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Figure S1, Related to Figure 1. Effects of the TGF-β inhibitor on reprogramming.  (A) E-CADHERIN expression 

changes during reprogramming without (top panels) and with A83 (bottom panels). (B) Confocal microscopy images of 

E-CAD and CD44 expression at day 6 of reprogramming without (top panels) and with A83 (bottom panels). Scale bar 

is 50 μM. (C) Numbers of Nanog-GFP+ colonies in the absence (Cont) or presence of A83 for 16 days (16d+), only the 

first 6 days (6d+, 10d-), and the last 10 days (6d-, 10d+). These experiments were performed in the absence of VitC. (D) 

Nanog-GFP- or GFP+ cells in gate 1, 2, 3 on day 10 of reprogramming without (top) or with A83 (bottom) were sorted. 

Ten days after continuous reprogramming in the absence of A83, numbers of Nanog-GFP+ colonies were counted. Graphs 

represent averages of 3 independent experiments with 2 technical replicates. Error bars indicate standard deviation (s.d.). 

*P-value <0.05 based on a one-sided t-test.  

 

 

  



 

Figure S2, Related to Figure 2. Effects of the TGF-β and SMAD3 inhibitors on p-SMAD3 levels. (A) A close up of 

whole well images with Celigo imaging cytometer. Cells at day 4 of reprogramming without inhibitors (left), with A83 

(middle) or SIS3 (right) were stained for p-SMAD3. Numbers of mOrange+ cells with strong p-SMAD3 foci in each well 

were quantified with segmentations as indicated. Scale bar is 100 μM. (B, C) Close up images of wild type MEFs cultured 

for 1 hour (B) or 4 days (C) without inhibitors (Cont, -), with A83 or SB43, stained and quantified for p-SMAD3 as 

shown. The 1 hour treatments groups were serum starved for 1 hour prior to treatment in ES media. Scale bars are 100 

μM. 

 

  



 

 

Figure S3, Related to Figure 3. Mouse and human cell reprogramming with Smad2/3CA. (A) Whole well images 

of reprogramming with control, Smad2CA, Smad3CA, or Smad2CA plus Smad3CA expression vector on day 15. Scale 

bar is 1 cm. (B) Flow cytometry analysis for CD44, ICAM1, MEFSK4, CD47, CD73 and CD104 during 

reprogramming in the presence (Sm3CA) and absence of (Control) of Smad3CA expression. (C) Whole well images of 

reprogramming with control, A83, Smad3CA, or A83 plus Smad3CA expression vector on day 15. (D) Reprogramming 

of Smad2/3 double knockout MEFs. An ESC line with a Nanog-GFP reporter, doxycycline (dox)-inducible MKOS-ires-

mOrange, CAG promoter-driven rtTA, EF1a promoter-driven Cas9 was used to generate transgenic (Tg) MEFs. A 

portion of Tg MEFs were used to determine contribution of Tg cells by measuring the % of mOrange+ cells 2 days after 

dox administration. MEFs from each embryo with >90% Tg cell contribution were pooled and used for further 

experiments. Infection of gRNA expression viruses was performed onto >90% Tg MEFs and loss of SMAD2/3 protein 

was assessed 72 hours after infection. A mixture of Tg MEFs and wild-type (WT) MEFs (5 : 95) was infected with the 

same gRNA expression viruses in parallel and reprogrammed by administration of dox after 24 hours after infection in 

the presence or absence of A83. (E) Human dermal fibroblast reprogramming using episomal vectors with 6 factors (6F; 

OCT3/4, SOX2, KLF4, L-MYC, LIN28, shRNA against P53) with Smad2CA or Smad3CA. NANOG+ colony numbers 

were evaluated on day 21 of reprogramming. Graph represents averages of 3 independent experiments, with 2 technical 

replicates. Error bars indicate standard deviation (s.d.). *P-value <0.05 based on a one-sided t-test. Image shows a 

typical NANOG+ colony in 6F+Smad3CA reprogramming. Scale bar is 100 μM. 

 



 

 



Figure S4, Related to Figure 4. Accelerated gene expression changes toward a pluripotent state by Smad3CA. (A) 

Global gene expression comparison between +Sm3CA reprogramming Nanog-GFP+ cells on day 15 and ESCs. (B) 

Pluripotency gene expression changes during reprogramming with control (Cont) or Smad3CA (+Sm3CA) vector 

expression. Among 30 pluripotency genes highlighted in Figure 3A, 11 genes with >2-fold expression in the +Sm3CA 

sample compared to the control sample on day 10 are shown. Mean read counts of triplicates were normalized by the 

values of the +Sm3CA Day 10 sample. (C) Scaled expression profiles for genes clustered by similar expression patterns 

during reprogramming with control (Cont) and Smad3CA (+Sm3CA) vector expression. The blue and red lines represent 

mean values of each cluster. Numbers of genes in each category are indicated in each panel. (D) Distribution of genes 

classified in each category in control (left) and +Smad3CA (right) reprogramming. Asterisks indicate cross-classified gene 

groups with more than 100 genes. (E-I) Un-scaled expression patterns of the cross-classified gene groups *E-I in D. The 

median values of normalized counts in each group are indicated as blue or red lines from control or +Smad3CA 

reprogramming, respectively. (J) Gene ontology enriched in *E-G groups with PANTHER (Thomas et al., 2003). No 

enrichment was observed in *H-I groups. 

  



 

Figure S5, Related to Figure 6. Smad3 binds to Cebpα-bound genomic loci during transdifferentiation from B 

cells to macrophages. (A) Three Smad-binding motifs found by motif discovery in the vicinity of 4211 Cebpα peak 

summits. The Cebpα ChIP-seq was performed 18 hours after its induction in primary mouse CD19+ B cells. 

(GSE71218) (Di Stefano et al., 2016) (B) Venn diagram showing numbers of the three motifs from (A) and the overlap 

between them. (C) Gene Ontology (GO) enrichments for Cebpα target genes associated with indicated Smad motif from 

(A). (D) Representative snapshots of loci showing binding of Cebpα (ChIP-seq data in black) and occurrences of Smad-

binding motifs (red vertical lines, vertical axes represent the weight of the motif matrix at this position). Cebpα ChIP-

seqs were performed in mouse CD19+ B cells (0 Hr) (GSE71218), 18 hours after the induction of Cebpα (18 Hrs) 

(GSE71218) and in mouse primary macrophages (PrM) (GSE53362) (van Oevelen et al., 2015). (E) Validation of Smad 

binding by ChIP-qPCR in C10 pre-B cell line induced for Cebpα expression for 18 hrs. S.D. are from two biological 

replicates (* P<0.05). 



 

Figure S6, Related to Figure 7. Characters of iNs generated in the presence and absence of Smad3CA. (A) A 

summary of the main electrophysiological intrinsic membrane parameters measured for hiNs induced with ABMN 

(Cont) or ABMN plus Sm2CA or Sm3CA (25d after conversion). Both membrane capacitance and Na+, K+ currents were 

significantly greater (P<0.05 unpaired t-test) in +Sm2/3CA conditions compared to control, indicating a more mature 

neuronal phenotype. (B) Representative trace of whole-cell currents from hiNs induced with ABMN and Sm3CA. Trace 

shows inward sodium (Na+) and outward potassium (K+) currents upon depolarization indicative of functional 

expression of these membrane receptors and a neuronal and mature phenotype. 14 of 15 cells showed the recorded 

activity. (C) Expression of glutamatergic and GABAergic neuron associated genes. Day 23 ABMN (D23 Cont) iNs in 

pale blue and ABMN+Smad3CA (D23 +Sm3CA) iNs in pink. Mean read counts of triplicates from the RNA-seq are 

shown. Error bars indicate standard deviation.  


