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Abstract Stroke is a devastating disease that is a leading cause of death and dis-
ability in developed countries. However, therapeutic options are notably limited,
so is mandatory to investigate repairing processes after stroke in order to develop
therapeutic strategies able to promote brain repair processes. In this context, thera-
peutic angiogenesis and vasculogenesis hold promise to improve the prognosis of
patients with stroke. In this regard, it is well established that circulating endothelial
progenitor cells (EPCs) have been suggested to be a marker of vascular risk and
endothelial function. Moreover, low EPC number has been found in patients with
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cerebrovascular diseases. Besides, EPC levels have been associated with good neu-
rological and functional outcome as well as reduced infarct growth in patients with
acute ischemic stroke. Finally, experimental and clinical studies indicate that EPC
might mediate endothelial cell regeneration and neovascularization. Therefore,
EPC-based therapy could be an excellent therapeutic option in stroke. Currently,
clinical trials for evaluating EPC treatment in ischemic stroke are ongoing. In this
chapter, we discuss the present status of knowledge about the possible therapeu-
tic role of EPCs in stroke, molecular mechanisms, and the future perspectives and
strategies for their use in clinical practice.

Abbreviations

Ang-1 Angiopoietin 1
Cdc42 Cell division control protein 42 homolog
CFU-EC  Early outgrowth colony forming unit-endothelial cell

eF2 Elongation factor 2

Enos Endothelial nitric oxide synthase
EPCs Endothelial progenitor cells
EPO Erythropoietin

G-CSF Granulocyte colony-stimulating factor
ERp29 Endoplasmic reticulum protein 29

HIF-1 Hypoxia-inducible factor 1
HSP-72 72 kilodalton heat shock protein
ICH Intracerebral hemorrhage

IGF-1 Insulin-like growth factor 1

IS Ischemic stroke

mKitL membrane bound Kit ligand
MMP-9 Matrix metalloproteinase 9

NO Nitric oxide

PRDX1 Peroxiredoxin 1

r-tPA Recombinant tissue plasminogen activator
SCF Stem cell factor

SDF-la stromal cell-derived factor 1a
VEGF Vascular endothelial growth factor
VEGFR2  Vascular endothelial growth factor receptor 2

6.1 Introduction

Stroke is the second to third most common cause of death in adults, and more than
a third of people who survive a stroke will have severe disability (Lloyd-Jones et al.
2010). Most of the strokes, about 80 %, are ischemic strokes (IS). IS is caused by an
occlusion of a cerebral artery, which prevents blood flow to reach brain parenchy-
ma. The remaining 20 % of strokes are intracerebral hemorrhages (ICH), caused by
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the rupture of a cerebral blood vessel. The ICH is usually more severe with greater
rates of mortality and disability than IS. Therapeutic options currently are focusing
on recanalization therapies for acute IS, mainly through intravenous or intra-arterial
fibrinolyisis and thrombectomy (Mokin et al. 2014), but limitations restrict their use
to a small proportion of patients. Moreover, no specific pharmacological treatments
exist in order to improve the ICH prognosis, and treatment options for this disease
are more limited than in IS, based primarily on surgical treatment.

Ischemic and hemorrhagic injury is a long and dynamic process involving a va-
riety of mechanisms at different times. Stroke triggers many processes, including
accumulation of excitatory amino acids, oxidative stress, alterations in gene ex-
pression, mitochondrial injury, brain edema, inflammation, and apoptosis, but also
brain plasticity and endogenous repair mechanisms. Unfortunately, neurons at risk
survive for only a few hours, and there is limited opportunity for effective therapeu-
tic intervention. In this regard, although a wide range of neuroprotective substances
has been effective in experimental models of stroke, they have repeatedly failed in
clinical trials because of toxicity or loss of effectiveness (Tymianski 2013). There-
fore, the development of strategies to increase plasticity and endogenous brain re-
pair mechanisms in order to improve functional outcome in stroke are essential
(Rodriguez-Gonzalez et al. 2007). In this context, therapeutic angiogenesis and
vasculogenesis hold promise to improve the prognosis of patients with stroke. In
this regard, it is well established that circulating endothelial progenitor cells (EPCs)
have been suggested to be a marker of vascular risk and endothelial function (Hill
et al. 2003; Vasa et al. 2001; Werner et al. 2005). Moreover, low EPC number has
been found in patients with cerebrovascular diseases (Ghani et al. 2005). Besides,
EPC levels have been associated with good neurological and functional outcome as
well as reduced infarct growth in patients with acute ischemic stroke (Sobrino et al.
2007; Chu et al. 2008; Yip et al. 2008; Navarro-Sobrino et al. 2010; Bogoslovsky
et al. 2010; Paczkowska et al. 2013; Marti-Fabregas et al. 2013). Finally, EPCs
have been related to endothelial cell regeneration and neovascularization after tis-
sue ischemia (Zhang et al. 2002; Mao et al. 2014). Therefore, EPC-based therapy
could be an excellent therapeutic option in stroke. In this chapter, we discuss the
present status of knowledge about the possible therapeutic role of EPCs in stroke,
molecular mechanisms, and the future perspectives and strategies for their use in
clinical practice.

6.2 Rationale for Therapeutic Use of EPCs
to Treat Stroke

It is well established that circulating endothelial progenitor cells (EPCs) have
been suggested to be a marker of vascular risk and endothelial function (Hill et al.
2003; Vasa et al. 2001; Werner et al. 2005). The number of circulating EPC has
been reported to be decreased in patients with vascular risk factors such as smok-
ing habit, hypercholesterolemia, diabetes and hypertension (Vasa et al. 2001;



112 T. Sobrino et al.

Sobrino et al. 2007; Zhao et al. 2013), many of which have been identified as prog-
nostic markers of poor outcome following stroke. Moreover, low EPC number has
been found in patients with cerebrovascular diseases (Ghani et al. 2005), and EPC
levels have been associated with good neurological and functional outcome as well
as reduced infarct growth in patients with acute IS and ICH (Sobrino et al. 2007,
2011a; Chu et al. 2008; Yip et al. 2008; Navarro-Sobrino et al. 2010; Bogoslovsky
et al. 2010; Paczkowska et al. 2013; Marti-Fabregas et al. 2013). However, existing
evidence supports that EPCs not only work as biomarker but also might offer a new
therapeutic strategy for stroke (Lapergue et al. 2007). In this regard, experimental
and human studies indicate that EPC might mediate endothelial cell regeneration
and neovascularization (Asahara et al. 1997; Werner et al. 2003; Kong et al. 2004;
Werner and Nickenig 2006), and that EPC participate in the cerebral neovascular-
ization present in adult brain after ischemia (Zhang et al. 2002; Mao et al. 2014).
These protective vascular effects result from EPC proliferation. On the other hand,
as stated above, EPCs have been suggested to maintain endothelial protection/repair
and neovascularization and angiogenesis. Today it is known that angiogenesis is
coupled with neurogenesis following ischemic injury (Thored et al. 2007). The
underlying mechanisms include that the regenerated blood vessels provide nutri-
tive blood flow and that EPCs, by secreting factors such as SDF-1 and VEGF, cre-
ate a microenvironment for neural regeneration and survival (Imitola et al. 2004;
Schénzer et al. 2004). Furthermore, neuroblasts migrate along these regenerated
vessels to achieve neurogenesis in peri- infarct area. Consequently, suppression of
angiogenesis substantially reduces migration of neuroblasts from the subventricu-
lar zone to the ischemic region (Zhang and Chopp 2009). Therefore, EPC-based
therapy might be an excellent therapeutic option in stroke.

6.3 EPC-Based Cellular Therapy for Stroke

EPC levels have been associated with good neurological and functional outcome
as well as reduced infarct growth in patients with acute IS (Sobrino et al. 2007,
Chu et al. 2008; Yip et al. 2008; Navarro-Sobrino et al. 2010; Bogoslovsky et al.
2010; Paczkowska et al. 2013; Marti-Fabregas et al. 2013) and ICH (Sobrino et al.
2011a; Paczkowska et al. 2013). Likewise, EPCs have been related to endothelial
cell regeneration and neovascularization after tissue ischemia (Zhang et al. 2002;
Mao et al. 2014). Therefore, EPC-based therapy could be an excellent therapeutic
opportunity for stroke. The aim of cellular therapy is to restore brain function by
replacing dead cells with new ones through transplantation or stimulation of endog-
enous stem or precursor cells (Hurtado et al. 20006). There is growing evidence that
the adult stem cell system, including EPCs, is more flexible than previously thought
and may be an excellent therapeutic option for stroke (Rodriguez-Gonzalez et al.
2007). In this regard, it has been suggested that resident pools of adult stem cells,
such as EPCs, can be used in two ways: (a) by isolating, harvesting and growing
them in vitro and then administering them locally or systemically; (b) or by endog-
enous stimulating them (see factors associated to EPC increase in Table 15.1).
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Fig. 6.1 Micrograph of an early outgrowth colony forming unit—endothelial cell (CFU-EC) iso-
lated from an ischemic stroke patient in a phase-contrast microscope (x100). A CFU-EC consisted
of a central cluster of rounded cells with elongated sprouting cells at the periphery

6.3.1 Exogenous Administration of EPCs

There are numerous concerns about the cell therapy with exogenous EPC trans-
plantation. The optimal starting time point for administration of EPCs following
stroke may be critical for their therapeutic efficacy. However, there are few studies
on this important issue. Based on the capacity of EPCs to secrete several growth
factors with protective effects on the brain, their transplantation in the early phase
of stroke may have better efficacy. By contrast, it has also been suggested that oxi-
dative stress and inflammation in the acute phase of stroke may limit the function
on survival of transplanted EPCs (Locatelli et al. 2009). Therefore, preclinical and
clinical studies are needed to evaluate the best time point after stroke onset for EPC
transplantation.

Another important issue is about the autologous or allogeneic transplantation
of EPCs, as well as the source of obtaining EPCs from stroke patients or healthy
subjects. A recent proteomic study has analyzed differences in protein expression
of early outgrowth colony forming unit-endothelial cell (CFU-EC) (Fig. 6.1) from
IS patients and healthy subjects (see Brea et al. 2011 for review). Remarkably, the
proteomic analysis revealed a greater expression of cell division control protein 42
homolog (CdC42) and endoplasmic reticulum protein 29 (ERp29) in EPCs from
healthy subjects, and a greater expression of elongation factor 2 (eF2) and perox-
iredoxin 1 (PRDX1) in EPCs obtained from IS patients. It has been reported that
PRDX1 expression dramatically increases during processes such as spontaneous
differentiation of human embryonic stem cells, targeted differentiation of neural
progenitor cells and differentiation of human neural stem cell line respect to prolif-
erating cells. eF2 is also up-regulated 4—7 days after differentiation of the human
neuronal stem cell line, ReNcell VM. Therefore, these findings could be indicat-
ing that EPCs from IS patients are in a more advanced differentiation state than
EPCs isolated from control subjects. On the other hand, CdC-42 and ERp29 were
found to be up-regulated in EPCs from healthy subjects. Cdc42 regulates adhesion,
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migration, homing, and cell cycle progression of hematopoietic stem cells. ERp29
seems to be involved in cell proliferation. In view of the fact that Cdc42 and ERp29
are up-regulated in EPCs from healthy subjects, it is seems that EPCs isolated from
healthy subjects show a more capacity of proliferation compared to EPCs from
stroke patients. Moreover, it has been proposed the use of late EPCs as an optimal
EPC-based therapy. However, another studies showed that infusion of early EPCs
enhanced the long-term outcome in animal models of stroke (Zhao et al. 2013). In
fact, currently coadministration of different types of progenitor/stem cells may con-
stitute a novel therapeutic strategy for stroke (Foubert et al. 2008). Data from other
studies show that EPCs obtained from stroke patients in the subacute phase have
greater vasculogenic capacity than those from acute phase (Navarro-Sobrino et al.
2010). Finally, regarding to EPC transplantation in clinical practice, intravenous
infusion should be the optimal route because intra-arterial infusion may be incon-
venient and could provoke embolism. Likewise, intracerebral injection of EPCs
is complex and might cause intracerebral hemorrhage and parenchymal damage.
Although, it remains to be determined whether administration of autologous or al-
logeneic EPCs in the subacute period is more effective, it is tempting to postulate,
based on the above data, that early and late EPCs obtained from stroke patients
in the subacute phase could be the most suitable source of EPCs for cell therapy
in stroke by using intravenous administration. However, larger clinical studies are
needed to evaluate this hypothesis.

6.3.2 Endogenous Stimulation of EPCs

Restoring blood flow supply after ischemia and re-endothelization after hemor-
rhage may contribute to cell survival and tissue repair. Formation of new blood
vessels in the adult brain after stroke is not only mediated by angiogenesis but
also involves vasculogenesis mediated by EPCs, which are involved in processes
of re-endothelization and repair of vascular endothelium in response to vascular
trauma or tissue ischemia, promoted by biochemical factors that activate its pro-
liferation. They have been described that EPCs migrate through the peripheral
blood from bone marrow to sites of neovascularization where EPCs are able to
differentiate into mature endothelial cells. Recruitment and incorporation of EPCs
into ischemic or hemorrhagic tissues requires a coordinated multistep process in-
cluding mobilization, chemoattraction, adhesion, migration, tissue invasion and in
situ differentiation (Fig. 6.2) (Rodriguez-Gonzalez et al. 2007). Many molecular
and physiological-pathological factors, as well as drugs, are involved in these pro-
cesses (For review: Arenillas et al. 2007; Brea et al. 2009; Sobrino et al. 2011a,
b, 2012a, b; Zhao et al. 2013) (Table 6.1). For example, the activity of matrix
metalloproteinase 9 (MMP-9), which causes a massive release of stem cell fac-
tor (SCF) and activation of membrane bound Kit ligand (mKitL) that favors the
recruitment of progenitor cells, among which are EPC, from bone marrow. Like-
wise, active MMP-9 induces the release of cytokines that cause the mobilization
of quiescent EPC (Rafii et al. 2002). Moreover, EPC release and mobilization
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Fig. 6.2 Factors involved in the mobilization, differentiation, migration, recruitment, chemotaxis,
adhesion and invasion of EPCs in stroke. These mechanisms are necessary in order that EPCs
exert their beneficial functions such as re-endothelialization, angiogenesis and neovascularization

are regulated by vascular endothelial growth factor (VEGF), stromal-cell-derived
factor 1 (SDF-1), granulocyte colony-stimulating factor (G-CSF), erythropoietin
(EPO), angiopoietin 1, endothelial NO synthase (eNOS), exercise, estrogens and
several drugs such as statins, EPO or citicoline. In fact, clinical studies in IS and
ICH patients demonstrated that serum levels of VEGF, SDF-1a and active MMP-9
increase in response to cerebral ischemia or ICH within the first 72 h from symptom
onset, and that the magnitude of this increase is directly related to an EPC incre-
ment (Bogoslovsky et al. 2011a, b; Sobrino et al. 2011a, 2012b). On the other hand,
the fact that serum levels of molecular markers at 24 h from stroke onset correlated
with EPC increment during the 1st week, but not at admission, and that EPC incre-
ment during the 1st week, but not EPC counts at baseline, has been associated with
better neurological outcome and reduced infarct growth supports the hypothesis
that cerebral ischemia induces the activation of molecular pathways of EPC mobi-
lization focused on promoting endogenous processes of vascular and neurorepair
(Fig. 6.3). Furthermore, similar results were found in ICH patients (Sobrino et al.
2009, 2011a; Paczkowska et al. 2013). It has been reported in ICH patients a strong
correlation between VEGF and SDF-1a serum levels and circulating concentrations
of bone marrow-derived progenitor cells (BMPCs) at day 7 (Sobrino et al. 2011a).
Given that the EPC is a subtype of BMPCs, it is tempting to hypothesize that similar
molecular and cellular mechanisms are involved in the two major subtypes of stroke
(ischemic and hemorrhagic stroke).
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Fig. 6.3 Mechanism of endothelial progenitor cells (EPC) mobilization in stroke. Stroke is a
potent inducer of endogenous repair mechanisms, which are initially activated by a massive expres-
sion of growth factors such as vascular endothelial growth factor (VEGF), and other molecules
such as matrix metalloproteinase 9 (MMP-9) and stromal cell-derived factor 1o (SDF-1a). These
molecular factors, especially MMP-9 activity, induce the mobilization of bone marrow-derived
stem cells, including EPCs, through membrane bound Kit ligand (mKitL) activation. These EPCs
may migrate into the areas of brain injury, mediating repair mechanisms. Likewise, these mecha-
nisms also enhance the endogenous neurogenesis

On the other hand, because EPCs express functional CXCR4 and VEGF re-
ceptors (Salcedo et al. 1999; Yamaguchi et al. 2003), an interaction between the
SDF-1a/CXCR4 pathway and VEGF might form a positive-feedback loop which
would increase the therapeutic effects of EPCs in cerebral neovascularization. Con-
sequently, growth factors and SDF-1a might be an effective therapy in IS and ICH
because of their role mediating the mobilization of circulating EPCs, as well as
in restoring endothelium integrity and decreasing brain edema, inflammation, and
perihematoma cell death (Krizanac-Bengez et al. 2004).

As a clinical implication, the number of circulating EPCs is inversely correlated
with vascular risk factors such as diabetes, hypertension, hypercholesterolemia or
smoking (Hill et al. 2003; Vasa et al. 2001; Werner et al. 2005), and also with mo-
lecular markers of endothelial dysfunction and inflammation such as homocysteine
or C-reactive protein. Therefore, it can be rationally speculated that environment of
circulation is essential for the living and functionality of EPCs, which would raise
the perspective on the demand in managing risk factors of stroke (Zhao et al. 2013).

Finally, it has also been demonstrated that several drugs can modulate endog-
enous EPC behavior (Table 6.1). Statins treatment during acute phase leads to an
increase in EPCs in IS patients (Sobrino et al. 2012a; Marti-Fabregas et al. 2013).
In view of the fact that statin treatment during the acute phase increases circu-
lating EPC and statin withdrawal is associated with poor outcome in IS patients
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Table 6.1 Factors involved in the release, mobilization and recruitment of EPCs. (Arenillas et al.

2007; Brea et al. 2009; Sobrino et al. 2011a, b, 2012a, b; Zhao et al. 2013)

Release and/or Mobilization

Chemokines/growth factors

Hypoxia-inducible factor 1 (HIF-1)

Stromal cell derived SDF-1

Vascular endothelial growth factor (VEGF)

Insulin-like growth factor 1 (IGF-1)

Granulocyte-colony stimulating factor (G-CSF)

Angiopoietin 2

VIV I V|V V|V

Drugs

Statins

Angiotensin II type 1 receptor blockers

Angiotensin-converting enzyme inhibitor

Erythropoietin (EPO)

Berberine

Morphine

Citicoline

Recombinant tissue plasminogen activator (r-tPA)

PPAR-y agonist

VIV IV A |V |V |V |V V

Proteins/hormones

Estrogens

Nitric oxide (NO) and eNOS (endothelial NO Synthase)

Aldosterone

Angiotensin 11

Endostatin

Heme-oxigenase 1

Matrix metalloproteinase 9 (MMP-9)

VI IV.ANIAN ANV |V

Physiological/pathological factors

Exercise and physical training

Wound

Ischemic events

Aging

Obesity

Smoking

Hypertension

Diabetes

Hypercholesterolemia

Homocysteine

NN NN ININ|IAN|V |V |V

> Increase, < Decrease
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Table 6.1 (continued)

Recruitment

Chemokines/growth factors
SDF-1/CXCR4
CCL5/CCR5

CXCL1

CXCL7/CXCR2
VEGF/VEGFR2

IL-8/Gro

IGF2/IGFR2

Other molecular factors

Caspase-8

Hyaluronic acid

Thrombin
CD9
Alpha6 integrin subunit

(Blanco et al. 2007), the positive effects of statin treatment during the acute phase
on functional outcome in ischemic stroke could be mediated by EPC. Moreover, pa-
tients treated with statins showed also higher serum levels of VEGF, active MMP-9
and nitric oxide (NO)x at 24 h (Sobrino et al. 2012a). Statins induce the produc-
tion of NO by eNOS, the expression of angiogenic factors such as VEGF, and the
mobilization and proliferation of EPC (Endres 2005), so these mechanisms may
be interrelated. G-CSF is one of the early drugs discovered to be able to enhance
EPC mobilization into the circulation after venous administration (Powell et al.
2005). Afterwards, other drugs such as Angiotensin II type 1 receptors blocker,
Angiotensin-converting enzyme inhibitors, EPO, berberine, citicoline, recombinant
tissue plasminogen activator (r-tPA) and PPAR-y agonist have been shown to in-
crease the number and functional activity of EPCs in vitro and in vivo (Arenillas
et al. 2007; Rodriguez-Gonzalez et al. 2007; Sobrino et al. 2011b, 2012a, b; Zhao
et al. 2013). As these drugs are commonly used in clinical treatment of vascular
diseases, all these clinical data may help to interpret the beneficial effects of these
drugs on top of their known pharmacological actions. However, further studies are
needed in order to facilitate the discovery of new drugs targeting EPCs.

6.4 Promising Strategies Related to EPCs

As a promising strategy for cellular-based therapies for stroke, induced pluripo-
tent stem cells (iPSC) technology (Takahashi and Yamanaka 2006; Takahashi et al.
2007), which enables the reprogramming of a wide variety of cell types isolated
from humans into embryonic stem cell-like pluripotent cells, offers a novel strategy
for the patient-specific derivation of a lineage-specific cells from iPSC, such as
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Fig. 6.4 Schematic representation of theranostics feasibility inside the brain parenchyma despite
the challenge of crossing the blood brain barrier (a). Representative MR images of ischemic brains
from rats treated (i.v.) with 1 ml of saline (b), regular (non-vectorized) liposomes (c¢) or anti-HSP72
vectorized liposomes (d) showing the in vivo distribution of liposomes at 24 h after treatment.
These anti-HSP72 immunoliposomes, containing in their membrane one or more of the proteins
involved in EPC recruitment shown in Table 6.1, could be used to locally increase the number of
EPCs in the ischemic area after their exogenous transplantation or endogenous stimulation

EPCs (Choi et al. 2009; Park et al. 2010; Xu et al. 2012; Yoo et al. 2013). Moreover,
the therapeutic potential of transplanted human iPSC-derived EPCs (hiPSC-EPCs)
has been shown in animal disease models of hind-limb ischemia (Park et al. 2010;
Rufaihah et al. 2011; Lai et al. 2013). Therefore, it is tempting to postulate that
hiPSC-EPCs may represent a strategy for patient-specific EPC therapies in stroke.

Moreover, new strategies are necessary in order to increase the local number
of EPCs in the ischemic or hemorrhagic areas. In this regard, nanomedicine may
be useful to achieve this goal. A recent study has demonstrated the potential role
of superparamagnetic iron oxide nanoparticles (SPION)-loaded EPCs by using a
magnetic guidance to the ischemic tissue in animal models of cerebral ischemia.
The authors demonstrate ex vivo cellular viability and maintained function follow-
ing SPION load as well as successful guidance of the EPCs to the target site via
magnetic resonance imaging (MRI) (Carenza et al. 2014). On the other hand, an-
other recent study from our group (Agulla et al. 2014) has report a new theranostic
nano-platform vectorized towards peri-infarct tissue, the key target for the treatment
of cerebral ischemia. Anti-HSP72 (72 kDa heat shock protein) stealth immunolipo-
somes containing MRI probes were used to allocate the peri-infarct region in vivo
and to achieve a superior therapeutic effect in comparison to other non-targeted drug
delivery means (Fig. 6.4). Thus, despite the challenge of crossing the blood-brain
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barrier, this study demonstrates that theranostics inside the brain parenchyma is
feasible and represents a good example of the potential that nanotechnology of-
fers for the treatment of neurological disorders such as stroke. In this regard, these
anti-HSP72 immunoliposomes, containing in their membrane one or more of the
proteins involved in EPC recruitment shown in Table 6.1, could be used to locally
increase the number of EPCs in the ischemic area after their exogenous transplan-
tation or endogenous stimulation. Finally, another strategy in order to increase the
local number of EPCs may be offered through interventional therapy for stroke,
such as percutaneous transluminal angioplasty and stenting (PTAS) and thrombec-
tomy. In addition, application of a bio-engineered EPC-capture stent, which ac-
celerates re-endothelialization and reduces thrombogenicity, may reduce the rate of
restenosis after PTAS (Larsen et al. 2012).

Conclusions

In brief, in response to stimuli such as stroke, EPCs are mobilized from bone mar-
row to peripheral blood and may participate in endothelial cell repair-regeneration
and in tissue neovascularization processes. In this context, experimental and human
studies have shown that neovascularization is present in the adult brain exposed to
ischemia and that EPCs participate in cerebral neovascularization processes. Fi-
nally, we and others have observed that a higher increment in the number of cir-
culating EPCs is associated with a better outcome in patients with stroke. Taken
together, these findings suggest that EPCs may mediate neurorepair processes after
stroke, and that exogenous supplementation or endogenous stimulation of EPCs
have a great therapeutic potential for stroke. However, larger clinical trials are need-
ed to evaluate the safety and efficacy of EPC transplantation for treating stroke.
Furthermore, how to improve the strategies in order to maximize the endogenous
stimulation of EPCs deserves also further studies.
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