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Stem Cell Maintenance and 
Self-Renewal
In order to maintain pluripotency, embryonic stem cells (ESCs) are commonly cultured in the presence 
of feeder cells, serum and growth factors. Several growth factors crucial to maintaining pluripotency 

and hESCs.

In order to alleviate the introduction of possible experimental variability and pathogenic contamination 
that can stem from the use of feeder cells and serum, protocols have been developed to exclude such 
components. Small molecules are valuable components in feeder-free and serum-free conditions, due 

biological effects that are usually rapid, reversible and dose-dependent.

Small molecules can maintain pluripotency by either inhibiting pathways responsible for the induction of 

The addition of small molecules, whether alone or in combination with other reagents, can also aid in 
decreasing the sensitivity to enzymatic dissociation often associated with the passaging of hESC 
cultures.
References:

Archives of pharmacal research,
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NAME
CAS #
CAT. # FUNCTION EFFECT

CELL 
SYSTEM REFERENCE

 

Bisindolylmaleimide 
1i

BIO

All-Trans Retinoic 
Acid

Pluripotin

CHIR 99021

SU 5402

PD 184352

PD 0325901

Pinacidil

Pyrintegrin

ID 8

Y-27632

Rapamycin

Valproic Acid

16,16-dimethyl PGE2

WH-4-023

PD 0325901

CHIR 99021 

SB 590885
(-)-Blebbistatin

Garcinol 

Endo-IWR-1

CHIR 99021

PD 98059

Rosiglitazone 

SAG

SB 203580

SB 216763

Sinomenine 

Retinoid pathway activator

MEK inhibitor

MEK inhibitor

Potassium channel activator

ROCK inhibitor

mTOR inhibitor

inhibitor 
Competitive inhibitor of 

inhibitor

Non-muscle myosin II (NM II) 

stabilizer

inhibitor 

Peroxisome proliferator- 

activator 

Smoothened (SMO) 

  

mESCs
 

mESCs

mESCs

mESCs

mESCs

mESCs

hESCs

hESCs

mESCs

hESCs

hESCs

hESCs

hESCs 
mouse 
epiblast SCs

mESCs

mENSCs

mENSCs

mESCs

mESCs

mESCs

Chem. 
Biol. 

Sato, N.  Nat. Med. 

Stem Cells 

Chen, S., PNAS U.S.A. 

Nature 

Nature 

Stem Cell 
Res. 

PNAS U.S.A. 

Miyabayashi, T.  
Biosci. Biotechnol. 
Biochem. 

Krawetz, R. Tissue 
Eng. Part C: 
Methods

Cancer Res. 

Exp. 
Cell Res.

Cell Stem Cell 

Cell Stem 
Cell 

Nat. 
Commu.

PNAS U.S.A. 

Neurosci. Lett. 

PNAS U.S.A. 

PloS one 

Cell Stem Cell 

Cell Stem Cell 

Enhances ESC self-renewal

Maintains ESC self-renewal

Maintains feeder-independent self- 
renewal 
Promotes self-renewal 

mESCs
Enhances ESCs survival

Enhances hESCs survival after 
enzymatic dissociation

Sustains self-renewal and 
pluripotency

feeders or matrices 

Stimulates proliferation and self- 

Prevents differentiation and preserves    
self-renewal 

naïve hESCs

Improves cell survival and cloning 

Promotes ex vivo expansion of        
hESCs

SCs and hESCs self-renewal

Enhances the growth and self-         
renewal of mESCs

Stimulates mENSCs proliferation and
inhibits neuronal differentiation

Induces proliferation and survival of 
neuronal and glial precursors 

Enhances the growth and self-        
renewal of mESCs

Maintains mESCs in an       
undifferentiated, pluripotent state        

Promotes self-renewal in cultured  
hESCs and mESCs



NAME FUNCTION EFFECT
CELL 
SYSTEM REFERENCE

CAS #
CAT. #

1224999

Sodium Butyrate

StemRegenin 1

L-Ascorbic Acid

OAC-1

CHIR 99021

PD 0325901

PD 173074

Valproic Acid

Gö 6983

A 83-01

CHIR 99021

PD 0325901

histone deacetylase 

agent 

Oct4 activator 

MEK inhibitor

inhibitor 

inhibitor

PKC inhibitor 

MEK inhibitor

mESCs

mESCs

  

MSCs

mESCs

mESCs

mESCs

riPSCs

Cell 
Stem Cell

Csaszar, E. Cell 
Stem Cell

Choi, K.-M., J. 
Biosci. Bioeng. 

Leukemia. 

Nature 

Nature 

Chaurasia, P.       
J. Clin. Invest. 

Stem 
Cells

Cell Stem 
Cell 

Promotes self-renewal in cultured  
hESCs and mESCs

Supports self-renewal of hESCs and 
mESCs

Promotes maintenance and         

Supports proliferation of MSCs

Mediates ex vivo expansion of cord

progenitor cells 

mESCs

Maintains the undifferentiated state         
of mESCs 

Mediates ex vivo expansion of cord 

and progenitor cells

Inhibits differentiation and maintains 
pluripotency in mESCs 

renewal of riPSCs
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Chemically Induced Pluripotent       
Stem Cells (iPSCs)
The use of hESCs in research and for therapeutic applications is a controversial issue due to a 
combination of religious, political and ethical considerations. This has led researchers to concentrate 

opened new avenues for the research of regenerative medicine, disease modeling and drug discovery.

The use of iPSCs introduces a major safety concern related to possible tumorigenicity from viral 
integration of transcription factors and transgene alterations. This concern has led to the development 

practical purposes. 

Since small molecules have the ability to modulate gene expression through the regulation of 

References:

Frontiers in Biology, 

     molecule compounds. Science, 

Stem cells 
     international,

     somatic cell reprogramming. J Cell Sci,



NAME EFFECTFUNCTION

REQUIRED
TRANSCRIPTION
FACTORS HOST REFERENCE

CAS #
CAT. #

 

 

 

 

SB 431542

(+)-Bay K8644

BIX-01294

3-Deazaneplanocin   
A

CHIR 99021

Forskolin 

Valproic Acid  

Tranylcpromine 

E-616452

TTNPB

Forskolin

D 4476

DBZ

Kenpaullone

LY-364947

Valproic Acid

Valproic Acid

PP1

PD 0325901

CHIR 99021

Tranylcypromine

A 83-01

PS48

Sodium Butyrate

Replaces Sox2 in the 
reprogramming of       

Sox2 and c-Myc in the 
reprogramming of   

chemical  
reprogramming
(without genetic factors) 

Replaces Oct4 in the 
reprogramming of 

Replaces Oct4 in the 
reprogramming of 

iPSCs 

c-Myc in the 
reprogramming of 

iPSCs 

reprogramming of      

in the reprogramming    

c-Myc in the 
reprogramming of 

iPSCs

Replaces Sox2 in the 
reprogramming of      

reprogramming of 
human epidermal 

c-Myc 

c-Myc

c-Myc

Sox2  and Oct4

Oct4, Sox2, and 
c-Myc

c-Myc

Oct4 and Sox2

c-Myc

Oct4

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

 

agonist

methyltransferase inhibitor

methyltransferase inhibitor

adenylyl cyclase

inhibitor

Retinoic acid receptor ligand

adenylyl cyclase

inhibitor 

inhibitor

SRC

Inhibits MEK

pathway inhibitor

Phosphoinositide-dependent 

histone deacetylase

Cell 
Stem Cell

Shi, Y. Cell Stem 
Cell 

Science 

Science 

Science 

Nat. 
Chem. Biol. 

Proc. Natl. Acad. 
Sci. U.S.A

Cell 
Stem Cell

Nat. 
Biotechnol. 

Angew. 
Chem. Int. Ed. 

Cell  
Stem Cell



NAME HOST REFERENCEEFFECTFUNCTION

REQUIRED
TRANSCRIPTION
FACTORS

CAS #
CAT. #

 

 

 

 

 

Tranylcypromine

CHIR 99021

Valproic Acid

CHIR 99021

E 616452

Tranylcypromine

Forskolin

EPZ 004777

Ch 55

3-Deazaneplanocin   
A

Valproic Acid

CHIR 99021

E 616452

Tranylcypromine

Forskolin

AM 580

3-Deazaneplanocin   
A

CHIR99021

LDN 193189

A 83-01

Hh-Ag1.5

All-Trans Retinoic 
Acid

SMER28

RG 108

Tranylcypromine

BIX-01294

Valproic Acid

Tranylcypromine

CHIR 99021

E 616452

and c-Myc in the
reprogramming of human 

chemical  
reprogramming   
(without genetic factors) 
of iPSC from neural  
stem cells from the 
ectoderm

chemical  
reprogramming
(without genetic factors) 
of iPSC from small 
intestinal epithelial       
cells from the          
endoderm

chemical  
reprogramming     
(without genetic factors) 

induced neural stem 

Replaces Sox2 and 
c-Myc in the 
reprogramming of neural 
progenitor cells to iPSCs

in the reprogramming         

Oct4

Mouse

Mouse

Mouse

Mouse

Mouse

inhibitor

adenylyl cyclase

Protein methyltransferase 

Synthetic analog of retinoic 
acid

methyltransferase inhibitor

inhibitor

adenylyl cyclase

Retinoic acid receptor    
agonist

methyltransferase inhibitor

inhibitor

pathway inhibitor

activator

Retinoid pathway activator

enhancer (SMER)

methyltransferase inhibitor

inhibitor

Stem Cells 

Cell Res. 

Cell Res. 

Cell 
Stem Cell 

Shi, Y. Cell Stem 
Cell
525

Cell Res. 
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TRANSCRIPTION
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CAS #
CAT. #

 

 

 

 

AMI-5

A 83-01

Cholesterol

Purmorphamine

3-Deazaneplanocin   
A
CHIR 99021

Forskolin

Valproic Acid

Tranylcypromine

E-616452

TTNPB

BrdU

CHIR 99021

Forskolin

E-616452

BrdU

3-Deazaneplanocin   
A
CHIR 99021

Forskolin

Valproic Acid

Tranylcypromine

E-616452

TTNPB

EPZ 004777

AM 580

SGC 0946

5-Aza-2'- 

in the reprogramming     

and c-Myc in the 
reprogramming of      

and c-Myc in the 
reprogramming of          

chemical  
reprogramming    
(without genetic factors) 

chemical  
reprogramming       
(without genetic factors) 

chemical  
reprogramming      
(without genetic factors) 

Oct4

Oct4

Oct4

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Protein Methyltransferase 
(PRMT) Inhibitor

pathway inhibitor

methyltransferase inhibitor

adenylyl cyclase

inhibitor

Retinoic acid receptor ligand

Thymidine analog

adenylyl cyclase

Thymidine analog

methyltransferase inhibitor

adenylyl cyclase

inhibitor

Retinoic acid receptor ligand

inhibitor
Retinoic acid receptor       
agonist
 
inhibitor 

methyltransferase inhibitor

Stem 
Cells 
549

Cell 
Res. 

Cell 
Res. 

Cell Res. 

Cell Res. 

Cell  
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Improving Reprogramming

The use of induced pluripotent stem cells (iPSCs) rather than ESCs avoids those ethical issues often 
associated with the use of hESCs and holds several advantages including the availability to "endlessly" 
generate genetically matching cells, which is important for disease modeling and stem cell 
transplantation.

Since basic mechanisms are similar between ESCs and iPSCs, the small molecules that affect 
fundamental pathways in ESCs have similar effects in iPSCs. Small molecules can be used alone or in 

Efforts are underway to discover new small molecules that can further improve reprogramming 

References:

Stem cells   
     international

     to induced transdifferentiation. Molecular human reproduction, 

Current  
     pharmaceutical biotechnology, 
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CAS #
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Valproic Acid

Suberoylanilide 

Trichostatin A

Sodium Butyrate

AM 580

3-Deazaneplanocin A

TTNPB

SB 431542

Thiazovivin

PD 0325901

A 83-01

RSC-133

Tranylcypromine

Rapamycin

8-Bromo-cAMP

OAC-1

5-Azacytidine

bpV(HOpic)
 

Valproic Acid

Gö 6983

HA-100

PD 0325901

CHIR99021

A83-01

L-Ascorbic Acid

Quercetin

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Increases reprogramming 

Enhances reprogramming 

Increases reprogramming 

Increases reprogramming 

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Nat. 
Biotechnol.

Nat. 
Biotechnol.

Nat. 
Biotechnol.

Mali, P. Stem Cells 

Cell Res. 

Science  

Science  

Nat. Methods 

Cell Stem 
Cell 

Angew. 
Chem. Int. Ed.  

Stem Cells 

Chen, T., Aging Cell 

Cell Res. 

Cell Stem 
Cell 

Proc. Natl. 
Acad. Sci. U.S.A. 

Nature
49

Mol. Ther. 

Stem Cells 

PloS one 

Cell 
Stem Cell 

Cell Stem 
Cell 

Retinoic acid receptor agonist

Epigenetic modulator, Inhibits histone 

Retinoic acid receptor ligand

ROCK inhibitor

mTOR inhibitor

activator

Prolyl-4-hydroxylase inhibitor

Oct4 activator

inhibitor  

PTP and PTEN inhibitor

inhibitor 

PKC inhibitor



NAME FUNCTION EFFECT SPECIES REFERENCE
CAS #
CAT. #

RG 108

Thiazovivin

Increases reprogramming 

Increases reprogramming 

Increases reprogramming Mouse

Shi, Y. Cell Stem  
Cell 

Blood

Mol. Ther. 

ROCK inhibitor
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Chemical 
Transdifferentiation
Regenerative medicine, which can replace lost or damaged cells in a variety of tissues and organs, 

obtained by reprogramming somatic cells into pluripotent stem cells (PSCs), which can then be 
differentiated into the desired functional cells. Transdifferentiation, which refers to the direct lineage 
reprogramming of one specialized somatic cell-type into another without passing through the 

and improved safety.

Changes in cellular fate involve a profound change in gene transcription, which is regulated 

transdifferentiation of a variety of somatic cells within the same germ layer, and even across germ 
layers.

pluripotency. 

of small molecules and growth factors.

References:

     Accounts of Chemical Research

Cell stem cell, 
     

Frontiers of medicine,
     

     somatic cell reprogramming. J Cell Sci,
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NAME FUNCTION
STARTING
CELLS 

TARGET 
CELLS

REQUIRED 
CYTOKINES REFERENCE

REQUIRED 
TRANSCRIPION 
FACTORS 

CAS #
CAT. #

 

 

 

Forskolin

SP 600125

Gö 6983

Valproic Acid

SB 431542

CHIR 99021

ISX-9

Forskolin

I-BET151

Forskolin

PD 0325901

CHIR 99021

Forskolin

SP 600125

SB 203580

AS-8351

CHIR 99021

A 83-01

BIX 01294

SC-1

Y 27632

OAC2

SU 16f

JNJ 10198409

adenylyl cyclase

PKC inhibitor

inhibitor

Inducer of neural 
differentiation

adenylyl cyclase

family inhibitor

glucocorticoid receptor

adenylyl cyclase  

Inhibits MEK

adenylyl cyclase

inhibitor

pathway inhibitor

methyltransferase         
inhibitor         

pathway inhibitor

and ROCK2

Oct4-activating     
compound     
Platelet-derived growth 

inhibitor

Platelet-derived growth 
factor receptor tyrosine 

Mature  
neurons

Mature  
neurons

Cholinergic 
neurons

Naïve or 
“mouse ESC- 

pluripotent 
state

 

Cardiomyocytes

Mouse 

Mouse 
Pancreatic 
cells 

iPSC

fetal lung 

Mouse 
Myoblasts  

Cell 
Stem Cell 

Cell 
Stem Cell 

195)

Shen, C-N. 
Nat. Cell Biol. 

Nat. 
Commu. 

Proc. Natl. 
Acad. Sci. 
U.S.A.

Cao, N. 
Science 

Cell 
Rep.
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CAS #
CAT. #

STARTING
CELLS 

TARGET 
CELLS

REQUIRED 
CYTOKINES REFERENCE

REQUIRED 
TRANSCRIPION 
FACTORS 
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5-Azacytidine

All-Trans  
Retinoic Acid

Valproic Acid

CHIR 99021

E 616452

Sodium        
Butyrate
Lithium Chloride

SB 431542

Trichostatin A

Lithium 
Carbonate

Tranilast

LDN 193189

SB 431542

TTNPB

Thiazovivin

CHIR 99021

Valproic Acid

DAPT

SAG

Purmorphamine

Valproic Acid 

E 616452 

CHIR 99021

E 616452

Forskolin

Valproic Acid

Tranylcypromine

Retinoid pathway     
activator

 

Inhibits histone deacetylase

inhibitors

immunomodulatory    
effects

Retinoic acid receptor  
ligand

ROCK inhibitor

Smoothened (SMO)

Smoothened (SMO)

adenylyl cyclase

Chemical- 
induced   
Neural 
Progenitor  
Cells (ciNPCs)

Chemical- 
induced   
Neural 
Progenitor  
Cells (ciNPCs)

Chemical-              
induced    
Neural 
Progenitor  
Cells (ciNPCs)

neurons

neuroblasts 

Chemical- 
induced 
cardiomyocyte 

(CiCMs)

Sonic 

urinary cells 
and Mouse 

urinary cells 
and Mouse

urinary cells 
and Mouse

cortical 
astrocytes

Mouse 
Neonatal 
and adult 
astrocytes

Mouse 

Pennarossa, 
Proc. Natl. 

Acad. Sci. 
U.S.A.

Cell 
Res.

Cell 
Res. 

Cell 
Res. 

Cell 
Stem Cell 

Cell Res. 

Cell Res. 



NAME FUNCTION
CAS #
CAT. #

STARTING
CELLS 

TARGET 
CELLS

REQUIRED 
CYTOKINES REFERENCE

REQUIRED 
TRANSCRIPION 
FACTORS 

 

TTNPB

L-Ascorbic Acid

Rolipram

PD 0325901

E 616452

Tranylcypromine

CHIR 99021

Forskolin

SB 431542

Dorsomorphin 

Valproic Acid

E 616452

Tranylcypromine

CHIR 99021

Forskolin

A 83-01

Valproic Acid

E 616452

Tranylcypromine

CHIR 99021

Forskolin

Nicotinamide 

SB 431542

CHIR 99021

Tranylcypromine

Forskolin

Retinoic acid receptor  
ligand

agent

Inhibits type 4 cyclic nucleotide 

Inhibits MEK

adenylyl cyclase

inhibitor

adenylyl cyclase

pathway inhibitor

inhibitor

inhibitor

adenylyl cyclase

inhibitor

Peptide agonist of the 

inhibitor

adenylyl cyclase

Chemical- 
induced 
cardiomyocyte 

(CiCMs)

Cardiomyocytes 
progenitors 

progenitors 

progenitors 

 

Insulin 
Expressing 
Clusters

Cardiomyocytes 

MIC-1

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Cell Res. 

Cell 
Res. 

Cell 
Res. 

Cell 
Res. 

Pereyra- 

PloS one 

Cell 
Rep.
951

Oct4
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NAME FUNCTION
CAS #
CAT. #

STARTING
CELLS 

TARGET 
CELLS

REQUIRED 
CYTOKINES REFERENCE

REQUIRED 
TRANSCRIPION 
FACTORS 

 

 

 

 

 

 

A 83-01

CHIR 99021

Sodium Butyrate 

1-Oleoyl 
Lysophosphatidic 
Acid

Rolipram

SP 600125

JAK Inhibitor I

CHIR 99021

SU 5402

LiCl

BIX 01294

2-Phospho-L- 
ascorbic Acid 
Trisodium Salt
All-Trans   
Retinoic Acid
A 83-01

LDE225

SB 203580 

RG 108

Thiazovivin

Tranylcypromine

CHIR 99021

Forskolin

Nicotinamide 

Sodium Butyrate

5'-N- 

pathway inhibitor

histone deacetylase

Inhibits type 4 cyclic 
nucleotide 

methyltransferase inhibitor

derivative 

Retinoid pathway activator

pathway inhibitor

pathway inhibitor

inhibitor

methyltransferase     

ROCK inhibitor

inhibitor

adenylyl cyclase
 

inhibitor

agonist

Inhibits histone   
deacetylase

agonist

Cardyomyocytes
Endothelial 
cells
Smooth muscle 
cells

Mature 
Pancreatic-   

Mature Mouse 

cells

Pancreatic 

 

 

Embryonic

Mouse 
Embryonic 

Embryonic 

Cell 
Res. 

Acc. 
Chem. Res. 

Cell stem 
cell 

Nat. 
Commun. 

Sox2, and
c-Myc

Sox2, and 
c-Myc

Sox2, and 
c-Myc

Oct4



NAME FUNCTION
CAS #
CAT. #

STARTING
CELLS 

TARGET 
CELLS

REQUIRED 
CYTOKINES REFERENCE

REQUIRED 
TRANSCRIPION 
FACTORS 

 

 

 

 

 

 

 

 

All-Trans  
Retinoic Acid
A 83-01

Compound E

GDC-0449

LDN193189 
(Hydrochloride)

TPPB

Nicotinamide

L-Ascorbic Acid

Bay K8644

Tranylcypromine

CHIR 99021

Forskolin

SB 431542

Valproic Acid

E 616452

LDN 193189

A 83-01

CHIR 99021

Hh-Ag1.5

All-Trans  
Retinoic Acid

RG 108

Tranylcypromine

SMER 28

Rosiglitazone
 
Triiodothyronine

IBMX

Retinoid pathway activator

pathway inhibitor

Notch pathway inhibitor

Smoothened (SMO) 
antagonist 

Protein Kinase C (PKC) 
activator

inhibitor

agent

inhibitor

inhibitor

adenylyl cyclase

inhibitor

pathway inhibitor

activator

Retinoid pathway        
activator

inhibitor

enhancer (SMER)

Thyroid hormone receptors 
agonist

activator

nucleotide 
phosphodiesterases

Pancreatic 

Cardiomyocytes

 
neuroblasts  
and Tuj1  or 
NeuN
neurons

Neural Stem 
cells

adipocytes

Sonic 

Mouse 

Neonatal 
and adult 
astrocytes

Mouse 

Nat. 
Commun. 

Cell 
Rep. 
951

Cell Res. 

Cell 
Stem Cell 

Sci. 
Rep.

Oct4

Oct4



NAME FUNCTION
CAS #
CAT. #

STARTING
CELLS 

TARGET 
CELLS

REQUIRED 
CYTOKINES REFERENCE

REQUIRED 
TRANSCRIPION 
FACTORS 

 

CHIR 99021

PD 0325901

SB 431542

LDN 193189

Dorsomorphin

Forskolin

Inhibits MEK

pathway inhibitor

adenylyl cyclase

adipocytes
Sci. 

Rep. 
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