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Objective  To investigate the effect of intravenous infusion of peripheral blood mononuclear cells (mPBMC) mobilized by 

granulocyte-colony stimulating factor (G-CSF) on upper extremity function in children with cerebral palsy (CP).

Methods  Fifty-seven children with CP were enrolled. Ten patients were excluded due to follow-up loss. In total, 47 patients 

(30 males and 17 females) were analyzed. All patients’ parents provided signed consent before the start of the study. After 

administration of G-CSF for 5 days, mPBMC was collected and cryopreserved. Patients were randomized into two groups 1 

month later. Twenty-two patients were administered mPBMC and 25 patients received normal saline as placebo. Six months 

later, the two groups were switched, and administered mPBMC and placebo, respectively. Quality of Upper Extremity Skills 

Test (QUEST) and the Manual Ability Classification System (MACS) were used to evaluate upper motor function.

Results  All subdomain and total scores of QUEST were significantly improved after mPBMC and placebo infusion, without 

significant differences between mPBMC and placebo groups. A month after G-CSF, all subdomain and total scores of QUEST 

were improved. The level of MACS remained unchanged in both mPBMC and placebo groups. 

Conclusion  In this study, intravenously infused mPBMC showed no significant effect on upper extremity function in children 

with CP, as compared to placebo. The effect of mPBMC was likely masked by the effect of G-CSF, which was used in both 

groups and/or G-CSF itself might have other neurotrophic potentials in children with CP.
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INTRODUCTION

Cerebral palsy (CP) describes a group of permanent 
disorders of the development of movement and posture, 
causing limitation in activity attributed to non-progres-
sive disturbances in the developing fetal or infant brain 
[1]. CP is the most common cause of physical disability 
in children. The overall reported prevalence of CP in 
children aged 3–10 years is 2–4 per 1,000, with gender 
variability [2]. Risk factors for CP are variable. A systemic 
review in 2013 reported 10 risk factors for CP including 
placental abnormalities, major and minor birth defects, 
low birth weight, meconium aspiration, emergency cae-
sarean section, birth asphyxia, neonatal seizures, respi-
ratory distress syndrome, hypoglycemia, and neonatal 
infections [3].

In current clinical practice, rehabilitation and support-
ive care such as physical therapy, occupational therapy, 
speech therapy, use of assistive devices, and medication 
are the basic treatments for typical CP. However, these 
treatments are not cures based on pathophysiology of 
CP, but instead improve children’s motor skills in daily 
life activities. Recently, several studies conducted on 
stem cell treatment for CP showed effectiveness to some 
degree [4-6]. Deng et al. [7] reported that mesenchymal 
cells from peripheral blood integrate into traumatically 
injured cerebral tissue. Multipotent precursor cells exist 
in peripheral blood; moreover, peripheral blood mono-
nuclear cells meet the criteria for mesenchymal stem 
cells [8]. These studies suggest that mononuclear cells 
from peripheral blood might help reduce the disability of 
children with CP. In this study, we comparatively evaluat-
ed the upper extremity function of children with CP who 
were intravenously injected mobilized peripheral blood 
mononuclear cells (mPBMC) or placebo. 

MATERIALS AND METHODS

Enrollment of subjects
The participants were volunteers who were diagnosed 

with CP, and registered in cord blood clinic, Hanyang 
Medical Center, Seoul, Korea from 2011 to 2013. The 
diagnosis of CP was confirmed on evaluation by more 
than two professionals in the pediatric and rehabilita-
tion department. The evaluation included delayed motor 
milestones, abnormal movements, persistent primitive 

reflexes, and abnormal postural reactions based on the 
definition of CP. 

The inclusion criteria were as follows: (1) corrected 
age of 2 to 10 years, (2) clinically apparent functional 
disability in upper extremity (Manual Ability Classifica-
tion System [MACS] grade II–V) related to CP, and (3) any 
radiologic evidence of white matter abnormalities of the 
brain and/or any grade of periventricular leukomalacia 
in brain MRI. The exclusion criteria were as follows: (1) 
children who had received any treatments including 
medications within a year that have known neuroprotec-
tive effects such as erythropoietin and granulocyte-colo-
ny stimulating factors (G-CSF), (2) children with genetic 
or congenital disorder such as chromosomal abnormali-
ties, (3) children who had unstable vital sign, refractory 
seizure, bleeding tendency, and major organ dysfunc-
tion, and (4) children who were considered not suitable 
for this study by researchers. 

The Institutional Review Board (IRB) of our institute re-
viewed and approved the detailed study protocol before 
it was initiated. A written informed consent was also ob-
tained from the subject’s parent.

G-CSF injection and mPBMC collection
At first, the participants received G-CSF (Leucostim; 

Dong-A Pharmaceutical Co., Seoul, Korea) injection 
subcutaneously at 10 mg/kg/day for 5 days to mobilize 
the mononuclear cells to the peripheral blood systems. 
On the fifth day, peripheral blood was collected from 
external jugular vein using a central venous catheter. 
mPBMC were collected using a blood cell separator (CS-
3000; BAXTER, Deerfield, IL, USA). Separated mPBMC 
included >1×108/kg total nucleated cell (TNC) or 1×106/
kg of CD34+ cells. The collected mPBMC were stored in 
the freezer until use (–196oC, LN2 TANK).

mPBMC infusion and evaluation
The participants were randomly assigned to two 

groups, i.e., T1 and T7 groups. The T1 group was injected 
with mPBMC at 1 month post-G-CSF infusion and T7 
group was injected with mPBMC at 7 months post-G-CSF 
infusion. Randomization was performed by permuted 
block randomization. The researchers, physical asses-
sor, and caregiver of the subjects were blinded to the 
random group assignment until the study’s end. After 
storage in the freezer for 1 month, thawed mPBMC 1 unit 
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(150 mL) was administered intravenously to subjects in 
the T1 group and the same amount of placebo (normal 
saline, 150 mL) was administered to the T7 group. Six 
months later, T7 group was injected with mPBMC and T1 
group was injected with placebo with the same methods, 
respectively. The reagents administered to both groups 
were visually indistinguishable and the researchers and 
patients’ caregiver were blinded to the treatment.

The subject’s upper extremity function was evaluated 
by the MACS and Quality of Upper Extremity Skills Test 
(QUEST). All participants were evaluated for 1 or 2 days 
before G-CSF was injected (M0), when mPBMC or pla-
cebo was injected (the first injection, 1 month after G-
CSF; M1), when cross injection was performed (6 months 
after the first injection; M7), and 6 months after the cross 
injection (M13) (Fig. 1). During the study period, ongoing 
personalized physiotherapy and occupational therapies 
were left unmodified, but other therapies that could af-
fect upper extremity functions, such as botulinum toxin 
injection and neuro-protective medication were strictly 
regulated. 

The QUEST is an evaluation tool to measure the upper 
extremity movement and function in children aged 18 
months to 8 years [9]. It includes four domains: dissoci-
ated movement, grasp, protective extension, and weight-
bearing. The QUEST has been commonly used as a stan-
dardized outcome measure of upper limb movement and 
activity limitation in studies to evaluate the efficacy of 
treatments for children with CP. It is also used widely in 

clinical practice, as it is one of the only assessments that 
can be used with both unilateral and bilateral distribu-
tions to provide an overview of upper limb movements in 
children with CP [10]. The MACS is a 5-level classification 
system for the manual ability of children with CP on the 
basis of self-initiated ability to manipulate objects in the 
home, school, and community. Children at level I can 
perform all manual tasks and can handle objects easily 
and successfully, whereas children at level V are com-
pletely dependent and demonstrate very limited ability 
in performing even simple actions [11].

Statistical analysis
IBM SPSS software ver. 21.0 (IBM, Armonk, NY, USA) 

was used for statistical analysis. The participant’s con-
tinuous personal variables were compared using inde-
pendent t-test, and categorical variables were compared 
using Pearson chi-square test. The repeated measure 
analysis of variance was used to analyze the differences 
in QUEST scores at baseline and progression over time. A 
post-hoc test was conducted by Bonferroni method. The 
Wilcoxon signed-rank test was used for intragroup analy-
sis (M1 and M13) of each group, and the Mann-Whitney 
U-test was performed for intergroup analysis between 
the mPBMC phase of T1 group and control phase of T7 
group. The p-value of <0.05 was considered significant.

Fig. 1. A flowchart of this study. 
mPBMC, mobilized peripheral 
blood mononuclear cell; G-CSF, 
granulocyte-colony stimulating 
factor.

Randomized (n=57)

7 months (M7)

13 months (M13)

1 month (M1)

0 month (M0)G-CSF injecion & mPBMC collection (n=57)

Cross-over

T1 group (n=28)
mPBMC infusion

Complete (n=25)
Dropped out (n=3)

T7 group (n=29)
mPBMC infusion

Complete (n=25)
Dropped out (n=4)

T7 group (n=25)
Analyzed

T7 group (n=29)
Placebo infusion

Complete (n=29)
Dropped out (n=0)

T1 group (n=25)
infusion

Complete (n=22)
Dropped out (n=3)

Placebo

T1 group (n=22)
Analyzed
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RESULTS

Fifty-seven children participated in this study, but 47 
patients were analyzed because 10 subjects were lost to 
follow-up. Parents of subjects who dropped out refused 
to participate in research due to personal reasons. Twen-
ty-two children (T1 group) received mPBMC injections 
at 1 month after the G-CSF injections, and 25 children 
(T7 group) received mPBMC injections at 7 months after 
the G-CSF injections. The mean age of all subjects was 
54.9±23.9 months (median 51, range 24–128), 62.2±27.5 
months (median 55, range 24–128) for T1 group and 
48.2±18.3 months (median 46, range 25–102) for T7 
group. T1 group was significantly older than T7 group 
(p=0.044). There was no specific difference in gender, 
CP type, MACS, and QUEST scores between T1 and T7 
groups (Table 1).

The total and subdomain scores of QUEST at 6- and 
12-month evaluations were improved in both groups, as 
compared to baseline evaluation. The means scores of 
the subdomain of QUEST over time were shown Fig. 2. 
All scores showed improvement in both groups (p<0.001). 
However, there was no significant difference between 
the changes of M7–M1 and the changes of M13–M7 in 

both groups. The total and subdomain scores of QUEST 
were improved in both T1 and T7 groups at the 13-month 
evaluation, as compared to 1-month evaluation (Table 2). 
MACS level was unchanged in all patients.

To evaluate the effectiveness of mPBMC, the QUEST 
scores were compared before and after mPBMC (be-
tween 1 month and 7 months in T1 group), and before 
and after placebo (between 1 month and 7 months in T7 
group). The QUEST scores were improved at 6 months 
post-mPBMC injection as well as post-placebo injection. 
QUEST scores showed no significant difference between 
mPBMC and placebo injection groups (Table 3). The 
scores of QUEST were improved at 1 month post-G-CSF 
injection, as compared to baseline scores (Table 4).

DISCUSSION

Stem cells potentially stimulate the repair process by 
homing to the injured sites of the brain and carrying out 
regeneration [12]. The mechanism of stem cell therapy 
remains uncertain, but the three possible mechanisms 
include structural support for damaged or surrounding 
tissues [13], re-myelination of damaged axon, and in-
duction of regeneration via neurotrophic growth factors 

Table 1. Characteristics of subjects

Variable  T1 group (n=22) T7 group (n=25) p-value
Age (mo)   62.2±27.5 48.2±18.3 0.044*

Sex (male:female) 16:6 14:11 0.234

CP type (diplegia:hemiplegia:etc.)a) 10:6:6 15:6:4 0.545

MACS grade 0.586

   II 3 2

   III 3 3

   IV 11 14

   V 5 6

QUEST

   Dissociative movement 40.85±24.71 35.62±22.33 0.579

   Grasp 32.65±27.47 26.51±24.93 0.565

   Weight bearing   41.64±29.11 37.84±27.23 0.442

   Protective extension   38.02±26.97 39.10±29.92 0.623

   Total   38.82±24.69 34.87±23.55 0.957

Values are presented as mean±standard deviation or number.
CP, cerebral palsy; MACS, manual ability classification system; QUEST, quality of upper extremity skills test.
a)The ‘etc.’ includes tetraplegia, ataxia, and athetoid type.
*p<0.05, statistically significant.
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[14]. In addition, stem cells reduce TNF-a, IL-b, and IL-
1a level, and increase IL-6 level to improve endogenous 
brain repair [15]. 

The stem cell therapy for CP patients mostly involves 

mesenchymal stem cells from bone marrow (BM) or cord 
blood (CB) [16,17]. Sharma et al. [18] reported therapeu-
tic effects at 6 months after intrathecal injection of au-
tologous bone marrow mononuclear cells in CP patients. 

Table 2. QUEST score between 1 and 13 months within T1 and T7 groups

T1 group T7 group

Pre (M1) Post (M13)
Change  

(M13–M1)
Pre (M1) Post (M13)

Change  
(M13–M1)

Dissociative movement 49.71±23.66 60.72±27.50 11.01±12.60* 43.37±21.39 57.90±24.81 14.53±13.32*

Grasp 36.56±28.77 51.68±33.78 15.12±16.38* 34.51±29.62 51.70±26.44 17.19±15.67*

Weight bearing 50.45±32.02 63.91±36.00 13.45±17.38* 45.12±31.18 66.96±31.25 21.84±22.00*

Protective extension 48.98±35.71 62.88±36.83 13.89±21.62* 46.22±33.25 66.77±34.05 20.56±25.45*

Total 46.31±28.26 60.10±31.32 13.79±14.04* 42.34±26.67 60.74±26.68 18.39±15.58*

Values are presented as mean±standard deviation.
QUEST, Quality of Upper Extremity Skills Test.
*p<0.05, statistically significant.

Fig. 2. Changes of mean scores of subdomain of quality of upper extremity skills test in both groups during the study. 
M0, G-CSF injection time point; M1, mPBMC or placebo injection time point; M7, cross injection time point; M13, 
6 months after cross injection; G-CSF, granulocyte-colony stimulating factor; mPBMC, mobilized peripheral blood 
mononuclear cells.
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The mesenchymal stem cell is an important source for 
stem cell therapy but mononuclear cells from peripheral 
blood are another potential source [19]. Effectiveness of 
peripheral blood-derived mesenchymal stem cells has 
been reported for ischemic stroke [20]. Based on this 
previous report, we collected and cryopreserved mPBMC 
after intravenous administration of G-CSF. A month later, 
mPBMC was infused in patients from the T1 group, and 
6 months later, mPBMC was infused in patients from 
the T7 group. We performed this clinical trial based on 
reported safety and therapeutic potentials of G-CSF in 
neurodegenerative disease [21]. Safety of administering 
G-CSF and collecting mPBMC in CP children is already 
documented [22]. Moreover, mPBMC contains multi-
potent stem cells and secreted neurotrophic cytokines 
that could have an effect on neuro-regeneration [23]. 

In this study, the total and subdomain QUEST scores 
in both groups were improved regardless of timing of 
mPBMC and placebo injection; however, there were no 

differences in effect between mPBMC and placebo injec-
tion. In T7 group that received the placebo injection first, 
the scores of QUEST were also improved only after pla-
cebo was injected. This result suggested the possibility 
that the effect of mPBMC was masked by the effect of G-
CSF and/or G-CSF itself might have other neurotrophic 
potentials in children with CP. Several studies suggest 
a neurotrophic effect of G-CSF in neurological diseases 
[24-26]. As shown in Table 4, QUEST scores at 1 month 
post-G-CSF injection were similar to QUEST scores at 6 
months post-mPBMC injection. In this study, G-CSF was 
injected in both T1 and T7 groups to mobilize the stem 
cell from bone marrow to peripheral blood. This was 
unavoidable because it was an ethical crossover study in 
which all the participants were given the same mPMBC 
injection. Further studies are required to exclude the 
therapeutic potentials of G-CSF itself by using a control 
group of CP patients without G-CSF injection.

The study had a few limitations. First, it lacked strict 

Table 4. QUEST score after G-CSF infusion (n=47)

Baseline (M0) After G-CSF infusion (M1) Change (M1–M0)
Dissociative movement 38.07±23.36 46.34±22.46 8.27±12.19*

Grasp 29.39±26.04 35.47±28.93 6.08±9.03*

Weight bearing 39.62±37.88 47.62±31.35 8.00±12.13*

Protective extension 38.59±28.27 47.62±31.35 8.92±15.32*

Total 36.72±23.91 44.20±27.20 7.48±9.98*

Values are presented as mean±standard deviation.
QUEST, Quality of Upper Extremity Skills Test; G-CSF, granulocyte-colony stimulating factor.
*p<0.05, statistically significant.

Table 3. QUEST score after mPBMC and placebo injection

T1 group (mPBMC infusion phase) T7 group (placebo phase)
p-valuea)Baseline 

(M1)
mPBMC 

(M7)
Change 

(M7–M1)
Baseline 

(M1)
Placebo 

(M7)
Change 

(M7–M1)
Dissociative 
   movement

49.71±23.66 58.31±27.32 8.60±10.83* 43.37±21.39 52.56±24.28 9.19±8.59* 0.690

Grasp 36.56±28.77 44.78±31.53 8.21±10.22* 34.51±29.62 42.72±28.30 8.21±11.48* 0.862

Weight bearing 50.45±32.02 57.36±33.22 6.09±16.91* 45.12±31.18 55.92±34.29 10.80±16.04* 0.499

Protective 
   extension

48.98±35.71 57.44±36.22 8.46±23.75* 46.22±33.25 54.66±36.13 8.45±16.56* 0.766

Total 46.31±28.26 54.81±29.58 8.50±11.91* 42.34±26.67 51.16±28.27 8.82±8.99* 0.881

Values are presented as mean±standard deviation.
QUEST, Quality of Upper Extremity Skills Test; mPBMC, mobilized peripheral blood mononuclear cells.
a)p-value for comparison between changes of T1 group and changes of T7 group.
*p<0.05, statistically significant.
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control for other treatments, such as conventional reha-
bilitative therapies including physical and occupational 
therapy that could affect QUEST scores. Patients were al-
lowed their ongoing physical and occupational therapy. 
We recommended no change in the dosage or types of 
ongoing therapy throughout pre- and post-study pe-
riod. But, we strongly recommended exclusion of other 
therapies such as botulinum toxin injection, and neuro-
protective medication during screening and throughout 
the study duration. Secondly, this study did not enroll a 
sufficient number of patients based on the severity and 
type of CP because of the research budget and invasive-
ness of study design. Improvement related to natural 
growth of children with CP was another inherent limita-
tion. However, the recruited patients aged ≥2 years old 
and conducted group-wise comparisons in a random-
ized controlled trial with cross over design, which could 
somewhat reduce the effect of natural growth than study 
with younger children (<2 years old). Nevertheless, the 
hand function of children improves steadily after 2 years 
of age. Despite the study design, we were unable to ex-
clude the improving effect of natural growth on QUEST 
scores. The last limitation was the difference in age be-
tween the older T1 group and T7 group. Age could have 
a role on the effect of G-CSF or mPBMC. However, there 
was no significant difference in changes of QUEST scores 
between T1 and T7 groups.

In this study, QUEST and MACS indicated no significant 
difference in the upper extremity function in the children 
with CP between mPBMC and placebo injection. The ef-
fect of mPBMC was possibly masked by the effect of G-
CSF, which was used in both groups and/or G-CSF itself 
might have other neurotrophic potentials in children 
with CP. Further studies are needed to delineate the ef-
fect of mPBMC and G-CSF in patients with CP.
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