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Summary

Understanding the pathways that chauffeur patholog-
ical remodelling in the failing heart still remains chal-
lenging. Myocardial inflammation is a common cause
of pathological tissue remodelling in the heart promot-
ing development of heart failures, often with the phe-
notype of inflammatory dilated cardiomyopathy. Patho-
logical remodelling is associated with replacement of
native cells by fibrotic tissue that reflects poor clinical
prognosis and a stage of irreversibility. Substantial ef-
forts have been attempted to develop therapeutic
strategies aiming to regenerate the injured heart with
stem cells. There is, however, increasing evidence that
stem cells modulate inflammatory processes in dam-
aged hearts acting in a paracrine fashion rather than
directly regenerating cardiac tissue. The recent find-
ings suggest that the poor effectiveness of stem-cell-
based therapies in heart diseases is a result of the non-
physiological microenvironment of the affected cardiac
tissue. In particular, the inflamed myocardium inhibits
the cardio-regenerative capacity of transplanted stem
cells, and instead promotes the pro-fibrotic processes.
A growing body of evidence suggests that the specific
signalling milieu of the affected heart is a key determi-
nant of the fate and function of stem cells in the myo-
cardium. Therefore, coupling the modulation of the myo-
cardial microenvironment with patient-specific stem
cells must be considered to achieve successful stem-
cell-based therapy in heart disorders. This review
shortly summarises the current knowledge about the
role of stem and progenitor cells in inflammatory car-
diomyopathy and their potential use in stem-cell-based
therapies.
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Introduction

Heart injuries with different aetiologies are associated
with cardiac tissue inflammation and usually result
in a common final pathway of cardiac pathological re-
modelling and fibrosis, promoting the development of
heart failure. Cardiac inflammation, myocarditis, plays
an important role in these processes. Myocarditis is de-
fined as a presence of inflammatory infiltrates in the
myocardium with necrosis and/or degeneration of ad-
jacent cardiomyocytes [1]. About 10–20% of patients
with histological evidence of myocardial inflammation
develop symptoms of inflammatory dilated cardiomyo-
pathy (iDCM) [2]. iDCM represents up to 50% of all
cases of dilated cardiomyopathy, and represents the
most common cause of heart failure in young patients,
who are frequently less than 40 years old.

In humans, iDCM most often results from infec-
tions with viruses, such as coxsackievirus B3, adeno-
viruses or parvovirus B19, or protozoan Trypanosoma
cruzi (Chagas disease) [3], and is often associated with
autoimmune responses against heart tissue antigens.
Viral infections and the resulting immune response in-
duce massive mononuclear cell infiltration at the injury
site. Cardiac tissue is infiltrated by hematopoietic cells
including granulocytes, monocytes, macrophages, den-
dritic cells, mast cells, T and B lymphocytes and cell
progenitors. Cells infiltrating the myocardium persist
for days at the injury site and contribute to inflamma-
tion, proteolysis, phagocytosis, angiogenesis, and play
a pivotal role in tissue remodelling. Inflammatory cells
release various cytokines such as interleukin-1, -6, -10,
-12, -17, interferon-γ, transforming growth factor-β, and
tumour necrosis factor-α, chemokines, and matrix met-
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alloproteinases and their tissue inhibitors [4, 5], and
thus promote pathological processes.

In homeostasis, the myocardial extracellular ma-
trix represents a highly organised, dynamic network of
fibrillar collagen, proteoglycans and glycoproteins.
Heart tissue injury often alerts physiological extracel-
lular matrix turnover and normal myocardial struc-
ture. Instead, the pathological tissue-remodelling
process is characterised by a disproportionate accumu-
lation of mainly type I collagen and collagen-producing
fibroblasts progresses, which finally results in cardiac
fibrosis [6, 7]. Enhanced fibrosis leads to stiffening of
the ventricles and impaired diastolic filling that indi-
cates the irreversible end stage of the heart disease. In
myocarditis-triggered iDCM, fibrosis results as a con-
sequence of massive cell infiltrations within the myo-
cardium, however, it is rarely associated with a sub-
stantial loss of cardiomyocytes. Even so, the chronic in-
flammation promotes ongoing myocardial fibrosis,
which is a hallmark of end-stage heart failure (fig. 1).

Clinical manifestations of myocarditis are highly
variable, varying from no symptoms to heart failure.
Patients usually show a broad range of symptoms, for
example chest pain, arrhythmias, embolic events, con-
gestive heart failure, and sometimes cardiogenic shock
[8]. The proposed classification of myocarditis based on
the analysis of the histological findings of biopsies and
the clinical course of the patients [9]. Accordingly, the
patients may suffer from (1.) fulminant myocarditis
reflecting severe cardiovascular insufficiency with
histological evidence of active myocarditis, and left
ventricular dysfunction, (2.) acute myocarditis with
established ventricular dysfunction and histological
evidence of active myocarditis (this form of disease may
progress to iDCM), (3.) chronic active myocarditis re-
sulting in left ventricular dysfunction and progressing
to myocardial fibrosis and iDCM, (4.) chronic persistent
myocarditis characterised by continuing cardiovascular
symptoms and histological signs of myocyte necrosis
but without significant ventricular pathological
changes, (5.) giant cell myocarditis, reflecting a poor
outcome and high probability of death, and (6.)
eosinophilic myocarditis also characterised with a poor
prognosis. Almost all these forms of myocarditis can be
currently reproduced in animal, mouse or rat, experi-
mental models giving the opportunity to study the
pathogenesis of this variable disease.

Cardiac stem cells – can they rescue
failing myocardium?

The discovery in the adult mammalian myocardium of
a population of resident cardiac stem cells (CSCs) with
the potential to differentiate into cardiomyocytes [10–
12] was a milestone in cardiovascular biology. CSCs
were identified in the healthy myocardium in their spe-
cific niches, which become activated following tissue
damage, proliferate and replace the apoptotic or
necrotic cells, for example cardiomyocytes, smooth
muscles, or endothelial cells [13]. It has been also pos-
tulated that CSCs sustain the cardiomyocytes turnover
[11, 14]. However, the lack of substantial myocardial
regeneration following heart injury strengthened the
requirement for development of alternative methods
supporting heart regeneration.

CSCs are not an exclusive cellular source of car-
diomyocytes in the adult mammalian body. Much hope
was placed in the bone-marrow-derived stem cells due
to easy access, standardised procedures, autologous ori-
gin and minimal risk of carcinogenesis. Indeed,
hematopoietic and mesenchymal stem cells were suc-
cessfully differentiated into cardiac lineage, and were
shown to some extent to regenerate the injured myo-
cardium [15–17]. Furthermore, we demonstrated that
the healthy mouse heart contains 1–2% CD45+ cells
originating from bone marrow [18]. We found that 1–
2% of these bone-marrow-derived cells express CD133
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Figure 1
Heart injury from many causes usually ends up in a common final pathway of car-
diac pathological remodelling and fibrosis, promoting the development of heart
failure. The mouse model of Experimental Autoimmune Myocarditis (EAM) pro-
vides insights into pathological processes contributing to the development of post-
inflammatory myocardial fibrosis in the inflammatory cardiomyopathy. EAM is
CD4+ T-cell mediated and can be induced in Balb/c mice with alpha myosin heavy
chain (αMyHC) together with Complete Freund’s Adjuvant (CFA). In myocarditis-
triggered iDCM, fibrosis results as a consequence of massive cell infiltrations within
the myocardium. The peak of inflammation occurs 21 days after the first immuni-
sation. Through the post-inflammatory phase of EAM, the inflammation slowly re-
solves, whereas numbers of cardiac fibroblasts progressively increase on follow-up.
Disease severity was assessed with hematoxylin/eosin staining on heart sections,
and heart failure progression assessing tissue fibrosis with the use of Masson’s
trichrome staining.
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antigen, mouse homolog of human AC133, which is a
well described marker of hematopoietic, embryonic,
and adult progenitor cells. Heart-resident CD133-ex-
pressing cells can be successfully differentiated into
cardiomyocytes in vitro and in vivo.

However, encouraging results with the use of
hematopoietic cells were confronted by other studies
showing that the cardiac differentiation in vivo occurs
in most cases via cell fusion [19], and the majority of
stem and progenitor cells transplanted into the
damaged myocardium adopt hematopoietic rather than
cardiac phenotypes [20]. Probably due to these reasons,
nearly all stem-cell-based clinical trials revealed low
efficacy and poor prognosis for the future [21]. Al-
though the role of CSCs and bone-marrow-derived
stem cells in inflammatory heart diseases remains
largely speculative, several lines of evidence point to
their beneficial paracrine effects, rather than a cellular
source for direct myocardial regeneration (cardiomyo-
cytes replacement).

In conclusion, despite the existence of either en-
dogenous or exogenous stem and progenitor cells with
the cardio-regenerative potentials, heart injury gener-
ally ends up as heart failure. Therefore, the question

arises as to why these stem and progenitor cells fail to
repair the damaged myocardium.

The fate of stem cells infiltrating the heart –
the decisive role of the myocardial micro-
environment

In response to myocardial injury, stem and progenitor
cells are recruited from the bone marrow and blood into
the injury sites, and endogenous CSCs are activated,
proliferate rapidly and regenerate the injured myo-
cardium. In inflammatory heart disorders, bone-mar-
row-derived cell progenitors, rather than CSCs play a
pivotal role in the disease development and in further
pathological progression. We used a mouse model of ex-
perimental autoimmune myocarditis (EAM) to study
the progression of acute cardiac inflammation into myo-
cardial fibrosis and end-stage heart failures. In the
EAM, heart-infiltrating cells contain a pool of CD133-
expressing progenitors of bone marrow origin. These
cells represent the cellular source for monocytes during
the acute inflammatory phase and for pathological myo-
fibroblasts at the late, chronic stage of the disease [22,
23] (fig. 2). Conversion of the CD133+ progenitors into
myofibroblasts is TGF-β-dependent. Accordingly, TGF-
β blockade suppresses post-inflammatory fibrosis de-
velopment in the EAM model [23]. In the context of
other inflammatory models, recent data suggest that
monocyte precursor cells can differentiate into diverse
subpopulations of inflammatory cells, such as dendritic
cells and macrophages, depending on the cytokine mi-
croenvironment [24–26]. Furthermore, the insights
from ischaemic heart disease models suggests that
bone-marrow-derived progenitor cells recruited to the
inflamed heart represent a potential cellular source for
fibrosis as well [27]. In the light of recent data, it now
becomes evident that a delicate balance of pro-inflam-
matory and profibrotic cytokines determines the fate of
heart-infiltrating progenitors and thus directly influ-
ences the morphological and functional phenotype of
the affected heart. To summarise, it is assumed that
iDCM progression in inflammatory heart disorders
critically depends on the fate of inflammatory progen-
itor cells. The inflammatory cytokine balance creating
specific myocardial signalling milieus is decisive in di-
recting the fate of the inflammatory progenitors. These
statements are in accordance with outcomes from other
inflammatory diseases models, and emphasise the cru-
cial role of the cytokine environment dictating the dif-
ferentiation fate of tissue-recruited progenitors [26,
28]. Therefore, the influence of the myocardial microen-
vironment on the function and fate of transplanted/re-
cruited progenitor cells in iDCM seems to be crucial for
the development of effective cell-based therapies.

The use of hematopoietic stem cells in heart disor-
ders remains controversial. On the one hand, some en-
thusiastic reports describe the cardio-regenerative po-
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Figure 2
Inflammatory progenitors are key players in the pathological remodelling of the
failing heart. In EAM, bone-marrow-derived CD133+ progenitor cells are recruited
to the inflamed heart, and represent the main cellular source for both accumulated
monocytes during the acute inflammatory phase immediately after injury, and for
myocardial fibrosis during the late, chronic stage of the disease. Importantly, the
microenvironment of the inflamed heart disables the expansion of cell progenitors
with cardio-regenerative potentials. Obviously a delicate balance of pro-inflamma-
tory and pro-fibrotic cytokines, creating a unique myocardial microenvironment,
dictates the fate of bone-marrow-derived heart-infiltrating progenitors and directly
influences the morphological phenotype of the affected heart. The inflammatory
phase of EAM counts until the peak of inflammation and is associated with the
secretion of many pro-inflammatory cytokines, while the post-inflammatory phase
counts after the peak for the next weeks, and is characterised by a production
of pro-fibrotic modulators and fibrosis formation.
IL = interleukin; IFN = interferon-γ; TGF = transforming growth factor-β;
TNF = tumor necrosis factor-α; PDGF = platelet-derived growth factor;
ANGII = angiotensin II; Coll I = collagen type I; MMPs = matrix metalloproteinases;
TIMPs = tissue inhibitors of MMPs.
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tential of bone-marrow-derived tissue-resident cells
[13, 15]. On the other hand, the majority of the studies
evaluating bone-marrow-derived stem cell therapies
showed minimal in vivo cardiomyocyte differentiation
[27], or even question such cell-based therapies at all
[20, 29]. The critical role of the microenvironment in
determining the fate of precursor cells may explain
these contradictory findings. Herein, I want to high-
light the multi-lineage nature of stem cells (particu-
larly of hematopoietic origin). Thus, not only cellular
substrate matters, but also triggering a proper differ-
entiation program. It is difficult to unequivocally
estimate the contribution of genetic and epigenetic
(the role of microenvironment) determinants in this
process. Possibly it is highly dependent on the specific
stem cell population and disease characteristics. In this
context, our findings demonstrate that CD133 expres-
sion defines a specific population of heart-infiltrating
bone-marrow-derived progenitor cells that differenti-
ated into fibroblasts, thereby promoting tissue fibrosis
during the late stages of iDCM, point to careful evalu-
ation of stem and progenitor cells isolated from injured
organs for use in regenerative medicine. Accordingly,
we have compared the characteristic, in vitro and in
vivo differentiation potentials and anti-inflammatory
properties of CD133-expressing cells either derived
from the healthy or inflamed hearts (table 1). These
data illustrated that despite the phenotypical similar-
ity of CD133+ progenitors expanded from healthy
hearts [18] (fig. 3A) and isolated from inflamed myo-
cardium [23] (fig. 3B), both populations display differ-
ent abilities to become cardiomyocytes (distinct regen-
erative capacity). This suggests that the microenviron-
ment of the inflamed heart disables the expansion of
progenitor cells with the regenerative capacity (capa-
bility to become cardiomyocytes).

As stated above, the hostile microenvironment af-
fects the function of inflammatory stem and progenitor
cells, and possibly also resident CSCs. It is expected
that excessive inflammation promotes angiogenesis
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Table 1
The comparison of the characteristic, in vitro and in vivo differentiation potentials and anti-inflammatory properties of CD133-expressing cells
derived either from healthy or inflamed hearts. Despite the high similarity of CD133+ progenitors expanded from healthy hearts and isolated
from inflamed myocardium, both populations display different abilities to differentiate into cardiomyocytes in in vitro and in vivo setups.

In vitro culture/myocardial microenvironment CD133+ cells from healthy heart CD133+ cells from inflamed heart

In vitro cardiac differentiation (+oxytocin) Cardiomyocyte phenotype Undifferentiated inflammatory
CD45+/CD133+ phenotype

In vitro fibroblast differentiation (+TGF-ββ) Fibroblast phenotype Fibroblast phenotype

In vitro macrophage differentiation (+M-CSF) Macrophage phenotype Macrophage phenotype

Healthy heart Cardiomyocyte phenotype Undifferentiated inflammatory
CD45+/CD133+ phenotype

Inflamed heart Macrophage and fibroblast phenotype Macrophage and fibroblast
phenotype

Suppression of EAM Suppression of EAM

Fibrotic heart Fibroblast phenotype Fibroblast phenotype

Figure 3
CD133+ progenitor cells derived from healthy and inflamed hearts display distinct
differentiation properties.
A The healthy heart contains 1–2% of bone-marrow-derived resident CD133+ pro-
genitor cells. This cell population shares many features with other stem cell pheno-
types, it is clonogenic, reveals anti-inflammatory properties reflecting the ability to
inhibit T-cell proliferation, and to differentiate, in vitro and in vivo, into diverse cell
phenotypes, including macrophages, fibroblasts and cardiomyocytes.
B In EAM, the inflamed heart possesses the pool of bone-marrow-derived recruited
cell progenitors, expressing CD133, within CD45-positive inflammatory cells. Iso-
lated at the peak of heart inflammation, heart-infiltrating CD133+ progenitor cells
differentiated in vitro into macrophage or fibroblasts, but not cardiomyocytes. Sim-
ilarly, when heart-infiltrating CD133+ progenitor cells were intra-cardially adminis-
trated into inflamed or fibrotic hearts only monocytes or fibroblasts phenotypes
were acquired, with no evidence for cardiac differentiation. Disease severity was
assessed with hematoxylin/eosin staining on heart sections.

A

B
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and affects survival of resident cells, such as endothe-
lial cells, cardiomyocytes, as well as inflammatory cells
in the myocardium. Hence, current evidence supports
the view that the specific microenvironment of the af-
fected myocardium prevents the cardio-regenerative
potential of stem cells in the inflamed heart. Instead,
this non-physiological microenvironment promotes
generation of monocytes and myofibroblasts [23, 30].
These results are in line with studies on infracted [31]
or hypertrophic [27] hearts showing that bone-marrow-
derived progenitor cells actively participate in scar for-
mation after myocardial injury. Our studies support
the critical role of the cardiac microenvironment on the
fate of transplanted stem cells. We have demonstrated
that CD133+ progenitors administrated into the myo-
cardium at different stages of EAM acquired different
cellular phenotypes [18, 23]. Diverse stimulants, such
as cytokines, chemokines, apoptotic and necrotic cells,
and extracellular matrixes are differently present in
the healthy, inflamed and fibrotic myocardium, and
create a unique myocardial signalling milieu. Appar-
ently, the microenvironment of the inflamed and fi-
brotic heart promotes the fibroblast fate of inflamma-
tory progenitors. Therefore, reduction or completely re-
verting of the naturally occurring the fibroblast fate of
inflammatory progenitor cells in iDCM still remains a
challenge.

Stem-cell-based therapies

Stem-cell-based therapies include transplantation of
exogenous stem cells or stem-cell-derived committed or
terminally differentiated cells, or specific activation of
endogenous stem cells. For treatment against isch-
aemic and non-ischaemic heart disorders, different
types of somatic stem and progenitor cells including
hematopoietic stem cells, mesenchymal stem cells, ep-
ithelial progenitor cells, CSCs, adipose-tissue-derived
stem cells, skeletal myoblasts, and spermatogonial
stem cells have been tested to improve cardiac function.
Truly pluripotent stem cells, such as embryonic stem
cells and induced pluripotent stem cells (iPS, repro-
grammed skin fibroblasts) represent an excellent
source for the generation of large numbers of cardiomyo-
cytes. However, these cells are at increased risk of ter-
atoma formation and are characterised by poor engraft-
ment capability after transplantation. These limita-
tions border their use for regenerative cell therapies at
the moment. Transplantation of allogenic cells often re-
sults in immune rejection. In contrast to embryonic
stem cells, iPS and CSCs represent sources of pluri- or
multipotent stem cells that allow generating patient-
specific cardiomyocytes for autologous transplantation.
The minimal risk of teratoma formation together with
the natural capacity for cardiomyocyte differentiation
is an advantage of CSCs that become the natural can-
didate for stem-cell-based therapy in cardiovascular

disorders. However, lack of definitive CSC-specific
markers and standardised protocols for the isolation
and expansion of these cells limits their therapeutic
use. Thus, there are only few experimental data em-
ploying the use of CSCs as a cell source for heart repair
[17, 32, 33]. In this context, hematopoietic and mes-
enchymal stem cells represent a better cellular source
for cell interventions because of their accessibility. Fur-
thermore, the contribution of bone-marrow-derived
stem and progenitor cells to cardiac repair and heart
function recovery may occur in multiple fashions. This
includes differentiation into cardiomyocytes, smooth
muscle and endothelial cells, fusion of stem or progen-
itor cells with host recipient cardiac cells or action
through paracrine effects affecting the neovascularisa-
tion, inflammation, wound healing and possibly activa-
tion of the resident stem and progenitor cells [13].

Current clinical randomised clinical trials with
acute myocardial infarction or ischaemic heart failure
show that bone marrow cell therapy improves myocar-
dial perfusion and contractile performance in patients
with acute myocardial infarction, heart failure and
chronic myocardial ischaemia [21]. Nevertheless, all
these studies showed only transient improvement (up
to 6 months) of left ventricular ejection fraction, and no
longer statistically significant upgrading after 18
months. Early clinical trials have provided a signal
that stem cell therapy can enhance tissue perfusion
and contractile performance of the injured human
heart [21]. However, the current knowledge supports
the concept that stem cells act in the paracrine manner
rather than contributing directly to the cardiomyocytes
regeneration. The concept that endogenous or exoge-
nously transplanted stem cells promote this functional
adjustment and heart repair after myocardial damage
brings new understanding of the stem-cell-based ther-
apies in cardiovascular diseases. Unfortunately, there
are almost no reports presenting the clinical trial with
the use of stem cells in iDCM patients. Data from ani-
mal models demonstrate that the status of the myo-
cardium is critical for the success of stem cell admin-
istration. For example, transplantation of stem cells
during the chronic phase of the disease may even ac-
celerate disease progression. Therefore, further studies
in animal models of inflammatory heart diseases are
necessary. The ultimate outcome of such studies will
convey the important knowledge translatable into
other cardiovascular injuries. Of note, most ischaemic
heart injuries are associated with a transient and often
local tissue inflammation. Therefore, the iDCM models
are rather “macro” models for studying the pathological
inflammatory and post-inflammatory processes. The
mechanisms can be extended to ischaemic heart in-
juries or myocardial infarction representing “micro”
models in terms of the inflammatory response.

Published reports have shown that exogenously ad-
ministrated stem cells of different origins efficiently ab-

Cardiovascular Medicine 2011;14(2):46–52
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rogate the autoimmune myocarditis development and
further heart failure progression in animal models of
iDCM [18, 34–36]. It seems that the protective function
of stem cells depends on nitric oxide-mediated suppres-
sion of heart-specific CD4+ T-cell expansion [18, 22].
Furthermore, several studies showed that mesenchy-
mal stem cell transplantation prevents heart failure
development and improves cardiac function by induc-
ing neovascularisation and by inhibiting inflammatory
cytokine production [34, 36]. These data highlighted
appropriate timing of stem or progenitor cells injections
for the beneficial effect [18, 35]. However, such treat-
ment requires the in vitro culture of stem cells that al-
ways increase the risk of potential side effects.

The development of novel clinically relevant stem-
cell-based therapies aiming at cardiac tissue regener-
ation requires additional handling. It includes ex vivo
manipulation of progenitor cells rendering them resist-
ant to the pathogenic environment, the combined in
vivo targeting of specific inflammatory modulators in-
hibiting the naturally occurring fibroblast differentia-
tion, and if possible, promoting the cardio-regenerative
capacity of progenitor cells (fig. 4). In fact, ex vivo pre-
treatment of autologous bone-marrow-derived progen-
itor cells with cardiomyogenic growth factors boosts
their cardiac differentiation and their functional regen-
erative capacity in vivo [37]. Changing the specific cy-
tokine milieu defining the fate of inflammatory progen-
itors may give rise to a novel treatment strategy
against chronic fibrotic processes in iDCM.Among var-
ious inflammatory cytokines produced in response to

tissue injury, hematopoietic cytokines, naturally re-
leased after infection or inflammation, play an impor-
tant role in the immune response. These cytokines act
through the regulation of inflammatory cytokine bal-
ance and control tissue reparative processes through
the recruitment, activation and differentiation of bone
marrow cellular compartments [38]. Recent experimen-
tal and clinical data suggest that hematopoietic cy-
tokines are actively involved in the pathophysiology of
several cardiovascular disorders, including vascular re-
modelling, atherosclerosis, arterial hypertension, acute
coronary syndromes, ischaemia/reperfusion injury,
post-infarction left ventricular remodelling and chronic
heart failure [38]. There is a growing body of evidence
that these cytokines play a crucial role in the attenua-
tion of myocardial inflammation and fibrosis following
heart injury [38]. It is therefore tempting to hypothe-
sise that modulating the hematopoietic cytokine sys-
tems might attenuate myocardial fibrosis and heart
failure progression following the heart inflammation.
Treatment with the hematopoietic cytokines might
modulate the function of inflammatory progenitors by
promoting the accumulation of monocytes within the
myocardium, instead of pathological myofibroblasts.
Accumulated monocytes silence inflammatory
processes in a paracrine fashion (for example via nitric
oxide production) and additionally attenuate further
myocardial fibrosis formation. This hypothesis is in ac-
cordance with a previous report [39] showing that
CSCs act via autocrine mechanisms, secreting hepato-
cyte growth factor and insulin-like growth factor-1 that
promote, on the one hand, the self-activation of CSCs,
and on the other hand, reconstitution of dead myo-
cardium and recovery of cardiac function.

Concluding remarks

Modulation of the myocardial microenvironment might
inhibit the natural conversion of bone-marrow-derived
inflammatory progenitors into pathological fibroblasts
during progression of active myocarditis into iDCM.
Such strategies may give rise to stem-cell-targeted
therapies against chronic fibrotic processes associated
with pathological cardiac remodelling. Nevertheless,
future clinical trials will have to establish reproducible
protocols that offer side-effects-free therapy to patients
on the one hand, and will improve clinical outcomes on
the other hand. Identification of the specific modulators
of fibrosis progression, acting on the differentiation fate
of cell progenitors, and detailed studies elucidating the
mechanisms of stem cell paracrine activity are still
in the developmental phase. These outcomes and
consequent knowledge will open the possibility for
more specific cell-based and cell-targeted therapeutic
approaches for patients with inflammatory heart dis-
eases.

Cardiovascular Medicine 2011;14(2):46–52

Figure 4
The development of clinically relevant cell-targeted therapies aiming at cardiac tis-
sue regeneration requires either ex vivo genetic or epigenetic manipulation of pro-
genitor cells rendering them resistant to the pathogenic environment, or the com-
bined in vivo targeting of specific inflammatory modulators inhibiting the naturally
occurring fibroblast differentiation, and if possible, promoting the cardio-regenera-
tive capacity of progenitor cells.
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