Systematic Identification of Barriers to Human iPSC Generation

Induced pluripotent stem cell (iPSCs) technology has taken many leaps and bounds over the last few years, but the low efficiency of reprogramming coupled with the extended time required to generate iPSCs still represent a huge problem to all working in the field. Various studies have begun to reveal what barriers we need to “remove” to enhance the reprogramming process but, until now, no-one has studied barriers using a genome-wide functional screen. Researchers from the laboratories of Michael T. McManus, Jun S. Song, and Miguel Ramalho-Santos have utilised a sophisticated short hairpin RNA (shRNA)-based genome-wide screen with enhanced analytical techniques to identify genes, pathways and interacting pathways to target in order to improve iPSCs generation efficiency [1].

The authors assessed the function of nearly 20,000 genes at 30 shRNAs per gene [2] in the reprogramming of human fibroblasts with OCT4, SOX2, KLF4, MYC and p53i. Following reprogramming, the group purified cells based on TRA-1-81 positivity, a marker for fully reprogrammed human iPSCs, and assessed genomic DNA for integrated shRNA. This technique, followed by complex statistical analysis, enabled the identification of 956 hits whose downregulation positively affected reprogramming, and therefore represented barriers to the reprogramming process. This process uncovered known barriers to reprogramming (26) which validated the process and provided positive control hits. These included genes associated with tumor suppression (CDKN2B), epithelial-to-mesenchymal transition (TGFBR2), heterochromatin (EHMT2, MECP2, RBL2, SMARCC2), extracellular matrix and adhesion (ARHGAP26, RHOC, CD44), as well as targets of miRNAs known to enhance human reprogramming efficiency, such as miR-17, miR-200, and miR-372.

Analysis of other hits identified genes associated with three main processes as barriers to reprogramming: 1) ubiquitination, 2) cell adhesion and extracellular matrix interactions, and 3) endocytosis.

1) ubiquitination

· Conjugating enzymes (UBE2D3, UBE2E3), ubiquitin ligases (RNF40, FBXW7, NEDD4, MARCH3), and deubiquitination enzymes (USP9X, OTUB2). 

· This correlates to previous studies in mice [3].

2) cell adhesion and extracellular matrix interactions

· Factors needed for filament assembly, branching and disassembly (Actin, coronin, and RHOC), and proteins with documented interactions with the extracellular matrix (MMP14, ADAM7, ADAM21, and ADAM29).

· The disintegrin domain of ADAM proteins represents a potent reprogramming barrier, and interacts with integrins through an ECD tripeptide motif. The authors propose that ECD-containing ADAM proteins may antagonize an integrin switch that occurs during reprogramming to pluripotency.

3) endocytosis

· Receptor targeting ubiquitin ligases (MARCH3, RNF40, NEDD4); the mediator of vesicle transport, clathrin (CLTA); plasma-membrane remodeling and early-endosome fusion genes (EHD2, RABEP1); and endosomal/lysosomal surface proteins (MCOLN1, VPS25, ARSD, HSPA8, SCARB2, SLC17A5, DRAM1). 

· Clathrin-specific inhibitors, Pitstop1 and Pitstop2, dramatically increased reprogramming efficiency.

· The authors propose that clathrin-mediated endocytosis may modulate reprogramming via the TGF-signaling pathway.

siRNA-mediated knockdown of the genes listed above allowed improvements in iPSC generation, although not by accelerating cell expansion rates, and boosted the levels of pluripotency associated factors such as OCT4.

Finally, the authors assessed their hits in relation to known interactions which have been previously published. From this search, the authors identified RNF40 as being an important integrating factor and therefore important to reprogramming. RNF40 encodes an E3 ubiquitin-protein ligase and contains a RING finger motif involved in protein-protein and protein-DNA interactions. Interestingly, modulation of RNF40 expression also mediated changes in other genes identified as barriers to reprogramming, both positive and negative, likely due to its role in regulating the levels of transcription factors such as OCT4 and in ubiquitinating H2B. Inhibition of RNF40 also boosted reprogramming efficiency, as expected, and acted in a synergistic manner when inhibited alongside many of the other barrier factors identified. This last point suggests that many of these pathways may have complex interactions which combine to have a combinatorial effect on the reprogramming process.

Overall, this detailed study has identified not only factors which can be modulated to control the generation of iPSCs but allows us a further glimpse at the complexities of the reprogramming process and the environment of the pluripotent state. Encouragingly, the authors have taken this data and presented it as a fully searchable integrative online resource to facilitate studies of reprogramming by the entire community.
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