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Abstract  Stroke  represents  a  public  health  enemy.  Currently,  and  in  spite  of  multiple  clinical
trials, thrombolysis  remains  as  the  only  approved  therapy.  Most  preclinical  trials  and  animal
trials employing  stem  cell-based  therapies  have  shown  very  promising  evidence  of  benefits.
The aim  of  this  review  is  to  provide  a  landscape  of  what  has  been  done  in  human  clinical  trials,
and what  are  the  possible  ways  that  stem  cell  therapy  may  enhance  functional  recovery  in
stroke patients.
© 2016  Universidad  Autónoma  de  Nuevo  León.  Published  by  Masson  Doyma  México  S.A.  This  is
an open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Introduction

Acute  stroke  is  the  sixth  most  common  cause  of  death  among
Mexicans  and  the  third  cause  in  elderly  people;  just  in  2014
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it  was  responsible  for  30,000  deaths.1 Though  these  numbers
may  even  be  sub-registered.2 More  startling  is  the  fact  that
stroke  is  the  leading  cause  of  disability  in  this  country  and
worldwide.3 This  is  because  in  spite  of  the  high  mortality,
75%  of  patients  survive  a  stroke  with  some  kind  of  sequel;
this  is  258  patients  daily.4

The  main  mid-term  and  long-term  sequels  of  stroke
are  dysphagia,  fatigue,  muscle  weakness,  paralysis,  visual
problems,  incontinence,  chronic  pain,  seizures,  insom-
nia,  depression,  dementia,  aphasia,  amnesia  among  many
others.5

The  annual  incidence  of  stroke  is  232/100,000  people,
with  a  prevalence  of  8/1000.6 With  a  population  of  112
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million  Mexicans,  this  means  almost  900,000  people  sur-
vive  with  some  type  of  disability  or  sequel.  Worse,  after
a  year  almost  half  of  them  survive  with  significant  sequels
that  affect  their  quality  of  life  and  their  capacity  to  perform
daily  life  activities  (Modified  Rankin  Scale  [mRS]  between  2
and  5).7

As  if  that  were  not  enough,  the  economic  impact  is  noto-
rious  as  well.  Among  hospital  expenses,  studies,  treatments,
doctors’  fees,  work  incapacities,  early  retirement,  rehabil-
itation  programs  and  more,  each  patient  surviving  stroke
yearly  spends  around  $25,000  dollars.4 This  is  of  course
without  taking  into  consideration  the  social  and  emotional
expenses.

Stroke  prevalence  is  on  the  rise  worldwide,8 and  our
country  is  not  the  exception.9 In  Mexico  the  median  age  of
a  first  stroke  event  is  of  68  years  (ranges  52---84).7 Epidemi-
ology  studies  project  that  by  2050,  the  group  conformed  by
people  aging  between  55  and  80  will  almost  triple,  to  28%.10

Therefore,  by  that  year  there  will  be  more  than  2  million
stroke  survivors;  1  in  every  60  Mexicans.

Even  though  there  have  been  many  attempts  to  develop
new  stroke  cures,  a  thrombolytic  approach  with  tissue  plas-
minogen  activator  for  an  acute  ischemic  stroke  remains
as  the  only  approved  therapy.11 It  is  imperative  to  find  or
develop  a  new  treatment  to  enhance  recovery  and  restore,
at  least  partially,  the  lost  neurological  functions.

Physiopathology of stroke

Etiology

Stroke  can  be  divided  into  ischemic  stroke,  constituting
85%  of  cases  (atherothrombotic,  cardioembolic,  small  vessel
disease),  and  hemorrhagic  stroke  (subarachnoid  hemor-
rhage,  intraparenchymal  hemorrhage)  which  accounts  for
the  remainder  15%.12 The  later  one  has  an  overall  worse
prognosis.13 The  primary  risk  factors  for  stroke  include,  but
are  not  limited  to,  hypertension,  diabetes  mellitus,  smok-
ing,  dyslipidemia  and  atrial  fibrillation.14

Cerebral  ischemia  is  graded  depending  on  the  cere-
bral  blood  flow  (CBF;  which  would  normally  be  of
50---55  ml/100  g/min).  Anatomically,  stroke  lesions  can  be
divided  into  an  ischemic  penumbra  (CBF  of  15  ml/100  g/ml),
with  functionally  impaired  neurons,  though  still  reversible
with  acute  stroke  therapy,  and  an  ischemic  central  core  (CBF
of  6  ml/100  g/ml)  with  irreversible  neuronal  death.15

Natural  history

Lack  of  energy  substrates  quickly  leads  to  dysfunction  of
energy-dependant  ion  transport  pumps  and  depolarization
of  neurons  and  glia.16 This  depolarization  releases  excit-
atory  neurotransmitters,  primary  glutamate,  which  amplify
the  damage  by  the  release  of  free  radicals  and  interruption
of  the  electron  chain  transport.17 The  following  oxidative
stress  contributes  to  neuronal  death  by  disruption  of  the
cell  membrane.18 Apoptosis  also  mediates  many  of  the  lost
neurons,  predominantly  in  the  penumbra  region  if  no  acute
treatment  is  installed.19

Afterwards,  astrocytes  concentrate  along  ischemic
lesions,  and  produce  proteoglycans  to  form  a  glial  scar,

which  act  as  both  a  physical  and  biochemical  barrier  to
axonal  regeneration  and  sprouting,  limiting  the  reconnec-
tion  of  neural  circuits  and  contributing  to  many  of  the
long-term  sequels  of  stroke.20,21

Most  important  for  the  matter  of  this  review  it
is  the  robust  inflammatory  reaction  following  cerebral
ischemia.  Inflammatory  molecules  (e.g.  interleukin-1  [IL-1],
interleukin-6  [IL-6]  and  tumoral  nectrotic  factor-alpha  [TNF-
�])  are  predominantly  deleterious  in  the  early  phase  after
an  ischemic  stroke22 and  paradoxically  promote  brain  regen-
eration  and  neurovascular  remodeling  in  the  later  or  chronic
phases.23

Finally,  stroke  releases  many  chemotactic  molecules
(e.g.  interleukin  8  [IL-8],  monocyte  chemoattractant
protein-1  [MCP-1])  both  for  leucocytes  and  stem  cells.24

Particularly  stromal-derived  factor  1a  (SDF1a)  is  released
by  activated  endothelial  cells  after  hypoxic  injuries,  and
its  receptor  (CXC  chemokine  receptor-4  [CXCR4])  is  up-
regulated  as  well.25 They  both  acts  as  chemoattractants
that  mediate  neural26 and  bone  marrow27 stem  cell  migra-
tion  to  injured  areas,  which  is  critical  for  stem  cell-based
therapies.

Neurorestorative  therapies

After  neuroprotection  (acute)  therapies  have  failed,  and
scarring,  inflammation  and  edema  have  installed,  the
approach  must  be  shifted  then  to  a  nuerorestorative  ther-
apy  rather  than  on  preventing  the  extension  of  a  damage
that  has  already  been  well  established.  This  type  of  therapy
focuses  on  orchestrating  through  all  type  of  parenchymal
cells  (i.e.  neuroblasts,  immune  cells,  astrocytes,  oligoden-
drocytes  and  neurons),  the  enhancement  of  endogenous
neurogenesis,  angiogenesis,  axonal  sprouting  and  synapto-
genesis  in  affected  brain  tissue.28

Neurorestorative  therapies  include,  but  are  not  limited
to,  stem  cells.  There  are  also  ongoing  pharmacologi-
cal  investigations29 and  other  type  of  treatments  such
as  electromagnetic  stimulation,  device-based  strategies,
repetitive  training  and  task-oriented  strategies.30 Reha-
bilitation  could  exploit  the  combination  of  functional
reorganization  and  adaptation  after  stroke.31 Of  all,  cur-
rently  only  constraint-induced  therapy  has  evidenced  some
type  of  efficacy.32

Stem cells

Types  of  stem  cells

Since  their  first  descriptions  in  1963  by  Till  and  McCulloch,33

stem  cells  have  been  used  as  an  alternative  to  many  dis-
eases,  especially  those  without  any  other  treatment  options.
Neurologic  conditions  have  not  been  the  exception.  In  fact
they  represent  the  fifth  most  common  cause  for  ongoing
clinical  trials  based  just  on  mesenchymal  stem  cell  ther-
apy  (after  bone,  heart,  gastrointestinal  and  autoimmune
disorders).34

A  stem  cell  is  considered  as  such  when  two  properties
are  met:  capacity  for  long-term  self-renewal  without  senes-
cence  and  the  ability  to  differentiate  into  one  or  more
specialized  cell  types.  Based  on  their  transdifferentiation
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