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Transplanted Cardiomyocytes Survive in Scar Tissue and Improve 
Heart Function 
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M YOCARDIAL infarction is a leading cause of mor- 
bidity and mortality in North America. With loss of 

the cardiomyocytes, regional contractile dysfunction oc- 
curs1 Necrosed cardiomyocytes in the infarcted ventricular 
tissue are progressively replaced by fibroblasts to form scar 
tissue. The ventricular wall remodels. The scar tissue thins 
and can form an aneurysm. Despite medical therapy, heart 
failure may develop. Although heart transplantation is an 
option for patients in severe congestive heart failure, organ 
shortage and the need for immunosuppression detract from 
whole organ transplantation. Since the myocardial dysfunc- 
tion after infarction is frequently due to loss of cardiomy- 
ocytes and scar expansion, replacing scar tissue with cardi- 
omyocytes should limit scar expansion and prevent the 
onset or development of heart failure. We have demon- 
strated that cardiac tissue, formed by implanting cardiomy- 
ocytes into myocardial scar tissue, limited scar expansion 
and prevented post-infarction heart failure.’ 

METHODS AND RESULTS 

A cryo-injury-derived scar was produced in the left ventricular free 
wall (LVFW) of 400-g rats (N = 15) which were then randomly 
divided into pretransplant, control, and transplant groups. Addi- 
tionally, rats in a sham group (N = 7) were operated on, but neither 
scarred nor transplanted. Four weeks after scarring, all five rats in 
the pretransplant group were sacrificed for histological studies. 
Cultured fetal rat cardiomyocytes or culture medium was injected 
into the scar tissue of transplant (N = 5) or control animals (N = 
5) respectively. Function was assessed using a LangendortL prep- 
aration. At 4 weeks after cryo-injury, the scar occupied 36.4 +- 4.4% 
(mean + 1SE) of the surface area of the LVFW. At 8 weeks the 
scar had increased (P < .Ol) to 54.6 + 2.9% in control rats. Scar 
size in the transplant group’s hearts, at 43.4 t l.S%, was less (P < 
.05) than that of controls, but not different from that measured at 
4 weeks. Sham animals had no scar tissue. Transplanted cardiomy- 
ocytes formed cardiac tissue within the myocardial scar. Angiogen- 
esis occurred in the transplanted tissue. Systolic and developed 
pressures were greater (P = .OOOl, P = .OOOl) in the transplant 
group than in controls, but less than in sham rats. We were 
unsuccessful in measuring the contractility of the transplanted cells 
due to the contracting host myocardium. After removing the hearts 
and separating the scar area, the transplanted region contracted 
when stimulated. 
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DISCUSSION 

We hypothesize that the mechanism which prevents ven- 
tricular wall ballooning after infarction is primarily due to 
the transplanted cardiomyocytes strengthening the ventric- 
ular wall and thus preventing ventricular dilatation. With 
cardiomyocyte over-stretching, contractile force is lost 
(Frank-Starling Law). Our results are consistent with this; 
the transplanted cardiomyocytes prevented ventricular di- 
latation and over-stretching of the transplant group’s car- 
diomyocytes during systole. 

Transplanted cardiac tissue contraction can also contrib- 
ute to the improvement of heart function. However, in our 
studies, the contribution of transplanted cardiomyocyte 
contractility to myocardial function is unknown. Approxi- 
mately 37% of the total scar area was occupied by the 
transplanted cells. However, the cardiac cells were trans- 
planted into the center of the scar tissue and this trans- 
planted cardiac tissue was surrounded by connective tissue. 
If the transplanted cells were beating in vivo, the cells would 
have contracted autonomously and more slowly than the 
host myocardium because there were no connections be- 
tween the transplanted cells and the recipient myocardium. 

Autotransplantation is the optimal approach. We are 
growing human cardiomyocytes from myocardial biopsies 
obtained from children and adults undergoing cardiac 
surgery.3 Although these cardiomyocytes did not re-form 
their contractile apparatus and did not beat spontaneously 
in culture, the cultured cells contain contractile proteins. 
Our preliminary research suggests that the contractile ap- 
paratus of the adult cardiomyocytes will re-form if sur- 
rounding cardiomyocytes are contracting regularly. The aim 
of our future research is to develop the technology to 
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stimulate the transplanted cardiomyocytes to re-form their 
sarcomeres. Since ventricular cardiomyocytes for culturing 
can be obtained from endocardial biopsies, autotransplan- 
tation could become a reality. It is unknown whether adult 
cardiomyocytes will stimulate angiogenesis. Angiogenesis in 
the scar tissue may need to be stimulated by growth factors 
immediately prior to adult cardiomyocyte transplantation. 

Cultured cardiomyocyte transplantation into the dam- 
aged myocardium is a reality. Further research is needed 

before this technology can be employed in a clinical 
setting. 
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