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Myocardial Homing of Mesenchyme 
Stem Cells in Dilated Cardiomyopathy

Introduction
Preface Dilated cardiomyopathy (DCM) is the most common form of non-ischemic 
cardiomyopathy leading to heart failure. DCM accounts for roughly 10 of cases with heart 
failure. Heart failure is associated with high morbidity and mortality. Presently heart 
transplantation is the only effectively remedy for DCM at the end stage. Still, due to the strict 
selection criteria and habitual deficit of patron hearts, utmost cases don’t have the chance to 
admit a transplant. Thus, precluding the progression of myocardial dysfunction in DCM is a 
major challenge taking new remedial strategies. Mesenchymal stem cells (MSCs) have an 
important proliferative eventuality and retain the capability of securing into colorful cell lineages. 
In fact [1], MSCs are under active disquisition as an eventuality remedy for different cardiovascular 
conditions with the stopgap of restoring dysfunctional heart. In vitro, after 5- azacytidine 
treatment, MSCs are suitable to separate into beating cardiomyocytes. In vivo, after being directly 
fitted into an infracted heart, MSCs can help maintain the function of the broken heart. Several 
studies have refocused out that directly injection of MSCs into the myocardium of DCM could 
induce myocardial re juvenescence and ameliorate cardiac function both in creatures and mortal. 
Interestingly, an airman study of intracoronary bone gist MSCs infusion in DCM cases has 
proved a significant enhancement in the left ventricular ejection bit (LVEF) and New York Heart 
Association (NYHA) Functional Bracket [2]. Also, the TOPCARE- DCM study showed that 
intracoronary administration of bone gist MSCs was associated with indigenous and global 
enhancement in the LVEF. Still, little information is available about the remedial eventuality of 
intravenous administration of MSCs for DCM [3]. Styles Doxorubicin- convinced DCM was 
generated as preliminarily described. Compactly, 8–12 weeks C57/ BL6 manly mice were used 
for trials involving cell transplantation. Doxorubicin (Sigma, St. Louis, MO, USA) was 
administered intraperitoneally with six equal injections (each containing2.5 mg/ kg) over a 
period of two weeks for a total cure of 15 mg/ kg. For mice in control group, equal volume of 
physiological saline was fitted. Four weeks latterly, ventricular function was assessed by 
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echocardiography [4]. The expansion of MSCs 
was performed as preliminarily described. In 
brief, 8-12 weeks C57/ BL6 manly mice were 
used to gather bone gist by flushing the femurs 
with DMEM/ F12  using a 20-hand needle. 
After that, bone gist cells were dressed in 
DMEM/ F12 supplemented with 10 fetal bovine 
serums and 1 antibiotic (Sigma). A small number 
of cells developed visible symmetric colonies by 
day 5 to 7. Later non-adherent hematopoietic 
cells were removed, and the medium was 
replaced. The disciple, spindle- shaped MSC 
population expanded to over 5 × 107 cells within 
4 to 5 passages after the cells were first plated. 
Four weeks after final doxorubicin injection, an 
aggregate of 5 × 107 MSCs/ 100 μL phosphate- 
buffed saline (PBS), or PBS alone were sluggishly 
invested through the internal jugular tone. We 
used previously established protocols for growing 
PIEs as monolayers, with some modifications 
[5]. Briefly, culture wares were coated with 
diluted Matrigel® solution. An aliquot of 
Corning® Matrigel® was thawed and kept on ice 
until use. An appropriate amount of cold (2–
8°C) Dulbecco’s phosphate-buffered saline 
(DPBS) was dispensed at 100 µL/well in 96-well 
plates. Then, thawed Matrigel® was added to the 
cold DPBS (1 μL of Matrigel® to 49 μL DPBS), 
mixed well, and kept on ice. The diluted 
Matrigel® solution was used immediately to coat 
the tissue culture-treated culture wares. Then, 
the culture plates were incubated at 37 °C for 1 h 
before use. The excess Matrigel® solution was 
removed using a serological pipette ensuring that 
the coated surface was not scratched. Two-
dimensional monolayer growth medium (2D-
MM) was prepared as follows (example is for 
preparing 120 mL of monolayer growth medium) 
[6]. 50 mL of IntestiCult™ Component A + 50 
mL of IntestiCult™ Component B + 100 µL 
Y-27632 + 25 µL CHIR99021 + 20 mL fetal 
bovine serum (FBS, Invitrogen, US). The desired 
amount of antibiotics was added immediately 
before use. For plating PIEs as a monolayer, the 
seeding density of PIEs in 96-well plates was 
1.0–2.5 × 104/well. The cell numbers of 3D PIE 
generally reached ~1–2 × 105 cells/dome. 
Sufficient numbers of domes were harvested to 
achieve the desired seeding density. One mL of 
gentle cell-dissociation reagent (GCDR, 
STEMCELL, Canada) was added to each well 
containing a dome to be harvested; then, the 
domes were incubated at room temperature (20–
25 °C) for 1 min, followed by vigorous pipetting 
using a 1000 [7] μL pipettor to disrupt the 

Matrigel® dome. The fragmented PIEs were then 
incubated at room temperature for 10 min with 
gentle rocking. Then, the harvested PIE 
fragments were pooled and centrifuged at 400× g 
for 5 min at 4°C. The supernatant was discarded 
and 3 mL of ice-cold CMGF- was added, 
followed by vortexing and centrifuging at 400× g 
for 5 min at 4 °C. This step was repeated twice. 
Then, the supernatant was gently removed, 
followed by resuspending the PIE fragments in 1 
mL of warm (37°C) trypsin-
ethylenediaminetetraacetic acid (trypsin-EDTA, 
0.05%), vigorous vortexing, and incubation at 
37°C for 10 min. Following that, 3 mL of 
CMGF- supplemented with 10% FBS was 
added and mixed thoroughly by pipetting, and 
centrifuged at 900× g for 5 min at 4°C [8]. Then, 
the supernatant was removed, and the PIE 
fragments were resuspended in 1 mL of the 2D-
MM, as indicated above. The PIE fragments 
were then passed through a 25 G needle multiple 
times to disrupt their structure to achieve single-
cell suspensions. After cell counting and 
adjustment to the desired concentration, the cell 
suspension was slowly and gently added to each 
well and incubated at 37 °C under 5% CO2, and 
the medium was replaced every 2–3 days until 
monolayers were formed. If differentiated PIEs 
were desired, the medium was changed from 
2D-MM to DM two days after seeding, and the 
monolayers were incubated in it for two days [9]. 
The treatment of DCM is always a mystification 
to the croakers each over the world, and cell 
remedy brings a hint of stopgap. Embryonic 
stem cells, fetal cardiomyocytes, mortal umbilical 
cord- deduced cells, resident cardiac stem cells, 
adipose- deduced stem cells, cadaverous 
myoblasts, MSCs, and endothelial ancestor cells 
have been extensively explored for cardiac form. 
Among them, MSCs may be an optimal cell type 
in regenerative remedy with consideration of no 
ethic problems and easy achievement. The 
remedial eventuality of MSCs for myocardial 
infarction and ischemic heart complaint has 
been extensively explored. Still, little information 
is available regarding its remedial value in DCM 
[10]. To the stylish of our knowledge, this study 
originally reports the remedial effect of 
supplemental intravenous infusion of MSCs on 
DCM in mice, which include the enhancement 
of cardiac function and the drop of myocardial 
fibrosis. Stem cell remedy relies on the capacity 
of stem cells homing to and engrafting into the 
applicable target towel. But so far the homing of 
stem cells into heart is with extremely poor 
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effectiveness, raising an issue that how homing 
process can be promoted. Thus, explication of 
mechanisms guiding the homing of transplanted 
stem cell is important. MCP- 1, SDF- 1, MIP- 
1α and MCP- 3 are the most extensively reported 
MSC homing factors in acute myocardial 
infarction. Still, fairly little MSCs homing factors 
have been indicated in DCM. Many studies have 
demonstrated that cellular cholesterol is required 
for multiple viruses, such as porcine reproductive 
and respiratory syndrome virus, transmissible 
gastroenteritis virus, bovine herpesvirus type 1, 
bovine RV, murine leukemia virus, and simian 
virus 40. To explore how exogenous and cellular 
cholesterol affect RVC infection, [11] we 
designed a series of experiments. In the first, we 
added 10 µg of exogenous cholesterol to treat the 
PIEs before inoculating them with the PRVC 
Cowden strain. A slight increase (not significant) 
in the virus titer was observed at 2 h, but not at 
24 h and 48 h, in the cholesterol-treated groups 
compared with the control (CT) group. In the 
next experiment, MβCD was applied to deplete 
the cellular cholesterol, followed by Cowden 
inoculation. Our results indicated that, starting 
at 5 mm, MβCD was able to inhibit the 
replication of Cowden, suggesting that cellular 
cholesterol may be required for RVCs infection. 
To further confirm the role of cholesterol, a 
cholesterol-depletion and restoration assay was 
performed. Briefly, four groups of PIEs were 
inoculated with Cowden, including CT, MβCD 
single treatment (MβCD), MβCD without 
cholesterol (MβCD + water), and MβCD with 
cholesterol (MβCD + cholesterol). We observed 
that the cellular cholesterol level was decreased in 
the MβCD group compared with the CT group. 
The supplementation of exogenous cholesterol 
(EC) restored its levels to 75% of the CT group. 
The qRT-PCR results revealed that MβCD 
treatment significantly inhibited Cowden growth 
at 48 h, while supplementation with cholesterol 
(MβCD + Cholesterol) partially rescued the 
inhibitory effect of MβCD compared with the 
MβCD + water group. Interestingly, the 
cholesterol level resulting from EC 
supplementation restored did not correlate 
linearly with the increase in the virus titer. 
Nevertheless, these results indicated that RVC 
replication in PIEs is dependent on cellular 
cholesterol levels [12-13].

Conclusion 
Several implicit limitations of this study should 
be stressed. Originally, the exact medium by 

which MSCs ameliorate heart function is 
unclear. Farther studies need to be performed 
to determine whether MSCs separate into 
cardiomyocytes, beget Trans differentiation, 
or have a paracrine effect. It’s also important 
to demonstrate the specific of CCR2 sh RNA- 
transduced MSCs, which is the capability to 
separate into cardiomyocytes and to secret 
colorful cytokines, and the survival under 
ischemic condition. Alternately, detailed 
assessment of cardiac function and fibrosis 
following injection of the CCR-2 knock-down 
stem cells should be conducted in the future [14]. 
Secondly, although bettered cardiac function 
was demonstrated following administration of 
MSCs, a direct relationship between the two 
wasn’t shown. MSC enmeshing in the lungs may 
be sufficient to render myocardial benefit in the 
absence of MSC engraftment in the heart [15].
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