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“Adult” Cardiomyocytes

No potential for regeneration after birth 
No capacity to reenter cell cycle in adult mammalian 

heart
Rumyantsev PP, Int Rev Cytol, 1977

Cardiomyocytes respond to mitotic signals by cell 
hypertrophy  rather than by cell hyperplasia

Kodama H, et al., Circ Res, 1997
Pan J, et al., Circ Res, 1997

“Therefore”
Loss of cardiomyocyte will result in permanent reduction 
of number of functioning units in myocardium.



Progression to End-Stage Heart Disease

Death

Drug Therapy
Surgical Procedures

Mechanical Assistant Device
Organ Transplantation



Regeneration of Myocardium & Endothelium
by Transplanted BM Stem Cells

Jackson KA, et al., J Clin Invest, 2001
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Locally Delivered BM Cells Can Regenerate
de novo Myocardium

Orlic D, et al., Nature, 2001
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Neovascularization of Ischemic Myocardium
by Systemic Injection of hBM-derived Angioblasts

Kocher AA, et al,. Nature Med  2001
IV injection of G-CSF-

mobilized CD34+ hBM-derived 
angioblasts

in rat tail

AMI model

Saline CD34+ hBMC
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Route Stem Cell



Approaches for In Vivo Tracking Transplanted SC
“Prerequisite”

Non-invasive
Non-toxic to cells, esp. survival & differentiation
Able to monitor cell migration
Able to monitor tissue biodistribution of cells





Iron-Labeling of Human Peripheral Blood CD34+



Confocal Fluorescent & EM Images of CD34+ cells



Confocal Images of Iron-Labeled MSCs



Impact of Iron Particle Exposure
on Hematopoietic Progenitor & MSC Proliferation



Differentiation of Iron-labeled MSCs is O.K.?

HepatocyteEndothelial Cell Neural Cell

Iron (-)

Iron (+)



Iron-Labeling Rate

Without Iron (0.68%) With Iron (99.27%)



Are Iron Particles within MSCs ?



Aims of Study

Testify if iron-labeled MSCs, when injected systemically, 
home to infarcted myocardium and cells can be in vivo 
tracked by MRI

And…
Determine the time course of homing to infarcted heart
Observe whether MSCs can differentiate
Assess whether these contribute to functional 

competence



Materials & Methods

ACI rat (male)
Inhalation anesthesia
Ligation of LAD for 1 Hr
& reperfusion

Preparation of iron-labeled MSCs
Harvesting BM
Expansion of attached cells
Confirmation of multipotentiality
Incubation with iron particles for at 37°C

Make AMI
Inject Iron-labeled MSC (ACI) I.V. over 20 
min
(8-10×106 Cells/kg/1mL of PBS)

MI group : Iron-labeled MSC (n=8)
Control group : Iron only (n=8)
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MRI & Histological Analysis

MRI analysis
In vivo analysis with 1.5T (Oxford Instrument, UK)
Ex vivo analysis (3DR) with 7T (Magnex Scientific, UK) 
Left ventricular ejection fraction (modified Simpson)

Histopathological analysis
Prussian blue stain
Anti-desmin / Anti-connexin 43



MRI Imaging : In vivo & Ex vivo

5 Days after surgery 6 Weeks after surgery

In vivo, 240 mm2 resolution Ex vivo, 60 mm2 resolution In vivo, 240 mm2 resolution Ex vivo, 60 mm2 resolution



Comparison between In Vivo & Ex Vivo MR Images



Histological Identification : Prussian Blue Stain

Lt. coronary artery

Red = Iron



Quantification of Cell Engraftment Over Time
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Early Desmin Expression of Iron-labeled Cells
in Infarcted Myocardium (postop. 6 weeks)



Early Connexin-43 Expression of Iron-labeled Cells
in Normal & Infarcted Myocardium (postop. 6 weeks)

Normal healthy Infarcted



Late Desmin Expression of Iron-labeled Cells
in Infarcted Myocardium (postop. 3 months)



Late Connexin-43 Expression of Iron-labeled Cells
in Infarcted Myocardium (postop. 3 months)



Comparison of LV Ejection Fraction

AMI AMI with MSCs
Control



Summary & Conclusion

Mesenchymal stem cells, when administered systemically to MI rat, 
preferentially home to the area of injury, and such cells, if labeled 
with fluorescent iron oxide microparticles, can be in vivo tracked 
with MRI.

Maximal engraftment takes place at six weeks, after which there is a 
decrease in cell number.

After homing, cells appear to have undergone differentiation.

While treated animals exhibited a trend towards improved cardiac 
function, a larger sample size is needed to resolve differences.



Acknowledgement



Pulmonary Pathology of Dead Rat

Pulmonary embolism !!!



Comparison of LV Ejection Fraction



Stem Cell Homing after IV Injection

Quesenberry PJ, et al. Exp Hematol. 2005;33:9-19


