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Abstract

Dot1/DOT1L (disruptor of telomeric silencing-1) is an evolutionarily conserved histone 

methyltransferase that methylates lysine 79 located within the globular domain of histone H3. 

Dot1 was initially identified by a genetic screen as a disruptor of telomeric silencing in 

Saccharomyces cerevisiae; further, it is the only known non-SET domain containing histone 

methyltransferase. Methylation of H3K79 is involved in the regulation of telomeric silencing, 

cellular development, cell-cycle checkpoint, DNA repair, and regulation of transcription. hDot1L-

mediated H3K79 methylation appears to have a crucial role in transformation as well as disease 

progression in leukemias involving several oncogenic fusion proteins. This review summarizes the 

multiple functions of Dot1/hDOT1L in a range of cellular processes.
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1. Introduction

Genetic information within the eukaryotic cell nucleus is organized in a highly conserved 

DNA–protein complex, the chromatin, which supports and controls the vital functions of the 

genome. The basic unit of chromatin is the nucleosome, which contains 146 bp of DNA 

wrapped around a histone octamer containing two copies each of H2A, H2B, H3, and H4 

[1]. The basic organization of the eukaryotic genome into chromatin impedes the protein 

factor accessibility required for gene transcription, DNA replication, recombination, and 

repair. Therefore, the cell has developed various mechanisms by which the chromatin 

structure can be regulated to increase access to DNA. These include adenosine triphosphate 

(ATP)-dependent chromatin remodeling, incorporation of histone variants into nucleosomes, 

and covalent histone modifications. [2–4] Histone modifications can alter the charge of 

specific residues, affecting the histone–histone and histone–DNA interactions, and can act as 

signals to create landing platforms for a diverse array of transcription factors, chromatin 
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remodelers, and DNA-interacting proteins, which drive distinct downstream functions [1,4]. 

Histone modifications are highly regulated within the cell, and any misregulation is often 

associated with cancer and other physiological disorders [5]. Among the various known 

histone modifications, histone methylation has attracted much attention due to its diverse 

functions, which include transcriptional regulation, heterochromatin formation, X-

chromosome inactivation, DNA repair, and cellular differentiation [1]. Histone methylation 

is carried out by histone methyltransferases (HMTs), which covalently modify specific 

lysine and arginine residues by transferring methyl groups from S-adenosyl-L-methionine. 

HMTs fall into two groups based on an evolutionarily conserved catalytic SET domain 

named after SU(var), Enhancer of Zeste, and Trithorax, the first three proteins identified to 

harbor this domain in Drosophila [6]. Disruptor of telomeric silencing-1 (hDot1L), which 

methylates lysine 79 located within the globular domain of histone H3, is unusual as it does 

not possess a SET domain. Dot1 is involved in a number of key processes ranging from gene 

expression to DNA-damage response and cell-cycle progression (Fig. 1). This review 

summarizes the diverse biological functions of Dot1 in various cellular processes [1].

1.1. Dot1 as a Methyltransferase

Dot1 (also known as KMT4) is an evolutionarily conserved enzyme that catalyzes the 

methylation of histone H3 at lysine 79. It was initially discovered as a gene that disrupts 

telomeric silencing when overexpressed [7]. Dot1 is the sole enzyme responsible for all 

forms of H3K79 methylation (monomethylation, dimethylation, and trimethylation) in 

Saccharomyces cerevisiae, Drosophila melanogaster, and humans, based on the fact that 

knockout of its gene in these organisms results in complete loss of H3K79 methylation [8]. 

The protein is conserved in mammals, called Dot1-like protein (DOT1L), and displays 

enzymatic properties similar to that of its yeast homologue. Dot1 is unique in being the only 

non-SET domain containing methyltransferase identified to date [8–10]. Two features of this 

enzyme distinguish it from other known HMTs. First, Dot1 requires a chromatin substrate, 

and is not active on free histones. Second, the lysine residue modification occurs within the 

globular region of histone H3, away from the usual histone modification sites that are 

located in the N- and C-terminal domains. H3K79 is located in the globular domain of 

histone H3, but it is exposed on the nucleosome surface where it can be methylated by 

DOT1L. However, this methylation occurs only in a nucleosomal context that is suggestive 

of a cross talk between H3K79 methylation and other histone modifications [10,11]. Studies 

regarding activity and regulation of Dot1 in many organisms have revealed roles in different 

biological processes such as transcription, cell-cycle regulation, and DNA damage response 

[12].

1.2. Cross talk between histone modifications in regulation of H3K79 methylation

For more than a decade now, chromosomal modifications have been noted to act in concert 

with each other in a context-dependent manner, which can lead to activation or repression of 

chromatin-mediated processes. This concept forms the basis of the cross talk between 

different modifications [13]. The inability of Dot1 to methylate free histone H3 suggests that 

trans-histone cross talk may regulate Dot1 activity. In yeast, histone H2B is 

monoubiquitinated at K123 by Rad6 ubiquitin-conjugating E2 enzyme and Bre1 ubiquitin 

E3 ligase. Both H2B-K123 and H3K79 are located close to each other on the nucleosome 

Farooq et al. Page 2

Mutat Res Rev Mutat Res. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



surface; further, the interplay between methylation of H3K79 and ubiquitination of H2B-

K123 has been suggested because Rad6 (ubiquitin-conjugating enzyme) deletion was found 

to prevent H3K4 and H3K79 methylation [14–16]. Moreover, mutagenesis of H2B-K123 

results in remarkable loss of these two methylations. These results indicate that H2B-K123 

ubiquitination is a prerequisite for H3K4 and H3K79 methylation. This effect has been 

observed to be unidirectional, as Dot1 deletion has no effect on H2B-K123 ubiquitination 

[16]. Another histone cross-talk pathway that regulates H3K79 methylation levels in S. 
cerevisiae is the interaction of Dot1 with a short basic patch region of the histone H4 N-

terminal tail. Sir3 and Dot1 compete for the same site on histone H4, and the acetylation of 

H4K16 blocks Sir3 binding and stimulates Dot1 binding and subsequent H3K79 methylation 

[17].

1.3. H3K79 methylation in transcriptional regulation

Gene expression in higher eukaryotes is intimately linked to DNA accessibility. Normally, 

DNA remains packaged into a condensed chromatin state inaccessible to the transcriptional 

machinery. Therefore, for transcription to occur, this state has to be changed by opening up 

of the chromatin structure. Histone-modifying enzymes are one of the major mediators of 

this process. Histone-modifying enzymes are targeted to their histone substrates by DNA-

bound modulators (activators or repressors). The choice of the particular modulator depends 

on the given enzyme and the subsequent modification that it performs [3,4]. H3K79 

methylation levels show strong correlation with transcriptional activity. In S. cerevisiae, 

Dot1 and H3K79 trimethylation has been detected in the transcribed regions of active genes 

[18–20]. In humans, ChIP–chip (chromatin immunoprecipitation coupled with gene 

expression microarrays) studies demonstrated that H3K79me2/me3 methylation is strongly 

correlated with gene activity. In Drosophila, ChIP–chip analysis also revealed a correlation 

between H3K79me2 and active gene transcription [21]. Mutations in the Drosophila Dot1 

ortholog grappa lead to polycomb and trithorax group phenotypes, suggesting that H3K79 

methylation may influence developmentally regulated gene expression in multicellular 

eukaryotes [22]. Furthermore, Steger et al. found that H3K79 methylation is linked to gene 

transcription in mice [23]. In human cells, ChIP–seq (chromatin immunoprecipitation 

coupled with deep sequencing) experiments indicated that H3K79 methylation is enriched at 

the transcribed genes [24]. Furthermore, H3K79 methylation is enriched on the histone 

variant H3.3, which is found at the transcriptionally active loci in Drosophila and mammals 

[25,26]. Dot1 has also been identified in RNA polymerase II- associated transcription 

elongation complexes. More recently, DOT1L was found in a complex in Drosophila with 

members of the Wnt pathway such as AF10, AF17, and AF9. Although P-TEFb was absent 

from this complex, Dot1L was still required for Wingless target gene expression [27–29]. 

Furthermore, the Moazed Lab showed that the SIR complex, which mediates the inhibition 

of transcription from reconstituted chromatin template, was released when H4K16 was 

acetylated or H3K79 was methylated due to the disruption of the SIR complex association 

with chromatin [30]. H3K79 methylation could regulate transcription through various 

mechanisms; H3K79 methylation may be important for the recruitment of transcription 

machinery or it might act as a landing platform for various transcription activators or it may 

inhibit the binding of transcription repressors. A proteomic analysis of cell lysate proteins 

bound to an immobilized unmethylated/methylated H3K79 chromatin template followed my 
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mass spectroscopy analysis would provide important information on the kind of proteins that 

bind or do not bind to H3K79-methylated chromatin. Methylation of H3K79 has also been 

implicated in the reactivation of tumor suppressor genes upon DNA demethylation [31]. 

Furthermore, in human leukemias carrying chromosomal translocations at the mixed lineage 

leukemia (MLL) genes, mistargeting of hDOT1L leads to transcriptional upregulation [32–
35].

1.4. Dot1-mediated H3K79 methylation in telomeric silencing

Dot1 was initially discovered in a genetic screen as a gene that disrupts telomeric silencing 

when overexpressed. In S. cerevisiae, telomeric heterochromatin is initiated at the 

chromosome ends by Rap1, a DNA-binding protein, binding to a series of 16–20 binding 

sites. [36,37] Once Rap1 binds, it recruits Sir4 [38], a member of the SIR complex. Sir4 

brings the other member of the Sir complex, the Sir2, a nicotinamide adenine dinucleotide 

(NAD)-dependent H4K16 histone deactylase. Deacetylation of H4K16 facilitates Sir3 

binding, which recruits an additional Sir complex and leads to the spreading of 

heterochromatin [39–41]. A bi-product of the deacetylation reaction O-acetyl-ADP-ribose 

(AAR) further reinforces the heterochromatin formation and stability [42]. The boundary 

between heterochromatin and euchromatin is determined by two opposing enzymes Sir2 

(H4K16 deacetylase) and Sas2 (H4K16 acetyltransferase) [38,43]. Deletion of Sas2 leads to 

the spreading of the Sir complex from the heterochromatic regions into the euchromatin, in 

turn silencing potentially critical genes [38,43]. Other histone modifications act in concert 

with acetylation to prevent the spreading of the Sir complex into the euchromatin, significant 

among these is methylation of H3K79. Mutation of H3K79 to alanine or deletion of Dot1 

impairs telomeric silencing by disrupting Sir protein localization. ChIP analysis has shown 

that deletion or overexpression of DOT1 leads to mislocalization of the SIR complex (Sir2, 

3,4p) [44,45]. Cells overexpressing Dot1 show detectable H3K79 methylation spreading into 

silent regions of the chromatin. The presence of H3K79 methylation is considered to 

displace Sir proteins from silent chromatin, causing silencing defects. Recent studies have 

shown that a small basic patch encompassing residues R17H18R19 of histone H4 is crucial 

for Dot1 binding and subsequent H3K79 methylation [17,46]. Dot1-mediated H3K79 

methylation is inhibited by the presence of Sir3, indicating that both Dot1 and Sir3 compete 

for the same site on the H4 tail. The binding of Dot1 to the H4 tail is regulated by the 

acetylation of H4K16. In vitro studies have shown that Sir3 can bind a H3 peptide that 

encompasses H3K79, but the presence of mono-, di-, and trimethylation on H3K79 prevents 

Sir3 binding, suggesting that Dot1 and Sir3 specifically compete for regions on histone H3 

and H4 (Fig. 2) [17]. While Dot1p is insensitive to the H3K79 methylation status, Sir3p 

binds only to unmethylated H3; this competition between Sir3p and Dot1p determines 

whether chromatin is silenced or expressed. It will be interesting to investigate the role of 

hDot1L in heterochromatin boundary decisions in higher eukaryotes. Using a URA3 

telomere reporter assay, Rossmann et al. [88] showed that the silencing defect in Dot1 

deletion cells is due to an imbalance in ribonucleotide reductase (RNR) and a promoter of 

URA3 at telomere VII-L. In another study, Takahashi et al. [89] showed that the requirement 

for Dot1 in heterochromatin formation is telomere specific. Nevertheless, substantial data 

reveal that mutation of H3K79 to alanine causes Sir protein mislocalization and 

heterochromatin spreading towards the euchromatin. Furthermore, H3K79-methylated 
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peptides or chromatin can block the binding of Sir proteins, indicating a strong interplay 

between Sir proteins and H3K79 methylation [9,17,18,46,90].

1.5. H3K79 methylation in cell-cycle regulation

The cell cycle is a dynamic process that takes place in a highly regulated manner to ensure 

nuclear information is transmitted to the daughter cells. Apart from the classical players of 

cell-cycle regulation (cyclins, CDKs, etc.), histone modifications such as H3K79 

methylation have recently been proven to be crucial contributors to cell-cycle regulation 

[47–49]. H3K79 methylation levels undergo dynamic changes during the cell cycle. In S. 
cerevisiae, the levels of H3K79me3 remain unchanged throughout the cell cycle, whereas 

the H3K79me2 levels increase gradually from the G1 to S phase and then further in the 

G2/M phase [50,51]. Similarly in the protozoan parasite Trypanosoma brucei, the levels of 

H3K76me3 remain unchanged during the cell cycle (in T. brucei, the histone residue H3K76 

acts as the target of DOT1), whereas H3K76me1 is detectable in mitosis and H3K76me2 in 

G2/M phases (T. brucei contains two enzyme homologues of DOT1, that is, DOT1A and 

DOT1B, the former catalyzing mono- and dimethylation of H3K76 and the latter catalyzing 

the trimethylation of H3K76) [52,53]. In mice, before the blastocyst stage of 

preimplantation, H3K79me3 levels are not detectable in either the interphase or the M 

phase. However, H3K79me2 is detectable in both the interphase and the M phase, with 

levels being lower in the former and higher in the latter [53]. In contrast to these findings, in 

human cancer cells such as A549 and HeLa, the level of H3K79me2 decreases from the G1 

to G2/M phase, with the levels being highest at the G1/S transition and lowest at G2/M 

[11,54]. Studies conducted on A549 cells have shown that the levels of both H3K79me2 and 

H3K79me3 are regulated in a similar manner [54]. Another study in K562 leukemia cells 

found unchanged levels of H3K79me2 during different phases of the cell cycle [55]. 

Irrespective of the broad spectrum of H3K79 methylation levels at the G1 phase across 

different species, H3K79 methylation is suggested to play a role in G1/S transition, as 

knockout/knockdown mutants of Dot1/hDOT1L in these species cause cell-cycle arrest at 

the G1 phase [50,54,56–58]. The level of H3K79 methylation, and hence its role in S-phase 

regulation, also differs among different species. In S. cerevisiae, the CAF-1 (chromatin 

assembly factor 1) complex is involved in the S-phase deposition of H3K79me2, which 

might be involved in nucleosome formation. In T. brucei, DOT1A deficiency leads to 

hypoploidy and replication inhibition, whereas its overexpression leads to hyperploidy 

[52,53]. Deficiency of hDOT1L in human cancer cells such as HCT116 results in aneuploidy 

(hypo- and hyperploidy), apoptosis, and nondividing cell deposition in the S phase [53]. In 

terms of the role of H3K79 methylation in mitosis and meiosis, in S. cerevisiae, DOT1 

might be involved in the exit from mitosis [59] and is crucial to the pachytene checkpoint 

during meiosis, as Dot1 or H3K79 mutants exhibit defective meiotic checkpoint control 

[60,61]. In mouse fibroblasts, H3K79me3 has been suggested to play a role in mitosis, due 

to its localization at chromosome boundaries. H3K79 methylation also plays a role in mouse 

spermatogenesis and oocyte development [62]. However, in the case of mammals, the 

precise role of H3K79 methylation during mitosis is still unclear. The diverse levels of 

H3K79 methylation throughout the cell cycle in species as divergent as S. cerevisiae and 

humans indicates that the mechanism of cell-cycle regulation in relation to H3K79 

methylation might differ in these species. Thus, further studies are needed into the 
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mechanisms of cell-cycle regulation in these organisms. In humans, the role of H3K79 

methylation in cell-cycle regulation must be extended to normal cell lines and also to in vivo 

systems, before any roles are assigned to H3K79 methylation in cell-cycle regulation.

1.6. H3K79 methylation in DNA repair

DNA damage and double-strand breaks (DSBs) can lead to serious cellular consequences, if 

not repaired rapidly and accurately, including tumor suppressor gene inactivation, oncogene 

activation, promotion of carcinogenesis, as well as mutation and loss of genetic material 

[1,64]. A number of studies performed in yeast and mammalian cells have established a link 

between H3K79 methylation and DNA damage repair. The first evidence was binding of the 

tandem tudor domain (a chromodomain) of human 53BP1 (ortholog of Rad9 in yeast) 

protein to methylated H3K79 and its recruitment to DNA DSBs [63]. In line with these 

findings, the mutation of histone H3 lysine 79 or depletion of hDOT1L inhibited the 

recruitment of 53BP1 to DSBs as H3K79 methylation is impaired in both cases. Mutation of 

the tudor domain of 53BP1 also has the same effect. The interaction between 53BP1 and 

methylated H3K79 is evolutionarily conserved, as the same interaction has been detected 

between Rad9 and methylated H3K79 in S. cerevisiae [65]. Interaction between methylated 

H3K79 and Rad9 inhibits the production of single-stranded DNA (ssDNA) at DSBs and at 

uncapped telomeres, indicating a role in controlling DNA resection at damaged sites as part 

of the repair process by homologous recombination [66]. As H3K79 methylation levels 

remain unchanged upon DNA damage, it has been proposed that the DSB passively relaxes 

higher-order chromatin structures around the break site, allowing 53BP1 to access 

methylated H3K79 [63]. Docked 53BP1 at the damage site could, in turn, recruit additional 

proteins to activate the checkpoint response [63]. In S. cerevisiae, recruitment of Rad9 to 

methylated H3K79 and initiation of a 53BP1-like cascade have also been proposed [65,67]. 

Dot1-mediated H3K79 methylation and Rad9 recruitment also play an integral role in the 

repair of DNA damage in the late G2 phase by regulating resection to limit the amount of 

ssDNA produced during non-homologous end joining (NHEJ) [66]. Similar to H3K79 

methylation, a novel regulatory mechanism was recently uncovered wherein ATM-mediated 

MOF phosphorylation was found to mediate the DNA DSB repair pathway choice according 

to the cell-cycle position [68]. In fact, a wide range of histone modifications have been 

shown to play a role in the repair of DNA DSBs, and they have been reviewed in detail 

elsewhere [69]. In addition to DSBs, Dot1-mediated H3K79 methylation also plays a critical 

role in repairing ultraviolet (UV)-induced DNA damage [67], as loss of H3K79 methylation 

results in UV hypersensitivity [66,71]. Dot1 also helps maintain genome integrity after DNA 

damage by negative regulation of translesion synthesis (TLS) [72– 74]. One important 

histone modification that may also coordinate with H3K79 methylation in regulating 

heterochromatin in higher eukaryotes is acetylation of H4K16, catalyzed by MOF histone 

acetyltransferase. Mice deficient in Purkinje cell MOF display impaired motor coordination 

and a reduced life span, symptoms that are alleviated by treatment with deacetylase 

inhibitors [70]. As H4K16 acetylation is associated with chromatin relaxation, it is worth 

investigating the presence of any cross talk between H3K79 methylation and H4K16 

acetylation in regulating neuronal function.
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1.7. H3K79 methylation and leukemia

MLL (also known as ALL or HRX) is a gene present in mammals that plays a crucial role in 

regulating segment identity specifying homeobox (Hox) gene cluster [75,76]. This gene is 

the homolog of Drosophila Trithorax (Trx), and both are members of an evolutionarily 

conserved family of proteins termed as the trithorax group (trxG). Trithorax-group proteins 

are positive regulators of developmental gene expression. Their action is opposed by the 

repressive activity of Polycomb-group (PcG) genes. MLL contains a number of functional 

motifs, but the two most important motifs are the N-terminal motif, which facilitates DNA-

binding function, and the C-terminal SET domain, which methylates H3K4 [77,78]. 

Methylation of H3K4 is believed to play an important role in the positive regulatory function 

of MLL, as this modification is associated with transcriptional activation [77–80]. MLL also 

has an important role in hematopoietic development [81,82]. Chromosomal translocations 

are one of the major causes of acute leukemias, and MLL has emerged as the most 

commonly translocated gene found in leukemia. Due to chromosomal translocation, the N-

terminal of MLL becomes fused in frame to one of a large number (>50) of fusion partners 

[83]. In most cases (approximately 80%), this fusion occurs between the N-terminal MLL 

and either AF4, AF6, AF9, AF10, or ENL [83]. Due to the DNA-binding properties of the 

N- terminal MLL motif, these fusion proteins are always nuclear and bind to target genes 

controlled by MLL irrespective of the normal location of the C-terminal partner [84]. Two of 

the fusion chimeras of MLL, that is, MLL-AF10 and MLL-ENL, have been shown to recruit 

hDOT1L. This phenomenon has been demonstrated to promote DOT1L-mediated 

methylation of H3K79 on the HOXA9 promoter, which contributes to increased expression 

of Hoxa9 in AML (acute myeloid leukemia) [30,85,86]. This aberrant recruitment of 

hDOT1L to the promoters of MLL target genes seems to be a common feature of many 

oncogenic MLL fusion chimeras, as a number of MLL fusion chimeras such as MLL-AF10, 

MLL-AF4, and MLL-AF9 have been found to be associated with hDot1L in nuclear 

complexes [27,30,85–87]. Although hDOT1L is not genetically altered in the disease per se, 

its mislocated enzymatic activity is a direct consequence of the chromosomal translocation 

that affects MLL patients. Thus, hDOT1L has been proposed to be a catalytic driver of 

leukemogenesis in this disease. The enzymatic activity of hDOT1L is critical to the 

pathogenesis of MLL, because methyltransferase-deficient hDot1L is capable of suppressing 

growth of MLL_fusion-transformed cells. hDot1L-mediated H3-K79 methylation of MLL 

target genes in leukemogenesis implies that the HMTase activity of hDot1L can be targeted 

for therapeutic intervention. Thus, identifying small molecules capable of disrupting the 

interaction between hDOT1L and AF10 or inhibiting the HMTase activity of hDOT1L may 

lead to novel treatments for leukemia (Fig. 3). Recently, EPZ004777 was identified as a 

small-molecule inhibitor of hDOT1L. This compound inhibits cellular H3K79 methylation, 

blocks leukemogenic gene expression, and selectively kills cultured cells bearing MLL 

translocations. However, EPZ004777 was found to have poor pharmacological properties. 

Thus, further studies are needed to discover potent inhibitors of hDOT1L for both biological 

and therapeutic applications.
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2. Conclusions and future perspectives

hDot1L is emerging as a crucial non-SET domain-containing HMT involved in a diverse 

range of biological processes including telomeric silencing, cellular development, cell-cycle 

checkpoint, DNA repair, and transcription regulation. hDot1L has also been linked to MLL-

related leukemogenesis, with a crucial role in transformation as well as disease progression 

in leukemias involving several oncogenic fusion proteins. Fusion of hDOT1L and MLL 

protein domains leads to mistargeting of hDOT1L to the transcriptional targets of MLL 

fusion proteins, such as the Hoxa cluster. The resultant aberrant hypermethylation of H3K79 

at the gene site leads to constitutive transcriptional activation followed by leukemic 

transformation. Therefore, inhibition of hDOT1L enzymatic activity may be a promising 

strategy for the treatment of MLL fusion-related leukemias. Further insight into hDot1L can 

be obtained through biochemical characterization of hDot1L complexes and their 

components within the cell, discovery of non-histone substrates of hDOT1L, identification 

of H3K79 methylation-regulated transcriptional activators or repressors, and studies into the 

role of Dot1L–Sir3 competition in higher eukaryotes. Furthermore, H3K79 is demethylated 

in both mice and flies during early development, suggesting the presence of a demethylase. 

The discovery of H3K79 demethylase would be a major step towards a more complete 

understanding of the role of hDot1L in both normal and tumor cell biological processes.
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Fig. 1. 
Role of hDot1L in various cellular processes: hDot1L is involved in diverse cellular 

processes such as transcription elongation, DNA repair, cell-cycle regulation, and telomere 

silencing.
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Fig. 2. 
H3K79 methylation in telomere silencing: Spreading of SIR complex from heterochromatin 

to euchromatin is blocked by combined action of H4K16 acetylation and H3K79 

methylation. Sas2 acetylates H4K16, which prevents Sir3 from binding to the H4 tail and 

stimulates Dot1 binding to the H4 N-terminal tail. Methylation of H3K79 by Dot1 further 

blocks Sir3 binding to the H3K79 region.
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Fig. 3. 
Model for leukemogenesis mediated by aberrant DOT1L H3K79 methylation. (A) MLL 

gene undergoes chromosomal translocations and fusion with a number of fusion proteins 

such as AF9, AF10, and hDot1L. This leads to mistargeting of hDot1L to MLL-regulated 

genes such as Hox genes. Aberrant H3K79 methylation and the subsequent activation of the 

target genes result in leukemic transformation. (B) Inhibition of hDot1L HMTase activity 

with small molecules would prevent aberrant H3K79 methylation and inhibition of MLL-

related leukemogenesis.
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