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Abstract: Two hypotheses explain the role of adult progenitor cells in myocardial regeneration. Stem cell plasticity which
involves mobilization of stem cells from the bone marrow and other niches, homing to the area of tissue injury and
transdifferentiation into functional cardiomyocytes. Alternative hypothesis is based on the observations that bone marrow
harbors a heterogenous population of cells positive for CXCR4 - receptor for chemokine SDF-1. This population of
non-hematopoietic cells expresses genes specific for early muscle, myocardial and endothelial progenitor cells (EPC). These
tissue-committed stem cells circulate in the peripheral blood at low humbers and can be mobilized by hematopoietic cytokines
in the setting of myocardial ischemia. Endothelial precursors capable of transforming into mature, functional endothelial cells
are present in the pool of peripheral mononuclear cells in circulation. Their number significantly increases in acutelmyocardia
infarction (AMI) with subsequent decrease after 1 month, as well as in patients with unstable angina in comparison to stable
coronary heart disease (CHD). There are numerous physiological and pathological stimuli which influence the number of
circulating EPC such as regular physical activity, medications (statins, pR&Bnists, estrogens), as well as numerous
inflammatory and hematopoietic cytokines. Mobilization of stem cells in AMI involves not only the endothelial progenitors
but also hematopoietic, non-hematopoietic stem cells and most probably the mesenchymal cells. In healthy subjects and patients
with stable CHD, small number of circulating CD3@XCR4, CD117, c-met and CD34/CD117stem cells can be detected.

In patients with AMI, a significant increase in CDBZXCR4', CD117, c-met and CD34/CD117stem cell number the in
peripheral blood was demonstrated with parallel increase in mMRNA expression for early cardiac, muscle and endothelial
markers in peripheral blood mononuclear cells. The maximum number of stem cells was found early in ST-segment elevation
myocardial infarction (<12 hours) with subsequent decrease through the 7-day follow-up and with concomitant changes in the
levels of cytokines involved in the inflammatory response and stem cell recruitment. Moreover, peak expression of cardiac
muscle and endothelial markers occurred at the same time as the most significant increase in CD34&tEXCRUNumMber.

The SDF-1/CXCR-4 axis seems particularly important in stem/muscle progenitor cell homing, chemotaxis, engraftment and
retention in ischaemic myocardium. The significance of autologous stem cells mobilization in terms of cardiac salvage and
regeneration needs to be proved in humans but it seems to be a reparative mechanism triggered early in the course of acute
coronary syndromes.
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Introduction the increase of hematopoietic cytokines with subsequent
mobilization of stem cells from the bone marrow and
Numerous animal models of acute myocardial infarctiasther nichesgg. skeletal muscles), homing to the area
as well as clinical trials involving intracoronary infusion obf tissue injury and transdifferentiation into functional
bone marrow and peripheral blood-derived autologogsrdiomyocytes [11]. Alternative hypothesis was for-
progenitor cells have documented that these cells may hawelated, which is based on the observations that bone
the potential to regenerate or/and improve function of tinearrow harbors a heterogenous population of cells
myocardium after the ischaemic injury [3, 4, 17]. positive for CXCR4 - receptor for chemokine stromal
Two hypotheses explain the role of adult progenitarell-derived factor-1 (SDF-1). This population of
cells in tissue regeneration. Stem cell plasticity involveson-hematopoietic cells expresses genes specific for
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early muscle, myocardial and endothelial progenitd}ab_le 1.Factors influencing the mobilization of bone marrow pro-
cells [10]. These tissue-committed stem cells (TCS@§nitor cells [9,14-20]
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of vascular injury, ischemia and after cytokine stimula: _
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the formation of virtually all cardiac structures in trans- , Decrease with number of risk
- CHD risk factors
planted heart comes from work of Quaghial. docu- factors
menting the systemic chimerism in cases in which a maleimb ischemia Increase

patient received a heart from a female [14]. The signiac e myocardial
ficance of aUtOIOQOUS stem cell mobilization in terms ()ﬁnfarction/unstame angina Increase
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ture, functional endothelial cells are present in the podPPARy agonists
of peripheral mononuclear cells in circulation [1]. Shin
taniet al. [16] described for the first time a significan

. : . VEGF Increase
increase in Cl_)_3*4per|pheral blood mononuclear cells grythropoietin Increase
(PBMNC) positive for lineage markers (KDR, VE-cad: Angiopoietin-1 Increase
herin, CD31) as well as function (Dil-acLDL uptake) G-CSF, GM-CSF Increase
and morphology of EPC. The number of EPC peaked2™* ncrease

after 1 week after acute myocardial infarction (AMI) | =
with subsequent decrease after 1 month. Conversely,
according to Maset al. [13], the peak mobilization of PPARYy- peroxisome proliferator-activated receptorgamma; SDF-1
EPC occurs early (hours) in AMI. These findings Wer-elstromal_ce_ll-(je_rlved factor-1; HGF - hepatocyte growth factor; LIF
. - —leukemia inhibitory factor
confirmed by George and coworkers by assessing of the
EPC number in patients with unstable angina in com-
parison to stable coronary heart disease (CHD). They
demonstrated increased number of circulating EPC withal cells [4, 9, 20]. In healthy subjects and patients with
typical immunophenotype and functional properties istable CHD, small number of circulating CD34
patients with unstable angina. In 3 months-follow-ugzXCR4', CD117, c-met and CD34/CD117stem cells
the number of EPCs was reduced by 50% in comparisoan be detected. In patients with AMI, a significant
to baseline counts. Moreover, a positive correlation wascrease in CD34CXCR4", CD117, c-met and
found between systemic C-reactive protein levels aitD34/CD117 stem cell number the in peripheral blood
circulating EPC [5]. Both studies give an importantvas demonstrated with parallel increase in mRNA ex-
message because recent data from both experimeptaission for early cardiac, muscle and endothelial mar-
and clinical studies show that EPC can potentially beers in PBNMC. The maximum number of stem cells
used for therapeutic angiogenesis resulting in the imwas found early in ST-segment elevation myocardial
provement of myocardial function. The spontaneousfarction (STEMI, <12 hours) with subsequent de-
mobilization of these cells in AMI and unstable anginaerease through the 7-day follow-up with concomitant
may be an important reparatory mechanism [1, 5]. changesinthe levels of cytokines involved in the inflam-
There are numerous physiological and pathologicalatory response and stem cell recruitment. Moreover,
stimuli which influence the number of circulating EPCpeak expression of cardiac muscle and endothelial mar-

Increase

as shown in Table 1. kers in PBMNC occurred at the same time as the most
significant increase in CD34/CXCRdtem cell number
Mobilization of tissue-committed stem cells [20].

Masseet al. [13] demonstrated approx. 6 hours from
Mobilization of stem cells in AMI involves not only thethe onset of AMI a significant 5.8-fold increase in
endothelial progenitors but also hematopoietic, non-h€D34" (both % of leukocytes and absolute number of
matopoietic stem cells and most probably the mesencleglls) mononuclear cells including both hematopoietic
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