
International Journal of 
Hematology & Therapy

Int J Hematol Ther    |     volume 3: issue 1

Copyrights: © 2017 Li, B. This is an Open access article distributed under the terms of Creative Commons Attri-
bution 4.0 International License.

1

Biaoru Li*

*Corresponding author: Biaoru Li, Department of Pediatrics, Section of Hematology/Oncology, Georgia Cancer Center, MCG, 
Augusta, GA, USA 30912, E-mail: BLI@gru.edu

Received Date: January 12, 2017
Accepted Date: February 20, 2017
Published Date: February 25, 2017

Introduction

 Tumorigenesis, in general, is originated from two types 
of gene alterations, a tumor suppressor gene and a proto-onco-
gene/oncogene. A tumor suppressor gene, or anti-oncogene, is 
a gene that protects a cell from tumorigenesis. When this gene 
mutates, it causes a loss or reduction in its protection[1]. A pro-
to-oncogene is a normal gene coding proteins which regulate 
cell growth and differentiation in normal circumstance. Once the 
proto-oncogene has an activating mutation, it will cause aber-
rance of cell differentiation, finally resulting in tumorigenesis. 
Additionally, higher expression and chromosomal translocations 
of proto-oncogenes also could lead to tumorigenesis[2]. 
 Although these DNA sequences of tumor suppressor 
gene and oncogene with their aberrant changes are extensively 
studied in tumor disease, some genetic changes are not involved 
in encoded DNA sequence rather than a gene switch on and off 
from external or environmental factors. Scientists concluded the 
aberrant changes as epigenetics (prefix epi- Greek means over, 
outside of, around). The term ‘epigenetics’ regarding aberrant 
changes of tumor suppressor gene and oncogene emerged in 
the 1990s. The concept of epigenetics was described as “stably 
heritable phenotype resulting from changes in a chromosome 
without alterations in the DNA sequence” at a Cold Spring Har-
bor meeting in 2008. Currently, epigenetics is focusing on DNA 
methylation and histone modification for clinical analysis of 
therapeutic targeting of tumor prevention and treatment[3].
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 As Figure-1, in mammalian cells, DNA methylation oc-
curs mainly at the C5 position of CpG dinucleotides and is carried 
out by two general classes of enzymatic activities - maintenance 
methylation and de novo methylation. Maintenance methylation 
is necessary to preserve DNA methylation after every cellular 
DNA replication cycle. Without the DNA methyltransferase 
(DNMT), the replication function itself would produce un-
methylated daughter strands called as passive demethylation. 
There are several types of DNMTs, DNMT1 is a maintenance 
methyltransferase that is responsible for copying DNA methyl-
ation patterns to the methylated daughter strands during DNA 
replication. DNMT2 is homolog of DNMT1, containing all 10 
sequence motifs common to all DNA methyltransferases; how-
ever, DNMT2 (TRDMT1) does not methylate DNA but instead 
methylates cytosine-38 in the anticodon loop of aspartic acid 
transfer RNA. DNMT3a and DNMT3b are the de novo methyl-
transferases that set up DNA methylation patterns early in devel-
opment. DNMT3L is a protein that is homologous to the other 
DNMT3s but has no catalytic activity so that DNMT3L assists 
the de novo methyltransferases by increasing their ability to bind 
to DNA and stimulating their activity[4]. Recently, tumorigenesis 
epigenetics is mainly involved in DNMT1 with their drug tar-
geting. Global hypomethylation has been demonstrated in the 
progression of tumorigenesis with hypermethylation of tumor 
suppressor genes and hypomethylation of oncogenes. Generally, 
tumor suppressor genes are silencing under aberrant hypermeth-
ylation as same as mechanism of the gene mutations resulting 
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in the silence of tumor suppressor genes. The DNA methylation 
causing silencing in tumor suppressor genes typically occurs at 
multiple CpG sites in the promoters of protein coding tumor sup-
pressor gene[5].

Figure 1: DNA methylation. Methylation of cytosine is a covalent 
modification of DNA, in which hydrogen H5 of cytosine is replaced by 
a methyl group under DNA methyltransferase (DNMT). In mammals, 
60% - 90% of all CpGs are methylated. The pattern of methylation con-
trols protein binding to target sites on DNA, affecting changes in gene 
expression and in chromatin organization, often silencing genes, which 
physiologically orchestrates processes like differentiation, and patho-
logically leads to cancer.

 On the other hand, the second issue of epigenetics con-
centrates on histone modification. As Figure-2, Histones H2A, 
H2B, H3 and H4 are formed as the core histones, while histones 
H1 and H5 are known as the linker histones in the five major 
subtypes of histone family. The core histones exist as dimers, 
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which are the histone fold domain with three alpha helices linked 
by two loops. The helical structure gives interaction among four 
distinct dimers to form one octameric nucleosome coreincluding 
two H2A-H2B dimers and a H3-H4 tetramer. The H2A-H2B di-
mers and H3-H4 tetramer are highly conserved with a ‘helix turn 
helix turn helix’ motif. Their long ‘tails’ are located on one end 
of the aminoacid structure for enzymes modifications include 
methylation, acetylation, phosphorylation and ubiquitination to 
adjust the regulatory proteins. Ordinarily, genes are active with 
less bound histone while inactive genes are highly bound within 
histones. All histones adjust regulatory proteins based on loca-
tion of highly positively charged N-terminus at lysine (K) and 
arginine (R) residues[6]. 
 As Table-1 and Figure-2, most positive-chargeamino 
acids in histone are involved in methylation to control transcrip-
tion of active genes (H3K4Me3 for RNA polymerase II and 
H3K36Me3 for methyltransferase Set2) and that of repressed 
genes (H3K9me2/3 for heterochromatin protein-1, HP1 protein 
to recruit histone deacetylases and histone methyltransferase 
and H3K27me3 for polycomb complex, PCR1 and H4K20me3 
for HP1)[7]. Other modification included phosphorylation of 
H2AX at serine 139 (γH2AX) for DNA damage and acetylation 
of H3 lysine 56 (H3K56Ac). Phosphorylation of H3 at serine 
10 (phospho-H3S10) and phosphorylation H2B at serine 10/14 
(phospho-H2BS10/14) for DNA condensation. In general, tumor 
suppressor genes are silencing under histone methylation and 
oncogene are active under histone demethylation in tumorigene-
sis. 

Figure 2: Histone post-transcriptional modification.
Histones H2A, H2B, H3 and H4 are formed as the core histones with some long ‘tails’ are located on one end for enzymes modifications include 
methylation, acetylation, phosphorylation and ubiquitination to adjust the regulatory proteins. Most well-understandable amino acids in histone 
in tumor diseases are H3K4Me3 and H3K36Me3 (activity, red color) and H3K9me2/3 and H3K27me3 (repressor, green color). K=lysine and 
R=arginine. 

Table 1: Histone Post-trancriptional Modification.
Modification H3K4 H3K9 H3K14 H3K27 H3K36 H2BK5 H2BK20
tri-methylation activation repression repression activation repression
acetylation activation activation activation activation

 
 After we know DNA methylation and histone modification, according to workflow of clinical detection for epigenetics for 
therapeutic targeting of tumor disease, in the manual, I will systemically introduce as Figure-3 (A) clinical sampling for epigenetic 
analysis; (B) clinical epigenetics and epigenomics detection methods with their analyses; (C) epigenetic therapy and prevention 
from the epigenetics analysis; (D) in conclusion section, I will discuss challenges and future development of therapeutic targeting 
based on the epigenetics analysis. 
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Figure 3: Clinical epigenetic and epigenome analysis.
Process from sampling performance, epigenome and epigenome appli-
cation for epigenetic therapy and tumor prevention. Red color means 
epigenetic therapy which will be discussed in details in the manual.

Clinical Sampling for Epigenome Analysis
 As discussed above, epigenetic aberrance with their in-
heritance in tumor suppressor genes and oncogenes play import-
ant roles in tumorigenesis and tumor diseases. Especially, aber-
rant methylation of CpG islands specific to tumor cells can be 
used as a marker to detect cancer cells. Methylations of specific 
genes or methylation patterns of groups of genes were found to 
be associated with indicator of epigenetic therapy and prediction 
of responses to chemotherapy, predictors of tumor prognosis and 
biomarkers of early tumorigenesis. For example, DNA demeth-
ylating agents has demonstrated to be effective for tumor diseas-
es. Tumor tissue sampling for diagnostics and therapeutic target-
ing is increasingly emerging in clinics. Encouragingly, because 
of DNA stability from different clinical specimens, methylated 
DNA from non-cancerous tissues such as plasma, sera, urine and 
salivary fluid from tumor patients is recently attracting attention 
as a tumor biomarker[8]. In order to achieve good specimens for 
epigenetics analysis, here I will conclude two types of clinical 
specimens from tumor tissue specimen and non-tumor tissue 
specimen including their advantages and disadvantages.

Tumor cell sampling from tumor tissue
 Tumor tissue sampling for epigenetic analysis includes 
clinical sampling in vitro; clinical sampling ex vivo and tissue 
level sampling with downstream clinical epigenetic analyses in 
silico.

1) Clinical sampling in vitro
 Clinical sampling in vitro for tumor-cells isolation in-
cludes magnetic cell separation (MACS), flow-cytometric cell 
sorting (FACS) and Laser-Captured Micro-Dissection (LCM) 
with downstream epigenetic analyses[9]. MACS technique of 
clinical sampling in vitro is often used to sort cancer stem cells 
(CSC) and circulating tumor cells (CTC) by cell-surface bio-
markers such as CD133/CD34 for CSCs and EpCAM for CTCs. 
Currently, MACS can use multi-step-labelling Abs, negatively 
and positively, to specifically harvest tumor cells and CTC thus 
it can increase its collection purity for a given tumor cells and 
CTC. FACS can isolate tumor cells or CSCs by a specific bio-

marker on the tumor cell surface as MACS but also for intra-
cellular biomarkers which is different from MACS. At present, 
multi-coloured FACS can one-step collect tumor cells and CTC 
by combined biomarkers so that it also can enhance its purity 
to study epigenetic analyses from tumor cells. LCM has very 
good advantages relying on tumor cells morphology with their 
arrangement change on glass slides. LCMs have us specifically 
selected tumor-cells in vivo environment. Their combined Ab-
based staining (IHC/ICC) and DNA/RNA based staining further 
increase the cell specificity from their biomarkers. In these sev-
eral years, following R&D of LCM techniques and biomarker 
identification, LCM was increasingly used in high-throughput 
screening biomarkers. 

2) Clinical sampling ex vivo
 Clinical sampling ex vivo for epigenetic analyses in-
cludes CSC or primary cancer cell culture with downstream epi-
genetic analyses. In 1994, we have reported 50 cases of primary 
tumor-cell culture for drug sensitivity assay[10]. Now we have 
routinely used the techniques to increase primary cell number 
with downstream clinical genomic analyses and drug screening 
so that CSC and tumor cell culture from clinical specimens with 
downstream epigenetic analyses will play an important role in 
therapeutic targeting and drug screening. 

3) Tissue level sampling with downstream clinical epigenetic 
analyses in silico
 Clinically, most of clinical specimens removed by sur-
gery are directly frozen into liquid nitrogen at tumor tissue level. 
If the specimens at the tissue level are performed by epigenom-
ics analysis, tissue level sampling with downstream clinical epi-
genetic analyses in silico is a very important performance for 
analysis of clinical epigenetic analyses because of mixed cells at 
the tumor tissue[11]. 

Liquid biopsy and body liquid sampling
 Non-tumor tissue sampling for epigenetic analysis 
includes body liquid sampling, cfDNA, circulating tumor cell 
(CTC) and exosome[12]. Although exosomes contain RNA, DNA 
and protein, I more focus on DNA sampling and detection so that 
here body liquid DNA-sampling, cfDNA and CTC-DNA will be 
introduced in the manual.

1) Body liquid sampling
 During early period from later 1990s to early 2000s, 
a lot of clinical laboratories have discovered that tumor cells 
remain in body fluids, such as urine, sputum, bronchoalveolar 
lavage (BAL), mammary aspiration fluids, saliva and stools. 
When tumor cells are degraded in urine, sputum, bronchoalveo-
lar lavage (BAL), mammary aspiration fluids, saliva and stools, 
the DNA still remain in the liquid so that epigenetics detection 
have been greatly used to body liquid[13]. For examples, meth-
ylation of p16 have been analyzed in sputum; methylation of 
glutathione S-transferase P1 in urine; methylation of cyclin D2, 
RARb, Twist, GSTP1, p16, p14, RASSF1A and DAPK in mam-
mary aspirate; methylation of p16, DAPK and MGMT in saliva; 
methylation of DAPK, RARb, E-cadherin, APC, RASSF1A and 
p14 was analyzed in urine to detect bladder cancers[14]. Follow-
ing the clinical data, some commercial products have increas-
ingly used to assay DNA alteration from patient’s body liquid 
samples[15].
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2) Cell free DNA (cfDNA) 
 The cfDNA within the bloodstream is thought to orig-
inate from anapoptotic cell. Although most of this DNA is from 
either non-malignant cells or tumor cells, late stage cancer pa-
tients have an increased level of cfDNA in plasma. After cfD-
NA used to detect mutants has been extensively studied, now 
epigenetic aberrance are increasingly discovered[16]. CfDNA in 
plasma is found that size is as 50 - 180 bp as the size of histone 
DNA in length. The advantage of cfDNA can be analyzed from 
frozen and fresh plasma while disadvantages are a lower abun-
dance cfDNA than that of CTCs from the same patient and short 
half-life of cfDNA in circulation and variable concentration of 
cfDNA, thus the yield of cfDNA remains challenges to patient 
application for and aberrant variants in the background of wild-
type DNA[17]. In order to overcome these challenges, at least 
eight companies develop different products and processes to de-
tect aberrant genes from cfDNA materials[18]. In addition, modi-
fied performance also can be used for increase cfDNA quantity. 
Because agitation of the sample and shipment will release cfD-
NA from lysed nucleated blood cells, cfDNA from plasma is 
much better than that from serum due to cell lysis during blood 
coagulation[19]. 

3) Circulating tumor cells (CTCs) 
 CTCs are cells shed into the circulation from a prima-
ry tumor location into distant organs by metastasis. Tumor cells 

have been increasingly detected in circulation blood from of 
breast, prostate, lung, and colorectal cancer patients[20]. We have 
been working in enriching clinical rare cells from tumor patients 
and genetic patients more than 20 years[21]. Clinical evidence 
indicates that patients with metastatic lesions are more likely 
to achieve CTCs up to 1-10 CTCs in each 1ml whole blood. 
As discussion in section above, isolating CTCs from around 10 
ml blood are fundamental performance including gradient cen-
trifuge, negative selection (CD45)/ positive selection (CD326) 
called as enrichment-CTC[22]. CTCs are fragile and tend to de-
grade when collected in standard evacuated blood collection 
tubes. To overcome the disadvantage, Food and Drug Adminis-
tration (FDA) have approved a practicable CTC tube to collect 
clinical sample after being drawn into the Cellsave preservative 
tube within 96 hours[23]. 
 After we understand clinical sampling process for epi-
genetics, we need to determine which way is best to select pa-
tient specimens for downstream performance. Because tumors 
are highly heterogeneous, tumor tissue sampling is first desir-
able for personalized medicine once patients are available for 
their tumor samples. If physician need longitudinally monitor 
molecular change or clinicians need screen epigenetics alter-
ation to detect tumor biomarkers, predict tumor prognosis and 
monitor response to tumor treatment, liquid biopsy is first choice 
because it is easily accessible and minimally invasive as shown 
in Table-2 [24]. 

Table 2: Clinical Sampling for Epigenetics analysis.
 Tumor tissue level Non-tumor level
Methods Sampling in vitro Sampling ex vivo Tumor tissue Body liquid cfDNA from Liquid biopsy CTC-DNA 

Clinical application Precision medicine for treatment 1. Monitor epigenetics during treatment; 2. Prevention; 
3. Prediction

Advantages Specificity and sensitivity for precision medicine An easily accessible, minimally invasive way

Clinical Epigenetic Detection and Epigenome Analysis

Clinical analysis for DNA methylation
 Quantifiable and feasible DNA methylation detection 
is a very important view for clinical application. Currently, tech-
nologies to detect DNA methylation have been tremendously 
applied into clinical research after the past 30 years’ develop-
ment, almost all techniques can cover methylation detection 
as Figure-4. Some scientists classify the methylation analysis 
as A: global measures of DNA methylation, B: local specif-
ic genes and C: genomic regions and global measurement at a 
genome-wide scale based on sequencing technology and mi-
croarray[25]. In clinical application, any epigenetic assay requires 
three considerations, feasibility of assay-method, initial work-
flow from known-gene epigenetics and initial workflow from 
unknown-genes epigenome listed as below: 

Figure 4: Epigenetic and epigenome research technique.
Alltechnologies to detect DNA methylation are classified: A. local 
specific genes which have successfully employed in both research lab 
and clinical fields;B. genomic regions and global measurement at a 
genome-wide scale based on sequencing technology and microarray 
which have successfully used in both research and clinical fields; C. 
global measures of DNA methylation which is often applied for re-
search lab or clinical lab with the equipment.
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1) Feasibility for DNA methylation detection
 Clinically, feasible results of clinical diagnosis de-
pend on of choice of methodology including A: the amount and 
quality of the DNA sample such as DNA from Formalin-Fixed 
Paraffin-Embedded (FFPE) or from liquid biopsy; B: a method 
of sensitivity and specificity for clinical epigenetics; C: the ro-
bustness and simplicity of the assay method and the availability 
of specialized equipment, reagents and bioinformatics software. 
Beyond the three requirements as above to detect methylation, 
the clinical workflow also should be considered either (I) initial 
workflow from discovery of de novo epigenetic changes or (II) 
initial workflow to the specific genes for monitor the methyla-
tion change. 

2) Initial workflow from known-genes epigenetics
 If we have known the some epigenetic aberrance in 
some tumor diseases, initial workflow are very practicable 
process from known-genes. At present, all PCR-based, pyrose-
quencing, restriction digestion enzyme assay can be used to 
detect known gene epigenetic alteration[26]. Although we had 
reported restriction digestion enzyme assay[27], according to 
clinical requirement as feasibility and reproducibility, here I just 
introduce two techniques based on available products from com-
pany.

PCR-based methylation detection
 Currently, there at least four PCR-based methylation 
detection are often used in clinical fields: PCR-based sequenc-
ing, Methylation-Specific PCR, PCR with High Resolution Melt-
ing and COLD-PCR for the Detection of Unmethylated Islands. 
PCR-based sequencing first performed PCR in which primers 
are designed around the CpG island (MethPrimer software at 
http://www.urogene.org/methprimer) and thus used for PCR am-
plification of bisulfite-converted DNA. The resulting PCR prod-
ucts could be sequenced. Until recently, this was the only way 
to demonstrate the methylation status of individual CpG sites 
within the CpG islands of interest[28]. Another method that uses 
bisulfite-converted DNA is methylation-specific PCR. To detect 
methylation, two pairs of primers are designed: one pair amplify 
methylated DNA and another amplify unmethylated DNA. Two 
qPCR reactions are performed for each sample and thus relative 
methylation is calculated relied on the difference of their Ct val-
ues[29]. The drawback is that methylation status of only one or 
two CpG sites is assessed at a time. The program for the design 
of methylation-specific primers can be found at (http://www.
urogene.org/methprimer). PCR with High Resolution Melting 
and COLD-PCR are often applied in research experiments for 
the detection of unmethylated Islands.

Sequencing-based methylation detection
 Pyrosequencing is known-gene detection technolo-
gy. Individual gene primers are designed or purchased from 
PyroMark CpG Assays from Qiagen. After PCR products are 
obtained, short-read pyrosequencing reaction (~100 bp) is per-
formed. Because signal intensities for incorporated dGTP for 
methylated CpC and dATP for unmethylated DNA, the level of 
methylation for each CpG site is quantified within the sequenced 
region. The technique is able toassay very small aberrance in 
methylation (< 5%). It is a good technique for heterogeneous 
tumor samples in which only a fraction of cells in mixed cells 
has a differentially methylated gene aberrance. Pyrosequencing 

requires some equipment to detect, such as the Qseq instrument 
from Bio Molecular Systems or PyroMark from Qiagen[30].

3) Initial workflow from unknown-genes to discover epig-
enomic aberrance:
 In the early periods, we had routinely used random 
restriction enzyme digestion with fingerprint to discover aber-
rance at DNA genome level with SNPs and epigenome level 
with methylation in the precancerous tissue[31]. Now all we are 
going into genome era, we can use genomic technique to uncov-
er hypermethylation in the new tumor suppressor genes. Current 
methods for identification of differentially and unknown meth-
ylated regions include Next-generation sequencing (NGS) and 
microarray techniques as below. 

NGS-based detection
 Currently, bisulfite Sequencing is thought to be the bet-
ter method to detect clinical DNA methylation aberrance. Be-
cause the bisulfite treatment of DNA can transform cytosine into 
uracil and then convert as thymine, 5mC residues are resistant 
to this conversion and thus methylated DNAs remain cytosine 
and then into guanine. Thus, sequencing read from a pair of an 
untreated DNA sample and bisulfite treated same sample enables 
the detection of the methylated cytosine. Following the advent of 
NGS technology, this approach can be extended to DNA meth-
ylation analysis (called as whole genome bisulfite sequencing, 
WGBS) across an entire genome. To increase the sequencing 
coverage discovering differentially-methylated regions, enrich-
ment methods also have been developed such as anti-methyl-
cytosine binding proteins (MBD) or antibodies against 5mC 
(MeDIP) to enrich methylation DNA. After those development, 
another NGS method (called as reduced representation bisulfite 
sequencing, RRBS) is used to sequence to increase coverage due 
to only with the fraction in the genome. Sequencing could be 
done using any available NGS platform such as Illumina and 
Life Technologies with isolation of ~85% of CpG islands in the 
human genome performed as for WGBS. The RRBS procedure 
normally requires about 0.1ug~1 ug of DNA after successful 
MspI digestion[32]. Recently, enrichment for CpG-rich regions 
or specific regions from Agilent can use bait sequences to hy-
bridize immobilized oligonucleotides and then bisulfite conver-
sion. Such products are commercially available(e.g., SureSelect 
Human Methyl-Seq from Agilent and is called targeted bisulfite 
sequencing (Methyl-seq)[33].
 
Array-based detection
 Methylated DNA of the genome obtained by immu-
noprecipitation could be used for hybridization by microarrays. 
At present, at least three companies support microarray chips 
or beads, such as the Human CpG Island Microarray Kit from 
Agilent and the GeneChip Human Promoter 1.0R Array and the 
GeneChip Human Tiling 2.0R Array Set from Affymetrix[34]. 
These arrays can use bisulfite-converted DNA to detect DNA 
methylation within gene promoter regions, enhancer regulato-
ry elements and31 untranslated regions (31UTRs). The Infini-
umHumanMethylation450 Bead Chip from Illumina can detect 
485,000 individual CpG from 0.5 ug input DNA in 99% known 
genes including miRNA promoters, 51 UTR, 31 UTR, coding 
regions (~17 CpG per gene) and island shores (regions ~2 kb 
upstream of the CpG islands).Technically, bisulfite-treated ge-
nomic DNA is mixed with assay oligos, one is complimentary 
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to uracil from original unmethylated cytosine and another is 
complimentary to the cytosine of the methylated site. With hy-
bridization, labelled assay oligos are immobilized to bar-coded 
beads and the signal is measured for its methylation level. Be-
cause the price is about U.S. $ 300 – 360/sample so that the chips 
still are often used in the study of human epigenetic aberrance. 

Clinical analysis for histone modification
 Defects in histone posttranslational modification 
(PTM) have been linked to human tumor although histone mark-
ers will be under investigation. In research fields, the protocol 
includes nuclear extract, histone purification and histone en-
richment. The production of site-specifically modified histones, 
peptide-based systems to characterize PTM-binding proteins 
and histone modifications by specific PTM antibodies, in vivo 
histone modifications imaging and different methods to analyze 
chromatin immunoprecipitation samples. For example, if we 
study a histone PTM from a clinical specimen, we first process 
whole-cell lysates and extraction, histone-enriched fractions and 
purified histone proteins, histone PTM detection by antibody 
recognition for both tumor tissue and normal control. Recently, 
200 antibodies against 57 different histone PTM are available[35]. 
In the other hands, chromatin immunoprecipitation (ChIP) can 
detect genomic location for specific PTM histone. Accompany 
with techniques of PCR, microarray and NGS, determination of 
the genomic loci for specific PTM histone is called as ChIP as-
say (with downstream PCR), ChIP-chip (with downstream mi-
croarray) and Chip-seq (with downstream NGS)[36]. At present, 
development for clinical specimen to assay PTM histone is not 
as easy as detecting DNA methylation. One successful exam-
ple is ChIP-seq analysis from formalin-fixed paraffin-embedded 
(FFPE) tissue samples[37]. Although histone modification assay 
is slowly developed into clinical analysis and diagnosis, histone 
PTM detection by mass spectrometry (MS) have shown a feasi-
ble feature in identifying and quantifying histone PTMs for clin-
ical analysis. More recently, MALDI imaging mass spectrome-
try has been used to detect variants histone PTMs from patient 
tissues so that MALDI imaging mass spectrometry in situ should 
be used in clinical analysis in the near future[38]. 

Clinical Application from Epigenetic Data
 As saying epigenetic aberrations and epigenome can 
guide physicians several strategies for clinical application[39,40]. 
In order to understand these strategies, here, I conclude almost 
all clinical employment including (A) epigenetic therapy and (2) 
tumor prediction, prognosis and tumor prevention.

Epigenetic therapy
After aberrant epigenetics is discovered, drug discovery depends 
on their linkage between drug-bank and epigenetic aberrance 
discovered from the patients.
 
1) Epigenetic therapy based on methylation assay 
 DNA methylation is increased in silencing of tumor 
suppressor genes that control cell growth. If epigenetic aber-
rance is discovered, the aberrant DNA initiate the normal cell 
into malignancy. This progress can be removed by agents such 
as 5-azacitidine (AZA) and decitabine (DEC) by DNMT1 inhi-
bition[41]. Because DNMT1 inhibitors have lower toxic to tumor 
cells, currently, three strategies are used to increase DNMT1 
inhibition: (A) low-dose AZA or DEC treatment can induce 

long-lasting decreases in tumorigenesis of tumor-initiating cells 
without cytotoxicity in cell cycle. This slow onset of therapeu-
tic responses to demethylating agents have been successfully 
reported in acute myeloid leukemia and myelodysplasia with 
persistent response after therapy[42]. (B) A demethylating agents 
(AZA and DEC) could activate genes encoding MHC class 
I genes and tumor antigens. For example, interferon pathway 
genes were reported to upregulate by AZA administration and 
thus AZA was correlated to increase expression of endogenous 
antigen presentation and interferon response. Furthermore, some 
physicians provide evidence that inhibition of DNA methylation 
could sensitize melanoma to anti-CTLA4 immune checkpoint 
therapy and immunosuppressive PDL1. More recently, AZA was 
found to increase the development of immunosuppressive Treg 
cells in vitro and in patients with myeloid malignancy[43]. (C) 
A combination of AZA with a histone deacetylase inhibitor can 
increase the tumor suppressor reactivation[44]. All of the results 
demonstrate that epigenetic therapy by anti-DNMT will be ef-
fective model to treat different tumors as Table-3.

Table 3: Clinical Epigenetics Therapy.
Type Epigenetic 

therapy
Antitumor FDA approved

DNMTI
decitabine MDS/AML 2006
Azacitidine MDS/AML 2004
zebularine MDS/AML not yet

HDI

Vorinostat cutaneous T cell 
lymphoma (CTCL) 2006

Romidepsin CTCL 2009

Chidamide peripheral T-cell 
lymphoma (PTCL) 2015 China

Panobinostat multiple myeloma 2015
Belinostat T cell lymphoma 2014

 
2) Epigenetic therapy based on PTM histone assay 
 Histone control the coiling and uncoiling of DNA with 
the assistance of HAT while the actions of HDAC remove the 
acetyl groups from the lysine residues leading to the formation 
of a condensed and transcriptionally silenced chromatin[45]. The 
reversible modification of the terminal tails of core histones 
programs the major epigenome mechanism for controlling gene 
expression. HDAC inhibitors (HDI) block this action and can re-
sult in hyperacetylation of histones so that HDIs are a new class 
of agents to inhibit the proliferation of tumor cells. HDI make 
an anti-tumour effect by the induction tumour suppressor such 
as P53 protein. Recent years, there has been an effort to develop 
HDIs as an option for tumor treatment. HDI can induce p21 ex-
pression, a regulator of p53 activity. HDACs are involved in reti-
noblastoma protein (pBb) pathway by which the pRb suppresses 
tumor proliferation. Estrogen is a factor demonstrated in tumor-
igenesis. Progression of breast tumor byits binding to the estro-
gen receptor alpha (Era) data indicatesthat DNA methylation is 
a critical component of ERα silencing in human breast cancer 
cells. Because HDI inhibiting HDAC have very effectivetoxic to 
tumor cells, currently, several HDIs are applied for hematologi-
cal malignance, breast and lung cancers as Table-3[46]. 

http://www.ommegaonline.com
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Epigenetic aberrance for tumor prediction, prevention and 
prognosis

Prediction of Epigenetic Aberrance 
 In order to observe development from precancerous 
cells into cancer cells, in early periods, we made great effort to 
study clinical model including hematological malignance from 
myelodysplasia syndrome (MDS) into Acute myelogenous leu-
kemia (AML) and solid tumor from aberrant crypt foci (ACF) 
into colon cancer (Figure-5 and Table-4). In the clinical mod-
els, Dr. Preisler’s lab early defined p15 methylation as biomark-
er for hematological malignance in precancerous periods with 
comparison among 128 MDS and 44 AML to 12 normal bone 
marrow[47]. Now p15 hypermethylation have been routinely used 
in screening and predicting the development of hematological 
malignance. After more than twenty year’s development, more 
precancerous lesions are discovered such as epithelial dyspla-
sia/intraepithelial neoplasia in stomach, intestinal metaplasia, 
Barrett’s esophagus, breast calcifications, mono gammopathy 
of unknown significance (MGUS), vulvar intra-epithelial neo-
plasia (VIN), vaginal intra-epithelial neoplasia (VAIN), vulvar 
lichen sclerosis and lichen planus, cervical intra-epithelial neo-
plasia (CIN) and Bowen’s disease[48]. Although epigenetic aber-

rant hMLH1 and H19/Igf2 clearly demonstrated to sporadic or 
familial cancers, most precancerous lesions will be regressed, 
thus very small number of precancerous cells will develop into 
malignant tumors so that methylation tests of these genes should 
be carefully evaluated by epigenetic aberrance. As demonstrated 
at Table-5, p16 methylation was detected in most of precancer-
ous disease, methylation of HPP1 and RUNX3 correlates with 
progression of Barrett’s esophagus, p15 methylation was de-
tected in most of MDS disease and p14 methylation is associate 
with colorectal dysplasia lesions from patients with ulcerative 
colitis. Following new detection technique of methylation al-
teration, more and more methylation genes were discovered in 
different precancerous tissue. For example, insulin-like growth 
factor binding protein-3 (IGFBP-3) was discovered in NSCLC 
tissues[49]. Before genomic periods, we have made great efforts 
to uncover some new methylation at whole genomic DNA level, 
Dr. Pretlow and I had used random restriction enzyme digestion 
with finger print techniques at genome level to discover some 
new methylation from ACF tissue as Figure-5(A-B)[50]. Now we 
all are going into genome era, we can use genomic technique to 
uncover the new methylation location located at tumor suppres-
sor genes as Figure-6. 

Figure 5: Tumorigenesis from precancerous cells into cancer cells.
Figure 5A is aberrant crypt foci (ACF) in colon and Fig. 5B is colon cancer tissue in which both A and B is a clinical model from precancerous 
cells into cancers from solid tumor and Fig. 5C are MDS cells and Fig. 5D are AML cells in which both clinical tissues are our early model to study 
tumorigenesis from precancerous hematological cancer into malignant hematological cancer cells. 

Table 4: Biomarker for Epigenetics Analysis.
Types of Biomarkers Indicator Methylation genes
Universal 
biomarkers

Universal tumor 
suppress genes p53

Susceptibility 
prediction

Normal cells suscep-
tible for tumorgenesis hMLH1, H19/Igf2

Transformation 
markers Precancerous cancer p16, p15, p14, 

FZD9
Diagnostic markers Early tumor diagnosis Septin9

Prognostic markers Advanced tumor 
prognosis

APC, DAPK, 
LINE-1, H3K9, 
H3K18Ac

Chemosensitivity 
markers

Tumor responses for 
chemotherapy

MGMT, hMLH1, 
BRCA1

Table 5: Prediction Biomarkers for Epigenetics Analysis.
Genes of methylation Location Tumor prediction

p16 9p21 lung, liver, and glandular 
stomach 

hMLH1 3p21.3 hereditary nonpolyposis 
colorectal cancer 

H19/Igf2 11p15.5 
pediatric diseases (SRS, 
BWS, PWS, Angelman 
syndrome) 

p15 9p21.3 MDS, AML

HPP1 19pter-p13.1 progression of Barrett’s 
esophagus 

RUNX3 1p36.11 progression of Barrett’s 
esophagus 

p14 9p21.3 colorectal dysplasia lesions 
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Figure 6: Epigenome Data
 After we harvested PTM histone-seq from precancerous breast tissue, a p15 region was analyzed to study H3K9Me3 and H3K27Me3 PTMhistone 
(both are repressing to p15 suppressor gene). Results demonstrated hypermethylation p15 region in chromosome 9 from 21474122 bp to 22657072 
bp. 

1) Prognostic Markers from Epigenetic Aberrance
 Advanced cancer is the main cause of human death be-
cause of resistance of chemotherapy/radiotherapy, recurrence, 
remote metastasis of tumors (3R). Identification of reliable prog-
nostic factors including tumor resistance, recurrence and remote 
metastasis (3R) could have significant anticipation for clinical 
cancer patients. For example, patients with high-risk resistance 
of chemotherapy/radiotherapy need adjust new strate¬gies while 
patient with low-risk without 3R should use routine adminis-
tration. The prognostic biomarkers mainly include histologic 
phenomenon, cell proliferation, hormones expression, and mo-
lecular biomarkers including epigenetic and genetic aberrance 
as Table-6. In order to clearly understand the biomarkers, we 
have studied 25 patients’ bone marrow cells with poor prognosis 
AML to characterize and to assess the biomarkers related with 
treatment. The panel of biomarkers included high levels of telo-
merase activity, low levels of IL6 expression, p53 mutation and 
p15 hypermethylation. After drug screening, finally the effects 
with comprehensive treatment with the poor prognosis demon-
strated reducing telomerase activity, increase IL6 and decrease 
p15 methylation resulting in good response for the refractory 
AML and increase of patient survival[51]. Now, aberrant DNA 
methylation of CpG islands can be measured almost every type 
of tumor. Most of these prognostic markers have been grouped 
as such as death-associated protein kinase gene (DAPK), LINE-
1, p16, and APC[52]. For example, epigenetic changes from NS-
CLChave been linked to recurrence and methylation of TP16, 
CDH13, RASSFIA, and APC. Some physicians classified 138 
lung cancer patients into seven groups based on histology, stage, 
and global expression levels of H3K4Me2, H2AK5Ac, and 
H3K9Ac[53]. The groups showed that high intratumoral levels of 
H3K4Me2 reltae with significant improvement in overall surviv-
al compared to patients with high intratumoral levels of H3K-
9Ac. 

Table 6: Prognosis Biomarkers for Epigenetics Analysis.
Tumor disease Methylation 

genes
Prognosis 

Acute myeloid 
leukemia

ER Improved survival 

Bladder cancer

RAR/3 Invasion 
RASSF2 Poor survival 
RUNX3 Invasion, poor survival 
TIMP3 Metastasis 

Breast cancer hMLH1 Metastasis and poor 
survival 

Colorectal cancer

HLTF Recurrence, poor 
prognosis

ID-4 Poor survival
p16 Lymphatic invasion
Vimentin Liver metastasis 

Esophageal cancer APC Poor survival

Gastric cancer

CDH2 Recurrence
COX2 Improved survival
FHIT Node metastasis
p17 Metastasis

Glioma
ASC/TMS2 Poor survival
MGMT Poor survival 

Melanoma FHIT Advanced stage
Neuroblastoma RASSF3 Poor survival

NSCLC

APC Poor survival
ASC/TMS1 Invasion
CDH1 Longer survival
DAPK Poor survival
FHIT Poor survival
GSTP3 Poor prognosis
IGFBP3 Poor prognosis
MGMT Poor survival
RASSF1 Recurrence

http://www.ommegaonline.com
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Ovarian cancer RASSF4 Invasion

Prostate cancer

CD44 Metastasis
ESR1 Progression
GSTP1 Recurrence
GSTP2 Advanced stage
LAMA3/B3/C2 Poor survival
LINE-1 demethyl-
ation

Metastasis

PTGS2 Poor prognosis
SLC18A2 Poor survival

 On the other hand, a second type of prognostic bio-
markers is an estimation of the response of treatments[54]. For 
example, the methylation MGMT gene is a predictor of chemo-
sensitivity to alkylating agents in gliomas. MGMT locates in 
the chromosome 10q26 region with low expression of MGMT 
under physiological condition, but upregulated after exposed to 
alkylating agents or radiation. MGMT over expression protects 
normal tissues from the toxic effects of alkylating carci-nogens 
including chemotherapy agents. Because functions of MGMT 
are the DNA repair, BCNU and carmustine are indicators for 
chemosensitivity and radiation to malignant gliomas and glio-
blastoma if we find MGMT hypermethylation. Additionally, the 
methylation predicting the response to chemotherapy has been 
reported between cisplatin and methylation of gene hMLH1 in 
ovarian tumor, between tamoxifen and BRCA1 methylation in 
breast tumor, between irinotecan and WRN methylation. Here I 
briefly summarize the information related to chemosensitivity as 
Table-7. 

Table 7: Prognosis Biomarkers for Drug Response.

Cancer type Gene Methylation Associated charac-
teristics 

Breast cancer

ABCB1 and GSTP1 Increased sensitivity to 
doxorubicin

BRCA1 Increased sensitivity to 
cisplatin 

CDK10 Increased resistance to 
tamoxifen 

Chronic myeloid 
leukemia

LINE1 
demethylation

Increased sensitivity to 
decitabine 

Endometrial 
cancer CHFR Increased sensitivity to 

taxanes 

Gastric cancer
ASC/TMS1 Increased resistance to 

5-fluorouriacil 

CHFR Increased sensitivity to 
microtubule inhibitors 

Germ cell tumor RASSF1A and HIC1 Increased resistance to 
cisplatin 

Glioma MGMT Increased sensitivity to 
carmustine 

Ovarian cancer
BRCA1 and BRCA2 Increased sensitivity to 

cisplatin 

hMLH2 Increased resistance to 
carboplatin/taxoid 

Werner syndrome WRN Increased resistance to 
irinotecan 

2) Prevention Therapy for Early Markers from Epigenetic 
Aberrance
 Currently most of tumor prevention is involved in type 
of activity, kind of nutrient or dietary and weight control. The 
preventative measures must be taken a long time to give results 
that can be examined so that no guarantee eating or behaving in 
a certain way will absolutely assure freedom from cancer devel-
opment. Here we address a tumor prevention by early screening 
cancer, or an effort to set efficient and noninvasive molecular 
tests to detect aberrant epigenetics to link tumor methylated DNA 
markers from non-invasive methods[55]. For example, circulating 
Septin9, vimentin, TMEFF2, NFGR methylation may become a 
biomarker for screening early primary colorectal cancers (CRC). 
A few potential methylation candidates such as GSTP1 for pros-
tate cancer and ALX4 for bladder cancer are emerging for detec-
tion of cancers at early stages as Table-8. Following epigenomic 
screen emerging, more hypermethylation genes will be discov-
ered in the early cancer detection. 

Table 8: Prevention and Treatment Biomarkers of Early Tumor. 
Gene methylation Early tumors Location
Septin9 CRC 17q25.3 
vimentin CRC 10p13
TMEFF2 CRC 2q32.3
NFGR CRC 17q21
GSTP1 Prostate cancer 11q13.2
ALX4 Bladder cancer 11p11.2
HIC1 Liver cancer 17p13.3
GSTP1 Liver cancer 11q13.2
SOCS1 Liver cancer 16p13.13
RASSF1 Liver cancer 3p21.31
CDKN2A Liver cancer 9p21.3
APC Liver cancer 5q22.2
RUNX3 Liver cancer 1p36.11
PRDM2 Liver cancer 1p36.21

Conclusion

 Epigenetic detection is a new clinical model to assay 
aberrant DNA methylation and histone PTM. To prevent tum-
origenesis and treat tumor patients, we need patient informa-
tion including epigenetic detection. Although detecting aberrant 
DNA methylation and histone PTM has been quickly developed 
during last twenty years, several questions still should be ad-
dressed as below:

1) Epigenome for quantitative network support
 Genomics-based diagnostic tests have been greatly de-
veloped in direct therapeutic interventions. In order that clinical 
trials improving clinical practice are used by clinical genomic 
analysis, quantitative network supporting clinical genomic di-
agnosis have been tremendously developed to provide person-
alized treatment for patients[56]. As I discussed above, in order 
to improve effects for epigenetic therapy for tumor patients, we 
need to develop quantitative network from epigenome data for 
define specific therapeutic targeting. 
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2) Clinical epigenetic diagnoses require routine specificity 
and sensitivity test
 As we performed specificity and sensitivity from the 
genomic profile[57], we also need set up specificity and sensitivity 
test from epigenome profile. If we add both clinical tests, clinical 
epigenetic therapy should be greatly improved. 

3) Clinical epigenetic diagnoses require confirmation test
 Recent development of cancer research has enabled 
scientists to use different epigenetics profiles for patient applica-
tion. If we add lab confirmation assay, clinical epigenetic diag-
nosis and therapy should be greatly improved[58]. 

4) Epigenetics demand to develop other options
 After epigenetic aberrance discovered, currently FDA 
approved compounds were used for clinical development of tar-
geted therapy at the bedside. If we combine GWAS, RNA ge-
nomics or microRNA profiles related with drugs, Ab and small 
molecules[59,60], clinical genomics should be greatly improved in 
epigenetic diagnosis and therapy. 

Acknowledgments
 Under the support of Dr. H. D. Preisler, we had set up 
the method to analyze clinical genomic analysis including sin-
gle-cell genomic profiles of tumor cell from solid tumors and 
leukemia. Now we are going to use new genomic platform to 
continue working in epigenetic aberrance. Mention of trade 
names or commercial products in this article is solely for the 
purpose of providing specific information and does not imply 
recommendation.

Conflict of Interests 
 The authors declare non-competing financial interests.

References

1. Baker, S.J., Markowitz, S., Fearon, E.R., et al. Suppression of hu-
man colorectal carcinoma cell growth by wild-type p53. (1990) Science 
249(4971): 912-915.
Pubmed ׀ Crossref
2. Chial, H. Proto-oncogenes to Oncogenes to Cancer. (2008) Nature 
Education 1(1): 33.
3. Ledford, H. Disputed definitions. (2008) Nature 455(7216): 1023-
1028.
Pubmed ׀ Crossref
4. Rountree, M.R., Bachman, K.E., Baylin, S.B. DNMT1 binds HDAC2 
and a new co-repressor, DMAP1, to form a complex at replication foci. 
(2000) Nat Genet 25(3): 269-277.
Pubmed ׀ Crossref
5. Cohen, N., Kenigsberg, E., Tanay, A. Primate CpG Islands Are Main-
tained by Heterogeneous Evolutionary Regimes Involving Minimal Se-
lection. (2011) Cell 145(5): 773-786.
Pubmed ׀ Crossref
6. Cuthbert, G.L., Daujat, S., Snowden, A.W., et al. Histone deimination 
antagonizes arginine methylation. (2004) Cell 118(5): 545-553.
Pubmed ׀ Crossref
7. Ozdemir, A., Spicuglia, S., Lasonder, E., et al. Characterization of 
lysine 56 of histone H3 as an acetylation site in Saccharomyces cerevi-
siae. (2005) J Biol Chem 280(28): 25949-25952.
Pubmed ׀ Crossref
8. Nieva, J.J., Kuhn, P. Fluid biopsy for solid tumors: a patient’s com-
panion for lifelong characterization of their disease. (2012) Future On-
cology 9(8): 989-998.
Pubmed ׀ Crossref
9. Li, B. Clinical Genomic Analysis and Diagnosis --Genomic Analysis 
Ex Vivo, in Vitro and in Silico. (2012) Clinical Medicine and Diagnos-
tics 2(4): 37-44.
Crossref
10. Li, B., Tong, S.Q., Zhang, X.H., et al. A new experimental and clin-
ical approach of combining usage of highly active tumor-infiltrating 
lymphocytes and highly sensitive antitumor drugs for the advanced ma-
lignant tumor. (1994) Chin Med J (Engl) 107(11): 803-807.
Pubmed 
11. Zhang, W., Ding, J., Qu, Y., et al. Genomic expression analysis by 
single-cell mRNA differential display of quiescent CD8 T cells from 
tumour-infiltrating lymphocytes obtained from in vivo liver tumours. 
(2009) Immunology 127(1): 83-90. 
Pubmed ׀ Crossref
12. Cohen, S.J., Punt, C.J., Iannotti, N., et al. Relationship of circulating 
tumor cells to tumor response, progression-free survival, and overall 
survival in patients with metastatic colorectal cancer. (2008) J Clin On-
col 26(19): 3213-3221.
Pubmed ׀ Crossref
13. Pantel, K., Riethdorf, S., Riethdorf. Pathology: are circulating tu-
mor cells predictive of overall survival? (2009) Nat Rev Clin Oncol 
6(4): 190-191.
Pubmed ׀ Crossref
14. Esmaeilsabzali, H., Beischlag, T.V., Cox, M.E., et al. Detection and 
isolation of circulating tumor cells: principles and methods. (2013) Bio-
technol Adv 31(7): 1063-1084.
Pubmed ׀ Crossref
15. Miller, M.C., Doyle, G.V., Terstappen, L.W. Significance of Cir-
culating Tumor Cells Detected by the Cell Search System in Patients 
with Metastatic Breast Colorectal and Prostate Cancer. (2010) J Oncol 
2010: 617421.
Pubmed ׀ Crossref
16. Newman, A.M., Bratman, S.V., et al. An ultrasensitive method 
for quantitating circulating tumor DNA with broad patient coverage. 
(2014) Nat Med 20(5): 548-554.
Pubmed ׀ Crossref

http://www.ommegaonline.com
https://www.ncbi.nlm.nih.gov/pubmed/2144057
https://doi.org/10.1126/science.2144057
https://www.ncbi.nlm.nih.gov/pubmed/18948925
http://www.nature.com/news/2008/081022/full/4551023a.html
https://www.ncbi.nlm.nih.gov/pubmed/10888872
https://doi.org/10.1038/77023
https://www.ncbi.nlm.nih.gov/pubmed/21620139
https://doi.org/10.1016/j.cell.2011.04.024
https://www.ncbi.nlm.nih.gov/pubmed/15339660
https://doi.org/10.1016/j.cell.2004.08.020
https://www.ncbi.nlm.nih.gov/pubmed/15888442
http://www.jbc.org/content/280/28/25949
https://www.ncbi.nlm.nih.gov/pubmed/22894671
https://doi.org/10.2217/fon.12.91
https://doi.org/10.5923/j.cmd.20120204.04
https://www.ncbi.nlm.nih.gov/pubmed/7867384
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2678184/
https://doi.org/10.1111/j.1365-2567.2008.02926.x
https://www.ncbi.nlm.nih.gov/pubmed/18591556
https://doi.org/10.1200/JCO.2007.15.8923
https://www.ncbi.nlm.nih.gov/pubmed/19333222
https://doi.org/10.1038/nrclinonc.2009.23
https://www.ncbi.nlm.nih.gov/pubmed/23999357
https://doi.org/10.1016/j.biotechadv.2013.08.016
https://www.ncbi.nlm.nih.gov/pubmed/20016752
https://www.hindawi.com/journals/jo/2010/617421/
https://www.ncbi.nlm.nih.gov/pubmed/24705333
https://doi.org/10.1038/nm.3519


Therapeutic Targeting

11 Int J Hematol Ther    |     volume 3: issue 1Li, B

17. Sherwood, J.L., Corcoran, C., Brown, H., et al. Optimised Pre-Ana-
lytical Methods Improve KRAS Mutation Detection in Circulating Tu-
mour DNA (ctDNA) from Patients with Non-Small Cell Lung Cancer 
(NSCLC). (2016) PLOS ONE 11(2): e0150197.
Pubmed ׀ Crossref
18. Qin, Z., Ljubimov, V.A., Zhou, C.Q., et al. Cell-free circulating tu-
mor DNA in cancer. (2016) Chin J Cancer 35: 36.
Pubmed ׀ Crossref
19. Alberry, M. Free fetal DNA in maternal plasma in anembryon-
ic pregnancies: confirmation that the origin is the trophoblast. (2007) 
Prenat Diagn 27(5): 415-418.
Pubmed ׀ Crossref
20. Marrinucci, D., Bethel, K., Luttgen, M., et al. Circulating tumor 
cells from well-differentiated lung adenocarcinoma retain cytomor-
phologic features of primary tumor type. (2009) Arch Pathol Lab Med 
133(9): 1468-1471.
Pubmed ׀ Crossref
21. Xu, Y., Hu, H., Zheng, J., et al. Feasibility of whole RNA sequenc-
ing from single-cell mRNA amplification. (2013) Genet Res Int 2013: 
724124.
Pubmed ׀ Crossref
22. Catherine, A.P., Heidi, S., Klaus, P. Circulating Tumor Cells and 
Circulating Tumor DNA. (2012) Annu Rev Med 63: 199-215.
Pubmed ׀ Crossref
23. Kang, Q., Henry, N.L., Paoletti, C., et al. Comparative analysis of 
circulating tumor DNA stability In K3EDTA, Streck, and Cell Save 
blood collection tubes. (2016) Clin Biochem 49(18): 1354-1360. 
Pubmed ׀ Crossref
24. Nagrath, S., Sequist, L., Maheswaran, S., et al. Isolation of rare 
circulating tumour cells in cancer patients by microchip technology. 
(2007) Nature 450(7173): 1235-1239.
Pubmed ׀ Crossref
25. Barski, A., Cuddapah, S., Cui, K., et al High-resolution profiling of 
histone methylations in the human genome. (2007) Cell 129(4): 823-
837.
Pubmed ׀ Crossref
26. Hernández, H.G., Tse, M.Y., Pang, S.C., et al. Optimizing meth-
odologies for PCR-based DNA methylation analysis. (2013) Biotech-
niques 55(4): 181-197.
Pubmed ׀ Crossref
27. Li, B., Yang, J., Tao, M., et al. Poor prognosis acute myelogenous 
leukemia 2--biological and molecular biological characteristics and 
treatment outcome. (2000) Leuk Res 24(9): 777-789.
Pubmed ׀ Crossref
28. El-Maarri, O. Methods: DNA methylation. (2003) Adv Exp Med 
Biol 544: 197-204. 
Crossref
29. Fraga, M.F., Esteller, M. DNA methylation: a profile of methods and 
applications. (2002) Biotechniques 33(3): 632: 636-649.
Pubmed ׀ Crossref
30. Nyren, P. The History of Pyrosequencing. (2007) Methods Mol Biol 
373: 1-14.
Pubmed ׀ Crossref
31. Li, B., Yang, J., Andrews, C., et al. Telomerase activity in preleuke-
mia and acute myelogenous leukemia. (2000) Leuk Lymphoma 36(5-
6): 579-587.
Pubmed ׀ Crossref
32. Alexander, M., Andreas, G., George, W.B., et al. Reduced represen-
tation bisulfite sequencing for comparative high-resolution DNA meth-
ylation analysis. (2005) Nucleic Acids Res 33(18): 5868-5877.
Pubmed ׀ Crossref
33. Pomraning, K.R., Smith, K.M., Freitag, M. Genome-wide high 
throughput analysis of DNA methylation in eukaryotes. (2009) Meth-
ods 47(3): 142–150.
Pubmed ׀ Crossref
34. Thomson Reuters.”Genome Research”. 2014 Journal Citation Re-
ports. Web of Science (Science) 2015.

35. Fuchs, S.M., Krajewski, K., Baker, R.W., et al. Influence of combi-
natorial histone modifications on antibody and effector protein recogni-
tion. (2011) Curr Biol 21(1): 53-58. 
Pubmed 
36. Blow, M. J., McCulley, D.J., Li, Z., et al. ChIP-seq identification 
of weakly conserved heart enhancers. (2010) Nat Gen 42(9): 806-810.
Pubmed ׀ Crossref
37. Cejas, P., Li, L., O’Neill, N.K., et al. Chromatin immunoprecipita-
tion from fixed clinical tissues reveals tumor-specific enhancer profiles. 
(2016) Nat Med 22(6): 685-691.
Pubmed ׀ Crossref
38. Djidja, M.C., Claude, E., Scriven, P., et al. Antigen retrieval prior to 
on-tissue digestion of formalin-fixed paraffin-embedded tumour tissue 
sections yields oxidation of proline residues. (2016) Biochim Biophys 
Acta S1570-9639(16)30258-8. 
Pubmed 
39. Devemy, E., Li, B., Tao, M., et al. Poor prognosis acute myeloge-
nous leukemia: 3--biological and molecular biological changes during 
remission induction therapy. (2001) Leuk Res 25(9): 783-791.
Pubmed ׀ Crossref
40. Mauer, J., Luo, X., Blanjoie, A. et al. Reversible methylation of 
m6Am in the 5’ cap controls mRNA stability. (2016) Nature. 
Crossref
41. Flotho, C., Claus, R., Batz, C., et al. The DNA methyltransferase 
inhibitors azacitidine, decitabine and zebularine exert differential ef-
fects on cancer gene expression in acute myeloid leukemia cells. (2009) 
Leukemia 23(6): 1019-1028.
Crossref
42. Thepot, S., Boehrer, S., Seegers, V., et al. A phase I/II trial of Er-
lotinib in higher risk myelodysplastic syndromes and acute myeloid 
leukemia after azacitidine failure. (2014) Leuk Res 38(12): 1430-1434. 
Pubmed ׀ Crossref
43. Klar, A.S., Gopinadh, J.S. Treatment with 5-Aza-2’-Deoxycytidine 
Induces Expression of NY-ESO-1 and Facilitates Cytotoxic T Lympho-
cyte-Mediated Tumor Cell Killing. (2015) PLoS One 10(10): e0139221.
Pubmed ׀ Crossref
44. Wang, N., Chen, Y., Yang, X., et al. Selenium-binding protein 1 is 
associated with the degree of colorectal cancer differentiation and is 
regulated by histone modification. (2014) Oncol Rep 31(6): 2506-2514. 
Pubmed ׀ Crossref
45. Miller, T.A., Witter, D.J., Belvedere, S. Histone deacetylase inhibi-
tors. (2003) J Med Chem 46(24): 5097-5116.
Pubmed ׀ Crossref
46. Zhang, Z., Yamashita, H., Toyama, T., et al. Quantitation of HDAC1 
mRNA expression in invasive carcinoma of the breast. (2005) Breast 
Cancer Res Treat 94(1): 11-16.
Pubmed ׀ Crossref
47. Preisler, H.D., Li, B., Yang, B.L., et al. Suppression of telomerase 
activity and cytokine messenger RNA levels in acute myelogenous leu-
kemia cells in vivo in patients by amifostine and interleukin 4. (2000) 
Clin Cancer Res 6(3): 807-812.
Pubmed ׀ Crossref
48. Shi, H., Chen, S.Y., Lin, K. Raman spectroscopy for early real-time 
endoscopic optical diagnosis based on biochemical changes during the 
carcinogenesis of Barrett’s esophagus. (2016) World J Gastrointest En-
dosc 8(5): 273-275. 
Pubmed ׀ Crossref
49. Tas, F., Bilgin, E., Tastekin, D., et al. Serum IGF-1 and IGFBP-3 
levels as clinical markers for patients with lung cancer. (2016) Biomed 
Rep 4(5): 609-614.
Pubmed ׀ Crossref
50. Luo, L., Li, B., Pretlow, T.P. DNA alterations in human aberrant 
crypt foci and colon cancers by random primed polymerase chain reac-
tion. (2003) Cancer Res 63(19): 6166-6169.
Pubmed ׀ Crossref

https://www.ncbi.nlm.nih.gov/pubmed/26918901
https://doi.org/10.1371/journal.pone.0150197
https://www.ncbi.nlm.nih.gov/pubmed/27056366
https://doi.org/10.1186/s40880-016-0092-4
https://www.ncbi.nlm.nih.gov/pubmed/17286310
https://doi.org/10.1002/pd.1700
https://www.ncbi.nlm.nih.gov/pubmed/19722757
http://europepmc.org/articles/pmc4422331
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3885331/
https://www.hindawi.com/journals/gri/2013/724124/
https://www.ncbi.nlm.nih.gov/pubmed/22053740
https://doi.org/10.1146/annurev-med-062310-094219
http://europepmc.org/abstract/med/27129799
https://doi.org/10.1016/j.clinbiochem.2016.03.012
https://www.ncbi.nlm.nih.gov/pubmed/18097410
https://doi.org/10.1038/nature06385
https://www.ncbi.nlm.nih.gov/pubmed/17512414
https://doi.org/10.1016/j.cell.2007.05.009
https://www.ncbi.nlm.nih.gov/pubmed/24107250
https://doi.org/10.2144/000114087
https://www.ncbi.nlm.nih.gov/pubmed/10978783
https://doi.org/10.1016/S0145-2126(00)00035-7
https://doi.org/10.1007/978-1-4419-9072-3_23
https://www.ncbi.nlm.nih.gov/pubmed/12238773
http://www.biotechniques.com/multimedia/archive/00011/02333rv01_11833a.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17185753
http://sandberg.cmb.ki.se/media/data/courses/modseq/Pyrohistory.pdf
https://www.ncbi.nlm.nih.gov/pubmed/10784403
https://doi.org/10.3109/10428190009148406
https://www.ncbi.nlm.nih.gov/pubmed/16224102
https://academic.oup.com/nar/article/33/18/5868/2401288/Reduced-representation-bisulfite-sequencing-for
https://www.ncbi.nlm.nih.gov/pubmed/18950712
http://www.sciencedirect.com/science/article/pii/S1046202308001825
https://www.ncbi.nlm.nih.gov/pubmed/21167713
https://www.ncbi.nlm.nih.gov/pubmed/20729851
https://doi.org/10.1038/ng.650
https://www.ncbi.nlm.nih.gov/pubmed/27111282
http://www.nature.com/nm/journal/v22/n6/full/nm.4085.html
https://www.ncbi.nlm.nih.gov/pubmed/27939604
https://www.ncbi.nlm.nih.gov/pubmed/11489472
http://www.lrjournal.com/article/S0145-2126(01)00032-7/abstract
http://www.nature.com/nature/journal/v541/n7637/full/nature21022.html
https://doi.org/10.1038/leu.2008.397
https://www.ncbi.nlm.nih.gov/pubmed/25449687
https://doi.org/10.1016/j.leukres.2014.09.014
https://www.ncbi.nlm.nih.gov/pubmed/26447882
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0139221
https://www.ncbi.nlm.nih.gov/pubmed/24737289
https://www.spandidos-publications.com/or/31/6/2506
https://www.ncbi.nlm.nih.gov/pubmed/14613312
https://doi.org/10.1021/jm0303094
https://www.ncbi.nlm.nih.gov/pubmed/16172792
https://doi.org/10.1007/s10549-005-6001-1
https://www.ncbi.nlm.nih.gov/pubmed/10741700
http://clincancerres.aacrjournals.org/content/6/3/807
http://europepmc.org/articles/pmc4781908
http://www.wjgnet.com/1948-5190/full/v8/i5/273.htm
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4840770/
https://www.spandidos-publications.com/br/4/5/609
https://www.ncbi.nlm.nih.gov/pubmed/14559798
http://cancerres.aacrjournals.org/content/canres/63/19/6166.full.pdf


12www.ommegaonline.org Int J Hematol Ther    |     volume 3: issue 112

Therapeutic Targeting

Ommega Online Publisher
International Journal of Hematology & Therapy
Short Title : Int J Hematol Ther

ISSN: 2381-1404
E-mail : hematology.therapy@ommegaonline.org
website: www.ommegaonline.org

51. Preisler, H.D., Perambakam, S., Li, B., et al. Alterations in IRF1/
IRF2 expression in acute myelogenous leukemia. (2001) Am J Hematol 
68(1): 23-31.
Pubmed ׀ Crossref
52. Liu, Y., Zhou, Z.T., He, Q.B., et al. DAPK promoter hypermethyl-
ation in tissues and body fluids of oral precancer patients. (2012) Med 
Oncol 29(2): 729-733. 
Pubmed ׀ Crossref
53. Barlési, F., Giaccone., G., Gallegos-Ruiz, M.I., et al. Global histone 
modifications predict prognosis of resected non small-cell lung cancer. 
(2007) J Clin Oncol 25(28): 4358-4364.
Pubmed ׀ Crossref 
54. Mitchell, S.M., Ho, T., Brown, G.S., et al. Evaluation of Methyla-
tion Biomarkers for Detection of Circulating Tumor DNA and Applica-
tion to Colorectal Cancer. (2016) Genes (Basel) 7(12): 125.
Pubmed ׀ Crossref
55. Lee, H.Y., Jung, S. E., Lee, E.H., et al. DNA methylation profiling 
for a confirmatory test for blood, saliva, semen, vaginal fluid and men-
strual blood. (2016) Forensic Sci Int Genet 24: 75-82. 
Pubmed ׀ Crossref
56. Gamulin, S. The forthcoming era of precision medicine. (2016) 
Acta Med Acad 45(2): 152-157. 
Pubmed ׀ Crossref
57. Nabhan, C., Raca, G., Wang, Y.L., Predicting Prognosis in Chronic 
Lymphocytic Leukemia in the Contemporary Era. (2015) JAMA Oncol 
1(7): 965-974. 
Pubmed ׀ Crossref
58. Peeters, M., Kafatos, G., Taylor, A., et al. Prevalence of RAS muta-
tions and individual variation patterns among patients with metastatic 
colorectal cancer: A pooled analysis of randomised controlled trials. 
(2015) Eur J Cancer 51(13): 1704-1713. 
Pubmed ׀ Crossref
59. Shu, W.Y., Li, J.L., Wang, X.D., et al. Pharmacogenomics and per-
sonalized medicine: a review focused on their application in the Chi-
nese population. (2015) Acta Pharmacol Sin 36(5): 535-543. 
Pubmed ׀ Crossref
60. Pollock, R.A., Abji, F., Gladman, D.D. Epigenetics of psoriatic dis-
ease: A systematic review and critical appraisal. (2016) J Autoimmun 
S0896-8411(16): 30363-30368. 
Pubmed ׀ Crossref

http://www.ommegaonline.com
mailto:hematology.therapy@ommegaonline.org
http://www.ommegaonline.org
https://www.ncbi.nlm.nih.gov/pubmed/11559933
https://doi.org/10.1002/ajh.1144
https://www.ncbi.nlm.nih.gov/pubmed/21516484
https://doi.org/10.1007/s12032-011-9953-5
https://www.ncbi.nlm.nih.gov/pubmed/17906200
https://doi.org/10.1200/JCO.2007.11.2599
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5192501/
http://www.mdpi.com/2073-4425/7/12/125
https://www.ncbi.nlm.nih.gov/pubmed/27344518
https://doi.org/10.1016/j.fsigen.2016.06.007
https://www.ncbi.nlm.nih.gov/pubmed/28000491
https://doaj.org/article/7ab9ae32a0954ac4adf99c3258d6f252
https://www.ncbi.nlm.nih.gov/pubmed/26181643
https://doi.org/10.1001/jamaoncol.2015.0779
https://www.ncbi.nlm.nih.gov/pubmed/26049686
https://doi.org/10.1016/j.ejca.2015.05.017
https://www.ncbi.nlm.nih.gov/pubmed/25891088
http://www.nature.com/aps/journal/v36/n5/pdf/aps201510a.pdf
https://www.ncbi.nlm.nih.gov/pubmed/27965059
http://www.pubpdf.com/pub/27965059/Epigenetics-of-psoriatic-disease-A-systematic-review-and-critical-appraisal

