
Supplementary Information 

 

TITLE 

Core Transcription Factors, MicroRNAs, And Small Molecules Drive Transdifferentiation Of 

Human Fibroblasts Towards The Cardiac Cell Lineage 

 

AUTHORS & AFFILIATIONS 

Nicolas Christoforou1,2,#, Syandan Chakraborty3,#, Robert D. Kirkton1, Andrew F. Adler4, Russell 

C. Addis5, Kam W. Leong3.   

1Department of Biomedical Engineering, Duke University, Durham, NC, USA 

2Department of Biomedical Engineering, Khalifa University, Abu Dhabi, UAE 

3Department of Biomedical Engineering, Columbia University, New York, NY, USA 

4Department of Neurosciences, University of California - San Diego, La Jolla, CA, USA 

5Phelix Therapeutics, Philadelphia, PA, USA  

#These authors have equally contributed to this work 

 

CORRESPONDING AUTHORS 

Kam W. Leong, Department of Biomedical Engineering, Columbia University, Mail Code 8904, 

1210 Amsterdam Avenue, New York, NY, 10027, USA, Phone: +1.212.854.8725, Email: 

kwl2121@columbia.edu 

Nicolas Christoforou, Department of Biomedical Engineering, Khalifa University, P. O. Box 

127788, Abu Dhabi, UAE, Phone: +973.2.501.8560, Email: nicolas.christoforou@kustar.ac.ae, 

and Department of Biomedical Engineering, Duke University, 136 Hudson Hall, Box 90281, 

Durham, NC, 27708, USA, Email: nc28@duke.edu 

 

 



Contents: 

1) Supplementary Figure Legends 

2) Supplementary Table Legends 

3) Supplementary Movie Legends 

4) Supplementary Figures 

5) Supplementary Table 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figure Legends: 

Supplementary Figure 1. Immunofluorescence of control cells. Cells were cultured in the 

same conditions and for the same amount of time used to derive iCM. (A-F) Negative Control 

(M2rtTA only), (G-L) Cells transfected only with microRNAs. 

Supplementary Figure 2. Immunofluorescence of rat neonatal cardiomyocytes. Cells were 

cultured in the same conditions and for the same amount of time used to derive iCM. 

Immunofluorescence for: (A) ACTN2, (B) TNNT2, (C) TNNT2 and GJA1, (D) ACTN2 and 

SERCA2, (E) RYR2 and TNNT2, (F) TAGLN, (G) ACTA2, (H) MYH11.  

Supplementary Figure 3. Gene expression analysis. Relative gene expression analysis 

performed using RT-PCR on RNA isolated from cells being transdifferentiated for 14 days. 

Samples: (i) Negative Control, (ii) microRNA only, (iii) cardiac TF only, (iv) microRNA and cardiac 

TF. $ denotes significance compared to group i, # denotes significance compared to group ii, % 

denotes significance compared to group iii (T-Test: $ or # or % < 0.05).  

Supplementary Figure 4. Microarray gene expression analysis. Pathway analysis for genes 

that were determined to be significantly upregulated or downregulated when comparing iCM 

(cardiac TF and microRNA) to negative control HDF. Determined using the WEB-based GEne 

SeT AnaLysis Toolkit (WebGestalt). The “Gene #” column refers to the number of identified genes 

that belong to a particular pathway and the “P-value” column refers to the P-value of each of the 

pathways and based on the number of identified genes. C: reference gene number in category, 

O: number of genes in gene set and category, E: expected number in category, R: enrichment 

ratio. 

Supplementary Figure 5. Microarray gene expression analysis. Comparison of cells 

transduced with cardiac TF / microRNA and cells transduced only with cardiac TF. (A) Significantly 

upregulated, and (B) Significantly downregulated genes in iCM (cardiac TF and microRNA) and 



compared to cells transduced only with cardiac TF. (C) Pathway analysis for genes that were 

determined to be significantly upregulated or downregulated when comparing iCM (cardiac TF 

and microRNA) to cells transduced only with cardiac TF. Determined using the WEB-based GEne 

SeT AnaLysis Toolkit (WebGestalt). The “Gene #” column refers to the number of identified genes 

that belong to a particular pathway and the “P-value” column refers to the P-value of each of the 

pathways and based on the number of identified genes. C: reference gene number in category, 

O: number of genes in gene set and category, E: expected number in category, R: enrichment 

ratio. 

Supplementary Figure 6. Effect of small molecule inhibitors or protein ligands on the 

transdifferentiation efficiency of HDF transduced with 5 cardiac TF only. (A-F) Small 

molecule inhibitor effect and (G-L) protein ligand effect. (A or G) Number of nuclei, (B or H) 

Number of ACTN2+ cells, and (C or I) Number of TNNT2+ cells (per mm2). (D or J) Number of 

Ki67+ nuclei normalized to the total number of nuclei. (E or K) Number of ACTN2+ cells normalized 

to the total number of nuclei. (F or L) Number of TNNT2+ cells normalized to the total number of 

nuclei. Experiment performed in triplicate. Error bar represents calculated standard deviation. 

Significant difference between two values was calculated using t-test (two-tailed distribution, two 

sample unequal variance). 

 

Supplementary Table Legends: 

Supplementary Table 1. List of genes that are significantly upregulated or downregulated when 

comparing transdifferentiated iCM (5 cardiac TF and microRNA) to negative control HDF. Also 

included is the fold change for the comparison between cells transduced with 5 cardiac TFs and 

the negative control HDF.  

Supplementary Table 2. Primers used for gene expression analysis.  



 

Supplementary Movie Legends: 

Supplementary Movie 1. Transdifferentiated iCM transduced with a vector allowing the 

expression of a genetically encoded calcium indicator (GCaMP3) under the control of the TNNT2 

promoter element. Cells are not being stimulated and are just passively being monitored using 

fluorescence microscopy. The video is presented at 10x acceleration.  

Supplementary Movie 2. Transdifferentiated iCM transduced with a vector allowing the 

expression of a genetically encoded calcium indicator (GCaMP3) under the control of the TNNT2 

promoter element. Cells are being stimulated with epinephrine at specific time-points (120 sec: 

Tyrode’s, 180 sec: Epinephrine, 240 sec: Tyrode’s, 280 sec: Epinephrine). The video is presented 

at 10x acceleration. 

 

 

 

 

 

 

 

 

 

 



Supplementary Figures: 



 

Supplementary Figure 1. Immunofluorescence of control cells. 



 

 

Supplementary Figure 2. Immunofluorescence of rat neonatal cardiomyocytes. 

 

 

 

 

 

 



 

Supplementary Figure 3. Gene expression analysis. 

 



 



Supplementary Figure 4. Microarray gene expression analysis. 

 



 



Supplementary Figure 5. Microarray gene expression analysis. 

 



 



Supplementary Figure 6. Effect of small molecule inhibitors or protein ligands on the 

transdifferentiation efficiency of HDF transduced with 5 cardiac TF only. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    



 

 

Gene 
Symbol 

Accession 
Number 

Sequence 
Amplimer 

Size 

TNNT2 NM_000364.2 
GGCAGCTGCTGTTCTGAGGGAG 

191 bps 
TGCCCTGGTCTCCTCGGTCT 

MYH6 NM_002471.2 
AGAGGCCCAACGCTCCCTCA 

 193 bps 
GGCGTTCTTCGCCTTGCCCT 

MYH7 NM_000257.2 
CCGAGGAGGCGGAGGAGCAA 

217 bps 
GCATGGGGCTTTGCTGGCAC 

MYL2 NM_000432.3 
TTGCTGCCCTTGGGCGAGTG 

 273 bps 
GGGGGAAGGCGGCGAACATC 

MYL7 NM_021223.2 
AGCCACCAAGCAGGCCCAAC 

172 bps 
TGGGACACTCACCTTCCCCAGC 

CASQ2 NM_001232 
TCGCCTGCGCCCAGAAGAAAT 

205 bps 
CCAGTAGGCAACGAGCAGAGGAA 

NPPA NM_006172.3 
GGGCCCCTGGGACTCCTCTG 

115 bps 
CCTGTCCATCCTGCCCCCGA 

ATP2A2 NM_001681.3 
ACCTGGAACCTGCAATACTGGAGTAAC 

128 bps 
CCCCAACATCAGTCATGCACAGGG 

SLC8A1 NM_001112800 
AGTGCCAGACACATTTGCCAGC 

129 bps 
GCGATGGACCAGGCCACACC 

RYR2 NM_001035.2 
AGAGCCGAAGTGTGCAGCGG 

213 bps 
CCGCTGGGCCTTGAAGCCAT 

PLN NM_002667 
AACTCCCCAGCTAAACACCCGT 

167 bps 
ACCAGCAGGACAGGAAGTCTGAA 

MYH11 NM_002474 
AGTATCACGGGAGAGCTGGA 

217 bps 
ATGTCCTCTCGTCTCTGGCT 

ACTA2 NM_001613 
GCCAAGCACTGTCAGGAATC 

213 bps 
GTCACCCACGTAGCTGTCTT 

COL1A1 NM_000088 
AAGGCCAAGTCGAGGGCCAAGA 

246 bps 
TTTCTTGGTCGGTGGGTGACTCTGA 



COL1A2 NM_000089 
AGGGCCAGGGAAACTTTTGCCG 

300 bps 
TCCGGCTGGGCCCTTTCTTACA 

GATA4 NM_002052 
TCATCTCACTACGGGCACAG 

233 bps 
GGGAAGAGGGAAGATTACGC 

TBX5 NM_181486 
AAAGAATATCCCGTGGTCCC 

291 bps 
TTCACTGGGTGATGTCTCCA 

MEF2C NM_002397 
ACACCGCCAGCGCTCTTCAC 

237 bps 
CCTCGTGGCGCGTGTGTTGT 

MYOCD NM_153604 
CAAGCCAAAGGTGAAGAAGC 

177 bps 
TAGCTGAATCGGTGTTGCTG 

NKX2-5 NM_004387 
CCTCAACAGCTCCCTGACTC 

201 bps 
GGGGACAGCTAAGACACCAG 

ACTB NM_001101 
ACAGAGCCTCGCCTTTGCCGAT 

196 bps 
CATGCCCACCATCACGCCCTG 

    

 

 

Supplementary Table 2. Primers used for gene expression analysis.  

 


