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ABSTRACT 

Chromatin structure is dynamically modulated by various chromatin modifications, such as 
histone/DNA methylation and demethylation. We have reviewed histone methyltransferases and 
methyllysine binders in terms of their small molecule screening and drug discovery in the first 
part of this review series. In this part, we will summarize recent progress in chemical probe and 
drug discovery of histone demethylases and DNA methyltransferases. Histone demethylation and 
DNA methylation has attracted a lot of attention regarding their biology and disease implications. 
Correspondingly, many small molecule compounds have been designed to modulate the activity 
of histone demethylases and DNA methyltransferases, and some of them have been developed 
into therapeutic drugs or put into clinical trials.  
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FAD, flavin adenine dinucleotide; PCPA, trans-2-phenylcyclopropylamine; PDCA, 2, 4-
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histone-lysine N-methyltransferase 2; CoREST complex, restin corepressor complex;  SAH, S-
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inhibitor, the inhibitor can simultaneously inhibit all the members of JHDMs; E2F1, E2F 
transcription factor 1; E2F2, E2F transcription factor 2; RCC, renal cell carcinoma. 

1.		Introduction	
	

      Dynamic chromatin structure controls many biological processes, such as gene transcription, 
DNA replication, cell differentiation and proliferation, embryonic development and 
tumorigenesis, and chromatin structure is tightly modulated by various spatiotemporal chromatin 
modifications, including DNA/histone modifications and chromatin remodeling. Any alterations 
in these epigenetic control mechanisms will lead to changes in gene expression patterns and may 
contribute to human diseases including cancers. Without any doubt, proteins involved in 
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chromatin modifications and epigenetic regulation are attractive therapeutic targets for drug 
discovery, and tremendous progress has been made in this field so far. 

      In the first part of this review series, we have discussed the histone methyltransferases and 
histone methyllysine reader proteins (Liu et al., 2014). In this installation, we will focus on the 
recent progress in histone demethylases and DNA methyltransferases in terms of their 
biological/biochemical functions, along with their associated disease implications and progress 
in drug discovery. 
 
2. LSD1/2: mono- and di-methyl lysine histone demethylases 
	

      To date, five lysine residues on the tails of either histones H3 or H4 (H3K4, H3K9, H3K27, 
H3K36 and H4K20) and one lysine residue located in the core domain of histone H3 (H3K79) 
have been shown to be the methylation sites (Zhang & Reinberg, 2001; Margueron et al., 2005). 
Lysine residues can be mono-, di-, or trimethylated, and two families of enzymes are responsible 
for maintaining the balance of lysine methylation: histone methyltransferases and histone 
demethylases, which add or remove methyl marks from the target lysine residues, respectively. 
Two groups of demethylases have been identified thus far, including the LSD family and the 
JmjC domain-containing protein family (Strahl & Allis, 2000; Shi et al., 2004; Tsukada et al., 
2005; Klose et al., 2006; Kouzarides, 2007; Karytinos et al., 2009).  

      The LSD family belongs to the flavoenzyme-dependent demethylases. There are two 
members in this family: LSD1 (also called KDM1A) and LSD2 (also known as KDM1B) (Shi et 
al., 2004; Karytinos et al., 2009). Crystallographic studies show that LSD1 and LSD2 share a 
conserved C-terminal amine oxidase domain (AOD) and a SWIRM domain. LSD1 functions to 
demethylate H3K4me1/2, H3K9me1/2, and non-histone proteins including p53, E2F1 and 
DNMT1 (Metzger et al., 2005; Garcia-Bassets et al., 2007; Huang et al., 2007; Wang et al., 2008; 
Xie et al., 2011). LSD1 is present in different protein complexes, such as the 
HDAC/CoREST/REST complex (Lee et al., 2005; Shi et al., 2005) and the Mi-2/nucleosome 
remodeling and deacetylase (NuRD) complex (Wang et al., 2009), and displays diverse functions. 
Even in the HDAC/CoREST/REST complex, LSD1 could either positively or negatively regulate 
androgen receptor (AR)-associated genes, dependent on its demethylation substrates (Cai et al., 
2014). As a component of the NuRD complex, LSD1 can directly interact with one of the three 
metastasis tumor antigens (MTA) 1/2/3, which in turn target promoter regions of genes and 
control gene expression (Wang et al., 2009). One important target gene of the LSD1/NuRD 
complex is TGFβ1 (transforming growth factor β1). It is well established that overexpression of 
TGFβ1 is linked to breast cancer metastasis. Interestingly, the expression level of TGFβ1 is 
negatively correlated with that of LSD1. Consistently, LSD1 inhibits invasion of breast cancer 
cells in vitro and downregulation of LSD1 causes breast carcinomas (Wang et al., 2009).  

      LSD1 is also associated with the MLL (mixed lineage leukemia) supercomplex (Nakamura et 
al., 2002) or the ELL (elongation factor RNA polymerase II) complex (Biswas et al., 2011). 
LSD1 was discovered to be an important regulator of leukemia stem cells (LSCs), as it can 
sustain the growth of MLL-AF9 acute myeloid leukemia (AML) cells via prevention of 
differentiation and apoptosis, suggesting that LSD1 is involved in carcinogenesis (Harris et al., 
2012). Moreover, LSD1 is proposed to be a biomarker for aggressive malignancies and tumor 
relapse (Kahl et al., 2006; Schulte et al., 2009; Lim et al., 2010). LSD1 is overexpressed in 



 5 

undifferentiated neuroblastomas compared with the normal one. Knockdown of LSD1 using 
small interfering RNA (siRNA) or small inhibitors of LSD1 prevented tumor growth in 
xenograft mouse model in vivo (Schulte et al., 2009). Similar results have also been reported in 
estrogen and progesterone receptor negative breast cancers, especially in the aggressive breast 
cancers (Lim et al., 2010). It was found that LSD1 up-regulates CCNA2 (cyclin A2) and ERBB2 
(human epidermal growth factor receptor 2) in aggressive breast cancers, which promotes the 
cell proliferation and may play an important role in tumor development and progression (Lim et 
al., 2010). As well, overexpression of LSD1 has been discovered in other cancers, such as 
bladder, lung and colon cancers (Hayami et al., 2011; Zhao et al., 2013; Fiskus et al., 2014). 
Furthermore, prostate tumors with both high mRNA level and protein expression of LSD1 were 
reported to relapse significantly earlier and more frequently compared to those with low LSD1 
expression	 after radical prostatectomy (Kahl et al., 2006). Thus, LSD1 is proposed to be a 
predictive biomarker for tumor recurrence and to monitor treatment during therapy.   
     	
      LSD2 was also identified as an oncogene. It was reported that LSD2 is located at 
chromosome 6p22, a genomic region containing high incidence of chromosomal translocations, 
deletions or amplifications, which is involved in the pathogenesis of many different cancers 
(Orlic et al., 2006; Heidenblad et al., 2008). However, LSD2 is thought to be involved in 
biological functions distinct from that of LSD1, because it demethylates H3K4me1/2 of 
nucleosomes located mainly in the gene body rather than in the promoters, and LSD2 has not 
been found in any LSD1-containing protein complexes (Fang et al., 2010). To date, LSD2 has 
been found to play multiple biological roles ranging from gene transcription, DNA damage 
repair and DNA replication (Fang et al., 2010). LSD2 is associated with elongation factor cyclin 
T1 (p-TEFb complex) and phosphorylated RNA polymerase II, as well as euchromatic histone 
methyltransferases such as EHMT1/2 and NSD3, which are located within coding regions of  
actively transcribed genes to facilitate the gene expression (Fang et al., 2010). In addition, 
deletion of LSD2 reduced DNA methylation by blocking the methyltransferase activity of 
DNMTs, leading to the abnormal DNA methylation and contributing to aberrant gene silencing 
(Katz et al., 2014). Furthermore, LSD2 is highly expressed in breast cancers, especially in 
invasive tumors; however, the ONCOMINE cancer database also shows the decreased levels of 
LSD2 in leukemia and seminoma, suggesting that the biological function of LSD2 and its exact 
role in cancer are likely cell-type or tissue dependent (Katz et al., 2014; ONCOMINE cancer 
database, Compendia Bioscience; Ann Arbor, MI).  

      The initial inhibitors for the LSD family were developed based on the inhibitors for 
monoamine oxidases A and B (MAO A/B) that share homologous catalytic domain with LSDs 
(Huang et al., 2007; Metzger et al., 2005; Lee et al., 2006). Among these MAO inhibitors 
(MAOIs), trans-2-phenylcyclopropylamine (PCPA, tranylcypromine) is the most potent LSD1 
inhibitor, as it forms a covalent adduct with the flavin adenine dinucleotide (FAD) cofactor of 
LSD1, resulting in the irreversible inhibition of LSD1 (Lee et al., 2006; Schmidt & McCafferty, 
2007; Yang et al., 2007) (Table 1 and Fig. 1A). Based on this chemotype scaffold, a series of 
tranylcypromine derivatives were designed and tested (Ueda et al., 2009; Binda et al., 2010; 
Mimasu et al., 2010; Liang et al., 2013) (Table 1 and Fig. 1B-C). Currently, two patents have 
been filed based on the tranylcypromine derivatives (Patent Numbers WO2011035941A1 and 
WO2011131576A1). These compounds showed inhibition of cell growth, enhanced 
differentiation, and even exhibited anti-tumor activity on leukemic cells (Muñoz et al., 2010; 
Minucci et al., 2011). In addition, polyaminoguanidine derivatives, the analogues of 
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tranylcypromine, are another interesting set of inhibitors for LSDs (Patent number 
WO2010084160A1) (Table 1). Remarkably, some of these LSD inhibitors demonstrated 
selectivity to suppress clonogenic potential and induce differentiation in both murine and human 
MLL-AF9 AML cells by inhibition of LSD1 in vitro and in vivo (Guibourt et al., 2010; Harris et 
al., 2012). Furthermore, one of the Pan-Histone Demethylase Inhibitors, which are able to 
simultaneously target LSDs and JmjC domain-containing demethylases, was designed by 
combining the PCPA and JmjC domain-containing protein inhibitors, 2, 2�-bipyridine or 5-
carboxy-8HQ scaffolds. This compound could induce apoptosis in human LNCaP prostate and 
HCT116 colon cancer cells with low or no toxicity to non-cancer cells; however, these inhibitors 
have poor selectivity to LSDs (Rotili et al., 2013) (Table 1).  

      Recently, two tranylcypromine derivatives, ORY-1001 and GSK2879552, are in clinical 
trials for patients with AML and/or small cell lung cancers (SCLC) (Rhyasen, 2015; Finley & 
Copeland, 2014; Mohammad et al., 2014) (Table 1). ORY-1001 is in phase I clinical trials by 
Oryzon, a private European-based biotech company (Trial Number 2013-002447-29). It was 
reported that ORY-1001 shows more potency than PCPA (over 1,000-fold) with a high 
selectivity to LSD1 over other monoamine oxidases (Maes et al., 2013). In addition, ORY-1001 
was shown to reduce leukaemic stem cell (LSC) colony formation and induce differentiation in 
AML cell lines (Helin & Dhanak, 2013; Rhyasen, 2015). Concurrently, GlaxoSmithKline 
developed a potent, selective and mechanism-based irreversible LSD1 inhibitor, GSK2879552. 
Similar to ORY-1001, GSK2879552 is able to promote the differentiation of AML cells and 
inhibit the growth of SCLC and AML cells, and an extended survival is also observed in a mouse 
model after administration of this drug in vivo (Trial Numbers NCT02177812 and 
NCT02034123) (Mohammad et al., 2014). Thus, tranylcypromine derivatives demonstrate the 
potential to become novel epigenetic anticancer drugs. 

       In addition to tranylcypromine derivatives, other MAOIs were also modified to develop new 
LSD inhibitors, such as 1,2,3-triazole–dithiocarbamates, coumarin–1,2,3-triazole–
dithiocarbamate hybrids and phenelzine analogues (Zheng et al., 2013; Prusevich et al., 2014; Ye 
et al., 2014) (Table 1). Of these compounds, the bizine (phenelzine analogue) and compound 8k 
(a coumarin–1,2,3-triazole–dithiocarbamate hybrid) were identified as the most potent and 
selective inhibitors of LSD1 with an IC50 of 0.059 µM and 0.39 µM, respectively, which show 
low or no selectivity to other MAOs and even LSD2 (Prusevich et al., 2014; Ye et al., 2014) 
(Table 1). Furthermore, two histone peptide mimics, aziridinyl-K4H3 (1-21) and propargyl-
K4H3 (1-21) were synthesized based on the MAOIs and the LSD1 substrate histone H3 (Culhane 
et al., 2006; Szewczuk et al., 2007). Despite progress being made with these MAOIs and 
substrate-based LSD inhibitors, there are some limitations for these compounds, such as large 
molecular weight, low specificity and potency. Therefore, a series of lysine-mimicking probes 
containing a propargylamine warhead (compound 5f) were synthesized, which could inhibit 
LSD1 and result in histone hypermethylation in breast cancer cells (Schmitt et al., 2013) (Table 1 
and Fig. 1D). 

  	In order to identify small drug-like molecules as therapeutic agents of LSD1, Hitchin, et 
al. screened a fragment library of 2,466 compounds, which led to the discovery of a series of 
fragment-based LSD1 inhibitors (Table 1). However, these compounds were toxic to cells at 
high concentration, which limits their application in cellular studies., On the other hand, they 
confirmed GSK354 as a reversible inhibitor of LSD1 and reported that this compound displayed 
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high potency and selectivity to LSD1 without cytotoxicity at low concentration (Hitchin et al., 
2013) (Table 1). By means of structure-based virtual screening (VS) of ∼2 million compounds, a 
potent and selective LSD1 inhibitor, compound 12 (a Nʹ -(1-phenylethylidene) benzohydrazide 
analogue), was discovered, which specifically inhibits H3K9me2 demethylation of LSD1 (Sorna 
et al., 2013) (Table 1). It is noteworthy that compound 12 also exhibits strong selectivity to 
LSD1 over other MAOs, and inhibits the growth of several cancer cell lines including 
endometrial, breast, colorectal, pancreatic, AML and prostate cancers (Sorna et al., 2013; Fiskus 
et al., 2014). Kinetic results revealed that compound 12 is noncompetitive with the N-terminus of 
H3 peptide (Sorna et al., 2013). Currently, patents have been filed for the substituted (E)-Nʹ -(1-
phenylethylidene) benzohydrazide analogues by the University of Utah (Patent Number 
WO2013025805) (Vakayalapati et al., 2012).              

3. KDM4: a subfamily of JmjC domain-containing protein demethylases 

       About 30 JmjC domain-containing proteins have been identified as lysine demethylases in 
the human genome (Cloos et al., 2008). Based on histone lysine sites and demethylation states, 
the JmjC domain-containing protein family is divided into six subfamilies: KDM2, KDM3, 
KDM4, KDM5, KDM6 and PHF (Pedersen & Helin, 2010). The JmjC domain-containing 
proteins belong to the Fe(II) and 2-oxoglutarate (2-OG)-dependent dioxygenases, which 
demethylate a variety of targets, including histones (H3K4, H3K9, H3K27, H3K36 as well as 
H1K26) and non-histone proteins (Gray et al., 2005; Tsukada et al., 2005; Klose et al., 2006; Shi 
2007; Shin & Janknecht, 2007; Ponnaluri et al., 2009). Unlike the LSD family, the JmjC-
domain-containing histone demethylases (JHDMs) are able to erase all three kinds of histone 
lysine-methylation states since the JHDMs do not require protonated nitrogen for demethylation 
(Klose et al., 2006; Rotili & Mai, 2011).  

      The KDM4 gene family, first identified in silico, consists of six members, including KDM4A, 
KDM4B, KDM4C, KDM4D, KDM4E and KDM4F (Katoh & Katoh, 2004). According to their 
domain structures, the KDM4 family can be further classified into two groups: KDM4A, 
KDM4B and KDM4C as one group, and KDM4D, KDM4E and KDM4F as the other group. The 
first group of proteins contains two PHD domains and two Tudor domains in addition to a JmjN 
and a JmjC domain, whereas the second group of proteins only contains a JmjN and a JmjC 
domain (Katoh & Katoh, 2004). KDM4A/B/C remove methyl groups from both methylated 
H3K9 and H3K36 with KDM4A showing some preference for the methylated H3K9 over 
H3K36 (Klose et al., 2006; Whetstine et al., 2006; Hillringhaus et al., 2011). In addition to 
histone proteins, KDM4A/B/C exhibit demethylase activity on non-histone proteins, such as 
WIZ, CDYL1 and G9a (Ponnaluri et al., 2009). In contrast, KDM4D is only able to demethylate 
H3K9 (Klose et al., 2006; Shin & Janknecht, 2007; Krishnan & Trievel, 2013).  KDM4E and 
KDM4F are adjacent to KDM4D in the chromosome, but are pseudogenes due to their lack of the 
promoters (Whetstine et al., 2006). KDM4E has shown demethylase activity when ectopically 
expressed (Hillringhaus et al., 2011).  

       KDM4 proteins are associated with different protein complexes. KDM4A and KDM4B 
interact with the SWI/SNF-B complex, whereas KDM4C is associated in the SWI/SNF-A 
complex, both leading to transcriptional activation through histone demethylation (Kawazu et al., 
2011). KDM4 proteins also associate with HDAC complexes to suppress gene transcription. For 
example, KDM4A interacts with class I HDACs and retinoblastoma protein (pRb), leading to 
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HDAC-mediated gene inactivation (Gray et al., 2005). Therefore, the KDM4 demethylases are 
able to function as both transcriptional activators and repressors depending on which complexes 
they are associated with, and are involved in diverse cellular processes, such as regulation of cell 
cycle, DNA damage repair and even carcinogenesis (Cloos et al., 2006; Shin & Janknecht, 2007; 
Li et al., 2011; Berry et al., 2012; Kim et al., 2012; Mallette et al., 2012). An abundance of 
evidence has demonstrated that overexpression of KDM4 demethylases is involved in numerous 
cancers. For instance, KDM4A/B/C overexpression has been discovered in breast, prostate, lung, 
gastric, bladder, lymphoma, medulloblastomas and colorectal cancers, whereas deletion or 
knockdown of KDM4A/B/C reduced cancer cell proliferation and growth (Cloos et al., 2006; 
Cloos et al., 2008; Northcott et al., 2009; Rui et al., 2010; Kawazu et al., 2011; Toyokawa et al., 
2011; Berdel et al., 2012; Berry & Janknecht, 2013).  Therefore, it is highly prudent to target 
KDM4 as a novel option for cancer therapy.  

,  Several potential inhibitor chemotype skeletons of the KDM4 family have been 
identified, such as N-oxalyl amino acids, hydroxamic acids, daminozide, pyridine carboxylates, 
bipyridyl inhibitors, and 8-hydroxyquinolines (Rose et al., 2008; King et al., 2010; Chang et al., 
2011; Chu et al., 2014). Specifically, Rose, et al. identified 2, 4-pyridindicarboxylic acid (PDCA), 
a pyridine carboxylate, as a potent inhibitor for KDM4 with an IC50 of 0.7 µM for KDM4A and 
1.4 µM for KDM4E, respectively  (Rose et al., 2008) (Table 2). Recently, on the basis of PDCA, 
a series of pyridine carboxylate derivatives have been synthesized and analyzed for KDM 
families, which generated some more highly potent inhibitors of KDM over the original 
compound (Labelle et al., 2014; Patent Number WO2014053491A1_Epitherapeeutics) (Table 2).  
In addition, a series of 4-Carboxy-2, 2’-Bipyridyl compounds (bipyridyl inhibitors) were 
screened against KDM4 subfamily, leading to potent compound 15c with an IC50 of 0.11 µM for 
KMD4E (Chang et al., 2011) (Table 2). The complex structure of KDM4A with bipyridyl 
inhibitor revealed that this compound inhibits KDM4A not only by competing with 2-OG, but 
also by occupying part of the binding site of the polypeptide backbone. In addition, compounds 
containing the 4-carboxylate group are 300-fold more potent than compounds without it, 
implying that the 4-caboxylate group can be further utilized to develop more potent inhibitors for 
the KDM4 proteins in the future (Chang et al., 2011) (Fig. 2A). 

        King, et al. screened 236,000 molecules against KDM4E by quantitative high-throughput 
screening (qHTS), which identified 5-Carboxy-8-hydroxyquinoline (IOX1), an 8-
hydroxyquinoline derivative, as an effective inhibitor to KDM4E with nanomolar potency (IC50 
of 0.2 µM in vitro). This compound is less active toward FIH and PHD2, suggesting that 5-
Carboxy-8-hydroxyquinoline is a more suitable prodrug for the KDM4 proteins (King et al., 
2010) (Table 2). Similar to PDCA, the structure of KDM4A in complex with IOX1 revealed that 
this compound inhibits KDM4A in a competitive manner with respect to 2-OG, in addition to 
binding to the other side chains of the active binding sites (Rose et al., 2008; King et al., 2010) 
(Fig. 2B). Due to the poor cell permeability of IOX1, a series of 8-hydroxyquinoline derivatives 
has been designed. An n-octyl ester derivative of IOX1 was reported by Schiller et al., which 
showed not only high cell permeability but also high selectivity and even less toxicity with 
preserving cell viability (Schiller et al., 2014) (Table 2). Comparing the complex structures of 
KDM4A with IOX1 and the n-octyl ester derivative of IOX1 by docking, it was discovered that 
the KDM4A active site can accommodate IOX1 ester derivatives, but the length of the alkyl 
chain is likely to affect the binding affinity. It is interesting to note that SD70, an anticancer drug 
for prostate cancer, also contains an 8-hydroxyquinoline moiety. It was found that SD70 
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preferentially suppresses the androgen-dependent prostate cancer cells growth in vitro and in 
vivo by inhibiting the H3K9me2 demethylation of KDM4C (Jin et al., 2014) (Table 2). In 
addition, the reported Pan-Histone Demethylase Inhibitor (Rotili2014_cmpd1) also shows a 
potent inhibition to KDM4 family (Rotili et al., 2013) (Table 2). Therefore, it is desirable to 
further modify the 8-hydroxyquinoline compound to develop it into a prodrug of KDM4 proteins. 

       Structurally, KDM4A contains a Cys3-His Zn(II) binding site that is close to the N-methyl 
lysine-residue binding site; thus, chemical probes, such as ebselen, disulfiram and its pyrrolidinyl 
substituents, have been designed to eject Zn(II) to inhibit the catalytic activity of KDM4A 
(Nathan, 2009). Moreover, based on the complex crystal structures of JmjC domain-containing 
proteins, N-methyl lysine peptides and 2-OG or inhibitors (such as N-oxalyl-D-cysteine 
(DNOC1) compound), several selective and potent inhibitors for KDM4 were synthetized (Luo 
et al., 2011; Woon et al., 2012). As described in Luo, et al., compound 1, containing a 
methyllysine mimic, a 2-OG mimic, and a 4-carbon linker combining these two parts, was 
identified and found to specifically inhibit KDM4 over other JmjC domain-containing proteins in 
vitro (Table 2). However, compound 1 had low cell permeability, so they	designed and tested a 
methyl ester-containing prodrug, Methylstat (Table 2). Methylstat exhibited high stability in cells 
and was able to induce increase in levels of H3K4me3 and H3K9me3 in a concentration-
dependent manner. It is noteworthy that it also inhibits growth of the esophageal carcinoma cell 
line KYSE150 (Luo et al., 2011). In sum, these discoveries lay the foundation for future studies 
regarding the development of new potent and selective inhibitors of KDM4. 

      Recently, Wang, et al. identified a Pan JmjC domain-containing demethylase inhibitor JIB-04, 
which contains a pyridine hydrazine with two isomers, E- and Z- isomer, and found that only the 
E-isomer of JIB-04 can exhibit the inhibitory activity (Wang et al., 2013). JIB-04 selectively 
inhibits the JHDMs rather than other epigenetic enzymes by chelating iron in the catalytic site 
and disrupting histone substrate binding of JHDMs. Among the KDM4 subfamily, JIB-04 is the 
most potent to KDM4D with an IC50 of 0.29 µM, which is five-fold more potent over the PDCA 
(with an IC50 of 1.4 µM) in vitro. In addition, there is decreased level of H3K9me2 product from 
H3K9me3 demethylation in vitro, in cancer cells as well as in tumors mice when treated with 
JIB-04, suggesting that JIB-04 can inhibit the demethylase activity of KDM4 (Wang et al., 2013). 
Furthermore, JIB-04 selectively diminished cancer cells growth with a decreased rate of tumor 
growth and lower tumor weights in vivo in tumor xenografts mice injected with human lung 
cancer cells, but showed no toxicity in the normal mice. Meanwhile, treated with JIB-04, the 
mice with mammary tumors showed longer survival compared with the untreated one. This may 
be linked to the transcriptional changes in genes involved with cell proliferation, cell death, the 
energy-deprivation responses and glycolytic metabolism, which are regulated by JHDMs, such 
as proliferative genes CCNB1 (cyclin B1) and PCNA (proliferating cell nuclear antigen), the 
oncogene SKP2 (S-phase kinase-associated protein 2), and the proapoptotic genes DDIT4 (DNA-
damage-inducible transcript 4) and CCNG2 (cyclin G2) (Wang et al., 2013). So far, many 
inhibitors of KDM4 demethylases have been reported, but JIB-04 is the only reported inhibitor 
that can modulate the cancer survival environment by directly inhibiting epigenetic enzymatic 
activity, and the only compound going into preclinical trial to date.         

4. The other subfamilies of JmjC domain-containing protein demethylases 
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4.1 KDM2 subfamily 
	

 The KDM2 (also named FBXL) subfamily includes two members: KDM2A and KDM2B. 
KDM2A is able to demethylate histone H3K36me1/2 and non-histone proteins, like RelA (p65), 
a subunit of nuclear factor-κB (NF-κB) (Lu et al., 2010). Although all the three methylated states 
of H3K36 can insert into the catalytic pocket of KDM2A, steric hindrance to the rotation of 2-
OG prevents it changing from the ‘‘off-line’’ to ‘‘in-line’’ modes in the presence of H3K36me3 
(Cheng et al., 2014). In contrast, KDM2B can demethylate not only H3K36me1/2 but also 
H3K4me3 (Tsukada et al., 2005; Pfau et al., 2008; Tzatsos et al., 2009; Janzer et al., 2012; Liang 
et al., 2012). Since KDM2 proteins are partner-dependent demethylases, they are involved in 
diverse biological processes, such as ribosomal RNA transcription, cell proliferation, apoptosis, 
differentiation, and even carcinogenesis (Suzuki et al., 2006; Koyama-Nasu et al., 2007; Tanaka 
et al., 2010; Dong et al., 2013; Wagner et al., 2013; Kawakami et al., 2014; Huang et al., 2015). 
Reduced expression of KDM2A and KDM2B is linked to prostate cancers and glioblastomas, 
respectively, and overexpression of KDM2B is implicated in bladder cancer, T-cell and B-cell 
acute lymphoblastic leukemias (T-ALL and B-ALL), AML, seminomas, breast and pancreatic 
adenocarcinomas (Frescas et al., 2007; Frescas et al., 2008; Kottakis et al., 2011; Zhang et al., 
2011; Curtis et al., 2012; Tzatsos et al., 2013). This is indicative of the cell-type or tissue-
specific effects of KDM2A/B expression.  

       Rose, et al. screened a set of 2-OG oxygenase inhibitors through activity-based 
AlphaScreens (amplified luminescence proximity homogeneous assays) and identified 
daminozide as an inhibitor to KDM2A with IC50 of 1.5 µM (Rose et al., 2012) (Table 2). Kinetic 
analyses revealed that daminozide is predominantly a competitive inhibitor through replacing the 
2-OG cofactor of KDM2A (Rose et al., 2012). Due to the genotoxicity of daminozide, Suzuki, et 
al. designed a series of compounds based on hydroxamate, and identified a phenyl ring 
containing compound (compound 13 as referred to in the reference), which shows a more potent 
inhibiting activity to KDM2A (Suzuki et al., 2013) (Table 2). In addition, the reported Pan-
Histone Demethylase Inhibitor (Rotili2014_cmpd1) also shows a potent inhibition to KDM2A 
(Rotili et al., 2013) (Table 2).	Hence, these discoveries allow for further development of more 
specific inhibitors to KDM2A as a potential cancer therapeutic. 

4.2 KDM5 subfamily 
	

       The KDM5 subfamily contains four enzymes: KDM5A, KDM5B, KDM5C and KDM5D, 
which specifically remove methyl marks from H3K4me2/3 (Rotili & Mai, 2011).	 Of these 
enzymes, KDM5A, KDM5B and KDM5C have been shown to interact with the HDAC-
containing complexes, such as NCoR and Sin3 complexes, and are involved in a variety of 
biological processes including cell differentiation, development, senescence, signal transduction, 
and metabolic processes (Tan et al., 2003; Barrett et al., 2007; Hayakawa et al., 2007; Klose et 
al., 2007; Tahiliani et al., 2007; van Oevelen et al., 2008; Hayakawa & Nakayama, 2010; Liefke 
et al., 2010; Huang et al., 2011; Zou et al., 2014). In addition, KDM5D, a homolog of mouse 
SMCY, was first isolated in the short arm of Y chromosome (Agulnik et al., 1994; Kent-First et 
al., 1996). KDM5D directly interacts with Ring6a/MBLR, homologs of Bmi1 and Mel18 
proteins that are components of the polycomb complex PRC1 (Lee et al., 2007). Furthermore, 
KDM5D can modulate the transcriptional repression together with NURF (nucleosome 
remodeling factor), a chromatin remodeling complex, in the brain (Lee et al., 2007). 
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       The KDM5 enzymes have been implicated in tumorigenesis, and overexpression of KDM5A 
has been observed in lung and gastric cancers (Zeng et al., 2010; Qi et al., 2014), while KDM5B 
was overexpressed in bladder cancer, lung cancer, AML, breast cancer, chronic myelogenous 
leukemia (CML), cervical cancer, metastatic prostate cancer, testicular cancer and renal cell 
carcinoma (RCC), which were not discovered in the corresponding non-neoplastic tissues 
(Hayami et al., 2010). Moreover, the knockdown of KDM5B by siRNA diminished the cancer 
cell growth, which purportedly resulted from the decreased expression of E2F1 and E2F2 that 
are the downstream modulators regulated by KDM5B in the retinoblastoma protein (pRb)  
pathway (Barrett et al., 2002; Xiang et al., 2007; Yamane et al., 2007; Hayami et al., 2010; 
Yamamoto et al., 2014). A large number of point mutations have been identified within the 
KDM5C gene in patients with X-linked mental retardation (XLMR) (Wu et al., 1994; Brown et 
al., 1995; Jensen et al., 2005; Santos et al., 2006; Tzschach et al., 2006).  

      GSK-J1 and GSK-J4 were first identified as specific inhibitors for the KDM6 subfamily, as 
described in section 4.3. However, it was also found that GSK-J1 and GSK-J4 inhibit the 
H3K4me3/me2 demethylation of KDM5B and KMD5C with five-fold to ten-fold less potency 
than KDM6B and KDM6A, suggesting that GSK-J1/J4 compounds are not strictly specific to 
KDM6 subfamily (Heinemann et al., 2014) (Table 2). In addition, as described in section 3 in 
this review, JIB-04, the Pan JmjC domain-containing demethylase inhibitor, can inhibit the 
demethylase activity of KDM5A with an IC50 of 0.23 µM in noncompetitive manner with 2-OG, 
which can be further optimized for development of the specific inhibitor of KDM5 subfamily 
(Wang et al., 2013) (Table 2). Recently, a patent was filed for pyridine carboxylate derivative 
inhibitors of KDM families, which will shed light on the direction for the development of more 
potent inhibitors for KDM5 (Patent Number WO2014053491A1_Epitherapeeutics; Labelle et al., 
2014) (Table 2).  

4.3 KDM6 subfamily 
	

        In the human genome, the KDM6 subfamily is comprised of KDM6A, KDM6B and UTY, 
which share a well-conserved JmjC histone catalytic domain. However, KDM6A and KDM6B 
show higher catalytic activity to H3K27me2/3 over UTY (Agger et al., 2007; Lan et al., 2007; 
Lee et al., 2007; Walport et al., 2014). To date, KDM6A and KDM6B were reported to be 
associated with the H3K4 MLL methyltransferase complex, which can lead to activation of 
homeobox (HOX) cluster genes through the removal of repressive marks (H3K27me2/3) and the 
simultaneous addition of an active mark (H3K4me3) (Agger et al., 2007; Cho et al., 2007; De 
Santa et al., 2007; Issaeva et al., 2007; Lee et al., 2007). Extensive KDM6A mutations are 
present in some cells that are involved in multiple myeloma, esophageal squamous cell 
carcinoma and RCCs (van Haaften et al., 2009; Dalgliesh et al., 2010). KDM6B can activate the 
tumor suppressors, p16INK4A and p14ARF, that are coded by the INK4A–ARF locus, 
indicating that KDM6B mutations or dysregulation might be involved in carcinogenesis (Agger 
et al., 2009). 

Recently, based on the complex structure of KDM6B with H3K27me3, Kruidenier, et al. 
identified a selective compound, GSK-J1, for KDM6A and KDM6B by screening the 
GlaxoSmithKline corporate compound library (Kruidenier et al., 2012) (Table 2). GSK-J1 is able 
to selectively inhibit KDM6B with IC50 of 60 nM through competition with the 2-OG binding 
site and interacting with the catalytic metal (Fig. 2C). Considering the low cellular permeability 
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of GSK-J1, they generated a prodrug GSK-J4 with an ethyl ester, which exhibits higher 
intracellular concentrations than GSK-J1 (Kruidenier et al., 2012) (Table 2). Furthermore, GSK-
J4 prevents the loss of H3K27me3 marker induced by KDM6B in cells. In addition, GSK-J1 also 
inhibits KDM6C, KDM5B and KDM5C (Heinemann et al., 2014; Walport et al., 2014). 
Moreover, JIB-04, described in section 3 in this review, can inhibit the demethylase activity of 
KDM6B with IC50 of 0.85 µM in addition to the KDM4 and KDM5 subfamilies (Wang et al., 
2013). Thus, further optimization of these GSK and JIB-04 compounds would warrant 
development of more specific inhibitors for KDM6. 

5. DNMTs: DNA methyltransferases  

       DNA methylation at the 5-position of cytosine (5mC) is a key epigenetic mark playing 
crucial roles in vertebrate development, genomic imprinting and X-chromosome inactivation 
(Sheardown et al., 1997; Lefebvre et al., 1998; Ng & Adrian, 1999). DNA methylation mainly 
appears within CpG dinucleotides, and approximately 80% of CpG dinucleotides are methylated. 
In mammals, DNA methylation is established by the de novo methyltransferases DNMT3A and 
DNMT3B, and maintained by the maintenance methyltransferase DNMT1. The genomes of the 
cancer patients are globally hypomethylated, but many promoter-associated CpG islands of those 
tumor suppressor genes become hypermethylated. Therefore, alterations in DNA methylation are 
associated with carcinogenesis (Razin & Cedar,1993; Kanai et al., 1996; Eguchi et al., 1997; 
Kanai et al., 1997; Kanai et al., 1998; Kanai et al., 2000).  

      DNMT1, as the first identified DNA methyltransferase, preferentially methylates hemi-
methylated DNA over unmodified DNA in vitro, which plays a critical role in cellular 
differentiation as well as in dividing cells (Leonhardt et al., 1992). DNMT1 directly interacts 
with the E3 ubiquitin-protein ligase UHRF1 to target the replication forks and damage repair 
sites (Bostick et al., 2007). Unlike DNMT1, the methyltransferases DNMT3A and DNMT3B 
display no preference to hemi-methylated DNA (Lei et al., 1996; Okano et al., 1999). DNMT3A 
and DNMT3B can initially methylate unmodified DNA, hence they are also named de novo 
methyltransferases. DNMT3A-null mice appear to be grossly normal at birth, but they display 
organ defects and lethality within weeks after birth, whereas deficient DNMT3B is linked to 
drastic defects in minor satellite repeat methylation, leading to immunodeficiency, centromere 
instability, and facial anomalies (ICF) syndrome (Okano et al., 1999; Jin et al., 2008). Similar to 
DNMT1, DNMT3A and DNMT3B also require a partner protein, DNMT3L, which is 
homologous to DNMT3A/B but lacks enzymatic activity, to target nucleosomes (Aapola et al., 
2002; Chédin et al., 2002; Suetake et al., 2004; Chen et al., 2005; Ooi et al., 2007).  

      DNA methylation is linked to various human cancers through distinct mechanisms, including 
deregulation of DNA methylation, activating or inactivating mutations and aberrant expression 
of DNA methyltransferases. Dysregulation of DNA methylation is associated with hematologic 
malignancies, systemic lupus erythematosus, asthma, lymphomas and myelodysplastic syndrome 
(MDS) (Rice et al., 2007; Ho, 2010; Patel & Richardson, 2010; Wierda et al., 2010). Hitherto, 
mutations in DNA methyltransferases have been discovered in various diseases, such as 
colorectal cancer, hereditary sensory and autonomic neuropathy type 1 (HSAN1), MDS, AML, 
T-cell lymphoma, ICF syndrome, breast and lung adenomas (Wijmenga et al., 2000; Shen et al., 
2002; Kanai et al., 2003; Wang et al., 2006; Ley et al., 2010; Klein et al., 2011; Walter et al., 
2011; Yan et al., 2011; Couronné et al., 2012; Ribeiro et al., 2012; Winkelmann et al., 2012). It 
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was reported that the carcinogenesis-related mutations are present in both the catalytic domain 
and non-catalytic domains of DNMT3A and DNMT3B (Wang et al., 2006; Ley et al., 2010). 
Overexpression of DNMT1, DNMT3A and DNMT3B was discovered in diverse tumors, such as 
bladder cancer, colorectal cancer, kidney cancer, AML and CML (Sun et al., 1997; Robertson et 
al., 1999; Mizuno et al., 2001; Saito et al., 2001).	DMNT1 is also a prognostic biomarker. It was 
reported that patients with low DNMT1 expression correlated with high chemosensitivity and 
showed significantly better clinical responses and overall survival than patients with high level 
of DNMT1 (Saito et al., 2003; Peng et al., 2005; Mutze et al., 2011).  Since many tumor 
suppressor genes are silenced by DNA methylation during carcinogenesis, DNA 
methyltransferase inhibitors have been actively sought after in the past two decades in an attempt 
to re-activate these tumor suppressor genes. At the present time, three drugs, including 5-
azacytidine (azacitidine, AZA), 5-aza-2′-deoxycytidine (decitabine, DAC) and RX-3117, have 
been approved by the Food and Drug Administration (FDA), and four other inhibitors are in 
clinical trials, including 5-Fluoro-2’-deoxycytidine (FdCyd), SGI-110, Hydralazine and genistein.  
Due to the low efficacy, the clinical trials for 1-β-D-arabinofuranosyl-5-azacytosine (Fazarabine), 
dihydro-5-azacytidine (DHAC), and MG98 were stopped (Table 3).   

Nucleosidic	DNA	Methylation	Inhibitors	 

      The DNA	methylation inhibitors, AZA and DAC, have been approved by the FDA for the 
treatment of MDS and AML (Jones & Taylor, 1980; Jones et al., 1982; Santi et al., 1984; Cheng 
et al., 2004; Bryan et al., 2011; Lübbert, 2000; Robak, 2011). As a side-effect, AZA and DAC 
can incorporate into the genome as part of its mechanism of action, which can cause mutations in 
the daughter cells if the cell does not die (Jones & Taylor, 1980; Santi et al., 1984; Davidson et 
al., 1992). In fact, these compounds were toxic to the bone marrow (Davidson et al., 1992; 
Jüttermann et al., 1994; Stresemann et al., 2006; Constantinides et al., 1977; Jones & Taylor, 
1980; Cheng et al., 2003). On the basis of AZA, Fazarabine and DHAC were synthesized and 
tested in clinical trials (Beisler et al., 1977; Beisler et al., 1979); however, both trials were 
stopped due to the low efficacy in cancer therapies (Holoye et al., 1987; Casper et al., 1992; Ben-
Baruch et al., 1993; Creagan et al., 1993; Williamson et al., 1995; Samuels et al., 1998; Goffin & 
Eisenhauer, 2002). Some azacytidine analogues, such as 5,6-dihydroazacytidine (5,6-dihydro-
AZA), 5-Fluoro-2’-deoxycytidine (FdCyd), and 1-(beta-d-ribofuranosyl)-1,2-dihydropyrimidin-
2-one (Zebularine) were also shown to inhibit DNMTs (Zhou et al., 2002; Cheng et al., 2003; 
Cheng et al., 2004; Thottassery et al., 2014). FdCyd has been utilized to treat solid tumors 
combined with tetrahydrouridine (THU), an inhibitor of cytidine deaminase, in clinical studies 
(Fahy et al., 2012). Remarkably, Zebularine’s potency is less than AZA and DAC, but it is able 
to suppress tumorigenesis with reduced toxicity and also displays better oral bioavailability, 
implying that Zebularine is a good candidate as a prodrug of DNMTs (Cheng et al., 2003; Cheng 
et al., 2004). Although no pharmaceutical or clinical studies have been reported, Zebularine is 
widely used as a reference compound and patents have been filed (Patent Numbers 
WO2003012051 and WO2005082144) (Table 3).  

       Astex Pharmaceuticals, an Otsuka Pharmaceutical company, synthesized a series of 
prodrugs based on DAC, and identified SGI-110 as a potent inhibitor to DNMTs. SGI-110 
displays desirable pharmacokinetics and metabolic stability, and is currently in Phase II clinical 
trials for patients with MDS and AML (Yoo et al., 2007; Chuang et al., 2010; Singh et al., 2013; 
Tanq et al., 2013; Fang et al., 2014; Srivastava et al., 2014; Tellez et al., 2014). RX-3117, 
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another nucleoside analogue, was designed and developed based on cyclopentenyl-cytosine 
derivatives by Rexahn, a clinical stage biopharmaceutical company. Like azacitidine, RX-3117 is 
able to incorporate into RNA and DNA resulting in inhibition of DNMTs (Fahy et al., 2012). 
RX-3117 has been approved by the FDA for the treatment of pancreatic cancers. In addition, 
more nucleoside analogues were designed and studied for their ability to inhibit DNMTs, such as 
2-(p-nitrophenyl) ethoxycarbonyl-DAC (NPEOC-DAC), CP-4200, 4’-thio-2’-deoxycytidine (T-
dCyd), and 5-aza-4’-thio-2’-deoxycytidine (5-aza-T-dCyd) (Patent Numbers WO2009042766, 
WO2009042767, WO2011109012 and US 20110218170 A1) (Byun et al., 2008; Brueckner et al., 
2010; Thottassery et al., 2010; Thottassery et al., 2014) (Table 3). Collectively, these findings 
suggest we are close to finding low toxicity DNMT-depleting anticancer drugs.  

Non-Nucleosidic	DNA	Methylation	Inhibitors	 

      Some non-nucleoside inhibitors also have been shown to inhibit the methyltransferase 
activity of DNMTs, such as Hydralazine, Procaine, Mithramycin A (MMA), Nanaomycin A, 
SGI-1027, RG108, SAH analogues, and oligonucleotides MG98 and miR29a (Brueckner et al., 
2005; Amato, 2007; Lin et al., 2007; Datta et al., 2009; Garzon et al., 2009; Isakovic et al., 2009; 
Kuck et al., 2010) (Table 3). Among these inhibitors, a phase II clinical study for Hydralazine 
has been carried out to test its efficacy in treating refractory solid tumors combined with 
valproate, a histone deacetylase inhibitor (Trial Number NCT00404508). In addition, MG98, an 
antisense oligonucleotide, was shown to inhibit DNMT1 by reducing both mRNA and protein 
levels in a dose dependent manner in cancer cells, which slows the growth of cancer cells by 
inhibiting cell proliferation (Agrawal & Iyer, 1997; Amato, 2007). However, due to its low effect 
in treatment of metastatic renal cancer, the clinical trials for MG98 were stopped (Davis et al., 
2003; Plummer et al., 2009). 

       DNMT enzymes transfer the methyl group from the methyl donor SAM (S-adenosylmethio-
nine) to substrates, producing SAH (S-Adenosyl-L-homocysteine) and methylated substrates. 
Thus, SAH can act as a general inhibitor of DNA methyltransferases. Hitherto, a number of SAH 
analogue inhibitors of DNMTs have been developed and patented (Patent Number 
WO2006078752). Interestingly, Sinefungin, an antifungal antibiotic isolated from Streptomyces 
griseolus and was first identified as a potent inhibitor of viral mRNA methyltransferases in 1978, 
has now been shown to inhibit DNMT1 (Isakovic et al., 2009) (Table 3 and Fig. 3). In addition, 
some other non-nucleosidic DNA methylation inhibitors were also patented, such as 
procainamide derivatives (Patent Number WO2012087889), cyclopenta and cyclohexathiophene 
derivatives (Patent Number WO2010098866), alcyne derivatives (Patent Number 
WO2008098077), substituted amino-benzoic acid derivatives (Patent Number WO2012038417), 
small organic compounds (Patent Numbers WO2007007054 and WO2008033744), flavones and 
flavanones derivatives (Patent Number WO2011029956 A1), and substituted alkine derivatives 
(Patent Number WO2008098077). Despite progress in the development of non-nucleosidic DNA 
methylation inhibitors, one study found that 5-aza-T-dCyd far exceeded this class of drugs 
(specifically hydralazine and procainamide) in the ability to inhibit DNA demethylation and 
reactivate genes (Chuang et al., 2005). 
 
       Interestingly, some natural compounds have also been reported to repress the 
methyltransferase activity of DNMTs, such as (-)-epigallocatechin-3-gallate (EGCG), genistein 
and curcumin, which are the major active ingredients of green tea, soybean and the Indian curry 
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spice turmeric, respectively (Fang et al., 2005; Medina-Franco et al., 2011) (Table 3). 
Remarkably, genistein is being studied to treat patients with prostate cancer in phase II clinical 
trials (Trial Number NCT01126879) (Delpu et al., 2013).  

6. Conclusion 

Presently, a large amount of data has been amassed for histone demethylases as well as 
DNA methyltransferases with regards to their biological functions and disease implications, 
implying that epigenetic markers play an important role in the pathogenesis of cancers and other 
diseases. Therefore, proteins involved in this field are attractive therapeutic targets for drug 
design and development. In this review, we systematically reviewed the progresses in the 
discovery of chemical probes and therapeutic compounds for histone demethylases and DNA 
methyltransferases. These compounds could subsequently be used to further study the biological 
functions and pathogenesis of these targets. The growing number of crystal structures of these 
protein targets and their co-crystals will provide critical sources of information for the design and 
optimization of future epigenetic-specific drugs. 
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Figure	legends	
	

Fig.	1.	Complex structures of LSD1 bound to inhibitors. (A) FAJ in complex with LSD1, (B) 

M84 in complex with LSD1, (C) S1201 in complex with LSD1, (D) LYP in complex with LSD1. 

Protein residues in contact with inhibitors are depicted by stick models colored in pink. 

Inhibitors are shown as stick models colored in green. Hydrogen bonds are marked with black 

dashed line. FAJ: FAD adduct of tranylcypromine; M84 and S1201: tranylcypromine derivatives; 

LYP: the catalytic substrate K4 analog (N~6~-methyl-N~6~-propyl-L-lysine). 

Fig. 2. Complex structures of KDM proteins bound to inhibitors. (A) KC6 in complex with 

KDM4A, (B) IOX1 in complex with KDM4A, (C) GSK-J1 in complex with KDM6B. KC6: 

bipyridyl inhibitor (4'-[(2-aminoethyl) carbamoyl]-2,2'-bipyridine- 4-carboxylic acid); IOX1: 5-

Carboxy-8-hydroxyquinoline. Inhibitors are shown in stick models colored in green. Hydrogen 

bonds between protein residues and inhibitors are marked with black dashed line, while 

hydrogen bonds involved in Ni2+ (which is substituted Fe 2+) are marked with red dashed line. 

Fig. 3. Close-up view of the SFG compound in complex with DNMT1. Protein residues in 

contact with SFG are depicted by stick models colored in cyan, whereas SFG (derivative of 

SAH) is shown in stick colored in pink. Hydrogen bonds between protein residues and SFG are 

marked with black dashed line. 

	

	

	

	

	

	



Table 1 Inhibitors of LSD1 
 

Compound Name Chemical structure 
IC50 

(µM) 

PDB code 

of 

complex 

structure 

PMID 

 Tranylcypromine 
(PCPA) 

 

2 
2UXX 

 2EJR  

16793513 
(Lee et al., 2006) 
22406747 
(Schenk et al., 
2012) 

S1201 
tranylcypromine 
derivatives  

 

8.1 3ABU 

20568732 
  (Mimasu et al., 
2010) 

N� (1- 
Phenylethylidene)-
benzohydrazides 
derivatives 

 
0.014  

24237195 
(Sorna et al., 
2013) 

N� (1- 
Phenylethylidene)-
benzohydrazides 
derivatives  

0.013  

24237195 
(Sorna et al., 
2013) 

polyaminoguanidi
nes derivatives  

0.005  

WO2010084160
A1 
(Guibourt et al., 
2012) 

GSK2879552 

 

  

25237863 
( Finley et al., 
2012) 

ORY-1001 

 

  

25237863 
( Finley et al., 
2012) 

Sakane, 
14,15-dihydro 
GGA  

22  

24406160 
 (Sakane et al., 
2014) 



Compound 5f 
 

 

22  

24007511 
(Schmitt et al., 
2013) 

Hitchin2013_cmpd
19c  

 

10.2  

Med Chem. 
Commun., 2013, 
4, 1513-1522 

Dulla_cmpd_9a 
 

 

9.5  

23575971 
(Dulla et al., 
2013) 

Hitchin2013_cmpd
16q 
 

 

9.5  

Med Chem. 
Commun., 2013, 
4, 1513-1522. 

Hitchin2013_cmpd
16k 
  

7.5  

Med Chem. 
Commun., 2013, 
4, 1513-1522. 

Rotili2014_cmpd1 
 

 

2.2  

24325601 
(Rotili et al., 
2014) 

Zheng_cmpd26 
 

 

2.1  

24131029 
(Zheng et al., 
2013)  

ueda09_cmpd2 
 

 

1.9  

19950987 
(Ueda et al.,  
2009) 

binda10_cmpd1 

 

Ki=1.3   

20415477 
(Binda et al., 
2010) 

binda10_cmpd1 

 

1.1  

20415477 
(Binda et al., 
2010) 



mimasu10_S2101 
 

 

1  

20568732 
(Mimasu et al., 
2010) 

Compound 8k 
 

 

0.39  

Med Chem. 
Commun., 2014, 
5,650:654 

Ortega11_cmpd10 
 

 

0.1  
WO2011035941
A1 

GSK345  

 

0.09  

Med Chem. 
Commun., 2013, 
4, 1513-1522 

Bizine - 
Prusevich2014_cm
pd12d  

0.059  

24707965 
(Prusevich et al., 
2014) 

Hitchin2013_cmpd
24 

 

0.04  

Med Chem. 
Commun., 2013, 
4, 1513-1522 

Example_5 

 

0.022  WO2013057320 

GSK-LSD1 

 

0.016  

http://www.thesg
c.org/chemical-pr
obes/LSD1 

 
Compound 12 
 

 

0.013  

24237195 
(Sorna et al., 
2013) 

Ortega_OG-L002 

 

0.02  

23386436 
(Liang et al., 
2013) 

 



Table 2 Inhibitors of JmjC domain-containing protein family 
 

Protein 

name 

Compound 

Name 
Chemical structure 

IC50 

(µM) 

PDB code 

of 

complex 

structure 

PMID 

KDM4A 

Y28 
O-benzyl-N-(car
boxycarbonyl)-D
-tyrosine  

 2WWJ 

20088513 
(Rose et al., 
2010) 

IOX1 
8-hydroxyquinoli
ne-5-carboxylic 
acid  

 3NJY 

  
21124847 
(King et al., 
2010) 
 

 chang11_cmpd1
3a 

 

 3PDQ 

21412984 
(Chang et al., 
2011) 

0WS  
2-(1H-pyrazol-3-
yl)pyridine-4-car
boxylic acid  

 4GD4 

(King et al., 
2012) 
 

labelle06_epither
apeutics_Exampl
e49 

 

0.1  

WO2014053491
A1_Epitherapee
utics 

labelle06_epither
apeutics_Exampl
e48 

 

0.1  

WO2014053491
A1_Epitherapee
utics 

PDCA 

 

0.7 2VD7 

18942826 
( Rose et al, 
2008) 

compound 1 

 

4.3  
21585201 
(luo et al., 2011) 



KDM4A 

sid_852641 

 

8.2  

21124847 
(King et al., 
2010) 

rose10_cmpd7 

 

12  

20088513 
(Rose et al., 
2010) 

methylstat 

 

  
21585201 
(luo et al., 2011) 

HQ2  
8-hydroxy-3-(pip
erazin-1-yl)quino
line-5-carboxylic 
acid  

 3RVH (King et al.) 

JIB-04 

 

0.44  

23792809 
(Wang et al., 
2013) 

KDM4B 
 

JIB-04 

 

0.43  

23792809 
(Wang et al., 
2013) 

labelle06_epither
apeutics_Exampl
e49 

 

0.1  

WO2014053491
A1_Epitherapee
utics 

labelle06_epither
apeutics_Exampl
e48 

 

0.1  

WO2014053491
A1_Epitherapee
utics 

KDM4C 
 

SD70 

 

  

  
24928520 
(Jin et al., 2014) 
 

 

 
  

 



KDM4C 
 
 

n-octyl ester 
derivative of 
IOX1 

 

3.9  

24504543  
(Schiller et al., 
2014) 

compound 1 

 

3.4  
21585201 
(luo et al., 2011) 

JIB-04 

 

1.1  

23792809 
(Wang et al., 
2013) 

Rotili2014_cmpd
1 
 

 

0.07  

24325601 

(Rotili et al., 
2014) 

labelle06_epither
apeutics_Exampl
e49 

 

0.1  

WO2014053491A

1_Epitherapeeuti

cs 

labelle06_epither
apeutics_Exampl
e48 

 

0.1  

WO2014053491A

1_Epitherapeeuti

cs 

n-octyl ester of  
IOX1 

 

3.9  

24504543  

(Schiller et al., 
2014) 

KDM4D JIB-04 

 

0.29  

23792809 
(Wang et al., 
2013) 

 

 

 

 



KDM4E 
 

PDCA 

 

1.4 2W2I 

18942826 
( Rose et al., 
2008) 
http://www.pdb.
org/pdb/explore/
explore.do?struc
tureId=2W2I 

JIB-04 

 

0.34  

23792809 
(Wang et al., 
2013) 

compound 1 

 

5.9  
21585201 
(luo et al., 2011) 

sid_852641 

 

6  

21124847 
(King et al., 
2010) 

rose10_cmpd7 

 

5.4  

20088513 
(Rose et al., 
2010) 

Compound 15c 

 

0.11  

 
21412984 
(Chang et al., 
2011) 

chang11_cmpd1
3a 

 

0.18  

 
 
21412984 
(Chang et al., 
2011) 

Rotili2014_cmpd
1 

 

0.42  

 
24325601 
(Rotili et al., 
2014) 



KDM2A 
 

Rotili2014_cmpd
1 
 

 

0.22 	  

24325601 
(Rotili et al., 
2014) 

daminozide 
 

1.5  

22724510 
 (Rose et al., 
2012) 

compound 13 

 

2.9  

  
23964788 
(Suzuki et al., 
2013) 

KDM5A JIB-04 

 

0.23  

23792809 
(Wang et al., 
2013) 

KDM5B 
 

labelle06_epither
apeutics_Exampl
e49 

 

0.1  

 
WO2014053491
A1_Epitherapee
utics 

labelle06_epither
apeutics_Exampl
e48 
  

0.1  

 
WO2014053491
A1_Epitherapee
utics 

GSK-J1 
 

 

0.17  

25279926 
(Heinemann et 
al., 2014) 
http://www.thes
gc.org/chemical-
probes/GSKJ1 

KDM5C 
 

Rotili2014_cmpd
1 

 

0.07   

 
24325601 
(Rotili et al., 
2014) 

labelle06_epither
apeutics_Exampl
e49 
  

0.1  

 
WO2014053491
A1_Epitherapee
utics 

 



KDM5C 
 

labelle06_epither
apeutics_Exampl
e48  

0.1  

 
WO2014053491
A1_Epitherapee
utics 

labelle06_epither
apeutics_Exampl
e1 
  

0.1  

 
WO2014053491
A1_Epitherapee
utics 

GSK-J1 
 

 

0.55  

25279926 
(Heinemann et 
al., 2014) 
http://www.thes
gc.org/chemical-
probes/GSKJ1 

KDM6A
/6B 

CSK-J4 

 

  

22842901 
(Kruidenier et 
al., 2012) 
http://www.thes
gc.org/chemical-
probes/GSKJ1 

KDM6B 
 

compound 1 
 

43  
21585201 
(luo et al., 2011) 

CSK-JI 

 

0.06 4ASK 

22842901 
(Kruidenier et 
al., 2012) 
http://www.thes
gc.org/chemical-
probes/GSKJ1 

JIB-04 

 

0.85  

23792809 
(Wang et al., 
2013) 

KDM6C CSK-JI 

 

 3ZPO 

24798337 
(Walport et al., 
2014)  
(Vollmar et al., 
2014) 

 



Table 3 Inhibitors of DNMTs 
 

Compound 

Name 
Chemical structure 

PDB code of 

complex 

structure 

PMID 

Sinefungin  

 

3SWR 
19364644 
(Isakovic et al., 2009) 

Azacitidine 

 

 

 6156004 
 (Jones et al., 1980) 
 

Decitabine 

 

 
6156004  
(Jones et al., 1980) 

 
Nanaomycin A 

 

 
20833755 
 (Kuck et al., 2010) 

 
Mythramycin 
A 

 

 
17893516 
(Lin et al., 2007) 

 
NPEOC-DAC 

 

 
18499340 
(Byun et al., 2008) 

SGI-110 

 

 
20442312 
(Chuang et al., 2010) 

CP-4200 

 

 
20442313 
(Brueckner et al., 2010) 

 

 

 



 
5, 
6-Dihydro-5-az
acitidine 
(DHAC)  

 
10368689 
(Izbicka et al., 1999) 

 
5-Fluoro-2’-de
oxycytidine 

 

 

6156004 
 (Jones et al., 1980) 
 

zebularine 

 

 
12618505 
 (Cheng et al., 2003) 

RG-108 

 

 
16024632 
(Bodo et al., 2005) 

procainamide 

 

 

  
2066944 
 ( Scheinbart et al.1991) 

hydralazine 

 

 
12632429 
 ( Deng et al., 2003) 

(- )-epigallocat
echin-3-gallate 

 

 
14633667 
 (Fang et al., 2003) 

SGI-1027 

 

 
19417133 
(Datta et al., 2009) 

5-aza-T-dCyd 

 

 

US20110218170 A1 
23033952 
(Fahy et al., 2009) 

 

 

 



RX-3117 

 

 
20006515 
(Kuck et al., 2010) 

 
 
T-dCyd 

 

 

US20110218170 A1 
23033952 
(Fahy et al., 2009) 

Fazarabine 

 

 
69026 
(Beisler et al., 1977) 

 



A B 

LSD1 with M84 (2XAQ)  

LSD1 with FAJ (2UXX)  
R310 

V590 

R316 

E801 
T810 

S289 
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V333 
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C 

R310 

V590 

R316 
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V333 
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D 
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E801 
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M332 
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V333 
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LYP 

H564 

Fig.1 
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KDM4A with IOX1 (3NJY) KDM4A with KC6 (3PDQ) 

A 

Fig. 2 

D135 

Y177 

Y132 

H188 

K206 

H276 

E190 

KC6 

B C 

KDM6B with GSK-J1 (4ASK)  

Y132 K206 

Y177 

H188 

H276 

F185 

IOX1 

E190 

K1381 

N1400 

T1387 

H1390 

H1470 E1392 

GSK-J1 
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Fig. 3 

   DNMT1 with SFG (3SWR ) 

C1191 

M1169 

E1168 

N1578 

A1579 
V1580 

E1266 

L1151 

SFG 


