
 
 

 



 
 

Supplementary Figure 1 

Reprogramming of fibroblasts with different media. 

(a) Microfluidic chip design for reprogramming. Each chip is built on common microscope glass slides and can 

be placed in a standard Petri dish with a phosphate buffer bath to ensure a sterile humidified environment. Fresh 

medium is dispensed using a standard micropipette through the inlet of the microfluidic channel. The exhausted 

medium is then collected from the outlet on the other end of the channel. (b) DPPA5, a gene associated with 

naïve pluripotent cells, is expressed during the later stages of conventional primed reprogramming in 

microfluidics. Expression of DPPA5 is calculated relative to naïve Reset H9 cells in 2iLGo21, in red. GAPDH 

served as a loading control. Mean and s.d., n=3 technical replicates. (c) Fibroblasts were exposed to 2iL from 

the beginning of the reprogramming protocol. In parallel we performed a conventional reprogramming in PRM 

as a control. We observed that by day 6 in PRM fibroblasts executed the Mesenchymal to Epithelial transition 

(MET)23  (top left, see also Figure 1e). In contrast, fibroblasts exposed to 2iL underwent senescence by day 6 

(bottom left and Supplementary Figure 1d) and failed to execute MET. By co-transfection of a nuclear localized 

GFP (nGFP) mmRNA we also observed that in PRM cells efficiently expressed nGFP, while 2iL had a negative 

impact on transfection efficiency on primary fibroblasts (left). At day 12 we did not observe formation of 

colonies in the constant presence of 2iL, whereas cells reprogrammed in parallel in PRM generated several 

colonies (right panels) that could be expanded as primed iPSCs, giving rise to a stable line called HPD00. 

Representative pictures of 2 biologically independent experiments. (d) Fibroblasts cultured in 2iL under CCC 

for 5 days show limited proliferation, pronounced cell flattening and spreading compared to control in 

conventional expansion medium containing FBS (left).  EdU assay and nuclear staining confirm scarce 

proliferation in 2iL with enlarged and flattened nuclei (center). Reduced proliferation and senescence status 

after 5 days in 2iL are also indicated by decreased expression of cyclin CCNA2 and increased interleukin IL6, 

respectively. Expression relative to the highest value was calculated. Mean and s.d., n=2 biologically 

independent experiments. GAPDH served as loading control. (e) Fibroblasts were daily transfected for 6 days 

using OSKMN and nGFP to monitor the efficiency of transfection, and were exposed to the media and 

inhibitors indicated above each panel. Only fibroblasts transfected in PRM alone or with the addition of CH 

were efficiently transfected. Representative pictures of 2 biologically independent experiments. (f) We 

reinvestigated the effect of addition of LIN28 mmRNA to the OSKMN cocktail in 2iLGo+KSR+Ri in hypoxia 

(Fig. 1j-k) and observed a marked reduction in efficiency, in line with the role of LIN28 as a factor promoting 

primed pluripotency (Zhang et al., 2016). n=5 biologically independent experiments for -LIN28 condition, 

shown also in Fig. 1h; n=2 biologically independent experiment for +LIN28 condition shown in different 



 
 

shades of orange. Each dot represents a technical replicate. Black bars represent means. (g) 

Immunofluorescence on freshly BJ-derived niPSCs (D15) using different naïve supporting media from day 6 of 

the reprogramming protocol. Tiling of entire microfluidic channel is shown. Fibronectin (Fn) is used as initial 

coating. Representative pictures of 2 biologically independent experiments. (h) Left, immunofluorescence on 

freshly BJ-derived niPSCs (D15) using different initial coatings: Fibronectin (Fn), Matrigel (Mt) or Laminin 

(Ln). Tiling of entire microfluidic channel is shown. Right, quantification of colonies for each condition. 

Primary colonies were quantified at day 12 either by their compact morphology (green dots) or by the 

expression of KLF17 and POU5F1/OCT4 (red dots) after immunostaining. Dots represent technical replicates, 

black bars indicate means. n=2 biologically independent experiments shown in different shades of red and 

green. Scale bars (d) 50 µm, (c, e) 200 µm (c, D12 PRM) 100 µm. See Supplementary Table 2 for source data. 

 



 
 

 



 
 

Supplementary Figure 2 

Immunofluorescence staining of freshly-derived naïve-like colonies. 

(a) Top view of entire microfluidic culture channels at the end of reprogramming (top) and high magnifications 

photos (bottom) acquired on an automated epifluorescence microscope or a confocal microscope, respectively. 

Naïve-like colonies derived from BJ fibroblasts at day 15 (12 days of reprogramming followed by 3 days 

without transfection to allow clearance from mmRNA-derived proteins) express various naïve-associated 

markers (TFCP2L1, KLF17, DNMT3L, DPPA3, TFE3, KLF4) together with shared pluripotency markers 

(NANOG, POU5F1) and did not show significant levels of a primed-related marker (SSEA4). See also Figure 

S1a for a description of the microfluidics culture system. n=2 independent biological experiments. (b) Top view 

of microfluidic culture channels at the end of reprogramming and relative magnifications using HFF-1 as an 

alternative reprogramming sample. Colonies show expression of naïve markers comparable to reprogrammed 

BJ samples. n=2 independent experiments. (c) niPSCs derived from female WI-38 lung fibroblasts at passage 3 

show proper expression of naïve markers. (d) niPSCs (passage 8) derived from primary fibroblasts (passage 5) 

isolated from an 80 years old female donor. HPD09 niPSCs express several naïve markers, with no detectable 

expression of primed or differentiation markers. Scale bars (a-b, d) 50 µm, (c) 20 µm. 	



 
 

 



 
 

Supplementary Figure 3 

niPSCs cultures and DNA characterization. 

(a) Bright-field cultures of different niPSCs lines. Numerous and homogenous dome-shaped colonies are 

prolonged culture, indicating a stable phenotype. (b) Clonal assay of different niPSCs lines replated as single 

cells (2000 cells per well of a 12 well plate) in presence of murine feeders. The number of AP-positive colonies 

is reported. n=1 biologically independent experiment. (c) DNA content assessed by propidium iodide and 

cytofluorimetric analysis. Only HPD01 (p10) and HPD07 (p23) showed a preponderant tetraploid population 

after several passages in CCC and RSeT. Six passages after sorting (p16), HPD01 showed a diploid-like profile 

ad was used thereafter for other characterizations. DNA content is routinely measured during expansion of 

niPSCs. Representative samples are presented. Bottom panels show the gating strategy: the gate on the FSC-

A/SSC-A plot (left) eliminated cell debris, while the gate on the plot FSC-A/FSC-W (right) eliminated cell 

doublets.  See also Figure S3d. (d) Q-banding of niPSC lines showing normal karyotypes. Similar results were 

obtained in 12/12 metaphases for HPD02, 14/14 metaphases for HPD03, 11/11 metaphases for HPD04 and 

12/12 metaphases for HPD06. Scale bars (a) 200 µm, (b) 1 mm. 

 



 
 

 



 
 

Supplementary Figure 4 

Unsupervised clustering of RNA-Seq data. 

(a) Heatmap of all differentially expressed genes shows three main clusters that distinguish somatic cells, 

primed PSCs and naïve PSCs. The transcriptional profile of niPSCs is comparable to other human naïve PSCs. 

Primed PSCs obtained from BJ fibroblasts by expression of OSKMN mmRNAs in microfluidics (Figure 1e) 

called HPD00 display a transcriptome similar to other primed PSCs. (b) Heatmap of unsupervised hierarchical 

clustering based on pluripotency associated markers of data from Kilens et al. Human iPSCs were generated in 

4 different media and profiled by DGE-Seq. Expression values in UMI Per Million (UPM), obtained from 

Supplemental Data 1 of Kilens et al., were log2 transformed and row centred. Naïve HNES1 cells in t2iLGö 

and primed H1 and H9 hESCs in mTeSR1 serve as controls. Note that iPSCs generated in RSeT either cluster 

with other naïve PSCs cultured in t2iLGö, or are in separate clusters with an intermediate phenotype. (c) 

Principal components analysis (PCA) of RNA-sequencing samples from this study together with DGE-

Sequencing samples from Kilens et al. Naïve HNES1 cells in t2iLGö and primed H1 and H9 hESCs in mTeSR1 

(empty circles) serve as controls. To allow comparison between data generated with two different techniques, 

expression values were z-scored (see Methods). In the PCA only Differentially Expressed Genes used in Fig 3c 

were analysed for consistency. Naïve iPSCs generated in this study cluster together with naïve PSCs expanded 

in t2iLGöY by Kilens and colleagues. Note also that iPSCs generated in RSeT (pink) show either a naïve or 

intermediate phenotype. (d) Heatmap showing expression of various genes monitored at different days of 

reprogramming towards primed or naïve pluripotency. Mean-normalised values are expressed in log2 scale. See 

also Supplementary Figure 8 for a comparison of different media on human PSCs expansion. See 

Supplementary Table 2 for source data. 

 



 
 

 
 

Supplementary Figure 5 

Histone and DNA methylation in niPSCs. 

(a) Histone methylation H3K9me3 distribution in H9 primed pluripotent stem cells and several niPSC lines 

evaluated by immunofluorescence. Nuclei of representative niPSC colonies have limited and more evenly 

distributed H3K9me3 signal, compared to the dense and discrete foci in primed cells, that are indicative of 

constitutive heterochromatin regions. The right panels show quantification by image analysis of H3K9me3 

signal in randomly selected nuclei. (b) Methylation profiles from RRBS analysis showing the distribution of 



 
 

modifications from non-methylated (0) to hyper-methylated regions (1). Both fibroblasts and primed HPD00 

show a bimodal distribution, with a large fraction of hyper-methylated regions (>0.8). In contrast, niPSCs show 

only a small portion of hyper-methylated regions, as previously reported for human blastocysts in Smith et al., 

2014 - Nature. Scale bars 10 µm. See Supplementary Table 2 for source data. 



 
 

 



 
 

Supplementary Figure 6 

niPSCs differentiation. 

(a) Immunofluorescence analysis of niPSCs HPD06 and primed iPSCs HPD00 competent to differentiate in the 
three germ layers upon specific stimuli. Representative pictures of 1 biologically independent experiment. (b) 
Immunofluorescence analysis of niPSCs-derived EB outgrows. Cell clusters expressing ectodermal, 
mesodermal or endodermal associated markers were detected after 22 days of spontaneous differentiation. 
Representative pictures of 1 biologically independent experiment. (c) Detailed qPCR analysis of EBs after 50 
days of differentiation. See also Figure 6c. Expression relative to the highest value was calculated. Mean and 
s.d., n=2 biologically independent experiments. GAPDH served as loading control. Scale bars, 50 µm. See 
Supplementary Table 2 for source data. 



 
 

 

 

Supplementary Figure 7 

niPSCs terminal differentiation and reprogramming in CCC and other confined systems. 

(a) HPD06 niPSCs were differentiated for 15 days in hepatic-like cells expressing HNF4A and CYP3A. 

Representative pictures of 2 biologically independent experiments conducted in 2 niPSC lines. (b) After 22 



 
 

days following a neuronal differentiation protocol, HPD06 were converted in elongated neural cells expressing 

typical cytoskeletal markers TUJ1 and MAP2. Representative pictures of 2 biologically independent 

experiments. Scale bars 50 µm. (c) In situ immunofluorescence at day 15 after 12 days of reprogramming in 

microfluidic platforms with different culture channel heights: 100, 200 (standard), 500, 1000 µm. 

Representative pictures of 2 biologically independent experiments. Scale bars, 50 µm. 



 
 

 

 

Supplementary Figure 8 

Impact of different media on the human pluripotent state. 

(a-b) Left: We compared primed H9 hESCs, naïve H9 cells, obtained by expression of NANOG+KLF2 in 

t2iLGö as described by Takashima and colleagues20, and primed H9 cells cultured in RSeT on feeders for 6 

passages. H9 cells in RSeT showed reduction of primed markers ZIC2 and OTX2 (b), but only mild activation 

of naïve markers KLF4, TFCP2L1 and DPPA5 (a). This intermediate naïve phenotype is consistent with other 

studies, including the study from Kilens and colleagues30 (See also Supplementary Fig. 4b-c). Conversely, the 

niPSC line HPD01 at passage 16 in RSeT clearly show robust induction of naïve markers, as in naïve H9 cells, 

and abrogation of OTX2 and ZIC2 expression. Right: human BJ fibroblasts were reprogrammed with our 

optimized protocol (in µF with RSeT, see Fig 2a), primary colonies were briefly expanded out of µF on feeders, 

divided in 3 parts and expanded in parallel for a month in RSeT, 4iLA and 2iLGo (panels a-b, right). In the 3 

media we observed comparable levels of naïve markers, and reduced expression of primed markers. Such 

profiles are similar to those of naïve H9 generated and expanded in 2iLGo. These results indicate that RSeT is 

permissive for expansion of different pluripotent phenotypes and does not induce per se rapid and full 

acquisition of naïve pluripotency. Yet, in the context of reprogramming with our methods it performs equally to 

other naïve media for expansion of niPSCs. (c) Naïve iPCs generated in RSeT and subsequently expanded in 

2iLGo were analysed by immunostaining and displayed homogenous signal for naïve markers and absence of 



 
 

SSEA4, OTX2 and T. See Supplementary Table 2 for source data. 

	


