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Aim: There is insufficient evidence regarding the efficacy and safety of stem cell therapy
for autism spectrum disorders. We performed the first meta-analysis of stem cell therapy
for autism spectrum disorders in children to provide evidence for clinical rehabilitation.

Methods: The data source includes PubMed/Medline, Web of Science, EMBASE,
Cochrane Library and China Academic Journal, from inception to 24th JULY 2021. After
sifting through the literature, the Cochrane tool was applied to assess the risk of bias.
Finally, we extracted data from these studies and calculated pooled efficacy and safety.

Results: 5 studies that met the inclusion criteria were included in current analysis.
Meta-analysis was performed using rehabilitation therapy as the reference standard. Data
showed that the Childhood Autism Rating Scale score of stem cell group was striking
lower than the control group (WMD: —5.96; 95%CI [—8.87, —3.06]; p < 0.0001). The
Clinical Global Impression score consolidated effect size RR = 1.01, 95%CI [0.87, 1.18],
Z =0.14 (p = 0.89), the effective rate for The Clinical Global Impression was 62% and
60% in the stem cell group and the control group, respectively. The occurrence events
of adverse reactions in each group (RR = 1.55; 95%CIl = 0.60 to 3.98; p = 0.36), there
was no significant difference in the incidence of adverse reactions between the stem cell
group and the control group.

Conclusions: The results of this meta-analysis suggested that stem cell therapy
for children with autism might be safe and effective. However, the evidence was
compromised by the limitations in current study size, lacking standardized injection routes
and doses of stem cells, as well as shortages in diagnostic tools and long period follow-
up studies. Hence, it calls for more studies to systematically confirm the efficacy and
safety of stem cell therapy for children with autism spectrum disorders.
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INTRODUCTION

Autism  spectrum  disorder (ASD) is a group of
neurodevelopmental disorders characterized by social deficits,
communication inabilities and stereotypic behaviors (1). The
incidence is estimated to be 1-2% of all children, according
to the U.S. Centers for Disease Control and Prevention (2).
Despite its increasing prevalence (3, 4), the etiology of ASD is
not fully understood yet, which can be interpreted as including
both genetic and environmental factors (5). The processes of
inflammation and immune activation may act to modify the risk
of ASD gene expression or destruct process of typical neural
development in ASD (6). ASD patients are a heterogeneous
group with different symptom characteristics (7), thus there is
no definitive treatment for ASD patients (8).

Given the potential effects of sustained immune disorders and
inflammation in ASD and known paracrine (9), homing (10, 11),
immunomodulatory (12) and multi-directional differentiation
capacity (13, 14) of stem cells, they are receiving attention as
a potential therapeutic approach. Growing numbers of research
reports have confirmed the efficacy and safety of stem cell therapy
with different methods including autologous bone marrow
mononuclear cells (15-17), fetal stem cells (18), human cord
blood mononuclear cells (19) and umbilical cord mesenchymal
stem cells (20) in patients with autism. However, the great
mass of these case reports or case series studies are limited
to a few geographical regions, thus fail to provide sufficient
guidelines for clinical decisions. Moreover, these studies have
several shortcomings, such as small sample size, non-standard
control groups, non-standard assessment scale and short-term
follow-up. Most importantly, when we began this study, there
was no systematic evidence-based medical review demonstrating
the efficacy and safety of stem cell therapy for ASD.

Collectively, we aim to rigorously screen and extract all
preclinical trial data on stem cell therapy for autism, objectively
evaluate and summarize evidence concerning the effectiveness of
stem cell therapy for autism symptoms through systematic review
and meta-analysis.

METHODS

The study design was developed by the steering group, followed
by the standard Cochrane Neonatal Review Group methods
and PRISMA reporting guidelines. We have already submitted a
registration application at Prospero (CRD42021285384, https://
www.crd.york.ac.uk/prospero/).

Population
Children and adolescents (age 0-18 years) were diagnosed with
autism, regardless of region, gender, or race.

Intervention

Multiple kinds of stem cells interventions on children with
autism were investigated within the current systematic review
and meta-analysis, with no limitations on injection times,
administration route and dose. Studies of stem cells in

combination with other treatments, such as antipsychotic drugs,
are also being considered.

Comparisons

Rehabilitation therapy includes sensory integration therapy,
auditory training, behavioral intervention, occupational therapy,
speech therapy and music therapy.

Outcomes

The main indicators are the scores of Clinical Global Impression
(CGI) and Childhood Autism Rating Scale (CARS) or any other
evaluation tools suitable for ASD in the corresponding studies.

Study Types

Randomized controlled trials (RCTs) and controlled clinical trials
(CCTs) were included in this study, both paralleled or crossover.
For trials that had a crossover design, we included all the data
before and after the crossover.

Data Sources

The following English and Chinese databases were searched from
their inception to 24th JULY 2021: PubMed/Medline, Web of
Science, EMBASE, Cochrane library, China Academic Journal
(through China National Knowledge Infrastructure [CNKI],
[WanfangData], [Cqvip], [SinoMed]) and Clinicaltrials.gov. A
detailed illustration of search strategies is available in Supporting
information 1 (S1. Search Strategy). No date restrictions or
language restrictions are used for retrieval. Finally, references
were tracked and included in the study to ensure that no RCTs
and CCTs were missed by the search strategy.

Study Selection

All prospective controlled clinical studies of stem cell therapy on
autism patients were included, as were trials in which stem cells
were part of a complex intervention. We excluded qualitative
studies, uncontrolled trials, case studies and case series, as well
as trials that developed between different cell types, and studies
that failed to provide detailed results.

Data Extraction and Quality and Validity

Assessment

Two independent reviewers evaluated the retrieved studies for
inclusion and assessed the methodological quality of included
studies. Elements extracted included study characteristics
(author, country, publication year and experimental design),
participant characteristics (sex, age range and diagnostic criteria),
intervention details (types of cells, dose ranges, administration
and frequency), outcome measurement, follow-up time and
adverse reactions. The risk of bias was assessed using the Review
Manager 5.3. The disagreements were thrashed out by the
two reviewers.

Data Analysis

Data entry and analysis were performed using Review Manager
5.3 software. The data required for meta-analysis were obtained
by direct input or indirect calculation based on the original data
(The data of CARS can be obtained directly, and the effective
improvement number of CGI needs to be calculated based on
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Identification of studies via databases and registers

=
2 Records identified from: Records removed before screening:
E Databases (n = 134) »| Duplicate records removed (n = 37)
% Registers (n = 3) Duplicate records removed by automation tools (n = 19)
-3 Citation searching (n =1) Duplicate records removed by human (n = 18)
P A4 Records excluded (n = 92)
Not related to stem cell therapy for autism (n = 71)
Records screened (n = 101) > Not clinical trials (n = 12)
Not RCT and CCT study (n =7)
Not up to standard of outcome measures (n= 2)
o
£
e Reports sought for retrieval 7 3
g (n=9 ———>| Reports not retrieved (n= 1)

v

Reports excluded:
Experimental data were reused (n = 3)

Reports assessed for it
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C—
g Reports of included studies
>
S (n=5)

FIGURE 1 | The inclusion flow chart of the literature was retrieved.

the total efficiency provided in the original text multiplied by the
number of each group, like Dawson et al’s study). When studies
of multiple intervention groups are compared, the “shared”
control group is split equally in each comparison (21) and the
weighted average difference (WMD) and risk ratio (RR) were
used to compare continuous variables (CGI and CARS) and
dichotomous variables (Adverse events) respectively. All results
obtained were reported with 95% confidence intervals (CI).
Heterogeneity among studies was determined by Q test and
I? statistics (I? equals or exceeds 50%, p < 0.05 is considered
to have greater heterogeneity). The random effect model or
mixed effect model was selected according to the size of
heterogeneity. With high heterogeneity, sensitivity analysis or
subgroup analysis was used to detect the source of heterogeneity;
if the source of heterogeneity cannot be found, a descriptive
analysis was conducted.

RESULTS

Results of the Search
A flowchart describing the selection of eligible trials is
presented in Figurel. A total of 137 articles from 9

databases were retrieved: Web of Science (n = 15) databases,
PubMed/MEDLINE (n = 12), Cochrane (n = 7), Embase (n
= 36), CNKI (n = 11), Wan fang Data (n = 30), Cqvip (n
= 19), Sino Med (n = 4), Clinicaltrials.gov (n = 3). We also
included 1 latest research reports through citation searching to
ensure that the retrieved literature includes all the studies in the
published meta-analysis (26). Finally, 5 studies were included
within our meta-analysis.

Characteristics of the Studies

The characteristics of the included studies are listed in Table 1.
Diagnosis criteria were performed mainly through the Diagnostic
and Statistical Manual of Mental Disorders-4 (DSM-4) (60.0%) or
Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-
5) (40.0%) criteria. The 5 studies comprised 3 RCTs and 2 CCTs,
sample sizes ranged from 36 to 180. A total of 325 subjects
were included in the systematic review and meta-analysis, 319
of whom were analyzed for safety, including 265 males and 54
females. However, in Dawson’s study (27), two pilot participants
and 2 participants were found to be ineligible [bipolar disorder
(n = 1), the primary caregiver does not speak English (n =
1)] after randomization, thus were excluded from the efficacy
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TABLE 1 | Summary of clinical studies of stem cells therapy for autism spectrum disorders.

Study Country Design Sample size Age,y Diagnostic Therapy Control Follow up  Main outcome  Adverse reaction
criteria measures
(aggregate/ (male/ Intervention Administration  Sample Control Sample
analyzed) female) size intervention size

Sharifzadeh Iran RCT 36/32 27/5 5-15 DSM-5 BMMSC, Intrathecally 14 Rehabilitation 18 6and 12M  CARS, GARS-Il,  In general,

etal. (22) first,0.5-1 x 108 injection. therapy and Cal injection-related
cells per risperidone side effects of 12
2.0mL.s,0.3-0.5 months were not
x 108per observed in any of
2.0mL. the patients.

Liu (23) China CCT 42/42 35/7 3-12 DSM-4 Liu 2010 a: Intravenous 14 Rehabilitation 14 4W,4M CARS, CGl There were 12
MNCs, cells infusion once, therapy cases of low fever, 4
per serving was lumbar puncture cases of headache,
2 x 10%/kg. subcobweb space 3 cases of lumbago,

injection 3 times. 4 cases of fatigue,

and 2 cases of
nausea and
vomiting, without
serious adverse
reactions.

Liu 2010 Intravenous 14

b:MNCs and infusion once,

MSCs. Cells lumbar puncture

per serving was subcobweb space

2 x 10%/kg. injection 3 times.

Dawson etal. USA RCT 180/176 143/37 2-7 DSM-5 CB, the number Peripheral 119 The placebo 61 24W VABS-3, PDDBI, 3 in the placebo

(24) of therapeutic  intravenous (TC199 + 1% CGI-S, CGI-l, and arm, 1 in the
cells>2.5 x infusion. DMSO) and EOWPVT-4 autologous CB
107 cells/kg. behavioral cohort,and 2 in the

intervention allogenic CB cohort.
None of these
events was related
to the study
product.

Lvetal (19) China CCT 37/36 35/1 3-12 DSM-4 Lv 2013a: Once intravenous 9 Rehabilitation 13 4W, 8W, 16W, CARS,ABC,CGI  No significant safety
CBMNC and and three times therapy 24W issues related to the
UCMSCs,cells intrathecal treatment and no
per serving was infusions. observed severe
2 x 10%/kg. adverse effects.

(Continued)
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Adverse reaction
No adverse events

Main outcome
measures

EOWPVT-

Follow up
12W, 24W,
37W, 49W

Control
Control Sample
intervention size
Infusion of 0.9% 29
saline placebo

Sample
size
29

Therapy
Once intravenous 14

infusion and three

per serving was times intrathecal

2 x 10%/kg.

Administration

injections.
Peripheral

Intervention
AUCB, at least

Lv 2013b:
CBMNC cells

Diagnostic
criteria
DSM-4

Age,y
2-6

25/4

Sample size
(aggregate/ (male/female)

analyzed)

Design
30/29

RCT

Country

TABLE 1 | Continued
Chez et al. (25) USA

Study

required treatment.
There were no

4,ROWPVT-
4,Stanford
Binet,CGlI

intravenous
infusion.

10 x 108/kg,

50ml.

observed allergic

reactions or serious
adverse events

associated with the
administration of

AUCB.

RCT, randomized controlled trial; CCT, controlled clinical trail; DSM, Diagnostic and Statistical Manual of Mental Disorders; BMMSC, bone marrow mesenchymal stem cell; MINCs, mononuclear cells; MSCs, mesenchymal stem cells;

CB, cord blood; UCMSCs, umbilical cord mesenchymal stem cells; AUCB,autologous umbilical cord blood; DMSO, Dimethy! sulfoxide; CARS, childhood autism rating scale; CGl, Clinical Global Impression; VABS, Vineland Adaptive

VT, receptive one word picture vocabulary test; M, month; W, week.

5

C, Autism Behavior Checklist; ROWP!

d

Behavior Scales; PDDBI, The PDD Behavior Inventory; EOWPVT, Expressive One-Word Picture Vocabulary Test; AB:

analysis. Collectively, only 315 subjects were included in the
efficacy analysis.

Methodological Quality

The Figures 2, 3 showed the assessment results of bias risk
and methodological suitability of the included studies. Studie by
Dawson et al was considered high quality and low risk of bias.
Lv et al. ’s study was high risk in the field of random sequence
generation and have “Some concerns” in multiple domains that
substantially lowers confidence in the result. The other three
studies should be considered “Some concerns” according to
Cochrane’s book in their one or two domains.

Meta-Analysis

Five eligible articles were meta-analyzed using a random effects
model, with CARS (Figure 4) and CGI (Figure 5) as primary
and secondary indicators to evaluate the effectiveness of stem
cell therapy for autism, and adverse reactions as safety indicator
(Figure 6).

As can be seen from the forest diagram in Figure 4,
heterogeneity test p = 0.14; 1> = 42%, indicating moderate
heterogeneity. Data showed that the CARS score of the stem
cell group was significantly lower than the control group
[WMD: —5.96; 95% CI (—8.87, —3.06); p < 0.0001] (Figure 4).
A higher score of CARS refers to severe disease. Overall,
our results showed that the stem cell group had better
efficacy in ASD treatment than the control group. In addition,
sensitivity analysis was conducted to eliminate outliers in
another intervention group (Lv 2013b) of Lv et als study and
the results were found to be stable (WMD: —7.08; 95%CI
[—9.46, —4.70]; p < 0.0001; heterogeneity test p = 0.53; I?
=0%).

We found that the forest plot of CARS had moderate
heterogeneity. According to the results of the methodological
quality assessment, we concluded that the research quality
of Lv et al’s study was low. Afterward, we conducted a
subgroup analysis based on the methodological quality, and
found that the combined results of CARS in the high-quality
group were stable [WMD: —6.37; 95%CI (—9.11, —3.63); p
< 0.00001, heterogeneity test p = 0.55; I> = 0] (Figure 7).
The results of Lv et al. ’s study showed high heterogeneity
and instability in the low-quality group [WMD:—4.83; 95% CI
(—13.78, 4.12); p = 0.29; heterogeneity test p = 0.02; I* =
82%)] (Figure 7). Therefore, Lv et al.’s study might be the source
of heterogeneity. The results in Figure 5 show no significant
difference in CGI. Consolidated effect size RR = 1.01, 95%CI
[0.87, 1.18], Z = 0.14 (p = 0.89), the effective rate for CGI
was 62 and 60% in the stem cell group and the control group,
respectively. Heterogeneity test I> = 0%, p = 0.72, indicating
no heterogeneity.

The forest plot in Figure 6 reflects the occurrence events of
adverse reactions in each group [RR = 1.55; 95%CI = (0.60, 3.98);
p = 0.36; Figure 6], there was no significant difference in the
incidence of adverse reactions between the stem cell group and
the control group, with heterogeneity test p = 0.28; 12 = 22%.
Based on the forest map, we have visual outliers. The sensitivity
analysis found that the study of Dawson et al was an outlier
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and the cause of heterogeneity. Whereas, after Dawson et al’s
study was excluded, the results were more stable [RR = 4.70;
95%CI = (0.90, 24.63); p = 0.07; Heterogeneity test p = 0.95; 12
= 0%].

DISCUSSION

Stem cells are defined as tissue units of biological systems
which is responsible for the regeneration and development
of organs and tissues. Stem cells are capable of self-renew
and differentiate into multiple cell line ages, therefore,
these cells can also be units that evolve through natural
selection (28, 29). Hematopoietic stem cells were primarily
discovered and used for the treatment of blood-system
failure induced by nuclear radiation (30). In recent years, the
clinical results show that stem cells have shown promising
effects in a variety of chronic and difficult diseases, such as
spinal cord injury (31-34), graft-vs. -host disease (GVHD)
(35, 36), diabetes and complications (37-39), stroke
(40, 41), etc. As expected, more and more researchers are
attempting to determine the efficacy of stem cell therapy
for ASD.

Martinez (26) published the first systematic review and
meta-analysis of stem cell therapy for autism in September
2021, but they included uncontrolled studies in the analysis to
compensate for the insufficient number of studies. Especially in
the studies within the control group, they only extracted data
from the intervention group, which might reduce the clinical
guiding significance of the conclusion that stem cell therapy
significantly improves scales in patients with ASD. Our study
demonstrates that stem cell therapy for children with autism
appears to be safe and effective. CARS - the primary outcome
measurement confirmed the efficacy, whereas, the secondary
outcome measurement—CGI, showed no difference between
stem cells and control treatment. Furthermore, Bieleninik, L
(42) found total costs of ASD including health services costs
and societal costs, were estimated to be around 2834 EUR
in 2 months by analysis with 5 European countries and 4

non-European countries. However, the median total charges
and costs for stem-cell transplant hospitalization were $270,198
and $92,717 from 2002 to 2015 (43). Given the persistence

Chez 2018

Dawson 2020

= . w0 | Allocation concealment (selection hias)

Liu 2010

“ . . . Blinding of participants and personnel {performance hias)

-

Lv 2013

® ® ® | ® | ® |selectve reporting (reporting bias)

® ® ® @ |® | ncomplete outcome data (attrition bias)
~ | ® ® @ | @ | otherhias

. w . . . Blinding of outcome assessment {detection hias)

® O ® | @ @ | Random sequence generation (selection bias)

®
-~

Sharifzadeh 2020

FIGURE 3 | Risk of bias and applicability concerns.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of cutcome assessment (detection bias)
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Other bias

"
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)
h
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|:| Unclear risk of hias

Bl Hich risk of bias

FIGURE 2 | Risk of bias and applicability concerns.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV. Random, 95% Cl
Liu 2010a 35 6.83 14 42 41 7 21.3% -7.00[11.69,-2.31] —
Liu 2010b 341 726 14 42 41 7 204% -790[12.77,-3.03] R
Lv 2013a 28 618 9 37.23 342 7 208% -9.23[-14.00, -4.46] TS
Lv2013b 3714 1015 14 37.23 342 7 161%  -0.09 [-5.98, 5.80] .
Sharifzadeh 2020 30.75 5 14 3506 8.45 18 21.2%  -4.31[-9.01,0.39] .
Total (95% CI) 65 46 100.0% -5.96 [-8.87, -3.06] -
Heterogeneity: Tau®= 4.58; Chi*= .88, df= 4 (P=0.14); F=42% ¥ 5 i 5
Testfaroverall effect 2 =-4.03:(F = 0.0001) Favours [experimental] Favours [control]
FIGURE 4 | CARS forest plot included in the study.
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
Chez 2018 18 29 16 29 129% 1.13[0.73,1.74] =
Dawson 2020 66 119 29 57 26.7% 1.08[0.81,1.47] T
Liu 2010a 13 14 ] 7 216% 1.08 [0.77,1.52] I
Liu 2010b 10 14 ] ¢ 121% 0.83[0.53, 1.31] T =L @
Lv 2013a 8 ] ] 7 16.8% 1.04[0.71,1.52] —
Lv 2013b g 14 ] 7 10.0% 0.75([0.46,1.23] =
ota 0% ¥ .87,1.
Total (95% CI) 199 114 100.0% 1.01 [0.87,1.18] >
Total events 124 69
Heterogeneity: Tau®= 0.00; Chi*= 2.87, df= 5 (P=0.72); F= 0% n=2 0*5 i 2 5
Testfor overall effect Z=0.14 (P = 0.89) Favours [experimental] Favours [control]
FIGURE 5 | CGl forest plot included in the study.
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Rand?m. 95% ClI
Chez 2018 3 15 0 15 9.4% 7.00[0.39, 124.83] i
Dawson 2020 70 119 36 61 71.6% 1.00[0.77,1.29]
Lv 2013a 2 ] 0 7T 94% 4.00([0.22, 72.01]
Lv 2013b 3 14 0 7 9.7% 3.73[0.22, 63.66]
ota 0% i .60, 3.
Total (95% CI) 157 90 100.0% 1.55 [0.60, 3.98] -
Total events 78 36
it 1R - . 12— il A R - : : { :
Testfor veral efect 2091 e 038) 0005 o LD
T - Favours [experimental] Favours [control]
FIGURE 6 | Forest plot of adverse events.

of autism, the hospitalization cost also increased dramatically.
Therefore, it is extremely important to make the expensive stem
cell therapy to gain greatly therapeutic effect. Currently, stem
cell treatments for autism is mostly considered a new mean of
clinical trials and have just been conducted in only a few places.
It is urgent to form the standardized treatment methods and
improve the curative effect before that they are popularized in
clinical practice.

We can glimpse from the included studies where future autism
stem cell therapy needs to be standardized. Firstly, we noted
that the doses of cell injections in the included studies were

varied. In Sharifzadeh’s study (22), subjects received a total of
0.5-1 x 10® cells in the first injection and 0.3-0.5 x 10% cells in
the second injection. In other studies (19, 24, 25, 44), subjects
received injections ranging from 2 x 10%/kg to 2.5 x 107/kg
cells at a time. Different doses of cell injection may account
for the inconsistent efficacy. Owing to these limited studies, we
could not analyze the influence of dosage on the efficacy and
safety of stem cell injections. Secondly, there are two ways of
cell injection: intravenous injection and intrathecal injection.
Intravenous infusion of cells may limit the homing effect, cells
could be trapped in organs such as lungs, heart, liver or kidney
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Heterogeneity: Tau®= 4.58; Chi*=6.88, df=4 (P=0.14); F= 42%
Test for overall effect: Z=4.03 (P < 0.0001)
Test for subaroup differences: ChiF=010.df=1 (P=0.75). F=0%

FIGURE 7 | CARS Forest plot of subgroup analysis.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 higher quality
Liu 2010a 35 B.83 14 42 41 7 21.3% -7.00[11.69,-2.31] . o
Liu 2010b 341 7.26 14 42 41 7 204% -FO0[12.77,-3.03] = T
Sharifzadeh 2020 30.75 5 14 3506 B8.45 18 21.2%  -4.31 [-9.01, 0.39] |
Subtotal (95% CI) 42 32 63.0% -6.37[-9.11,-3.63] L 2
Heterogeneity: Tau®= 0.00; Chi*=1.19, df=2 (P =0.558), F=0%
Test for overall effect: Z=4.55 (P = 0.00001}
1.5.2 low quality
Lv 2013a 28 618 9 3723 342 7 209% -9.23[14.00,-4.46] o
Lv 2013b ar14 1015 14 37.23 342 7 161%  -0.09[-5.498, 5.80] i
Subtotal (95% CI) 23 14 37.0% -4.83[-13.78,4.12] -
Heterogeneity: Tau®= 34.30; Chi*= 5549 df=1 {P=002), F=82%
Test for overall effect: 2= 1.06 (P = 0.29)
Total (95% CI) 65 46 100.0% -5.96 [-8.87,-3.06] L 2

20 10 0 10 20
Experimental Control

and get blocked by the blood-brain barrier, which might reduce
the therapeutic effect on ASD (45, 46). Furthermore, only two
studies were followed up for 12 months, such a short period
is not conducive to observing progress in the improvement
of core symptoms of autism. Previous studies have suggested
improvements observed after 12-month and 18-month follow-
up, particularly in the Clinical Global Impression Scale (17, 27,
46). The CGI rating scale has been widely used in psychiatry to
evaluate the degree of symptom and therapeutic efficacy, and the
Improvement (CGI-I) scale is used to assess the extent a patient
has improved or worsened following an intervention, but they
are non-ASD specific (47), which might explain why there was no
significant difference in the CGI scores between the two groups.
Additionally, ASD is a complex neuropsychiatric disorder with
substantial phenotypic and genetic heterogeneity (48), reducing
the impact of heterogeneity on treatment and evaluation studies
is quite important. Moreover, there are multiple sources of stem
cells, and the therapeutic effects of stem cells from different
sources may vary. Lv (19) and Liu (44) suggest that compared
with the control group, the effect of cord blood mononuclear
cells (CBMNC) transplantation was significant, however, the
combination of CBMNC and umbilical cord mesenchymal stem
cells (UCMSCs) had a greater therapeutic effect than CBMNC
alone. The small sample size of included studies is also a
problem that cannot be ignored. As mentioned above, there
are many studies in the field of stem cell therapy for autism
that have directly or indirectly demonstrated its effectiveness.
However, they did not meet the criteria for inclusion in our
analysis and were not meta-analyzed, but their results were
equally important.

Overall, the major limitations of the included studies
were small sample size, non-specific outcome measures,
treatment regimens were not uniform, and lacking
adequate follow-up.

CONCLUSIONS

In conclusion, the use of stem cells to treat children with
autism may be effective and safe, but we believe that the current
evidence is in-sufficient, the conclusions are based on studies
that do not have a uniform treatment protocol. Besides, due to
the high cost of stem cell therapy and the lack of widespread
clinical application, guardians of children with autism need
to be discreetly about enrolling in clinical trials of stem cell
treatments for autism. It is urgent to establish a standardized
treatment protocol through a large number of trials, such as the
most suitable stem cell type, administration method and dose
need to be screened; the post-treatment evaluation of stem cell
therapy need to be improved. These may lead to the discovery
of stem cell therapy for autism and its pathogenesis, thus further
improving the therapeutic effect. We expect stem cell therapy to
be used in the clinical treatment of autism and have significant
therapeutic effects, but it is still a lot of work to be done before
this can happen.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

JQ: conceptualization, writing-reviewing and editing, data
extraction, and assessing the risk of bias. ZL: conceptualization,
writing-reviewing and editing, data extraction, and assessing
the risk of bias. JY: writing-original draft, study selection,
research retrieval, and statistical analysis. MZ: study selection,
research retrieval, and statistical analysis. LL: study selection,

Frontiers in Pediatrics | www.frontiersin.org 8

May 2022 | Volume 10 | Article 897398


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Qu et al.

Stem Cell Therapy in ASD

and data extraction. ZZ: writing-reviewing and data extraction.
ZH: assessing the quality of studies. LZ: article revision and
grammar revision. YL: writing-original draft and statistical
analysis. All authors contributed to the article and approved the
submitted version.

FUNDING

The authors are grateful for the financial support received from
the Foundation of Jiangxi Educational Committee (GJJ180791).
The Science and Technology Project of Jiangxi Provincial Health
Commission (20191079). The Open Project of Key Laboratory of
Prevention and treatment of cardiovascular and cerebrovascular
diseases, Ministry of Education (XN201913). The Foundation
of Technology Innovation Team of Gannan Medical University

REFERENCES

1. Hyman SL, Levy SE, Myers SM, Council on children with disabilities
SOD, behavioral P. Identification, evaluation, and management of
children with autism spectrum disorder. Pediatrics. (2020) 145:
€20193447. doi: 10.1542/9781610024716-part01-ch002

2. Miyoshi G, Ueta Y, Natsubori A, Hiraga K, Osaki H, Yagasaki Y, et al. FoxG1
regulates the formation of cortical GABAergic circuit during an early postnatal
critical period resulting in autism spectrum disorder-like phenotypes. Nat
Commun. (2021) 12:3773. doi: 10.1038/s41467-021-23987-z

3. Wang E Lu L, Wang SB, Zhang L, Ng CH, Ungvari GS, et al. The prevalence
of autism spectrum disorders in China: a comprehensive meta-analysis. Int J
Biol Sci. (2018) 14:717-25. doi: 10.7150/ijbs.24063

4. Qiu S, Lu Y, Li Y, Shi J, Cui H, Gu Y, et al. Prevalence of autism spectrum
disorder in Asia: a systematic review and meta-analysis. Psychiatry Res. (2020)
284:112679. doi: 10.1016/j.psychres.2019.112679

5. Gill PS, Clothier JL, Veerapandiyan A, Dweep H, Porter-Gill PA, Schaefer
GB. Molecular dysregulation in autism spectrum disorder. J Pers Med. (2021)
11:848. doi: 10.3390/jpm11090848

6. Meltzer A, Van de Water J. The role of the immune
in autism spectrum disorder. Neuropsychopharmacology.
42:284-98. doi: 10.1038/npp.2016.158

7. Lenroot RK, Yeung PK. Heterogeneity within autism spectrum disorders:
what have we learned from neuroimaging studies? Front Hum Neurosci.
(2013) 7:733. doi: 10.3389/fnhum.2013.00733

8. Doi H, Tsumura N, Kanai C, Masui K, Mitsuhashi R, Nagasawa T.
Automatic classification of adult males with and without autism spectrum
disorder by non-contact measurement of autonomic nervous system
activation. Front Psychiatry. (2021) 12:625978. doi: 10.3389/fpsyt.2021.6
25978

9. Ti D, Hao H, Tong C, Liu J, Dong L, Zheng J, et al. LPS-preconditioned
mesenchymal stromal cells modify macrophage polarization for resolution
of chronic inflammation via exosome-shuttled let-7b. J Transl Med. (2015)
13:308. doi: 10.1186/s12967-015-0642-6

system
(2017)

10. Yagi H, Soto-Gutierrez A, Parekkadan B, Kitagawa Y, Tompkins
RG, Kobayashi N, et al. Mesenchymal stem cells: mechanisms
of immunomodulation and homing. Cell  Transplant. (2010)

19:667-79. doi: 10.3727/096368910X508762

11. Srour EE Jetmore A, Wolber FM, Plett PA, Abonour R, Yoder MC, et al.
Homing, cell cycle kinetics and fate of transplanted hematopoietic stem cells.
Leukemia. (2001) 15:1681-4. doi: 10.1038/sj.leu.2402256

12. Chamberlain G, Fox ], Ashton B, Middleton ]. Concise review: mesenchymal
stem cells: their phenotype, differentiation capacity, immunological features,
and potential for homing. Stem Cells (Dayton, Ohio). (2007) 25:2739-
49. doi: 10.1634/stemcells.2007-0197

13. Mushahary D, Spittler A, Kasper C, Weber V, Charwat V. Isolation,
cultivation, and characterization of human mesenchymal stem cells.
Cytometry A. (2018) 93:19-31. doi: 10.1002/cyto.a.23242

(TD201806). Key Project Foundation of Gannan Medical
University (ZD201831). First Affiliated Hospital of Gannan
Medical University, Doctor Start-up Fund (QD076), and Jiangxi
Provincial Natural Science Foundation (20212BAB206075).

ACKNOWLEDGMENTS

We thank the two colleagues who put forward advices for this
study, Junming Chen and Dongmiao Han.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2022.897398/full#supplementary-material

14. Huang C, Geng ], Jiang S. MicroRNAs in regulation of osteogenic
differentiation of mesenchymal stem cells. Cell Tissue Res. (2017) 368:229-
38. doi: 10.1007/s00441-016-2462-2

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

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

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

18. Bradstreet JJ, Sych N, Antonucci N, Klunnik M, Ivankova O, Matyashchuk
I, et al. Efficacy of fetal stem cell transplantation in autism spectrum
disorders: an open-labeled pilot study. Cell Transplant. (2014) 23 Suppl
1:5105-12. doi: 10.3727/096368914X684916

19. Lv. YT, Zhang Y, Liu M, Qiuwaxi JN, Ashwood P, Cho SC, et al
Transplantation of human cord blood mononuclear cells and umbilical
cord-derived mesenchymal stem cells in autism. J Transl Med. (2013)
11:196. doi: 10.1186/1479-5876-11-196

20. Riordan NH, Hincapié ML, Morales I, Ferndndez G, Allen N, Leu C, et al.
Allogeneic human umbilical cord mesenchymal stem cells for the treatment
of autism spectrum disorder in children: safety profile and effect on cytokine
levels. Stem Cells Transl Med. (2019) 8:1008-16. doi: 10.1002/sctm.19-
0010

21. Cumpston M, Li T, Page MJ, Chandler ], Welch VA, Higgins JP, et al. Updated
guidance for trusted systematic reviews: a new edition of the cochrane
handbook for systematic reviews of interventions. Cochrane Database Syst
Rev. (2019) 10:Ed000142. doi: 10.1002/14651858. ED000142

22. Sharifzadeh N, Ghasemi A, Tavakol Afshari J, Moharari E Soltanifar A, Talaei
A, etal. Intrathecal autologous bone marrow stem cell therapy in children with
autism: a randomized controlled trial. Asia-pacific psychiatry. (2020).

23. Liu M, Lv Y, Xun Y, et al. Safety and efficacy of cord blood
mononuclear cells and umbilical cord mesenchymal stem cells therapy
for childhood autism. J Clin Rehabil Tissue Eng Res. (2011) 15:4359-62.
doi: 10.3969/j.issn.1673-8225.2011.23.041

24. Dawson G, Sun JM, Baker J, Carpenter K, Compton S, Deaver M, et al. A phase
1I randomized clinical trial of the safety and efficacy of intravenous umbilical
cord blood infusion for treatment of children with autism spectrum disorder.
J Pediatr. (2020) 222:164-73.¢5. doi: 10.1016/j.jpeds.2020.03.011

25. Chez M, Lepage C, Parise C, Dang-Chu A, Hankins A, Carroll M.
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. (2018) 7:333-
41. doi: 10.1002/sctm.17-0042

Frontiers in Pediatrics | www.frontiersin.org

May 2022 | Volume 10 | Article 897398


https://www.frontiersin.org/articles/10.3389/fped.2022.897398/full#supplementary-material
https://doi.org/10.1542/9781610024716-part01-ch002
https://doi.org/10.1038/s41467-021-23987-z
https://doi.org/10.7150/ijbs.24063
https://doi.org/10.1016/j.psychres.2019.112679
https://doi.org/10.3390/jpm11090848
https://doi.org/10.1038/npp.2016.158
https://doi.org/10.3389/fnhum.2013.00733
https://doi.org/10.3389/fpsyt.2021.625978
https://doi.org/10.1186/s12967-015-0642-6
https://doi.org/10.3727/096368910X508762
https://doi.org/10.1038/sj.leu.2402256
https://doi.org/10.1634/stemcells.2007-0197
https://doi.org/10.1002/cyto.a.23242
https://doi.org/10.1007/s00441-016-2462-2
https://doi.org/10.1111/appy.12445
https://doi.org/10.1002/sctm.20-0102
https://doi.org/10.1155/2013/623875
https://doi.org/10.3727/096368914X684916
https://doi.org/10.1186/1479-5876-11-196
https://doi.org/10.1002/sctm.19-0010
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.3969/j.issn.1673-8225.2011.23.041
https://doi.org/10.1016/j.jpeds.2020.03.011
https://doi.org/10.1002/sctm.17-0042
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Qu et al.

Stem Cell Therapy in ASD

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Villarreal-Martinez L, Gonzalez-Martinez G, Séenz-Flores M, Bautista-
Gomez AJ, Gonzéilez-Martinez A, Ortiz-Castillo M, et al. Stem cell
therapy in the treatment of patients with autism spectrum disorder: a
systematic review and meta-analysis. Stem Cell Rev Rep. (2022) 18:155-
64. doi: 10.1007/s12015-021-10257-0

Dawson G, Sun JM, Davlantis KS, Murias M, Franz L, Troy ], et al. Autologous
cord blood infusions are safe and feasible in young children with autism
spectrum disorder: results of a single-center phase I open-label trial. Stem Cells
Transl Med. (2017) 6:1332-9. doi: 10.1002/sctm.16-0474

Bacakova L, Zarubova J, Travnickova M, Musilkova ], Pajorova J, Slepicka
P, et al. Stem cells: their source, potency and use in regenerative therapies
with focus on adipose-derived stem cells - a review. Biotechnol Adv. (2018)
36:1111-26. doi: 10.1016/j.biotechadv.2018.03.011

Weissman IL. Stem cells are units of natural selection for tissue formation, for
germline development, and in cancer development. Proc Natl Acad Sci U S A.
(2015) 112:8922-8. doi: 10.1073/pnas.1505464112

Clarke MF. Clinical and therapeutic implications of cancer stem cells. N Engl
J Med. (2019) 380:2237-45. doi: 10.1056/NEJMra1804280

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

Levi AD, Okonkwo DO, Park P, Jenkins AL. 3rd, Kurpad SN, Parr AM,
et al. Emerging safety of intramedullary transplantation of human neural stem
cells in chronic cervical and thoracic spinal cord injury. Neurosurgery. (2018)
82:562-75. doi: 10.1093/neuros/nyx250

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

Curtis E, Martin JR, Gabel B, Sidhu N, Rzesiewicz TK, Mandeville
R, et al. A first-in-human, phase I study of neural stem cell
transplantation for chronic spinal cord injury. Cell Stem Cell. (2018)
22:941-50.¢6. doi: 10.1016/j.stem.2018.05.014

Le Blanc K, Frassoni F Ball L, Locatelli F, Roelofs H, Lewis I, et al.
Mesenchymal stem cells for treatment of steroid-resistant, severe, acute
graft-versus-host disease: a phase II study. Lancet (London, England). (2008)
371:1579-86. doi: 10.1016/50140-6736(08)60690-X

Bloor AJC, Patel A, Griffin JE, Gilleece MH, Radia R, Yeung DT, et al.
Production, safety and efficacy of iPSC-derived mesenchymal stromal
cells in acute steroid-resistant graft versus host disease: a phase I,
multicenter, open-label, dose-escalation study. Nat Med. (2020) 26:1720-
5. doi: 10.1038/s41591-020-1050-x

Moon KC, Suh HS, Kim KB, Han SK, Young KW, Lee JW, et al. Potential
of allogeneic adipose-derived stem cell-hydrogel complex for treating diabetic
foot ulcers. Diabetes. (2019) 68:837-46. doi: 10.2337/db18-0699

Carlsson PO, Schwarcz E, Korsgren O, Le Blanc K. Preserved f-cell function
in type 1 diabetes by mesenchymal stromal cells. Diabetes. (2015) 64:587-
92. doi: 10.2337/db14-0656

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

40.

41.

42,

43.

44,

45.

46.

47.

48.

Hess DC, Wechsler LR, Clark WM, Savitz SI, Ford GA, Chiu D, et al. Safety
and efficacy of multipotent adult progenitor cells in acute ischaemic stroke
(MASTERS): a randomised, double-blind, placebo-controlled, phase 2 trial.
The Lancet Neurology. (2017) 16:360-8. doi: 10.1016/S1474-4422(17)30046-7
Muir KW, Bulters D, Willmot M, Sprigg N, Dixit A, Ward N, et al.
Intracerebral implantation of human neural stem cells and motor recovery
after stroke: multicentre prospective single-arm study (PISCES-2). J
Neurol Neurosurg Psychiatry. (2020) 91:396-401. doi: 10.1136/jnnp-2019-3
22515

Bieleninik £, Gold C. Estimating components and costs of standard care
for children with autism spectrum disorder in Europe from a large
international sample. Brain Sci. 2021 11:340. doi: 10.3390/brainscil103
0340

Godara A, Siddiqui NS, Munigala S, Dhawan R, Kansagra AJ, Rapoport
AP, et al. Length of stay and hospital costs for patients undergoing
allogeneic stem-cell transplantation. JCO oncology practice. (2021) 17:¢355-
€68. doi: 10.1200/0P.20.00170

Min L, Liangwei S, Yongtao L, Ying H, Rucun G, Yulin C, et al. Stem
cells for treatment of autism: safety and efficacy. J Clin Rehabilitative Tissue
Engineering Res. (2010) 14:5967-70.

Peng X, Song J, Li B, Zhu C, Wang X. Umbilical cord blood stem cell therapy
in premature brain injury: opportunities and challenges. ] Neurosci Res. (2020)
98:815-25. doi: 10.1002/jnr.24548

Nguyen LT, Nguyen PH, Hoang DM, A. phase II randomized clinical trial
of the safety and efficacy of intravenous umbilical cord blood infusion
for treatment of children with autism spectrum disorder. J Pediatr. (2021)
230:271-2. doi: 10.1016/j.jpeds.2020.11.063

Brugha TS, Doos L, Tempier A, Einfeld S, Howlin P. Outcome measures in
intervention trials for adults with autism spectrum disorders; a systematic
review of assessments of core autism features and associated emotional
and behavioural problems. Int J Methods Psychiatr Res. (2015) 24:99-
115. doi: 10.1002/mpr.1466

Guan J, Lin Y, Ji G. Cell type-specific gene network-based analysis depicts
the heterogeneity of autism spectrum disorder. Front Cell Neurosci. (2020)
14:59. doi: 10.3389/fncel.2020.00059

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Qu, Liu, Li, Zou, He, Zhou, Luo, Zhang and Ye. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pediatrics | www.frontiersin.org

10

May 2022 | Volume 10 | Article 897398


https://doi.org/10.1007/s12015-021-10257-0
https://doi.org/10.1002/sctm.16-0474
https://doi.org/10.1016/j.biotechadv.2018.03.011
https://doi.org/10.1073/pnas.1505464112
https://doi.org/10.1056/NEJMra1804280
https://doi.org/10.1155/2015/630932
https://doi.org/10.1093/neuros/nyx250
https://doi.org/10.1089/neu.2018.5843
https://doi.org/10.1016/j.stem.2018.05.014
https://doi.org/10.1016/S0140-6736(08)60690-X
https://doi.org/10.1038/s41591-020-1050-x
https://doi.org/10.2337/db18-0699
https://doi.org/10.2337/db14-0656
https://doi.org/10.3389/fimmu.2020.00993
https://doi.org/10.1016/S1474-4422(17)30046-7
https://doi.org/10.1136/jnnp-2019-322515
https://doi.org/10.3390/brainsci11030340
https://doi.org/10.1200/OP.20.00170
https://doi.org/10.1002/jnr.24548
https://doi.org/10.1016/j.jpeds.2020.11.063
https://doi.org/10.1002/mpr.1466
https://doi.org/10.3389/fncel.2020.00059
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Efficacy and Safety of Stem Cell Therapy in Children With Autism Spectrum Disorders: A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Population
	Intervention
	Comparisons
	Outcomes
	Study Types
	Data Sources
	Study Selection
	Data Extraction and Quality and Validity Assessment
	Data Analysis

	Results
	Results of the Search
	Characteristics of the Studies
	Methodological Quality
	Meta-Analysis

	DISCUSSION
	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


