
controlled, phase 2 trial. Lancet Neurol 16(5):360-368. https://doi.org/
10.1016/51474-4422(17)30046-7

Hoang DM, Pham PT, Bach TQ, Ngo ATL, Nguyen QT, Phan TTK et al
(2022) Stem cell-based therapy for human diseases. Signal Transduct
Target Ther 7(1):272. https://doi.org/10.1038/541392-022-01134-4
Huang L, Wang G (2017) The effects of different factors on the behavior
of neural stem cells. Stem Cells International 2017:1-16. https://doi.org/
10.1155/2017/9497325

Huang Y, Wu Q, Tam PKH (2022) Immunomodulatory mechanisms of
mesenchymal stem cells and their potential clinical applications. Int J
Mol Sci 23(17):10023. https://doi.org/10.3390/ijms231710023

Inga Jacome M, Morales Chacon L, Vera Cuesta H, Maragoto Rizo C,
Whilby Santiesteban M, Ramos Hernandez L et al (2016) Peripheral
inflammatory markers contributing to comorbidities in autism. Behav
Sci 6(4):29. https://doi.org/10.3390/bs6040029

Jiang D, Gao F, Zhang Y, Wong DSH, Li Q, Tse H et al (2016) Mitochon-
drial transfer of mesenchymal stem cells effectively protects corneal
epithelial cells from mitochondrial damage. Cell Death Dis 7(11):e2467-
€2467. https://doi.org/10.1038/cddis.2016.358

Jin H, Bae Y, Kim M, Kwon S-J, Jeon H, Choi S et al (2013) Comparative
analysis of human mesenchymal stem cells from bone marrow, adipose
tissue, and umbilical cord blood as sources of cell therapy. Int J Mol Sci
14(9):17986-18001. https://doi.org/10.3390/ijms 140917986

Karussis D, Karageorgiou C, Vaknin-Dembinsky A, Gowda-Kurkalli B,
Gomori JM, Kassis |, et al (2010) Safety and immunological effects of
mesenchymal stem cell transplantation in patients with multiple sclero-
sis and amyotrophic lateral sclerosis. Arch Neurol 67(10). https://doi.
0rg/10.1001/archneurol.2010.248

Larijani B, Foroughi Heravani N, Alavi-Moghadam S, Goodarzi P,
Rezaei-Tavirani M, Payab M et al (2021) Cell Therapy Targets for Autism
Spectrum Disorders: Hopes, Challenges and Future Directions. Adv Exp
Med Biol 1341:107-124. https://doi.org/10.1007/5584_2020_491

Le Blanc K, Frassoni F, Ball L, Locatelli F, Roelofs H, Lewis | et al (2008)
Mesenchymal stem cells for treatment of steroid-resistant, severe, acute
graft-versus-host disease: a phase Il study. Lancet 371(9624):1579-1586.
https://doi.org/10.1016/50140-6736(08)60690-X

Levi AD, Anderson KD, Okonkwo DO, Park P, Bryce TN, Kurpad SN et al
(2019) Clinical outcomes from a multi-center study of human neural
stem cell transplantation in chronic cervical spinal cord injury. J Neuro-
trauma 36(6):891-902. https://doi.org/10.1089/neu.2018.5843

Levi AD, Okonkwo DO, Park P, Jenkins AL, Kurpad SN, Parr AM et al
(2018) Emerging safety of intramedullary transplantation of human


https://doi.org/10.2337/db14-0656
https://doi.org/10.1002/sctm.18-0251
https://doi.org/10.1093/cercor/bhy303
https://doi.org/10.1093/cercor/bhy303
https://doi.org/10.4103/0253-7176.155616
https://doi.org/10.4103/0253-7176.155616
https://doi.org/10.1002/sctm.17-0042
https://doi.org/10.1155/2017/5691215
https://doi.org/10.1155/2017/5691215
https://doi.org/10.1016/S1474-4422(11)70305-2
https://doi.org/10.1016/S1474-4422(11)70305-2
https://doi.org/10.5966/sctm.2011-0064
https://doi.org/10.1016/j.stem.2018.05.014
https://doi.org/10.1016/j.jpeds.2020.03.011
https://doi.org/10.1016/j.jpeds.2020.03.011
https://doi.org/10.1002/sctm.16-0474
https://doi.org/10.1002/sctm.16-0474
https://doi.org/10.1038/nm.4071
https://doi.org/10.1155/2013/729349
https://doi.org/10.1155/2013/729349
https://doi.org/10.3389/fnins.2018.00304
https://doi.org/10.3389/fnins.2018.00304
https://doi.org/10.1016/j.psc.2009.12.002
https://doi.org/10.1002/pnp.407
https://doi.org/10.1038/cddis.2015.327
https://doi.org/10.1038/cddis.2015.327
https://doi.org/10.2174/1566524015666150303003028
https://doi.org/10.2174/1566524015666150303003028
https://doi.org/10.7759/cureus.9917
https://doi.org/10.1038/gt.2010.130
https://doi.org/10.1038/gt.2010.130
https://doi.org/10.3389/fpsyt.2012.00118
https://doi.org/10.1097/PHM.0b013e3182a92c58
https://doi.org/10.1097/PHM.0b013e3182a92c58
https://doi.org/10.1016/S1474-4422(17)30046-7
https://doi.org/10.1016/S1474-4422(17)30046-7
https://doi.org/10.1038/s41392-022-01134-4
https://doi.org/10.1155/2017/9497325
https://doi.org/10.1155/2017/9497325
https://doi.org/10.3390/ijms231710023
https://doi.org/10.3390/bs6040029
https://doi.org/10.1038/cddis.2016.358
https://doi.org/10.3390/ijms140917986
https://doi.org/10.1001/archneurol.2010.248
https://doi.org/10.1001/archneurol.2010.248
https://doi.org/10.1007/5584_2020_491
https://doi.org/10.1016/S0140-6736(08)60690-X
https://doi.org/10.1089/neu.2018.5843

Akat and Karabdz Middle East Current Psychiatry

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

(2023) 30:94

neural stem cells in chronic cervical and thoracic spinal cord injury.
Neurosurgery 82(4):562-575. https://doi.org/10.1093/neuros/nyx250
Liu D, Bobrovskaya L, Zhou XF (2021) Cell therapy for neurological dis-
orders: the perspective of promising cells. Biology 10(11):1142. https://
doi.org/10.3390/biology 10111142

Liu X, Fu X, Dai G, Wang X, Zhang Z, Cheng H et al (2017) Comparative
analysis of curative effect of bone marrow mesenchymal stem cell and
bone marrow mononuclear cell transplantation for spastic cerebral
palsy. J Transl Med 15(1):48. https://doi.org/10.1186/512967-017-1149-0
Lv YT, Zhang Y, Liu M, Qiuwaxi J, Ashwood P, Cho SC et al (2013)
Transplantation of human cord blood mononuclear cells and umbilical
cord-derived mesenchymal stem cells in autism. J Transl Med 11(1):196.
https://doi.org/10.1186/1479-5876-11-196

Malgieri A, Kantzari E, Patrizi MP, Gambardella S (2010) Bone marrow
and umbilical cord blood human mesenchymal stem cells: state of the
art. Int J Clin Exp Med 3(4):248-269

Mandy W, Lai M-C (2016) Annual Research Review: the role of the envi-
ronment in the developmental psychopathology of autism spectrum
condition. J Child Psychol Psychiatry 57(3):271-292. https://doi.org/10.
1111/jcpp.12501

Marofi F, Vahedi G, Biglari A, Esmaeilzadeh A, Athari SS (2017) Mesen-
chymal stromal/stem cells: a new era in the cell-based targeted gene
therapy of cancer. Front Immunol 8:1770. https://doi.org/10.3389/
fimmu.2017.01770

Mazzini L, Ferrero |, Luparello V, Rustichelli D, Gunetti M, Mareschi K et al
(2010) Mesenchymal stem cell transplantation in amyotrophic lateral
sclerosis: a phase | clinical trial. Exp Neurol 223(1):229-237. https://doi.
0rg/10.1016/j.expneurol.2009.08.007

Moon K-C, Suh HS, Kim KB, Han SK, Young KW, Lee JW, Kim MH (2019)
Potential of allogeneic adipose-derived stem cell-hydrogel complex for
treating diabetic foot ulcers. Diabetes 68(4):837-846. https://doi.org/10.
2337/db18-0699

Msall ME, DiGaudio K, Rogers BT, LaForest S, Catanzaro NL, Campbell

J, Wilczenski F, Duffy LC (1994) The Functional Independence Measure
for Children (WeeFIM). Conceptual basis and pilot use in children with
developmental disabilities. Clin Pediatr 33(7):421-430. https://doi.org/
10.1177/000992289403300708

Muir KW, Bulters D, Willmot M, Sprigg N, Dixit A, Ward N et al (2020)
Intracerebral implantation of human neural stem cells and motor
recovery after stroke: multicentre prospective single-arm study
(PISCES-2). J Neurol Neurosurg Psychiatry 91(4):396-401. https://doi.
0rg/10.1136/jnnp-2019-322515

Nevels RM, Dehon EE, Alexander K, Gontkovsky ST (2010) Psychophar-
macology of aggression in children and adolescents with primary neu-
ropsychiatric disorders: a review of current and potentially promising
treatment options. Exp Clin Psychopharmacol 18(2):184-201. https://
doi.org/10.1037/a0018059

Nguyen LT, Nguyen AT, Vu CD, Ngo DV, Bui AV (2017) Outcomes of
autologous bone marrow mononuclear cells for cerebral palsy: an open
label uncontrolled clinical trial. BMC Pediatr 17(1):104. https://doi.org/
10.1186/512887-017-0859-z

Nguyen Thanh L, Nguyen HP, Ngo MD, Bui VA, Dam PTM, Bui HTP et al
(2021) Outcomes of bone marrow mononuclear cell transplantation
combined with interventional education for autism spectrum disorder.
Stem Cells Transl Med 10(1):14-26. https://doi.org/10.1002/sctm.
20-0102

Oh K-W, Moon C, Kim HY, Oh S, Park J, Lee JH et al (2015) Phase | trial of
repeated intrathecal autologous bone marrow-derived mesenchymal
stromal cells in amyotrophic lateral sclerosis. Stem Cells Transl Med
4(6):590-597. https://doi.org/10.5966/sctm.2014-0212

Onore C, Careaga M, Ashwood P (2012) The role of immune dysfunc-
tion in the pathophysiology of autism. Brain Behav Immun 26(3):383—
392. https://doi.org/10.1016/j.bbi.2011.08.007

Pan K, Deng L, Chen P, Peng Q, Pan J, Wu Y, Wang Y (2019) Safety and
feasibility of repeated intrathecal allogeneic bone marrow-derived
mesenchymal stromal cells in patients with neurological diseases. Stem
Cells International 2019:1-15. https://doi.org/10.1155/2019/8421281
Paprocka J, Kaminiow K, Kozak S, Sztuba K, Emich-Widera E (2021)
Stem cell therapies for cerebral palsy and autism spectrum disorder—a
systematic review. Brain Sci 11(12):1606. https://doi.org/10.3390/brain
sci11121606

66.

67.

68.

69.

70.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Page 16 of 17

Payakachat N, Tilford JM, Kovacs E, Kuhlthau K (2012) Autism spectrum
disorders: a review of measures for clinical, health services and cost-
effectiveness applications. Expert Rev Pharmacoecon Outcomes Res
12(4):485-503. https://doi.org/10.1586/erp.12.29

Prockop DJ (2017) The exciting prospects of new therapies with mesen-
chymal stromal cells. Cytotherapy 19(1):1-8. https://doi.org/10.1016/j.
jcyt.2016.09.008

Rimland B, Edelson S (1999) Autism research institute. Autism Treat-
ment Evaluation Checklist (ATEC)

Roman-Urrestarazu A, Van Kessel R, Allison C, Matthews FE, Brayne C,
Baron-Cohen S (2021) Association of race/ethnicity and social disadvan-
tage with autism prevalence in 7 million school children in England.
JAMA Pediatr 175(6):2210054. https://doi.org/10.1001/jamapediatrics.
2021.0054

Sahin M, Sur M (2015) Genes, circuits, and precision therapies for autism
and related neurodevelopmental disorders. Science 350(6263):aab3897.
https://doi.org/10.1126/science.aab3897

Santini E, Klann E (2014) Reciprocal signaling between translational
control pathways and synaptic proteins in autism spectrum disorders.
Sci Signal 7(349). https://doi.org/10.1126/scisignal.2005832

Schaefer G (2016) Clinical genetic aspects of autism spectrum disorders.
Int J Mol Sci 17(2):180. https://doi.org/10.3390/ijms 17020180

Schifter T, Hoffman JM, Hatten HP Jr, Hanson MW, Coleman RE, DeLong
GR (1994) Neuroimaging in infantile autism. J Child Neurol 9(2):155-
161. https://doi.org/10.1177/088307389400900210

Schopler E, Reichler RJ, De Vellis RF, Daly K (1980) Toward objective clas-
sification of childhood autism: Childhood Autism Rating Scale (CARS). J
Autism Dev Disord 10(1):91-103

Schopler E, Reichler R, Renner B (1988) The childhood autism rating
scale. Western Psychological Services, Los Angeles

Schopler E, Van Bourgondien ME, Wellman GJ, Love SR (2010) The
childhood autism rating scale, 2nd edn. Western Psychological Services,
United States of America

Sharifzadeh N, Ghasemi A, Tavakol Afshari J, Moharari F, Soltanifar A,
Talaei A, et al (2021) Intrathecal autologous bone marrow stem cell
therapy in children with autism: a randomized controlled trial. Asia Pac
Psychiatry 13(2). https://doi.org/10.1111/appy.12445

Sharma A, Gokulchandran N, Sane H, Nagrajan A, Paranjape A, Kulkarni
P etal (2013) Autologous bone marrow mononuclear cell therapy for
autism: an open label proof of concept study. Stem Cells Int 2013:1-13.
https://doi.org/10.1155/2013/623875

Sharma A, Sane H, Gokulchandran N, Khopkar D, Paranjape A, Sunda-
ram J et al (2014) Autologous bone marrow mononuclear cells intrathe-
cal transplantation in chronic stroke. Stroke Res Treat 2014:1-9. https://
doi.org/10.1155/2014/234095

Shin JC, Kim KN, Yoo J, Kim I-S, Yun S, Lee H et al (2015) Clinical trial of
human fetal brain-derived neural stem/progenitor cell transplanta-
tion in patients with traumatic cervical spinal cord injury. Neural Plast
2015:1-22. https://doi.org/10.1155/2015/630932

Simhal AK, Carpenter KLH, Kurtzberg J, Song A, Tannenbaum A, Zhang
L et al (2022) Changes in the geometry and robustness of diffusion
tensor imaging networks: secondary analysis from a randomized con-
trolled trial of young autistic children receiving an umbilical cord blood
infusion. Front Psych 13:1026279. https://doi.org/10.3389/fpsyt.2022.
1026279

Siniscalco D, Bradstreet JJ, Antonucci N (2013) Therapeutic role of
hematopoietic stem cells in autism spectrum disorder-related inflam-
mation. Front Immunol 4. https://doi.org/10.3389/fimmu.2013.00140
Siniscalco D, Bradstreet JJ, Sych N, Antonucci N (2013) Perspectives

on the use of stem cells for autism treatment. Stem Cells Int 2013:1-7.
https://doi.org/10.1155/2013/262438

Siniscalco D, Kannan S, Semprun-Hernandez N, Eshraghi AA, Brigida AL,
Antonucci N (2018) Stem cell therapy in autism: recent insights. Stem
Cells Cloning 11:55-67. https://doi.org/10.2147/SCCAAS155410

Song CG, Zhang YZ, Wu HN, Cao XL, Guo CJ, Li YQ et al (2018) Stem
cells: a promising candidate to treat neurological disorders. Neural
Regen Res 13(7):1294. https://doi.org/10.4103/1673-5374.235085
Sparrow SS, Cicchetti DV, Saulnier CA (2016) Vineland Adaptive Behav-
jor Scales. 3rd Edition (Vineland-3). Pearson, San Antonio

Sun JM, Dawson G, Franz L, Howard J, McLaughlin C, Kistler B et al
(2020) Infusion of human umbilical cord tissue mesenchymal stromal


https://doi.org/10.1093/neuros/nyx250
https://doi.org/10.3390/biology10111142
https://doi.org/10.3390/biology10111142
https://doi.org/10.1186/s12967-017-1149-0
https://doi.org/10.1186/1479-5876-11-196
https://doi.org/10.1111/jcpp.12501
https://doi.org/10.1111/jcpp.12501
https://doi.org/10.3389/fimmu.2017.01770
https://doi.org/10.3389/fimmu.2017.01770
https://doi.org/10.1016/j.expneurol.2009.08.007
https://doi.org/10.1016/j.expneurol.2009.08.007
https://doi.org/10.2337/db18-0699
https://doi.org/10.2337/db18-0699
https://doi.org/10.1177/000992289403300708
https://doi.org/10.1177/000992289403300708
https://doi.org/10.1136/jnnp-2019-322515
https://doi.org/10.1136/jnnp-2019-322515
https://doi.org/10.1037/a0018059
https://doi.org/10.1037/a0018059
https://doi.org/10.1186/s12887-017-0859-z
https://doi.org/10.1186/s12887-017-0859-z
https://doi.org/10.1002/sctm.20-0102
https://doi.org/10.1002/sctm.20-0102
https://doi.org/10.5966/sctm.2014-0212
https://doi.org/10.1016/j.bbi.2011.08.007
https://doi.org/10.1155/2019/8421281
https://doi.org/10.3390/brainsci11121606
https://doi.org/10.3390/brainsci11121606
https://doi.org/10.1586/erp.12.29
https://doi.org/10.1016/j.jcyt.2016.09.008
https://doi.org/10.1016/j.jcyt.2016.09.008
https://doi.org/10.1001/jamapediatrics.2021.0054
https://doi.org/10.1001/jamapediatrics.2021.0054
https://doi.org/10.1126/science.aab3897
https://doi.org/10.1126/scisignal.2005832
https://doi.org/10.3390/ijms17020180
https://doi.org/10.1177/088307389400900210
https://doi.org/10.1111/appy.12445
https://doi.org/10.1155/2013/623875
https://doi.org/10.1155/2014/234095
https://doi.org/10.1155/2014/234095
https://doi.org/10.1155/2015/630932
https://doi.org/10.3389/fpsyt.2022.1026279
https://doi.org/10.3389/fpsyt.2022.1026279
https://doi.org/10.3389/fimmu.2013.00140
https://doi.org/10.1155/2013/262438
https://doi.org/10.2147/SCCAA.S155410
https://doi.org/10.4103/1673-5374.235085

Akat and Karaodz Middle East Current Psychiatry

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

(2023) 30:94

cells in children with autism spectrum disorder. Stem Cells Transl Med
9(10):1137-1146. https://doi.org/10.1002/sctm.19-0434

Theoharides TC, Kempuraj D, Redwood L (2009) Autism: an emerging
‘neuroimmune disorder’in search of therapy. Expert Opin Pharmaco-
ther 10(13):2127-2143. https://doi.org/10.1517/14656560903107789
Theoharides TC, Zhang B (2011) Neuro-inflammation, blood-brain bar-
rier, seizures and autism. J Neuroinflammation 8(1):168. https://doi.org/
10.1186/1742-2094-8-168

Toro R, Konyukh M, Delorme R, Leblond C, Chaste P, Fauchereau F et al
(2010) Key role for gene dosage and synaptic homeostasis in autism
spectrum disorders. Trends Genet 26(8):363-372. https://doi.org/10.
1016/j.tig.2010.05.007

Villarreal-Martinez L, Gonzalez-Martinez G, Sdenz-Flores M, Bautista-
Gomez AJ, Gonzélez-Martinez A, Ortiz-Castillo M et al (2022) Stem cell
therapy in the treatment of patients with autism spectrum disorder: a
systematic review and meta-analysis. Stem Cell Rev Rep 18(1):155-164.
https://doi.org/10.1007/512015-021-10257-0

Volk L, Chiu SL, Sharma K, Huganir RL (2015) Glutamate synapses in
human cognitive disorders. Annu Rev Neurosci 38(1):127-149. https://
doi.org/10.1146/annurev-neuro-071714-033821

Wang J, Tian 'Y, Shi X, Feng Z, Jiang L, Hao Y (2022) Safety and efficacy
of cell transplantation on improving motor symptoms in patients with
Parkinson’s disease: a meta-analysis. Front Hum Neurosci 16:849069.
https://doi.org/10.3389/fnhum.2022.849069

Weissman IL (2015) Stem cells are units of natural selection for tissue
formation, for germline development, and in cancer development. Proc
Natl Acad Sci 112(29):8922-8928. https://doi.org/10.1073/pnas.15054
64112

Wolff JJ, Gu H, Gerig G, Elison JT, Styner M, Gouttard S et al (2012) Dif-
ferences in white matter fiber tract development present from 6 to 24
months in infants with autism. Am J Psychiatry 169(6):589-600. https://
doi.org/10.1176/appi.ajp.2011.11091447

Woodbury D, Schwarz EJ, Prockop DJ, Black IB (2000) Adult rat and
human bone marrow stromal cells differentiate into neurons. J Neurosci
Res 61(4):364-370. https://doi.org/10.1002/1097-4547(20000815)61:4%
3¢364:AID-JNR2%3e3.0.CO;2-C

Young AMH, Chakrabarti B, Roberts D, Lai MC, Suckling J, Baron-Cohen
S (2016) From molecules to neural morphology: understanding neuro-
inflammation in autism spectrum condition. Mol Autism 7(1):9. https://
doi.org/10.1186/513229-016-0068-x

Yukawa H, Watanabe M, Kaji N, Okamoto Y, Tokeshi M, Miyamoto Y et al
(2012) Monitoring transplanted adipose tissue-derived stem cells com-
bined with heparin in the liver by fluorescence imaging using quantum
dots. Biomaterials 33(7):2177-2186. https://doi.org/10.1016/j.biomateria
1s2011.12.009

Zali A, Arab L, Ashrafi F, Mardpour S, Niknejhadi M, Hedayati-Asl AA et al
(2015) Intrathecal injection of CD133-positive enriched bone marrow
progenitor cells in children with cerebral palsy: feasibility and safety.
Cytotherapy 17(2):232-241. https://doi.org/10.1016/jjcyt.2014.10.011
Zhang FQ Jiang JL, Zhang JT, Niu H, Fu XQ, Zeng LL (2020) Current
status and future prospects of stem cell therapy in Alzheimer’s disease.
Neural Regen Res 15(2):242. https://doi.org/10.4103/1673-5374.2655

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 17 of 17

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1002/sctm.19-0434
https://doi.org/10.1517/14656560903107789
https://doi.org/10.1186/1742-2094-8-168
https://doi.org/10.1186/1742-2094-8-168
https://doi.org/10.1016/j.tig.2010.05.007
https://doi.org/10.1016/j.tig.2010.05.007
https://doi.org/10.1007/s12015-021-10257-0
https://doi.org/10.1146/annurev-neuro-071714-033821
https://doi.org/10.1146/annurev-neuro-071714-033821
https://doi.org/10.3389/fnhum.2022.849069
https://doi.org/10.1073/pnas.1505464112
https://doi.org/10.1073/pnas.1505464112
https://doi.org/10.1176/appi.ajp.2011.11091447
https://doi.org/10.1176/appi.ajp.2011.11091447
https://doi.org/10.1002/1097-4547(20000815)61:4%3c364::AID-JNR2%3e3.0.CO;2-C
https://doi.org/10.1002/1097-4547(20000815)61:4%3c364::AID-JNR2%3e3.0.CO;2-C
https://doi.org/10.1186/s13229-016-0068-x
https://doi.org/10.1186/s13229-016-0068-x
https://doi.org/10.1016/j.biomaterials.2011.12.009
https://doi.org/10.1016/j.biomaterials.2011.12.009
https://doi.org/10.1016/j.jcyt.2014.10.011
https://doi.org/10.4103/1673-5374.2655

	Cell therapies for autism spectrum disorder: a systematic review of clinical applications
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Eligibility criteria
	Literature search and study selection
	Data collection and quality evaluation

	Results
	Characteristics of included studies
	Outcome of studies
	Trials conducted with bone marrow-derived mononuclear cells
	Trials conducted with cord blood cells
	Trials conducted with mesenchymal stem cells
	Other studies


	Discussion
	Conclusion
	Acknowledgements
	References


