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Abstract
Cardiosphere-derived Cells (CDCs) can be isolated from cardiac tissues of pigs. The protocol begins with
an enzymatic digestion followed by a pre-culture in a speci�c cell culture medium. Adherent cells from
digested tissue are detached and seeded with the Cardiosphere Growing Medium (CGM). Under these
conditions, cells clusters are formed and migrating cells are selected and seeded again to expand CDCs.
Phenotypical, functional and molecular assays are necessary for the characterization of isolated cells.
Phenotypic analysis is performed by �ow cytometry to identify surface markers. For functional analysis,
cells are in vitro differentiated using different culture media, then stained and observed by optical
microscopy. Finally, PCR can be used to analyse the gene expression pro�le.

This protocol is suitable for establishing a CDCs culture for multiples applications: in vitro assays,
preclinical studies, “omics” analyses, etc.

Introduction
In cardiovascular cell therapy, the effectiveness of CDCs was �rstly demonstrated in 20071. Several
studies using clinically relevant large animal models have demonstrated the bene�cial effect of these
cells for cardiac tissue restoration 2–4. In this sense, a detailed isolation and expansion protocol of
studying CDCs are crucial steps for further investigations.

The present protocol is based on previous studies 5–7 where CDCs were isolated and characterized. Slight
modi�cations were included for the publication “Intrapericardial Delivery of Cardiosphere-Derived Cells:
An Immunological Study in a Clinically Relevant Large Animal Model” (doi:
10.1371/journal.pone.0149001)8. Reagents, equipment, and methodology are described in the cited
publications. 

Reagents
Reagents:

-         Phosphate buffer saline (PBS).

-         Trypsin

-         Collagenase IV

-         Fetal bovine serum (FBS)

-         Penicillin-streptomycin

-         L-glutamine



Page 3/11

-         2-mercaptoethanol

-         IMDM (Iscove's Modi�ed Dulbecco's Medium)

-         Poly-D-lysine

-         DMEM-F12 (Gibco Dulbecco's Modi�ed Eagle Medium–F12)

-         Monoclonal antibodies: CD90, CD29, CD31, CD44, CD45, CD61, CD105, CD117, Sca-1, SLA-I (Swine
Leukocyte Antigen class I) and SLA-II (Swine Leukocyte Antigen class II) (Serotec).

-         Dexametasone

-         3‐isobutyl‐1‐methylxanthine

-         Indomethacin

-         TGF‐β1

-         Sodium pyruvate

-         Ascorbic acid‐2‐phosphate

-         β‐glycerophosphate

-         Oil Red O Staining

-         Alcian Blue 8GX staining

-         Alizarin Red S staining

-         Trizol (ThermoFisher)

-         Chloroform

-         Isopropanol 60 %

-         Paraformaldehyde

-         HCl 0.1 M

-         Ethanol 70 % and 100 %

-         DEPC-treated water

-         Superscript III reverse transcriptase (Invitrogen)

-         Taq DNA Polymerase Recombinant kit (Invitrogen)
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-         Designed primers

-         Agarose

-         SYBR Safe DNA Gel Stain (Thermo Fisher Scienti�c)

Culture media

-         Complete Explant Medium (CEM): 10 % fetal bovine serum (FBS), 1 % penicillin-streptomycin, 2 mM
L-glutamine and 0.2 (0,1 mM) mM 2-mercaptoethanol in IMDM

-         Cardiosphere Growing Medium (CGM): 10 % (20%) FBS, 1 % penicillin-streptomycin, 2 mM
glutamine and 0.1 mM 2-mercaptoethanol in 35 % IMDM and 65 % DMEM-F12

-         Adipogenic differentiation medium: 1 μM dexametasone (Sigma), 0.5 mM 3-isobutil‐1‐metilxantine
(3‐isobutyl‐1‐methylxanthine, IBMX) (Sigma), 0.1 mM indomethacin (Sigma), 10% FBS, 2mM L‐glutamine
and, 1 % penicillin‐streptomycin in DMEM.

-         Chondrogenic differentiation medium: 10 ng/ml TGF‐β1 (Peprotech), 100 μg/ml sodium piruvate
(Sigma), 50 μg/ml ascorbic acid‐2‐phosphate (Sigma), 0.1 μM dexametasone (Sigma), 10 % FBS, 2mM
L‐glutamine and, 1% penicillin-streptomycin in DMEM.

-         Osteogenic differentiation medium: 0,1 μM dexametasone, 0.2 mM ascorbic acid‐2‐phosphate, 10
mM β‐glycerophosphate (Sigma), 10 % FBS, 2mM L‐glutamine and, 1 % penicillin‐streptomycin in DMEM.

Equipment
Equipment

-         CO2 incubator

-         Laminar �ow chamber

-         FACScalibur cytometer (BD Biosciences)

-         Optical microscope

-         Synergy™ Mx Microplate Reader (Biotek, Winooski, VT, USA)

-         PXE 0.2 thermocycler (Thermo Scienti�c)

-         UV lamp

Procedure
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Isolation and culture of CDCs:

1-     Harvest intact hearts from euthanized pigs.

2-     Collect 1-2 g of auricular explants. Wash the sample with PBS and disrupt the tissue mechanically
into 1–2 mm3 fragments. Wash again these fragments to eliminate residual blood and cellular debris.

3-     The tissue is then subjected to three successive enzymatic digestions with a solution of 0.2 % trypsin
and 0.2 % collagenase IV in PBS at 37 °C for 5 min each.

4-     Digested tissue is washed with Complete Explant Medium (CEM). Finally, explants are cultured in 90
mm Petri plates with CEM at 37 °C and 5 % CO2.

5-     After three weeks, discard tissue fragments. Trypsinize �broblasts-like cells migrating from tissue
explants and seed onto 30 mm poly-D-lysine coated plates with Cardiosphere Growing Medium (CGM).
Under these conditions, suspended cells clusters called cardiospheres are formed, and cells migrating
from them are the CDCs.

6-     These cells are seeded again into culture �asks at 3 500 cell/cm2 with CGM and expanded at 37 °C
and 5 % CO2.

Phenotypic characterization:

1-     Porcine CDCs are detached from culture �asks with 0.25 % trypsin solution and suspended in PBS
containing 2 % FBS.

2-     Incubate 2 × 105 cells for 30 min at 4 °C with appropriate concentrations of the monoclonal
antibodies: CD90, CD29, CD31, CD44, CD45, CD61, CD105, CD117, Sca-1, SLA-I (Swine Leukocyte Antigen
class I) and SLA-II (Swine Leukocyte Antigen class II) from Serotec.

3-     Wash cells and resuspend in PBS.

4-     Flow cytometric analysis is performed on a FACScalibur cytometer (BD Biosciences) after
acquisition of 105 events. Cells is primarily selected using forward and side scatter characteristics and
�uorescence is analysed using CellQuest software (BD Biosciences).

5-     Isotype-matched negative control antibodies should be used in all the experiments.

6-     Calculate the mean relative �uorescence intensity by dividing the mean �uorescent intensity (MFI) by
the MFI of its negative control.
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Functional characterization:

1-     Culture cell monolayer at 80 % of con�uence in adipogenic, chondrogenic and, osteogenic
differentiation media during 21 days.

2-     After 21 days, �x cells with a paraformaldehyde 4 % solution for 20 minutes.

3-     Wash cells 3 times with PBS and stain differentiated cell:

- Adipogenic staining: incubate cells with isopropanol 60 % for 5 min, dry, stain with 3.5 mg/ml de Oil Red
O in isopropanol 60 % for 5 min and wash with distilled water.

- Chondrogenic staining: wash cells twice with HCl 0.1 M, stain with 10 ng/ml Alcian Blue 8GX (diluted in
HCl 0.1 M) for 2 h and wash with HCl 0.1 M and distilled water.

- Osteogenic staining: stain with 20 mg/ml Alizarin Red S (pH = 4.1‐4.2) for 30 min and wash with
distilled water.

4-     Observe by optical microscopy.

Molecular characterization:

1-     For the isolation of total RNA, detach porcine CDCs from culture �asks with 0.25 % trypsin solution
and remove the supernatant. Add 1 mL of Trizol (ThermoFisher) to the cell pellet. Cells are transferred to
an Eppendorf tube, 200 μL of chloroform are added and samples are incubated for 5–10 min at room
temperature (RT). After a centrifugation for 15 min at 12000 × g, the aqueous phase is mixed with 500 μL
of isopropanol and incubated at -80 °C for 20 min to precipitate the RNA. Consecutive centrifugations and
ethanol washing are made. Finally, the pellet is resuspended in DEPC-treated water.

2-     Measure RNA quality and concentration using an UV spectrophotometer, as Synergy™ Mx Microplate
Reader (Biotek, Winooski, VT, USA). Only the RNA samples with a 260/280 nm absorbance ratio between
1.8 and 2.1 and with a 260/230 mm absorbance ratio greater than 2.0 should be retrotranscribed to
complementary DNA (cDNA) and ampli�ed by PCR.

3-     Synthesis of cDNA from 1 μg of RNA in reverse transcription reaction for 1 h at 37°C using
Superscript III reverse transcriptase (Invitrogen).

4-     Primers for selected genes can be designed by using the NCBI Primer-BLAST tool
(www.ncbi.nlm.nih.gov/tools/primerblast/). Example primer sequences are detailed in Figure 1.

5-     Prepare ampli�cation reactions with adequate concentrations of reverse and forward primers, cDNA,
DEPC water and Taq DNA Polymerase Recombinant kit (Invitrogen), according to manufacturer’s
instructions. Amplify in a PXE 0.2 thermocycler (Thermo) following the protocol described in Figure 2.

http://www.ncbi.nlm.nih.gov/tools/primerblast/
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6-     Run the PCR products in an agarose gel (2%) and use adequate volumes of SYBR Safe DNA Gel
Stain (Thermo Fisher Scienti�c) to visualize ampli�ed cDNAs with UV excitation.

7-     Gene expression levels are analysed and normalized with the Gene Tools software (Synoptics
Limited) using beta-actin (ACTB) as reference gene. The relative quanti�cation is made by measuring the
brightness intensity of each band using the GeneSnap software.

Troubleshooting
-         In some cases, antifungal supplements may prevent the contamination, especially for the �rst 10
days. 

-         Passaging cells after that 80% con�uency is reached may cause an inadequate detachment and the
formation of cell lumps. 

-         Flow cytometry analysis should be performed using porcine-speci�c reagents.

-         For total RNA isolation from porcine CDCs, any other guanidinium thiocyanate-phenol-chloroform
extraction method, or column-based method for RNA extraction can be used, following manufacturer’s
instructions.

-         For reverse transcription of the isolated total RNA, any other cDNA synthesis kit can be used,
following manufacturer’s instructions.

-         For RT-PCR analyses, any other probe-based or dye-based method. The use of commercially
available primers is suggested over self-designed primers.

-         Gene expression analyses could also be performed by qPCR instead of conventional RT-PCR. This
technique may facilitate the gene expression analyses in CDCs. 

Time Taken
Time to reach an 80 % of con�uence in a culture is variable, depending on cell division rates. Isolation of
CDCs only takes three weeks, times for cell expansion will depend on the number of cells required for the
following procedures.

Phenotypic and functional characterizations use techniques than can be completed in two hours, but cell
differentiation takes 21 days. On the other hand, PCR technique require more steps (RNA isolation,
retrotranscription—1 h—, ampli�cation—1.5 h—) that can be extended more of 8 hours.

The estimated times do not include the analysis of results.
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Anticipated Results
In the phenotypic characterization by �ow cytometry, cells result positive for the expression of CD29,
CD44, CD90, CD117, Sca-1 and SLA-I, and negative for the expression of CD31, CD45, CD61 and SLA-II
(Figure 3B). In the PCR analysis, cells show a positive expression of multipotential markers, early cardiac
differentiation markers and mature cardiomyocytes markers, as well as different growth factors and their
receptors (Figure 3C). Finally, differentiation assay demonstrated their differentiation behaviour towards
adipogenic, chondrogenic and osteogenic lineages (Figure 3D).
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Figure 1

Sequences, melting temperatures, amplicon sizes and NCBI access numbers for the primers used in the
PCR.

Figure 2
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Cycling conditions for RT-PCR.

Figure 3

Characterization of cardiosphere-derived cells. CDCs were isolated from cardiac tissue explants of
healthy pigs. The �gure A shows explants in culture with some �broblast-like cells migrating from them
(A.I), cardiospheres with CDCs migrating from them (A.II) and CDCs in culture (A.III). Figure B shows the
phenotypic analysis of CDCs by �ow cytometry. Representative histograms together with the expression
levels are shown. The expression level of cell surface markers is represented as Mean Relative
Fluorescence Intensity (MRFI), which is calculated by dividing the Mean Fluorescent Intensity (MFI) (black
lined histogram) by its negative control (grey lined histogram). Figure C corresponds to gene expression
analysis by conventional RT-PCR. Mean ± SD of three different experiments are shown. Data are
expressed as expression percentage referred to ACTB, used as control. The relative quanti�cation was
made by measuring the brightness intensity of each band with GeneSnap software. A representative
image of one of the experiments is shown above. Figure D shows the differentiation potential of CDCs.
Cells were maintained for 21 days with standard medium (control) (D.I) or with speci�c differentiation
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media for adipogenic, chondrogenic and osteogenic lineages. Differentiation was evidenced by speci�c
stainings: Oil Red O for adipocytes (D. II), Alcian Blue for chondrocytes (D.III) and Alizarin Red S for
osteocytes (D.IV).


