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AUTOLOGOUS UMBILICAL
CORD BLOOD CELLS FOR NEWBORN
INFANTS WITH HYPOXIC-ISCHEMIC
ENCEPHALOPATHY
ABSTRACT
Many of the recent clinical trials have shown high therapeutic potential of cord blood stem cells to treat various diseases in children. In this
report we present the results of pilot study of autologous umbilical cord blood cells transplantation for newborn infants with hypoxic-ischemic
brain injury. At one year old, case 1 was normal developmentally. Case 2 has gross motor delay with relative sparing of cognition. A multicentre
randomised-controlled trial is needed to evaluate clinical effectiveness of this treatment.
KEY WORDS: cord blood, hypoxic-ischemic brain injury, stem cell transplantation.

Hypoxia-ischemia is a dreaded cause of perinatal neurologic
injury. Despite advances in maternal-fetal medicine and great strides in
prevention, moderate to severe hypoxic-ischemic encephalopathy (HIE)
of the newborn baby still occur every 1-2 per 1000 live births. Until very
recently the management of such infants largely involves supportive care
for major organ dysfunctions. Intensive research in both animals and
subsequently humans over the past 3 decades has convincingly shown
that induced systemic hypothermia, in which an infant’s body temperature
is kept at 33,50C starting within 6 hours of birth and maintained for 72
hours, is effective in improving neurological outcome for infants with
HIE. This therapy has thus become standard of care since 2010 [1, 2, 3].
Unfortunately even after treatment with induced hypothermia, a significant
proportion of HIE infants still has neurological disabilities of varying
degrees when assessed at 2 years of age [4]. Research thus continues in
the quest for other modalities that will further improve outcomes.

STEM CELLS IN NEUROLOGICAL DISEASES
There has been a long history of interest in cell replacement therapy
for neurological diseases. Even as far as forty years ago many studies
on neuronal implants in animals were carried out [5]. For the purpose of
neuroregeneration, the other less studied strategy involves stimulation
of endogenous neural stem cells. In Parkinson’s disease, two doubleblind randomised controlled clinical trials were performed using
transplanted fetal tissue, and the results were promising even though
primary endpoints were not achieved [6, 7]. What was encouraging was
that these trials demonstrated that implanted cells of human embryonic
origin were successfully grafted and produced fibre outgrowth. Despite
this, big challenges remain in translating these incremental advances
into routine therapeutics. Apart from clinical efficacy, the other important
consideration when using fetal tissue is medical ethics. Alternative sources

of stem cells would be obvious candidates to circumvent controversial
political and regulatory hurdles. Such examples include xenogeneic fetal
cells, immortalized cell lines, mesenchymal stem cells, bone marrow
stromal cells, adipose-derived stem cells, placenta-derived stem cells,
umbilical cord blood cells and induced pluripotent stem cells [8].

UMBILICAL CORD BLOOD CELLS
Umbilical cord blood is a rich source for stem cells, including
mesenchymal and monocyte-derived stem cells. Human umbilical cord
blood (HUCB) cell transplant was first used in 1988 to successfully treat
a child with Fanconi anemia, despite much initial skepticism. It is now
a well-accepted treatment option for many blood cancers and genetic
hematologic diseases. By 2015 it is estimated that 10000 cord blood
transplant will be performed annually around the world using publicly
stored cord blood. There are many clear advantages of using HUCB as
a source of pluripotent stem cells. It is normally discarded as biological
waste after an infant’s delivery, easily accessible, and its collection and
storage is risk-free for the donor. Due to its low immunogenicity HUCB
cell transplants are also more tolerant of HLA mismatches and thus have
a lower incidence of graft-versus-host disease when compared to bone
marrow stem cells. Problems of using HUCB in transplant include quantity
of cells available from a single donor when used in a large patient.
In animal models with induced stroke, HUCB cell infusion
demonstrated some important and consistent features: infused cells
migrated to areas of injury, reduced the size of the infarcted area, and
caused functional improvements in the animals’ neurological scores [9,
10, 11]. In humans there was also proof ina patient with Krabbe disease
that intravenously infused umbilical cord blood cells crossed the bloodbrain barrier and engrafted in the recipient’s brain tissue. [J. Kurtzberg,
personal communication].
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POSSIBLE MECHANISMS FOR THE BENEFICIAL
NEUROLOGICAL EFFECT OF INFUSED STEM
CELLS
Contrary to common logic, transplanted cells probably do not exert
their benevolent effect in a major way via reproduction, differentiation
and replacing neural cells lost to disease [12]. Paracrine effect through
secreted neurotrophic factors that help stimulate endogenous neural
precursor reproduction and function is one possible mechanism [13, 14].
HUCB protected cortical neurons against glutamate-induced apoptosis
by activation of the protein kinase B signaling pathway [15]. This is
especially pertinent to HIE therapeutics because preventing delayed
cell death after an acute hypoxic-ischemic insult is the underlying
basis for successful treatment in infants with HIE. HUCB also improved
oligodendrocyte survival through alterations in gene expression [16].
In a rat model of spinal cord injury transplanted HUCB multipotential
stem cells improve neurologic function possibly by the release of
neurotrophic, angiogenic, and anti-inflammatory cytokines that reduce
secondary injury [17]. Mononuclear cells derived from HUCB were
shown to secrete interleukins, growth factors, and chemotactic proteins
in in-vitro experiments [18].

AUTOLOGOUS UMBILICAL CORD BLOOD CELLS
FOR NEWBORN INFANTS WITH HYPOXICISCHEMIC BRAIN INJURY – A PILOT STUDY
This is an attractive idea because the immediate availability of
autologous cord blood after delivery of an infant meant that the benefit
of any infused stem cell would likely be greatest soon after the injury

has occurred, especially during the reperfusion phase. In addition there
would be no problem of HLA incompatibility, and the nucleated cell
viability of fresh cord blood would be better than cryopreserved cord
blood units. Thus in collaboration with Cotten et al. from Duke University
who had initiated a pilot study on autologous cord blood cells for infants
with HIE, a similar pilot study on safety and feasibility was carried out
in Singapore [19, 20]. Over a period of 2 years, infants with HIE and
who required therapeutic hypothermia were eligible for autologous cord
blood transfusion. The collected cord blood unit would be volume and
red blood cell-reduced to obtain the nucleated cell fraction. It would
not be cryopreserved, and the nucleated cell fraction would be divided
into 4 aliquots of 5 ml each. Each aliquot would be infused at 12, 24, 48
and 72 hours of age. We demonstrated that for non-cryopreserved cord
blood nucleated cell fractions, the post-processing cell viability at 96
hours was 91,3 % (CD34+ fraction 93,3 %). Two infants were enrolled.
Both had Sarnat stage 2 HIE and seizures. Autologous cord blood was
infused as planned (6 and 156 million cells/kg birth weight for each
infant). There were no adverse reactions related to the transfusions.
Both infants had MRI brain abnormalities initially but second MRIs at
4-6 month of age were normal. At one year old, case 1 was normal
developmentally. Case 2 has gross motor delay with relative sparing
of cognition. A multicentre randomised-controlled trial is needed to
evaluate clinical effectiveness of this treatment. Anticipated challenges
of such a trial will be the ethics of having a placebo control group, as
well as the possible difficulties in collecting sufficient volumes of cord
blood especially if prior informed consent is required from parents.
An accredited public cord blood bank in close proximity to birthing
hospitals is also necessary to produce good quality cell fractions and
ensure timely infusions.
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