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dva protichůdné názory na růst kardiomyocytů: 

první vidí srdce jako statický orgán, 
charakterizovaný  konečným počtem 
kardiomyocytů žijících po dobu života organismu;

druhý vidí srdce  jako vysoce plastický orgán s 
kardiomyocyty schopnými mitózy a subcelulární
obnovy na subcelulární úrovni zvláště po poranění



INDIKACE  INTRAKORONÁRNÍHO PODÁNÍ KMENOVÝCH BUNĚK 2004



INTRAKORONÁRNÍ PODÁNÍ KMENOVÝCH BUNĚK 2004
J.P. 1960



HLASOVÁNÍ

1. KDO SI MYSLÍ, ŽE U ČLOVĚKA SE 
KARDIOMYOCYTY  BĚHEM ŽIVOTA OBNOVUJÍ ?

2. KDO SI MYSLÍ, ŽE MUSÍME DOŽÍT SE STEJNÝMI 
KARDIOMYOCYTY, S NIMIŽ JSME SE NARODILI?



CARDIOMYOCYTE 
PROLIPHERATION



CARDIOMYOCYTE 
PROLIPHERATION

Kardiomyocyty v experimentu 
na myších mají  proliferativní 

schopnost do 7. dne po 
narození, potom se růst srdce 

děje pouze hypertrofií 
kardiomyocytů
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Haematopoietic stem cells do not transdifferentiate into cardiac myocytes in myocardial
infarcts.
Murry CE1, Soonpaa MH, Reinecke H, Nakajima H, Nakajima HO, Rubart M, Pasumarthi KB, 
Virag JI, Bartelmez SH, Poppa V, Bradford G, Dowell JD, Williams DA, Field LJ.
Author information
1Department of Pathology, Box 357470, Room D-514 HSB, University of Washington, 
Seattle, Washington 98195, USA. murry@u.washington.edu
Abstract
The mammalian heart has a very limited regenerative capacity and, hence, heals by scar
formation. Recent reports suggest that haematopoietic stem cells can transdifferentiate
into unexpected phenotypes such as skeletal muscle, hepatocytes, epithelial cells, neurons, 
endothelial cells and cardiomyocytes, in response to tissue injury or placement in a new
environment. Furthermore, transplanted human hearts contain myocytes derived from
extra-cardiac progenitor cells, which may have originated from bone marrow. Although
most studies suggest that transdifferentiation is extremely rare under physiological
conditions, extensive regeneration of myocardial infarcts was reported recently after direct 
stem cell injection, prompting several clinical trials. Here, we used both cardiomyocyte-
restricted and ubiquitously expressed reporter transgenes to track the fate of
haematopoietic stem cells after 145 transplants into normal and injured adult mouse
hearts. No transdifferentiation into cardiomyocytes was detectable when using these 
genetic techniques to follow cell fate, and stem-cell-engrafted hearts showed no overt
increase in cardiomyocytes compared to sham-engrafted hearts. These results indicate that
haematopoietic stem cells do not readily acquire a cardiac phenotype, and raise a 
cautionary note for clinical studies of infarct repair.
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cells do not readily acquire a cardiac phenotype, 

and raise a cautionary note for clinical studies
of infarct repair.
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Haematopoietic stem cells adopt mature haematopoietic fates in ischaemic myocardium.
Balsam LB1, Wagers AJ, Christensen JL, Kofidis T, Weissman IL, Robbins RC.
Author information
1Departments of Cardiothoracic Surgery, Stanford University School of Medicine, Stanford, 
California 94305, USA.
Abstract
Under conditions of tissue injury, myocardial replication and regeneration have been 
reported. A growing number of investigators have implicated adult bone marrow (BM) in 
this process, suggesting that marrow serves as a reservoir for cardiac precursor cells. It 
remains unclear which BM cell(s) can contribute to myocardium, and whether they do so 
by transdifferentiation or cell fusion. Here, we studied the ability of c-kit-enriched BM 
cells, Lin- c-kit+ BM cells and c-kit+ Thy1.1(lo) Lin- Sca-1+ long-term reconstituting 
haematopoietic stem cells to regenerate myocardium in an infarct model. Cells were 
isolated from transgenic mice expressing green fluorescent protein (GFP) and injected 
directly into ischaemic myocardium of wild-type mice. Abundant GFP+ cells were detected 
in the myocardium after 10 days, but by 30 days, few cells were detectable. These GFP+ 
cells did not express cardiac tissue-specific markers, but rather, most of them expressed 
the haematopoietic marker CD45 and myeloid marker Gr-1. We also studied the role of 
circulating cells in the repair of ischaemic myocardium using GFP+-GFP- parabiotic mice. 
Again, we found no evidence of myocardial regeneration from blood-borne partner-
derived cells. Our data suggest that even in the microenvironment of the injured heart, c-
kit-enriched BM cells, Lin- c-kit+ BM cells and c-kit+ Thy1.1(lo) Lin- Sca-1+ long-term 
reconstituting haematopoietic stem cells adopt only traditional haematopoietic fates.

Our data suggest that even in the microenvironment of 
the injured heart, c-kit-enriched BM cells, Lin- c-kit+ BM 
cells and c-kit+ Thy1.1(lo) Lin- Sca-1+ long-term 
reconstituting haematopoietic stem cells adopt only 
traditional haematopoietic fates.
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The average age of cardiomyocytes, vascular 
endothelial cells (ECs), and fibroblasts and their 

turnover rates were measured by retrospective 14C
birth dating of cells in 19 normal hearts 2 to 78 years 

of age and in 17 explanted failing hearts 22 to 70 
years of age. We report that the human heart is 

characterized by a significant turnover of ventricular 
myocytes



• Paper published in Circulation seemed to offer
final proof that the heart could regenerate. He 
worked with a scientist at Lawrence Livermore
National Laboratory, Bruce Buchholz, who
measured carbon isotope levels in 36 hearts from
people ranging in age from 2 to 78. Because of
nuclear testing done in the 1950s, older people
were exposed to more radioactive isotopes than
younger people.

• If the body cannot produce new heart cells, the 
amounts of radioactive carbon should have
been higher in the heart cells of older people. 





But the Harvard University said 31 scientific papers produced by Dr. 

Anversa’s laboratories, going back to 2001, should be retracted

Department of Justice announced that Brigham and Women’s

Hospital and another Harvard-affiliated hospitals, would pay $10 

million to settle allegations leading to inaccurately characterized 

cardiac stem cells, reckless or deliberately misleading record-

keeping, and discrepancies and fabrications of data and images

November 1, 2018



Cell therapy is an exciting option for repairing the 
injured heart, one which has attracted considerable 
interest over the past 15 years. Consensus exists that 
the injection/infusion or tissue-based implantation of 
various cell types may exert therapeutic effects, and 
there is general agreement that additional molecular, 
translational and clinical studies are required to define 
the optimal cell source, method of delivery, and 
underlying mechanism(s) of action. 



During a brief postnatal window of 7 days in 
rodents, myocardial injury induces a 
regenerative response resulting in 

replacement of lost cardiomyocytes by 
new ones. It remains unclear whether this 

regenerative window exists in large animals 
or in humans. 



While cardiomyocytes appear to 
continue to renew throughout life, 
the quantitatively dominant 
mechanism of growth in the 
mammalian postnatal heart is an 
increase in cardiomyocyte size 



In the healthy, uninjured adult human and 
murine heart, the total number of 
cardiomyocytes remains essentially stable, 

and cardiomyocyte turnover is 

currently estimated at 0.5–2% per year 
in both species.



Following cardiac injury in adult 
mammals cardiomyocyte renewal rates 
may be higher than under normal 
conditions



After heart or bone marrow transplantation

Sex-mismatched heart transplantation in patients with end-stage heart 
failure or sex-mismatched bone marrow transplantation provide 
opportunities to ascertain experimentally cardiomyocyte renewal 
deriving from extra-cardiac sources.

While data are not completely consistent, the preponderance of studies 
suggest that the level of cardiomyocyte chimerism after sex-
mismatched transplantation is <1%, and may arise at least 
partially from fusion events.

chimera



The degree of new cardiomyocyte formation depends on the 
cell type, as well as on retention and survival of those cells 
within the heart. Retention of unselected bone marrow 
cells in the heart is low (a study in patients determined a rate 
of <3% for unselected bone marrow cells and approximately 
10-fold higher with CD34+ cells 1 hour after coronary 
infusion). It may be higher following cell injection into the 
myocardium. Co-injection of scaffolding materials and use of 
tissue engineering approaches may increase this rate.

Therapeutic 
manipulation of 
cardiomyocyte 

renewal



The degree of engraftment and 
differentiation of transplanted cells into 
cardiomyocytes does not appear to 
match the extent of functional 
improvement, suggesting that other 
mechanisms account for at least part of the 
beneficial effects of cell therapy

Therapeutic 
manipulation of 
cardiomyocyte 

renewal



Mechanisms of benefit of cellular 
transplantation experiments remain 
obscure but may involve paracrine 
actions, including exosome-derived effects 
on pre-existing cardiac tissue, as well as cell-
specific post-translational protein 
modifications

Therapeutic 
manipulation of 
cardiomyocyte 

renewal



Transplantation of cardiomyocytes derived 
from pluripotent stem cells can generate 
new myocardium that beats in synchrony 
with the host myocardium and may 
contribute to systolic force generation, 
although the extent of this contribution has 
not been precisely determined.

Therapeutic 
manipulation of 
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renewal



Prevailing evidence suggests that 

unfractionated bone marrow-
derived cells do not become 
cardiomyocytes when infused or 
injected into the heart.
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Pluripotent cells

Pluripotent stem cells (embryonic stem cells [ESCs] or 
induced pluripotent stem cells [iPSCs]) proliferate in an 
undifferentiated state indefinitely, and upon exposure to 
specific culture conditions can differentiate into almost 
all cell types of the organism including cardiomyocytes.

Undifferentiated pluripotent stem cells can form 
teratomas when injected into the heart of 
immunocompromised organisms.

Therapeutic 
manipulation of 
cardiomyocyte 

renewal





PŘED

PO


