
Clinical translation of human pluripotent stem cells (hPSCs) requires advanced strategies that ensure safe and robust
long-term growth and functional differentiation. Pluripotent cells are capable of extensive self-renewal, yet remain
highly sensitive to environmental perturbations in vitro, posing challenges to their therapeutic use. Here, we deployed
innovative high-throughput screening strategies to identify a small molecule cocktail that dramatically improves viability
of hPSCs and their differentiated progeny. We discovered that the combination of Chroman 1, Emricasan, Polyamines,
and Trans-ISRIB (CEPT) enhanced cell survival of genetically stable hPSCs by simultaneously blocking several stress
mechanisms that otherwise compromise cell structure and function. In proof-of-principle experiments we then
demonstrated the strong improvements that CEPT provided for several key applications in stem cell research,
including routine cell passaging, cryopreservation of pluripotent and differentiated cells, embryoid body (EB) and
organoid formation, single-cell cloning, and establishment of genome-edited new iPSC lines. Thus, CEPT represents a
unique polypharmacology strategy for comprehensive cytoprotection, providing a new rationale for efficient and safe
utilization of hPSCs. Conferring cell fitness by multi-target drug combinations may become a common approach in
cryobiology, drug development, and regenerative medicine.

A Versatile Polypharmacology Platform Promotes Cytoprotection And Viability 
Of Human Pluripotent And Differentiated Cells

Yu Chen*, Carlos A. Tristan*, Lu Chen, Vukasin M. Jovanovic, Claire Malley, Pei-Hsuan Chu, Seungmi Ryu, Tao Deng, Pinar Ormanoglu, Dingyin Tao, 
Jaroslav Slamecka, Sam Michael, Christopher P. Austin, Anton Simeonov, Ilyas Singeç

National Center for Advancing Translational Sciences (NCATS), Stem Cell Translation Laboratory (SCTL), NIH, Rockville, MD 20850

Abstract

Results 

Funding Source: NIH Common Fund; NCATS Intramural Research

1. We developed a novel small molecule cocktail named “CEPT” by iterative screening of 
nearly 16,000 compounds in 1536-well format (total of 304,128 wells) including 
combination screening and ultra-low cell density screening to model cellular stress.

2. CEPT is cytoprotective and highly efficient in improving cell survival during routine cell 
passaging, single-cell cloning, EB formation, cryopreservation/thawing, genome editing 
(data not shown), and establishment of new iPSC lines (data not shown).

3. The versatility of CEPT provides a powerful chemical platform for establishing efficient and 
clinically-relevant protocols for hPSCs and may become a widely used approach in drug 
development, cryobiology, and regenerative medicine.

Summary 

Fig. 1: New ROCK inhibitor Chroman 1 is 
superior to Y-27632
A. Cell survival assay in 1536-well format for 
quantitative HTS (500 cells/well; full dose-response 
curves for all compounds). B. Quantification of dead 
cells after cell passaging showing that the use of
Chroman 1 results in lower rates of cell death as 
compared to Y-27632. Improved cell survival in the 
presence of Chroman 1 versus Y-27632 was also 
validated using other assays such as CellTiter-Glo 
(see Fig. 2D).

Fig. 2: Combinatorial matrix screen identifies compounds with synergistic activities (Chroman 1 + Emricasan)
A. Heat-map summarizing the maximum CellTiter-Glo (CTG) readings of all-versus-all dose matrices for 29 compounds 
(812 drug-drug combinations tested in total). CTG readings were normalized to the value obtained with 10 µM Y-27632 
representing 100% (control). B-C. hESCs (WA09) were dissociated with Accutase and plated on vitronectin in E8 
medium. C+E reduced the number of apoptotic cells measured by Caspase 3/7 green detection reagent (24 h post-
plating). D. CTG was used to quantify cell survival 24 h post-plating. Note that C+E is superior to ROCK inhibition alone.

Fig. 3: Ultra-low cell density screening identifies additional cell survival factors, establishing the CEPT cocktail 
A. Summary of qHTS performed at ultra-low cell density (10 cells/well). B. Hits were tested in combination with C+E and 
Trans-ISRIB was found to provide potent synergistic activity. C. Testing of additional conditions in various cell-based 
assays also identified a combination of polyamines (putrescine, spermidine, spermine) as beneficial, however, the 
combination of the four-factor cocktail CEPT was the most efficient and reproducible condition for hPSC survival. 

Fig. 5: Superior EB formation by CEPT 
A. EB formation in the presence of DMSO, Y-27632 and CEPT. See the dramatic difference in EB numbers 24 h after plating equal 
numbers of hESCs (WA09) dissociated by Accutase. B. Single EBs generated in Aggrewell after cell counting and plating a defined 
number of cells. C. Treatment with CEPT improves cell survival and yields EBs with larger diameter as compared to Y-27632.

Fig. 6: CEPT improves thawing of cryopreserved hPSCs and differentiated cells
A-C. Cryopreserved hESCs (A, B) and iPSC-derived cardiomyocytes, hepatocytes, astrocytes, and motor neurons (C) were thawed 
and plated in DMSO, Y-27632 and CEPT. Caspase-3/7 green detection reagent and the CellTiter-Glo assay were used to monitor 
apoptosis and quantify cell survival at 24 h. All cell types tested show significantly improved survival after CEPT treatment.
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Parts of this study were published in Chen et al., 2019 (bioRxiv)

Fig. 4: CEPT improves single-cell survival in bona fide cloning experiments (one cell per well)
A. Different hPSC lines were tested for cloning efficiency in the presence of Y-27632 or CEPT by using a microfluidic cell dispenser.  
B. Comparison of Y-27632, CEPT and the commercially available reagent CloneR. C. Video microscopy of a cloning experiment by 
using CEPT captured single cell survival, proliferation, and formation of a hPSC colony over the course of 7 days.
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Fig. 7: CEPT provides cytoprotection and prevents DNA damage during hPSC passaging 
A. Western blot showing markers for DNA damage and cellular stress during routine passaging of hPSCs and mitigation by CEPT. 
B. Comet assay reveals that CEPT is superior to Y-27632 and other commercially available reagents in preventing DNA double-
strand breaks during cell passaging (6 h post-plating). C. Schematic summarizing the findings in stressed versus cytoprotected
hPSCs and the advantages of using CEPT (for more details see Chen et al., 2019, bioRxiv)
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