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Abstract
Stem cell biology has increasingly gained scientific and public interest in recent years. In particular,
the use of stem cells for treatment of heart disease has been strongly pursued within the scientific
and medical communities. Significant effort has gone into the use of adult tissue-derived stem cells
for cardiac repair including bone marrow, blood, and cardiac-derived cell populations. Significant
interest in this area has been balanced by the difficulties of understanding stem cells, cardiac injury,
and the amalgamation of these areas of investigation in translational medicine. Recent studies have
emerged on adipose-derived stem cells which show the potential for cardiac lineage development in
vitro and may have application in cell-mediated in vivo therapy for the diseased heart. This review
provides a summary of current findings within the field of adipose-derived stem cell biology
regarding their cardiac differentiation potential.
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ADIPOSE TISSUE: THE MESODERMAL NICHE AND CORRELATION WITH
METABOLIC SYNDROME

According to the American Society for Aesthetic Plastic Surgery, nearly half million elective
liposuction surgeries are performed each year in the United States [1]. Adipose tissue is of
mesodermal and neuroectodermal derivation and contains adipocytes in addition to the stromal-
vascular fraction (SVF). The SVF is composed of microvascular endothelial cells, smooth
muscle cells, and stem cells [2]. The dynamic changes of adipose tissue in response to metabolic
demands is mediated by stem cells thought to reside in the perivascular niche where they
support other cell types [3,4]. However, the multilineage differentiation potential of adipose
derived stem cells has only recently emerged [2,4–10]. Similar to related mesenchymal stem
cells, reports have shown the ability for adipose tissue derived stem cells to undergo
adipogenesis, chondrogenesis, osteogenesis, myogenesis, and vasculogenesis [4,7,8,11–13].
These cell populations have been referred to as processed lipoaspirate cells (PLA) [14],
adipose-derived stem cells (ADSC) [15], brown adipose tissue derived cardiomyocytes [16],
adipose-derived mesenchymal cells [16,17] and adipose derived stromal vascular cells (SVC)
[18,19].
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In recent years, the prevalence of conditions such as metabolic syndrome have brought to light
the critical relationship between adipose tissue and another organ derived from the mesodermal
germ layer, the heart [20–22]. Aspects of metabolic syndrome associated with cardiovascular
disease include abdominal obesity, atherogenic dyslipidemia, elevated blood pressure, insulin
resistance with or without glucose intolerance, a pro-inflamatory state, and a prothrombotic
state [23]. Studies in the U.S. have shown that nearly a quarter of the population (an estimated
47 million people) have metabolic syndrome [24]. The strong correlation between metabolic
dysregulation and risk factors for cardiovascular disease brings to the fore the importance of
investigating mechanisms that may ameliorate numerous pathologies observed in these
patients.

CARDIOVASCULAR DISEASE: ETIOLOGY OF ACUTE ISCHEMIC EVENTS
AND LIMITATIONS TO CURRENT THERAPIES

Cardiovascular disease (CVD), the leading cause of morbidity and mortality world-wide,
accounts for one third of all deaths globally [25]. Nearly half of all deaths associated with CVD
are the result of heart failure due to ischemic events such as myocardial infarction (MI). The
prevalence of CVD is expected to increase to three fourths of all deaths by 2020 [25], in part
due to an increasing prevalence of risk factors related to coronary disease, such as obesity and
sedentary lifestyle (metabolic syndrome), making CVD an even greater public health concern.

Acute myocardial infarction, a pathology associated with ischemic cardiomyopathy, is
characterized by clot formation within a coronary artery, which prevents blood flow to the
region of the heart distal to the site of occlusion. This acutely compromises regional cardiac
contractility and increases the risk for arrhythmias and heart failure. Unless blood flow is
restored, this event typically results in severe damage to the myocardium and subsequent acute
and chronic tissue pathologies associated with compromised cardiovascular function. Medical
strategies to treat myocardial infarction (MI) include thrombolytic drugs to dissolve the
obstructive clot as well as urgent mechanical revascularization procedures such as
percutaneous coronary artery stenting or coronary artery bypass grafting [26]. While medical
therapies may improve function, none of these strategies provide long-term regeneration of
damaged heart tissue [27]. Furthermore, the window of opportunity to save heart muscle by
revascularization is brief and the therapeutic benefit incomplete.

Restoration of cardiac function after an MI is also limited because the heart is a terminally
differentiated organ and consequently limited in its capacity to regenerate injured tissue.
Reports have provided evidence that, in the context of injury, the heart contains stem cells
thought to have proliferative capacity [28,29]. Furthermore, chimerism in transplanted hearts
(female heart into male recipient) reveal that circulating stem cells target the heart [30–32].
These cell based responses are not sufficient to provide therapeutic regeneration of the injured
heart. The most dramatic and potentially deleterious responses of the heart to ischemic injury
include compensatory cardiac hypertrophy of healthy tissue together with necrosis and
apoptosis of ischemic regions of the myocardium [33]. Given the limited reparative capacity
of the heart, current revascularization interventions provide modest regeneration of damaged
heart tissue caused by ischemic injury. In the most severe case, global cardiac dysfunction
leads to dilated cardiomyopathy and congestive heart failure. These critical consequences drive
exploration of alternative approaches that provide regenerative treatment for myocardium
damaged by ischemic injury.

STEM CELLS FOR CARDIAC REPAIR
During development, cells undergo a process of hierarchically restricted differentiation into
specified tissues. The degree of specification, however, is variable due to the presence of niches
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of stem or progenitor cells capable of multi-lineage differentiation in most somatic tissues.
These stem cells, originally described nearly five decades ago by Becker et al. [34], are
characterized by their capacity for clonogenicity, self-renewal, and multipotentiality. Many
studies have investigated the potential of stem cells for treatment of heart failure [35–38].
Specifically, in the last decade, interest in adult-derived stem cells has increased due to their
value in studying cell lineage as well as their intrinsic therapeutic potential. Published reports
describe a vast array of stem cell populations found in all primary germ layers [39]. Currently,
investigations are underway in both basic research [40,41] and clinical trials [42–44] exploring
the potential for different stem cell populations to regenerate damaged cardiac tissue and
subsequently improve cardiac function. Cell populations being studied include hematopoetic
stem cells [45], mesenchymal stem cells [46,47], endothelial progenitor cells [48], skeletal
myoblasts [49,50], cardiac progenitor cells [28,29,51], embryonic stem cells [52–55], and
adipose-derived SVCs [18,19,56,57].

Cell autonomous mechanisms of tissue regeneration are thought to contribute some of the
therapeutic effects of stem cells based on observations that they can undergo non-autologous
transdifferentation into multiple cell types [5,58–61]. Studies have suggested that stem cell
treatment in the heart can improve cardiac function by a paracrine mechanism to reduce cell
death, stimulate neovascularization [62,63], recruit stem cells [51,64], and attenuate the
inflammatory response [65]. Prima facie, these observations suggest that stem cells may offer
an ideal therapy for ischemic heart disease. However, contradicting and negative results [16,
66–69], as well as limited success in clinical trials [70], have brought a healthy dose of reality
to the challenge of understanding stem cells, heart disease, and the prospects of these entities
in translational medicine.

In principle, the goals of stem cell research for the heart seek a cell type capable of providing
a source of forcegenerating myocytes as well as supporting vascular development
(angiogenesis) in the injured heart [3]. With varying degrees of success, stem or progenitor
cell populations have shown the capacity to influence heart structure and function in this way
including bone marrow cells, mesenchymal stem cells, endothelial progenitor cells, skeletal
myoblasts, and cardiac progenitor cells [71]. This review provides an update on studies of
adipose derived stem cells and their cardiogenic potential in vitro and in vivo (Fig. (1)).
Furthermore, we will suggest additional methodologies that may be helpful in clarifying our
understanding of this unique cell population.

IN VITRO ANALYSIS OF ADIPOSE DERIVED STEM CELLS AS CARDIAC
PROGENITORS

Several studies have been performed analyzing the in vitro differentiation potential of adipose
derived stem cells along the cardiac lineage [6,7,17–19]. Perhaps the most convincing evidence
for cardiac lineage development of SVCs was published by Planat-Benard et al. [18].
Consistent with this and other studies, we have recently published a report showing molecular
and functional characteristics of SVCs capable of differentiating into beating myocytes [19].
Evidence to date, outlined below, provides evidence for the capacity for stem cells derived
from adipose-tissue to differentiate along the cardiac lineage.

Numerous methodologies have been used to investigate the cardiogenic potential of SVCs.
These include culturing in methylcellulose media [18,19], culturing with nuclear and
cytoplasmic extracts from rat cardiomyocytes [72], co-culturing with neonatal rat
cardiomyocytes [15] use of 5-azacytidine [73] or other culturing methods [74,75]. Furthermore,
different sources of adipose-derived stem cells have been used including human subcutaneous
adipose tissue [6,15,72,75], mouse inguinal adipose tissue [18], and interscapular brown
adipose tissue [18,19,56]. Unless otherwise specified, the findings outlined below do not
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delineate between specific methods but, rather, outline general observations regarding cardiac
differentiation of adipose-tissue derived stem cells.

Studies have shown that adipose tissue stem cells are more proliferative than related marrow
stromal cells [4]. Morphometric analysis of SVCs that have differentiated along the cardiac
lineage pathway has shown the development of an intercalated syncitium of cells capable of
spontaneous contractions [18,19,72] (Fig. (2a)). By transmission electron microscopy,
differentiated SVC-derived myocytes have been shown to contain morphologic characteristics
consistent with the cardiac phenotype including the presence of a sarcomeric ultrastructure
[18]. Connexin, needed for coordinated electrical conductance throughout the cellular
syncytium of the heart, has also been detected throughout colonies of spontaneously beating
SVC-derived cardiomyocytes [18].

Studies have shown that SVCs express a spectrum of lineage specific markers (proteins and
transcription factors) that are present during the course of embryonic cardiac development as
well as the adult heart. Detected by real time polymerase chain reaction and
immunohistochemistry, these markers included MEF2c, GATA4, Nkx2.5, ANP, β-MHC,
MLC2v, MLC2a, and the L-type calcium channel [6,15,18,72]. We found that the protein
expression profile of these differentiated SVCs revealed the presence of proteins required for
formation of the critical regulatory complex of the thin filament (Fig. (2b)) [19]. These proteins
include troponin I (TnI), troponin T, tropomyosin, and actin. The expression of the slow skeletal
isoform of TnI, present during the early developmental stages of the heart in mammals, reveals
an embryonic heart phenotype of these cells. Interestingly, expression of the cardiac isoform
of TnI confirms that these SVCs are capable of differentiating into the adult cardiac phenotype
[19]. Importantly, this cell population does not express the major skeletal muscle marker MyoD
or the smooth muscle isoform of actin [18]. Zhu et al. have suggested that co-culturing with
neonatal cardiomyocytes enhances the expression of these cardiogenic markers beyond
expression achieved by culturing with DMEM [15].

We performed functional analysis of differentiated SVCs [19]. Cells were loaded with the
calcium indicator dye FURA2-AM and calcium handling and contractile kinetics were
analyzed simultaneously during field stimulation and within spontaneously beating SVCs (Fig.
(2c)). These data show that differentiated SVCs have functional properties of myocytes and
calcium handling kinetics indicative of a developing sarcoplasmic reticulum. These
observations have also been replicated by others [6]. Furthermore, we found that the intrinsic
pacemaker phenotype observed in spontaneously beating SVCs could be ablated by acute
administration of muscarine chloride [19]. The elegant study by Planat-Benard et al. showed
that synchronized beating patterns observed in SVC-derived cardiomyocytes respond to
chronotropic stimulation using adrenergic and cholinergic agents [18]. Lastly, Bai and
colleagues used whole-cell patch-clamp recordings to show functional voltage-dependent
calcium and potassium channels [6]. Taken together, these data indicate significant maturation
of excitation contraction coupling involving key proteins associated with sarcollemal
membrane depolarization, the sarcoplasmic reticulum calcium cycling, and myofilament-based
contractile responses.

It has been well established that Wnt signaling is critically involved in cardiogenic
differentiation of various stem cell populations [76–81]. We tested the hypothesis that SVC
differentiation along the cardiac lineage could be manipulated by alterations in Wnt signaling
pathways. We observed that stimulation of the canonical Wnt signaling pathway by
administration of recombinant Wnt3a significantly attenuated the cardiogenic potential of
differentiating SVCs (Fig. (2d)). In contrast, these data indicate that suppression of canonical
Wnt signaling by administration with Dkk1 and activation of non-canonical Wnt signaling by
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administration of recombinant Wnt5a independently and synergistically enhances the
differentiation potential of SVCs.

Screening for cell surface markers has revealed that adipose-derived stem cells express markers
very similar to its mesodermal stem cell cousin, bone marrow derived mesenchymal stem cells
[4]. Evidence that SVCs are of mesenchymal origin stem from its consistent expression of
CD29. Surface antigens found on various stem cells capable of multilineage differentiation are
also expressed by SVCs including CD105, STRO-1, CD166, and CD117 (c-kit) [4]. However,
markers of hematopoietic lineage are largely absent in SVCs including lin, CD31, and CD45
[4]. We tested the hypothesis that isolation of Sca1+ and c-kit+ stem cells would yield a high
concentration of SVCs with cardiogenic potential. Isolation of these cell populations by
antibody-labeled magnetic nanoparticles resulted in approximately 8 fold increase in the
number of spontaneously beating colonies compared to unselected cells (Fig. (2e)). Further
studies are required to determine whether SVCs fall into the category of mesoangioblasts which
appear to exist within most mature mesodermally-derived tissues [82,83].

A recent study by Madonna et al. [74] analyzed mesenchymal stem cells from brown adipose
tissue for the presence of telomere reverse transcriptase (TERT), which is required for
maintenance of nuclear telomere length and replication potential. They found that TERT was
expressed in cells that also expressed myocardin A, a regulator of cardiovascular myogenic
development. Furthermore, co-immunoprecipitation assays showed that TERT and myocardin
A formed a protein complex. These observations imply that myocardin A enhances TERT
activation and promotes myogenic differentiation in adipose tissue stem cells similar to what
was been observed during cardiogenic differentiation of embryoid bodies.

Lastly, secretion of paracrine factors released by adipose-derived stem cells that may be
therapeutically beneficial in the context of cell transplantation has also been analyzed with in
vitro methodologies. Several groups have shown secretion of MMP-9, MMP-3, HGF, TGF-
β, VEGF and IGFI from adipose-derived stem cells [75,84–87]. Similarly, Yamada et al. found
that culturing either cord blood cells or bone marrow non-hematopoietic cells together with
brown adipose tissue-derived stem cells can induce cardiac differentiation in these alternate
cell types [56,88]. Consistent with findings in related cell populations such as marrow-derived
mesenchymal stem cells, these data suggest that adipose tissue stem cells may enhance the
differentiation potential of other stem cells through a paracrine mechanism.

IN VIVO CELL THERAPY FOR ISCHEMIC CARDIOMYOPATHY
The comparative value of using adipose-derived stem cells for cardiac repair can be argued
from a number of vantage points including efficiency of isolation, in vivo regenerative capacity,
and functional implications on performance of the injured heart. Compared to other cell types
of mesenchymal origin such as bone marrow derived MSCs, adipose tissue stem cells are
reported to result in greater yield where 2% of nucleated cells in processed lipoaspirate result
in at least five times more CFU-F than bone marrow MSCs [4]. On behalf of patient wellness,
isolation procedures for adipose tissue stem cells requires only local anesthesia with little donor
site morbidity.

Miyahara and colleagues [17] have provided evidence that mesenchymal stem cells derived
from adipose tissue could be grown into a cellular monolayer including cardiomyocytes and
endothelial cells using cell sheet technology and temperature-responsive cell culture.
Consistent with the MSC phenotype, cells derived from adipose tissue were found to
differentiate into adipocytes, osteoblasts, and vascular endothelial cells. In vivo, adipose-
derived stem cell monolayers were engrafted over the infarcted region of the heart and adhered
to the injured tissue. Interestingly, this engrafted tissue developed new blood vessels and
incorporated host cells based on GFP expression. Functional data at eight weeks post-infarction
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showed that hearts containing engrafted adipose-derived stem cells had decreased end-diastolic
pressure, and improved derivatives of contractility. The geometry of the heart was also
improved based on increased wall thickness of the infarcted anterior wall during diastole and
decreased dilation of the left ventricle. The survival rate of mice with stem cell grafts was also
improved.

In addition to this report, other studies have tested the therapeutic role of adipose-derived stem
cells for repair of the infarcted heart [16,89–93]. All of these studies have used a model of
acute myocardial infarction in the context of various animal models including pig [92], and rat
[16,89–91,93]. Stem cell delivery methods have included direct intramyocardial injection
[16,90,93], as well as intracoronary [92], and intravenous [89,91] routes. Furthermore, each
has shown evidence that adipose-derived stem cells are capable of repairing the infarcted
myocardium through addition of cardiomyocytes [16,93], vascular angiogenesis [89–93],
increased nerve sprouting [90], decreased apoptosis [16], and/or reduction in fibrotic
depositions within the necrotic myocardium [16,90,91,93]. In all cases, functional analysis at
varying time points showed that hearts receiving cell transplantation had improved cardiac
performance compared to non-treated hearts.

In support of in vitro observations[75,84–87], paracrine factors released by injected stem cells
in vivo may also contribute to the beneficial effects of this therapeutic approach. This area of
investigation has been extensively studied using various stem cell populations such as marrow
derived stromal cells [94,95]. Data show that trophic factors (e.g. growth factors, SDF-1,
Ang-1, TB4) activate various signaling pathways (e.g. JAK-STAT, ERK, and PI3K-AKT)
resulting in therapeutic effects including neovascularization and tissue regeneration that
ultimately improve contractile performance of the injured heart. More research is required to
know how these paracrine effects are involved in adipose-tissue stem cell regeneration.

Recently a study by van der Bogt et al. has provided negative results regarding the effects of
cell transplantation into the injured heart [69]. In this study, adipose derived stem cells were
injected directly into the peri-infarct zone in a mouse model of myocardial infarction.
Longitudinal analysis using in vivo luminometry confirmed localization of cells in the heart
after transplantation. However, marked donor cell death within 4 to 5 weeks was seen by
luminometry and supported by histological results. Furthermore no functional improvement
was reported based on in vivo cardiac hemodynamic analysis.

Numerous studies have also shown that various disease states can markedly impact the
viability, functionality, or abundance of stem cell populations [96–101]. Thus, the degree of
morbidity of a patient may have significant impact on the potential for effective cell therapy
for given pathologies including adipose tissue stem cell repair of the ischemic heart. The
relevance of existing disease states in patients intended for cell transplantation provides a very
relevant line of investigation to determine how adipose tissue stem cells are affected by disease
pathologies such as cardiac ischemic events or diabetes.

In light of this, clinical trials are also required to know if adipose tissue stem cells are efficacious
in human patients. Currently on-going, the two first-in-man trials with these cells in acute MI
and chronic ischemic patients are the APOLLO [102] and the PRECISE trials being conducted
in Madrid, Spain. The APOLLO trial investigated adipose-derived stem cells in patients with
acute MI and LV ejection fraction impairment. Cells were delivered by intracoronary infusion
after appropriate infarct related artery repair with stent implantation. The PRECISE trial
included patients with end-stage coronary artery disease not amenable for revascularization
and with moderate to severe left ventricular dysfunction. In this case, cells were delivered
via transendocardial injections after LV electromechanical mapping. The results of these trials
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are yet to be published. However, these clinical trials will be the first effort to elucidate the
role of adipose tissue stem cells for cardiac repair in humans.

RECOMMENDED METHODOLOGIES FOR IN VIVO CELL THERAPY
There has been a significant effort toward understanding the therapeutic potential of adipose-
tissue derived stem cells for cardiac repair. However, the lack of proper controls and/or
potential misinterpretation of results make the conclusions from some of these studies
uncertain. As a result, the following section is designed to provide additional methodologies
used with success in other stem cell studies that may clarify issues regarding the therapeutic
role of adipose tissue stem cells.

A brief analysis of reporters used to identify donor cells in recipient hearts showed that the
vast majority of studies using adipose tissue derived stem cells track cell identity by green
fluorescence protein as the marker of choice [16,17,69,89,91–93]. Other methodologies
included identification of human adipose stem cells in recipient rodent hearts by labeling with
human HLA [90] or the use of luciferase expression in donor cells [69]. Use of GFP as a reporter
is advantageous because of the clear ease of use. However, the use of GFP or other fluorescent
markers for identification of donor stem cells in the myocardium can be misleading [103–
105]. Fundamentally, donor cell identity should be validated by other means regardless of the
reporter used. Some studies have provided dual labeling with cardiac specific markers (as
described above) which provide additional evidence to support the cardiac differentiation of
donor stem cells in the host myocardium [16,17]. However, even secondary markers can be
found in extracardiac tissues and thus may not be bonafide indicators of cardiac lineage
specification [103].

Other methodologies that could be used to track stem cells in vivo include membrane dyes such
as PKH26 and DiI which intercalate into cell membrane lipids through hydrophobic
interactions [106]. The nucleoside analog bromodeoxyuridine (BrdU) incorporates into
genomic DNA and can thus be identified in transplanted stem cells by antibody labeling against
BrdU [107]. Additional DNA labeling dyes include DAPI (4',6-diamidino-2-phenylindole) and
Hoechst which are advantageous in doing live cell detection because they are membrane
permeable [108,109].

Methodologies using genetic markers could also be used in the investigation of the therapeutic
potential for adipose-derived stem cells in vivo (Fig. (3)). Previous studies have shown that
genetic modification of SVCs is feasible and could be a technique useful for tracking cells in
vivo as well as for overexpresson of therapeutic proteins. Reports have used adenovirus
mediated gene transfer to track adipose stem cells (CMV-Luciferase) delivered into an animal
model of spinal injury [110], over-express bone morphogenic protein (BMP-2) to enhance the
osteogenic differentiation of adipose stem cells in vitro and in vivo [111], and to over-express
brain derived neurotrophic factor (BDNF) in SVCs delivered to brains that had undergone
ischemia reperfusion injury [112] (Fig. (3a)).

These reports using viral mediated gene transfer as well as other known methodologies may
provide concepts for future assays to clarify the potential for adipose tissue stem cells to
regenerate host myocardium. To begin, adenoviral gene transfer could be useful for
transduction of donor adipose stem cells with a unique reporter expression vector such as tissue
restricted expression (α-MHC promoter or CMV promoter with floxed gene activation) of
luciferase or lacZ. Alternatively, use of these regulatory genetic elements could also direct
expression of therapeutic proteins. Previous stem cells studies have shown that over-expression
of the pro-survival signaling molecule Akt [113] or the cell adhesion molecule stem cell derived
factor (SDF-1) [114] can increase the potential for therapeutic regeneration of the heart by stem
cells (Fig. (3a)).
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Another technology includes the use of the Z/EG reporter mouse (strain name: B6.Cg-Tg
(ACTB-Bgeo/GFP)21Lbe/J, stock no: 004178, Jackson Laboratories) [115] which has been
used in other stem cell studies to delineate between cell fusion and intrinsic differentiation of
donor cells in the recipient heart [116,117] (Fig. (3b)). The Z/EG mouse contains a transgene
with the β-actin promoter (ubiquitous) driving expression of a floxed lacZ cassette. In the
presence of Cre (a recombining enzyme), loxP sites recombine resulting in expression of EGFP
instead of lacZ. Due to the numerous Cre expressing mice available [118], various permutations
of Cre-Z/EG chimeric mice could be engineered. For example, delivery of adipose tissue stem
cells from Z/EG mice into infarcted mice expressing CMV-Cre would indicate donor cell
incorporation into the host myocardium by lacZ expression and cell fusion by expression of
EGFP (Fig. (3b)). Intrinsic differentiation of donor cells in the host myocardium would require
further characterization by secondary cardiac markers.

CONCLUSION
Although the field of adipose-derived stem cells is still in its infancy, studies are accumulating
showing their cardiac differentiation potential in vitro and some potential to therapeutically
improve the infarcted heart in vivo. Clinical trials using adipose-derived stem cells for treatment
of various tissue pathologies are underway [57,102,119]. Considering the complicated nature
of clinical applications using stem cells, what is the rationale for such enthusiasm? From the
perspective of cardiac biology, first, adipose tissue is easily accessible and liposuction-acquired
stem cells for heart repair has secondary value in reducing cardiovascular risks induced by
excessive adiposity. Second, issues of histocompatability and immune rejection, problematic
in non-autologous or xeno stem cell transplantation, are avoided. As further studies appear,
particularly with application to human cardiac physiology, interest and therapeutic application
of adipose tissue derived cardiomyocytes may gain momentum in a new branch of clinical and
research medicine, namely aesthetic cardiology. On-going basic science studies will be
essential to fully understand the developmental potential of SVCs and their possible use in
cardiac repair.
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Fig. (1).
Adipose derived stem cells may provide a mechanism of treating heart disease. Aesthetic
cardiology provides a platform for reducing adiposity in obese patients while extracting stem
cells useful for autologous cell transplantation in treatment of ischemic heart disease. Adapted
with kind permission of Springer Science Business Media [120].
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Fig. (2).
In vitro differentiation of adipose derived SVCs. (a) Phase-contrast microscope image of
cultured SVCs after 5 (top), 10 (middle), and 15 (bottom) days of in vitro differentiation. (b)
Expression profile of proteins identified in differentiated SVCs showing members of the
cardiac thin filament. (c) Calcium transient measurements and contractile performance in
differentiated SVCs during field stimulation. (d) Differentiation potential assessed during
manipulation with recombinant Wnt proteins. (e) Identification of Sca1+ and c-kit+ stem cell
markers associated with adipose-derived SVCs. Figure has been adapted with permission from
the Journal of Molecular and Cellular Cardiology [19]. Abbreviations: SVCs: stromal vascular
cells; T.A.: tibialis anterior; Dkk1: dickkopf homolog 1.
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Fig. (3).
Advanced genetic engineering methods for assessing stem cell transplantation potential of
SVCs in vivo. (a) Gene transfer of reporter or therapeutic genes into SVCs prior to
transplantation into the injured heart. (b) Use of the conditional dual reporter mouse, Z/EG,
for detection of donor stem cells in the host myocardium and further determination of intrinsic
differentiation or cell fusion events. In the absence of Cre enzyme (host cardiomyocytes), LacZ
is expressed in donor stem cells indicating no cell fusion. If cell fusion occurs, Cre (host cardiac
myocytes) will recombine the Z/EG construct (donor stem cells) resulting in expression of
EGFP. Adapted with kind permission of Springer Science Business Media [120].
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