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Abstract

BACKGROUND

Cerebral palsy (CP) describes a group of disorders affecting movement, balance,
and posture. Disturbances in motor functions constitute the main body of CP
symptoms. These symptoms surface in early childhood and patients are affected
for the rest of their lives. Currently, treatment involves various pharmacothe-
rapies for different types of CP, including antiepileptics for epilepsy and Botox A
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for focal spasticity. However, none of these methods can provide full symptom relief. This has prompted resear-
chers to look for new treatment modalities, one of which is mesenchymal stem cell therapy (MSCT). Despite being
a promising tool and offering a wide array of possibilities, mesenchymal stem cells (MSCs) still need to be invest-
igated for their efficacy and safety.

AIM
To analyze the efficacy and safety of MSCT in CP patients.

METHODS

Our sample consists of four CP patients who cannot stand or walk without external support. All of these cases
received allogeneic MSCT six times as 1 x 10°/ kg intrathecally, intravenously, and intramuscularly using umbilical
cord-derived MSCs (UC-MSC). We monitored and assessed the patients pre- and post-treatment using the Wee
Functional Independence Measure (WeeFIM), Gross Motor Function Classification System (GMFCS), and Manual
Ability Classification Scale (MACS) instruments. We utilized the Modified Ashworth Scale (MAS) to measure
spasticity.

RESULTS

We found significant improvements in MAS scores after the intervention on both sides. Two months: Right 2 =
4000, P = 0.046, left y*> = 4000, P = 0.046; four months: Right y* = 4000, P = 0.046, left y* = 4000, P = 0.046; 12 months:
Right ¥* = 4000, P = 0.046, left > = 4000, P = 0.046. However, there was no significant difference in motor functions
based on WeeFIM results (P > 0.05). GMFCS and MACS scores differed significantly at 12 months after the in-
tervention (P = 0.046, P = 0.046). Finally, there was no significant change in cognitive functions (P > 0.05).

CONCLUSION
In light of our findings, we believe that UC-MSC therapy has a positive effect on spasticity, and it partially
improves motor functions.

Key Words: Cerebral palsy; Mesenchymal stem cell; Transplantation; Wharton’s jelly; Muscle spasticity
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Core Tip: Cerebral palsy (CP) describes a group of non-progressive disorders affecting movement, balance, posture, and
motor function. Research suggests that stem cell therapy may be a new treatment option in CP. We monitored four CP
patients who underwent mesenchymal stem cell therapy (MSCT) for 12 months and analyzed treatment efficacy. MSCT
resulted in significantly improved Modified Ashworth Scale, Gross Motor Function Classification System, and Manual
Ability Classification System scores.
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INTRODUCTION

Cerebral palsy (CP) describes a group of disorders affecting movement, balance, posture, and motor functions. These
symptoms surface in early childhood and patients are affected for the rest of their lives[1,2]. While motor dysfunctions
constitute the main body of CP symptoms, patients often suffer from other pathologies such as epilepsy, musculoskeletal
diseases, and cognitive, perceptive, communicative, sensory, and behavioral disorders[3]. Research reports the incidence
rate of CP as 0.15%-0.25% in developed countries[4]. Given the complex etiology (perinatal stroke, gestational age, low
birth weight, birth complications, etc.) and symptom variations, CP comprises a wide spectrum[5,6]. This has led re-
searchers to try various treatment modalities[1,7]. Currently, treatment involves physical therapy and comprehensive re-
habilitation (neurodevelopmental and reflex locomotion treatment), as well as various pharmacotherapies for different
types of CP (baclofen, diazepam, efc. for generalized spasticity; Botox A for focal spasticity; antiepileptics for epilepsy)[1,
8]. However, known treatment methods can provide partial symptom relief at best, prompting a continuous search for
new treatment modalities[9].

Stem cell therapy (SCT) is a novel treatment option that has been researched in over 250 studies involving a wide
variety of disorders. Accordingly, SCT boasts significant potential and versatility and is promising for ameliorating CP
symptoms[10-12].

WJCC | https://www.wjgnet.com 1586 March 26,2024 | Volume12 | Issue9 |

Jaishideng®


https://www.wjgnet.com/2307-8960/full/v12/i9/1585.htm
https://dx.doi.org/10.12998/wjcc.v12.i9.1585

Boyali O et al. Stem cell treatment in cerebral palsy

The therapeutic efficacy of mesenchymal SCT (MSCT) is evaluated based on its anti-inflammatory effects, neuroregen-
eration, and neural protection. According to early studies, the mechanism of action of MSCT involves stem cells mi-
grating to the stroke area, differentiating into functional cells, and interacting with cells in the penumbra, providing
regeneration of the damaged area. Recent research has focused on other effects, including paracrine interactions, mi-
tochondrial transfer, and extracellular vesicle secretion[13]. The paracrine interactions occur through a variety of different
mechanisms associated with mesenchymal stem cells (MSCs), including their cytoprotective, provasculogenic, anti-
inflammatory, and metabolic effects[14].

One study focused on the neuroprotective activity of MSCs and reported a lower count of apoptotic neurons after
intravenous treatment in a stroke model created in female rats. The stem cells migrated to the injury site, increased the
expression of basic fibroblast growth factor (bFGF), and promoted endogenous proliferation, providing functional re-
covery and showcasing their anti-apoptotic activities[15]. Another study on rats using a stroke model reported reduced
infarct area and improved function after using human-derived MSCs. The authors observed higher expressions of nu-
merous neurotrophic factors in the experimental group of rats after MSC transplantation, even in rat-derived neuro-
trophic factors such as vascular endothelial growth factor (VEGF), epidermal growth factor, and bFGF[16].

Many researchers have reported the anti-inflammatory activity of MSCs through paracrine mechanisms. Huang et al
[17] found that interleukin (IL)-6 and VEGF had an important role in the anti-inflammatory activity of MSCs in vitro. The
anti-inflammatory activity of IL-6 occurs through its inhibitory effect on tumor necrosis factor o and IL-1[17]. The roles of
IL-6 in this mechanism have been supported by other studies. MSC implantation increases IL-6 production through
resident neuronal stem cells NFkB activation, independent of the PI3/ Akt pathway, thus reducing apoptosis and pro-
viding neuroprotection[18]. Jung et al[19] observed that IL-6 injection increased phosphorylated STAT-3 and Mn-SOD
levels and protected cells from oxidative stress[19].

Given this variety of mechanisms of action, MSCT offers a new treatment perspective not only in CP, but also in many
central nervous system disorders such as hypoxic ischemic encephalopathy, Alzheimer’s disease, stroke, Parkinson’s
disease, multiple sclerosis, and spinal cord injury[20,21].

Lee et al[22] examined a murine model of Alzheimer’s disease and found that human umbilical cord-derived MSCs
(UC-MSC) inhibited the release of pro-inflammatory cytokines from microglia and reduced apoptosis and amyloid pla-
ques, contributing to functional recovery[22]. Kim et al[23] conducted a phase I clinical trial with Alzheimer’s disease
patients where they administered MSCs by stereotactic brain infusion at two different doses in a single round (3 x 10°
cells/60 pL and 6 x 10° cells/ 60 pL). The authors encountered no serious side effects at either dose. However, their results
include limitations of not including a sham group and being an open label trial[23].

One study used the experimental autoimmune encephalitis (EAE) model, which is the most common model in animal
research on multiple sclerosis; the authors found that treatment reduced inflammatory infiltrates and demyelination[12].
Other clinical trials on EAE have also shown some clinical improvements and have deemed EAE as a safe and effective
model[24].

In 2012, Lalu et al[25] published a meta-analysis on the possible risks of MSCT and highlighted that no statistically
significant side effects were involved other than transient fever[25]. Similarly, another meta-analysis published in 2021
revealed that, despite the expanding patient population in the intervening years, the only side effect that could be
associated with MSCT was transient fever. Transient fever is more common in women and less common in the North
American population. Despite the tumorigenic potential of MSCs, only one malignancy was detected in the entire po-
pulation and it was not associated with stem cell application. This meta-analysis also shed light on some trials that re-
ported other side effects such as vascular disorders, urticaria/dermatitis, dizziness/headache, diarrhea, infection, death,
anemia, metabolic and nutritional disorders, nausea, seizure, and vomiting. However, none of these side effects was sig-
nificantly correlated with MSCT[26].

In the present research, we monitored four CP patients who underwent MSCT for 12 months and analyzed treatment
efficacy.

MATERIALS AND METHODS

This was a multi-center, longitudinal, open-label phase I trial. Our sample included four CP patients with severe dis-
ability (inability to mobilize without assistance), aged between one and nine years, under home nursing care and assis-
tance. None of these patients could stand or walk without external support. Table 1 summarizes the demographic data of
these patients. Our inclusion criteria were as follows: Being under 18 years of age, having no chronic disease (i.e., cancer,
kidney, heart/hepatic failure), having an estimated life expectancy of > 12 months, and showing no significant change in
neurological or functional status despite three months of conservative treatment (e.g., physical rehabilitation and bo-
tulinum toxin injection). The exclusion criteria were as follows: Being recently diagnosed with severe infection (me-
ningitis, etc.), liver/kidney/heart failure, sepsis, or skin infection at the IV infusion site, or hepatitis B/C/HIV, having a
history of uncontrolled seizure disorder, presenting certain laboratory results (white blood cell count = 15000/ pL, platelet
count < 100000/ pL, serum aspartate aminotransferase and serum alanine aminotransferase > 3 x upper limit of normal,
creatinine > 1.5 X upper limit of normal), or having participated in an another stem cell trial.

The study protocol was approved by the local Ethics Committee. We obtained the informed consent of each participant
and/ or their caregivers in written form. The trial was conducted in accordance with the principles of the Declaration of
Helsinki.
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Table 1 Patient characteristics

Frequency %

Age, yr 1 1 25.0
4 1 25.0
9 2 50.0
Sex Female 1 25.0
Male 3 75.0
Etiology of cerebral palsy Hypoxia during birth 2 50.0
Hypoxia with bleeding in the surgical field after tonsillectomy operation 1 25.0
Cardiac arrest 1 25.0
Comorbidity None 4 100.0
Cerebral palsy duration and first transplantation 1 year 1 25.0
13 months 1 25.0
7 years 1 25.0
9 years 1 25.0
Intervention procedure

Ethical information and donor consent: The present study was approved by the medical ethics committee of the authors’
institution (protocol No. 56733164-203-E.3178). Umbilical Cords (UCs) were obtained from the Good Manufacturing
Practices facility of LivMedCell (Istanbul, Turkey). In accordance with the approval of an institutional regulatory board
(LivMedCell); the donors donated UCs after being informed of the aim of the current study and gave their informed
consent in written form.

Processing and quality control of UCs: The UCs were washed with phosphate-buffered saline (Invitrogen/Gibco,
Paisley, United Kingdom). Before removing blood vessels, the tissue samples were cut into 5-10 mm?® pieces as explants.
These explants were placed in dishes and cultured under humanized culture conditions at 37 °C with 5% CO, until the
cells displaced. The resulting cells were collected when they reached 70% to 80% confluence and subjected to character-
ization tests at Passage 3[27]. Quality control and assurance was performed by the Pharmaceuticals and Medical Devices
Agency.

Determination of UC-MSCs by flow cytometry: Expressed surface antigens were analyzed by flow cytometry, which
revealed that cells were consistently positive for CD44, CD73, CD90, and CD105 and negative for hematopoietic lineage
markers of CD34, CD45, and human leukocyte antigen DR2 (Figure 1). Telomerase activity was stable in culture con-
ditions with a large and flat cellular morphology[27].

Cell differentiation and karyotyping: We identified some stem cell expressions and the differentiation markers of TERT,
SOX2, POUS5F1, CD44, ZFP42, VIM, ICAM1, THY1, VCAM1, BMP2, RUNX-1, and NES. Differentiation analyses
confirmed that these cells had a trilineage (chondrocytes, osteoblasts, and adipocytes) differentiation capacity[27].
Karyotyping studies revealed no numerical or structural chromosomal abnormalities.

In vitro adipogenic differentiation and oil red O staining: To induce adipogenic differentiation, cells from Passage 3
(3000 cells/cm?) were seeded onto coated type I collagen coverslips (BD Biosciences) in 6-well plates. The adipogenic
medium Dulbecco’s Modified Eagle’s Medium, Low Glucose (DMEM-LG, Invitrogen) was supplemented with 10% FBS
(Invitrogen/Gibco), 0.5 mmol/L isobutyl-methylxanthine (IBMX-Sigma-Aldrich), 10° M dexamethasone (Sigma-Aldrich,
Fluka Chemie AG, Buchs, Switzerland), 0.02% insulin (Invitrogen/Gibco), 200 pM indomethacin (Sigma-Aldrich), and 1%
penicillin-streptomycin (Invitrogen/Gibco) for three weeks. The medium was replaced twice a week. Intracellular lipid
droplets indicating adipogenic differentiation were confirmed by oil red O (Sigma-Aldrich) staining with 0.5% oil red O
in methanol. The cells were then allowed to dry completely and mounted in a mounting medium.

In vitro osteogenic differentiation and Alizarin red S staining: Cells from Passage 3 (3000 cells/cm?) were seeded onto
type I collagen-coated coverslips (BD Biosciences) in 6-well plates. The osteogenic medium DMEM-LG (Invitrogen) was
supplemented with 10® M dexamethasone (Sigma-Aldrich), 50 pg/mL ascorbate-2- phosphate (Wako Chemicals,
Richmond, VA, United States), 10 mmol/L b-glycerophosphate (Sigma-Aldrich), 1% penicillin-streptomycin, and 10%
FBS (Invitrogen/Gibco) for three weeks. The medium was replaced twice a week. At the end of the third week, osteogenic
differentiation was assessed by staining with Alizarin Red (Sigma-Aldrich, Fluka Chemie AG, Buchs, Switzerland). The
medium was discarded and the cells were washed with PBS. Cells were incubated with ethanol for 5 min at room
temperature and then allowed to dry completely. Cells were washed with distilled water and stained with alizarin red
solution comprising 2% alizarin red S for one minute. Stained cells were dehydrated in acetone (20 dips), fixed in
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Figure 1 Wharton’s Jelly-derived mesenchymal stem cell flow cytometry, positive marker values (CD90, CD105, CD73 and CD44) are
above 95%. Negative marker values (CD45, CD34, CD19, CD11B, human leukocyte antigen-DR and CD14) are below 2%. HLA: Human leukocyte antigen.

acetone-xylene (1:1) solution (20 dips), cleared with xylene (20 dips), and then allowed to dry completely and mounted in
a mounting medium.

In vitro chondrogenic differentiation and Alcian blue staining: In the chondrogenesis mechanism, high cell density and
cell-cell interaction play an important role. Therefore, for chondrogenic differentiation, cells were seeded as droplets onto
type I collagen-coated coverslips (BD Biosciences) in 6-well plates. The medium was added after the cells adhered to the
coverslips. The cells were incubated in chondrogenic medium Dulbecco’s Modified Eagle’s Medium, High (4.5 g/L)
Glucose (DMEM-HG, Invitrogen) supplemented with 100 nM dexamethasone (Sigma-Aldrich), 50 ng/mL ascorbate-2-
phosphate (Wako Chemicals, Richmond, VA, United States), 10 ng/mL transforming growth factor-beta 1 (TGF-1,
Peprotech, Rocky Hill, NJ, United States), 1% sodium pyruvate (Invitrogen), 50 mg/mL ITS (Sigma-Aldrich), 40 ng/mL
proline (Sigma-Aldrich), 1% penicillin-streptomycin, and 10% FBS (Invitrogen/Gibco) for three weeks. The medium was
replaced twice a week. Cells were fixed with formaldehyde for 10 min at room temperature, washed with distilled water,
and then allowed to dry completely. Chondrogenic differentiation was confirmed by Alcian Blue (Abcam) staining. The
cells were allowed to dry completely and mounted in a mounting medium (Figure 2).

Pre-transfer process: Final UC-MSCs preparations before implantation were collected from Passage 3 and maintained in
normal saline at final concentrations of 1 X 10°in 3 mL, 1 x 10°in 20 mL, and 1 x 10° in 30 mL.

Transfer of UC-MSCs and operational procedures: Before starting the treatment, we performed a multidisciplinary
approach with a team of pediatricians, pediatric neurologists, neurosurgeons, anesthesia and reanimation specialists, and
physical medicine and rehabilitation specialists. Prior to implantation, we evaluated the patients for contraindications to
sedoanalgesia or general anesthesia[13]. Intrathecal (IT) administration was performed with a 22-gauge spinal needle
through the lumbar 3/4 vertebra. For intravenous (IV) administration, 1 x 10° cells/kg were administered with 250 cc
isotonic slow infusion in 60 min intramuscularly (IM) and the patients stayed in the hospital for one day. After these
applications, movement restrictions were applied for two days, and the patients’ relatives were warned to avoid water
contact around the injection sites.

Rehabilitation procedure

On the third day of application, we initiated an intense physiotherapy and exercise program. A rehabilitation session
included warm-up, neck-trunk stabilization, and postural control exercises. Exercises were performed in a pool three
days a week; stretching exercises were practiced for a longer time for extremities with severe spasticity. We also included
exercises to improve fine motor skills[8,28].
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Figure 2 Detection of the differentiation potential of Wharton’s Jelly—-derived-mesenchymal stem cells. A and B: Wharton's Jelly Derived-
mesenchymal stem cells (WJ-MSCs) were cultured without adipogenic induction and cultured for 3 wk in adipogenic differentiation medium. Adipogenic differentiation
was evidenced by the formation of lipid vacuoles with oil red O staining; C and D: WJ-MSCs were cultured without osteogenic induction and cultured for 3 wk in
osteogenic differentiation medium. Osteogenic differentiation was evidenced by the detection of calcium deposits with Alizarin red staining; E and F: WJ-MSCs were
cultured without chondrogenic induction and cultured for 3 wk in chondrogenic differentiation medium. Chondrogenic differentiation was evidenced with Alcian blue
staining.

Patient assessment: We categorized the patients according to their functional levels using the Gross Motor Function
Classification System (GMFCS) and the Manual Ability Classification System (MACS). MACS describes how children
with CP use their hands during daily activities. We used the Modified Ashworth Scale (MAS) to evaluate spasticity and
the Wee Functional Independence Measure (WeeFIM) scale to assess quality of life in terms of independence in daily
activities[27].

Patient assessment took place preoperatively and postoperatively (one week, one month, two months, four months,
and 12 months). Postoperative improvement in neurological and functional evaluations based on GMFSC, MAS, and
WeeFIM scores was accepted as treatment success.

Statistical analysis: We used the Friedman Test to measure the changes in WeeFIM, MAS, GMFCS, and MACS scores
after the intervention. We chose this nonparametric test as the number of obtained data was not sufficient for parametric
tests. All analyses were carried out using SPSS 22 (IBM Corp., Armonk, NY, United States).

RESULTS

Case series presentation

Case 1: The first case was a one-year-old female diagnosed with CP due to hypoxia at birth. Before treatment, case 1 had a
WeeFIM score of 18, a MAS score of 14 (both sides), a GMFCS score of five, and a MACS score of five. The patient
received allogeneic MSCT six times as 1 x 10°/kg IT, IV, and IM using UC-MSCs. Four months after the treatment, her
WeeFIM cognitive score increased by one and her MAS score (both sides) decreased by one. Moreover, her GMFCS and
MACS scores went down to three. The patient showed no side effects after the second and third applications, except
subfebrile fever, which lasted approximately 12 h and regressed with cold application.

Case 2: The second case was a four-year-old male diagnosed with CP due to hypoxia that developed secondary to
bleeding during tonsillectomy approximately one year before our trial. Before treatment, the patient had a WeeFIM score
of 18, a MAS score of 21 (both sides), a GMFCS score of five, and a MACS score of five. This case had severe spasticity. He
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Table 2 The change in the pre- and post-transplantation mean scores of the modified Ashworth scale

n Mean SD Mean rank X df P value

Right Preoperative 4 20.00 6.06 5.50 17.414 5 0.004

Postoperative 1-wk 4 19.75 6.02 513

Postoperative 1-month 4 19.00 5.48 3.88

Postoperative 2-month 4 18.25 5.74 2.75

Postoperative 4-month 4 17.75 525 1.88

Postoperative 1-year 4 17.75 5.25 1.88
Left Preoperative 4 20.00 6.06 5.38 17.368 5 0.004

Postoperative 1-wk 4 19.75 6.02 5.00

Postoperative 1-month 4 19.50 6.35 4.25

Postoperative 2-month 4 18.25 5.74 2.63

Postoperative 4-month 4 17.75 5.2 1.88

Postoperative 1-year 4 17.75 5.25 1.88

received allogeneic MSCT six times as 1 x 10°/kg IT, IV, and IM using UC-MSCs. His WeeFIM score did not change after
the intervention, but his MAS score started to decrease from the first postoperative week, eventually reaching 18 on both
sides. His GMFCS and MACS scores decreased to three. This patient showed no side effects during the entire follow-up
period.

Case 3: This was a nine-year-old male diagnosed with CP due to cardiac arrest of unknown cause 11 months after birth.
Before treatment, this case had a WeeFIM score of 18, a MAS score of 28 (both sides), a GMFCS score of five, and a MACS
score of five. Aside from limb spasticity, the patient demonstrated significant truncal spasticity and had an extensor
posture. He received allogeneic MSCT six times as 1 x 10°/kg IT, IV, and IM using UC-MSCs. His WeeFIM score did not
change after the intervention, but his MAS score went down by three points (both sides) at four months. The patient
showed no improvement in GMFCS and MACS scores. Similarly, this case did not experience any side effects after three
applications, other than subfebrile fever, which regressed within approximately 12 h with cold application.

Case 4: The final case was a nine-year-old male diagnosed with CP that developed due to hypoxia during birth. Before
treatment, he had a WeeFIM score of 48, a MAS score of 17 (both sides), a GMFCS score of four, and a MACS score of
four. He underwent allogeneic MSCT six times as 1 x 10°/kg IT, IV, and IM using UC-MSCs. This patient showed a
significant increase of 32 points in his WeeFIM motor score and a decrease of two points in his MAS score (both sides)
starting from the second month. Also, his GMFCS and MACS scores went down to two points after the intervention.
Regarding side effects, the patient only suffered temporary pain in the injection sites after the application.

Wee functional independence measure
Figure 3A shows the changes in WeeFIM motor and cognitive subtests at different times. Accordingly, these scores did
not show a statistically significant change between preoperative and postoperative periods (P = 0.42).

Modified Ashworth scale

Table 2 lists the changes in the patients” mean MAS scores at different times. Accordingly, MAS scores for both sides
decreased significantly after the intervention (two months: Right y* = 4000, P = 0.046, left y* = 4000, P = 0.046; four mon-
ths: Right y* = 4000, P = 0.046, left > = 4000, P = 0.046; 12 months: Right ¥* = 4000, P = 0.046, left y* = 4000, P = 0.046).

Gross motor function classification system and manual ability classification system

Figure 3B presents our patients” GMFCS and MACS scores at different times. Accordingly, there were some statistically
significant changes in these scores between preoperative and postoperative measurements. To determine the cut-off times
for significant improvement, we compared the preoperative results with each follow-up period individually. For GMFCS,
preoperative and postoperative first week scores were the same for all cases. While GMFCS scores showed some decrease
after the first week, these changes were not statistically significant compared to the baseline measurements (one month: y?
= 2000, P = 0.157; two months: ¥* = 3000, P = 0.083; four months: y* = 3000, P = 0.083). However, GMFCS scores at 12
months were significantly lower than baseline (y? = 4000, P = 0.046). In other words, the GMFCS scores of our cases
continued to decrease after the first week of intervention, but this improvement was only statistically significant at 12
months. MACS scores followed a similar trend. There was no difference between preoperative and postoperative first
week measurements. Then, there were insignificant improvements up to the fourth month (one month: ¥* = 2000, P =
0.157; two months: y* = 3000, P = 0.083; four months: y*> = 3000, P = 0.083). Again, MACS scores at 12 months were
significantly lower than baseline (y* = 4000, P = 0.046). Thus, the MACS scores of our cases continued to go down after the
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Figure 3 Change observed in the pre-test and post-test averages. A: Change observed in the pre-test and post-test averages of the patients' Wee
functional independence measure motor score and cognitive score values; B: Change observed in the pre-test and post-test averages of the patients' Gross motor
function classification system and manual ability classification system values. WeeFIM: Wee functional independence measure motor; GMF-CS: Gross motor function
classification system; MA-CS: Manual ability classification system.

first week of treatment, but this change was only statistically significant at the one-year mark after the intervention.

DISCUSSION

CP is a group of disorders affecting movement, balance, and posture. UC-MSCs have been researched for CP treatment,
albeit with limited or inconclusive clinical evidence regarding their benefits. One randomized study investigated the
safety and efficacy of UC-MSC transplantation in CP patients and observed improvement in gross motor and functions
after treatment combined with rehabilitation[14]. Other researchers have emphasized that the recovery of cerebral
metabolic activity may be crucial for the development of brain functions in CP patients and the therapeutic window,
transfusion route, and dosage are key for reference in clinical practice[29]. We believe that our findings can constitute a
similar reference.

One trial focused on motor functions after treatment with allogeneic umbilical cord blood (AlloCB) in 91 children
diagnosed with CP due to hypoxic-ischemic encephalopathy, stroke, or periventricular leukomalacia[30]. The authors
used the Gross Motor Function Measure-66 and Peabody Developmental Motor Scale, Second Edition to measure motor
functions. Accordingly, treatment with AlloCB and UC-MSC proved safe. They observed no significant change in motor
functions at six months after treatment and AlloCB was associated with greater increases in Gross Motor Function
Measure-66 scores at the one year mark[30].
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We performed neurological and functional evaluations using GMFSC, MAS, and WeeFIM at different times up to 12
months after treatment. Based on WeeFIM scores, we observed a significant improvement in spasticity (P = 0.046) but no
significant difference in motor functions (P > 0.05). GMFSC scores revealed improvement (P = 0.046), but there was no
significant change in cognitive functions (P > 0.05).

UC-MSCs are a new and promising treatment modality for CP[8]. We observed no complications in any of our cases
during one year of monitoring after six applications. Similarly, previous research reported no serious side effects[16-18].
Symptoms such as lower back pain and a mild increase in temperature were observed as minor side effects due to IT
applications[31-33]. UC-MSCs release neurotrophic factors and increase muscle mass, displaying neuroprotective and
neuro-regenerative activities on cognitive functions[8,34,35]. UC-MSCs have facilitated neuron regeneration in Par-
kinson’s disease and stroke models in animals[36]. In addition, UC-MSCs have demonstrated positive effects on central
and peripheral nervous systems[37]. Some clinical trials applied rehabilitation in their control groups to measure the
therapeutic efficacy of SCT combined with rehabilitation. In these studies, patients who received SCT showed significant
improvement compared to those who received rehabilitation only[38]. However, further research is warranted to clarify
whether the combination of SCT and rehabilitation can yield better therapeutic effects than SCT alone. Previous studies
also made use of MAS to measure muscle tone, one of the key symptoms of CP. Accordingly, researchers reported serious
improvement after UC-MSC transplantation[39,40]. Only a few clinical studies noted improvement in fine motor mo-
vements such as pinching small objects and hand-eye coordination after using fetal brain-derived neural progenitor cells
[8,41,42].

According to a systematic review that listed all findings after cell therapy in CP and the measurement tools used, 2066
participants have undergone various cell therapy interventions in 54 trials[43]. Movement and posture were the most
frequently reported outcome categories, followed by safety, although quality of life and various common comorbidities
and complications associated with CP have rarely been reported[43].

We observed significant improvements in spasticity and motor functions in our sample, which is compatible with some
studies in the relevant literature[44-46] and conflicting with others[8]. Our patients displayed no difference in cognitive
functions after therapy, but Vaquero et al[44] reported a significant improvement in the cognitive skills of patients with
spinal cord injury after treatment. We associate this conflicting result with the low number of cases in our sample[44].

One of the limitations in the current study was the small group of subjects of the same race and of a wide age range.
Also, we did not include a control group of volunteer CP patients who did not receive UC-MSC therapy. However, we
believe that our data can make notable contributions to the existing literature.

CONCLUSION

In conclusion, UC-MSC transplantation yielded improvements in spasticity and motor functions at 12 months after
treatment in CP patients. No clear improvement was gained in cognitive skills. Future randomized controlled trials with
larger samples can illuminate the advantages and limitations of UC-MSC therapy.

ARTICLE HIGHLIGHTS

Cerebral palsy (CP) describes a group of nonprogressive disorders affecting movement, posture, and motor functions. It
occurs in early childhood and persists until the end of life. Currently, the treatment of CP involves numerous modalities,
such as various surgical treatments (selective dorsal rhizotomy, selective peripheral neurotomy, etc.), pharmacotherapies
for generalized spasticity, Botox A for focal spasticity, and antiepileptics for epilepsy.

Research motivation
Current modalities can only provide partial symptom relief, which warrants research into new methods. One novel
option for treating CP is mesenchymal stem cell therapy.

Research objectives
We aimed to investigate the efficacy and safety of mesenchymal stem cell therapy in CP cases.

Research methods

Our sample consisted of four patients who were unable to stand or walk without external support. All cases received
allogeneic mesenchymal stem cell therapy six times as 1 x 105/kg intrathecally, intravenously, and intramuscularly using
umbilical cord-derived mesenchymal stem cells. We monitored the patients before and after the treatment using the Wee
Functional Independence Measure, the Gross Motor Function Classification System, the Manual Ability Classification
Scale, and the Modified Ashworth Scale.

Research results

Spasticity measures showed significant improvement in both sides after the intervention. There was no significant change
in motor functions or cognitive functions. Gross motor function and manual ability measures differed statistically
significantly at 12 months after treatment compared to baseline values.
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Research conclusions
In light of our findings, umbilical cord-derived mesenchymal stem cell therapy shows positive effects on spasticity and
partial improvement in motor functions.

Research perspectives

In this study, we demonstrated that allogeneic mesenchymal stem cell application via intrathecal, intramuscular and
intravenous routes is safe and effective in cerebral palsy patients. The effectiveness of this treatment protocol should be
evaluated at a higher level of evidence by conducting randomized, double-blind, case-control studies with a high number
of participants in the future.
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