
Supplemental Material 

 

Isolation of human CPCs  

 Approximately 20-50 mg of right atrial (RA) appendage tissue routinely removed during 

surgical repair of congenital heart defects was collected for cell isolation. Tissue samples were 

transported from the Children’s Healthcare of Atlanta at Egleston Hospital to the laboratory in 

Krebs-Ringer solution (35 mmol/L NaCl, 4.75 mmol/L KCl, 1.2 mmol/L KH2PO4, 16 mmol/L 

Na2HPO4, 135 mmol/L sucrose, 25 mmol/L NaHCO3, 10 mmol/L glucose, 10 mmol/L HEPES, 

and 30 mmol/L 2,3-butanedione monoxime, pH 7.4 with NaOH). CPCs were isolated within 4 

hours of sample acquisition by magnetic bead sorting for c-Kit protein as described previously 9. 

Samples were collected from 32 individual patients of 3 different age groups (9 neonates, 15 

infants, and 8 children). 

 

RNAseq 

RNA-seq analysis was conducted at the Yerkes Nonhuman Primate Genomics Core 

Laboratory. RNA was purified from confluent hCPCs using Trizol per manufacturer’s protocol, 

and RNA quality was assessed using an Agilent Bioanalyzer. Libraries were prepared using the 

Illumina TruSeq™ mRNA stranded kit (Illumina Inc. San Diego, CA, USA) as per manufacturer’s 

instructions. 1000 ng of total RNA was used for library preparation. ERCC (Ambion) synthetic 

spike-in 1 or 2 was added to each Total RNA sample and processed in parallel. The TruSeq method 

(high-throughput protocol) employs two rounds of poly-A based mRNA enrichment using oligo-

dT magnetic beads followed by mRNA fragmentation (120-200 bp) using cations at high 

temperature. First and second strand cDNA synthesis was performed followed by end repair of the 

blunt cDNA ends and ligation of the adapters. The adapter-ligated libraries were then enriched 

using PCR amplification. The amplified library was validated using a DNA tape on the Agilent 

4200 TapeStation and quantified using a fluorescence based method. The libraries were 

normalized and pooled, clustered on an Illumina cBot, and then sequenced on the Illumina 

HiSeq3000 system employing a single-end 101 cycle flow cell.  The average read depth for the 

samples was 22,568,201 reads.  Following de-identification of individual patients, all data were 

deposited in the GEO database (GSE126251). 

 

CPC and MSC culture 

Human CPCs were cultured in Ham’s F12 medium supplemented with 10% fetal bovine 

serum (FBS), 100 U/mL penicillin/streptomycin, 2 mmol/L L-glutamine, and 0.01 µg/mL basic 

fibroblast growth factor (bFGF). CPC conditioned media was produced by culturing confluent 

CPCs in media devoid of FBS and bFGF for 12 hours after first quiescing cells in media devoid 

of FBS and bFGF for 8 hours.  MSCs were cultured in growth media containing MEM base 

media (Minimum Essential Medium Eagle's) supplemented with 10% FBS, 1% antibiotic-

antimycotic, and 1% L-glutamine. Quiescing media for both cell types contains growth media 

minus serum (and FGF2 for hCPCs). 
 

Proliferation assay 

Proliferation was measured using a Click-it EdU Microplate Assay (Invitrogen; Catalog 

no. C10214). Neonatal c-kit+ progenitor cells (CPCs) with growth media were plated at 10,000 

cells per well in 96 well plates and incubated at 37°C overnight. After 24 hours, 5-Ethynyl-29-

deoxyuridine (EdU) reagent was added and cells were incubated for an additional 24 hours. The 



cells were then fixed and reacted with Oregon Green 488 per manufacturer’s protocol. Anti-

Oregon Green antibody conjugated with horseradish peroxidase was then added followed by the 

addition of Amplex Ultra Red substrate to produce a red fluorescent product. The absorbance of 

the samples was read with a BioTek Synergy 2 plate reader at 530/590 nm. In each experiment, 

the absorbance of each cell line was normalized by the maximum signal in that same experiment. 

Proliferation assay was performed N=5 times for each cell line. For an unbiased analysis, same 

passage number was used for each cell line at each experiment. We used different passages for 

different technical replicates. 

Migration assay 

Migration was determined using the modified Boyden chamber method. One hundred 

thousand MSCs were seeded in the top well of Boyden chamber (Corning; catalog no. 3422) and 

allowed to adhere to and migrate through the membrane. The cells were quiesced with serum 

free media for 24 hours while conditioned media was added to the lower chamber (assay was 

performed in duplicate). Conditioned media was obtained from different passages of neonatal 

CPCs which were quiesced for 24 hours. After 24 hours of incubation, migrated cells were 

detached from the bottom part of the membrane using cell dissociation solution (Trevigen; 

catalog no. 3455-096-05) and labeled with tracker Orange CMRA (Life Technologies; catalog 

no. C34551). After 1-hour incubation, cell migration was quantified by measuring CMRA 

fluorescence on a plate reader (BioTek Synergy 2) at 530/590 nm. The absorbance of each 

sample was normalized by the maximum signal quantified in the same experiment. Migration 

assay was done N=5 for each cell line. 

ELISA assay 

Conditioned media from different passages of quiesced neonatal CPCs were collected 

after 24 hours of incubation. The level of secreted proteins of interest (IL-1α, IL-1β, IL-24, 

CXCL6, CXCL8) were quantified by specific ELISA kits (RayBiotech; Catalog no. ELH-IL1a, 

ELH-IL1b, ELH-IL24, ELH-GCP2, ELH-IL8 respectively). All immunosorbent measures were 

normalized to the maximum protein signal. ELISA was performed N=3 for each cell line. 

Statistical modeling and pathway analysis 

Principal component (PC) analysis and partial least squares regression (PLSR) analysis 

were performed using SIMCA-P software (UMetrics, now part of Sartorius Stedim Biotech; 

https://umetrics.com) that solves the PLSR problem with the nonlinear partial least squares 

algorithm. RNA-seq analyses were performed by aligning (paired) end reads to the reference 

human genome (Homo sapiens (PAR-masked)/hg 19) with TopHat and read depth at the level of 

individual genes was computed with Cufflinks on the Illumina BaseSpace.  These raw intensity 

values were converted to counts per million, log2 transformed, and normalized by several 

strategies to control for possible hidden sources of variability. Specifically, mRNA data between 

patients were normalized either to the maximum signal for each gene, or mean-centered across 

the full distribution of read counts. Results obtained from each normalization method were 

comparable, and those obtained with the mean centering are presented in Figures and discussed 

in the paper.   

Two-way hierarchical clustering analysis of standard normalized gene expression (z-

scores) for selected genes was performed using Ward’s method (JMP v13, SAS Institute, Cary, 

NC). Volcano plots were drawn by plotting significance (-log p-value) against difference in 

abundance (log 2 scale) of the genes between good and poor c-kit+ progenitor cells. Correlation 

of highly differentiated genes with proliferation and migration cardiac responses was analyzed 

with JMP statistical software, fitting Y (responses) against X (gene expression level). For 



pathway analysis of gene clustering, we used Ingenuity Pathway Analysis (IPA) software. RNA 

expression level data were  analyzed for enrichment of specific biological functions using IPA. 

Statistical analysis was performed using GraphPad Prism software. One-way ANOVA was used 

with Tukey’s post-test for the comparison of multiple groups. P-values of less than 0.05 were 

considered significant. Data are represented as mean ± standard error of the mean (SEM). 

Average accuracy between observed and predicted responses was measured by calculating the 

average differences between observed and predicted response among all samples. Predictability 

of the models was defined by calculating the R square values of regression models. 
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