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Mesenchymal Stem Cells in the Ischemic Stroke 
Treatment
 Ischemic Stroke (IS) has become the second common cause of 
death worldwide and it is one of the leading causes of disability 
which is characterized by cognitive dysfunction, impaired mobility 
and medical comorbidities that compromise the quality of life [1]. 
Therefore, new strategies to promote restorative processes in the cen-
tral nervous system are essential to treat this condition.

 Mesenchymal Stem Cells (MSCs) are suitable candidates to pro-
mote regeneration in neural tissue damaged by IS. These cells pro-
mote regeneration and functional recovery in animal models of IS and 
several clinical studies have provided evidence of positive results that 
encourage further research of this therapeutic strategy to finally apply 
it in clinics [2]. Moreover, MSCs are capable of migrating from the 
peripheral milieu to ischemic regions inside the brain in response to 
factors such as the stromal cell-derived factor-1α (SDF-1α) [3]. This 
property allows their intravenous administration (IV) to treat stroke 
with a similar efficacy to other alternatives of delivery such as intra-
cranial administration [2,4]. IV administration of MSCs has been test-
ed in animal models of IS with positive results [5]. Although clinical 
trials have demonstrated the safety of autologous MSCs engraftment 
by IV route for the treatment of acute IS, no significant improvements 
of neurological outcome could be appreciated [6]. Therefore, new ap-
proaches must be developed in order to promote a therapeutical effect 
derived from MSCs. 

 Gene therapy is the transfer of genetic material to a patient and 
treats a specific disease; particularly, ex vivo gene therapy consists on 
transferring specific genes to cultured cells for subsequent transplan-
tation in the host to promote a therapeutic effect [7]. MSCs have been 
genetically modified to express multiple trophic factors such as PIGF, 
GDNF, BDNF or HGF in order to increase their therapeutic effect on 
IS [8]. The delivery of genetically modified MSCs to neural tissue 
damaged by IS has been performed by intracranial and IV administra-
tion [4,8]; these strategies promote neurological recovery; however, 
there is a lack of modulation of the secreted therapeutical molecules 
as MSCs constitutively express the transgene. Recently, MSCs were 
modified with a regulable gene expression system to induce HGF 
in the presence of doxycycline (MSCs-HGF) [9]. When applied on 
hind limb ischemia, MSC-HGF were able to improve irrigation when 
compared with wild type MSCs, thus indicating that an inducible ex-
pression of therapeutic genes could be a feasible approach to apply in 
multiple diseases including IS in order to control the expression of a 
transgene [9]. 

Modified Mesenchymal Stem Cells Improve the 
Ischemic Stroke Treatment

 In multiple studies, MSCs have been genetically modified to en-
hance their therapeutic effect at IS. By adenoviral transduction, MSCs 
were modified to constitutively express PIGF which enhanced their 
therapeutic effect on IS by reducing the infract area, cell death and  
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Abstract
 The study of Mesenchymal Stem Cells (MSCs) as a therapeutic 
strategy to treat Ischemic Stroke (IS) has been improving through 
decades till the point of reaching clinical trials. One of their key fea-
tures for their success is their versatility regarding to the different 
routes through which they can be administered; MSCs can be de-
livered by intravenous administration since these cells are able to 
reach injured brain regions usually impeded by the blood brain bar-
rier. Although genetic engineering has allowed the MSCs modifica-
tion in order to enhance their therapeutic effect on IS by introducing 
therapeutic genes in their genome, the control of their expression 
has not been considered in deep for their translation to clinics. In-
terestingly, a regulatory expression system has been introduced in 
MSCs to treat ischemic limbs by an inducible expression of HGF. 
Therefore, we hypothesize that MSCs with a regulable system for 
the expression of HGF could be administered intravenously to treat 
IS and avoid HGF secretion at undesired time points.
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increasing angiogenesis and behavioral performance. Remarkably, 
these cells were able to reach the injured zones when administered in-
travenously, thus indicating that a low invasive administration could 
be also viable in patients [5]. Other promising therapeutical mole-
cules include BDNF and GDNF; by transducing MSCs with adenovi-
ral vectors encoding for either BDNF or GDNF, MSCs were able to 
enhance their therapeutical effect after their IV administration in rats 
that were submitted to IS when compared with wild type cells. MSCs 
overexpressing BDNF and GDNF were also able to reach the injured 
regions, reduce the infarct area and improve the performance of rats 
in behavioral tests [10,11]. In another study, MSCs were transduced 
with a replication-incompetent herpes virus simplex to overexpress 
HGF after intracranial administration; this modification improved be-
havioral performance and reduced infarct area and apoptosis after IS 
[12]. Although successful, these strategies require a regulation system 
to control the release of the therapeutic molecules since they are re-
lated with tumorigenesis. The constitutive expression of PIGF could 
represent a potential risk for the surrounding tissues including those 
exposed to the secreted PIGF during the MSC migration toward the 
ischemic zone, since PIGF is upregulated in tumors and it may play a 
role in their progression [13]. Unfortunately, the constitutive expres-
sion of GDNF or BDNF also has the risk of promoting a malignant 
phenotype as both factors are expressed in different kind of tumors 
[14,15]. In a similar way, downstream effectors of the HGF signaling 
pathway are related with tumorigenesis [16].

 As already described, the therapeutic genes proposed for neurore-
generation usually carry with them a potential risk of inducing malig-
nant phenotypes, therefore, a regulable system must be implemented 
to control their expression and avoid any possible issue related with 
tumorigenesis. The inducible expression of HGF by MSCs in the 
presence of doxycycline successfully treated hind limb ischemia [9] 
and provided the first evidence that a regulable system for the secre-
tion of trophic factors to treat ischemia disorders is feasible. Taking 
together all this information, it is possible that genetically modified 
MSCs with a regulable expression system for HGF, could reach the 
injured area after stroke when administered intravenously and pro-
mote recovery after the induction of HGF expression. This strategy 
brings a modulatory advantage on the trophic factor expression since 
it can be triggered only when required, thus avoiding the risk factor 
for tumorigenesis as many therapeutic molecules have been related 
with this process due to their trophic effects.

Designing a Regulable System of Gene Expression 
for Mesenchymal Stem Cells
 MSCs can be genetically modified through several tools such as 
viral or plasmidic vectors (Figure 1A). These strategies have allowed 
the insertion of different genes in MSCs to test their biomedical po-
tential. Therefore, the insertion of a regulable system on MSCs to 
modulate the expression of a therapeutic gene is a feasible goal that 
has been already achieved in previous studies [9]. Chang and collab-
orators have paved the way to insert a regulable system of gene ex-
pression in MSCs by using the TALEN-mediated genome editing tool 
which allowed the expression of HGF under the presence of doxycy-
cline [9]. Besides the TALEN-mediated genome editing technology, 
MSCs could also be modified by viral vectors in order to introduce 
a regulable system as the tetracycline-inducible expression system 
[17,18], however, viral transduction is based on unspecific insertion 
of the sequence of interest in the cell genome that could represent a 
risk of developing a malignant phenotype. Although new generation  

viral vectors are much safer than those previously engineered [7], a 
rigorous screening for potential alterations of modified MSCs should 
be performed in order to minimize any potential issue that this strat-
egy could bring.

 As previously described, IV delivery of MSCs with or without 
genetic modifications represents a viable strategy since it has been 
proven their safety on preclinical and clinical models respectively 
[5,6]. IV administration is less invasive than either intracranial or 
intraarterial administrations and represents a safe method of MSCs 
administration. Therefore, the effect of MSCs with a regulable system 
for the expression of HGF could be tested in a rodent model of IS by 
administering them intravenously, expecting that MSCs could reach 
the target regions and express the therapeutic gene only after doxy-
cycline administration (Figure 1B). The controlled expression of the 
HGF would ensure a precise release of the therapeutic molecule and 
minimize unspecific effects at undesired time points.

Conclusion
 IS represents a major cause of disability that compromises the 
quality of life of either survivors or their families, therefore, new 
strategies to treat the disability consequences of IS must be devel-
oped. Gene therapy is a strategy that has been improving through 
many years in order to develop safer and more efficient methods to 
treat diseases through genetic modification and its clinical application 
is now viable. The optimization of the therapeutic effect of MSCs 
through genetic engineering has already been tested and a regulable 
system of gene expression will provide a safer use of these cells in IS 
when administered intravenously. This hypothesis builds on previous 
studies that have already achieved a regulable system to modulate 
the HGF expression and treat ischemic limbs in a preclinical model. 
Therefore, its implementation on the IS treatment is plausible due to 
the properties of MSCs that allow them to migrate from the peripher-
al milieu to the injured neural tissue. Although we focused on HGF, 
virtually every therapeutic gene studied to treat IS can be used with an  

Figure 1: Hypothesized effect of regulable expression of HGF in isch-
emic stroke. A) Controlled HGF expression in mesenchymal stems cells 
(MSCs) can be assessed by employing the Tet on system to generate 
transformed MSCs (MSCs-HGF) to express HGF in presence doxycy-
cline (DCX) increasing the affinity of the reverse tetracycline-controlled 
transactivator (rtTA) with the tetracycline response element (TRE) in the 
exogenous DNA to activate the transcription of HGF and finally promote 
its secretion. B) The MSCs-HGF reaching the infarct area in brain after the 
intravenous administration in rats with ischemic stroke increases HGF se-
cretion in the injured brain and improves disability by supporting neuronal 
survival and reduces infarct area.
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inducible expression system, namely PIGF, GDNF or BDNF. Hence a 
wide number of options to treat IS by engineered MSCs with regula-
ble gene expression should be explored in the near future to improve 
its treatment.
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