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Histone modification 

•  Post-translational histone 
modifications, which include 
lysine or arginine methylation, 
play a essential role in 
maintaining chromatin structure 
and regulating transcription by 
mediating chromatin binding 
interactions 

•  Enzymes that catalyze those 
modification  involve in wide 
range of epigenetic processes 
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Histone lysine demethylases (KDMs)	

•  Two classes of KDMs: LSD/KDM1 the flavin-dependent lysine specific 
demethylase, and the larger class of Fe(II) and 2-oxoglutarate (2OG)-dependent 

•  The 2OG-dependent KDMs belong to the Jumonji C (JmjC) domain containing 
subfamily.	
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Human JmjC histone demethylases	

•  KDM4A/JHDM3A/JMJD2A bound to Fe(II), 2-
oxoglutarate and zinc. 

•  The catalytic site composed of eight β-strands 
forms the core of the JmjC domain and houses the 
2-oxoglutarate and Fe(II) cofactors.  

•  The JmjN domain associates with the JmjC 
domain on the opposite face to the catalytic site. 

•  The C-terminal region and part of the JmjC 
domain coordinate the zinc ion.	
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KDM4 & KDM5 subfamilies & cancer	

•  KDM4 subfamily members play an important role in cancer initiation and 
progression various studies have shown overexpression of KDM4A－C in a range of 
human malignancies.  

•  KDM4B and KDM4C are reported to be overexpressed in breast cancer. 

•  KDM4B knockdown in human gastric cancer cells suppressed tumor growth. 

•  The KDM5 subfamily are histone (H3K4) demethylases and have been implicated 
in cancer progression in several tumor types.  

•  KDM5B and KDM5C have been shown to play a role in breast and prostate cancer, 
respectively. 
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Inhibitors of JmjC KDMs	

•  Pyridine-2,4-dicarboxylic acid potent 
JMJD2E (KDM4D) competitive 
inhibition with 2-OG  (IC50 = 1.4 µM) 

•  The bipyridyl ethylenediamine  inhibits 
JMJD2E (KDM4D) with an IC50 = 180 
nm 

•  Triazolopyridine KDM2A pIC50 = 7.2 
µM) with excellent selectivity over 
representatives from other KDM 
subfamilies 

•  JMJD3 (KDM6B) inhibitor GSK-J1 
binds competitively with 2-OG and 
repositions the metal cofactor in the 
active site. 
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Pyrido[3,4‑d]pyrimidin-4(3H)‑one 
Derivatives	
•  Extensive interest in the KDM4/5 subfamilies in the progression of human cancers and well-

defined catalytic mechanism for JmjC KDMs, lead to initiation of a program to identify 
histone KDM inhibitors. 
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HTS campaign	

•  HTS of a 150k compound collection tested at 30 μM versus human 
recombinant KDM4B 

•  Promising hit - N-substituted 4-(pyridin-2-yl)thiazole-2-amine 7c	
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7c IC50 = 13.2 μM	
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AlphaScreen Histone demethylase 
assay (KDMS4 & KDMS5)	
•  Enzyme activity was measured using an 

AlphaScreen assay that monitored the 
demethylation of a biotinylated 
trimethylated H3K9 peptide using a H3K9 
dimethyl specific antibody and appropriate 
donor and acceptors beads	
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N-(4-(pyridin-2-yl)thiazol-2-yl)
benzamides analogs	
•  Synthesis of the HTS-derived series of N-(4-(pyridin-2-yl)thiazol-2-yl)

benzamides 
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KDM4-5 inhibitory activity	
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Carboxylate analogs	
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2-(2-Aminothiazol-4-yl)isonicotinic 
Acid Derivatives	
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2-(Aminomethyl)pyridine-4-
carboxylate Derivatives	
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Pyridine carboxylic acid isosters 	

13 February 2016 Marina Kovaliov @ Wipf Group 

•  Poor cellular permeability for 15 (Caco-2 A to B 
flux <0.8 × 10－6 cm/s). 

•  58:  KDM4B IC50 = 1.0 μM; KDM5B IC50 = 1.3 
μM; KDM3A (IC50 = 26.2 μM); KDM2A (29% 
inhibition at 100 μM); KDM6B (28% inhibition at 
100 μM).  

•  High cellular permeability (Caco-2 A to B flux = 
42.61 × 10－6 cm/s)  & pKa for the 
pyridopyrimidinone amide moiety of 8.23 

Rab K. Prinjha et al, (2008) J. Med. Chem. DOI: 10.1021/acs.jmedchem.5b01538 
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Pyridopyrimidinone analogs	
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C8-Pyrido[3,4-d]
pyrimidin-4(3H)-one 
analogs	
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Comparison of binding modes of 15, 37, 40, and 58 to 
44a	
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8-(1H-Pyrazol-1-yl)pyrido[3,4-d]
pyrimidin-4(3H)-one analogs	
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Synthesis of 54J	
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Cellular activity of 54k 	
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IC50 ~10-32 µM 
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Conclusions	

•  An HTS resulted discovery of N-substituted 4-(pyridin-2-yl)thiazole-2-
amine derivatives and their subsequent optimization 

•  A structure-based design gave 8-(1H-pyrazol-3-yl)pyrido[3,4-d]
pyrimidin-4(3H)-ones, a series of potent JmjC histone KDM inhibitors which 
bind to Fe(II) in the active site.  

•  Substitution from C4 of the pyrazole moiety allows access to the histone peptide 
substrate binding site. 

•  Incorporation of a conformationally constrained 4-phenylpiperidine linker gives 
derivatives such as 54j and 54k which demonstrate equipotent activity versus the 
KDM4 and KDM5 subfamily demethylases, cellular permeability in the Caco-2 
assay, and inhibition of H3K9Me3 and H3K4Me3 demethylation in a cell-based 
assay. 
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