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Summary

Ischaemia/reperfusion (I/R) is a major cause of heart failure. Recently cardiac stem
cells (CSCs) were proposed as the most appropriate cell type for heart disease ther-
apy. However, it is still unclear whether I/R can stimulate the CSCs homing to the
injured myocardium. Male Sprague-Dawley rats were subjected to a 30-min ischae-
mia followed by reperfusion of different intervals. RT-PCR, western blotting and
immunohistochemistry were performed to detect stem cell factor (SCF) expression at
mRNA and protein levels respectively. Activation of nuclear factor-kB (NF-xB) was
determined by electrophoretic mobility shift assay. To assess the homing of CSCs in
vivo, BrdU-labelled CSCs were injected into AV-groove before induction of ischae-
mia and examined by immunofluorescent staining in the injured myocardium after
I/R. From day 3 to day 6 after reperfusion, the accumulation of CSCs was signifi-
cantly elevated in the injured area, which was matched with the increased SCF
expression during I/R. Pretreatment of rats with NF-xB inhibitor, N-acetyl-L-cysteine
(NAC) not only suppressed NF-kB activation induced by I/R but also attenuated
SCF expression. Further analysis revealed that I/R induced phosphorylation of IxkBo
after 15 min of reperfusion, and the raised phosphor-IkBa returned to the basal level
at 2 h of reperfusion. In simulated I/R(SI/R) in vitro, it enhanced NF-xB activation
and SCF expression in cultured neonatal rat cardiomyocytes, which was markedly
inhibited by NF-kB decoy oligodeoxynucleotide or NAC. Taken together, our results
demonstrated that I/R induced CSCs homing to the injured myocardium by stimulat-
ing myocardial SCF expression via activation of NF-«B.
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Ischaemia, which is caused by coronary artery occlusion,
followed by reperfusion can evoke myocardial ischae-
mia/reperfusion (I/R) injury with the potential to induce
cardiac dysfunction (Onai et al. 2004; Hu et al. 2007).
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Many treatments for ischaemic diseases, including coronary
artery bypass graft surgery, angioplasty and thrombolytic
therapy of the heart etc., can possibly lead to I/R injury
(Neely et al. 1996; Levitsky 2006). In recent years, the
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possibilities of stem cell-mediated cardiac repair seem to be
promising and inspiring. Comparing the advantages and dis-
advantages of different cell populations involved in myocar-
dial repair, cardiac stem cells (CSCs) have been considered
as the most appropriate cell type and interventional
approach to reconstitute the myocardium and improve car-
diac function after myocardial injury (Oh et al. 2003; Linke
et al. 2005; Torella et al. 2005). Beltrami er al. firstly
reported that CSCs are a pure population of cloned c-kit-
positive cells that can give rise to cardiomyocytes, smooth
muscle cells and vascular endothelium (Beltrami et al.
2003). Despite these landmark studies, it is still unclear
whether I/R can stimulate the CSCs homing to injured
regions, which may contribute to the improvement of
cardiac function.

The activation and migration of stem cells, as we know,
were usually regulated by some chemoattractant factors,
such as stem cell factor (SCF), the ligand of the c-kit recep-
tor. In early foetal life, c-kit™ cells colonized the yolk sack,
liver and probably other organs, and the worthy of special
attention was that the colonized organs all expressed SCF
(Teyssier-Le Discorde et al. 1999). SCE/c-kit signalling path-
way was involved in the proliferation, differentiation, sur-
vival as well as migration of stem and progenitor cells
(Heissig et al. 2002; Vandervelde et al. 2005; Wang et al.
2007). The previous work in our laboratory reported that
SCF mediated the CSCs migration after myocardial infarc-
tion (Kuang et al. 2008). However, it remains entirely
unknown about the signal transduction pathways responsi-
ble for regulating the SCF expression during I/R.

The nuclear factor-kB (NF-xB) is a ubiquitous inducible
transcription factor that plays key roles in regulating inflam-
matory and immune responses as well as stress responses (Li
et al. 1999; Baldwin 2001). As far as the heart is concerned,
NF-«B signalling pathway has been linked to several patho-
logical processes in the myocardium including cardiomyocyte
proinflammatory cytokine release, I/R injury, hypertrophy
and apoptosis (Valen ef al. 2001; Valen 2004; Hall ez al.
2006) and NF-xB was also involved in the regulation of
downstream genes expression during I/R (Li et al. 1999; Xiao
2004; Moss et al. 2007). Da Silva’s study firstly identified a
NF-«xB responsive element located in the first intron of the
SCF gene (Da Silva et al. 2003), which provided the possibil-
ity of NF-kB involved in the regulation of SCF transcription,
accordingly we wondered whether NF-kB activation can
really play a role in regulating SCF expression during I/R.

Therefore, the aim of this study was to investigate
whether I/R can induce CSCs homing to the injured myo-
cardium by stimulating myocardial SCF expression via
activation of NF-kB.

Methods

Animal models and experimental protocols

The procedure for rat I/R model was performed as previously
described with a minor modification (Gao et al. 2002b). In
brief, Male Sprague-Dawley rats (250-300 g, purchased from
the Animal Experimental Centre of Tongji Medical College,
Huazhong University of Science and Technology, Wuhan,
China) were anaesthetized with intraperitoneal sodium pento-
barbital. After the rats were fully anaesthetized, they under-
went a left lateral thoracotomy and myocardial ischaemia was
produced by exteriorizing the heart and then placing a suture
(6.0 nylon) to make a slipknot around the left anterior descend-
ing coronary artery (LAD). After a 30-min ischaemia, the slip-
knot was released and the myocardium was reperfused for
different intervals. At the end of reperfusion, the coronary
artery was again occluded and 1 ml of 2% Evans blue dye was
injected into the left ventricular cavity. The injured myocar-
dium by I/R was Evan’s blue stained negative area (area-at-
risk, AAR) and on the basis of visual inspection it was excised
for the further experiments. Additionally, 2,3,5-triphenyltet-
razolium chloride (TTC) staining was performed on sections
from AAR to assess the infarct size. All procedures were per-
formed in accordance with the Guidelines of the Hubei Council
of Animal Care and approved by the Animal Use Subcommittee
at the Huazhong University of Science and Technology, China.

Cardiac haemodynamics

Haemodynamic measurements were made in a separate
group of animals exposed to a 30-min ischaemia and then
released the slipknot for the reperfusion. After 3 weeks of
reperfusion, rats were anaesthetized again and the right car-
otid artery was instrumented with 1.4F microtip pressure
transducer catheter. After determination of heart rate and
arterial blood pressure, the catheter was advanced into the
left ventricle (LV) for the measurement of LV systolic pres-
sures (LVSP) and end-diastolic pressures (LVEDP) as well as
the maximal rate of pressure development (+dP/df,,,,) and
rate of relaxation (—dP/dt.;,) of LV.

Isolation and culture of CSCs from the adult rat heart

The CSCs were isolated by magnet-activated cell sorting
(MACS) system (Dynal Biotech, Oslo, Norway) from the
hearts of male Sprague-Dawley rats as described previously
(Beltrami et al. 2003; Kuang et al. 2008). Briefly, The heart
was excised and the aorta was cannulated rapidly, followed
by perfused with Ca**-free Tyrode solution for 10 min, and
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then digested by 0.5 mg/ml collagenase (Sigma, St. Louis,
MO, USA) and 0.05 mg/ml trypsin (Difco, Kansas, MO,
USA) at 37 °C for 30 min. Next, the heart tissue was chopped
and cell suspension was filtered with a strainer (Becton Dick-
son, Franklin Lakes, NJ, USA). Afterwards, cells were incu-
bated with a rabbit anti-c-kit antibody (1:150, Santa Cruz,
CA, USA) and separated by using immunomagnetic microbe-
ads (Dynal Biotech). These CSCs were cultured for 3-5 days
with Dulbecco’s MEM (Invitrogen, Carlsbad, CA, USA)
containing foetal calf serum, bFGF and LIF at 37 °C. After
recovery, they were used for subsequent experiments.

Assessment of CSC migration in vivo during I/R

To assess the migration of CSCs in vivo after I/R, the cultured
CSCs were labelled with BrdU (Zymed, San Francisco, CA,
USA) as described previously (Barbash ez al. 2003), and then
the labelled cells (2 x 10°) were injected into AV-groove
before induction of ischaemia. After reperfusion, at least five
frozen sections from the injured myocardium of per heart
were randomly selected and detected by immunofluorescent
staining with mouse anti-BrdU (Zymed) antibody. For each
section 10 fields in peri-infarcted areas were randomly chosen
by using a defined rectangular field area (x40 objective) to
count the BrdU" cells and then calculate the number of the
BrdU* cells per mm?. Imaging the cells by transmitted light
and fluorescence inverted microscope (IX71; Olympus,
Tokyo, Japan) linked to a personal computer.

Isolation of neonatal rat cardiomyocytes and the
simulated 1/R treatment

Ventricular myocytes were isolated from 1- to 2-day-old
Sprague-Dawley rats and submitted to primary culture as
reported previously (Yue et al. 1998). Simulated I/R (SI/R)
was performed as described with a minor modification (Yue
et al. 20005 Gao et al. 2002a). Twenty-four hours after plat-
ing, ischaemia of the cardiomyocytes was induced by replac-
serum-/glucose-free  DMEM and
exposing cells to an air-tight chamber continually gassed
with 95%N,-5%CO, at 37 °C for 2 h; the medium was
then replaced with the maintenance medium and exposed to

ing medium with a

normoxic environment for 4 h to cause reperfusion injury.
Control cells were left in normoxic incubator at 37 °C with
a normal glucose for 6 h.

ELISA

A sensitive ELISA procedure was used to quantify immunore-
active SCF released into the supernatant of cultured cardiac
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myocytes. The ELISA was performed according to the
instructions provided by the manufacturer (R&D systems,
Minneapolis, MN, USA). A polystyrene microplate (96-wells)
was coated with a rabbit polyclonal anti-SCF antibody and
recombinant rat SCF was used as the standard.

Immunobhistochemical staining

After I/R, heart slices from injured myocardium were pre-
pared for immunohistochemical staining by using rabbit
polyclonal antibodies (1:100; Pepro Tech EC Ltd, London,
UK) against rat SCF overnight at 4 °C (for negative control
studies, the antibodies were substituted by phosphate-buf-
fered saline). Endogenous peroxidase was blocked by 0.3%
H,O, for 20 min at room temperature and the biotin-conju-
gated anti-rabbit immunoglobulin (1:200, Dako, Glostrup,
Denmark) was used as the secondary antibody. After incuba-
tion with streptavidin peroxidase, visualization of peroxidase
localization was performed using diaminobenzidine-hydro-
gen peroxide (DAB-H,O,) substrate to give a brown colour.

RNA extraction and RT-PCR

Total RNA was extracted with Trizol reagent (Invitrogen) fol-
lowing the manufacturer’s protocols. RT-PCR was carried
out by using the pairs of primers (Invitrogen) as following for
semiquantitative assessment, SCF: sense, S-TGTTTTGCC-
TAGTCATTGTTG-3’; anti-sense, 5-TGTCATTCCTAAGG-
GAACTG-3, yielding a 404 bp product (Konrad et al. 2005);
B-actin: sense, 5’-CGTTGACATCCGTAAAGA-3’; anti-sense,
5’-AGCCACCAATCCACACAG-3’, yielding a 173 bp prod-
uct. The products of PCR were separated by 1.5% agarose gel
electrophoresis and visualized under UV using gel documenta-
tion system (Bio-Rad Gel Doc1000, Bio-Rad, Hercules, CA,
USA). The B-actin was used as an internal standard to verify
equal PCR product loading for each experiment.

Western blotting analysis

Tissue samples were homogenized and separated by SDS-
polyacrylamide gel (12.5%) electrophoresis followed by
electrophoretic transfer of proteins from the gel to a nitro-
(Bio-Rad). The
probed for the following primary antibodies: rabbit anti-
SCF (1:500) or mouse anti-phospho-IkBa (1:400) or mouse
anti-IkBo antibody (1:500) (all from Santa Cruz Biotechnol-
ogy) overnight at 4 °C. Bands were visualized by using
(HRP)-conjugated
chemiluminescence

cellulose membrane membranes were

corresponding horseradish  peroxidase
anti-biotin antibody and enhanced
reagents (Pierce, Rockford, IL, USA).
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Electrophoretic mobility shift assay

Nuclear proteins were isolated by a method described previ-
ously (Nho & O’Dwyer 2004).
shift assay (EMSA) was performed to determine the NF-kB-
DNA binding activity. In brief, nuclear proteins (10 pg)
were incubated with the reaction buffer for 20 min at room
temperature, followed by incubation with oligonucleotide
containing the consensus sequence for the NF-kB-DNA bind-
ing site (5"-AGAGTGGGAATTTCCACTCA-3’) (Ueda et al.
1997) (Invitrogen). The reaction mixture was separated in a

Electrophoretic mobility

non-denaturing polyacrylamide gel (6%) that was later
stained by SYBR Green EMSA staining solution from
Molecular Probes (Invitrogen) with continuous, gentle agita-
tion for about 20 min, protected from light. Then washed
the gel in 150 ml of dH,O and visualized the stained nucleic
acids and documented the image under UV using gel docu-
mentation system (Bio-Rad Gel Doc1000).

Statistical analysis

All data are expressed as mean = SEM. For analysis of dif-
ferences between two groups, Student’s ¢ test was per-
formed. For multiple groups, ANOvA was carried out
followed by Student-Newman—Keuls test. The level of statis-

tical significance was set at P < 0.05.

Results

SCF expression in the injured myocardium during 1/R

As shown in Figure 1a, semiquantitative analysis of SCF
mRNA expression in the ischaemic/reperfused myocardium
by rats was illustrated. Low level of constitutive SCF mRNA
expression was noted in the sham-operated group and signif-
icant up-regulation of SCF mRNA was occurred in the I/R
group after 3 days of reperfusion. No significant induction
of SCF mRNA was noted with shorter reperfusion intervals
(1-2 days of reperfusion). To further confirm this result,
SCF expression was detected at protein level by immunohis-
tochemical staining (Figure 1b,c) and western blotting analy-
sis (Figure 1d). The results manifested that SCF protein
expression was markedly increased after 3 days of reperfu-
sion compared with the sham-operated.

NF-kB-DNA binding activity in the injured myocardium
during I/R

To investigate whether NF-kB was activated in the injured
heart tissues during I/R, EMSA was performed. As shown in
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Figure 1 SCF expression in rat ischaemic samples undergoing
different reperfusion intervals. (a) SCF mRNA expression by
RT-PCR. (b) SCF protein expression by immunohistochemical
staining in sham or (c) at 3 days after I/R (Tindicates SCF
expression in the peri-infarcted myocardium). (d) SCF protein
levels by western blotting analysis. 7 = 5-7 per group. Results
are depicted as mean = SEM. *Means P < 0.05 vs. sham-
operated (control).
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Figure 2 NF-kB-DNA binding activity in rat injured tissues
during I/R. Upon I/R, nuclei proteins were isolated

and EMSA was performed to determine NF-kB-DNA
binding activity. # = 5 to 7 per group. Results are depicted
as mean = SEM. *Means P < 0.05 vs. sham-operated
(control).

Figure 2, NF-kB activation was evident at 30 min of reperfu-
sion and reached its maximum at 2 h of reperfusion. To fur-
ther determine whether NF-kB activation was necessary for
I/R-mediated SCF expression, an inhibitor of NF-«xB activa-
tion, N-acetyl-L-cysteine (NAC) (Sigma) was administered to
rats intrapenetorially 30 min before ischaemia and at the
beginning of reperfusion (Kin et al. 2006). As shown in
Figure 3, NAC treatment significantly blocked the I/R-stim-
ulated NF-xB activation as well as abolished the enhanced
SCF mRNA expression.
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Figure 3 Effect of inhibitor NAC on NF-kB-DNA binding
activity and SCF mRNA expression in rat injured tissues after
I/R injury. Thirty minutes prior to the induction of ischaemia
and at the beginning of reperfusion, rats were twice treated with
the inhibitor of NF-kB, NAC (200 mg/kg) or saline (0.9%
NaCl) by intraperitoneal injection. (a) Nuclear proteins were
isolated for EMSA after 2 h of reperfusion to investigate the
effect of NAC on NF-kB activation. (b) Total RNA was pre-
pared for RT-PCR after 3 days of reperfusion to examine the
effect of NAC on SCF expression. 7 = 5-7 per group. Results
are depicted as mean + SEM. *Means P < 0.05 vs. sham-
operated (control) or I/R + NAC.

Phosphorylation of IkBa in the injured myocardium
during I/R

The activation of NF-kB might be caused by enhanced phos-
phorylation and degradation of the inhibitor protein IkBo.

Journal compilation © 2009 Blackwell Publishing Ltd, International Journal of Experimental Pathology, 90, 355-364
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Figure 4 Representative figures of Phospho-IkBa and IxBa pro-
tein expression during I/R. Total proteins were prepared from

rat injured tissues during I/R and western blotting analysis was
performed to determine the protein levels of (a) phospho-IxBa,
(b) total IxkBa levels. 7 = 5-7 per group. Results are depicted as
mean = SEM. *Means P < 0.05 vs. sham-operated (control).

The level of phospho-IkBa was significantly elevated in the
injured myocardium after 15 min of reperfusion and reached
a peak at 30 min of reperfusion (Figure 4a). Moreover, we
also investigated the total protein levels of IkBa, as shown
in Figure 4b, the 30 min of reperfusion treatment caused an
obvious reduction of IkBa protein content and reached its
minimum at 2 h of reperfusion.

CSCs homing to the injured myocardium during I/R

To understand whether the increased SCF led to the more
accumulation of CSCs in the injured area after I/R, the
assessment of CSCs homing in vivo was performed by using
BrdU-labelled CSCs. Following the extending of reperfusion
interval, statistically significant increase of CSCs in the peri-
infarcted area was noted after 3 days of reperfusion com-
pared with the sham-operated and for shorter reperfusion
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Figure 5 Representative figures of BrdU-labelled CSCs accumu-
lation in peri-infacted myocardium. The migrated CSCs were
detected by using TRITC-conjugated goat anti-mouse IgG after
6 days of reperfusion. (a) sham-operated group (control). (b)
I/R group. (c) /R + NAC group. (d) I/R + saline group. (f)
The trend of enhanced CSCs accumulation during the reper-
fusion intervals. 7 = 5-7 per group. Results are depicted as
mean = SEM. *Means P < 0.05 vs. sham-operated (control) or
I/R + NAC.

intervals, there was no obvious difference (Figure S5f).
Moreover, the present results also showed pretreatment of
rats with NAC to weaken I/R-induced SCF expression
on CSCs

injured myocardium compared with non-NAC treatment

had an obvious decrease homing to the

(Figure Sa—e).

Cardiac function

To ascertain that CSCs homing to the injured myocardium
during I/R was related with the change of cardiac function,
the cardiac function was measured at 3 weeks after I/R. As
shown in Figure 6, injection of CSCs into the AV-groove
resulted in the recovery of cardiac function after I/R, and
the reduced CSCs homing caused by pretreatment with
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Figure 6 Cardiac function was measured at 3 weeks of reperfusion after a 30-min ischaemia. The changes of LV +dP/d#,,, and
—dP/dt;, were shown in (a) and (b) respectively. 7z = 5-7 per group. Results are depicted as mean + SEM. *Means P < 0.05 vs.
sham-operated (control) or I/R + CSCs; A means P < 0.05 vs. I/R + CSCs or I/R + CSCs + saline.
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non-NAC treatment after I/R. the myocardial SCF expression induced by SI/R, the

© 2009 The Authors
Journal compilation © 2009 Blackwell Publishing Ltd, International Journal of Experimental Pathology, 90, 355-364



362  J. Guo et al.

cardiomyocytes were transiently transfected with the NF-xB
decoy oligodeoxynucleotide (ODN) (Invitrogen) (Vos et al.
2000) or treated with NAC before SI/R, and then NF-xB
activity as well as SCF expression were examined in the
cells. As shown in Figure 7, treatment with NF-xB decoy
ODN or NAC markedly contributed to the blockage of the
NF-xB activation, and subsequently attenuated the SI/R-
induced myocardial SCF expression examined by RT-PCR
and ELISA respectively.

Discussion

The study of Fazel et al. suggested that stem cell-mediated
myocardial repair was dependent on the activation of the
c-kit receptor (Fazel et al. 2006), which was expressed on
bone marrow stem cells (BMSCs) and CSCs, and can be
activated by its ligand SCF. Administration of SCF can
promote linc-kit* BMSCs homing to the injured myocar-
dium (Lutz er al. 2008). However, concerning the ability
of exogenous stem cells to acquire cardiac cell lineages
and reconstitute the myocardium lost during the process
of heart injury, there always exists a controversy (Balsam
et al. 2004; Murry et al. 2004; Nygren et al. 2004). In
recent years, the recognition that the adult heart possesses
a cardiac stem cell pool that can regenerate myocytes and
coronary vessels has raised the unique possibility to
rebuild the injured heart (Leri et al. 2005; Linke er al.
2005). However, it remains unclear whether CSCs can
home to the injured myocardium during I/R to contribute
the effective repair.

In this study, our results showed that notable up-regula-
tion of SCF at mRNA and protein levels was occurred in the
injured myocardium of rats after suffering a 30-min coro-
nary occlusion and 3 days of reperfusion, which was just
coincident with the increase of BrdU-labelled CSCs that
exactly started statistically significant accumulating after
3 days of reperfusion. Meanwhile, pretreatment of rats with
NF-«B inhibitor attenuated the I/R-induced SCF expression,
leading to the reduced CSCs accumulation in the injured
myocardium. What’s more, the cardiac function was mea-
sured to illustrate the ability of CSCs to promote the myo-
cardial repair after I/R, and our data documented that more
accumulation of CSCs in the injured area really contributed
to the recovery of cardiac function. Accordingly, on the
basis of the present results, we have the ambition to believe
that I/R-induced SCF expression can effectively attract CSCs
homing to the injured area and potentially mediate a thera-
peutic effect.

Although SCF played a pivotal role in chemotaxis and
homing of CSCs during I/R, at present, it remains entirely

unknown about the signal transduction mechanism underly-
ing the SCF expression in this process. A previous study had
revealed that there existed the NF-kB binding site in the SCF
gene (Da Silva et al. 2003; Fazel et al. 2008); however, the
role of the transcription factor in I/R-induced SCF expres-
sion is still unknown. In this study, several lines of evidence
clearly indicated that NF-xB was responsible for I/R-stimu-
lated SCF expression. Firstly, the results from EMSA clearly
demonstrated that NF-kB was activated during I/R. Sec-
ondly, the finding that inhibiting the activation of NF-xB
significantly reversed I/R-induced SCF expression, suggested
that the activated NF-kB was necessary for SCF expression
during I/R.

Under normal conditions, NF-kB in the cytoplasm is
maintained in an inactive form because of binding to the
inhibitor proteins known as IkBs, which retain NF-xB
dimers in the cytoplasm (Scheidereit 2006). Among the
seven IkB family members — IxBa, IxkBB, BCL-3, IkBe,
IxBy and the precursor proteins p100 and p105, IxBa is
the best-characterized form of IkBs (Hayden & Ghosh
2004). The pathways of NF-«xB activation have been inten-
sely illustrated by many investigators. Most studies (Karin
& Lin 2002; Xiao 2004; Luo et al. 2005) have demon-
strated that upon stimulation, IkBo is rapidly phosphory-
lated, leading to the ubiquitination and subsequent
degradation of IxBo. The liberated NF-kB dimers then
translocate to the nucleus, where they regulate the tran-
scription of target genes. To elucidate the activation mech-
anisms of NF-kB during I/R injury, we explored the level
of phospho-IkBa at first, and the results demonstrated that
phospho-IkBa was significantly elevated after 15 min of
reperfusion, and returned to the basal level at 2 h of rep-
erfusion. Further investigation revealed that the total IxBa
protein was significantly decreased after 30 min of reperfu-
sion in heart tissues, therefore, the rapid phosphorylation
of IkBa protein might serve as a signal for degradation of
this inhibitory protein during the early stage of I/R. Based
on the present results, it was deduced that the initial
increase in the level of phospho-IkBa and a subsequent
decrease in IkBo protein expression may be responsible
for the activation of NF-kB, eventually leading to the
enhanced SCF expression.

Additionally, the cultured cardiomyocytes were exposed
to SI/R to ascertain the causative role of NF-xB activation
in the myocardial SCF expression in vitro. Our data docu-
mented that SI/R markedly induced the SCF expression of
cardiomyocytes, in which NF-kB activation was greatly
involved.

Taken together, in this study we reported that CSCs can
be recruited to repair the injured myocardium by the
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increased endogenous myocardial SCF via NF-«B activation
during I/R. However, the study of Stephanie et al. demon-
strated that ageing can impair the beneficial effect of SCF on
postmyocardial infarction remodelling (Lehrke et al. 2006).
Therefore, exploration of favourable or unfavourable factors
that influence the effect of SCF will be indispensable to opti-
mize the future strategy of CSCs therapy on I/R-induced
heart disease.
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