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EDITORIAL

Stem  cells  in  the  horizon  of the treatment  of the

neonatal arterial ischemic infarction
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Thanks  to  preclinical  studies,  we  know  that  stem  cells
migrate  selectively  to  injured  areas,  where  they  can  stim-
ulate  endogenous  repair  mechanisms  through  the  release
of  factors  with  anti-inflammatory,  immunomodulating,  neu-
rotropic,  antiapoptotic  and  neurotrophic  effects  (paracrine
signalling).  Due  to  this  neuroprotective  and regenerative
properties,  evinced  in animal  models  of  ischaemic  brain
injury1,  stem  cell  therapy  is  attracting  interest  as  a novel
treatment  option  for  neonatal  patients  with  severe  neuro-
logic  disease:  hypoxic-ischaemic  encephalopathy,  neonatal
arterial  ischaemic  stroke  (AIS),  white  matter  injury,  etc.

The  first  study  demonstrating  the feasibility  and  safety  of
treatment  with  mesenchymal  stem  cells  (MSCs)  in neonates
with  AIS  with  a single  intranasal  dose (50  ×  106 cells)  was
published  recently2.  This  open  label  study  included  all
neonates  with AIS  admitted  to  intensive  care  units  in  the
Netherlands,  with  a  mean  age  of  6 days  at  the time  of
administration  of  MSC-based  therapy.

To  understand  the relevance  of this  study,  it  is  neces-
sary  to  place it in the context  of  our  current  knowledge
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and health  care  practices.  Both health  care professionals
and  health-literate  adults  are aware  that  arterial  ischaemic
stroke  (or stroke,  for  short)  is  a major  form  of  brain  injury
that  is  frequent  after  age  65  years.  However,  it is  less  known
that  it is also  relatively  frequent  in neonates,  before  28  days
post  birth,  in more  than  90% of  cases  involving  the  region  of
the  middle  cerebral  artery.  Neonates  are the paediatric  sub-
group  with  the highest  incidence  of AIS,  estimated  at 1 case
per  2500---5000  births3,  which  approximates  the incidence
observed  in adults  and  is  16 times  greater  than  the  overall
incidence  in  the paediatric  population.  The  magnitude  of  the
problem  is  exacerbated  by  the burden  it places  on the  health
care  system,  as  a high  percentage  of  children  with  a  his-
tory  of  AIS  experience  long-term  disability  (AIS  is  the leading
cause  of  hemiplegia  in  the  paediatric  age group)  and need
rehabilitation  in multiple  areas  of  neurodevelopment.  Thus,
by  age 7  years,  50%  of these  children  have  language  impair-
ments,  30%  hemiplegia  or  monoplegia,  30%  poor academic
achievement,  10%  epilepsy  and  8% intellectual  disability4.
The  outcomes  of  neonatal  AIS  are heterogeneous,  depend-
ing  on  the  involved  branches  of  the medial  cerebral  artery,
lesion  volume  and  the affected  structures,  with  poorer  out-
comes  the  larger  the  involvement.
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Contrary  to  adults,  in whom  thrombolytic  therapy  and
endovascular  thrombectomy  are  established  treatments,  no
treatment  is  available  for  neonates  to  prevent  or  ameliorate
AIS,  and  therefore,  it is  not  possible  to  reduce  the  neurologic
sequelae  of  this cerebrovascular  disease  in  infants.  Thus,  the
clinical  management  of  neonatal  AIS  is  limited  to  support-
ive  care  and treatment  of seizures.  Given  the  absence  of
effective  treatment,  there  is an urgent  need  for  the  devel-
opment  of  safe and effective  therapeutic  interventions  able
to  improve  the outcomes  of  this  potentially  devastating  neu-
rologic  disease  in  the  neonatal  period.

A  study  by  Baak  et al.1 showed that  it is  possible  to  diag-
nose,  transfer  and  treat  patients  with  perinatal  AIS  within  7
days  of  onset,  and  that  it  is possible  to  administer  the  dose of
MSCs  intranasally  within  a maximum  window  of  4  h  after  its
preparation,  and  that  this  intervention  is  safe  and  well  toler-
ated. The  authors  did not  observe  any severe  adverse  events
in  any  patients,  nor  found  any differences  in serum  mark-
ers  of  inflammation  (C-reactive  protein,  procalcitonin  or  the
white  blood  cell count)  before  and after  the administration
of  MSCs.

Although  other  studies  have explored  the feasibility  and
safety  of stem  cell therapy  in neonatal  neurologic  disease
(hypoxic-ischaemic  encephalopathy)5,6 and  respiratory  dis-
ease  (preterm  infants  with  bronchopulmonary  dysplasia)7,
this  study  found  that  it is  possible  to  concentrate  the care
of  patients  with  the main  form  of  neonatal  stroke  in expe-
rienced  facilities  and  to  overcome  the  logistic  challenges
involved  in  the preparation  and  administration  of  MSCs. The
researchers  used MSCs  as  opposed  to  autologous  cells  from
umbilical  cord  blood  or  Wharton’s  jelly,  the  most  common
approach  in  neonates due  to  its immediate  availability  and
low  immunogenicity,  but  certainly  a strategy  that  entails  sig-
nificant  logistic  difficulties  (harvesting,  processing,  storage
in biobanks  and  dosage)5.  The  intranasal  route  of adminis-
tration  allows  MSCs  to  enter  the brain  through  the  olfactory
foramina  across  the  cribiform  plate  and  has  proven  effective
in preclinical  models8.  However,  important  aspects  have  yet
to  be established:  the  cell  dose,  number  of  doses  and  tim-
ing  of  administration.  One  potential  future  alternative  to
MSCs  could be  the  administration  of  exosomes,  the medi-
ators  of  the  beneficial  effects  derived  from  MSCs, which
would  reduce  the  logistic  challenges  and the risks,  small  as
they  are,  of tumorigenesis  and immunocompatibility  prob-
lems  inherent  to  MSCs9.

Although  there  is  still  a  long  way  to  go  before  this ther-
apeutic  intervention  can  be  integrated  in  the  management
of  neonatal  AIS,  to  avoid  an excessive  delay  in proving  the
efficacy  of  therapeutic  interventions  for  major  neurologic
conditions,  we  believe  that  proof  of concept  studies  could
be an  alternative  for  the  time  being  until  conventional  clin-
ical  trials  can  be  carried  out.  These  studies  require  a  tenth
of  the  usual  number  of participants  and  it  do  not  take  years
to  yield  results,  as  they  use  endpoints  such  as  neuroimag-
ing  markers  (multimodal  magnetic  resonance  imaging  and
magnetic  resonance  spectroscopy)  or  biochemical  markers.

If MSCs  prove  effective,  NAIS would  stop  being an
untreatable  disease  and  become  one  of  the  diagnostic  and
therapeutic  emergencies  in neonatal  neurology,  as  occurred
with  hypoxic-ischaemic  encephalopathy  in the past.  At
such  time,  it  will be necessary  to develop  rapid  and  well-
structured  operational  protocols  to  ensure  neonates  with  AIS
access  to  stem  cell therapy,  that is, to  establish  a neonatal
code  stroke  like  the one  implemented  in adults  presenting
with  AIS.

References

1.  Baak LM, Wagenaar N, van der Aa NE,  Groenen-

daal F,  Dudink J, Tataranno ML, et al. Feasibility and

safety of intranasally administered mesenchymal stro-

mal cells after perinatal arterial ischaemic stroke in

the Netherlands (PASSIoN): A  first-in-human, open-label

intervention study. Lancet Neurol. 2022 Jun;21:528---36,

http://dx.doi.org/10.1016/S1474-4422(22)00117-X. PMID:

35568047.

2. van Velthoven CT, Kavelaars A, Heijnen CJ. Mesenchymal stem

cells as a treatment for neonatal ischemic brain damage. Pediatr

Res. 2012;71:474---81, http://dx.doi.org/10.1038/pr.2011.64.

3. Ferriero DM, Fullerton HJ, Bernard TJ, Billinghurst L, Daniels

SR, DeBaun MR, et al. Management of  stroke in neonates and

children: A scientific statement from the American Heart Associa-

tion/American Stroke Association. Stroke. 2019 Mar;50:e51---96,

http://dx.doi.org/10.1161/STR.0000000000000183. PMID:

30686119.

4. Chabrier S,  Peyric E, Drutel L, Deron J, Kossorotoff M, Dinomais

M, et al. Multimodal outcome at 7  years of  age after neona-

tal arterial ischemic stroke. J  Pediatr. 2016 May;172:156---61.e3,

http://dx.doi.org/10.1016/j.jpeds.2016.01.069. Epub 2016 Mar

9. PMID: 26968833.

5. Cotten CM, Murtha AP, Goldberg RN, Grotegut CA,

Smith PB, Goldstein RF, et al. Feasibility of  autolo-

gous cord blood cells for infants with hypoxic-ischemic

encephalopathy. J  Pediatr. 2014 May;164:973---9.e1,

http://dx.doi.org/10.1016/j.jpeds.2013.11.036. Epub 2013

Dec 31. PMID: 24388332; PMCID: PMC3992180.

6. Tsuji M, Sawada M, Watabe S, Sano H, Kanai M, Tanaka

E, et al. Autologous cord blood cell therapy for neona-

tal hypoxic-ischaemic encephalopathy: A pilot study for

feasibility and safety. Sci Rep. 2020 Mar 12;10:4603,

http://dx.doi.org/10.1038/s41598-020-61311-9. PMID:

32165664; PMCID: PMC7067794.

7.  Chang YS, Ahn SY, Yoo HS, Sung SI, Choi SJ, Oh WI, et al.  Mes-

enchymal stem cells for bronchopulmonary dysplasia: Phase 1

dose-escalation clinical trial. J  Pediatr. 2014 May;164:966---72.e6,

http://dx.doi.org/10.1016/j.jpeds.2013.12.011.

8.  van den Heuij LG,  Fraser M, Miller SL, Jenkin G,  Wallace

EM, Davidson JO, et  al. Delayed intranasal infusion of  human

amnion epithelial cells improves white matter maturation after

asphyxia in preterm fetal sheep. J Cereb Blood Flow Metab. 2019

Feb;39:223---39, http://dx.doi.org/10.1177/0271678X17729954.

9. Thomi G, Joerger-Messerli M,  Haesler V, Muri L,  Surbek D, Schoe-

berlein A. Intranasally administered exosomes from umbilical

cord stem cells have preventive neuroprotective effects and con-

tribute to functional recovery after perinatal brain injury. Cells.

2019 Aug 8;8:855, http://dx.doi.org/10.3390/cells8080855.

PMID: 31398924; PMCID: PMC6721675.

374

dx.doi.org/10.1016/S1474-4422(22)00117-X
dx.doi.org/10.1038/pr.2011.64
dx.doi.org/10.1161/STR.0000000000000183
dx.doi.org/10.1016/j.jpeds.2016.01.069
dx.doi.org/10.1016/j.jpeds.2013.11.036
dx.doi.org/10.1038/s41598-020-61311-9
dx.doi.org/10.1016/j.jpeds.2013.12.011
dx.doi.org/10.1177/0271678X17729954
dx.doi.org/10.3390/cells8080855

	Stem cells in the horizon of the treatment of the neonatal arterial ischemic infarction
	References


