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Background: Cerebral Palsy (CP) is the most common motor disability reason of childhood that occurs secondarily 
to non-progressive damage in the brain whose development is still ongoing.
Methods: 6-year-old dystonic-spastic male CP patient received allogenic mesenchymal stem cells treatment four times 
as 1×106/kg in intrathecal and intravenous administration of Umbilical Cord-derived mesenchymal stem cells 
(UC-MSCs) ways. Before and after the treatment, the patient was followed-up with FIM (Functional Independent 
Measurement), GMFCS (Gross Motor Function Classification System 88), Tardieu Scale, TCMS (Trunk Control 
Measurement Scale), MACS (Manual Ability Classification Scale), CFSS (Communication Function Classification 
System) for 18 months and received intensive rehabilitation.
Results: Improvements were observed especially in functional scales except for the Tardieu Scale, and no adverse effects 
were detected aside from a slight pain in the back. 
Conclusion: Wider future case studies on UC-MSCs will enable us to assess the efficacy of UC-MSCs which have 
positive impacts especially on functional scales.
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Introduction 

  Non-progressive lesions in the brain cause Cerebral 
Palsy. There might be functional disabilities in children 
with CP and periventricular leukomalacia, intrauterine 
haemorrhagia; stiffness, contractures, muscle strength 
weakness, sensory defects, and difficulties in balance and 
motion control may also be observed (1). Physical therapy, 
neurectomy, botulinum toxin A and medications may be 
used in the treatment of CP. It has been reported in sev-
eral case studies that the above mentioned therapies can 
improve the functions partially; however, the complete 
cure cannot be achieved through these interventions (2). 
It has also been reported in previous studies that in devel-
oped countries, 1.5∼2.5 children per 1,000 of the total 
population had Spastic CP; and this rate might be higher 
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Table 1. Results of patient assessment tests

Followed-up 

Onset Sixt month after first intervention

Functional examination
  Functional Independent Measurement (FIM) 56/126  76/126
  Gross Motor Function Classification System 88 
    (GMFCS)

Level 5 (Carried on a wheelchair 
pulled by hands).

Level 3 (The patient walks by using the 
walking aids held by hands).

Upper extremity
  MACS (Manual Ability Classification Scale) Level 3 (The patient can hold and 

use objects with difficulty, preparing 
the activities takes time).

Level 2 (Handles most objects but with 
some reduced quality and/or speed)

Trunk control and sitting balance Assessment
  Static sitting balance 2/20 10/20
  Dynamic sitting balance
  Selective movement control 2/28 17/28
  Dynamic reaching (Equilibrium reactions) 1/10  4/10
Total score 5/58 31/58
Communication skills
  Communication Function Classification System 
    (CFSS)

Level 3 (Effective Sender and Effective 
Receiver with familiar partners).

Level 2 (Receptive and Productive skills 
are slow but fluent with familiar and 
foreign partners).

in developing countries (3). In traumas, inflammations 
and cerebral diseases, the brain has a relatively low-level 
renewable capacity i.e. self-repair capacity (4). Animal ex-
periments and clinical studies in recent years have re-
ported positive outcomes in cell transplantation for the 
treatment of various diseases. The central nervous system 
may be regenerated with cytotherapy, which is an option 
that aims to replace the functionally depleted cells because 
of a traumatic brain injury (5, 6). In 1976, Allogenic 
Mesenchymal Stem Cell treatments were first reported in 
the stromal compartment of the bone marrow (7). Prior 
to this development, a few studies had reported positive 
outcomes of using Mesenchymal Stromal Cells to treat 
neurological diseases like spinal cord injury and basilar 
artery dissection (8, 9). In recent time, a case study re-
ported that intrathecal infusion of autologous bone mar-
row mononuclear cells showed that cell transplantation 
was effective and safe, and had encouraging functional re-
sults in a cerebral palsy patient (10). In a traumatic brain 
injury model, Lee et al. (11) used a combination of stem 
cell therapy with rehabilitation and reported that recovery 
results were similar to those when rehabilitation was used 
alone.
  In this case report, we investigated the safety and effi-
cacy of intrathecal, intramuscular and intravenous appli-
cations of UC-MSCs in a child with Cerebral Palsy.

Case Presentation

  6-year-old male child patient (30-week, 1918 gr) had 
dystonic CP which was effective more in the lower ex-
tremity than in the upper one. The patient applied to us 
with intrauterine bleeding. The patient was born with 
head circumference 28 cm, height 41 cm, after 2-week in-
cubator follow-up, and the brain MRI was performed. The 
patient was diagnosed with CP, and has been followed-up 
ever since. The patient has received various medical treat-
ments such as baclofen and rehabilitation and partial ben-
efits were reported.

Patient Assessment Tests

Functional examination
  Eating, grooming, bathing, upper body dressing, lower 
body dressing, toileting, bladder, management, bed to 
chair transfer, toilet transfer, shower transfer, locomotion 
(ambulatory or wheelchair level), stairs, cognitive compre-
hension, expression, social interaction, problem solving, 
memory etc. evaluated with Functional Independent Mea-
surement (FIM) (Table 1) (9). Functional independence 
was evaluated with scoring ranging from 18 to 126. Gross 
Motor Function Classification System 88 (GMFCS) (10) 
used to determine the observational functional level in 
children with cerebral palsy.
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Table 3. Transplantation details

Date (year/month/day) Cell count (intravenous) Cell count (intrathecal) Cell viability (%)

2017/03/02 15×106 15×106 90.20
2017/03/17 15×106 15×106 90.48
2017/03/30 15×106 15×106 90.40
2017/04/13 15×106 15×106 91.20

Table 2. Tardieu Scale Assessment in lower extremity

MUSCLE Right/Left X1 SpasticityAngle (R1-R2) 1 X2 SpasticityAngle (R1-R2) 2

Knee Flexors Right 2 25 2 25
Left 2 35 2 35

KneeExtensors Right 2 5 2 5
Left 2 7 2 7

AnklePlantar Flexor (Gastrocnemius) Right 3 25 3 25
Left 3 20 3 20

AnklePlantar Flexor (Soleus) Right 3 25 3 25
Left 3 20 3 20

Upper extremity
  In daily life, how children with CP use their hands was 
assessed with MACS (Manual Ability Classification Scale) 
(Table 1) (11). Manual Ability Classification System (MACS) 
describes how children with cerebral palsy use their hands 
to handle objects in daily activities. MACS describe five 
levels. The levels are based on the children's self-initiated 
ability to handle objects and their need for assistance or 
adaptation to perform manual activities in every day.

Trunk control and sitting balance assessment
  The sitting balance and functional independency during 
sitting was assessed with Trunk Control Measurement 
Scale (TCMS) test (Table 1) (12). Static sitting balance, 
dynamic sitting balances are considered in the subhead-
ings of selective movement control and dynamic reaching 
(Equilibrium Reactions). Scoring is done on 58 points.

Lower extremity examination
  Lower extremities were assessed with Modified Tardieu 
Scale (13). This scale quantifies muscle spasticity by as-
sessing the response of the muscle to stretch applied at 
specified velocities and the results are listed in Table 2.

Communication skills
  Communication Function Classification System (CFSS) 
(14) provides 5 levels (CFCS I, II, III, IV, V) to describe 
everyday communication performance patients with cere-
bral palsy (Table 1).
  The patient had speaking disorder, and had saliva com-

ing out of the mouth. The patient also had growth re-
tardation and the family described occasional difficulty in 
swallowing in solid foods. There was clonus in both feet 
especially in the left foot. Babinski result was negative. 
Pendulum test was positive. Thomas bilateral test result 
was positive.

Procedure 

  The clinical trial cases from the Republic of Turkey was 
approved by the ministry of health departments in organ 
and tissue transplantation (permission number; 56733164/ 
203). The family was informed about all possible con-
sequences and a written consent was received from the 
family.
  The applications were made in surgery conditions by 
using masque anesthesia. 
  The intrathecal application was performed through 
Lumbar 3 4 vertebrae with a 22-Gouge spinal needle. 
Intravenous application; within 60 minutes, 1×106 cell/kg 
was applied (Table 3) in 500 cc isotonic with slow infusion 
and the patient was followed-up in the hospital for 1 day.
  After the applications, the patient was restricted for 
movements for 2 days, and the family was warned against 
water contact in the injection areas.

Isolation of MSCs from umbilical cord
  Umbilical cord was obtained from a full-term delivery 
with informed maternal consent. UC-MSCs were produced 
at the Good Manufacturing Practice facility of LivMedCell, 



���� � International Journal of Stem Cells 2018;11:141-147

Fig. 1. Characterization and differentiation of UC-MSCs. (A) Osteogenic differentiation control (B) and mineral nodules that stained by 
Alizarin Red S, of UC-MSCs cultured in osteogenic differentiation medium. (C) Chondrogenic differentiation control (D) and alcian blue 
staining of UC-MSCs cultured in chondrogenic differentiation medium. (E) Morphology, (F) adipogenic differentiation control and (G) Oil 
Red O staining of neutral lipid vacuole formation in UC-MSC cultured in adipogenic differentiation medium. (H) Flow cytometric analysis 
of cell surface markers of UC-MSCs at P3. (I) Chromosome karyotype analysis of the cultered UC-MSCs.

Istanbul, Turkey. The cord was washed, blood vessels re-
moved and tissue cut into pieces (5 10 mm2) and cul-
tured in culture plates. The culture expansion of small 
pieces of tissue is known as the “explants method.” The 
explants were left undisturbed for one week to allow the 
migration of cells from the margins of explants. After 
reaching 70% to 80% confluency, adherent cells were har-
vested with trypsinization by 0.05% trypsin-EDTA (Gibco, 
Germany). Quality control and quality assurance for the 

production of these cells at were performed according to 
the standards of the Turkish Medicines and Medical 
Devices Agency (TMMDA). 
  Characterization of UC-MSCs: Flow cytometry analysis 
of expressed surface antigens showed that these cells were 
uniformly positive for CD44, CD73, CD105 and CD90 
and negative for the hematopoietic lineage markers CD34, 
CD45 and HLA-DR. MSC analysis kit (cat no:562245) was 
used for MSC characterization flow cytometry analysis. The 
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kit contains control, positive cocktail and negative cocktail 
antibodies. Human MSCs were characterized by using the 
following conjugated monoclonal antibody combinations; 
negative cocktail (CD34 PE, CD19PE, CD45PE, CD11bPE 
and HLA-DR PE), positive coctail (CD90 FITC, CD44 
PE, CD105 PerCP ve CD73 APC). Cells were analyzed on 
BD FACS Calibur (BD Bioscience, San Jose, CA) by using 
CellQuest Software program. The expression of negative 
and positive cocktail antibodies are shown on the histo-
gram plot. Positive cocktail antibodies were analyzed on 
four histogram plots. Positive cocktail was shown in sepa-
rate histograms because different color dyes were used for 
each of the antibodies (CD90 FITC, CD44 PE, CD105 
PerCP ve CD73 APC). Negative cocktail antibodies are 
based on the average highest expression of the five anti-
bodies, if one of the values is positive, the positive area 
will peak in the graph, so the negative cocktail values were 
shown on the same histogram plot, passing through the 
PE detector FL2 (All antibodies used in the negative cock-
tail are PE-labeled. For this reason, it can be shown on 
the same histogram). If the expression is high, each anti-
body is controlled separately. (Fig. 1H). 
  It has been showed that the telomerase activities of 
UC-MSCs stay stable during cell culture procedures (Data 
not shown). The expressions of some stem cell and differ-
entiation markers such as TERT, POU5F1, SOX2, ZFP42, 
CD44, VCAM1, THY1, BMP2, RUNX-1, VIM, ICAM1, 
NES were determined (Data not shown). No structural or 
numerical chromosomal abnormalities were found in kar-
yotype analyses of the cells (Fig. 1I).
  The final UC-MSCs preparations used in the infusion 
were harvested from cell culture passage 3 and suspended 
at final densities that are 15×106/3 ml and 15×106/20 ml 
in normal saline.

In vitro differentiation of UC-MSCs
  To induce adipogenic differentiation, cells were seeded 
onto six-well plates (P3; 3000 cells/cm2) and cultured with 
Mesencult MSC Basal Medium (StemCell Technologies 
Inc, Vancouver, BC, Canada) supplemented with 10% adi-
pogenic supplement and 1% penicillin/streptomycin for 3 
weeks. The medium was refreshed every 3 4 days. The 
formation of intracellular lipid droplets (Fig. 1E), which 
indicates adipogenic differentiation, was confirmed by 
staining with 0.5% oil red O (Sigma-Aldrich) (Fig. 1F, G).
  For osteogenic differentiation, cells (P3; 3000 cells/cm2) 
were seeded on collagen-precoated (type I) coverslips in 
six-well plates. The differentiation medium composed of 
LDMEM supplemented with dexamethasone (0.1 mmol/L; 
Sigma-Aldrich), ascorbate-2-phosphate (0.05 mmol/L; 

Wako Chemicals, Richmond, VA), -glycerophosphate 
(10 mmol/L; Sigma-Aldrich), primocin (2%; Invitrogen) 
and FBS (10%; Gibco/Life Sciences). Medium was re-
freshed twice a week. After four weeks, osteogenic differ-
entiation was estimated by alizarin red staining. For 
Alizarin red staining, cells were fixed for 5 min in ice-cold 
70% ethanol. The cells were stained with alizarin red sol-
ution (2%, pH 4.2) (Fig. 1A, B). Stained cells were dehy-
drated in pure acetone, fixed in acetone-xylene (1:1) sol-
ution and cleared with xylene.
  For chondrogenic differentiation; MSCs isolated from 
the umbilical cord were induced in the following chondro-
genic medium: DMEM, supplemented with 10% FBS, 2 
mM L-glutamine, 50 g/ml penicillin-streptomycin, 50 

g/ml ascorbic acid and 1 ng/ml human recombinant 
transforming growth factor 1 (TGF- 1). The differ-
entiated cells were stained with alcian blue solution (Fig. 
1C, D).

Rehabilitation program
  As of the 3rd day of the application, intense physi-
otherapy and exercise program was started with the partic-
ipation of the family. In each treatment session there were 
warm-up exercises, neck-trunk stabilization exercises, and 
postural control exercises. Exercises were done in the pool 
3 days a week; and especially stretching exercises were ap-
plied to the extremities that had spasticity for longer 
durations. Exercises to develop the fine motor skills were 
prescribed. 
  No adverse effects were observed aside from a slight 
pain in the waist area during sitting up on the 1st day 
after the application. After the six months intervention re-
sults listed in Table 1 and 2.

Discussion

  Mesenchymal stem cell is a new and promising treat-
ment option in treating anomalies like CP that appear in 
the muscle-skeleton system depending on the permanent 
damage in the brain whose development is still ongoing. 
This is safe in terms of carsinogenity and biosafety (12). 
After 4 applications and within 1 year follow-up, no sys-
temic adverse effects were observed in our case and follow-
ing the intrathecal application, no local side-effects were 
detected in our case aside from a one-day mild back pain. 
Wang et al. (13) reported no adverse effects aside from 
mild temperature. No serious adverse effects have been re-
ported in subarachnoid, intramuscular and intravenous 
applications in the literature (13-15). It is possible to react 
the lesion directly with subarachnoid application, local in-
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tramuscular injection may show increasing effects in the 
muscle mass and functions due to the secretion of several 
neurotropic factors (16). Similarly, with intravenous appli-
cation, increases were reported in the hind limb activity 
and improvements in muscle functions in dogs with spinal 
cord injuries. Furthermore, the cells were detected in the 
liver and in the injured spinal cord and in the spleen. This 
situation might show the increasing effect of MSC on the 
liver to tolerate exercise (17).
  MSCs have the ability to renew themselves, and may 
differentiate into various mesenchymal tissues (18). In 
addition, they may have positive effects on the cognitive 
functions in the brain with neuro-protection and neu-
ro-regeneration. Several studies suggest that hAECs can 
exert neuro-protection and facilitate neuron regeneration 
in cerebral diseases like stroke, Parkinsonism in animal 
models of CNS disorders (19).
  Sankar and Muthusamy (20) reported positive effects of 
MSC in central and peripheral tissues. It has been re-
ported in previous studies that in monkeys with spinal 
cord injuries, MSCs supported the growth of host axons, 
avoided glial scar formation, avoided death of neurons, 
and induced new collateral sprouting without any in-
flammation or rejection. It has also been reported that 
MSCs can secrete neurotropic factors which promoted 
neuronal recovery of the damaged cells in the brain. These 
factors could also promote the synaptogenesis to re-in-
nervate the lost connections. In addition, since hAECs 
show pluripotent properties, they can differentiate into a 
neuronal phenotype and thus replace the damaged or dead 
cells (21). Furthermore, hAECs can also act as “biological 
minipumps” in the CNS thus secreting necessary cyto-
kines, growth factors, hormones, and/or neurotransmitters 
to restore cellular function. As a last item, hAECs can also 
improve stroke outcome potentially by modulating the in-
flammatory response (which contributes to the brain in-
jury (21, 22)
  In our case, we could not achieve any improvements in 
spasticity. Wang et al. reported improvements in muscle 
functions in cases that did not have any spasticity. There 
are several studies reporting obvious improvements in 
spasticity in some autologous MSC applications (21, 23).
  In CP, application of UC-MSCs at earlier ages might 
bring higher achievement rates, which is also the case in 
any other treatment (24). An application that will be per-
formed before complete neuron damage and joint con-
tractures develop might increase the success of the 
treatment. 
  As a conclusion, we achieved improvements in cognitive 
skills, trunk control and hand skills; however, no improve-

ments in spasticity. Future randomized-controlled and 
long-term studies may enlighten us on the superior sides 
and limitations of UC-MSCs Treatment.
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