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Genetic Code

Histone Code

Methylation Code

Epigenetics:
Stable alterations in gene expression
by several mechanisms, except 
nucleotide sequence changes

The genetic information provides the blue print for the manufacture of all the proteins 
necessary to create a living organism, whereas the epigenetic information

provides the instructions on how, where and when the genetic information will be used.



Epigenetic predisposition to angiogenesneis? Individual? Populations?

Pharmacogenomics and pharmacoepigenomics (personalized medicine)

Microenvironment, microbiome, and gene expression

GWAS and EWAS

The choices you make
can change your genes
-- and  those of your kids.

Adapted from Matouk and Marsden Cir Res 102:873

DISCONCORDANCE  AMONG TWINS



https://www.nature.com/articles/d41586-022-02355-x

GBD 2019 Cancer Risk Factors Collaborators Lancet 400, 563–591 (2022).

https://www.nature.com/articles/d41586-022-02355-x


doi: https://doi.org/10.1038/d41586-022-02355-x



Prostate 38%

Colorectal
 12%

Bladder 
8%

Hematologic 
8%

Melanoma 
6%

Lung 4%

Oral Cavity 3.4%

Testis 3.6%

Other sites 
16%

Breast 41%

Corpus & 
Uterus
 11%

Colorectal 
10%

Hematologic 
6%

Melanoma 
5.3%

Cervix  4%

Ovary 4%

Thyroid 

Other sites 
15%

(2.2 million)(1.6 million)

Men (4.24 million) Women (5.31 million)

Estimated Number of Persons Alive in 
the U.S. Diagnosed with Cancer by 

Site 



DCCPS covers cancer continuum

Cancer recurrence
Secondary cancerPrevention Prevention: restoring transcription,

halting progression, or stopping
metastasis 



Cancer Development is a Multi-step Process

Adapted from Vogelstein et al 2013



DNA-Based Cancer Diagnostics

Adapted from Weinberg 1996

PREDISPOSITION HYPERPLASIA DYSPLASIA CARCINOMA METASTASIS

CANCER
RISK

ASSESSMENT

PROGRESSION
RISK

ASSESSMENT

EARLY
DETECTION

DIAGNOSIS,
PREDICTION &
PROGNOSIS

MONITORING
FOR 

RECURRENCE

SHEDDING OF
ALTERED DNA

SHEDDING OF
ALTERED DNA

SHEDDING OF
ALTERED DNA

SHEDDING OF
ALTERED DNA

Exfoliated Cells are Good Source of DNA
to Study Epidemiology



You do not have to understand epigenetics to know
about genetics but you must know genetics to 
understand epigenetics.



CANCER GENOME LANDSCAPE
Number of somatic mutations in 
representative human cancers, 
detected by genome-wide sequencing 
studies

Adapted from Vogelstein and Kinzler (Science 2013)
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There’s more to the genome than its sequence

Human 
Genome 
Project

Roadmap 
Epigenomics, 
ENCODE, IHEC

4D Nucleome 



Nucleosomes (Units of Chromatin)
DNA
Histones H2a, H2b, H3, H4

To neutralize charge and provide stability

Nucleosome: two turns of DNA  (146 base pairs) wrapped around an octomeric complex of two
of each of histone types

H1 is a linker histone which binds
to the DNA linking two adjacent
nucleosomal cores

Shores are 0-2kb from islands
Shelves are 2-4 kb and enhancers are beyond shelves



DNA Methylation

5-methylcytosine

S-adenosylmethionine

DNA methyltransferase

deoxycytosine
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Activated Oncogenes

Methylated CpGUnmethylated CpG

Inactivated Tumor SuppressorsAsad Umar, NCI



Epigenetic alterations – changes induced in cells that alter expression of
the information on transcriptional, translational, or post-translational
levels without change in DNA sequence

EPIGENETICS

SAM SAH

DNMT1
DNMT3a
DNMT3b

Methylation of 
DNA

Modifications of  
histones

RNA-mediated 
modifications

• RNA-directed DNA methylation
• RNA-interference mediated 

chromatin remodeling
• RNAi, siRNA, miRNA …

A
Me
P
U

- acetylation

- methylation
- phosphorylation

- ubiquitination

P U
Me

A

Control Treated-3.0 3.00

Genomic Imprinting

Shores: less than 2 kb from the CpG 
island
Shelves: 2-4 kb from the CpG island
Remaining region: called OPEN SEA



Hypermethylation

Hypomethylation

Acetylation/Deacetylation

Factors

Environmental
Hormonal
Genetic Raf

C-myc
C-fos
C-Ha-ras
C-K-ras

Histone Acetyltransferase
Histone Decetylase
(Dynamic Equilibrium)

APC
BRCA1
ER
hMLH1
GSTP1
TIMP3
DAPK1

DNA Methyl-transferases
DNMT1
DNMT3A
DNMT3B

Epigenetics regulates:
Cell Cycle Control
DNA Damage
Apoptosis
Invasion
X-Chromosome Inactivation
Imprinting
Aging

Hypermethylation
(TSP)

Hypomethylation
(ONC)

STOP START

DNA

Histones

Histone tail Nucleosome

Active Chromatin:
relaxed

Condensed Chromatin:
compact

DNA (double helix)

Non Coding RNA

M M
M M M MM

MMM M M M

Transcription

Chromatin 
Folding 
Proteins
(such as 
SATB1)

microRNA
Involvement

Modifications of
Histones

Nucleosome

A

C

B

Figure 1

Modifications of
Histones:
Acetylation
Biotinylation
Methylation
Phosphorylation
Ubiquitination

Components of the Epigenome

Polycomb
Group of
Proteins

SINE and LINE Sequences

Methylation Code Histone Code
Chromatin Remodeling

Maintain chromosomal integrity by preventing the translocations, 
chromosomal instability and gene disruption that may arise from reactivation 
of endoparasitic sequencesVerma (2009) In: Hum Genome Epidemiology, pp. 551-578

EZH2



Jones and Laird. Nat Rev Gen 21: 163

Peter Jones

Andrew Feinberg



Writers
Readers
Erasers

Ten-eleven translocation (TET) family of 5-methylcytosine oxidases. 

Gatekeeper genes

Caretaker genes





You only need to sequence your genome once, 
but you need to determine your epigenome 
multiple times... https://www.youtube.com/watch?v=JMT6oRYgkTk

https://www.youtube.com/watch?v=JMT6oRYgkTk


Epigenetics, Environment and Development  

Foley et al. Am J Epid 169:389.

ART, Assisted Reproductive Technology

CVS, Cerebrovascular System.

Maternal Milk: immature, transient and mature (N/K ratio
from 0.8 10 1.2 to 2.0))





Aldehyde and nitric oxide, present in cigarette smoke induce
phosphorylation of histones resulting in decreased histone
deacetylase 2 activity 





Happiness Genes: Unlock the Positive Potential Hidden in Your DNA by 
James D. Baird and Laurie Nadel, in which we are told, “Happiness is at 

your fingertips, or rather sitting in your DNA, right now! The new 
science of epigenetics reveals there are reserves of natural happiness 

within your DNA that can be controlled by you, by your emotions, 
beliefs and behavioral choices.”

Epigenetics and 
behavior (including
emotions)

http://www.amazon.com/Happiness-Genes-Unlock-Positive-Potential/dp/1601631057






Understanding Cancer Etiology and Risk Assessment

Need healthy population (pathologically disease free) (cohort) with 
information about

Exposure (Chemicals, Radiations, Infectious Agents, Toxic substance)
Family History
Diet and Life Style
Medication

Need easily collected biospecimens (non-invasive technologies) and analytic
tools

Need follow up (for longitudinal studies) for several years

Challenge: Expensive, data sharing

Advantage: Essential to identify risk factors for cancer



3
3 Special Populations in EGRP

African-American men & 
women

South American women

Asian-American & Asian men 
& women

Latin-American/Hispanics

African men & women

Alaskan & Hawaiian Natives

Middle-Eastern populations

American-Indian, incl. Navajo

Rural South

Chinese



The Cohort Consortium (CoCo) 

• 62 cohorts, over 4 million individuals
• Membership: cohort studies worldwide with >10,000 

subjects, blood samples and questionnaire data on 
important cancer risk factors

• The Cohort Consortium was formed by NCI to address 
the need for large-scale collaborations for
– Rapid identification and confirmation of common 

polymorphisms and cancer susceptibility (GWAS) 
– Studies of GxG and GxE interactions in the etiology 

of cancer. 



To evaluate how exposure to a range of environmental factors in early development
influences health of children and adolescents

ECHO

34 PIs
79 Cohorts
>50,000 Pregnancies
Mother and child data

• Allergy and upper airways diseases
• Pre-, Peri-, Post-natal
• Neurological disorders
• Obesity



FY16 supplements to 
FY15 funded centers

[RFP FY17]

√

The Bulk

Linked?

ECHO’s Components

Placenta, cord blood, nail, hair, saliva, urine
Maternal blood, milk before and after pregnancy

16S amplicons,
Metagenomic and  
Metatranscriptomic
Cytokine profiling
Metabolomics
Proteomics
Genomics
Exposure data integration
Phenotypic data 
integration

Serial samples of the same individuals

ECHO-wide Cohort Protocol



Advantages of ECHO Research Design

• Longitudinal cohorts – opportunity to examine repeated 
measures

-in utero
- early in life
- other transition periods

• Look across multiple tissues in same person
• Unifying/harmonizing epigenetic data with other data 

(including other omics data)
• Potential for single cell analysis
• Across generation



Herman Chest.125:119S-122S
James Herman

Phil Sharp



Genetic mutations of epigenetic modifiers in cancer

Baylin and Jones (2016)





DNA Methylation and Carcinogenesis
DNA Methylation

Abnormal Increases Abnormal Decreases No Changes

Tumor suppressor
gene inactivation

Methylation
of both 
alleles

Methylation 
of 1 allele
and 
mutation 
or
deletion of 
the other

For imprinted
genes: 
hypomethylated
allele
replaced by
mitotic
recombination
with
hypermethylated
allele or
methylated 
de novo

Proto-
oncogene
activation 
and up-
regulation
of other 
DNA
sequences

Increased
DNA
Rearrangements
and possibly
aneuploidy

Latent
viral 
activation
or
retroelement
activation

Chemically
induced 
mutations
preferentially
at m5C
residue

Deamination--
spontaneous 
conversion of 
m5C  to T
mutations 
in tumor
suppressor
genes

Poor
repair
of 
m5C



Integrin Signaling Network and Epigenetic Regulation

Deb et al. CMR. 2011 De c 8



Principle of Methylation

Laird Nat Rev Cancer 3:253

To reduce
• false negative
• false positives

• Total methylation content of the cell
• methylation level at specific stage
• methylation pattern of a group of genes
• profile of methylation of either a specific gene 
or a number of genes
• pattern of methylation in the whole epigenome



H3-MeK9
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upon phosphorylation,
change is permanent

Steve Baylin



Mirco RNA Signatures in Human Cancers

Calin and Croce Nature Reviews Cancer 6, 857–866 (November 2006) | doi:10.1038/nrc1997Micro RNA Polymorphism to Identify
High Risk Populations

Mir-31 inhibits metastasis in breast cancer



Lujambio and Esteller*, Cell Cycle 8: 377

Micro RNA Methylation in 
Metastasis



Methylated
miE
miE
miE
Let

Alter stability and
recognition
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Figure 1. Verma and Kumar
CRC Press (2008) In: Cancer Epigenetics
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H1 is a linker histone which binds to the DNA 
linking two adjacent nucleosomal cores

H3K4me3, Active promoter
H3K27ac, Active enhancers and promoters
H3K4me1, Active and poised enhancers and promoters
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H3K27me3, Polycomb-repressed regions

http://www.histone.com/


Clin Epigenetics. 2016; 8: 57

Histones showing readers, writers and erasers

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4877953/


Fig. 1 Mapping histone modifications in human gametes and preimplantation embryos.

Weikun Xia et al. Science 2019;365:353-360

Copyright © 2019, American Association for the Advancement of Science

Histone 
mapping



ALTERATIONS OF HISTONE H3 MODIFICATIOINS IN LIVER 
DURING METHYL DEFICIENCY 
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Abnova 2016 Jan. Newsletter No.1

http://tt3.ecrm.com.tw/web_service/p/a.aspx?wmx_u=vmgxZ1gRCH5KVPHF-GDaiGZClRghITN6GoXDdUyU5nU_Pr7NUpaWOitjBJaD-UjcqWHR-frx91kv7-dUPIvEWF&sendmode=0&tag_id=A_2


ISBN 9781420045796 - CAT# 45792 



Single Cell 
Epigenomics

Identify open and closed chromatin

Identify cell-specific transcription factors

Determine nucleosome position

Identify active and repressive
transcription state

Single cells isolated from
§ Blood
§ Breast milk
§ Exfoliated cells
§ Hair
§ Oral swab
§ Pancreatic fluid
§ Saliva
§ Skin
§ Tissue
§ Urine

1. Methylation profiling
2. Histone modifications
3. miRNA profiling
4. Chromatin Accessibility

Risk Assessment to identify high-risk individuals
Diagnosis
Prognosis 
Screening 

Follow up treatment and co-morbidity

Implications of single cell epigenomics

SINGLE CELL EPIGENOMICS



Books edited 
by Mukesh Verma



Nature 471: s12-s13

“Epigenetic changes are 
reversible, and therefore have an 

edge over genetics”
Mukesh Verma

Nature 471: s12-s13 



Nature 483:637-639

“Successful approval of first 
generation of drugs intended to 
target epigenetic pathways, has 
convinced almost every major 

drug company to invest in cancer 
epigenetics.”
Mukesh Verma 



TUMOR 
LOCATION

GENE

Breast p16, BRCA1, GSTP1, DAPK, CDH1, TIMP-3

Brain p16, p14ARF, MGMT, TIMP-3

Bladder p16, DAPK, APC

Colon p16, p14ARF, CRBP1, MGMT, hMLH1, DAPK, TIMP-3, APC

Endometrium hMLH1

Esophagus p16, p14ARF, GSTP1, CDH1APC

Head and Neck p16, MGMT, DAPK

Kidney p16, p14ARF, MGMT, GSTP1, TIMP-3, APC

Leukemia p15, MGMT, DAPK1, CDH1, p73

Liver p16, CRBP1, GSTP1, APC

Lymphoma p16, p15, CRBP1, MGMT, DAPK, p73

Lung p16, p14ARF, CRBP1, MGMT, GSTP1, DAPK, FHIT, TIMP-3, 
RARbeta, RASSF1A

Ovary p16, BRCA1, DAPK

Pancreas p16, MGMT, APC

Prostate GSTP1, p27(kip1)

Stomach p14ARF , P16, APC, hMLH1, MGMT 

Uterus p16, p14ARF, hMLH1

Tumor Types 
and Genes 
Regulated 
by 
Epigenetic 
Mechanism

Verma and Srivastava (2002). 
Lancet Oncol. 3: 755-363;
Verma et al (2004)
Crit. Rev. Clin. Sc. 
41: 585-607;
Verma and Manne (2006). Crit. 
Rev. Hematol. Oncol. 60: 9-18;
Verma et al (2006). Mol. Diag.
Therapy. 10: 1-15.

Sirtuins are a group of
proteins with histone
deacetylase inhibiting
and anti apoptotis 
inhibition properties



Examples 
of 
epigenetic
modifications
and 
affected 
genes



Target Drug Clinical Trial
DNA Methylation 5-Azacytidine Phase I/II/II

5-Aza-2'deoxycytidine Phase I/II/II

FCDR

Zebularine

Procainamide

EGCG Phase I

Psamaplin A

Antisense Oligomers Phase I

Histone deacetylase Phenylbutyric acid Phase I/II
SAHA (Suberoylanilide hydroxamic 
acid) or Vorinostat PhaseI/II

Depsipeptide Phase I/II

Valproic Acid Phase I/IIEggr et al Nature. 429:457.

Adverse Experiences
SAHA
Duvic et al. 2007. 
Am S Hem 109:31.

• Dehydration
• Diarrhea
• Nausea
• Thrombocytopenia
• Vomiting

Vorinostat  Ph II (Gliobl)

Jean-Pierre Issa
Temple Univ.

Sirtuins are a group of
proteins with histone
deacetylase inhibiting
and anti apoptotis 
inhibition properties





HDAC 1, 2, 3, 8, 11 have been characterized (Khan, I , 2007)



Phase I study of epigenetic modulation with 5-azacytidine 
and valproic acid in patients with advanced cancers.
Braiteh F, Soriano AO, Garcia-Manero G, Hong D, Johnson MM, Silva Lde P, Yang H, Alexander S, Wolff J, Kurzrock R.
Clin Cancer Res.14(19):6296-301. (colorectal cancer, melanoma and breast cancer)

5 Azacytidine
S.C. daily for 10 days

+ 

Valproic Acid
Orally daily to titrate
to 75-100 ug/ml

28 Days Cycle

Peripheral blood
• Pyrosequencing
• Chip

55 people with
Advanced cancer
Median age 60

Analysis
Day 1, 10 and 28

• The maximum tolerated dose was 
75 mg/m(2) of 5-AZA in combination 
with valproic acid. 

• Dose-limiting toxicities were 
neutropenic fever and thrombocytopenia,
which occurred at a dose of 94 mg/m(2)
of 5-AZA. 

• Stable disease lasting 4 to 12 months
(median, 6 months) was 
observed in 14 patients (25%). 

A significant decrease in global DNA methylation and induction of histone acetylation 
were observed. 

The combination of 5-AZA and valproic acid is safe at doses up to 75 mg/m(2) 
for 5-AZA in patients with advanced malignancies.

http://www.ncbi.nlm.nih.gov/pubmed/18829512?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18829512?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum


Safety and clinical activity of the combination of 5-azacytidine,
valproic acid, and all-trans retinoic acid in acute myeloid 
leukemia and myelodysplastic syndrome.
Soriano et al. Blood. 110(7):2302-8. 

• Combination of 5-azacitidine (5-AZA), valproic acid (VPA), and 
ATRA in patients with acute myeloid leukemia or high-risk 
myelodysplastic syndrome.

• A total of 53 patients were treated. 

• The overall response rate was 42%. 

• A significant decrease in global DNA methylation and induction of histone 
acetylation were achieved. 

• VPA blood levels were higher in responders. 

• The combination studied is safe and has significant clinical activity. 

This clinical trial was registered at www.clinicaltrials.gov as no. NCT00326170.

http://www.ncbi.nlm.nih.gov/pubmed/17596541?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17596541?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17596541?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum


Histone Inhibitors in Clinical Trials (Clinicaltrials.gov)

STATUS STUDY

Recruiting Safety Study of the Histone Deacetylase Inhibitor, CHR-3996, in Patients With Advanced Solid Tumours

Recruiting Phase II Study of Histone-Deacetylase Inhibitor ITF2357 in Refractory/Relapsed Lymphocytic Leukemia

Recruiting phII Study of an HDAC Inhibitor in Very High-Risk Relapsed/Refractory Hodgkin's Lymphoma Patients

Recruiting Phase IIA Study of the HDAC Inhibitor ITF2357 in Patients With JAK-2 V617F Positive Chronic Myeloproliferative 
Diseases

Recruiting Phase II Trial of the Histone-Deacetylase Inhibitor ITF2357 Followed by Mechlorethamine in Relapsed/Refractory 
Hodgkin's Lymphoma Patients

Recruiting HDAC Inhibitor Vorinostat (SAHA) With Capecitabine (Xeloda) Using a New Weekly Dose Regimen for Advanced 
Breast Cancer

Recruiting Valproic Acid, Temozolomide, and Radiation Therapy in Treating Patients With Glioblastoma Multiforme

Recruiting Study of Vorinostat (MK0683) an HDAC Inhibitor, or Placebo in Combination With Bortezomib in Patients With Multiple 
Myeloma

Recruiting Study of Vorinostat (MK0683), an HDAC Inhibitor, in Combination With Bortezomib in Patients With Relapsed or 
Refractory Multiple Myeloma

Completed A Phase II Study of Epigenetic Therapy to Overcome Chemotherapy Resistance in Refractory Solid Tumors

Recruiting Sorafenib and LBH589 in Hepatocellular Carcinoma (HCC)

Recriting Phase II Study of Valproic Acid With FEC100 for Patients With Locally Advanced Breast Cancer

Total : 84 studies
http://clinicaltrials.gov/ct2/results?term=histone+inhibitors&pg=4

http://clinicaltrials.gov/ct2/show/NCT00697879?term=histone+inhibitors&rank=1
http://clinicaltrials.gov/ct2/show/NCT00792831?term=histone+inhibitors&rank=2
http://clinicaltrials.gov/ct2/show/NCT00496431?term=histone+inhibitors&rank=3
http://clinicaltrials.gov/ct2/show/NCT00606307?term=histone+inhibitors&rank=5
http://clinicaltrials.gov/ct2/show/NCT00792467?term=histone+inhibitors&rank=6
http://clinicaltrials.gov/ct2/show/NCT00719875?term=histone+inhibitors&rank=11
http://clinicaltrials.gov/ct2/show/NCT00313664?term=histone+inhibitors&rank=20
http://clinicaltrials.gov/ct2/show/NCT00773747?term=histone+inhibitors&rank=22
http://clinicaltrials.gov/ct2/show/NCT00773838?term=histone+inhibitors&rank=23
http://clinicaltrials.gov/ct2/show/NCT00404508?term=histone+inhibitors&rank=38
http://clinicaltrials.gov/ct2/show/NCT00823290?term=histone+inhibitors&rank=42
http://clinicaltrials.gov/ct2/show/NCT00437801?term=histone+inhibitors&rank=61


Methylation Inhibitors in Clinical Trials (Clinicaltrials.gov)

Total : 51 studies
http://clinicaltrials.gov/ct2/results?term=methylation+inhibitors

STATUS STUDY

Completed A Phase II Study of Epigenetic Therapy to Overcome Chemotherapy Resistance in Refractory Solid Tumors

Active Not 
Recruiting

Azacytidine and Valproic Acid in Patients With Advanced Cancers

Recruiting Azacitidine With or Without MS-275 in Treating Patients With Myelodysplastic Syndromes, Chronic 
Myelomonocytic Leukemia, or Acute Myeloid Leukemia

Active Not 
Recruiting

PhII 5-Azacytidine Plus Valproic Acid and Eventually Atra in Intermediate II and High Risk MDS

Recruiting Decitabine With or Without Interferon Alfa-2b in Treating Patients With Unresectable or Metastatic Solid 
Tumors

Recruiting Hydralazine Valproate for Cervical Cancer

Recruiting Hydralazine Valproate for Ovarian Cancer

Recruiting Decitabine in Treating Patients With Previously Untreated Acute Myeloid Leukemia

Recruiting Chronic Hepatitis C Non-Responder Study With AdoMet and Betaine

Recruiting Azacitidine, Docetaxel, and Prednisone in Treating Patients With Metastatic Prostate Cancer That Did Not 
Respond to Hormone Therapy

Recruiting Low Dose Decitabine + Interferon Alfa-2b in Advanced Renal Cell Carcinoma

Schering-Plough (Decitabine {5-aza-Deoxycytadine}
Trial for melanoma) (8 hrs to inactivate DNMT1)
Bristol-Myers Squibb (other compounds)

http://clinicaltrials.gov/ct2/show/NCT00404508?term=methylation+inhibitors&rank=2
http://clinicaltrials.gov/ct2/show/NCT00496444?term=methylation+inhibitors&rank=6
http://clinicaltrials.gov/ct2/show/NCT00313586?term=methylation+inhibitors&rank=7
http://clinicaltrials.gov/ct2/show/NCT00439673?term=methylation+inhibitors&rank=9
http://clinicaltrials.gov/ct2/show/NCT00701298?term=methylation+inhibitors&rank=10
http://clinicaltrials.gov/ct2/show/NCT00532818?term=methylation+inhibitors&rank=11
http://clinicaltrials.gov/ct2/show/NCT00533299?term=methylation+inhibitors&rank=12
http://clinicaltrials.gov/ct2/show/NCT00492401?term=methylation+inhibitors&rank=18
http://clinicaltrials.gov/ct2/show/NCT00310336?term=methylation+inhibitors&rank=19
http://clinicaltrials.gov/ct2/show/NCT00503984?term=methylation+inhibitors&rank=27
http://clinicaltrials.gov/ct2/show/NCT00561912?term=methylation+inhibitors&rank=28


Methylation 
Inhibitors

HDAC 
Inhibitors

Azacytidine (approved 
in 2004) 

For Myelodysplastic 
syndrome

Decitabine (approved in 
2006) 

For Myelodysplastic 
Syndrome

Vorinostat (approved in 
2006) 

For Cutaneous T cell 
Lymphoma

Romidepsin
(approved in 2009) 

For Cutaneous T cell 
Lymphoma

Panobinostat
(approved in 2015) 

For Multiple 
Myeloma

Belinostat (approved in 
2014) 

For Peripheral T-cell 
Lymphoma

FDA Approved Epigenetic 
Drugs





AML subtypes and combination therapy

Cancer letters 17 July 2018



Methods Mol Biol. 2015;1238:771-82. doi: 10.1007/978-1-4939-1804-1_40



Potential Steps for Intervention

Normal
Epithelium

Early
Adenoma

Intermediate
Adenoma

MSI+
Carcinoma

Late 
Adenoma Carcinoma Metastasis

Modified from Jubb et al. J Path. 195: 111.

Methylation 
defect

APC (ch.5q21)

K-Ras (ch.12p12)

Smad4 (ch.18q21-18tel)

p53 (ch. 17p13)
Other changes

Mismatch Repair Defect
TGFbRII, BAX mutations

A Model for Colorectal Tumorigenesis



CpG island methylator phenotype underlies sporadic 
microsatellite instability and is tightly associated with BRAF 
mutation in colorectal cancer

Nature Genetics 38, 787 - 793 



Identification of tumor clusters.

Nature Genetics 38, 787 - 793 

KRAS mutation indicated by a red rectangle overlaying the branch, 
BRAF mutations indicated by a green rectangle 
MSI-H cases designated with a blue rectangle. 48 Colorectal tumors



Nature Genetics 38, 787 - 793 (2006)

MSI-high (MSI-H) (blue), 
MSI-low (MSI-L) (light blue)
or microsatellite stable (MSS) (green).



Prediction of Tumor Class based on
Methylation Analysis (AML and ALL)

Adorjan et al Nuc Ac Res. 30: e21

AML:Acute Myeloid Leukemia
ALL: Acute Lymphoblastic Leukemia

Lymphoma



Progression of Lung Cancer

Annexin I and II
PIK3CA

p63 

RARbeta, 
DAPK, GSTP1, FHIT

RASSF1, MGMT
Markers located on 3q

Preneoplasia Neoplasia

Epigenetic Markers During Lung Cancer Progression

Small Cell Lung Carcinoma

Steven Belinsky

Genes hypermethylated in individuals with smoking history:

CDKN2A, RSSF1A, ARH1, MGMT, RARbeta

Sputum from cancer survivors and cancer patients show 
different methylation pattern



Copyright ©2009 American Association for Cancer Research

Christensen, B. C. et al. Cancer Res 2009;69:227-234

Unsupervised clustering of average {beta} values in tumor and 
nontumor pleura

Epigenetic Profiles Distinguish Pleural Mesothelioma 
from Normal Pleura and Predict Lung Asbestos 

Burden and Clinical Outcome

ASBESTOS MESOTHELIOMA

Non-
Mutagenic
carcinogen

803 cancer
related
genes

158 pleural 
mesothelioma
with minimum
mutation

18 normal
pleura

Prediction
of survival



Epigenetic Patterns in

Esophageal
Adenocarcinoma

Cancer Research

61:3410 

the Progression of

Cancer Progression

Risk factors
• Gastroesophaegeal

Reflex Disease (GEPD)
• Smoking
• Hihger Body Mass Index

(BMI) or obesity



Esophageal Cancer: Probability of Survival

Brock et al. Clinical Cancer Research. 9: 2912 



Pancreatic Cancer: Methylation of 
p14ARF and p16INK4a

(Klump et al. Mol Cell Path 88: 217)

Pancreatic Carcinoma (PCA) : 39 19/39 p16INK4a

Chronic Pancreatitis (CP) : 16 0/16 p16INK4a

Normal Pancreatogram (NAD) : 6 0/6 p16INK4a

Sample: Pancreatic Fluid



Distinct chromatin states of human PDAC 

NATURE COMMUNICATIONS | (2018) 9:1978

Chromatin modifications to identify active
and poised enhancers and active transcription
start sites by chromatin immunoprecipitation
(TSS)

Methylation profiling by methylation -seq, 
and active transcription sites by RNAseq

Open chromatin sites corresponded to lower
methylation levels and higher gene expression.



Breast Cancer Response to Tamoxifen Treatment by 
ESR1 Methylation
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TAMOXIFEN TREATED NOT 
TAMOXIFEN TREATED

ESR1ESR1 Logrank P =  0.0045 Logrank P =  0.26

HIGH mC 
n = 49

LOW mC 
n = 41

HIGH mC 
n = 24

LOW mC 
n = 32

Widschwendter et al. Cancer Research 4, 3807

Preinvasive lesions, often designated as “in situ” or 
“intraepithelial neoplasia” falls in the domain of 
prevention.

Ductal carcinoma in situ (DCIS) lesions, detected in 
screening are generally treated aggressively, although 
all DCIS do not lead to breast cancer (over treatment).

Methylation profiling of DCIS lesions can distinguish 
aggressive from indolent DCIS.



Methods Mol Biol. 2015;1238:381-403. doi: 10.1007/978-1-4939-1804-1_21.



Immune System and Epigenetics



GSTP1 Methylation in Prostate Cancer

GSTP1 codes for the drug detoxification enzyme which
protects cells from genetic damage

GSTP1 is hypermethylated in majority of prostate cancer
patients and in >70% people with PIN lesions

To date, no mutations have been reported in GSTP1 in tissue
specimens from prostate cancer patients

Methylation inactivation of GSTP1 appears to be the major 
mechanism of gene silencing step during progression of
prostate cancer

Berlin, Germany and Seattle, WA, U.S.A., February 25, 
2009 - Epigenomics AG (Frankfurt, Prime Standard: ECX), 
a cancer molecular diagnostics company, today announced 
that it has entered into a non-exclusive licensing agreement 
for its proprietary biomarker mGSTP1 with U.S.-based 
Quest Diagnostics Incorporated (NYSE: DGX), the world’s 
leading provider of diagnostic testing, information and 
services. 



Bladder Cancer
Methylation of LAMC2 in Exfoliated Cells 
Isolated from Urine

(Sathyanarayana et al. Can Res 64: 1425)

MI, Methylation Index
Another Study:
Schistosomes and Bladder Cancer



Peter Laird



DIET AND CANCER: FOCUS ON PREVENTION 

Cancer is principally caused by environmental 
factors, of which the most important are tobacco, 
diet and factors related to diet, including body 
mass and physical activity, and exposures in the 
workplace and elsewhere.

Between 30% and 40% of cancer cases 
throughout the world are preventable by feasible 
dietary means.
• Understanding the determinants of the earliest

detectable phenotypes in initiated cells

• Uncovering the molecular mechanisms of action 
of dietary nutrients leading to cancer formation 
and  prevention

• Defining effects of dietary compounds not only 
on cancer cells but on normal and preneoplastic
cells

• Determining factors that can modulate effect of 
dietIgor Pogribny







Pharm Res 65: 565-576.

Development of functional foods or dietary supplements as nutrition based 
epigenetic modulators of chromatin writers, readers and erasers in cancer 

chemoprevention

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/dietary-supplements




https://www.myplate.gov/

Myplate.gov



Mobile food record

Ahmad et al doi: 10.1145/2986035.2986038; (Zhu et al 2022)



Research Opportunities and Challenges 

Will inclusion of epigenetic markers help in identification of new risk 
factors (modifiable factors and host factors) in different races and ethnic
groups?

Will epigenetic markers in cohort and case-control studies improve 
sensitivity and specificity of markers and help in identifying high-risk 
populations?

Are genetic and epigenetic events correlated during cancer 
development?

Are there race/ethnicity specific miRNAs and noncoding RNAs?

How can we use this information for better define cancer subcategories?

How can we overcome EWAS technical challenges?

How to use epigentic age information in cancer control?





How are we addressing these challenges?



9
9

Red arrow
marks 
means that I 
represent NCI







The NIH Roadmap Epigenomics Mapping Consortium 
was launched with the goal of producing a public resource 
of human epigenomic data to catalyze basic biology and
disease-oriented research.

Epigenetically Regulated Diseases:
Several cancers, autoimmune 
disorders, reproductive disorders, 
and neurobehavioral and cognitive 
dysfunctions 

Epigenetics Roadmap

http://nihroadmap.nih.gov/epigenomics/





http://ihec-epigenomes.org/





Common fund data ecosystem

An online portal that will allow researchers to access and work across 
multiple Common Fund program data sets within a digital cloud 
environment.

Follow FAIR principles
F = Findable
A = Accessible
I = Interoperable
R = Reusable

commonfund.nih.gov/dataecosystem



Cancer Letters 5 November 2021



Cancer Letters September 9, 2022



Conclusions
• Epigenetic regulation is needed for normal development.

• External and internal environment contribute to alterations in epigenetic
components and gene expression resulting in disease initiation
and development.

• Epigenetic changes are reversible.

• Epigenetic inhibitors have been used successfully in combination therapy.


