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Hallmarks of cancer

Hallmarks of Cancer: New Dimensions
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Nonmutational epigenetic reprogramming and polymorphic microbiomes both constitute
distinctive enabling characteristics that facilitate the acquisition of hallmark capabilities
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Epigenetics
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The genetic information provides the blue print for the manufacture of all the proteins
necessary o create a living organism, whereas the epigenstic information
provides the instructions on how, where and when the genetic information will be used.
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DNA and destiny
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Global cancer deaths

GLOBAL CANCER DEATHS

Im 2019, more meaen than women died from cancers caused by known risk factors,
in part because males tend to smoke and drink alcohol more than females. Mean
are also more likely to work in jobs that expose them to risk factors.

Pdales 2.88 milliom cancer deaths

onacure

Source: Ref 1.

hittps:/fwww_ nature _comdarticles/d4 1586-022-02355-x

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



Cancer tumor deaths

CANCER DEATHS BY TUMOUR TYPE
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Almost halfof cancer deaths are

preventable
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Cancer continuum

IDGGPE covers cancer continuum I
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Cancer development

Cancer Development is a Multi-step Process
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Initiated Premalignant

Genetic alterations and the progression of colorectal
cancer

The major signaling pathways that drive tumorigenesis are shown at the transitions
between each tumor stage. One of several driver genes that encode components
of these pathways can be altered in any individual tumor. Patient age indicates the

time intervals during which the driver genes are usually mutated. Note that this
model may not apply to all tumor types. TGF-B, transforming growth factor—[3.



DNA sources

DNA-Based Cancer Diagnostics

Exfoliated Cells are Good Source of DNA
to Study Epidemioclogy

CANCER EARLY DIAGNOSIS,
RISK DETECTION PREDICTION &
ASSESSMENT PROGNOSIS

PREDISPOSITION DYSPLASIA CARCINOMA




Paradigm shift

Paradigm shifts in genetics

20 -12900 : Proto-genetics Mendelian inheritance
Drarwin, natural selection

1900 -1950 : Age of genetics gehe concept, mutation,
genotype-phenotype

1950-2000 : Age of DINA structure, genetic code,
genome sequence

2000 - : Age of epigenetics epigenetic code, epigenome,
epigenetic medicine




Genome landscape
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CANCER GENOME LANDSCAPE
Mumber of somatic mutations in

representative human cancers,
detected by genome-wide sequencing
studies
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GWAS hits

Published GWAS Etioclogy Hits (2010)
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Genome associations

Published Genome-Wide Associations through 12/2013
Published GWA at p=s5X10® for 17 trait categories
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Genome seguence

There’s more to the genome than its sequence

chromatin fiber

4D Nucleome

Roadmap
Epigenomics,
ENCODE, IHEC

- histone modification

Human
Genome



Kornberg and nucleosome

Nucleosomes (Units of Chromatin)
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DNA methylation

DNA Methylation

DA methyltrans ferase
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DNA methylation

Asad Umar NCI



Epigenetics

EPIGENETICS

Epigenetic alterations — changes induced in cells that alter expression of
the information on transcriptional, translational, or post-translational

levels without change in DNA sequence

Methylation of Modifications of RMNA-mediated
DMNA — — e Ty T

Shells and shores
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Epigenome components

Components of the Epigenome

Hypermeihylation
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ethylation
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Chromatin modifications

Figure 1 : Modulation of covalent modifications on chromatin.
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Epigenomes

Mapping human epigenomes

Bisulfite-seq Dnase-seq ChiP-seq
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Genome versus epigenome

« Genome is generally
Age }
et

Discasc
Lifestvle
Environment

constant: epigenome changes
1 i 3

= Areas of interest:
Molecular basis of discase
Biomarker identification
Diagnostics development
Drug targeting

You only need fo sequence your genoimne once,

but you need to detfermine your epigenome
multiple times... hitps //www. youlube comywatch?v=JMTEoRYgkTk




Epigenetics, environment and development

A. , Epigenetic_s, Environment and Development
Germline tai genomac
epimutation demeathylation Epigenetic drift/somatic epimutation

Developmental tissue-specific epigensetic programming

B. Gametes —» Zygote ——e Embryo ——® Folus —e Babylchid ——& Adolescent ——&  Adult — Elderly

- Paternal imprinting established
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Toxic substances

Key toxXic substances affecting the epigenome

Arsenic Induces genetic and epigenetic changes

Benzenea Benzene and its metabolic product hydroquinone alter
methylation profiles and contribute to leukemia

Cadmium Induces hyvpermethylation of selected genes in lunNng cancer

Chromiumm Induces hypermethylation in lung cancer

Nickel Aldters chromatin structure and induces histone acetylation

PFOS Affects prenatal methylation and regulation of GSTFT
and LINE/SINE seguences

FPaHC Alters histone H3 acetylation in breast cancer model|

Uranium Contributes to leukemia

PFOS, Pedluorcoctane sulfonats
FPAHC, Polyvoyolic aramatic ard halogenated compounds




Histone phosphorylation
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Aldehyde and nitric oxide. present in cigarette smoke induce
phosphorylation of histenes resulting in decreased histone
deacetylase 2 activity




Endogenous factors
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Maternal Smoking during Pregnancy and DNA-Methylation in Children at Age 5.5
Years: Epigenome-Wide-Analysis In the European Childhood Dbesity Project
(CHOP)-Study.
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» Factors that may affect the plasticity of human epigenome

Exmagancous risk factors Endogenous factors

= Lifestyle factors AgngE
o Smoking Oidative stress
o Aloohol corsumptsaon Inflammation
Physical activity Metabolic disornders
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Epigenetics and behavior

Epigenome-iWide Association Study of Agpressave
Bhaviog
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Infectious agents

Infectious Agents: Etiologic Role in Cancer and Prevalence

m MATIONAL CANCER INSTITUTE



Genomes

Genomes
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Oncogenic viruses and bacteria

Oncogenic viruses, bacteria and epigenetics

Viruses: P16 in HPV16/18 (Cervical Cancer)
RASSF1a in SV40 (Mesothelioma)

HEBV and HCV genes (Liver Cancer)
LANA in EBV (Nasopharyngeal Carcinoma)
Bacteria: COX2Z in H.pylori Infected Cells (Gastric Cancer)

It J. Carncer: 113, 340 -3245 (2005)
© 2004 Wiley-Liss, Inc.

Frequent pl6INK4a Promoter Hypermethylation in Human Papillomavirus-Infected

Female Lung Cancer in Taiwan LANA, Latency Associated Nuclear Anfigen
EBNA, Epd-ln-a-vm Nuciear Antigen
Ming-Fang Wu*~*, Ya-Wen Cheng”, Ji-Ching Lai‘, Min-Chih Hsu®, Jong-Ta Chen®, Wen-Shan Liu®, Ming-Chih Chiou™",
Chih-Yi Chea” and Huei Lec™ "
2 nrernal Medicine, Chievg Shan Medical Usiversity Hospital, Taickang., Tatweon

Complete methylome of HPV, EBV,

‘r

and HBV.
Esteller M. Genome Research. 2009. 19: 438




DNA methylome

The DNA Methylome of the Human Papilloma Virus 16
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Infection and cancer

Infection and Cancer: New and Emerging Associations

Infectious Agent Cancer
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Risk Assessment

Understanding Cancer Etiology and Risk Assessment

MNeaed healthy population {pathologically disease free) (cohort) with
information about

Exposure {Chemicals, Radiations, Infectious Agents, Toxic substance)
Family History

Diet and Life Style

Medication

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

Meed follow up (for longitudinal studies) for several years
Challenge: Expensive, data sharing

Advantage: Essential to identify risk factors for cancer



Special populations
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Special Populations in EGRP
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Cohort consortium

The Cohort Consortium (CoCo)

= 73 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.



Loss (or gain) of gene function in cancer
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Loss (or Gain) of gene function in cancer

Most permanent Most dynamic
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Chromosomal Promoter Factor
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Genetic mutations

Genetic mutations of epigenetic modifiers in cancer
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Hypomethylation
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DNA methylation and carcinogenesis

DNA Methylation and Carcinogenesis
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Integrin signaling

Integrin Signaling Network and Epigenetic Regulation

Debet sl CMR. 20711 Daec 8




Methylation

= Tolad methyfation content of the cell

= meathylation level al specific stage

= medhyfalion pattern of a group of genes

= profile of methylaon of either a specific gene
or a number of genes

= patiern of methylation in the whole epigenome

Laird Na¢ Rev Cancer 3:253 Nature Reviews | Cancer



Histone acetylation

Silenced histone code (SHC)

Histone coding for silancing I | Histone coding for transcription H38 Brme




Micro RNA signatures

Mirco RNA Signatures in Human Cancers
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Micro RNA Polymorphism to ldentify
High Risk Populations
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Micro RNA methylation

Micro RNA Methylation in
Metastasis




Methylation of microRNAs

natanre
COMMLUMNMICATIONS

ARTICLE
OPEMN

Distinct methylation levels of mature microRMNAS
in gastrointestinal cancers

Masamitsu Konnod® 17, Jun KosekiZ™, Ayumu Asai2 %, Akira Yamagata® %, Teppei Shimamura®,
Daisuke Motooka® Daisuke Okuzaki® % Koichi Kawamoto®, Tsunekazu Mizushima® Hidetoshi Eguchi®,
Shji Tahigu::hi‘&'-?. Taroh Satoh!, Kashi Mimaori®, Takahiro -Du:hi',.raq'. Yuichire Doki®, Ken Ofusa® Masaki Mori® &
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The bioclogical skgnificance of miors (midEMNAs has traditionally been eyvaluated according to
theair RMS axprasshon levels basad an tha assumpitbon that miRbMSs recognize and regulate

imcluding miR-17-5p, -21-5p. and -Z2030c-Zp and let-Fa-5p harbor methyl marks that potenisally

alter their stability amnd target recaognition. imgartantly, methylation of thesse miRRNas was

miR-17-5p methylation level in serum samples distinguwished sarly pancreatic cancer patients
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RNA epigenetics

Epitranscriptomics or RNA Epigenetics

= Epitranscriptomics, Some examples of RNA
also known as RNA modifications include:
epigenetics, is the = N6-methyladenosine

study of chemical
modifications to RNA
molecules that occur
after transcription.

= Can affect the
structure of RNA, its
stability, and how it's
translated. =

= Can also impact gene
expression and
regulation.

et J Abed Sevd 2020 21118Y BS7TE  htowm - Jidot orcd/40) 31900 m=211865 78

(mMmBA),
N1-methyladenosine
(m1A),

7-methylguanosine
(m7G), Pseudouridine
(W),

5-methylcytidine
(m5C).



Epitranscriptome

The epitranscriptome:
All forms of RNA are modified
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RNA epigenetics

Gene Regulation by RNA Epigenetics (Epitranscriptomics)
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Histone modifications

© Phosphonation SR brcon (R30S o Cotar Epigemetics
@8 Acetylation H3K4me3, Active promoter (Tolefsbal, T ed ). Pp 347-457.
M Methylation H3IKZ27Tac, Active anhancers and promoters
4> Ubiquitination H3K4mea1, Active and poised anhancers and promoters

HIK9mea3, Heterochromatin 5
-liuﬂn-_n.rluinn H3IkKZ27¥me3, Polycomb-repressed regions i5 14 12

H1 is & inker hislone which binds o Be DNA _
Enking two adjscent nuskeosomal cores Based an http:/fwww.histone.com

and J. Nutr. 136:1763-1765



Histones

e

Histones showing readers, writers and erasers

An eteonpl tie St holds & pectwe, iIRustipthon, «oc
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Activating: e.g. H3K4dme3

Silencing: e.g. H3KS@me3, H3K27me3



Histone modifications

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

Histone
mapping
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Histone H3 modifications

ALTERATIONS OF HISTONE H3 MODIFICATIOINS IN LIVER
DURING METHYL DEFICIENCY

H3IKSac
H3S10ph
H3

s BHEERRIRE

H3kF3ac

:

Lo 0
e A9 A8 A AL AL 0

N -A QTARK GGHAPRKQLATKAA APATGGVHKKP-...

Interplay between H3IK9me3, H3IK9Ac, and H3S510ph



Epigenetic regulation

B B ) ) ] Acebylatiod
Mono-methylation Di-methylabion Tr-methylation
(e = Reprassion — — —
H3K4 Activation Activation Activation —
Histone
HzZKD Actvation Reprassion FRaprassion Sclvat on
HIKZET Activation Repression Reprassion —
HAIKZG - Repair Activation Activation
Achvation
HIE 9 actvation Ariiration -
- Rapression
H3IE17T — Activation — _
H4K5S - -- - Sctivaton
HAEB _— _— _— SoleEton
Hak12 — - - fAciivation
H4a kK16 - -- - Sctivaton
H4 k20 activation Activation Feprassion _
H4KAG — - - Activation




Epigenetics roadmap

I Epigenetics Roadmap I

Cumulative Rosdmap Epigenosmics Pragram
Publications as of Augu=t 4, 2017

1040 total

o e g L e e e s bl ey g
it aei Bttt i

Epigenstically Regulated Disseases:
Sewveral cancers, autoimmune The NIH Roadmap Epigenaomics Mapping Consortiunm

disorders, reproductive disorders, wras launched with the goal of producing a public resource
and neurcbehavioral and cognitive of human epigenomic data to catalyze basic biclogy and
sfunctions disease-oriented research.

http:/imihroadmap.nih.govepigenomics/




Epigenetics roadmap
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Epigenome consortium

INTERNATIONAL HUMAN EFPIGENOME CONSORTIUM
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Histone modifications

20 Diagnosing Cancer Using
Histone Modification Analysis

Mukesh Verma and Deepak Kumar
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Single cell epigenomics

Single cells isolated from

SINGLE CELL EPIGENOMICS

ldentify open and closed chromatin

Blood Identify cell-specific transcription factors
Breast milk d :

Exfﬂllated cells [ Single Cell Determine nucleosome position

Hair . Epigenomics

Oral swab
FPancreatic fluid
Saliva

Skin

Tissues

Urine

Identify aciive and reprassive
tramscription state

Implications of single cell epigenomics

Risk Assessment to identify high-risk individuals

1. Methylation profiling Diagnosis
2. Histone modifications Prognosis
3. miRMNA profiling Screening
4.

Chromatin Accessibility Follow up treatment and co-morbidity
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Epigenetic changes
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Epigenetic drugs
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convinced almost every major

drug company to invest in cancer
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Tumors and epigenetics

Tumor Types
and Ganes
Regulated
by
Epigeneaetic
Mechanism
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Histone enzymes

Calegcey

Carwgory

Sirnuins are a group of
profeinsg with histone

deacetylase
and antl apopiots
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Epigenetic drugs
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Methylation and acetylation enzymes
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Histone deacetylase inhibitors

Table 4. Classification of Histone Deacetvlase Inhibitors

Class Componnds Concentration needed for imhibitron Chmscal traals Naotes
of histome deacetilase
Short cham fastv acads Pheaylbmiyrase Will-mole Tes Mot 1deal dmug becanse of lnoh dose
requarement
Alphanc conmpounds Trchostann & MNano-maole Mo
with hvdroxamme acd Suberoylamhde Macro-male Yes Chelate n won at catalyoic see of HDAC
hydroxanuc acid
Crychc tetrapeptides Trapoxin B. Nano-mobar No
FE 2% Nano-molar Yes FE218, 2 natural prodg
Benzanmdes DS-2T-275 Micro-mole Yes Song ana-numnor AcLivicy

Caerrernt Medicireal Chemeisrry. 2006 FF 29009297 9
HDAC 1, 2, 3, 8, 11 have been characterized (Khan, | , 2007)




Phase | study

Phase | study of epigenetic_ modulation with S-arzacytidine

and valproic acid in_patients with advanced cancers.

EBraibeh F, Saoriano &0, Garcia-Manero &, Hong D, Johinson BB, Sikqa Lde P, Yamng H, Alscander 5, Waolll J, Kursrock RK.
Clin Camncar Res, 140 18 8296-301 . [colorecial cancer, melkanaoma and brass] carses)

5 Azacytidine * The maximum tolerated dose was

S.C. daily for 10 days 75 mg/m{2) of 5-AZA in combination
Peripheral blood with valproic acid.

i —- « Pyrosaguancing
Valproic Acid - Chan » Dose-limiting toxicities were
Oirally dady 1o Gbrake neutropenic fever and thrombocytopenia,
o T5-100 ugimi E‘_’ﬂ’.‘ﬁ'n.ﬂ ony which cccurred at a dose of 94 mg/m(2)
_ of S5-ALA
26 Days Cyche
« Stable disease lasting 4 to 12 months
(median, & months) was
Moo it obsearved in 14 patients (25%).
S mrrsesd Sarvoeer
Median age £0

A significant decrease in global DNA methylation and Induction of histone acetylation
ware 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.



5-azacytidine, valproic acid and ATRA

Safety and clinical activity of the combination of 5-azacytidine,
valproic acid, and all-trans retinoic acid in acute mvyeloid
leukemia and myelodvysplastic syndrome.

Soriano ol al. Blood., 110{7):Z302-5.

= 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 registerad at woww.clinicalirialks.gow as no. NCTRI3Z2E1T 0.



Histone inhibitors

Histone Inhibitors in Clinical Trials (Clinicaltrials.gov)

STUDY

Safary Smudy of the Histons Deacetylass Inhsbitor, CHE-3996, = Patiests Witk M:z

Phase II Stedy of Hmioos-Diesscetvliases Inkbibisor TTEF2315T iz Befractosy Balapsed Lympho

phll Stady of an HDAC Isfgbsor in Vary Hegh-BEisk Ealapasd Eefraciory Ho

Phaso IIA Study of the HDAC Inhibitor ITEFZE5T = Patests Witk JTAE -2 W1 TE Pogitive Chromic Blvaeloprolifarasisa
Dicezzas

FPhase IT Trial of the Histone-Dsacetylass Inhitdtor TTFE3 57 Followsd by Mechlmethamine in Belapsed Refractory

Heodgki='s I ypephopse Faivenss
el e Wonimostat (SAHAY TWrh Cepacitabine [leloda) Tising » Wew Weekly Dose Boagimnen for Advascoed

Valproic Acid, Tamerolomide, and Fadisticos Therapy in Treating Pasianots n

P ottt [BIFOEEL) a= HIDAL Inbhibizor, or Mlacebo iz Cozobization Witk Bostezroonxb in Pacients TWith Multiple

Sbady of Vornosiet (BMEGSES, en HDAT Inkibior, in Combinsdien Wrth Soriesomiib in Peimnts With Belapsed oc
Refaciory MMulopls: hysloma

A Phese I Stady of Epissostc Therape o D—greome CThesmoiberapy Ressiance = Bafractory Solid Tumsors

Sorafanib snd LEHIES

Phasa IT Soedy of Valpeoic Acid Witk FEC 100 for Patiants Tiith Docalby ddhascad Brsast Capcer

Total : 84 studies

http://clinicaltrials .gov/ctZfresults7term=histone+inhibitors&pg=4



Methylation inhibitors

Methylation Inhibitors in Clinical Trials {(Clinicaltrials.gov)}
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Three-drug combination

Mowel drug
combination shows
promise in advanced
HERz-negative breast
cancer treatment

#a movel cheec-dewgy oombanateoan
2t Frdemane meosta bl res pacerrie s B pas ke s
with sdvanced MERronegackes breass
CamoEt SRS diieg bD e S dg s i
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The treatment incheied = hiscoms
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ol B ERckding . vt DD TrpesE ol
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Three-drug combination achieved notable
responses in patients with advanced HERZ2Z-
negative breast cancer

HDAC (entinostat)
Drug causing chemical change to stop tumor cell from dividing
Checkpoint inhibitors
PD-1/PD-L1 inhibitor nivolumakb
CTLA-4 inhibitor ipilimumakb

25% % reduction in response rate in advanced breast cancer
patients for & months (tumor either destroyed or reduced)

HER-Z . FHuorreirs Epedenmel] Grcresd B Faeciicer et plcer Maburd Carsdr . Fatrudmny 200



Approved epigenetic drugs

"'Eﬂlnhi'b".'ﬂ'll on HDAC Inhibitors
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Epigenetic Drugs



Therapeutic target

1) What is the balance ~
between the regions,
and the types, of
change 7

Putative Therapeutic Target -The Epigenome
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Epigenetics of cancer type

Tumor Types
and Genes
Regulated
by
Epigenetic
Mechanism

TUMOR
LOCATION

Breast
Brain
Bladder

Colon

Endome trim
Esophagus
Head and Neck
Kid ney
Leukemia
Liver
Lymphoma

Lung

Ovary
Pancreas
FProstate

Stomach

GENE

Pp1S BRCAY, GSTP1 DAPK, COHY_TIMP-3
P16, p14° MGMT, TMP-3
P16, DAPK APC

P16, pl1a~°™ CREP1, MGMT, hMLH1, DAPK, TIMP-3, APC

hMLH
P18 pl1a,™ GSTPI, COHMIAPC Sirtuins are a group of
proteins with histone
P16 MGMT, DAPK de acetylase inhdbiing
and anti apoptotis
P16, p14A™ MGMT, GSTP1, TIMP-3, APC nhibion propertes
P15 MGMT, DAPKYT CDH1, p73
P16 CREBPI_GSTP!,  APC
P16 p1S CREBP1_MGMT DAPK, pT2
P16, pl1aA™ CREBPI MGMT GSTFP1, DAPK, FHIT, TIMP-3,
RARDeta RASSF1IA
P16 BRCA1, DAPK Vermaa and Sravastava (Q002)
Lascet Oncol. 3. 755-363;
MGMT PC Vermma et al 2003)
P1E, A Crnzt. Rav. Qi Sc
41: 585-607;
GSTP1, p27(kip1) Ver=aa aod Manze (2006). Cnx
Rev. Hematol Oncol 60:9-138
pl1aANY P16 APC, hMLH 1, MGMT Verma et al (2008). Mol Dy

Therapy. 10: 1-15



AML subtypes and combination therapy
AML subtypes and combination therapy

@ Pharmaceutical Participation

AML Subtype | Drug Compan
Tet2/\WTI CD33 + Aza Bl

IDH2 Mutation Enasidenib Celgene
MLL Entospletinid (Syk inhibitor) Gilead
CBF Samalizumab (CD200 Ab) + induction / Alexion
P53 mutation Entospletinid (Syk inhibitor) + Decitabine / Gilead
Complex Karotype Entospletinid (Syk inhibitor) + Decitabine Gilead
P53 mutation Pevonedistal (Nedd8 inhibitor) + Aza Takeda
Marker Negative CD33 + Aza Bl
NPM1 wFLT3 WT Entospletinib (Syk inhibitor) Gilead
FLT3 mutation Gilteritinib / Astellas
IDH1 Mutation Ivosidenib + Aza Agios

Source: Leukemia & Lymphoma Society

Cancer letters 17 July 2018



Combination epigenetic therapy
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Epigenetic Therapy for Colorectal Cancer

Vivek Vaish, Tripti Khare, Mukesh Verma, and Sharad Khare

Methods Mol Biol. 201512387 71-82. doi: 10.1007/978-1-4939-1804-1_40
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CpG island hypermethylation

Clustering of Sample Type by
CpG Island Hypermethylation
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Cluster Analysis of 3656 Human Samples with SO DNA Mathylation Markers




Diet and cancer
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Methyl deficiency

METHYL-DEFICIENT MODEL OF ENDOGENCUS
HEPATOCARCINOGENESIS
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Anticancer phytochemicals

ANTICANCER PHYTOCHEMICALS
(Representative chemopreventive phytochemicals and
their dietary sources)
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Dietary supplements

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

Curcumin

- 4

Green tea Grave

Pharm Res 65: 565-576.



Epigenetic foods
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Myplate
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® © @

Frat> Ve potatidcs Crmws Frotcen

Fomtmde

Shop Simple with
MyPiate

Find savings in your ares ard
AdisCOover new ways to prepare
Dudget-friendly foods,

Lesrn e

MyPlate Kitchen

3 @ oW wery ey e

Dt O Bl e MGy N

Oy ML R i L

. ———

MyPlate on
Alexa

Get MyPlate swultrition
tips on Aumacon Aleaa
evices Oor the free Aless
AP

Loarn more

https://www.myplate.gov/

s

Start Simple with
MyPlate App

Build heslthy cating
habits one goalat a
Lo Doranvicasct the Stort
Simpde wikh My FPilate app
today

Learn mares




Mobile food record

Mobile food record
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Conclusions

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.
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