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transplantation

iPSC Induced pluripotent stem cell

MSC Mesenchymal stromal cell

NSC Neural stem cell

Across disciplines, there is great anticipation that evolving cell therapies may finally provide

a therapeutic option for conditions in dire need. These conditions are typically complex and

their pathophysiology incompletely understood, hindering the development of robust preclin-

ical models and the precise assessment of therapeutic effects in human studies. This article

provides an overview of the status of cell therapy investigations in two common neurodevel-

opmental disorders, cerebral palsy and autism spectrum disorder. Challenges facing this line

of study, including inherent heterogeneity, knowledge gaps, and unrealistic expectations, are

discussed. Much progress has been made in the past decade, but to definitively determine if

cell therapies have a role in the treatment of neurodevelopmental disorders, both fields will

need to evolve together.

Cell therapy – the use of human cells to replace or repair
damaged tissue or cells – is not new. The most widely
practiced form, bone marrow transplantation, in which
bone marrow cells from a donor are used to replace the
hematopoietic system of the recipient, has been practiced
since the 1950s. Over several decades, that technique, now
referred to as hematopoietic stem cell transplantation
(HSCT), has evolved considerably by expanding and refin-
ing donor cell sources to include mobilized peripheral
blood and umbilical cord blood, enhancing accessibility
and donor cell engraftment, and improving conditioning
regimens and supportive care. What began as a therapy
indicated only for leukemia has since found utility in
immunodeficiencies, hemoglobinopathies, and certain
inherited metabolic diseases, and the field continues to
advance by utilizing the same cell sources to harness the
power of the immune system as yet another strategy to
combat disease. Is cell therapy a cure-all for these condi-
tions? No. Though much improved, HSCT carries a risk
of transplant-related morbidity and mortality, and as such
is typically reserved to treat the toughest cases, those in
which no other options exist. Some patients are cured of
their disease, others relapse despite transplant. Some expe-
rience life-long side effects. Most patients who undergo
transplant for metabolic diseases, such as Krabbe disease,

metachromatic leukodystrophy, and X-linked
adrenoleukodystrophy, are left with residual neurological
deficits. Nonetheless, it is an effective – and the only poten-
tially effective – therapy for many, and it is constantly
improving to maximize the benefit to those in need.

Cells as a potential therapeutic modality for neurological
conditions was first attempted in humans in the 1990s. Ini-
tial investigations focused on using donor cells as a
replacement for damaged or failing host cells, analogous to
bone marrow transplant, such as transplanting dopaminer-
gic cells into the brains of patients with Parkinson disease.
Work in this area is ongoing, with the focus shifting from
fetal and embryonic stem cells (ESCs) to cell sources that
are less controversial and more easily standardized. The
field has since evolved to also conceptualize cells as thera-
peutic tools that can modify the local cellular environment
and/or the function of existing host cells without engraft-
ment, as opposed to replacing host cells. Along those lines,
trials of cell therapy for adults with stroke began in the
2000s, followed by multiple sclerosis and amyotrophic lat-
eral sclerosis in the 2010s.

This paper reviews the status of cell therapy investiga-
tions in two of the most common pediatric neurodevelop-
mental disorders, cerebral palsy (CP) and autism spectrum
disorder (ASD), in which cell-based clinical trials began in
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2009. It is not a comprehensive review of all work done in
the field, but broadly covers the state of the science, ongo-
ing challenges, and status of potential therapeutics. At its
best, human neurodevelopment is an extremely intricate,
complex process orchestrated with precision over years,
starting from relatively few cells early in gestation and
evolving into elaborate interconnected networks through-
out childhood, adolescence, and even adulthood. Any kind
of disruption to the neuroenvironment or typical sequence
of events can create a litany of cascading, long-term effects.
The demand for effective treatments for these complicated
disorders is significant. Meeting it will require rigorous sci-
entific study, novel approaches, and persistence. Cell ther-
apy is a worthy attempt.

SOURCES OF CELLS AND POTENTIAL MECHANISMS
OF ACTION
To be effective in treating neurological conditions, cellu-
lar therapies must repair, replace, or prevent further
deterioration of damaged or defective neurological tis-
sues/cells. In most scenarios, particularly including CP
and ASD, generation of new donor-derived neurons or
other cells in the nervous system is considered unlikely,
and mechanistic approaches focus on stimulating tissue
repair and maintenance via paracrine effects. Numerous
different types of cells, each with unique properties and
proposed mechanisms of action, have been studied in
preclinical and/or clinical studies of neurodevelopmental
disorders. Because of their favorable safety profile, easy
accessibility, and noncontroversial methods of procure-
ment, umbilical cord blood and mesenchymal stromal
cells (MSCs) have been the most frequently studied cell
types in clinical trials.1

Umbilical cord blood
Cord blood is the infant’s blood left in the placenta after the
umbilical cord is cut and was historically discarded as medi-
cal waste. Cord blood can be collected non-invasively with-
out risk to the mother or infant donor, and as such is a
noncontroversial cell source. Donor screening is performed
via maternal health history and infectious disease testing on
a sample of the mother’s blood around the time of delivery,
allowing for the provision of a safe product. In over 30 years
of use in allogeneic HSCT, cord blood has not been shown
to cause any teratomas or solid tumors. In addition to
hemopoietic stem and progenitor cells, cord blood contains
a variety of other cell types including MSCs, endothelial
progenitor cells, regulatory T-cells, and monocyte-derived
cells, each of which may act via separate and/or complimen-
tary actions. Cord blood cells have been shown to exert para-
crine effects that promote cell survival, stimulate
proliferation and migration of neural stem cells (NSCs),
induce regeneration of damaged brain cells, reduce inflam-
mation, and promote angiogenesis.2 While the quantity and
proportion of cell types is variable between individual cord
blood units and could potentially impact therapeutic effi-
cacy, the optimal cell composition and donor source

(autologous vs allogeneic) of a cord blood unit for use in
neurodevelopmental conditions has not been defined.

Bone marrow
Bone marrow, another rich source of hematopoietic stem
cells and MSCs, is also commonly used as a source of cells
for HSCT. Compared to cord blood cells, adult bone mar-
row cells are more immunogenic, more likely to transmit
infections via latent viruses, and have shorter telomeres
and lesser proliferating potential.3 Bone marrow is har-
vested from the soft center of the long bones, requiring a
surgical procedure, but allowing for the use of autologous
cells in scenarios in which that may be indicated.

MSCs
MSCs are a heterogeneous group of undifferentiated, multi-
potent cells that can be isolated from several different tissues
including bone marrow, adipose tissue, and birth tissues (um-
bilical cord blood, umbilical cord tissue, amniotic fluid, pla-
centa). While MSCs can give rise to mesodermal tissue types
including bone, cartilage, and fat, their primary mechanism
of action is thought to result from paracrine effects including
immunomodulation, angiogenesis, prevention of apoptosis,
support of the growth and differentiation of local stem and
progenitor cells, antifibrosis, and chemoattraction.4 MSCs
have demonstrated immunomodulatory effects on both
humoral and cell-mediated immune responses including, but
not limited to, inhibiting B-, T-, NK-, dendritic-cell, and
microglial proliferation, decreasing pro-inflammatory cyto-
kine production, and blocking neutrophil recruitment. Differ-
ences in cell characterization and functional activity between
MSCs from different cell sources and manufacturing tech-
niques have been observed, and the implications of these
variations are the subject of ongoing investigations.

Despite their ability to modulate the immune response,
MSCs themselves have relatively low immunogenicity.
MSCs express low levels of major histocompatibility com-
plex class I molecules on their surface and lack expression
of major histocompatibility complex class II and several
costimulatory molecules. This allows MSCs to be used in
the allogeneic setting without the need for donor-recipient
human leukocyte antigen matching typical of other cellular
therapies or transplantation. Safety of MSCs has been
repeatedly demonstrated and was summarized in a 2012
systematic review and meta-analysis5 of 36 clinical trials in
14 countries and over 1000 recipients with cardiovascular,
neurological, oncologic, metabolic, gastrointestinal, and
post-transplant conditions. There was no association
between MSC treatment and acute infusional toxicity,

What this paper adds
• The safety profile of reported cell therapies in children with neurodevelop-

mental disorders is encouraging.

• Efficacy trials in cerebral palsy and autism spectrum disorder are ongoing in
the United States and Asia.

• Unresolved issues pertain to the properties of the cells being studied and
the characteristics of the neurodevelopmental conditions themselves.
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organ system complications, infection, death, or malig-
nancy with follow-up of up to 5 years. The only side effect
associated with MSC treatment was transient fever, which
did not cause any long-term sequelae.

ESCs
ESCs are pluripotent stem cells derived from the inner cell
mass of a pre-implantation blastocyst with unlimited prolif-
eration potential and the ability to differentiate into virtually
any cell type. As such, they are of interest in cell replacement
therapies and cell/tissue engineering strategies including in
neurodegenerative and neurodevelopmental conditions. ESCs
derive their differentiation characteristics from the recipient
environment, making it challenging to fully control their fate
after they are transplanted and raising concerns for onco-
genic potential. They are also immunogenic, making it
important to find suitable matched donors for clinical appli-
cation. Along with ethical issues regarding their procure-
ment, these issues have limited their use in human studies.6

NSCs and NSC-like cells
NSCs are multipotent cells that possess the ability to self-
renew but are more restricted in their differentiation
potential than ESCs, with the capacity to differentiate into
neurons and glial cells. Attractive properties of NSCs
include the potential to integrate into neural tissue, replace
damaged cells, reconstruct neuronal circuitry, aid in myeli-
nation, and/or release neurotrophic factors to promote
endogenous neurogenesis.7 NSCs are endogenously pro-
duced and primarily located in the subventricular zone of
the developing and adult brain. Given that their location is
not easily accessible for autologous harvesting, NSCs are
typically obtained from aborted fetuses, raising both practi-
cal and ethical issues. For this reason, NSC-like cells have
been generated from other cell types, including ESCs,
MSCs, and human induced pluripotent stem cells (iPSCs).
NSCs and NSC-like cells are being studied in stroke, mul-
tiple sclerosis, spinal cord injury, amyotrophic lateral scle-
rosis, Parkinson disease, and brain tumors.

iPSCs
iPSCs are produced from somatic cells by using gene or
protein engineering to reprogram already-differentiated cells
back to a pluripotent state. Since they are generated from
adult cells, iPSCs eliminate the ethical and practical con-
cerns surrounding embryonic and fetal cell sources and
allow for the use of an autologous product, eliminating con-
cerns of rejection of allogeneic cells. The major obstacle to
the clinical use of iPSCs is that obtaining a significant num-
ber of cells requires substantial genetic modifications,
increasing the potential for tumor formation, and teratomas
have been observed in animal models.8,9 However, iPSCs
from patient-specific samples are being used in modeling
human diseases, including neurodevelopmental conditions,
to study disease mechanisms and investigate potential thera-
peutics at the cellular level.10

CEREBRAL PALSY
CP, a non-progressive insult to the developing brain mani-
fested by physical impairment, has a multitude of causes.
Current therapies include non-pharmacological measures
such as physical, occupational, and speech therapies, ortho-
tics, optimal nutrition, constraint therapy, and use of adap-
tive devices; pharmacological interventions such as oral
pharmacological agents, botulinum neurotoxin A injec-
tions, and oral or intrathecal baclofen; and surgical options
including dorsal rhizotomy and various orthopedic proce-
dures focused on maximizing functional abilities and qual-
ity of life. Cell therapy as a potential treatment for CP is
aimed at addressing CP caused by an acquired brain injury,
as opposed to CP due to genetic conditions or congenital
brain malformations. The therapeutic rationale is that cells
may act through cell-signaling and paracrine mechanisms
to decrease inflammation, provide neuroprotection, stimu-
late angiogenesis and/or synaptogenesis, support endoge-
nous repair mechanisms, and promote the migration and
proliferation of existing NSCs to prevent and/or repair
injury and enhance neuroplasticity.

Numerous animal studies have demonstrated functional
and survival benefits of cell therapy in models of brain
injury. Most have been conducted in small animal models of
acute injury such as stroke, hypoxia, and intraventricular
hemorrhage, but a few larger animal models exist. A variety
of cell sources have been administered to animals through
various routes at different time points. Neuroprotection,
neovascularization, and neuronal regeneration have all been
demonstrated after cell administration in various mod-
els,11,12 leading to the initiation of human clinical trials.

At least 20 clinical trials of cell therapy in children with
CP or brain injuries at risk for developing CP (i.e. hypoxic
ischemic encephalopathy) have been reported, and more
are ongoing. Nine randomized studies have been pub-
lished, one conducted in the United States,13 three in
South Korea,14–16 and five in China (Table 1).17–21 There
is substantial variability in all aspects of these studies. Cell
sources were autologous or allogeneic and included umbili-
cal cord blood, umbilical cord tissue, bone marrow, mobi-
lized peripheral blood, or fetal neural progenitor cells.
Cells were given intravenously, intra-arterially, intrathe-
cally, or intraventricularly in a wide range of doses. Trea-
ted patients stretched in age from infancy to 35 years with
a variety of functional abilities. Specific outcome measures
and their timing also varied, though most included an
established measure of gross motor function, commonly
the Gross Motor Function Measure-66 or -88. A system-
atic review and meta-analysis of five of the studies detailing
study-specific characteristics was recently published, con-
cluding that there is significant gross motor improvement
of limited magnitude after treatment with cell therapy.22

Despite their differences, some trends can be observed
across the published clinical trials. Overall, the safety pro-
file of cell therapy treatments in children with CP is
encouraging. Delivering cells directly into the central
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nervous system is more invasive and causes reactions, typi-
cally consisting of transient fever, more frequently than
peripheral administration. Overall, however, there is a very
low incidence of short-term serious adverse events across
all cell types and routes. The highest incidence of serious
adverse events was observed in the 2013 Chinese study of
erythropoietin with or without intravenous allogeneic cord
blood.14 This is the only study that included systemic
immunosuppression (cyclosporine), and the observed
adverse events, which were distributed evenly among treat-
ment and placebo groups, were mostly infectious in nature.
Long-term adverse events have not been reported in pub-
lished series. While cord blood cells and MSCs are not
expected to engraft in the recipient, making the likelihood
of long-term side effects low, continued vigilance is war-
ranted. Most studies report greater motor improvement in
treated children than in placebo groups, though the differ-
ences are modest and variable. Associations have been
made between increasing brain connectivity via magnetic
resonance imaging and motor gains.23 A dose effect is also
reported in some preclinical and clinical studies, but differ-
ences in cell sources and outcome assessments make defin-
ing an optimal dose premature at this stage.

There are multiple issues that prevent drawing definitive
conclusions regarding the efficacy of cell therapy for CP,
but they coalesce around two central themes: variability
and knowledge deficits.24 Variations in the etiology, tim-
ing, and severity of acquired brain injuries contribute to a
very heterogeneous population of children with CP, and
each may impact the potential effectiveness of therapies.
To date, no biomarkers have been able to distill this inher-
ent variability or reliably predict the ultimate outcome of a
child with or at risk for CP, with or without cell therapy.
Additional work needs to be done in this area to allow for
the identification of children who are likely to benefit from
particular interventions, including cell-based ones.

What constitutes a meaningful improvement? As the
injury in CP is static, but a child’s developing brain most
certainly is not, children with CP make gains over time.
Some progress has been made in attempting to predict lon-
gitudinal motor change,25 but there is still substantial vari-
ability among children, making it difficult to know how
much improvement is attributable to any given treatment
beyond the natural history of the condition. Although CP
is defined as a motor disability, non-motor comorbidities
are common and can impact a child’s abilities as much, if
not more, than their motor challenges. While the scientific
community is increasingly recognizing the need to include
multiple domains in intervention assessments, how best to
do so is still a work in progress. In their Common Data
Elements for CP,26 the National Institute of Neurological
Disorders delineates 13 domains of outcomes and end-
points (cognitive and emotional status; executive function-
ing; functional outcomes; memory; motor function;
participation; quality of life; social emotional; spasticity/
movement; speech, language, and communication; trunk
control/balance; visual-spatial processing; family and envi-
ronment), and consideration should be given to including
recommended assessments from as many domains as rele-
vant and feasible in clinical trials of CP.

There are, of course, also several sources of variability
and knowledge gaps specific to cell therapies for CP. First
and foremost involves mechanistic understanding. Signifi-
cant progress has been made in preclinical models of vari-
ous types of brain injury, and the data overwhelmingly
demonstrate that cells operate through trophic and para-
crine mechanisms to modify neuroinflammation,27 provide
neuroprotection,28 and facilitate angiogenesis, synaptogen-
esis, and neurogenesis.29,30 Precise, molecular-level mecha-
nisms, not surprisingly, have yet to be fully elucidated.
The developing brain, its response to injury, and the mul-
titude of factors involved in its recovery is perhaps one of

Table 1: Published randomized clinical trials of cell therapies in cerebral palsy

Clinicaltrials.gov
registration
number Country n

Participant
age (y) Cell source(s) Route(s)

Severe
adverse
events

Primary motor
outcome
measures

Chen et al.17 N/A China 33 1–12 Human fetal olfactory
ensheathing cells

Intracranial
implantation

0 GMFM-66

Gu et al.21 ChiCTR1800016554
(Chinese Clinical
Trial Registry)

China 40 2–12 Allogeneic UC-MSC Intravenous 0 GMFM-88

Huang et al.20 NCT01988584 China 56 3–12 Allogeneic CB-MSC Intravenous 0 GMFM-88
Liu et al.19 NCT01193660 China 105 6mo–12 Autologous BM-MSC

or BM-MNC
Intrathecal 0 GMFM, FMFM

Luan et al.18 N/A China 91 <6mo–3 Human fetal NPC Intraventricular 1 GMFM-88
Kang et al.15 NCT01528436 South Korea 36 6mo–20 Allogeneic CB Intravenous/

intra-arterial
0 GMPM, GMFM

Min et al.14 NCT01193660 South Korea 105 10mo–10 Allogeneic CB Intravenous 9 GMPM, GMFM
Rah et al.16 NCT02983708 South Korea 57 2–10 Autologous PB-MNC Intravenous 0 DDST, GMFM-88
Sun et al.13 NCT01147653 US 63 1–6 Autologous CB Intravenous 0 GMFM-66

GMFM, Gross Motor Function Measure; UC-MSC, umbilical cord-derived mesenchymal stromal cells; CB-MSC, cord blood-derived mes-
enchymal stromal cells; BM-MSC, bone marrow-derived mesenchymal stromal cells; BM-MNC, bone marrow mononuclear cells; FMFM,
Fine Motor Function Measure; NPC, neural progenitor cells; CB, umbilical cord blood; GMPM, Gross Motor Performance Measure; PB-
MNC, peripheral blood mononuclear cells; DDST, Denver Development Screening Test.
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the most complex unsolved mysteries in modern medicine
– a true, comprehensive understanding of that process and
how cells can mitigate it will not be achieved quickly.
There is ample preclinical efficacy data and early phase
human safety data, however, to warrant further clinical tri-
als while mechanistic research continues. As discussed
above, consistency in the eligibility and outcome measures
is key to making clinical studies interpretable, useful, and
reproducible. With that, well-designed clinical trials can
answer questions regarding the efficacy of cell therapy,
including the variables of optimal cell type, dose, timing,
route of administration, and which patients are most likely
to benefit.

AUTISM SPECTRUM DISORDER
Unlike CP, in which a causative brain injury can often be
identified, the etiology and pathogenesis of ASD is still lar-
gely unknown. While it is generally accepted that environ-
mental, epigenetic, and inflammatory factors all contribute
to the development of ASD, their specific interactions and
the neurobiological mechanisms underlying the disorder
are not completely understood. Disruptions in synaptic
functioning, microglial activation, and proinflammatory
cytokines have all been implicated, and may all play a role
either simultaneously or differentially among individuals.
Many cytokines and molecules classically associated with
immune regulation are now also recognized as playing a
role in typical neurodevelopment. This dual functionality
may prove to be an important link in the association of
immune-related changes and atypical neurodevelopment in
ASD. Immune mediated mechanisms in ASD have been
suggested by associations with family history of autoim-
mune conditions,31 increased frequency of certain human
leukocyte antigen haplotypes in individuals with ASD,32,33

and abnormalities in the number, function, and gene regu-
lation of microglia in models of ASD.34,35 One common
hypothesis is that inflammation and/or immune activation
may act to modify expression of ASD risk genes or other-
wise disrupt the processes of typical neurodevelopment,
leading to the development of ASD.

As with other neurological conditions, the biological and
pathophysiological complexities of ASD make a cellular

approach to therapeutics appealing. Given the potential
role of ongoing immune dysregulation and/or inflamma-
tion in ASD and the known immunosuppressive and
immunomodulatory properties of MSCs, they are receiving
attention as a potential therapeutic cell source. In ASD, it
is hypothesized that MSCs may act through paracrine and
trophic mechanisms to favorably modulate ongoing inflam-
mation or immune pathology in the brain,36 suppress
microglial activation,37,38 protect neurons from further
damage, and/or allow restoration of functional neuronal
circuitry.39,40 Because of shortcomings in our current
understanding of ASD and ability to model it, basic science
data to support these proposed mechanisms of action is
limited.

Modeling ASD, a complex, heterogeneous condition that
affects human-specific constructs such as socialization and
communication, is incredibly difficult. Mouse models of
single gene disorders associated with ASD symptoms, such
as Fragile X, Rett, and tuberous sclerosis complex syn-
dromes, have been used to study ASD, but they represent
only a small portion of affected individuals and may not be
representative of the wider ASD population. Neuroimaging
is attractive as a potential biomarker, and human studies
suggest altered brain connectivity in individuals with ASD
including long-range underconnectivity,41 but other pat-
terns have also been reported and correlations to ASD
phenotypes and severity require additional study. Elec-
troencephalogram (EEG) changes, commonly including
decreased alpha power in the frontal areas, have been
observed but are not yet sensitive or specific enough to be
used for diagnostic purposes. While human brain tissue
samples may provide clues to the pathophysiology and cel-
lular roots of ASD, such samples are, for obvious reasons,
rare. To circumvent these issues, some investigators have
utilized iPSCs to generate neurons, oligodendrocytes, and
microglia from individuals with ASD to study their cellular
and molecular characteristics. Differences in neuronal mor-
phology, gene expression, and electrophysiology, for exam-
ple, have been demonstrated in iPSC-derived neurons from
children with ASD compared to their unaffected siblings.42

While this is an attractive technique, small sample sizes
along with differences in culture methods and the

Table 2: Published registered clinical trials of cell therapies in autism spectrum disorder

Clinicaltrials.gov
registration number Study design Country n

Participant
age (y) Cell source(s) Route(s)

Lv et al.49 NCT01343511 Nonrandomized China 37 3–12 Allogeneic CBMNC
+/-UC-MSCs

Intravenous
and intrathecal

Sharma et al.53 NCT01974973 Single arm, open label India 32 3–33 Autologous BM-MSC Intrathecal
Riordan et al.46 NCT02192749 Single arm, open label Panama 20 6–15 Allogeneic UC-MSCs Intravenous
Chez et al.44 NCT01638819 RCT US 29 2–6 Autologous CB Intravenous
Dawson et al.43 NCT02176317 Single arm, open label US 25 2–5 Autologous CB Intravenous
Dawson et al.45 NCT02847182 RCT US 180 2–7 Autologous or

allogeneic CB
Intravenous

Sun et al.47 NCT03099239 Single arm, open label US 12 4–9 Allogeneic UC-MSCs Intravenous

CBMNC, cord blood mononuclear cells; UC-MSC, umbilical cord derived mesenchymal stromal cells; BM-MSC, bone marrow-derived mes-
enchymal stromal cells; RCT, randomized controlled trial; CB, umbilical cord blood.
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underlying heterogeneity of the condition prevent general-
izable conclusions at this stage. Thus, though fraught with
similar issues of variability and lack of well-established
biomarkers, human trials are currently the most reliable
means to study therapeutic interventions in ASD.

As of May 2020, 15 studies of cell therapies in ASD
were registered on ClinicialTrials.gov in seven different
countries. All are phase 1 or 2 studies, mostly single-arm
and open-label, with cell sources including umbilical cord
blood (n=4),43–45 MSCs (n=3),46,47 and autologous bone
marrow (n=1)48 (one study utilized both cord blood and
MSCs).49 Results are available for seven trials (Table 2).43–
47,49,50 The single-arm studies demonstrate the relative
safety of administering cellular products to children with
ASD and generally report improvement on some measures
of ASD symptoms in at least a portion of the treated par-
ticipants. Without a control group for comparison, of
course, any gains cannot be attributed to the cells them-
selves. Two randomized controlled trials have been pub-
lished. In one study,49 children were treated with four
doses of either umbilical cord blood mononuclear cells
given both intravenously and intrathecally (n=14), umbilical
cord blood mononuclear cells plus intrathecal cord tissue
MSCs (n=9), or standard therapy (n=14). At 6 months
post-treatment, the combination group demonstrated
greater improvement in the Childhood Autism Rating
Scale than placebo or umbilical cord blood mononuclear
cells groups, and both treated groups improved more than
the placebo group on the Clinical Global Impression scale.
In another recently published study,45 180 children aged 2
to 7 years were randomized to treatment with umbilical
cord blood (autologous if available, allogeneic unrelated
donor if not) or placebo. While there was no difference in
improvement of social communication or ASD symptoms
between treatment and placebo groups as a whole, children
without intellectual disability who were treated with cord
blood demonstrated improved communication skills on the
Vineland Adaptive Behaviors Scale, increased sustained
attention in eye tracking assessments, and increased in
alpha and beta power on EEG. Limitations of the trial
included a high expectancy effect, exhibited by greater than
expected improvements in the placebo group, and difficulty
assessing cognitive function, particularly in younger partic-
ipants, resulting in accrual of a lower number of children
without intellectual disability than projected thereby com-
promising the planned study analysis. These highlight
some of the challenges inherent in conducting clinical tri-
als in children with ASD.

PUBLIC AND SCIENTIFIC ANGST
Along with increasing scientific interest in cell therapies
has come increasing public interest.51 Fueled by a combi-
nation of slick, sometimes predatory marketing campaigns,
sensationalized success stories, incomplete media coverage,
enthusiastic patient advocacy groups, and opportunistic
capitalism, cell therapy – often, and not always accurately,
termed ‘stem cell therapy’ – has been touted as a cure for

countless conditions. This has created a stem cell tourism
industry in which patients travel the globe, often paying
large sums of money and assuming ill-defined risks, to
receive unproven cell therapies. Based on public perception
of the efficacy and promise of cell therapies, many patients
or patients’ parents feel entitled to receive these products
regardless of the quality or quantity of supporting scientific
data. Contributing to public confusion, some unscrupulous
individuals financially profit and put the whole field at undue
risk by treating patients with unregulated and unproven cell
products. Internationally, regulatory and scientific communi-
ties are clear and unified in their guidelines and position
statements that unlicensed cell therapy products should only
be administered under the authorization of a regulatory
body, preferably in the form of a clinical trial.52 In the Uni-
ted States, this takes the form of an Investigational New
Drug application issued by the Federal Drug Administration.

In conditions for which there are no cures and innovative
therapies are desperately needed, time is often perceived as
the enemy. Particularly when those conditions affect chil-
dren, it is easy to become frustrated with the pace of scien-
tific progress. While we are by no means destined to
recapitulate history, it can provide valuable context and les-
sons. In 1970, after a decade of performing bone marrow
transplants, a review of 203 cases53 reported that more than
75% of treated patients died, and donor cell engraftment,
the indicator of a ‘successful’ transplant, occurred in less
than 40% of recipients. Nevertheless, dedicated investigators
persisted and, through iterative approaches, advanced the
field. Immense progress has been made in subsequent years,
and HSCT is now indicated in multiple scenarios, providing
a viable treatment option for many who once had none.
The most recently approved cell therapy, autologous chi-
meric antigen receptor T (CAR-T) cells, have dramatically
increased survival for certain patients with acute lym-
phoblastic leukemia and were finally licensed after 30 years
of development including multiple failures along the way.

Cell therapy for neurological conditions is in its infancy.
Initial human studies have not produced revolutionary
results, but that is not the norm in medical advances and
should not be expected instantly in such complex condi-
tions. Cell therapy may prove to be unsuccessful for certain
conditions or patients, and it will not be a cure-all for
every child with a neurodevelopmental disorder. But there
could very well be populations of children for whom cell
therapy can improve function and quality of life, opening
doors to opportunities that their disorders have closed.
Answering the yet unsolved questions will require rigorous
scientific studies, persistence, and a bit of patience.
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