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COMMENTARY
Pre-conditioned mesenchymal stem cells: a better
way for cell-based therapy
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Abstract

Ischemic heart disease is the major cause of death
globally, and a recently developed stem cell
transplantation is a promising therapy for myocardial
infarction. Mesenchymal stem cells (MSCs) exist in a
wide range of tissues, and their differentiation
potential and immunoregulatory capacity make them
a more optimal candidate for regenerative medicine.
However, the poor survival and low differentiation
efficiency of the donor cells in the infarcted
myocardium challenged therapeutic efficacy of MSC
transplantation. To this end, many researchers have
focused on improving the microenvironments of
MSCs before and after transplantation and on trying
to figure out the mechanisms. A recent study by
Boopathy and colleagues reported the pro-
cardiovascular differentiation effect of oxidative stress
on cultured MSCs and the underlying signal pathways,
leading to the notion that MSCs pre-conditioned with
oxidative reagents promote cardiac differentiation
efficiency of MSCs and may result in better clinical
effect for ischemic heart diseases.
modeling. However, recent evidence indicates that the
Ischemic heart disease is the world’s leading cause of
morbidity and mortality, and although there are several
kinds of therapeutic strategies such as medical, interven-
tional approaches and heart transplantation, the morta-
lity rate of patients with acute myocardial infarction
(MI) is still very high. In the past decade, a new strategy
called stem cell transplantation has emerged as an effec-
tive therapy for preventing heart failure after acute MI.
Embryonic stem cells, cardiac progenitor stem cells, and
mesenchymal stem cells (MSCs) were all reported to be
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able to improve cardiac function after transplanting into
the injured heart, and much effort was made to optimize
the protocols and reveal underlying mechanisms [1-3].
Among these stem cells, MSCs are the most promising
therapeutic approach of cell-based therapy for ischemic
heart disease, and its application in heart repair is well
studied in pre-clinical and clinical research.
MSCs are responsible for tissue regeneration and

homeostasis and exist in almost all tissues and thus can
be easily isolated from many tissues. Owing to their
multiple differentiation property and immune privilege,
MSCs become an attractive candidate for clinical appli-
cations. Investigations in animal MI models indicated
that MSCs may exert their effect on cardiac repair
through the following mechanisms [4]: MSCs can be dif-
ferentiated into cardiovascular cells to promote cardiac
function and neovascularization, can secrete a large
amount of angiogenic and anti-apoptotic cytokines to in-
duce endogenous cardiac regeneration and reduce cell
apoptosis, and have an immunomodulatory effect and
can regulate the microenvironments of the infarcted site.
In clinical trials for MI, MSC therapy could improve car-
diac function, reduce scar size, and induce reverse re-

therapeutic effect of MSC transplantation is not very satis-
factory because of the poor viability and massive death of
the engrafted MSCs and the low efficiency of differentiation
toward myocardial cells in the infarcted myocardium.
After MI, the damaged heart tissue site will be infiltrated

with distinct types of inflammatory cells and factors and
with substantial amounts of reactive oxygen species (ROS)
[5]. The properties of MSCs could be fundamentally
influenced by the elements in the complicated milieus and
then result in the low viability and differentiation effi-
ciency in tissue repair. Therefore, many studies endea-
vored to improve cell survival and differentiation by
modifying or pre-conditioning the MSCs during the stage
of in vitro expansion before transplantation. A study by
Boopathy and colleagues [1] in the previous issue of Stem
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Cell Research & Therapy investigated the effect of the oxi-
dative stress on cardiac differentiation of bone marrow-
derived MSCs in vitro. The authors mimic the oxidative
environment by using hydrogen peroxide (H2O2) or glu-
cose oxidase (GOX) stimulation as a pulse or continuous
oxidative stress. Treatments with H2O2 and GOX at a
higher concentration (100 μM and 5 mU/mL, respectively)
both resulted in upregulation of early endothelial and car-
diac gene expression, and GOX treatment has more signifi-
cant results. Interestingly, Boopathy and colleagues further
showed that the pro-cardiovascular differentiation function
of H2O2 on MSCs is mediated by Notch1 and Wnt11 sig-
naling. Inhibition of Notch signaling abolished the cardiac
and endothelial gene expression upon H2O2 stimulation.
Their results indicate that H2O2 treatment may promote
cardiovascular differentiation of MSCs and suggest that
injecting H2O2 pre-conditioned MSCs into infarcted sites
may generate more cardiovascular cells to promote cardiac
tissue repair.
All of these data provided by Boopathy and colleagues

were obtained from in vitro cell culture and chemical treat-
ment; the result needs to be further verified in animal MI
models, and time and dose of chemicals used to generate
oxidative stress also need to be precisely tested for better
result in vivo. A recent report [6] supported their notion
that stem cells pre-treated with H2O2 could improve the
therapeutic effect for the infarcted heart. The report
showed that H2O2 (100 μM administered for 2 days) pre-
conditioned cardiac progenitor cells implanted into the
left ventricle following ischemia-reperfusion injury led
to improved cardiac function, decreased cardiac fibrosis,
and higher number of endothelial cells and higher vascu-
lar density. Together, these studies suggest that the pre-
condition effect of oxidative reagents on restoring cardiac
function and neovascularization of the injured heart is
conserved between different kinds of stem cells. However,
there is also a controversial conclusion about the effect of
ROS on MSC therapy. A previous study [7] showed that
treatment of MSCs with H2O2 decreased the adhesion
and spreading of MSCs in vitro and that co-injection of
MSCs with free radical scavenger N-acetyl-L-cysteine to
infarcted hearts resulted in reduced fibrosis and in-
farct size. Therefore, it is necessary to find the balance
point for ROS treatment and oxygen-free radical scaven-
ging and optimize the experimental procedure accordingly
to achieve better clinical effects for ischemic heart disease
therapy.
Besides oxidative reagents, many of the growth factors

and cytokines are also applied to improve the therapeutic
efficacy of MSCs. MSCs pretreated with vascular endothe-
lial growth factor increased cell proliferation, and MSCs
treated with transforming growth factor (TGF)-α before be-
ing injected into ischemic heart promoted myocardial func-
tional recovery [8,9]. Behfar and colleagues [10] reported
that stimulating human MSCs with a cocktail of cytokines,
including TGF-β, bone morphogenetic protein-4, activin A,
retinoic acid, insulin-like growth factor-1, α-thrombin, and
IL-6, induced expression of cardiac transcription factors
and that the cardiopoietic human MSCs enhanced thera-
peutic benefit in an infarcted mice model. Furthermore, the
cardiopoietic stem cells were tested in clinical trials for is-
chemic cardiomyopathy and proved to be safe and effective
[11]. Thus, pre-condition of MSCs with proper stimuli
has made great advances and appears to be the most
promising approach for ischemic heart diseases. It is ne-
cessary to get a better understanding of the interaction
between MSCs and the microenvironment to have more
information for uncovering the mechanisms of MSC-
mediated therapeutic effects and more practical strategies
for clinical use of stem cells.
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