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Abstract
Despite of high research efforts, ischemic stroke is the leading cause of adult disability worldwide, with enormous
social and economic impact. To decrease the devastating impact of ischemic stroke on society, the researchers
continue to seek strategies to achieve better functional recovery in stroke victims. This article reviews in detail the
actual stage of research effort to develop new strategies in stem cells field, as well as stem cells delivery time course
in closed relation with delivery route, stem cells origin, and the local microenvironment. In addition, ischemic stroke
occurs in older people with comorbidities that may limit benefit and many preclinical studies did not take into account
this. However, sustained research funding is mandatory to allow neuroscientist to develop and test new ways to
improve the economic impact of stroke consequences on society.
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Introduction
Stroke is the leading cause of long term-morbidity in aged people,
but effective therapies still need to be developed. Stroke treatment
design should cover all stages of the ischemic cascade, starting with the
primary injury until the tissue regeneration and repair stage. Cerebral
ischemia occur when the blood supply is decreased or interupted in
the brain. Primary insult of the brain tissue is caused by deprivation
of oxygen and glucose that are essential for neuronal cells to work and
survive, and then continue with excitotoxicity phenomenon caused by
glutamate release and calcium-dependent mitochondrial disfunction
followed by DNA degradation and neuronal cell death.
Free radicals are other molecules that contribute to tissue
destruction. Irreversible cell death occurs rapidly in the “core” of
lesioned aria and progress faster in the adjacent area in the absence of
a rapid intervention. This stage decides the fate of viable neurovascular
unit cells to death or neurorepair and also, the fate of grafted stem cells.
However, the only approved FDA drug, aimed to restore the blood
flow, is tissue plasminogen activator (rt-PA). rt-PA wich has a limited
time window (first 6 hours) and an increased risk of hemorrhagic
complication [1].
With the development of the Stem Cell (SC) field, regenerative
medicine has gained new perspectives in areas that lack treatment
options, such as Cerebrovascular Diseases (CVD) including stroke.
Research is focused on new promising therapy about stem cells
transplantation and endogenous progenitor stem cell stimulation
in order to promote brain repair after lession. This new perspective
increase expectation that we can now make progress and develop an
effective therapy to be used after recombinant tissue plasminogen
activator (rt-PA) or endovascular intervention. However, the cellular
and molecular events underlying this mechanism are still elusive.

Aging and Basal Functional Status as Key Factors in
Cerebral Ischemia
Aging is a critical non-modifiable factor in the development of
brain diseases especially in ischemic stroke. Different cellular and
molecular changes alter the structure and function of the brain during
the aging process [2]. Studies showed that aging process is associated
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with structural and cellular functional changes not only in the brain
function, but also in metabolic pathways. Aging could also significantly
affect the microenvironment of the brain in absence of diseases.
Studies before showed that neuronal functions could be impaired
by aging due to increased oxidative damage, reduced metabolic
activity, impaired energy metabolism and protein aggregation. Aged
brain display a decreased endogenous neurogenesis, decreased growth
factor production (vascular endothelial growth factor; brain-derived
neurotrophic factor and insulin-like growth factor-1) [3]. However, the
receptivity to stem cell transplants in aging microenvironment brain
needs to be optimised.

Stem Cells Therapy for Cerebral Ischemia in Preclinical
Studies
Recent advances in stem cell research in experimental studies have
shown that the exogenous administration of neural stem cells (NSCs)
or endogenous NSCs stimulation are able to improve post-stroke
remodelling of the brain, even in aged people. We have previously shown
that aging brain can activate repair pathway that are active in the young
but this response is often delayed and not fully supported [4]. The aged
brain cell therapy is a promising therapeutic strategy to promote brain
tissue repair. In this regard, researchers are focused to identify the best
candidate for stem cell therapy in stroke like Mesenchymal Stem Cells
(MSCs) or Neural Stem Cells (NSCs) [5-8]. Of crucial importance when
defining a novel therapeutic approach is the knowledge of mechanisms
underlying the observed effects and to sustain these as long as long is
needed for effective recovery. In this light, studies before report that the
stem cell therapy can promote neurogenesis and axonal sprouting or
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activate the restorative pathways by modulation of neuroinflammation
or trophic factors production [9,10]. However, many studies using stem
cells was assessed in young animals and these did not fully replicate the
aged human condition including comorbidities.

Neural Progenitor Cell Therapy in Ischemia-Reperfusion
Injury
In the acute period of stroke, successful reperfusion can also initiate
the second stage of injury by inducing Blood-Brain-Barier (BBB)
dysfunction, increasing pro-inflammatory molecules: inducible nitric
oxide synthase (iNOS), Matrix Metalloproteinase (MMPs), Interleukin
1β (IL1β), Tumor Necrosis Factor α (TNFα) and Reactive Oxygen
Species (ROS) production. Despite of tremendous research efforts
made to discover new neuroprotective strategies to limit acute injury
to neuronal cells in ischemic area. Neuroprotection can be achieved
by reducing the release of excitatory neurotransmitters in the ischemic
area in order to enhance the neuronal survival [11,12]. However, several
studies have reported neuroprotective strategies that are successful in
animal stroke model, but these strategies failed in randomized placebocontrolled human studies. In this context, some questions must be
addressed; it is useful in this stage any stem cell therapy? If so, what type
of cell it is good to be used, which is the optimal delivery way and how
they operate, are just a few questions that need an answer.
There are many opportunities for pharmacological intervention to
attenuate the evolution of the cell death cascade. For the first time the
neuroprotection was focused to save only neuronal cells. Today, our
better understanding of the neurovascular unit concept has changed
the focus from single cell to multi-cells protection in order to achieve
optimal response following a cerebral ischemia [13,14]. Neurons are
most vulnerable to ischemia, followed by endothelial cells, pericytes,
microglia, and after that the astrocytes. In the first stage, post-ischemia
increased Brain Blood Barrier (BBB) permeability leads to edema,
peripheral immune cell infiltration, resident immune cells (microglia)
activation and subsequently exaggerate injury in ischemic area of the
brain. Endothelial Cells (ECs) are key players of the Blood Brain Barrier
(BBB) that maintain “homodynamic” of the brain and low permeability.
However, the peripheral inflammatory cells have a negative impact on
neural stem cells and endogenous neurogenesis, especially in the aging
brain where these processes are overactivated.
The recently discovered possibility to reprogram human adult
somatic cells into the Induced Pluripotent Stem Cells (iPSCs) has
added a promising tool to the panel of stem cells sources available
for stem cell therapy. iPSCs possess the characteristics and potential
assets of Embryonic Stem Cells (ESC), pluripotency and self-renewal,
which allow the production of unlimited amounts of progenitors and
precursor cells for all body cell types. In contrast with the impressive
number of studies that deal with improvements of reprogramming
techniques, pre-clinical data on therapeutic application of iPS remains
limited. In keeping with the perspective of clinical application, the iPS
research is focused on “safe” reprogramming processes in order to
avoid permanent genetic modifications of donor cells and potential
side effects after grafting. Many studies report that the Neuronal
Progenitor Cells (NPCs) and Endothelial Progenitor Cells (EPCs) can
be generated from human Inducible Pluripotent Stem Cells (iPSCs)
[15-19]. Neuronal Progenitor Cells (NPCs) are able to differentiate
into neurons, astrocytes, oligodendrocytes, and endothelial cells, which
constitute most of the neurovascular unit cell types that are affected by
ischemic insult.
In the early stage of stroke protection of Endothelial Cells (ECs) and
BBB function should be an important strategy for reducing ischemia/
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reperfusion injury, but there is still no clinical effective strategy. Studies
using in vitro model of brain endothelial cell ischemia/reperfusin injury,
characterized by decreased viability, increased apoptosis and cellular
permeability, increased ROS production, reported that co-culture with
EPCs or NPCs alone had beneficial effects on protecting ECs from
initial damage by VEGF and BDNF paracrine-mediated activation of
the PI3K/Akt signal pathway. VEGF and TrkB are reported to be the
major modulators of endothelial survival [18-20]. These studies are
performed in culture dish and if the cell response is the same in vivo in
aged animals and humans, then we can attempt to use stem cell therapy,
not only in a regenerative period but also in acute stage of stroke, prior
to or following rtPA intervention.
Studies in vivo, using animal model reported that the transplanted
human bone marrow Endothelial Progenitor Cells (hBMEPCs) can
represent a new neurorestorative way for BBB repair in stroke [21].
On the other hand, intravenously transplanted NSCs at 24 hours after
stroke onset can improve neurological function recovery without
reduction of infarct volume. Interesting, the NSCs could migrate
into the ischemic areas, displays a proliferative capacity and enhance
the endogenous stem cells in the adult rat brain after stroke [22,23].
However, exogenous NSCs cells appear to have different mechanisms
of action depending on delivery route. In this light, systemic delivery of
NPCs in the acute phase (first 24h) of stroke in adult mice (11-13 weeks)
has neuroprotective effect by preventing Blood-Brain-Barrier (BBB)
damage, decrease matrix metalloprotease 9(MMP9) overexpression and
Reactive Oxygen Species (ROS) [24].

Neural Progenitor Cell Therapy in the Post-Acute Phase
of Stroke
Neural progenitor cells therapy has been reported in the last years as
future therapy for functional recovery after stroke, but the mechanism
that underlies NPCs-mediated neurorecovery is still under debate.
Some issues remain to be solved:

i.

To explain whether exogenous NPCs can modulate adaptative
plasticity and structural/functional remodelling in the chronic
phase of stroke;

ii.

To understand the cellular and molecular mechanisms by
which exogenous NPCs promote adaptative microenvironment
changes and improve post-stroke recovery.

However, is still not clear if the NPCs contribute to stroke recovery in
the postacute phase by:

i.

Differentiation to functional neurons, astrocytes, glial cells or
endothelial cells that are able to replace the damaged ones in
aged specific environment;

ii.

By releasing specific molecule in penumbra that can change the
local aged microenvironment in order to promote functional
recovery;

iii.

Or by modulation of neuroinflammation in the subacute phase
of stroke.

Recent studies have showed that grafted human iPSC cells can
generate functional neurons that can send projections and receive
synaptic input from neighbouring neurons, which lead to improvement
of motor function even in aged animals [10,25]. NSCs mechanisms
of action seems to be much complex than simply neuroreplacement.
Other studies found that the NPCs delivery in subacute phase of
stroke can promote adaptive plasticity by modulating the ischemia
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microenvironment and improves excitatory-inhibitory balance by
upregulating glutamate transporter GLT1 in endogenous astrocytes
[26]. However, these studies was perform in adult animals that are
not affected by senescence and is still not clear if the response of the
senescent brain will replicate the young one.
NPCs were also reported to increase angiogenesis and vasculogenesis
in the chronic phase of stroke [27,28]. The mechanism of action seems
to be multimodal, NPCs can modulate post-stroke angiogenesis in
multiple ways:

i.

ii.

By increasing endogenous levels of trophic factors and fibroblast
growth factor (FGF) that could induce proliferation of existing
vascular endothelial cells (angiogenesis) and new blood vessel
formation from endogenous endothelial progenitors cells
(vasculogenesis);
By secreting local trophic factors that could promote
angiogenesis/angiogenesis.

In animal model of cerebral ischemia associated with diabetes type 2,
Bone Marrow Stromal Cells (BMSCs) significantly decreases inflammation
and improve functional outcome after stroke by reducing the expression
of proinflammatory factors like high-mobility group box 1 (HMGB1) and
receptor for advanced glycation and products (RAGE) [29].

Mesenchymal Stem Cells Transplantation in the Acute
Phase of Stroke
Mesenchymal Stem Cells (MSCs) proved to be one of the promising
candidates for cell therapy in ischemic stroke. In this light, exogenous MSCs
may inhibit endothelial dysfunction to suppress BBB damage and improve
functional outcome. In the early phase of cerebral ischemia, exogenous
MSCs after rtPA therapy promote early behavioural recovery [30].
The mechanism of action is that the delivery of cells in the acute phase
decreases apoptosis in the penumbra and display a neuroprotective
effect by local secretion of trophic factors. Apoptosis is decreased by
diminishing Tumor Necrosis Factor Alpha (TNFα), Interleukin 6 and 1
beta (IL6; IL1β) that are key factors in microglia induced-phagocytosis
of death neurons, but can also promote phagocytosis of viable neurons.
If microglia induced phagocytosis is beneficial for removing debris, it
can be detrimental for exogenous stem cells and can limit the efficiency
of stem cell therapy.
Wang and colleagues showed that the transplantation of BMSCs in the
early phase of stroke (first 24 h) can reduce the infarcted area and promote
motor recovery in a dose-dependent manner. An explanation for this effect
is that the exogenous BMSCs my limit macrophages/microglia activation
and reduce infiltration of gamma delta T (γδT) cells [31].
Studies using type 2 diabetic rats showed that exogenous BMSCs
delivery was correlated with better functional recovery by decreasing
BBB leakage and overexpression of Ang1 and Tie2 genes [32]. Only few
studies takes into account comorbidities associated with stroke in the
elderly.
Our studies before showed that the combination of G-CSF and
BMSCs increased new blood vessel formation in the infarct core
generating an “regeneration islet” [33]. However, BMSCs therapy needs
further investigation.

Stem Cell Therapy in Translational and Clinical Studies
The two pioneering clinical trials using neural precursor cells
(NPC) was performed. The most recent one using NPCs in the aged
J Stem Cell Res Ther, an open access journal
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people in the chronic stage (6-60 month after stroke) reported an
improved neurological outcome and no adverse effect related to
cells administration. Interestingly, they reported the negative effect
due to comorbidities [34]. The second one was performed using
human neuronal cells and report the safety and feasibility of neuron
transplantation for patients with motor stroke [35]. Other clinical
trials using bone marrow derived stem cell (BMSC) in stroke have
shown the feasibility and safety of the approach [36-39]. Moniche et
al. showed that the BMSC in subacute Middle Cerebral Artery (MCA)
stroke patients could induce changes in serum levels of GranulocyteMacrophage Colony-Stimulating Factor (GM-CSF), platelet-derived
growth factor-BB (PDGF-BB), and matrix metalloproteinases 2 (MMP2), which could induce an improved functional outcomes [40].
Clinical trials reported a discrepancy compare with preclinical
studies regarding the relevance of cell dose. In preclinical studies, no
relevancy was reported for dose dependent functional outcome in NSCs
therapy, but some clinical trials reported a better functional outcome
correlated with increased dose of NSCs [41]. However, clinical trials
were performed in the subacute phase and reported that the single cell
dose not sufficient to improve the functional outcome (Table 1).
Clinical investigation using stem cells in ischemic stroke patients are
currently underway. 115 clinical trials using stem cells are ongoing now
(http://www.ClinicalTrials.gov/). Our data collection from 37 registered
clinical trials using stem cell therapy in stroke (with ClinicalTrials.gov
ID number) show that the majority of these (42%) are in the phase 2
stage and six of them are currently completed (Figure 1). The available
results from 2 completed clinical trial showed that intravenous delivery
of Bone Marrow Mononuclear Stem Cell (BMSCs) is safe, but no
beneficial effect was obtained in functional recovery with this method
[38,39]. Other clinical trial using intrathecal transplantation of Bone
Marrow Mononuclear Stem Cell (BMSCs) reported no adverse effects
and improved functional recovery [42]. However, this study is limited
by small sample size and heterogeneous group. Some clinical trials are
carrying at the moment in order to test first trial to explore efficacy of
different doses and delivery route of stem cells in stroke [41,43]. Clinical
trials that reported an improved clinical outcome after stem cell therapy
are summarized in Table 2.
Despite of clinical trials that report stem cell therapy to be without
side effect, in this stage the risk and advantages of such therapy needs to
be well established. The major risk factor is associated with capacity of
undifferentiated cells to form tumors [44]. Some isolated cases of tumor
formation was observed in patients after stem cells transplantation [45,46].
If this potential can be generated by the type of stem cell or by delivery
number of cells should be further established. However, other clinical trials
that search for safety and afficacy of different stem cells are ongoing now
[41,47]. Other clinical trials that were completed until now did not report
tumor formation in humans after stem cell delivery [40].
Other potential risk of stem cells therapy is due to stem cells
immunogenicity. In this light clinical trials was performed using
autologous stem cells that are generally accepted to be with no risks for
rejection [48].
Preclinical studies showed that one potential risk involves migration,
and engraftment of transplanted cells. Intravenous and intra-arterial
route of delivery has the disadvantage that majority of cells are grafted
to other organs like lung, liver or spleen and only some cells are founded
in the ischemic penumbra [49]. All these potential risk still need to be
investigating in order to optimise stem cell therapy in stroke.
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Cell Type

Experimental/clinical study

Acute/chronic

Route of phase delivery

Age/comorbidities

NSCs

rats

Acute phase (0-1day poststroke)

intracerebral

Old rats (24Mo)/No

[28]

NSCs

rats

Subacute phase (2-3 weeks poststroke)

intracerebral

Old rats (24Mo)/No

[76,77]

iPSCs

rats

Subacute phase (2days poststroke)

intracerebral

Old rats (24Mo)/No

[10]

MSCs

rats

Acute phase

intracerebral

Old rats (24Mo)/No

[78]

BM-MNCs

Clinical trial

Subacute phase (1-3dayspoststroke)

Autologous

18-80 years old/No

[36]

BM-MNCs

Clinical trial

Subacute phase (3-7 days)

Autologous intraarterial

Adult/No

[37]

Adult/No

[79]

Adult/No

[80-82]

BM-MNCs

Clinical trial

Subacute phase (5-7 days)

Autologous
intraparenchymal

MSCs

Clinical trial

Chronic phase (3month)

Autologous intravenous

Reference

Table 1: Stem cell therapy in experimental models vs. clinical trials.

Figure 1: Registered clinical trial using Stem cell therapy in stroke in function of clinical phase

Cell type

Study design
Treatment N=20

BM-MNCs

BM-MSCs

Infarct stage
Subacute phase (3-7 days)

Delivery route

Clinical grade

Reference

Autologous intraarterial/2.2× 10 cells/Kg

Good clinical outcome; mRS * ≤ 2 (40%)

[37]
[36]
[79]

8

Treatment N=10

acute phase (24-72 hours)

Autologous inravenous/1 × 106 cells/Kg

NIHSS** improved by 13 to 3 at 6 month; 1 point
improvement in mRS; Bartel ≥ index 90 70%)

Treatment N=60
Control N=40

Subacute phase
6 days post stroke

intracerebral

Improved NIHSS and Bartel index (86.7%)

Treatment =24

Chronic Stage

Intratechal/16 × 10 cells/Kg

Improved functional independe nce

[42]

Treatment N=16

Subacute stage

Autologous intravenous/81 × 10

Increased mRS

[82]

Treatment N=12

Chronic phase

Autologous intravenous/81 × 10

Improved NIHSS

[81]

*modified Rankin Scale (mRS); **National Institutes of Health Stroke Scale (NIHSS)
Table 2: Clinical trials of optimum stem cell therapy in ischemic stroke patient

Epigenomic Basis in Stroke
The epigenetics field opens new perspectives in terms of
understanding the response of brain to injury. Also, epigenetics is a
key that open the door insight into the cellular and molecular bases of
genomic programs that promote brain plasticity after stem cell therapy
especially in the elderly. DNA methylation, histone code modifications,
non–protein-coding RNAs (ncRNAs), and RNA editing are involved
in brain development, brain senescence and brain plasticity [50,51].
DNA methylation is increased in the acute phase of stroke during the
ischemia reperfusion injury. In preclinical studies was showed that the
methylation process decrease the neuroprotective genes and promote
neuronal death [52,53].
Previously observations have indicated that the global levels of
DNA methylation in neural cells was altered by ischemia or oxidative
stress and the inhibitors of DNA methyltransferases (DNMTs) are able
to alleviate the neural injury that caused by ischemia or oxidative stress
[52,54]. Also, in the chronic phase, DNA methylation is involved in
neurorepair processes such as neurogenesis and synaptic remodelling
after stroke and can be modulated through epigenetic control of
expression pathways [55,56].
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Apart from DNA methylation, ischemia stroke also leads to the
dysfunction of some histone modifiers in astrocytes in rat models [57].
Interestingly, as recent studies demonstrated that inhibition of histone
methyltransferases SUV39H1 and G9a is able to protection the neurons
in the model of cerebral ischemia [58] and these methyltransferases also
play a role in the maintenance of DNA methylation [59].
Also, micro RNAs (miRNAs) that play an important role in
developmental period of nervous system by promoting angiogenesis,
neurogenesis and oligodendrogenesis are altered after stroke [60,61].
Studies in vivo, showed that the modulation of miRNAs can promote
angiogenesis with BBB damage prevention [60,62]. By targeting
pathway like Sonic Hedgehog (Shh) or JAG-Notch signalling pathway
the neurogenesis can be increased after stroke [62,63].
Preclinical studies reported also an increased oligodendrogenesis
after miRNAs by modulation of target genes like Irak1 in
oligodendrocyte progenitor cells (OPC) that decrease OPC apoptosis
[64]. In vitro, studies before suggest that the mechanisms of improved
oligodendrogenesis after miRNAs administration by increase serum
response factor (SRF) in OPC [65].
In clinical studies, miRNAs was identified as potential biomarker
that can predict the stroke severity in young people [66].
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Discussion
Exogenous NSCs transplanted in the early stage after stroke in
adult animals retain proliferative capacity and enhance endogenous
stem cell proliferation that is beneficial for stroke recovery. These
studies are perform using adult animals that are not yet affected by
senescence. However, if the aging brain response is similar to young
one, exogenous administration of NSCs should improve the functional
recovery in aged people. However, our previous studies showed that
the aging brain’s response to injury is often delayed and unsustainable
even in the absence of comorbidities like diabetes.
Aged animals develop larger infarcts compare with young one
and functional outcome was worse in age rats [4,67]. Further studies
are necessary to establish the exogenous NSCs behaviour in the aged
organisms with or without comorbidities. These studies are crucial to
establish when these interventions are beneficial and when not.
Based on animal models of stroke it is not clear which route of
delivery increase the efficiency of stem cell therapy [68,69]. Some,
preclinical studies have indicated that only small number of cells
reaching the ischemic brain after systemic administration, many
of these leads to cell arrest in organs like the lungs, liver or spleen
[70]. Intra-arterial route of delivery of MSCs, but not Bone Marrow
Mononuclear Cells (BM-MNCs), was associated with new ischemic
attack and increased mortality in animal model. This may be due to the
transplanted cells size [71,72].
Doeppner et al. showed that the different delivery route display
different mechanisms of action. According with this study in the
first stage of stroke when we need to prevent BBB leakage and ROS
formation systemic transplantation of NPCs can be the best route.
Later in the subacute stage, when we need to enhance endogenous
neurogenesis and promote long-term neuroprotection intracerebral
transplantation seems to be the best route of delivery, which is followed
by increased production of growth factors [24].
The mechanisms by which stem cells may sustain infarcted
brain tissue seem related more to the ability of stem cells to release
neuroprotective factors than to their capacity to replace damaged
cells. Studies before suggest that the stem cells promote neurorecovery
by multimodal mechanisms [73]. In function of what we need to
modulate the correct timing is crucial for therapeutic strategy. As long
as systemic delivery of different type of stem cells in the acute phase
display neuroprotective effect in animal model, this less invasive route
of delivery should be further studied in translational stroke studies in
aged people. However, many of these studies in vivo were performed in
subacute stage of cerebral ischemia and they did not use aged animals.
Significant differences exist in the aged compared with young
animal response after injury. We showed before that the ischemic injury
rapidly progress to brain infarction in the aged brain, endogenous
neurogenesis is decreased and the neurological recovery is delayed. Agerelated comorbidities, like diabetes, hypertension or hyperlipidaemia,
may result compromise structural brain reorganisation and can
decrease efficiency of cell-based. These age-related aspects may be key
factors in the clinical translation of tissue regeneration interventions.
The optimal time window for stem cell therapy after stroke is still
not well established. This aspect is crucial if we take in account that
the brain environment changes dramatically over time after ischemic
attack. In the acute phase there is an increase in excitotoxicity, BBB
leakage, and reactive oxygen species release. This is followed by an
inflammatory response and cell death, which, in the penumbra, can
J Stem Cell Res Ther, an open access journal
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extend up to several weeks. Next phase, tissue reorganization and
regeneration, take place over several month and depend on the acute
phase interventions. To know the mechanism of different type of stem
cells is crucial to decide optimal time of delivery. Some strategies will
be considered:

i) Short term neuroprotection;
ii) Long-term neuroprotection
iii) Endogenous regeneration mechanisms (angio/neurogenesis;

aaptative plasticity; structural and functional remodelling).
However, the late stages are strongly influenced by the earliest
interventions.

In addition, epigenetics field is a novel approach for stroke recovery
with promising future. Understanding the patterns of SUV39H1 and
G9a associated H3K9 methylation as well as DNA methylation might
create a novel direction for revealing the epigenetic mechanisms that
involved in initiation and development of ischemia stroke in patients.
Aging process itself is associated with DNA methylation and can
predict and increased risk of age-related diseases [74,75]. However,
majority of stroke studies was performed in young organisms but we
should take in account the baseline epigenetic changes associated with
brain senescence in order to predict successful clinical translation of
epigenetic modulation after stroke in the elderly.

Conclusion
Different optimizations strategy increase the role of stem cells in
key biological pathways and promote the therapeutic efficacy of stem
cells in stroke. Future investigations should focus on some crucial
aspects to reach functional improvement in clinical trials:

iv) Understanding how exogenous stem cells and the aged brain
affects each other;

v) Understanding how comorbidities and exogenous stem cells
affects each other;

vi) Characterize the basal functional status according with age and
comorbidities and the response of the brain according with
these conditions;

vii) Genetic modifications and drug combinations;
viii) Optimal timing, type and doses for stem cell transplantation
according with each stage of stroke Progression;

ix) Understanding the patterns of epigenetic mechanisms that

involved in initiation and development of ischemia stroke in
patients is crucial for development of new therapeutic strategies
that are able to promote neuroprotection and neurorecovery
after stroke.
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