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Abstract

Background. Cerebral palsy (CP) is the most common cause leading to childhood disability. Human umbilical cord
blood mesenchymal stem cells (hUCB-MSCs) transplantation is a promising alternative considering the safety and
efficacy in current reports. This report represents a case of hUCB-MSCs transplantation combined with basic
rehabilitation treatment beginning as early as age 6 months with follow-up as long as 5 years. Methods. A 6-year-old
female patient was diagnosed with CP at age 6 months. The patient accepted 4 infusions of intravenous hUCB-MSCs
in each course and received 4 courses of transplantation totally. A series of assessments were performed before
the first transplantation, including laboratory tests, CDCC Infant Mental Development Scale, and Gross Motor
Function Measure-88 (GMFM-88). Then annual assessments using the GMFM-88, Ashworth spasm assessment,
and comprehensive function assessment scale were made in addition to the annual laboratory tests. In addition,
electroencephalography and brain magnetic resonance imaging were conducted before transplantation and in the
follow-up phase. Rehabilitation and safety follow-up have been ongoing for 5 years up to date. Results. There was
no complaint about adverse effects during hospitalization or postoperative follow-up. Motor function recovered to
normal level according to the evaluation of scales. Language function improved significantly. Linguistic rehabilitation
therapy was enhanced for further improvement. Conclusions. The clinical application of hUC-MSCs combined with
basic rehabilitation treatment was effective and safe for improving motor and comprehensive function in a patient
with CP.
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Europe, America, and Australasia is fairly stable at 2 to
3 per 1000 live births, though in susceptible premature
infants it rises to up to 100 per 1000 in those born before
28 weeks gestational age.” The incidence in China is
around 1.2 to 2.7 per 1000 live births. The traditional
treatments for CP mainly focus on multidisciplinary
management based on the comorbidities to minimize the

Background

Cerebral palsy (CP) describes a group of permanent dis-
orders of the development of movement and posture,
causing activity limitation, that are attributed to nonpro-
gressive disturbances that occur in the developing fetal
or infant brain. The motor disorders of CP are often
accompanied by disturbances of sensation, perception,
cognition, communication, and behavior; by epilepsy;
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and by secondary musculoskeletal problems.' CP is by
far the commonest physical neurodisability during
childhood and as such has a massive socioeconomic
impact.” The incidence has not changed for decades,
despite significant advances in the medical care of neo-
nates. According to data in 2000, overall prevalence in
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impact of secondary deformities, including, among oth-
ers, rehabilitation therapy, hyperbaric oxygen treatment,
neurotrophic drugs and cytokines, and acupuncture ther-
apy. Stem cells, especially human umbilical cord blood
mesenchymal stem cells (hUCB-MSCs) transplantation,
have shed a new light on the treatment model for CP.
This case report contributes to support the safety and
efficacy of hUCB-MSCs in clinical practice with indi-
vidual features as follows: early diagnosis and treatment
(since age of 6 months), long-time follow-up for safety
(up to 5 years after initial transplantation infusion), sat-
isfactory safety, and significant improvement.

Methods
Ethics

An informed consent form was signed by the guardians
of the patient (with approval of the hospital ethics com-
mittee) before stem cell treatment.

General Patient Information

The patient, a 6-year-old girl, was first diagnosed with CP
at the age of 6 months due to “neurodevelopmental delay.”
The patient was born full-term without any dystocia,
asphyxia, or other perinatal risk history. There was no his-
tory of familial or hereditary diseases. Around the age of 4
months, her parents found an obvious delay in normal
developmental milestones. She could not raise her head,
nor sit up when she come to our hospital at the age of 6
months. Development status was as that at age 2 months
according to CDCC Infant Mental Development Scale for
gross and fine motor, cognizance ability, language compe-
tence, and social adaptability, and the development quo-
tient was only 29.9. Brain magnetic resonance imaging
(MRI) showing cerebral hypoplasia was also consistent
with CP. Any pathologic reflex was not induced. Several
scales were used for assessment in scheduled visits includ-
ing Ashworth spasm assessment, Gross Motor Function
Measure-88 (GMFM-88), and comprehensive function
assessment. No other significant abnormal signs were
observed in vital sign, physical exams, and laboratory tests.

Stem Cell Source

hUCB-MSCs were provided by Beike Biotechnology,
and the material was from the umbilical cord blood of
healthy puerperal woman with all the following tests neg-
ative: syphilis, HIV, hepatitis B virus, and TORCH 5. The
hUCB-MSCs were cultivated, passaged, and collected at
the fourth generation for usage in transplantation after
separating and extracting from original material. All the
quality test results met the ISCT hUCB-MSCs standards,

including cell morphology, cell surface marker detection,
bacterial detection, mycoplasma detection, and endotoxin
detection. Cells were inoculated into 1-mL vials at a con-
centration of 5 x 10’ cells/mL with medium.

Treatment

hUCB-MSCs Transplantation. The patient accepted her
first infusion at the age of 6 months, and she received 4
infusions of intravenous hUCB-MSCs in each course
with an interval of 7 days between every 2 infusions.
Totally 4 courses of transplantation were completed by
the age of 2 years with an interval of half a year between
courses, and then annual assessments were performed.
At each treatment course, the stem cells were fully dis-
persed and mixed using 30 mL normal saline, and then 5
x 10" cells were intravenously infused. All the treat-
ments were performed in a specific room for stem cell
transplantation. Immunosuppressant was not adminis-
tered since the stem cell resource was from human and
the quality was certificated for clinical usage.

Basic Rehabilitation Treatment. Basic rehabilitation treat-
ment was employed by rehabilitation physiatrists for CP,
including Bobath therapy and conductive education.
The treatment was for 40 minutes each session and twice
a day with a 1-day break in a week, lasting for 3 months
in a treatment course. The patient received the first reha-
bilitation treatment at the age of 6 months, and has car-
ried through as scheduled firmly up to date.

Clinical Response

Safety Monitoring. Physical exams and laboratory tests
(including routine blood test, liver and kidney function)
were conducted before transplantation and in annual
assessments. In addition, thyroid function, virus tests
(including syphilis, HIV, and hepatitis virus), TORCH
tests, and MRI were performed for first diagnosis.
Growth hormone was tested in annual assessments.
Vital signs were monitored before and after each infu-
sion over 24 hours, including blood pressure, heart rate,
blood oxygen, and respiration.

Efficacy Evaluation. Electroencephalography (EEG) was
conducted to evaluate the difference of cerebral function
before and after transplantation.

Ashworth spasm assessment was performed since
age of 2 years. GMFM-88 scales were conducted before
transplantation and during the follow-up phase to assess
motor function.

CDCC Infant Mental Development Scale assessment
was performed to check the general development status
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Figure |I. GMFM-88 subscore.

GMFM-88 subscores showed improvement in sitting, crawling, kneeling, lying, and rolling to normal level at the age of 2. Standing function was
recovered at the age of 4, while walking, running, and jumping functions were recovered at the age of 5.

before transplantation, which was modified from Bayley
developmental scale for better accuracy and reliability
in Chinese children from age 0 to 3.

Comprehensive function assessment was employed
on treatment completion at the age of 2 years to assess
cognizance ability, language competence, motor func-
tion, self-dependence, and social adaptability.

MRI scans were taken in scheduled visits to check the
cerebral hypoplasia status and for safety monitoring.

Results

Safety Parameters

No adverse effects or complications were observed dur-
ing treatment and in the follow-up phase. Physical
exams and vital signs were normal. In addition, all the
laboratory test results turned out to be within normal
range. There was no sign of cerebral tumor according to
the MRI exam within 5 years after transplantation.

Efficacy Parameters

Ashworth Spasm Assessment. The muscle tension was
grade 1+ in hip flexion and adduction according to Ash-
worth spasm assessment, which was grade 1 since the
assessment at the age of 3 up to date. There was no other
abnormality in motor pattern in this case.

GMFM-88 Scales. Eighty-eight questions were addressed
in the GMFM-88 scale for 5 function areas: “lying and

99 ¢ 29 < 99 ¢

rolling,” “sitting,” “crawling and kneeling,” “standing,”
and “walking, running, and jumping.” The patient could
not raise her head nor sit before transplantation at the
age of 6 months, but the functions with regard to sitting,
crawling, kneeling, lying, and rolling were almost
recovered to normal level at the age of 2. Standing func-
tion was recovered at the age of 4, while walking, run-
ning, and jumping functions were recovered at the age
of 5 (Figure 1). Besides, a significant improvement was
observed in gross motor function according to the total
score of GMFM, with a total recovery at the age of 5
(Figure 2), and an obvious improvement was observed
at 6 months after the first treatment course according to
clinical representation.

Comprehensive Function Assessment. The CDCC Infant
Mental Development Scale was a reference for the base-
line status since the comprehensive function assessment
was not applicable at the age of 6 months. According to
that assessment, the baseline status was at the level of 2
months with regard to gross and fine motor, cognizance
ability, language competence, and social adaptability.
Motor function and language competence developed
well after transplantation, and were almost normal since
the age of 2. Significant improvement was noticed
regarding self-dependence, cognitive ability, and social
adaptation, which were almost normal at the age of 5
(Figure 3). The function impact status was moderate at
the age of 2 after transplantation, and recovered to mild
since age of 3 according to the total score of comprehen-
sive function assessment (Figure 4).
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Figure 2. GMFM-88 total score.
GMFM-88 total score revealed a significant improvement in gross
motor function with an overall recovery at the age of 5.

Electroencephalography. Cerebral function impact was
revealed in EEC before transplantation at the age of 6
months due to increase in diffuse slow waves in both
sleep and awakening stages. And the EEG was normal at
the age of 5 years (Figure 5).

Magnetic Resonance Imaging. Normal cerebral structure
was shown in MRI at the age of 5 years.

Discussion

The efficacy of traditional therapies is limited in patients
with severe impact or older than 3 years, though patients
with mild cerebral impact could benefit from these treat-
ments. Recently, stem cell transplantation has been ele-
vated to a high position for an active intervention,
though the complete mechanism of action is not clear
enough to focus on critical elements. The major obsta-
cles of the treatment for CP are the lack of proper animal
models for mechanism research and the limitation of
clinical trials for definite and replicable results.
Alternatively, hUCB-MSCs transplantation is a promis-
ing approach to cerebral injuries considering the safety
in clinical paradigms and the easy accessibility, though
the preclinical benefits are controversial.*> Regarding
the clinical trials registered in ClinicalTrial.gov about
UCB-MSC for CP treatment, 3 trials have been com-
pleted, while 8 trials were ongoing up to December 9,
2014. A positive result was reported in a double-blind,
randomized, placebo-controlled trial with treatment of
UCB-MSCs infusion combined with rehabilitation and
erythropoietin.’

Similar improvements were observed in our case. In
particular, safety evidence in 5-year follow-up made this
case different from previous reports. Any hint of cerebral
tumor was not present in such a long-term follow-up based

on the laboratory tests and MRI results. Transplant rejec-
tion was not noticed in the transplantation period without
immunosuppressant, which was consistent with the low
immunogenicity of hUCB-MSCs. Besides, satisfactory
efficacy data were consistent with similar reports.*’

It was revealed by Min team that the improvements
over 6 months on the GMPM, the BSID-II Mental and
Motor scales, and the “social cognition” scale in
WeeFIM differed significantly among pUCB, erythro-
poietin, and control groups. Multiple comparison tests
for each difference revealed greater improvements in the
pUCB group than in the other groups.’

In our case, significant improvements in gross motor
function and language competence were shown based
on GMFM-88 and comprehensive function assessment,
which recovered to normal level at age of 2. Actually,
obvious improvement was noticed since the sixth month
after the first treatment course, which was similar to the
analysis of Min team, that GMFM score differences
were significant between the groups at the 3- to 6-month
interval, and greater improvement in the pUCB group
than in the control group was observed °. Some expres-
sion impediment was observed when the patient repeated
a long sentence though she could fully understand and
make her expression clear slowly. Linguistic rehabilita-
tion therapy was enhanced for further improvement.
Furthermore, benefit was also shown in functional level,
which was revealed in the results of EEG before and
after transplantation. Finally, the clinical and functional
improvements may profit from the normalization of
cerebral structure after transplantation according to the
MRI results.

The possible mechanisms for the treatment efficacy of
stem cell transplantation to cerebral injury are still
unclear, especially for chronic injury due to limitation of
proper animal models. It did not appear that stem cell
replacement of the cerebral lesion would account for the
cerebral structure improvement in MRI alone. It was
reported that the survival of transplanted cells was too
few to repair the lesion,” and it was also doubted if they
could develop normal process and function in neuronal
circuitry.” It seemed more promising for the theory of
greater survival of intrinsic cells induced by the trans-
plants, which was reported in an acute injury model."’
Besides, differentiation from transplanted cells to astro-
cytes’ or microglia might also contribute to the recovery
of cerebral structure. Regarding the overall recovery
from structure to function, there was no doubt that persis-
tent rehabilitation played an important role in this case.
hUCB-MSC:s transplantation was treated as a critical fac-
tor in the success of the treatment course, since it was
impossible to achieve such a significant improvement on
motor functions in 6 months relying on the rehabilitation
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Figure 3. Comprehensive function assessment subscores.

Comprehensive function assessment subscores showed motor function and language competence were almost normal since the age of 2, while
self-dependence, cognitive ability, and social adaptation were almost recovered at the age of 5.
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Figure 4. Comprehensive function assessment total score.
Comprehensive function assessment total score showed the
function impact status was moderate at the age of 2 after
transplantation, and recovered to mild since age of 3.

approach alone. Moreover, the recovery of cerebral
structure was more likely attributed to the structural
repairing induced by hUCB-MSCs transplantation,
though the exact mechanism was unknown.

Despite treatment safety and efficacy, the clinical pro-
cess of transplantation was also explored from specific
management in this case regarding the optimal time,
dose, and infusion route, which varied in different
reports. Early diagnose and transplantation seemed a
favorable factor for satisfactory efficacy in this case,

although we could not work out an opportune time
schedule only based on this case. It was generally
accepted that earlier treatment brought more benefit for
the patient with CP, since the longer the interval from the
injury, the less likely the lesion could recover. Regarding
the dose, 5 x 107 cells were sufficient in this case, which
could be a reference for other cases. Besides, it was dem-
onstrated in this case that intravenous infusion was effec-
tive in achieving satisfactory improvement, which was
more feasible compared with intraventricular injection. It
supported the notion that the improvement in function
might not be directly linked to the implantation of the
cells themselves," considering the hematoencephalic
barrier.

Conclusions

A satisfactory result of safety and efficacy was obtained
with hUCB-MSCs transplantation combined with reha-
bilitation for CP treatment. \UCB-MSCs transplantation
is a promising alternative based on the positive results of
several cases reports and clinical trials, though the
mechanism is still controversial in animal models.
Besides, the increasing popularity of postnatal umbilical
cord stem cell harvest and storage makes it the most eas-
ily accessible stem cells for clinical usage. Regarding
the challenges, further efforts are required in mechanism
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Figure 5. Electroencephalogram.

An increase of diffuse slow waves was shown in both sleep and awakening stages in the EEC at the age of 6 months (F-5-1, F-5-2). Almost

normal images were shown in EEG at the age of 5 years (F-5-3, F-5-4).

study with proper animal models and the demonstration
of clinical safety and efficacy in clinical trials and case
reports with definite and replicable results.
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