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Figure S1. Global scheme of the differential expression analysis. (a) Three independent CPC isolates 
(CPC1-3; previously referred as H1, H3 and H4, respectively) were compared with three MSC isolates (19, 
33, 45) and three HDF isolates (F1-3), at the indicated cell passages. (b) Flow chart of the different 
analyses carried out with the indicated samples. 
        



 
Figure S2. RNAseq analysis of CPC compared with MSC and HDF. (a, b) mRNAseq experiments were 
carried out and analyzed using the Ilumina platform, with replicates and/or technical duplicates of all 
samples (see Methods). Analysis of three CPC isolates (CPC1-3) compared with three MSC (19, 33, 45) 
and three HDF isolates (F1-3) at the indicated passages. CPC data defined 12,242 protein-coding genes 
with the indicated percentage representation (a). Clustering analysis confirmed that CPC, MSC and HDF 
cell lineages are quite distant and represent significantly differentiated clusters (b). (c) CV mean values 
>0.5 (167 out of 11,767 total genes analyzed) were considered as gene expression associates from each 
passage. (d) Comparative gene distribution among the different cellular subcompartments of MSC (blue 
bars) compared with CPC (green bars). (e) Plot bar (log2 FC) of top up- or downregulated genes in CPC 
(CPC1-3) vs. HDF (F1-3). 
  



 
Figure S3. iTRAQ analysis of CPC/HDF and CPC/MSC proteomes. (a) Representative diagrams of up- 
(+Zq) and downregulated (-Zq) proteins in the CPC vs MSC comparison and CPC vs HDF; Comparison of 
up- (green) and downregulated (red) proteins, common to the CPC/MSC comparison (left) or CPC/HDF 
(right). (b) Panel of selected functions down- (green) and up-regulated (red), representative of all cell 
subcompartments and organized by level of differential expression (Zq), shown as summary of the iTRAQ 
CPC/MSC comparison; >2 peptides at FDR 0.05%. Q indicates proteins that are similarly upregulated in 
CPC compared with MSC and HDF.  



 
 
 
Figure S4. FACS validation of preferentially expressed CPC receptome proteins.  (a) FACS analysis 
of IGF2R expression (upper panels) in CPC (2 and 3) compared MSC (MSC19) and HDF; lower panels 
show the isotype control stainings. (b) FACS analysis of CD105 expression (blue peak) in CPC-3 
compared with MSC (MSC19) (red peak); negative controls with the isotype control stainings are indicated 
(white peak). The assays were repeated three times; data shown correspond to a representative 
experiment.  
 
 
 
 



 
 
 
 
Figure S5. Definition of the minimal core of preferentially expressed plasma membrane proteins in 
CPC compared with MSC and HDF. (a) Label-free experiments comparing CPC with MSC and HDF; 
Veen diagram representation of differential upregulated plasma membrane proteins: The specific DEG 
CPC vs MSC (blue) or DEG CPC vs. HDF (yellow) genes and common (grey) are represented; only DEG 
with p-adjust values <0.02 were considered; 85 proteins were identified exclusively in CPC, with a variety 
of physiological roles. (b) Relative percentages per specific group of functions, classified by IPA, are 
indicated. (c,d) Hierarchical clustering of transmembrane receptors (c) and G protein-coupled receptors (d) 
differentially expressed genes between CPC/MSC and CPC/HDF.  
  



 

 
 
 
 
Figure S6.  (a) Complete list of specific CPC membrane proteins; proteins shadowed in yellow were not 
found in the membrane-proteome approach4. (b) List of the 17 membrane proteins more overexpressed in 
CPC compared with MSC and HDF, and validated both by proteomics and genomics analyses. The list 
shows the logFC values of the CPC/MSC and CPC/HD RNAseq comparisons ordered by the CPC/MSC 
differences. 
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Figure S7.  Comparative analysis of the cell surface specific profile of CPC with those 
corresponding to human cardiosphere-derived cells (hCDC) and ckit+hCSC. Comparative 
expression analysis of a significant panel of differentially expressed genes (DEG) of hCPC (salmon) with 
the rest of populations. Those populations were also compared with murine cardiosphere-derived cells 
(mCDC), ckit+ mCSC, Sca1+ mCSC and Bmi1-CPC. All the qualitative data included correspond to mRNA 
expression. Expression comparison also includes some of the final markers proposed (CDH5, CD200 and 
F11R). Genes are ordered attending to the similarity in expression among all the populations; the gradient 
in green colors indicates different grade of conservation (dark green, top, denotes the more conserved 
genes). The gradient in red color denotes genes whose expression is less conserved or with low 
representation in the study. Key: (+) positive expression; (++) high expression; (+/-) intermediate level of 
expression; (---) not expressed; (nd) not determined; (> <) indicates a tendency on the value affected; (p) 
indicates that the specific marker has been also validated by proteomics techniques; (F) indicates that the 
specific marker has been also validated by FACS. Main references used for the analysis are the following: 
hCDC8, hCPC9, mCDC10, mckit-CSC11, mSca1-CSC12 and BMi1-CPC13. All data for murine (m) 
populations were obtained from freshly purified fractions (Fr), a clear difference with human (h) cells. 
 
 
 
  



 
   
Figure S8. Validation of putative markers of CPC in human and porcine tissue.   
 
(a) RT-qPCR analysis of GPR4, IGFBP2, CACNG7, F11R and CDH5 in human cell samples 
corresponding to CPC isolates (C1-3; blue bars), cardiac fibroblasts (cFib; grey bars), MSC (red bars) and 
fibroblasts from different origins (Fib; green bars). The assays were performed three times and data are 
expressed as mean ± SD; black lines indicate the p-value summary (Mann-Whitney test,***<0.002, 
**<0.02 *<0.05, ns = not significant) of CPC vs. HCF. b) Comparative expression analysis (RT-qPCR) of 
F11R and CACNG7, both in long-term expanded human (CPC1 and 2) and porcine (pCPC1 and 2). c) RT-
qPCR analysis of CACNG7 and F11R  expression in porcine samples, both in pCPC and in heart tissue 
during early isolation stages (p2, p5) The assays were performed three times and data are expressed as 
mean ± SD; black lines indicate the p-value summary (***<0.002, **<0.02 *<0.05, ns = not significant) of 
pCPC vs. heart tissue (one-way analysis of variance followed by the Bonferroni multiple comparison test). 
(d) FACS analysis of CDH5 expression in freshly isolated cardiac pig cells (left; p2), compared with long-
term expanded  pCPC3 (right); CDH5 (black); isotype negative control (red).  
 



Supplementary Tables 
 
 
Table  S1.  Complete list of DEG in CPC derived from RNAseq  
 
Table S2. Complete list of proteins identified by label-free proteomics, organized by preferential 
expression in CPC, MSC and HDF. Organization based on subcellular location.  
 
Table S3. Complete list of CPC/MSC and CPC/HDF ITRAQ comparisons.  Cells in green indicate 
proteins upregulated (+Zq) and cells in red indicate downregulated in CPC (-Zq). Color intensity stratifies 
expression differences.  
 
Table S4. Complete list of CPC plasma membrane compartment  
 
Table S5. Complete list of DEG CPC plasma membrane compartment  
 
 
 
 
Supplementary experimental procedures 
 
 
Human and porcine cardiac stem/progenitor cell (CSC/CPC) isolation and culture 
 
CPC samples were cultured in the same growth conditions used for the CAREMI clinical trial (EudraCT 
2013-001358-81). Starting material was obtained from the right atria appendage. Tissue samples were 
minced into small pieces (<1 mm3) and treated with collagenase type 2 (Worthington Biochemical 
Corporation, Lakewood, NJ, USA) for 3 cycles of 30 min each to obtain a cellular suspension. 
Cardiomyocytes were removed by centrifugation and filtration using 40 µm cell strainers. Cardiac 
stem/progenitor cells were obtained after immunodepletion of CD45-positive cells and immunoselection of 
CD117 (c-kit)-positive cells, using specific microbeads (MiltenyiBiotech, Bergish Gladbach, Germany) and 
following manufacturer recommendations. After isolation, cells were seeded in Matrigel (BD Biosciences, 
Madrid, Spain) coated plates in isolation medium (DMEM/F12 medium supplemented with 10% fetal 
bovine serum embryonic stem cell qualified (FBS ESCq), L-Glutamine (2 mM), Penicilline- Streptomycine 
(100 U/mL and 100 µg/mL), bFGF (10ng/mL) and ITS (Invitrogen, Madrid, Spain and Saint-Aubin, France), 
IGF-II (30ng/mL) and EGF (20ng/mL) (Peprotech, Neuilly-sur-Seine, France) and hEPO (Sigma-Aldrich, 
Madrid, Spain) and were grown at 37°C in 3% O2 atmosphere, thereby facilitating proper functioning and 
mimicking physiologic/pathologic conditions1. One week after cell seeding, growing medium, which is a 
combination of DMEM/F12 and Neurobasal medium (1:1) supplemented with 10% FBS ESCq, L-
Glutamine, Penicilline-Streptomycine, B27 (1X), N2 (1X), β-mercaptoethanol (50µM), ITS and growth 
factors (bFGF, IGF-II, EGF) replaced the isolation medium and cells were thereafter grown in this medium 
at 3% O2 atmosphere for some passages. Porcine heart samples were processed essentially as 
previously described for human samples. CD45-c-kit+ fraction was cultured in collagen-coated plates at 
37°C in 3% O2 atmosphere, in growing medium and analyzed in passages 2 and 5. 
 
Human bone marrow-derived MSC and human fibroblasts 
 
Human bone marrow-derived MSC (hMSC) and human dermal fibroblasts (HDF) were obtained from the 
Inbiobank Stem Cell Bank (www.inbiobank.org). Briefly, cadaver bone marrow was harvested from brain-
dead donors under the supervision of the Spanish National Transplant Organization (Organización 
Nacional de Trasplantes, ONT). Relatives gave informed consent. Each sample donor was tested and 
found negative for: HIV-1/2, hepatitis B-C, cytomegalovirus and mycoplasma. All cells were processed at 
Inbiobank following manufacturing procedures based on ISO9001:2000 in GMP conditions. 05+ 
Phenotypes were described previously3. The hMSC displayed a typical CD29+, CD73+ (SH3 and SH4), 



CD1 (SH2), CD166+, CD34-, CD45- and CD31- phenotype. In the presence of specific differentiation 
factors, these cells were able to differentiate into osteocytes, chondrocytes and fatty cell lineages.  
 
Other fibroblastic cell lines used in the study were as follow: HCF (ScienceCell, cat. Number 6300), HCF-c 
(PromoCell, cat. Number C-12375) and HPF-c (PromoCell, cat. Number C-12360). MSC and all 
fibroblastic cell lines were cultured in optimal conditions for each, in low-glucose DMEM (Sigma-Aldrich) 
with 10% FBS. 
 
Immunohistochemical analyses 
 
For immunohistochemistry, heart samples were fixed in 4% paraformaldehyde (PFA) (overnight, 4ºC) and 
cryopreserved in 30% saccharose, frozen in OCT compound, and sectioned in 8‐mm sections on a 
cryostat.  Heart immunohistochemistry and immunocytochemistry (ICC) have been described in detail 
(Valiente-Alandí et al., 2015). After blocking with 5% BSA (bovine serum albumin)/PBS (overnight (O/N), 
4ºC) slides were then incubated in 1% BSA/PBS with the indicated primary antibodies (1-2 h, 37°C) (anti-
CDH5, antiF11R and anti-CD200; Table Supp Materials and Methods).  Slides were washed three times in 
PBS/1% BSA and incubated in PBS/1% BSA with appropriate secondary antibodies (1 h, 37°C). Images 
were captured with a Zeiss LSM 700 or Leica TCS SP5.   
 
Proteomics analysis 
 
Cells from CPC isolates H1, H3 or H4 were cultured; after repeated washing in PBS, cell pellets (5-8 x 
107) were collected and aliquoted. For protein extract preparation, cell pellets were resuspended in lysis 
buffer (50 mM Tris-HCl pH8.5, 4% SDS, 50 mM DTT), boiled (5 min) and incubated (30 min, room 
temperature) for full protein solubilization. Total protein (~200 mg) was digested using a filter-aided 
sample preparation protocol (FASP, Protein Digestion Kit, Expedeon) following manufacturer’s 
instructions. Protein extracts were diluted in buffer UA (8 M urea in 0.1 M Tris-HCl pH 8.5) and loaded 
onto 30K centrifugal filter devices. Denaturation buffer was replaced by washing with buffer UA. Proteins 
were alkylated using 50 mM iodoacetamide in buffer UA (20 min in the dark) and excess alkylation reagent 
was eliminated by three washes with buffer UA and three washes with 50 mM ammonium bicarbonate. 
Proteins were digested (37ºC, overnight) with modified trypsin (Promega) in 50 mM ammonium 
bicarbonate at a 40:1 protein: trypsin (w/w) ratio. The resulting peptides were eluted by centrifugation with 
50 mM ammonium bicarbonate (twice) and 0.5 M sodium chloride. TFA was added to a final concentration 
of 1%, the peptides were desalted on C18 Oasis-HLB cartridges (Waters) and dried for further analysis. 
The resulting tryptic peptides were dissolved in 0.1% formic acid, loaded onto the nLC-MS/MS system for 
on-line desalting on C18 cartridges, and analyzed by nLC-MS/MS using a C-18 reverse-phase 
nanocolumn (75 mm ID x 50 cm, 3 mm particle size, Acclaim PepMap 100 C18, Thermo-Fisher) in a 
continuous acetonitrile gradient consisting of 0-30% B in 180 min, 30-43% in 5 min and 43-90% B in 1 min 
(A= 0.5% formic acid; B=90% acetonitrile, 0.5% formic acid). Peptides were eluted at a flow rate of ~200 
nL/min from the reverse phase nano-column to an emitter nanospray needle for real time ionization and 
peptide fragmentation on orbital ion trap mass spectrometers (Orbitrap Elite mass spectrometer, Thermo-
Fisher). To increase proteome coverage, tryptic peptides were fractionated by cation exchange 
chromatography (Oasis HLB-MCX columns), desalted and analyzed as above. 
The enriched membrane fraction from CPC (H4 isolate, Coretherapix), MSC and HDF, using the optimized 
extraction protocol4. was processed by off-line fractionation (medium cation exchange chromatography, 
MCX) prior to nLC-MS/MS analysis. Six MCX fractions were analyzed by nLC-MS/MS in the Orbitrap XL 
equipment, using a 3-h gradient. Approximately 20% of the proteins identified were assigned as plasma 
membrane proteins, including several receptors and proteins with numerous predicted transmembrane 
domains (TMD). 
 
Database search 
 
To identify peptides, MS/MS spectra were searched with the SEQUEST HT algorithm implemented in 
Proteome Discoverer 1.4.0.29 (Thermo Scientific). For database searching at the Uniprot database (which 
contains all human sequences; March 06, 2013; 70024 entries; Mann’s lab contaminants), search 



parameters were: trypsin digestion with 2 maximum missed cleavage sites, precursor and fragment mass 
tolerances of 800 ppm and 1.2 Da, respectively for Elite files, or 2 Da and 0.02 Da, respectively for 
QExactive files, carbamidomethyl cysteine as fixed modification and methionine oxidation as dynamic 
modifications. 
For iTRAQ-labeled peptides, N-terminal and Lys iTRAQ modifications were selected as a fixed 
modification. Results were analyzed using the probability ratio method with additional filtering for a 
precursor mass tolerance of 15 ppm; a false discovery rate (FDR) for peptide identification was calculated 
based on the search results against a decoy database using the refined method. The iTRAQ reporter ion 
intensities were retrieved from MS/MS scans by QuiXoT software and used as inputs to the weighted 
spectrum, peptide and protein statistical (WSPP) model to obtain peptide and protein abundance changes. 
Using the ontologies and annotations included in the GO database, WSSP was used to assess statistically 
significant changes at the protein function level. 
 
Peptide quantification and statistical analysis 
 
Peptides were quantified using QuiXoT quantitative proteomics software (Jorge et al., 2009). As a starting 
point, 𝑋!"# =    log! 𝐴 𝐵  X ??? = log2(A/B) was calculated, where A and B are the intensity of reporter 
ions being compared, retrieved in the MS/MS scans. These ratios were corrected based on the distribution 
of masses of the iTRAQ reporter ions. 
Statistical analyses were based on the WSPP statistical model5 a random effects model that considers five 
sources of variance: spectrum-fitting, scan, peptide, protein and functional category levels. A weight 𝑊!"# 
was associated to each spectrum, using the maximum intensity of each pair of iTRAQ reporter ions 
compared. The overall log2 ratio of each peptide, 𝑋!", was calculated as a weighted average of the scans 
matching each peptide. The log2 ratio of each protein, 𝑋! , was similarly calculated, using the weighted 
average of all the peptides that identify the protein studied. The final 𝑋!  value was corrected by 
subtracting the grand mean of each experiment. The weights for spectra, 𝑊!"#, were corrected based on 
the spectrum level variance, 𝜎!!.  The weight for peptides, 𝑊!" , was then calculated by adding the 
weights of all spectra matching that peptide and considering variance, 𝜎!!, and the weight for the protein, 
𝑊! , was calculated by adding the weights of all peptides associated to each protein, considering protein 
variance, 𝜎!! . Standardized variables, 𝑍!"# , 𝑍!"and 𝑍! , were defined at each level as the mean-
corrected log2 ratio, expressed in units of the corresponding standard deviation. Further details can be 
found in previous reports5-7. 
 
Bioinformatics identification 
 
For peptide identification, all spectra were analyzed with Proteome Discoverer (version 1.4.0.29, Thermo 
Fisher Scientific), using a Uniprot database containing all human and chicken protein sequences 
(November 23, 2011). For searching, parameters were selected as follows: trypsin digestion with 2 
maximum missed cleavage sites, precursor and fragment mass tolerances for Elite of 600 ppm and 1200 
mmu respectively (2 Da and 0.02 Da respectively for QExactive), carbamidomethyl cysteine as fixed 
modification, and methionine oxidation as dynamic modifications. Peptide identification was validated 
using the probability ratio method and FDR were calculated using inverted databases and the refined 
method. 
 
RNA-Seq analysis 
 
Sequenced reads were quality-controlled and pre-processed using cutadapt v1.6 to remove adaptor 
contaminants. Resulting reads were aligned and gene expression quantified using RSEM v1.1.19, over 
human reference GRCh37 and Ensembl gene build 65. Only genes with at least 1 count per million in at 
least three samples were considered for statistical analysis. Data were then normalized and differential 
expression tested using the bioconductor package EdgeR v3.0.8. We considered as differentially 
expressed those genes with a Benjamini-Hochberg adjusted p-value ≤0.05. For the set of differentially 
expressed genes, functional analysis was performed using topGO v2.10 Bioconductor R package, with 



annotations from org.Hs.eg.db and GO.db v 2.8. For the functional analysis, genes were classified by 
subcellular compartment (nucleus, cytoplasm, plasma membrane, extracellular) according to GO 
annotations. Enrichment was performed using the full list of equally localized genes as reference. Top 
biological processes and molecular functions were selected using the Weighted Fisher method 
implemented by topGO with P<0.01. 
 
 
Table. List of antibodies used in the study 
 

         Primary anti-human antibodies Reference      Commercial provider 
 

Anti-CD200 antibody AF2724 R&D Systems, Minneapolis, MN 
Anti-IGF-II R antibody AF2447 R&D Systems, Minneapolis, MN 
Anti-JAM-A antibody MAB1103 R&D Systems, Minneapolis, MN 
Anti-VE-Cadherin/CD144 antibody MA5-17050 Thermo Scientific, Waltham, MA 
Anti-CD130 Monoclonal antibody  PA5-28932 Thermo Scientific, Waltham, MA 
Anti-CD59 Monoclonal antibody  MA5-17046 Thermo Scientific, Waltham, MA 
Anti-CD105 Monoclonal Antibody MA4-17041 Novus Biologicals, UK 
Anti-CD26 Monoclonal Antibody MA5-13562 Thermo Scientific, Waltham, MA 
Anti-CACNG7 Ab110054 Abcam, Cambridge, MA 
Anti-CD9 Antibody Ab92726 Abcam, Cambridge, MA 
Anti-GPCR GPR4 Antibody Ab75330 Abcam, Cambridge, MA 
Anti-α-tubulin CP06 Calbiochem, La Jolla, CA, USA 

 
          Secondary antibodies Reference          Commertial provider 

 
Goat Anti-rabbit HRP P0448 Dako, Glostrup Denmark 
Rabbit Anti-Mouse-HRP P0260 Dako, Glostrup Denmark 
Rabbit Anti-Goat HRP P0449 Dako, Glostrup Denmark 
Rabbit Anti-Goat IgG (H+L)-FITC 6160-02 Southern Biotech, Birminghan, AL, USA 
Goat anti-Rabbit IgG (H+L) Secondary 
Antibody, Alexa Fluor® 546 conjugate 

A-11035 Invitrogen, Carlsbad, CA, USA 

Goat anti-Mouse IgG (H+L) Secondary 
Antibody, Alexa Fluor® 546 conjugate 

A-11030 Invitrogen, Carlsbad, CA, USA 

 
Table. List  of RT-qPCR primers used in the study 
 
      Primer             Sequence (5´-3´) 

 
GPR4 Forward TAATGCTAGCGGCAACCACACGTGGGAG 
GPR4 Reverse TCCAGTTGTCGTGGTGCAG 
SERCA Forward GAGAACGCGCACACCAAGA 
SERCA Reverse TTGGAGCCCCATCTCTCCTT 
CDH5 Forward TCACCTTCTGCGAGGATATGG 
CDH5 Reverse GAGTTGAGC ACCGACACATC 
F11R Forward TCGAGAGGAAACTGTTGTGC 
F11R Reverse GAAGAAAAGCCCGAGTAGGC 
F11R Forward (porcine) TCTTGTGCTCCCTGACGTTG 
F11R Reverse (porcine) AATTTCCACTCCACACGGGG 
CACNG7 Forward (h & p) TAAAGAACCAAGCCCACCAC 
CACNG7 Reverse (h & p) TCAGCCTCTTCCTCGTGTTC  
IGFBP2 Forward GCCCTCTGGAGCACCTCTACT 
IGFBP2 Reverse GCCCTCTGGAGCACCTCTACT 
CD9 Forward GAGGCACCAAGTGCATCAA 
CD9 Reverse AGCCATAGTCCAATGGCAAG 
ECE1 Forward GAAGCGGCTGGTGGTGTTGGTG 
ECE1 Reverse GGTTGGCCTTGATCCAGC 
DAB2IP Forward TGGACGATGTGCTCTATGCC 



DAB2IP Reverse GGATGGTGATGGTTTGGTAG 
ITGA5 Forward AAGAGCCG GATAGAGGACAAG 
ITGA5 Reverse AAGTGAGGTTCAGGGCATTC 
GusB Forward CAACGAGCCTGCGTCCCACC 
GusB Reverse ACGGAGCCCCCTTGTCTGCT 
GAPDH Forward AACTGCTTGGCACCCCTGGC 
GAPDH Reverse CTGGAGAGCCCCTCGGCCAT 
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