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Abstract Progenitor cells have been extensively studied

and therapeutically applied in tissue reconstructive therapy.

Stromal vascular fraction (SVF) cells, which are derived

from adipose tissue, may represent a potential source of the

cells which undergo phenotypical differentiation into many

lineages both in vitro as well as in vivo. The goal of this

study was to check whether human SVF cells may differ-

entiate into cardiomyocyte-like entities. Human SVF cells

were induced to differentiate by their incubation in

Methocult medium in the presence of SCF, IL-3 and IL-6.

Morphological transformation of the cells was monitored

using optical light microscope, whereas changes in

expression of the genes typical for cardiac phenotype were

measured by qRT-PCR. Incubation of the human SVF cells

in the medium that promotes cardiomyocyte differentiation

in vitro resulted in formation of myotubule-like structures

accompanied by up-regulation of the myocardium-char-

acteristic genes, such as GATA, MEF2C, MYOD1, but not

ANP. Human SVF cells differentiate into cardiomyocyte-

like cells in the presence of the certain set of myogenesis

promoting cytokines.
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Introduction

Adipose tissue is an active endocrine organ that secretes

adipokines along with a number of pro-angiogenic cyto-

kines and growth promoting factors (reviewed in [12]). It

has been found that human adipose tissue contains a pop-

ulation of non-characterized cells, which are capable to

undergo adipogenic, osteogenic, chondrogenic or myo-

genic differentiation in vitro as well as in vivo. These cells

called collectively stromal vascular fraction (SVF) dem-

onstrate multilineage potential and extensive self-renewal

capacity [14].

Stem cells have been vigorously investigated as critical

component of reconstructive therapies for a variety of

heart diseases [4] since they are capable to differentiate

into functional cardiomyocytes [5]. The adipose tissue

SVF cells were suggested as an alternative source of

progenitor cells for autologous application since known

sources of such cells suitable for therapeutic usage are

limited. SVF cells are already used for reparation of

tendon, bone as well as skeletal muscle tissue in humans

[1, 6, 10]. It has been also demonstrated that functional

cardiomyocyte-like cells could be derived directly from

mouse adipose tissue when incubated with certain cyto-

kines such as stem cell factor (SCF), interleukin-3 (IL-3)

and interleukin-6 (IL-6) [6, 10].

The aim of this study was to investigate the possible

differentiation of the human adipose tissue-derived SVF

cells into cardiomyocytes.
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Materials and methods

Materials

All reagents for tissue culture were purchased from Sigma

Aldrich, Germany, except for fetal bovine serum (FBS)

from Gibco and media for progenitor cells differentiation

(StemCell Technologies, Vancouver, Canada). Reagents

for analyses of gene expression were purchased from

Invitrogen Life Technologies and QIAGEN.

Isolation, culturing and differentiation of SVF cells

All the experiments were performed according to the per-

mission of Polish Ethic Commission (nr KBET/56/B/

2006). Each patient signed a consent form before being

included into the study.

The method used for the SVF progenitor cells isolation

was based on the previously published procedures [3].

Subcutaneous adipose tissue scraps (5–10 g) were obtained

from female patients (age 35–55 years) undergoing plan-

ned surgery. Isolated SVF cells were re-suspended in PBS,

counted and seeded at 7,000 cells/ml in Methocult GF 3534

(StemCell Technologies, Vancouver, Canada), an adapta-

tion medium (AM).

Control SVF cells were cultured in Isocove’s

MDM H4230, a basal medium (StemCell Technologies,

Vancouver, Canada), supplemented with 1% methylcellu-

lose (4,000 cps), 30% fetal bovine serum, 1% bovine

serum albumin, 100 lM 2-mercaptoethanol and 2 mM

L-glutamine.

Differentiating SVF cells were cultured in Methocult GF

3534 medium (StemCell Technologies, Vancouver, Can-

ada) in order to induce their transformation into cardio-

myocytes. In some incubations, the basal H4230 medium

also contained 50 ng/ml SCF, 10 ng/ml IL-6, as well as

10 ng/ml IL-3 [10].

Stromal vascular fraction cells, which were maintained

in either adaptation or basal Methocult medium with or

without cytokines listed above, were cultured for 24 days.

Morphological changes in the cellular shape were moni-

tored visually by optical light microscopy every 3 days.

After 24 days of culture, cells were frozen with Trizol

reagent for the myocardium-specific gene expression study

[10].

Measurement of gene expression

Trizol method was used for isolation of total RNA from the

SVF cells cultured in Methocult medium with or without

cytokines. SVF cells cultured in adaptation medium (AM)

were used as negative control.

RNA isolated from the SVF cells (1 lg total) was sub-

jected to reverse transcription process with the use of a

reverse transcription kit (Superscript) and random hexa-

mers. The quantitative real-time PCR was performed with

the QuantiTect SYBR Green PCR Kit (QIAGEN) using

specific primers.
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Fig. 1 Changes in expression of typical for cardiomyogenesis genes

in human SVF cells cultured in presence or absence of selected

cytokines. 24-day incubation of freshly isolated human SVF cells in

Methocult medium supplemented with SCF (50 ng/ml), IL-3 (10 ng/

ml) and IL-6 (10 ng/ml) was followed by total RNA isolation and RT-

PCR analysis of ANP, GATA4, MEF2C and MYOD1 gene

expression. The SVF cells cultured in adaptation medium were used

as controls. Results are presented as average ± SEM from three

separate experiments. Statistical significance was set at P \ 0.05.

SCF Stem cell factor, ANP atrial natriuretic peptide, GATA4 GATA

binding protein 4, MEF2C myocyte enhancer factor 2C, MYOD1
myogenic differentiation 1
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All the calculations were performed using calculation

matrix for PCR efficiency program [9]. The expression

rates were calculated as the normalized CT (threshold

cycle) difference between the sample and its corresponding

control probe adjusted for their amplification efficiencies.

Expression of the reference house-keeping GAPDH gene

was used as a positive control.

Statistical analysis

Results of continuous variables’ analysis were expressed as

average ± SEM collected from 3–5 experiments measured

in triplicates. Normal distribution and homogeneity of

variables were tested prior to further statistical analysis.

Statistical correlations were calculated based on unpaired t

tests for comparisons of quantitative variables. Level of

statistical significance was set at P \ 0.05 for the entire

study. The statistical analyses were performed with

Microsoft Excel (version 5.0, Microsoft Corporation,

USA).

Results

Analysis of gene expression

Freshly isolated SVF cells were cultured in Methocult

adaptation medium supplemented with selected cytokines

in order to study potential differentiation of these pro-

genitor cells into cardiomyocytes. Quantitative RT-PCR

analysis of the total RNA derived from the SVF cells

cultured in the presence of SCF, IL-3 and IL-6 demon-

strated up-regulation of myocyte enhancer factor 2C

(MEF), myogenic differentiation 1 (MyoD) and GATA

binding protein 4 (GATA4). In contrast, same genes were

down-regulated in the SVF cells cultured in the adaptation

medium without the cardiomyogenesis-stimulating cyto-

kines (Fig. 1). In addition, gene expression of another

marker of cardiomyocytic phenotype, atrial natriuretic

peptide (ANP), was significantly down-regulated (about

14 times) in the absence of SCF, IL-3 and IL-6 in the

culture medium. The level of ANP gene expression was

Fig. 2 Phenotypic analysis of

human SVF cells undergoing

differentiation process. Optical

light microscopic visualization

of the SVF cells maintained in

Methocult medium with or

without SCF (50 ng/ml), IL-3

(10 ng/ml) and IL-6 (10 ng/ml)

for 1, 15 and 24 days. The cells

were visualized at 920

enlargement
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normalized after supplementation with the above cyto-

kines (Fig. 1). The presented results demonstrate that SVF

cells cultured in Methocult with SCF, IL-3 and IL-6

express a set of genes characteristic for differentiated

cardiomyocyte-like cells.

Morphological changes

Initial 24-h incubation of the SVF cells in Methocult

medium with or without certain cytokines did not result in

any morphological alterations (Fig. 2). Rates of cellular

proliferation were similar in both Methocult media; how-

ever the shapes of those cells differed between the two

groups. Starting on day 15th until the end of the experi-

ment, day 24th, cells cultured in Methocult without SCF,

IL-3 and IL-6 demonstrated typical fibroblast-like shapes,

whereas cells cultured in the medium Methocult supple-

mented with above cytokines displayed differentiated fea-

tures resembling myotubules, composed of aligned and

branched myofibrils (Fig. 2). It is yet another verification

of SVF potential to mature into cardiomyocyte population.

Discussion

The study presented above examines a hypothesis that

human SVF cells are capable to differentiate into myocytic

cells of myocardium. Our assumption was based on a

previous report in which functional cardiomyocyte-like

cells were obtained from mouse adipose tissue after their

culturing in the medium containing SCF, IL-3 and IL-6

[10]. Similar cell culture scenario was also explored in case

of human SVF both in our study and recently published

analysis by Bai et al. [2].

In our experiments, the incubation of SVF in Methocult

medium resulted in the expression of a few cardiac-specific

transcription factors, such as GATA4 and MEF2C, which

was accompanied by cells’ morphological changes from

fibroblast-like to cardiomyocyte-like shape [2].

The myocyte enhancer factor-2 (MEF2) proteins are

transcription factors that are essential for differentiation

process in all the muscle lineage cells. Cell-specific GATA

transcription factors recruit MEF2 proteins to their target

promoter sites. It is known, that inactivation of the MEF2C

gene causes cardiac developmental arrest [13] and severe

down-regulation of a number of early cardiac markers

including ANP [7].

MYOD1 gene was also up-regulated in the cardiomyo-

cyte-like cells obtained from the human SVF cells. This

transcription factor is typically expressed in differentiated

skeletal muscle cells, however there are reports that verify

MyoD expression during the early steps of cardiomyocyte

differentiation [8].

We postulate that incubation of SVF cells in Methocult

medium in presence of SCF, IL-3 and IL-6 initiated cardio-

myocyte phenotype differentiation only, since potentiation

of expression of the cardiomyocyte progenitor cell marker

ANP was not observed [11].
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