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Prevention and treatment of cerebral palsy
(CP) by regenerative medicine: Perinatal
asphyxia is a well-known medical condition
that can lead to CP. Several etiologies are
involved in this process, but the primary cause
is hypoxic-ischemic encephalopathy (HIE) that is
characterized by reduced blood flow and oxygen
supply to the baby’s brain. CP is one of the
possible consequences of this neurologic injury.
Once developed, CP is difficult to treat, and the
role of rehabilitation in functional recovery is still
limited. The Neonatal Resuscitation Program is
one of the various approaches that have been
tried to date. The program has been providing
training courses since 2006 for midwives and
nurses in addition to physicians, and we saw a
marked reduction in mortality associated with
birth asphyxia just after a year of the program.
However, further efforts are required to achieve
0% mortality.

Since its first introduction in the late 1990s,
therapeutic hypothermia (TH) has become
a widely accepted intervention. With official
guidelines already established, it is now a
standard of care in medium- to large-scale
perinatal centers. The decreasing mortality rate
in the five years after the guideline publication
has proven the efficacy of TH. Still, more than
50% of infants develop CP as a sequela. Since
TH alone is not satisfactory, a clinical study
of autologous cord blood stem cells (CBSCs)
transplantation has been initiated to examine its
efficacy.

In severe birth asphyxia, hypoxia-ischemia
damages the white matter, the gray matter and
the central part of the brain called the basal
ganglia. At 10 days to 1 month after birth, the
basal ganglia appear white on MRI images, even
though patients were treated with hypothermia.
This is because head cooling is not deep enough
to reach the central part of the brain (the basal
ganglia), as it cools the brain from the surface.
This is the reason why whole body cooling is
now the most widely used modality. Published
studies have suggested a possible mechanism
of brain damage in HIE. First, oxidative stress,
inflammation and energy failure occur several
hours after the initial ischemic insult. In
the following several hours to days, cellular
inflammation leads to necrosis and cell death
(apoptosis). Over the next several days to
weeks, the body attempts to repair the damage.
Ultimately, these processes lead to recovery,
but at the same time damage continues
to accumulate. Hypothermia suppresses
inflammation by reducing the production of
excitatory neurotransmitters, intracellular
calcium and nitric oxide and free radicals
involved in these processes. Cooling has been
shown to act on both necrotic and apoptotic
pathways.

Can TH reduce the damage itself and optimize
the recovery? Unfortunately, it is considered
not enough. This is where stem cell therapy has

a potential role. Stem cells can secrete potent
combinations of trophic factors that modulate
the molecular composition of the environment
to evoke responses from resident cells (Braniak
and McDevitt, 2010). Regenerative medicine
using stem cells, in particular, the CBSCs provide
protection from inflammation, apoptosis,
oxidative stress, enhance regeneration, immune
regulation, and anti-inflammatory effect (Qin et
al., 2019). Among several donor sources, some
researchers are focusing on autologous CBSCs
to advance their clinical research, because there
is no need to culture and it can be administered
immediately and safely. At Duke University,
autologous CBSCs therapy was started in the
treatment of HIE as a prophylaxis for CP, but
then it has also been used as a treatment for CP
(Boruczkowski et al., 2019).

In vitro and animal studies: /n vitro experiments
have demonstrated the expression of neural
and normal cell markers in human nucleated
cord blood cells and the expression of
oligodendroglial and astrocytic features in CD34"
and other CBSCs. In regenerative medicine
cell replacement is an intuitive concept in
which infused stem cells are considered to
replace damaged neuronal cells. However, the
transplanted human mononuclear cells were
traced, and after 14 days, they were shown to be
engrafted but not differentiated into astrocytes.
After all, the differentiation of nucleated human
CBSCs into neurons shown in the in vitro
experimental system was not shown in the in
vivo experimental system.

In vivo studies using a neonatal rat model of
HIE have shown that transplantation of human
umbilical cord blood CD34" cells can ameliorate
the neural functional defect and reduce
apoptosis and promote nerve and vascular
regeneration in the rat brain after hypoxic
ischemic injury (Yu et al., 2019). Although
following brain injury, neuronal cell death,
edema, inflammation and apoptosis occur due
to post-injury excitotoxicity, a comparison of
the injured hemisphere and the contralateral
uninjured hemisphere at 7 days after the insult
revealed activated microglia and astrocytes in the
lesioned hemisphere, and CBSCs transplantation
resulted in a reduction in activated microglia in
the lesioned hemisphere (Pimentel-Coelho et
al., 2010). Stem cells are expected to improve
the outcome by not developing into neuronal
cells but promoting intrinsic repair mechanisms,
which reduce the brain damage and facilitate
the repair process.

History of CBSCs: Since CBSCs were discovered
in 1982, these cells have been used for the
treatment of various diseases including Fanconi’s
anemia and leukemia. They have also been
used for inherited metabolic diseases since the
turn of the century. Krabbe disease is one such
example. Krabbe disease is a hereditary and
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progressive demyelinating disease characterized
by accumulation of lipid metabolites in the
brain leading to death at 2 to 3 years of
age. In a subsequent study, the CBSCs from
unrelated donors was used for the treatment
of Krabbe disease (Escolar et al., 2005). Eleven
asymptomatic neonates and 14 symptomatic
infants underwent the transplantation of
allogeneic cord blood, and their survival was
compared to that of 190 untreated patients. The
authors found that all patients in the untreated
group died before 96 months of age, while 40%
of the treated symptomatic patients survived
after this age. The survival rate was 100% in
treated asymptomatic infants.

In 2009, it was reported that CBSCs
transplantation in an inherited metabolic disease
holds promise as a new treatment. Under these
circumstances, basic research on CBSCs for the
treatment of central nervous system disorders
due to hypoxia, ischemia, etc., that is, research
on regenerative medicine of the brain using cord
blood stem cells has been actively conducted.

Approach to central nervous system deficits
using cord blood cells: These studies all support
the possible efficacy of CBSCs therapy in other
central nervous system diseases and led to
CBSCs transplantation in patients with CP and
HIE in the 2010s. Cotten et al. (2014) led the
first clinical trials for CP and HIE. Although the
mortality at 15 months was not significantly
different, autologous CBSCs in HIE patients
resulted in a significantly higher survival with
Bayley Ill scores > 85 (Cotten et al., 2014).
Cotten et al. (2014) used a closed cell separation
system (i.e., no exposure to air contaminants)
called Sepax to isolate autologous CBSCs from
newborns with birth asphyxia. After parental
consent, they treat patients with a combination
of TH and transfusion of Sepax- isolated CBSCs
at 24, 48 and 72 hours. We are currently
conducting Japanese clinical trials of this
combination therapy.

The original study protocol was developed and
approved based on the Guidelines for the Use of
Human Stem Cells in Clinical Trials. The umbilical
cord is a rich source of blood (cord blood),
and typically, a skilled person can obtain about
100 mL of blood. The blood is then processed
in Sepax and aliquoted in three doses. Before
actual transplantation the examination of those
cells found that more than 90% of CD34" stem
cells were viable on day 3 (Nabetani et al., 2018).

Autologous CBSCs therapy for HIE: Autologous
CBSCs therapy for neonatal HIE in addition to TH
was performed in 6 newborn patients who were
> 36 weeks of gestational age and birth weight
> 1800 g with HIE and met the cooling criteria
in Japan. All of them were discharged from the
NICU without the support of a ventilator and
survived from 2 to 5 years (Tsuji et al., 2020).
Autologous CBSCs treatment has been shown to
be feasible and safe in US (Cotten et al., 2014)
and in Japan (Tsuji et al., 2020). In preterm
infants autologous CBSCs were performed for
not HIE but to prevent the development of
prematurity-related complications, and obtained
the same results, although this is a preliminary
speculation based on small groups of very
premature neonates who were 15 patients < 37
weeks of gestational age and 20 infants before
32 weeks of gestational age (Boruczkowski et al.,
2019).

Lee et al. (2012) reported that autologous
CBSCs was administered to 20 patients with
CP aged 2-10 years and 14 out of 20 patients



showed improvement. In 2015, Duke University
reported that 63 patients with CP aged 2 years
who had been administered autologous CBSCs
intravenously and after one year showed no
significant differences in the motor assessment
was found between the study group and the
control group, although there was a significant
improvement in motor skills in the higher dose
group than in the lower dose group.

Future perspectives: Survival with all three
Bayley domain scores of > 85 increased
from 41% to 72% by combining cooling and
autologous CBSCs transplantation (Cotten et al.,
2014). This means that among every 1000 babies
born with asphyxia, 400 will develop normally
after hypothermia therapy alone, and 700 will
develop normally when cell therapy is combined.
This is a remarkable change. It also means that,
however, hypothermia can save 400 babies but
600 will still likely develop CP. Cell therapy has
the potential to prevent CP in 300 of these 600
patients. Still, the remaining 300 may develop
CP. It seems impossible to decrease the number
to zero (Figure 1A).

This is why we are seeking an additional cell-
based approach particularly mesenchymal stem
cells (MSCs), which can be isolated from the
umbilical cord and cultured, and just a 1-cm
piece of the cord is adequate (Mukai et al.,
2019). Unlike cord blood, we can obtain enough
cells even from premature babies. However
autologous MSCs cannot be used to treat the
acute phase of the first few days of life, as MSCs
culture and quality control require a certain
period of time. If treatment with MSCs is to be
performed in the acute phase, the allogenic
MSCs prepared in advance will be used instead
of autologous MSCs, so it is necessary to pay
sufficient attention to confirm the safety. While,
because TH is only approved for mature infants
born after 36 weeks of gestation, MSCs have
potential for these preterm babies. If the efficacy
of cell therapy is proven in combination with
cooling, cell therapy alone may be beneficial
as well. For example, small babies born at 34
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week’s gestation cannot receive TH but are able
to receive CBSCs transplantation, if an adequate
amount of cord blood is collected. For smaller
babies, it would be difficult to always obtain an
adequate amount of cord blood, but they still
have the option of receiving MSCs. In 2016, an
amplification peptide for CBSCs was discovered
by Sugiyama et al. (patented but not published)
and the possibility of treating premature infants
with CBSCs has also emerged (Figure 1B).

Use of cord blood for regenerative medicine
and cell therapy in Japan: The Japanese Society
for CP Prevention is working to promote this
new therapy across Japan in cooperation with
healthcare centers. This is a new approach
to treat the cause and prevent the future
development of CP. Researchers at Kochi
University, in contrast, have started a clinical
trial of cord blood transplantation in children
who have already developed CP. They are using
autologous cord blood in six patients who had
been stored at a private bank. While, Xie et
al. (2016) reported that 12 HIE patients were
treated with umbilical cord derived MSCs
transplantation and markedly improvement
of neurological function, cognition ability,
emotional reaction and extrapyramidal function
was observed compared to 10 control babies.

In regenerative medicine for HIE, a strategy will
become necessary that cells such as MSCs, which
strongly suppress inflammatory response, are
administered in the acute phase, and thereafter
cells such as CBSCs, which have angiogenic
action, are administered for tissue recovery. It is
desired to develop a combination therapy that
makes use of the characteristics of each stem
cell.
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Figure 1 | Regenerative medicine provides new strategies for the treatmnet of perinatal brain injury.
(A) Effects of cooling, cord blood stem cells and umbilical cord derived mesenchymal stem cells. (B)
Perinatal therapeutic strategies for the prevention of cerebral palsy.

https://orcid.org/0000-0002-1677-1593
(Haruo Shintaku)

Received: March 20, 2020

Peer review started: April 3, 2020
Accepted: May 6, 2020

Published online: October 9, 2020

https://doi.org/10.4103/1673-5374.293139
How to cite this article: Shintaku H (2021)
Prevention and treatment of cerebral palsy

with cord blood stem cells and cord-derived
mesenchymal stem cells. Neural Regen Res
16(4):672-673.

Copyright license agreement: The Copyright
License Agreement has been signed by the author
before publication.

Plagiarism check: Checked twice by iThenticate.
Peer review: Externally peer reviewed.

Open access statement: This is an open access
Journal, and articles are distributed under the
terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the
work non-commercially, as long as appropriate
credit is given and the new creations are licensed
under the identical terms.

References

Baraniak PR, McDevitt TC (2010) Stem cell paracrine actions
and tissue regeneration. Regen Med 5:121-143.

Boruczkowski D, Pujal JM, Zdoliriska-Malinowska | (2019)
Autologous cord blood in children with cerebral palsy. Int J
Mol Sci doi: 10.3390/ijms20102433.

Cotten CM, Murtha AP, Goldberg RN, Grotegut CA, Smith
PB, Goldstein RF, Fisher KA, Gustafson KE, Waters-Pick B,
Swamy GK, Rattray B, Tan S, Kurtzberg J (2014) Feasibility
of autologous cord blood cells for infants with hypoxic-
ischemic encephalopathy. J Pediatr 164:973-979.

Escolar ML, Poe MD, Provenzale JM, Richards KC, Allison J,
Wood S, Wenger DA, Pietryga D, Wall D, Champagne
M, Morse R, Krivit W, Kurtzberg J (2005) Transplantation
of umbilical-cord blood in babies with infantile Krabbe
disease. N Engl J Med 352:2069-2081.

Lee YH, Choi KV, Moon JH, Jun HJ, Kang HR, Oh SI, Kim HS, Um
JS, Kim MJ, Choi YY, Lee YJ, Kim HJ, Lee JH, Son SM, Choi SJ,
Oh W, Yang YS (2012) Safety and feasibility of countering
neurological impairment by intravenous administration
of autologous cord blood in cerebral palsy. J Transl Med
10:58.

Mukai T, Tojo A, Nagamura-Inoue T (2018) Umbilical cord-
derived mesenchymal stromal cells contribute to
neuroprotection in neonatal cortical neurons damaged by
oxygen-glucose deprivation. Front Neurol 15:466.

Nabetani M, Shintaku H, Hamazaki T (2018) Future
perspectives of cell therapy for neonatal hypoxic-icschemic
encephalopathy. Pediatr Res 83:356-363.

Pimentel-Coelho PM, Magalhdes ES, Lopes LM, deAzevedo
LC, Santiago MF, Mendez-Otero R (2010) Human cord
blood transplantation in a neonatal rat model of hypoxic-
ischemic brain damage: functional outcome related to
neuroprotection in the striatum. Stem Cells Dev 19:351-
358.

Qin X, Cheng J, Zhong Y, Mahgoub OK, Akter F, Fan Y,
Aldughaim M, Xie Q, Qin L, Gu L, Jian Z, Xiong X, Liu R (2019)
Mechanism and treatment related to oxidative stress in
neonatal hypoxic-ischemic encephalopathy. Front Mol
Neurosci 12:88.

Tsuji M, Sawada M, Watabe S, Sano H, Kanai M, Tanaka E,
Ohnishi S, Sato Y, Sobajima H, Hamazaki T, Mori R, Oka A,
Ichiba H, Hayakawa M, Kusuda S, Tamura M, Nabetani M,
Shintaku H (2020) Autologous cord blood cell therapy for
neonatal hypoxic-ischaemic encephalopathy: a pilot study
for feasibility and safety. Sci Rep 10:4603.

Xie B, Gu P, Wang W, Dong C, Zhang L, Zhang J, Liu H, Qiu F,
Han R, Zhang Z, Yan B (2016) Therapeutic effects of human
umbilical cord mesenchymal stem cells transplantation on
hypoxic ischemic encephalopathy. Am J Trans| Res 8:3241-
3250.

YuY, Yan Y, Luo Z, Luo P, Xiao N, Sun X, Cheng L (2019) Effects
of human umbilical cord blood CD34" cell transplantation
in neonatal hypoxic-ischemia rat model. Brain Dev 41:173-
181.

C-Editors: Zhao M, Li JY: T-Editor: Jia Y

NEURAL REGENERATION RESEARCH | Vol 16 | No.4 | April 2021 | 673



