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INTRODUCTION

Human brain tissue has a limited ability to regenerate. Cerebral
palsy (CP) is a disorder that results from brain injury, most notably
hypoxic ischemic encephalopathy (HIE), during the neonatal
period. Once the brain-damaging process has progressed to exhibit
CP pathology, there is no effective treatment. Therefore, halting
this progressive process is important for preventing or minimizing
the severity of CP. Therapeutic hypothermia (TH) is an established
method widely practiced for this purpose, and TH alone can
decrease the mortality rate without increasing the risk of severe
disability among survivors [1]. One recent registry study, however,
suggests that nearly half of TH can result in some unwanted after-
effects [2]. Stem cell therapy is a newer approach with the potential
to repair damaged cells in CP lesions. In 2014, researchers in
the United States reported the effectiveness of a combination
of TH and autologous cord blood therapy in improving the
neurodevelopmental outcome of HIE [3]. By the end of 2014, the
Japan Agency for Medical Research and Development funded a
clinical trial of autologous cord blood therapy for HIE.

Umbilical Cord Blood Stem Cells and Regenerative Medicine

Stem cells have self-proliferation capacity and pluripotency.
Hematopoietic stem cells and mesenchymal stem cells (MSCs),
which are ubiquitous in the body, are involved in the maintenance
and regeneration of tissues. The use of these cells, called somatic
stem cells, is safer and raises fewer ethical concerns than the use of
embryonic stem cells. In the neonatal medicine, additional types
of stem cells, i.e., cord blood stem cells (CBSCs) and cord-derived
MSCs, can be obtained from the umbilical cord, which is usually
discarded after delivery. Since the first discovery by Nakahata et
al. in 1982 [4], CBSCs has been used to treat Fanconi anemia and
HIE (3,5,6].

TREATMENT OF HIE WITH AUTOLOGOUS
CBSCS

Cotten et al. from Duke University in the United States isolated
and administered autologous CBSCs to infants who underwent
TH for moderate to severe neonatal HIE [3]. Although the survival
rate was similar between TH alone and TH with CBSC therapy,

infants who received both TH and CBSCs were more likely to
have a better one-year neurodevelopment outcome, as determined
by the Bayley II Scale. Based on the results of this study, a phase
[ trial of autologous CBSC treatment for HIE was conducted in
Japan in combination with TH [6,7]. The eligibility criteria were:
gestational age of > 36 weeks; birth weight of > 1800 g; moderate or
more severe HIE at birth; and family consent. The umbilical cord
was punctured, and 40 to 100 mL of cord blood was aseptically
collected. CBSCs were aseptically separated by Sepax using a pack
containing the separating agent, hydroxyethyl starch. Cells were
divided into three doses and intravenously administered for 3 days
during TH (Figure 1).
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Figure 1: Protocol of the autologous CBSC and TH combination therapy
for HIE. UCB: Umbilical Cord Blood; DQ: Development Quotient
by Bayley Scale III; ACBSC: Autologous Cord Blood Stem Cell; TH:
Therapeutic Hypothermia.

THERAPEUTIC MECHANISMS OF CBSCs

Scientific research for neuroregenerative medicine is advancing
every day. CBSCs and cord-derived MSCs have been shown to
have pluripotency to differentiate into nerve cells in an in vitro
experimental system. Interestingly, however, administered CBSCs
do not seem to directly replace the damaged nerve cells in the brain.
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Instead, CBSCs likely work by improving energy metabolism and
promoting tissue repair through angiogenesis at the damaged site
[8]. Cord-derived MSCs have been shown to promote regeneration
of brain nerve cells by suppressing brain-damaging inflammatory
reactions in the acute phase.

FROM PREVENTION TO TREATMENT

Until now, the main focus of CP management was prevention,
as it is difficult to directly treat CP lesions once they are formed.
Recent clinical trials with autologous CBSCs, however, have shown
promising results. Sun et al. [9] conducted a randomized placebo-
controlled trial of autologous CBSCs in children with CP aged 1
to 7 years and reported that the motor function was significantly
improved after 1 year in the group that received more than 2 x 107
of CBSC:s. In Japan, Kochi University has started a phase I clinical
trial to administer autologous CBSCs to CP children aged 2 to 7
years, and so far its safety has been confirmed in 6 cases.

Thus, the treatment of CP, once considered impossible, is now
becoming a reality owing to the progress in regenerative medicine
using CBSCs. The future of CBSCs is not limited to CP; for
example, clinical trials of CBSCs are underway in children with
idiopathic autism spectrum disorder.
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