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Abstract

Epigenetic modifications affect gene expression without changes in the actual DNA sequence. 

Two most important mechanisms include DNA methylation and histone tail modifications 

(especially acetylation and methylation). Epigenetic modulation is a part of normal physiologic 

development; its dysregulation is an important mechanism of pathogenesis of some cancers 

including acute myeloid leukemia (AML). Despite significant progress in understanding the 

pathogenesis of AML, therapeutic options remain quite limited. Technological advances have 

facilitated understanding of aberrant DNA methylation and histone methylation/acetylation as key 

elements in the development of AML and uncovered several recurrent mutations in genes 

important for epigenetic regulation. However, much remains to be learned about how to exploit 

this knowledge for epigenetic therapeutic targeting. Currently, no epigenetic therapy is approved 

for the treatment of AML although two DNA methyltransferase inhibitors (azacitidine and 

decitabine) are commonly used in clinical practice. Among the other epigenetic modifiers 

undergoing research in AML, the histone deacetylase inhibitors are the most studied. Other 

promising drugs such as inhibitors of histone methylation (e.g. EZH2 and DOT1L inhibitors), 

inhibitors of histone demethylases (e.g. LSD1 inhibitors), inhibitors of bromodomain-containing 

epigenetic “reader” BET proteins, and inhibitors of mutant isocitrate dehydrogenases are at early 

stages of clinical evaluation.
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INTRODUCTION

In AML, primitive malignant clonal hematopoietic cells proliferate and accumulate in bone 

marrow, peripheral blood and occasionally other tissues1. AML accounts for 90% of all 

acute leukemia in adults, and 15–20% in children2. Despite extensive clinical research of 

many agents and exponential progress in dissecting the underlying molecular mechanisms of 

pathogenesis, and in contrast to most other hematologic malignancies where we have seen 
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the approval of multiple novel agents, the backbone of induction chemotherapy for AML 

remains the same anthracycline/cytarabine combination regimen (3+7) developed in the 

1970s3.

The etiologies for AML have not been fully elucidated. Risk factors include previous 

exposure to chemotherapy and radiation. Myelodysplastic syndromes (MDS) and 

myeloproliferative neoplasms (MPN) can also progress to AML. Along with many genetic 

alterations resulting in activation of oncogenes or inactivation of tumor suppressor genes 

(TSG)4, epigenetic changes have been shown to play an important role in carcinogenesis. 

Epigenetic modification refers to a stable, mitotically perpetuated regulatory mechanism of 

gene expression that is not associated with a change in the actual DNA sequence5. Main 

mechanisms of epigenetic modifications include DNA methylation, histone tail 

modifications such as acetylation and methylation6, 7 and changes in the small regulatory 

non-coding anti-sense RNAs (i.e. microRNA) which can result in transcriptional or 

posttranscriptional gene silencing or activation8. However, the epigenetic dysregulation that 

contributes to leukemogenesis is not fully understood9. A better understanding of epigenetic 

dysregulation will shed light on the mechanism of leukemogenesis, provide prognostic 

information, and elucidate potential therapeutic targets. In this review, we overview the 

current understanding of the epigenetic dysregulation in AML, discuss the available 

epigenetic therapies, and forecast the future directions of research in this area. Due to space 

limitations, we will focus on DNA methylation and histone modifications and their 

therapeutic targeting while inhibitory RNAs and the use of antisense oligonucleotides will 

not be discussed.

DNA METHYLATION IN AML

DNA methylation involves the addition of a methyl group to cytosine or adenine residues in 

DNA resulting in impaired gene transcription and translation. As such, DNA methylation 

provides an epigenetic method for controlling gene expression. This process is an essential 

component of normal development and cell differentiation. Certain cancer cells have altered 

patterns of DNA methylation via the global change of DNA methylation, or 

hypermethylation in specific regions of the genome10. While global hypomethylation is 

associated with chromosomal instability in vitro and may play a role in carcinogenesis11, it 

is believed that aberrant DNA hypermethylation contributes to carcinogenesis by silencing 

TSG.

In contrast to normal hematopoietic cells, hypermethylation of TSG promoters is found at a 

high frequency in AML12. However, only a few of the frequently methylated genes in AML 

have known tumor suppressor function13. In addition, promoter hypermethylation in AMLin 
vitro does not always silence critical genes, especially TSGin vivo13, 14. Therefore, only 

some of the genes which are hypermethylated in promoters are clearly significant to the 

neoplastic process. Regardless of the role of hypermethylation of TSG in the pathogenesis of 

AML, frequent gene methylation is generally associated with poor prognosis in AML13 and 

clinical outcomes could be predicted based on DNA methylation cluster, including the 

groups without specific mutation14.
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MUTATIONS IN GENES WHICH INFLUENCE DNA METHYLATION

DNMT mutations in AML

DNA methylation is induced by a group of epigenetic “writer” enzymes called DNA 

methyltransferases (DNMTs) that add a methyl group to the cytosine residues, mostly within 

CpG islands, leading to epigenetic silencing of target genes15, 16. Of the 3 described 

DNMTs, DNMT1 mostly maintains existing methylation during replication of the DNA 

while DNMT3A and DNMT3B on the other hand are generally responsible for de novo 
methylation of previously unmethylated DNA17.

The frequent occurrence of recurrent mutations in enzymes associated with DNA 

methylation in AML cells suggests that aberrant epigenetic modulation of genome plays an 

important role in leukemogenesis. DNMT3A is one of the most commonly mutated genes in 

AML (4% to 22% of adult AML patients and up to 36% of cytogenetically normal [CN] 

AML)17. DNMT3A mutations are associated with monocytic subtype, older age, and 

concurrent mutations including FLT3, NPM1, andisocitrate dehydrogenase (IDH)1 
and218, 19. Interestingly, AML patients with mutations in DNMT3A (along with NPM1 or 

fusions in MLL1) appear to benefit from dose intensification of daunorubicin (90mg/m2) 

during induction chemotherapy20.

TET2

TET (Ten-Eleven Translocation) 1~3 genes encode for epigenetic “eraser” enzymes that 

induce hydroxymethylation by catalyzing the conversion of 5-methylcytosine to 5-

hydroxymethylcytosine, which is followed by passive demethylation16, 21. Mutations in 

TET2 have been detected in 7–23% of AML22, 23. Recent study suggests that TET2 
mutations occur more frequently in CN-AML and are associated with older age, higher 

white blood cell counts, and lower platelet counts16, 23. In addition, TET2 and IDH 
mutations are mutually exclusive, which supports the role of aberrant hydroxymethylation in 

leukemogenesis as IDH gain of function mutations produce the oncometabolite 2-

hydroxyglutarate (2-HG) which inhibits TET2 catalytic activity (see next section)16, 24. 

Experimental models suggest that TET2 mutations result in a dysregulation of hematopoietic 

cell-renewal control mechanisms and facilitate the acquisition of additional somatic 

mutations24–26. Nonetheless, the precise mechanism by which TET2 mutations drive 

leukemogenesis are still to be defined.

MUTATIONS IN GENES THAT IMPACT BOTH DNA METHYLATION AND 

HISTONE POSTTRANSLATIONAL MODIFICATIONS

IDH1 and 2

IDH 1 and 2 are a group of NADP+ dependent enzymes which catalyze the conversion of 

isocitrate to α-ketoglutarate (α-KG) in the Krebs cycle and are thought to be involved in the 

prevention of oxidative damage within the cell16, 24, 27. IDH mutations are found in 15~30% 

of de novo AML and secondary AML24, 28. These neomorphic mutations confer a novel 

activity to the enzymes catalyzing the conversion of α-KG to its D stereoisomer 2-

HG24, 27–29. Indeed, high2-HGlevels are detectable in AML patients who have IDH 
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mutations, and serum levels of 2-HG have been shown to have a diagnostic utility, to 

function as a biomarker for monitoring of disease activity and therapeutic response, and to 

potentially predict clinical outcomes27–29. The mechanisms by which mutatingIDH 1 and 2 
drive pathogenesis of AML are under active investigation but it appears that the functional 

loss of TET2 activity by the depleted level of the TET2 cofactor α-KG and the inhibitory 

effects of 2-HG on TET2 function play important roles16, 24. IDH mutations also contribute 

to leukemogenesis in TET2-independent manners16. The oncometabolite 2-HG can also 

inhibit several other key epigenetic modifiers involved in histone and DNA methylation and 

demethylation leading to aberrant DNA and histone methylation and epigenetic 

remodeling30. The activity of histone demethylases are also dependent on α-KG and the 

epigenetic functional impact of inhibition of histone demethylase by low levels of α-KG 

may contribute to leukemogenesis by blocking differentiation30, 31. In addition, it is thought 

that high levels of α-HG may increase the production of reactive oxygen species and 

subsequent DNA damage31. The prognostic significance of IDH mutations remains debated.

MUTATIONS IN GENES WHICH AFFECT HISTONE POSTTRANSLATIONAL 

MODIFICATIONS

ASXL-1

Somatic nonsense, missense, frameshift and point mutations of the additional sex combs-like 
gene (ASXL-1), one of the Polycomb group (PcG) of proteins are found in 3 to 30% 

AML9, 16, 32. ASXL-1 mutations were initially detected in MDS and chronic 

myelomonocytic leukemia (CMML) but were subsequently identified in AML32–37. These 

mutations are more prevalent in older AML patients (vs. younger patients) and those with 

therapy-related AML (vs.de novo AML)32–34. ASXL-1 is important for PRC2-mediated 

trimethylation of histone 3 lysine 27 (H3K27); an epigenetic modification with a 

transcriptionally repressive effect. Inactivating mutations of ASXL-1 therefore lead to 

H3K27me3level reductions at critical sites and potentially promote leukemogensis by de-

repressing important leukemogenic oncogenes16, 34. Mutations inASXL-1 are also reported 

to be associated with interruption of ubiquitin removal from specific histone lysine 

residues35 and promoting HOX gene expression34 which are important in leukemic 

transformation. However, the mechanisms underlying leukemogenesis in patients with 

ASXL-1 mutations remain to be full identified. The prognostic implications of ASXL-1 
mutations in AML have been elusive due to several conflicting data. Still, it is generally 

accepted that ASXL-1 mutation is an adverse prognostic indicator in intermediate-risk 

AML32, 36, 37.

EPIGENETIC THERAPY

DNMT Inhibitors

5-Azacytidine (azacitidine) and its deoxy analogue 5-aza-2’-deoxycytidine (decitabine) are 

the two most extensively studied DNMT inhibitors and are approved for clinical use in 

hematologic malignancies (specifically MDS) in the USA. These medications were first 

invented in 1960s, but were clinically abandoned due to excessive toxicity and narrow 

therapeutic window38. Subsequently it was realized that dose-response curve of azacitidine 
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is U-shape suggesting that a much lower dose of the drug than initially used could be 

clinically effective and safe39.

Despite being recognized for several decades and being commercially available for a decade, 

the mechanisms of action of both approved DNMT inhibitors remain to be fully elucidated. 

Azacitidine is metabolized to decitabine and the tri-phosphorylated product (i.e. decitabine 

triphosphate) is incorporated into DNA and subsequently binds to DNMT covalently at the 

C-6 position40, 41. The incorporation of active metabolites results in cytotoxicitic effect at 

high concentrations while at lower concentrations the predominant effect appears to be 

depletion of DNMTs with subsequent loss of DNA methylation following DNA replication 

and therapeutic epigenetic modulation40–44. In contrast to decitabine which has no direct 

effects on RNA, most of the phosphorylated azacitidine is actually incorporated into the 

RNA thereby interfering with protein synthesis40, 43. In addition, these drugs appear to have 

immune-mediated effects45, 46. The degree to which the beneficial clinical effects of DNMT 

inhibitors are dependent on any of these (or other) mechanisms and whether differential 

molecular mechanisms of azacitidine versus decitabine (e.g. direct impact on protein 

synthesis) affect the final clinical effects are yet to be established. Recently, the use of 

decitabine with 75 to 90% dose reduction in patients with MDS with a more frequent 

administration (1 to 3 days/week instead of 5 days every 28 days schedule) showed that 

DNMT depletion effect was predominant with minimial direct cytotoxic effect via 

conventional apoptotic pathways44. These data suggest that lower dose of decitabine (or 

possibly azacitidine) might be effective in MDS or AML with mutation of key apoptotic 

genes including TP53 and that different mechanisms of DNMT inhibitors depending on 

doses, administration schedule and their clinical applicability should be further 

investigated44.

Table 1 summarizes the results of some of the important clinical trials of DNMT inhibitors 

in AML patients. A subgroup analysis of the AZA-001, a trial that compared azacitidine to 

conventional care regimens (CCR) in patients with higher-risk MDS, in patients with 20–

30% bone marrow blasts who are currently classified as having AML according to the World 

Health Organization (WHO) classification demonstrated a significantly better median 

overall survival (OS, 24.5 vs. 16.0 months, respectively, hazard ratio=0.47; 95% CI, 0.28 to 

0.79; p=0.005) and probability of OS at 2-year OS rate (50% vs 16%, respectively, 

p=0.001)47. Another subgroup analysis of patients with 20–30% bone marrow blasts 

(reclassified by WHO criteria) in the Cancer and Leukemia Group B (CALGB) randomized 

trial that led to FDA approval of azacitidine in MDS demonstrated a significant survival 

advantage of azacitidine as well48. Subsequent two phase II trials of decitabine in AML 

demonstrated similar response rates (25% and 26%, respectively)49, 50. A phase III 

randomized study of first-line decitabine therapy in elderly patients with AML (>65 years 

old at time of diagnosis) with intermediate or poor cytogenetics showed that while 

decitabine significantly increased CR rate compared to best supportive care (BSC) or low-

dose cytarabine (17.8% vs. 7.8%, odds ratio, 2.5; 95% CI, 1.4 to 4.8; p=0.001), the 

difference in median OS was not statistically significant between the two groups (7.7 months 

vs 5.0 months, p=0.108)51.
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HDAC Inhibitors

Histones play a role in forming nucleosomes and chromatins with DNA in eukaryotic 

cells52. Acetylation and deacetylation in histone tails by histone acetyltransferases (HAT) 

and histone deacetylases (HDAC) is one of the important epigenetic mechanisms of control 

of gene transcription40. Several clinical trials have been conducted with histone deacetylase 

(HDAC) inhibitors in patients with MDS and AML (Table 2). In general, single agent HDAC 

inhibitor therapy has been associated with low response rates, usually in the range of 10–

20%52. Based on in vitro studies, revealing HDAC inhibitors and DNMT inhibitors act 

synergistically to induce re-expression of silenced genes in cancer cells53, clinical trials have 

been conducted to use HDAC inhibitors in combination with other agents, such as DNMT 

inhibitors and conventional chemotherapeutic agents52.

Panobinostat in an HDAC inhibitor under investigation especially for core-binding factor 

(CBF)-AML. CBF-AML and APL are characterized by chimeric proteins that aberrantly 

recruit HDAC to target gene promoters leading to differentiation block and blast 

proliferation54. In a murine model of t(8;21) AML, panobinostat resulted in a significant 

anti-leukemic effect and triggered terminal myeloid differentiation suggesting the need for 

further studies of HDAC inhibitors in this setting55.

Vorinostat (Suberoylanilide hydroxamic acid, SAHA), another potent HDAC inhibitor 

containing a hydroxamic acid moiety, binds to the zinc-containing pocket in the catalytic site 

of HDAC 1, 2, 3 and 6, causing their reversible inhibition. In a phase I trial of oral vorinostat 

for hematologic malignancies, responses were observed in leukemia including AML (7 of 41 

patients,17%), including 2 CR, 2 CRs with incomplete hematologic recovery, and 3 with 

hematologic improvement56. In another study, 37 patients with AML were treated with 

vorinostat in a phase II trial, but only one patient had a hematologic improvement57.

Romidepsin (depsipeptide) is a cyclic tetrapeptide that is a potent HDAC inhibitor in vitro. 

In a multicenter phase II trial, romidepsin was administrated to 20 patients with refractory or 

relapsed AML58. Two patients had disappearance of bone marrow blasts with concomitant 

recovery of near-normal hematopoiesis following one or two cycles of therapy, and three 

additional achieved a >50% reduction in bone marrow blasts58.

Valproic acid (VPA) is a short-chain fatty acid oral antiepileptic agent that has been shown 

to inhibit HDAC activity at low levels. In a phase II study of single agent VPA or in 

combination with all-trans retinoic acid (ATRA), 75 patients with MDS or AML (n=32) 

were treated with VPA, including nine patients who also received ATRA from the start of 

treatment59. Hematologic improvement was observed in 24% of patients (30% in MDS, 16% 

in AML). Other studies using VPA either as a single agent or in combination with ATRA as 

therapy of poor-risk AML and MDS have also reported minimal activity60–62. Therefore, it 

seems that the activity of single-agent VPA in AML and MDS is limited.

Mocetinostat, entinostat and panobinostat have been studied mostly in phase I studies63–65. 

In summary, single-agent HDAC inhibitor therapy results in modest responses in AML at the 

best. In order to improve outcomes, studies have been conducted using HDAC inhibitors in 
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combination with other agents such as DNMT inhibitors and conventional chemotherapeutic 

agents (See the next section).

Combinations of DNMT inhibitors and HDAC inhibitors

Elucidation of multiple interacting mechanisms of gene silencing has led to combining drugs 

that affect multiple epigenetic pathways (Table 3). A number of clinical trials have tested the 

combination of DNMT inhibitors with HDAC inhibitors (i.e. VPA, vorinostat, entinostat and 

mocetinostat etc.) in both MDS and AML. Since Gore et al. have developed a well-tolerated 

combination schedule of azacitidine and HDAC inhibitor which induces promoter 

methylation reversal and global histone acetylation66, multiple studies demonstrated that the 

combination of DNMT inhibitors with HDAC inhibitors confers a synergistic effect but most 

of these studies are in phase I or II63, 67–69. DNMT inhibitors have been combined with non-

epigenetic agents including gemtuzumab ozogamicin70, and sorafenib71. Combination of 

DNMT inhibitors with other agents such as erythropoietin72, romiplostim73, arsenic74, and 

lenalidomide75 were investigated mostly in MDS. The combination of bortezomib with 

decitabine seems to be interesting as it showed clinical activity in a limited number of older 

patients with AML76.

A phase II study suggested the combination of vorinostat with idarubicin and cytarabine is 

viable in AML, but phase III study will be necessary to confirm these results77. A recently 

published randomized phase II trial in 149 patients with high-risk MDS and AML showed 

that the addition of VPA to decitabine did not improve CR rates, ORR, or survival in 

comparison to decitabine alone78. The E1905 study in which 149 patients with MDS (97 

patients) and AML with trilineage dysplasia (52 patients) were randomized to azacitidine or 

a combination of azacitidine with the HDAC inhibitor, entinostat did not only show lack of 

significant differences in responses and survival between the two groups, but also observed 

lower degree of demethylation with the combination versus azacitidine monotherapy 

suggesting pharmacodynamic antagonism79. These findings suggest that the choice of the 

individual agents, their target specificity, the administration schedules, and the particular 

doses are all likely to significantly impact the outcome of combination studies. Further 

studies will be needed to determine whether there is a synergistic or additive clinical effects 

to combining DNMT inhibitors with HDAC inhibitors.

Novel DNMT inhibitors

The high frequency of somatic alterations in epigenetic modifiers in AML patients, 

combined with the clinical importance of DNMT inhibitors in AML, has led to a great 

interest in the development of novel epigenetic therapies. Next generation DNMT inhibitors 

have been developed. For example, SGI-110 is a novel DNMT inhibitor that was designed to 

enhance the efficacy of decitabine by combining it with deoxyguanosine which induces 

resistance to degradation by cytidine deaminase therefore increasing the bioavailability of 

the drug52, 80. A phase II of SGI-110 in patients with relapsed and refractory AML or 

elderly treatment-naïve AML show that overall remission rate in treatment naïve elderly 

AML was 53%; a rate which is comparable to that using conventional DNMT inhibitors81.
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Novel epigenetic modifiers

Several classes of novel epigenetic modifiers are in early phase clinical trials (Figure 1). In 

addition to methylation of DNA, methylation of histones is another important form of 

epigenetic modulation that controls critical cellular functions and whose aberrant regulation 

has been shown to contribute to leukemogenesis especially in mixed lineage leukemia 

(MLL)-fusion leukemias (which account for approximately 10% of adult AML). The 

H3K27 methyltransferase Enhancer of Zeste Homolog 2 (EZH2), the main component in the 

polycomb repressive complex 2 (PRC2) which tri-methylates H3K27 to H3K27me3 and 

recruits PRC1 to promoters of target genes, and the H3K79 histone methyltransferase 

Disruptor of Telomere Silencing 1-like (DOT1L), which di-methylates H3K79 to 

H3K79me2, both contribute to important cellular functions including maintenance of 

stemness of cells82. Mutations of EZH2 have been observed in various hematologic 

malignancies including MLL-rearranged leukemias and Inhibition of EZH2 using selective 

inhibitors such as 3-deazaneplanocin A (DZNep) has shown promising efficacy in 

preclinical studies in MLL-fusion leukemias82, 83. Importantly, in murine models of MLL-

rearranged leukemias not only did DZNep suppress leukemia proliferation, but it also 

reduced leukemia-initiating cells [LIC] frequency through up-regulation of p1682. Double 

inhibition of EZH2 and EZH1 with an oral selective inhibitor, UNC1999, prolonged survival 

in a MLL-rearranged murine model further suggesting that inhibition of EZH2 (and EZH1) 

is a promising therapeutic intervention in MLL-rearranged leukemias84. Furthermore, 

combined epigenetic therapy using a combination of an EZH2 inhibitor and a HDAC 

inhibitor (DZNep and panobinostat) and even a triple combination (DZNep, the HDAC 

inhibitor trichostatin-A and the DNMT inhibitor decitabine) was effective and synergistic in 

preclinical studies of AML suggesting that triple targeting of the 3 epigenetic mechanisms 

that silence TSG merits further evaluation in AML85, 86.

Misguiding of DOT1L with subsequent aberrant H3K79 methylation and transcriptional up-

regulation of HoxA and Meis1 genes are important for the initiation and maintenance of 

MLL-fusion leukemias while the loss of DOT1L function selectively reduces expression of 

the MLL-fusion driven transcriptional programs; therefore identifying DOT1L as a rational 

therapeutic target in MLL-rearranged leukemias87, 88. Indeed, a potent and selective 

aminonucleoside inhibitor of DOT1L, EPZ-5676, caused complete and sustained regression 

of the tumor in a rat xenograft model of MLL-fusion leukemia89 and is currently undergoing 

phase 1 clinical trials in relapsed/refractory adult and pediatric MLL-rearranged leukemias 

(Clinicaltrials.gov identifier: NCT02141828 and NCT01684150). Studies in MLL-

rearranged leukemia cell lines showed synergistic effects when EPZ-5676 was combined 

with DNMT inhibitors, cytarabine or daunorubicin, providing a rationale for clinical 

evaluation of these combinations90. Furthermore, inhibition of DOT1L with another small 

molecular inhibitor, SYC-522, was shown to increase chemo-sensitivity of MLL-rearranged 

leukemia by preventing DNA damage response91. Recent data suggest activity of DOT1L 

inhibitors might extend to other subtypes of AML aside from MLL-rearranged leukemias. 

For example, EPZ004777, a DOT1L inhibitor revealedin vitro responses in primary AML 

cells with IDH1 or IDH2 mutations, therefore warranting further evaluation of these agents 

in other subtypes of AML92.
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The bromodomain and extra terminal (BET) family of proteins include a number of 

Bromodomain-containing “reader” proteins (BRD [BRD2, BRD3, BRD4, and BRDT]) 

which use their acetyl-lysine recognition motifs (bromodomains) to read the post-

translational acetylated motifs of histones and influence transcription of target genes93, 94. 

Dysregulation of BET adaptors has been shown to contribute to leukemogenesis across a 

variety of AML subtypes driven by different mutations95. Dislocation of BRD3 or BRD4 in 

AML (for instance, dissociation of BRD4 from mutant NPM1) enhances the expression of 

oncogenes, such as c-Myc, Bcl-2 and CDK6, by recruiting super elongation complexes96. 

Inhibition of BRD4 using small hairpin inhibitory RNAs (shRNAs) or small molecule 

inhibitors (e.g. JQ1 and I-BET151) induces robust in vivo and in vitro anti-leukemic effects 

via down-regulation of oncogenes, suggesting this approach could be a potentially effective 

therapeutic strategy in some subtypes of AML94, 95, 97–99. Preclinical studies of the selective 

small molecule BRD4 inhibitors JQ1 and I-BET151 showed terminal myeloid differentiation 

and elimination of leukemia stem cells in MLL-rearranged AML, synergistic activity with 

HDAC inhibitors and anthracyclines to enhance p53-mediated apoptosis in DNMT3A/

NPM1-mutated leukemic cell lines, and activity against NPM1-mutated AML and 

JAK2V617F-driven neoplasms94, 95, 98, 99. BET inhibitors (e.g. CPI-0610 and OTX015) 

have entered phase 1 clinical trials for refractory acute leukemias and MDS (NCT02158858 

and NCT01713582). Lysine-specific demethylase1 (LSD1) is an epigenetic eraser that 

removes methyl groups from H3K4me1/2 and H3K9me1/2 in a location- and context-

specific fashion acting as a transcriptional repressor or activator100. Data suggest that LSD1 

is involved in leukemogenesis and maintenance of leukemic stem cells especially in MLL-

rearranged leukemias101. Preclinical data suggest that inhibitors of LSD1 have activity in 

AML102 and some are already in phase 1 trials (e.g.NCT02177812 evaluating the LSD1 

inhibitor GSK2879552).

Finally, inhibitors of mutant IDH1 have also demonstrated preclinical evidence of efficacy in 

IDH1-mutated AML103. There are ongoing phase 1 clinical trials of mutant IDH1inhibitors 

(e.g. AG-120 in NCT02074839) and mutant IDH2 inhibitors (e.g. AG-221 in 

NCT01915498) in advanced hematologic malignancies with these respective IDH mutations. 

In addition, given that IDH-mutated AML are addicted to glutamine as the main source of 

α-KG104, 105, selective glutamine depletion is being explored clinically as a potential 

therapeutic approach in IDH-mutated AML using Erwinase (Asparaginase Erwinia 

Chrysanthemi; NCT02283190).

CONCLUSIONS

Recent DNA sequencing and other techniques have facilitated understanding of the role of 

epigenetics in leukemogenesis, especially in AML. Aberrant DNA methylation 

(hypermethylation in promoters of TSG and hypomethylation in promoters of oncogenes) 

and aberrant histone acetylation and methylation are widely seen in AML. Mutations in 

genes important in the regulation of the epigenome, such as TET2, DNMT3A, ASXL-1, 
IDH1/2, and EZH2, have also provided insights into the process of leukemogenesis in AML 

and suggested opportunities for therapeutic targeting. These mutations also contribute to 

prognostication and risk stratification in AML.
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Currently, DNMT inhibitors which are approved for treatment of AMDS are widely used as 

an off-label treatment option for AML patients who are not candidates for conventional 

intensive chemotherapy. HDAC inhibitors are among the better-studied epigenetic modifiers 

but are yet to improve outcomes in AML. Several other promising epigenetic modifiers are 

undergoing early phase clinical research in AML including inhibitors of histone methylation 

(e.g. EZH2 and DOT1L inhibitors), inhibitors of histone demethylases (e.g. LSD1 

inhibitors), inhibitors of bromodomain-containing epigenetic “reader” BET proteins, and 

inhibitors of mutant IDH. In addition, combination-based approaches of different epigenetic 

modifiers are under active investigation. While epigenetic therapy for AML is still in its 

infancy, it is fair to say the future is likely to see a significant increase in the use of these 

agents as single agents, in combinations with each other, or with conventional chemotherapy.
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Figure 1. 
Schematic view of the mechanism of epigenetic modifications and targeting sites for 

treatment
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