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Abstract: Background: Cerebral palsy (CP) is a permanent neurodevelopmental disorder with con-
siderable global disability. Various rehabilitation strategies are currently available. However, none
represents a convincing curative result. Cellular therapy recently holds much promise as an alterna-
tive strategy to repair neurologic defects.

Method: In this narrative review, a comprehensive search of the MEDLINE and ClinicalTrials.gov
was made, using the terms: “cell therapy” and “cerebral palsy”, including published and registered
clinical studies, respectively.

Results: The early effects of these studies demonstrated that using cell therapy in CP patients is
safe and improves the deficits for a variable duration. Despite such hopeful early bird results, the
long-term outcomes are not conclusive.

Conclusions: Due to the heterogeneous nature of CP, personal factors seem essential to consider.
Cell dosage, routes of administration, and repeated dosing are pivotal to establish optimal personal-
ized treatments. Future clinical trials should consider employing other cell types, specific cell modi-
fications before administration, and cell-free platforms.

Keywords: Cerebral palsy, cell therapy, clinical trial, cell-based therapy, stem cells, regenerative medicine.

1. INTRODUCTION
Cerebral palsy (CP) is among the leading causes of disa-

bility in early childhood, and the overall prevalence of CP is
approximately 2:1000 (2.5) live births [1]. CP is a group of
constant  disorders  disturbing  the  healthy  development  of
movements and posture, interfering with the child's normal
activities [2]. The motor deficits in CP patients are usually
accompanied  by  disturbances  in  normal  cognition  and  be-
havior [2]. The development of CP has various risk factors.
Among them, premature birth is one of the leading causes,
and the other possible risk factors include congenital malfor-
mations,  multiple  gestations,  perinatal  stroke,  and  fetal
growth restriction [1]. Recent findings have implicated that
genetic factors, including copy number variants and genetic
mutations, play a role development of CP. Although prevent-
ing the modifiable risk factors is the foremost approach in
avoiding diseases, some risk factors of CP are unmodifiable,
and  planning for  appropriate  treatments  is  inevitable. As
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demonstrated in CP's definition, the neurologic deficits are
permanent.  Hence  most  available  management  strategies
focus on rehabilitation and improving the quality of life. Nu-
merous treatment strategies are available for CP patients, in-
cluding physical  therapies,  functional  exercises,  medicinal
therapies, and recently cell-based therapy [3]. Cellular thera-
py represents an emerging hope in managing neurologic dis-
orders, including CP, and is still evolving rapidly. The pre-
sent study reviewed the clinical trials evaluating the effec-
tiveness and outcomes of cell therapies in CP patients.

2. CELL THERAPY IN THE MANAGEMENT OF CP
Cellular therapy represents a promising potential for the

treatment  of  various  human  disorders  [4-6].  The  initial
paradigm for considering stem cells as a potential therapeu-
tic option was differentiation and self-renewal capacity [6].
More recent paradigms have attributed adult stem cells' ther-
apeutic impact to their “stromalness”, indicating that mes-
enchymal stem/stromal cells (MSCs) mainly exert their cura-
tive benefit by secreting paracrine factors [7]. MSCs secrete
various  components,  known  as  the  secretome,  which  pro-
motes  regenerative  processes.  These  components  include
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growth  factors,  cytokines,  chemokines  and,  extracellular
vesicles  [8,  9].

MSCs can  be  isolated  from various  tissues  throughout
the human body. Bone Marrow Mesenchymal Stem/Stromal
Cells (BM-MSCs), Adipose Tissue Mesenchymal Stem/Stro-
mal  Cells  (AT-MSCs),  and  Umbilical  Cord  Mesenchymal
Stem/Stromal Cells (UC-MSCs) are among familiar sources
of stem cells used in clinical trials. Human bone marrow (B-
M) contains a heterogeneous population of cells,  and both
hematopoietic and non-hematopoietic stem cells are a small
group of  these  cells  [10].  Although the  extraction  of  stem
cells from BM requires an invasive procedure, it is still one
of the main primary sources of stem cells with low immuno-
genicity in humans [10]. The therapeutic capacity of BM-M-
SCs has been reported in various neurologic diseases, includ-
ing amyotrophic lateral sclerosis, spinal cord injury, and CP
[11]. Bansal et al. and Purandare et al.'s studies are the two
clinical trials with long-term follow-up results indicating the
beneficial effect of BM-MSCs in CP patients [12, 13]. In the
same  vein,  Koh  et  al.  showed  that  mobilized  peripheral
blood mononuclear cells (mPBMCs) have the potential as a
source of MSCs for the treatment of neurological disorders
[14]. These cells can produce neurotrophic factors, including
vascular  endothelial  growth  factor  (VEGF),  brain-derived
neurotrophic factor (BDNF), and erythropoietin [15]. Rah et
al. demonstrated that using mPBMCs for CP patients could
be beneficial. However, this beneficial effect has a similar
impact when considering granulocyte-colony stimulating fac-
tor (G-CSF) administration alone. G-CSF can induce stem
cell mobilization in cell transplantation. G-CSF has been suc-
cessfully used in CP patients to mobilize bone marrow stem
cells to circulation [16]. Administration of G-CSF and stem
cell  factors  has  advantageous  effects  in  reducing  infarct
brain tissue and angiogenesis [17]. Using G-CSF alongside
stem cells can increase the therapeutic effect of cell therapy
in CP patients [18]. Similar to G-CSF, which can be utilized
as  an  adjuvant  for  cellular  therapy,  enhancement  of  UCB
treatment with erythropoietin has been addressed in the liter-
ature  [19].  UCMSCs are  another  source  of  stem cells  that
are used for treating CP patients. Cord blood (CB) contains
many cells, including mononuclear and stem cells [20]. He-
matopoietic and multipotent stem cells in CB made it a po-
tent candidate for cell therapies and regenerative medicine.
These cells  can differentiate into other cell  types and pro-
duce various neurotrophic factors  [20].  Even the mononu-
clear cells from CB is thought to produce more neurotrophic
factors  including  BDNF  in  contrast  to  peripheral  blood
mononuclear  cells  [21].  Regardless  of  UCMSCs,  neural
stem cell-like (NSC-like) cells are other stem cells types that
is used in treatment of CP patients. Chen et al. reported that
autologous NSC-like cells derived from MSCs could differ-
entiate into glial and neuronal cells [22]. The superiority of
any specific method of cell therapy for CP is not significant-
ly addressed in the literature.  Liu et  al.  studied the differ-
ence between using BM-MSCs and BM-MNCs in treating
CP patients and demonstrated that both of these cells pro-
vide significant improvement [23]. In long-term follow-ups,
the  efficacy  of  BM-MNCs  were  similar  to  rehabilitation

group while the BM-MSCs group continued showing signifi-
cant improvement. This study clearly demonstrated that us-
ing BM-MSCs are superior to BM-MNCs in terms of provid-
ing long-lasting effects [24].

3. PHYSIOLOGIC EFFECTS OF STEM CELLS IN CP
The main actions of different types of stem cells can be

summarized in three main categories, namely cell differentia-
tion,  paracrine  effect,  and  regulation  of  the  immune  re-
sponse [24]. Cerebral white matter injury is a common cen-
tral  nervous  system pathology  in  CP patients,  which  indi-
cates the loss of oligodendrocytes, leading to disruption of
nerve  conduction  [25].  The  administration  of  BM-MNCs
can perform repair  and remyelination  processes  in  CP pa-
tients as these cells can differentiate into oligodendrocytes
and astroglial cells [26]. The main challenging question in
evaluating stem cells' effect on neurologic diseases, especial-
ly  those  involving  the  central  nervous  system,  is  whether
stem cells pass through the blood-brain barrier or perform
their activities outside the central nervous system. The blood-
-brain barrier (BBB) is a disputable issue when considering
the intravenous route for cell delivery, targeting the central
nervous system. The permeability and integrity of BBB can
be affected in different ways, including the use of chemo-ra-
diotherapy or some drugs [20]. It is now demonstrated that
stem cells can overcome this issue in their way. Inflamma-
tion-induced damage to the blood-brain barrier, which is pre-
sent in CP patients, increases the permeability of BBB, en-
abling  the  transmission  of  some  cells  through  the  barrier
[15].

Moreover, pro-inflammatory cytokines released by stem
cells may provide a similar inflammation-induced way for
easing access through the BBB. IL-8, IL-1α, and monocyte
chemotactic protein expressed by CB mononuclear cells are
pro-inflammatory and can affect the BBB as well as the mi-
gration of leukocytes [27]. Migrated cells entering the brain
from the disrupted BBB can regenerate brain tissue after dif-
ferentiation to microglia cells [14]. Regardless of the local-
ization of stem cells in the human body, it has been demons-
trated that mesenchymal stem cells (MSCs) express different
factors with specific paracrine effects (Fig. 1) [28]. BM-M-
SCs  produce  some  angiogenic  and  anti-apoptotic  factors
[28]. These cells secrete VEGF, monokine induced by IFN-γ
(MIG), and Monocyte Chemoattractant Protein-1 (MCP-1)
to their surrounding environment [28]. MSCs can generally
produce various components enhancing angiogenesis, neuro-
protection, remyelination, and neuroprotection [29]. More-
over, stem cells produce specific exosomes carrying various
molecules, including DNA, RNA, lipids, or proteins. Stem
cell-derived exosomes have been shown to significantly im-
prove the heart, kidney, and brain [30-32]. It has been de-
monstrated that secreted exosomes from MSCs may rescue
cognitive function after brain injury [33]. Animal studies re-
vealed  that  MSCs  derived  exosomes  can  improve  motor
function and cognition following postnatal inflammation in-
jury [34]. Therefore, some studies suggest administering exo-
somes and other extracellular vesicles instead of MSCs [30].
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Fig. (1). Demonstractes the possible effects of stem cell therapy in cerebral palsy (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).

Additionally, stem cells secrete immunomodulatory fac-
tors; hence, they may benefit CP patients [35]. It has been
shown that immune regulation in CP patients provides a ther-
apeutic outcome. Chernykh et al. used cell-based therapy us-
ing M2 macrophage in severe CP patients and reported a 5-
year  lasting improvement  in  cognition and motor  function
[36]. M2 macrophage has anti-inflammatory effects and in-
duces active tissue repair [36]. These cells are also able to in-
duce Th2 response, which is helpful in CNS repair and pro-
duces insulin growth factor-1 (IGF-1) and vascular endothe-
lial growth factor (VEGF) [36]. The role of immune system
modulation by stem cells in CP patients is briefly evaluated
in  Kang  et  al.  study  [19].  They  found  that  an  increase  in
IL-8 is correlated with improved motor function. IL-8 is an
angiogenic cytokine that promotes angiogenesis in the ner-
vous system [19]. According to their positron emission to-
mography (PET) scan, amelioration of brain inflammation
was evident, especially in the periventricular area after two
weeks of allogeneic UBC therapy [19]. They also demons-
trated  that  frontal  motor  cortices  show  increased  glucose
metabolism, absent in their control group [19].

Furthermore,  long-term functional  outcomes in CP pa-
tients receiving allogeneic UCB correlate with toll-like re-
ceptor-4 (TLR-4) and PTX levels. Early elevation of TLR-4
and  PTX in  the  first  12  days  is  associated  with  long-term
functional outcomes in the first six months. Both TLR-4 and
PTX3 are neuroprotective and anti-inflammatory mediators
[19].

4.  CELLULAR  THERAPY  OF  CP  IN  CLINICAL
TRIALS

Table  1  demonstrates  the  published  clinical  studies  on
cell therapy of CP patients, and Table 2 shows a summary of
clinical  trials  submitted  to  “ClinicalTrials.gov”  until  July
2020. Table 1 summarizes the results retrieved from clinical
trial  studies  in  MEDLINE  searched  using  the  terms  “cell
therapy” and “cerebral palsy,” which were published until Ju-
ly 2020 in English language.

Although overall results provided in this table are favor-
able regarding cell therapy in CP, some issues still need to
be explored. Among the 20 studies summarized in Table 1,
only seven used control groups [19, 22, 24, 37-40]. More-
over, the most extended follow-up period was 24 months re-
ported by three studies [12, 37, 38] and only one study fol-
lowed a patient for 28 months [18]. Eight studies used UCB
as the source of cell  therapy [18-20, 37, 38, 40-42],  while
the rest of the studies used BM-derived stem cells, and only
one study used neural stem cell-like cells [22]. Most of the
studies evaluated motor improvement as their primary goal
of cell therapy in CP patients and demonstrated that adminis-
tration of different kinds of cells regardless of their adminis-
tration route or dosage improve motor function [12, 13, 19,
22-24, 37, 38, 40-45].

Moreover, improvement in other domains, including be-
havioral  and  sensory  functions,  has  been  reported  in  two
studies and reported as the primary goals [13, 40]. Studies
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Table 1. Summary of studies using stem cells as a treatment for CP.

Author, year No. of
patients

Population main char-
acteristics Stem cell type Cell dosage Control group Maximum

follow-up Outcome

Thanh et al. [45] 25

2-15 years old
GMFCS: 2-5

Previous history of ic-
terus in the neonatal pe-

riod

BM-MNCs

1st session:
17.4 ± 11.9 × 10^6 MN

cells and
1.5 ± 1.4 × 10^6 CD34+
- 2nd session (6 months

later):
15.0 ± 12.8 × 10^6 MN

cells and
1.1 ± 1.1 × 10^6 CD34+

- 12 months
Improve muscle tone and
gross motor function oc-

curred.

Nguyen et al.
[44] 30 2-15 years old

GMFCS level 2-5
BM-MNC (Au-

tologous)

8 mL/kg or (80 mL+
(body weight in
kg-10) × 7 mL).

Maximum dose: 200 mL

- 6 months

Quality of life, as well as
gross motor movement and
muscle tone, improved af-

ter treatment.

Huang et al. [37] 54

3-12 years old
CP, according to “The

definition, diagnosis cri-
teria, and typing of chil-

dren cerebral palsy.”

hUCB-MSC
4 infusions of hUCB-M-
SCs (infusions at a fixed

dose of 5 × 107)
0.9% normal saline 24 months

Gross motor function mea-
surement and comprehen-
sive functional assessment
improved in contrast to the

control group

Dong et al. [41] 1

4-year-old boy
White matter degenera-
tion and softening on
MRI, abnormal EEG,
convulsion, somno-

lence, fatigue.

hUCB-MSC

1st session: 7.0×106/IT
and 5.6×106/IV - 2nd ses-
sion: 1.625×107/IT and
3.6×106/IV - 3rd session:

2.05×107/IT

- -
Improvement in motor
function, language and

EMG findings

Sun et al. [38] 63

1-6 years old
CP with GMFCS level
2-4 or GMFCS level 1
with hemiplegia if they
used affected hand as an

assist only

hUCB (autolo-
gous)

A single dose of
1-5×107 nucleated cell-
s/kg autologous cord

blood repeating one year
later

placebo
(TC-99 + 1%

dimethyl sulfoxide)
24 months

Stem cell infusion im-
proved brain connectivity

and motor function.

Nguyen et al.
[23] 40

2-15 years old
CP of any type related
to oxygen deprivation
GMFCS level 1-2 and

those who had epilepsy
were excluded

BM-MNC and
BM-MSC (au-

tologous)

1st session: 7.2 × 10^6
MNC/kg and 2.6 × 10^6
CD34+/kg - 2nd session:
17.1 × 10^6 MNC/kg

and 1.7 × 10^6
CD34+/kg

- 6 months
Improvement in motor

function and muscle rigidi-
ty decreased.

Rah et al. [39] 57

2-10 years old
All types of CP accord-
ing to their clinical pre-

sentation

mPBMCs

mPBMCs TNC 5.97 ±
1.99 × 108/kg, and TNC
CD34+ of 3.07 ± 2.1 ×

106/kg

Placebo 12 months

Neurodevelopmental im-
provement was seen either
only with GCSF infusion

alone.

Liu et al. [24] 105

6 to 150 months old di-
agnosed with Spastic

CP
GMFCS level 2-5

BM-MNC or
BM-MSC

Four transplantations of
1 × 10^6 cells /kg

neurodevelopmental
treatment 12 months

Both BM-MNC and BM-
MSC groups showed gross
and fine motor improve-

ment after 3 months.

Bansal et al. [12] 10 moderate-to-severe cere-
bral palsy

BM-MNC (Au-
tologous)

4.5 × 10^8 mononuclear
cells - 24 months

Motor deficit and commu-
nication improved from 6
months to the end of the

study.

Wang et al. [42] 16
Identical twins aging be-

tween 3-12 years
Spastic CP

UCB-MSC (Al-
logeneic)

1.0-1.5 × 10^7 cells re-
peated 4 times with 5-7

days interval
- 6 months Motor function significant-

ly improved.

Sharma et al.
[52] 1 12 years old

GMFCS level 3
BM-MNCs

(Autologous)
33×10^6 MNCs, diluted

in cerebrospinal fluid - 12 months Improvement in daily activ-
ity and quality of life

(Table  ) Contd….
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Author, year No. of
patients

Population main char-
acteristics Stem cell type Cell dosage Control group Maximum

follow-up Outcome

Kang et al. [19] 36
6 months - 20 years old
CP patients without ge-

netic syndromes.

UCB (Allo-
geneic)

>2×10^7 total nucleated
cells/kg and < 6×10^7
cell/kg for those older

than 4

Placebo material 6 months
Motor function and sys-

temic immune function im-
proved.

Zali et al. [43] 12 4-12 years old
BM-derived

CD133+ (Au-
tologous)

CD133+ varied from 45
x 10^5 to 176 x 10^5 - 6 months

Stem cell therapy was safe
and showed improved mo-
tor improvement in some

patients.

Mancias-Guerra
et al. [53] 18 1 month to 8 years old

BM-derived to-
tal nucleated
cell (Autolo-

gous)

13.12 × 10^8 TNCs in-
cluding 10.02 × 10^6
CD34+ cells (IT) and

6.01 × 10^8 TNCs, with
3.39 × 10^6 cells being

CD34+ (IV)

- 6 months
Developmental age in-

creased without severe side
effects.

Wang et al. [54] 46

6-15 years old
CP with abnormal birth

history and MRI and
mental or motor devel-

opment retardation
GMFCS: 1-5

BM-MSCs 2 x 10^7 cells and re-
peat in five days interval - 18 months

The development of pa-
tients significantly im-

proved.

Min et al. [40] 105

10 months - 10 years
old

CP according to clinical
history and physical

exam

UCB (allogene-
ic)

3 × 10^7 /kg total nu-
cleated cells rehabilitation 6 months Cognitive and motor im-

provement were observed.

Purandare et al.
[13] 1 6 years old BM-MNCs

(Autologous)
5 infusions with differ-

ent cell counts - 24 months Motor, sensory, and cogni-
tive improvement

Chen et al. [22] 30

1-32 years of age
Non-progressive neuro-
logical disease from in-
fancy or early childhood
and developmental retar-

dation

NSC-like 1-2 × 10^7 repeated in 3
weeks

rehabilitation treat-
ment 6 months

Motor function improved
after 3 months, but the lan-

guage quotient did not.

Lee et al. [20] 20

2-10 years of age
CP caused by hypoxi-

c-ischemic encephalopa-
thy, meningitis, cerebral
artery infarction, polymi-
crogyria, and 9 with un-

known causes

UCB-MNC
(Autologous)

5.5 ± 3.8 (0.6~15.65) ×
10^7/kg TNC - 6 months

A quarter of patients
showed partial neurodevel-

opmental improvement.

Papadopoulos et
al. [18] 2 GMFCS level 3 UCB (Autolo-

gous)

TNC of 662.4 x 10^6
and 508 × 10^6 in 1st

and 2nd patients
- 28 months

Gross Motor Function im-
provement without side ef-

fects
Intravenous (IV); Intra-thecal (IT); Electromyography (EMG); Electroencephalography (EEG); Magnetic resonance imaging (MRI); Human umbilical cord blood mesenchymal stem
cell (hUCB-MSC); Gross Motor Classification System (GMFCS); Bone Marrow Mononuclear Cells (BM-MNCs); Bone Marrow Mononuclear stem Cells (BM-MNC); Subarach-
noid cavity (SAC); neural stem cell-like (NSC-like); Umbilical cord blood (UCB); Trans femoral cerebral angiography (TCA).

discussed in Tables 1 and 2 used different cell counts, vari-
able doses, and the number of cells administration attempts.
Kang et al. reported that dosing is a critical issue consider-
ing cell therapy in CP patients. They showed that higher dos-
es of allogeneic UCB result in better motor outcomes [19].
Similarly, Sun et al. demonstrated that adequate dosing is ne-
cessary to achieve encouraging results when considering um-
bilical cord blood as a treatment opportunity for young chil-
dren  [38].  They  reported  that  the  administration  of  more
than  2x10^7  cell/kg  from  umbilical  cord  blood  improves
whole-brain  connectivity,  as  well  as  motor  function,  in  a

one-year follow-up [38]. This study revealed the importance
of  other  developmental  therapies  on  improving  patients'
symptoms as they showed that even patients in the control
group had improved motor function [38]. Overall, as demon-
strated  in  Table  1,  the  various  concentration  of  different
cells have been used in clinical trials.  Determining a stan-
dard gold dosage for cell therapy in CP patients is impossi-
ble based on the available results. The administration route,
which was different in the studied trials, can directly affect
the  effective  dosage.  The  superiority  of  separate  routes  is
evaluated in some studies. For example, it was shown that
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Table 2. Summary of the clinical trials on cerebral palsy patients (completed or recruiting status).

Trial Identifier Year of submis-
sion / last update Status No. of pa-

tients

Age of pa-
tients

(years)
Intervention Primary outcome

NCT03005249 2016/2018 Recruiting 20 1-12 Neural stem cells therapy Changes in motor performance

NCT01072370 2010/2018 Recruiting 40 1-12 2 arms: 1st, red-cell depleted, mononuclear cell-en-
riched cord blood; 2nd, placebo

Safety and adverse events

NCT04098029 2019/2019 Recruiting 90 1-12

3 arms: 1st, High HLA group Cord Blood Mononu-
clear Cells; 2nd, Low HLA matched Cord Blood

Mononuclear Cells; 3rd, drugs, special psychology
training, etc.

Adverse events, Gross Motor
Function, cognitive outcomes

and quality of life

NCT01929434 2013/2017 Completed 300 1-14 3 arms: 1st, Rehabilitation; 2nd, no intervention; 3rd,
umbilical cord-derived stem cells

Gross motor function measure-
ment

NCT03979898 2019/2019 Completed 1 - Autologous Adipose Tissue-Derived Mesenchymal
Stem Cell Cognitive improvement

NCT01763255 2013/2014 Completed 8 4-12 2 arms: 1st, Bone marrow-derived CD133 cells; 2nd,
no intervention

Motor and sensory function as
well as negative events

Human leukocyte antigen (HLA); Granulocyte-colony stimulating factor (G-CSF).

intra-atrial transplantation might not be superior to the intra-
venous route [19]. It seems that choosing the best route af-
fects the success rate of cell therapy and post-procedure com-
plications. Severe adverse effects, including pneumonia and
influenza  following  allogeneic  use  of  stem  cells  derived
from umbilical cord blood, are also reported in the literature,
and still, allogeneic cell therapy should not be considered a
completely safe procedure [40].

While most of the studies demonstrated that cell therapy
from any route might not have severe complications and has
beneficial  effects,  choosing  the  best  route  may  depend  on
the expertness of the cell therapy team and their previous ex-
perience with CP patients. The last issue that is addressed in
clinical  trials  is  using  autologous  or  allogeneic  cells.  In
some  patients,  the  administration  of  autologous  cells  may
not be possible. While allogeneic cell transplantation is con-
sidered an option, choosing the best-matched HLA subjects
will increase success. Fully matched or 1-HLA mismatched
patients demonstrated more promising outcomes than those
with 2-mismatched HLAs [19].

CONCLUSION AND FUTURE DIRECTIONS
The  present  study  summarized  the  available  clinical

trials addressing the outcomes of cell therapy in CP patients.
According  to  the  completed  trials  summarized  in  Table  1
and  the  primary  outcomes  of  the  ongoing  trials,  different
types of cell therapy in CP patients is safe in the short-term
follow-up, and most of the patients experience improvement
in motor symptoms and development. However, it is unclear
how long the therapy effect would last, and the need for cont-
inuous  treatment  is  still  unclear.  The  success  rate  of  stem
cell therapy depends on many factors related to the individu-
al's body or transplantation conditions. Wang et al. demons-
trated that response to cell therapy is related to the genetic
background of each patient, and twin patients are most like-
ly to have a similar reaction to the same treatment [42]. CP
patients  with  higher  brain  structural  connectedness  and
white matter health are more likely to benefit from cell thera-

py [46]. However, the enrolment criteria of most of the clini-
cal trials mentioned in the present study only rely on the clin-
ical  definition  of  CP  in  their inclusion  criteria  rather  than
considering brain functional imaging. It seems that categoriz-
ing the CP patients into different groups according to their
brain findings according to any available imaging or functio-
nal techniques may provide more transparent results. This is-
sue  should  also  be  addressed  when  performing  follow-up
studies on patients. As demonstrated in some clinical trials,
improvement in brain function can be adequately evaluated
by PET scan. The administration of stem cells promoted the
frontal lobe's function, resulting in cognitive and fine motor
improvement [13]. Although administering various types of
stem cells is safe in most patients, the time and cost can be
saved by performing such categorizations. When performing
such techniques are not available, classification according to
other clinical findings also seems helpful. According to the
present review, most of the studies employed the Gross Mo-
tor  Function  Classification  System  (GMFCS)  to  evaluate
their intervention efficacy in CP patients. This approach pro-
vided uniformity across most studies; however, GMFCS is
not likely to have enough specificity.

Some adverse outcomes could not be considered a com-
plete failure for cell therapy, as neurological deficits may be-
come  harder  to  improve  as  the  patient  ages.  The  patient's
age  could directly  correlate  with  the  improvement  of  CP
symptoms.  One  possible  example  has  been  discussed  by
Chen  et  al.  study  as  they  demonstrated that  language  im-
provement might not be achieved in all of their population.
While most language development occurs in the first year of
life,  all  patients  missed  this  golden  time  [22].  Despite  the
beneficial effects of cellular therapies in the mentioned in-
vestigations, the overall efficacy of cell-based therapy in CP
patients is not conclusive. As cell therapy's safety and benefi-
cial effect in CP patients is becoming more evident, focus-
ing on those who did not respond well should be outlined in
further studies. Performing this approach could narrow clini-
cal indications for using particular cells in specific CP pa-
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tients or, more importantly, drawing possible contraindica-
tions.

Extracellular  vesicles  secreted  by  MSCs  (MSCs-EVs)
have shown neuroprotective effects in some neurological dis-
orders, including Alzheimer's disease [47, 48], cerebral is-
chemia  [49],  and  spinal  cord  injury  [50]  at  the  preclinical
setting.  Due  to  EVs'  circulatory  stability  and  the  proven
paracrine impact of MSCs, it could be suggested that MSC-
s-EVs should be further investigated as a cell-free therapeu-
tic approach for treating CP. As stated before, stem cells ex-
ert their beneficial impact, at least in part, through releasing
neurotrophic factors, e.g., BDNF [15]. Genetically modified
MSCs,  releasing  neurotrophic  factors,  are  an  encouraging
platform  for  neurotrophic  factor  delivery.  However,  there
are numerous challenges in utilizing genetically manipulated
MSCs  [51].  It  has  commonly  been  assumed  that  cell-free
platforms  for  gene  manipulation  could  have  fewer  safety
concerns. Thus, the need for further investigations regarding
EVs  secreted  from  genetically  modified  MSCs  is  empha-
sized.

In conclusion, despite preclinical and clinical progress,
stem cell therapy for CP remains incomplete and needs opti-
mization. Appropriate cell type, source, derivation methods,
correct timing, delivery route, patient demographic, and safe-
ty profile must be optimized before clinical trials. Moreover,
the present study focused on clinical trials using stem cells.
Future studies may focus on studying other cells, including
the progenitor cells or even the stem cell-derived extracellu-
lar vesicles, as a novel therapeutic approach for treating CP
patients.
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