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Abstract - Leukemia is a group of cancers that usually begin in the bone marrow and result in high numbers of abnormal 
while blood cells. To unravel the distinctive epigenetic patterns in various leukemia subtypes, two cell lines representing two 
leukemia subtypes ALL (Acute myelogenous leukemia) and CML (Chronic myelogenous leukemia) were chosen for 
comparison. Peripheral blood mononuclear cell (PBMC) from normal healthy donors was used as control. PBMC was 
derived from peripheral blood cell with a round nucleus, which consist of lymphocytes (T cells, B cells, NK cells) and 
monocytes. Comparative analysis of epigenetic alterations between the AML and CML subtypes of leukemia, particularly in 
histone modifications and DNA methylation, may provide clue to reveal widespread distinct patterns of epigenetic 
alterations in leukemia and thereby gain important insight into tumorigenesis. 
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I. INTRODUCTION 
 
Chronic lymphocytic leukemia is the most common 
leukemia in adults. It is characterized by a marked 
degree of heterogeneity, ranging from patients that 
harbor highly stable disease with a nearly normal life 
expectancy to patients with rapidly progressive 
disease who are destined to succumb in a short time 
(Shanafelt et al. 2009). Acute myeloid leukemia 
(AML) develops as the consequence of a series of 
genetic changes in a hematopoietic precursor cell. 
These changes alter normal hematopoietic growth and 
differentiation, resulting in an accumulation of large 
numbers of abnormal, immature myeloid cells in the 
bone marrow and peripheral blood. 
The exact cause of leukemia is currently unknown 
although different kinds of leukemia are believed to 
have different causes, including inherited and 
environmental (non-inherited) factors. Risk factors 
for leukemia include previous cancer treatment, 
genetic disorders, exposure to certain chemicals, 
smoking and family history of leukemia, etc.. 
Epigenetic has been defined as the molecular factors 
and processes around DNA that are mitotically stable 
and regulate genome activity independent of DNA 
sequence. Epigenetic research examines biochemical 
modifications of the genome and aims to determine 
the resulting consequences on gene function. DNA 
methylation is the most widely studied epigenetic 
abnormality in tumor genesis. It refers to methylation 
of cytosine at CpG dinucleotides, and CpG 
dinucleotides are not randomly distributed throughout 
the human genome. Loss of DNA methylation at CpG 
dinucleotides was the first epigenetic abnormality 
which is to be identified in cancer cells [11]. For 
instance, hypomethylation leading to activation of 
genes that are important in cancer includes promoter 
CpG demethylation in the overexpression of cyclin 
D2 and maspin in gastric carcinoma, MN/CA9 
overexpression in human renal-cell carcinoma, 

S100A4 metastasis-associated gene in colon cancer 
and human papillomavirus 16(HPV16) expression in 
cervical cancer (Bhat,2013) . 
 
II. METHODS 
 
2.1 Databases 
The data are obtained from ENCODE database (The 
Encyclopedia of DNA Elements), GEO database 
(Gene Expression Omnibus), and Cistrome (Liu et al. 
2011). 
 
2.2 Histone modification pattern 
The regions flanking transcription start sites are very 
important in regulation of gene expression. We divide 
the DNA regions TSS±2kb (transcription start site) 
into 20 bins of 200bp in size. For each bin, we 
calculate the tag counts of histone modifications 
normalized by bin length and the total tag counts in 
the measurement using the RPKM equation.  

 
 
2.3 Identification of differential histone 
modification 
To investigate subtype-specific epigenetic 
modification profiles, we employed a hidden Markov 
model to infer the states of histone modification 
changes at each genomic location in each subtype 
(ChIPDiff). Comparisons were conducted between 
each leukemia subtypes and control cell line, 
respectively. The consecutive differential histone 
modification sites (DHMSs) with no gaps between 
them were merged into differential histone 
modification regions (DHMRs). Based on the 
observations of ChIP fragment counts, the proposed 
approach employs a hidden Markov model (HMM) to 
infer the states of histone modification changes at 
each genomic location (Xu et al. 2008). 
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2.4 Identification of differential DNA methylation 
To detect the differentially methylated regions 
(DMRs) in these two subtypes, bumphunter and 
minfi, the R packages for epigenome analysis, was 
used with default parameters (Aryee et al. 2014). To 
detect the differentially methylated regions (DMRs), 
we used the following homogeneous criteria: (1) a 
minimum number of CpGs to be included in a DMR 
of 1; (2) a minimum absolute difference between 
mean DNA methylation values of cases and controls 
of 0.25; and (3) a maximum allowed distance 
between adjacent differentially methylated CpGs to 
be merged into a single DMR of 500 bp. In addition, 
we applied a permutation test for the 450k Human 
Methylation Array data and the P-value <0.05 was 
adjusted through the Benjamini and Hochberg 
procedure using the p.adjust function in R (Li et al. 
2015). 
 
2.5 Distinct genomic distribution of aberrant 
epigenetic modifications in leukemia subtypes 
We comprehensively investigated the effect of 
genomic feature on the inter-subtype differences of 
epi-modification alterations. The genomic features, 
including 5’-untranslated regions(5’-UTRs), 3’-
untranslated regions (3’-UTRs), exon, intron, coding 
sequences (CDSs) and CGIs for the hg19 genome, 
were downloaded from UCSC (Meyer et al. 2013). 
CGIs were defined as the regions of DNA of greater 
than 500 bp with a G + C equal to or greater than 
55% and observed CpG/expected CpG of 0.65 
(Takaiand Jones 2002). In addition, the CGI shores 
were defined as the 2 kb regions upstream or 
downstream of CGIs (Irizarry et al. 2009). Similar to 
previous studies, promoters were defined as regions 2 
kb up- and downstream of the transcription start sites 
(TSSs) of Ensembl genes (Zhong et al. 2012). 
 
2.6 Identification of epigenetically dysregulated 
feature 
Genomic features (such as, promoters, 5’-UTR, CDS, 
CGI) overlapping with DHMRs or DMRs were 
regarded as epigenetically dysregulated features. The 
identification was conducted by BEDTools (Quinlan 
and Hall 2010). 
 
2.7 GO enrichment analysis and identification of 
enriched hallmarks of cancer 
Enrichment of Gene Ontology (GO) in terms of 
biological process for epigenetically regulated gene 
was performed directly from the home page of the 
GOC website (Mi et al. 2013). The –log10 P-values 
for enrichment was calculated to indicate the 
significance of GO term in our analysis. 
 
III. RESULTS 
 
3.1 Histone modification 
The overview of histone modifications near the 
promoter area (2kb up and down stream of TSS) 

showed that H3K4me3, H3K9ac and H3K27ac 
modification in ALL, and H3K9ac and H3K27ac 
modification in CML were upregulated compared to 
control. However, the density of the rest of histone 
modifications are complicated. 
3.2 Differential Histone Modification and DNA 
methylation 
The comprehensive identification of epigenetic 
markers including DNA methylation and 7 types of 
histone modification was conducted for ALL and 
CML. To further investigate how these epigenetic 
changes are distributed in these two subtypes, we also 
analyzed the overlapped and non-overlapped 
locations of histone modification sites (DHMSs) and 
differentially methylated regions (DMRs) in both 
subtypes. Notably, most of the DHMSs and DMRs 
were non-overlapping and thus unique to either ALL 
or CML subtype. As seen in Figure 1, ALL has the 
highest density than CML and control at whole 
genome, CGI region and promoter area (higher beta 
value). CML has the highest density on whole 
genome level when beta value is lower. 

 
Figure 1. The density of Beta-value at whole genome(A), 
promoter area(B) and CGI region(C). X-axis: beta-value. 
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In total 145,217 H3K4me1 DHMSs were identified in 
ALL, of which the majority (86.24%) was unique and 
non-overlapping with CML. In overlapped region, 
79% are modified in the same direction and the major 
alteration is down-regulation. In non-overlapped 
region, the major alteration is up-regulation in both 
subtypes. For CGI DMRs, 99% overlapped region are 
modified in the same direction (mainly up-
regulation). In non-overlapped region, the major 
alteration is up-regulation for ALL, but the major 
alteration is down-regulation in CML. Notably, most 
of the DHMSs and DMRs were non-overlapping and 
thus unique to either ALL or CML subtype. More 
specifically, 145217 H3K4me1 DHMSs were 
identified in ALL, of which the majority (86.24%) 
was unique and non-overlapping with CML. Even 
more strikingly, 91.35% of the DMRs were specific 
to CML, whereas 71.98% of DMRs were specific to 
ALL (Table 1). 
 
3.3 GO enrichment analysis of hyper- or hypo-
methylated genes 

 
Table 1. Overlapped and non-overlapped DHMSs or DMRs 

between two leukemia subtypes 
GO enrichment analysis was performed to analyze 
the genes whose promoters are overlapped with DMR 
(Bonferroni correction for multiple testing, p<0.05). 
In total, 287 GO terms are commonly down-regulated 
and 13 GO terms are upregulated in both subtypes. 
For the down-regulated GO terms, some are 
associated with dysregulation in Hematologic 
malignancies. For example, “regulation of 
programmed cell death (GO:0043067)”, “regulation 

of cell death (GO:0010941)”, and “regulation of 
apoptotic process (GO:0042981)”. Previous studies 
have shown that invariably abnormalities are found in 
one or more apoptotic pathways for leukemia (Testa 
and Riccioni 2007). Besides, several leukemia-related 
GO terms containing “leukocyte activation involved 
in immune response (GO:0002366)”, “lymphocyte 
differentiation (GO:0030098)”, “hemopoiesis 
(GO:0030097)”, “myeloid leukocyte activation 
(GO:0002274)” were also enriched, which is 
consistent with our expectation (Chen et al. 2015). 
More detailed analysis will be further carried out to 
study these genes with altered methylation levels. 
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