Cancer epigenetics
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Outline

OUTLINE

Vivhat is epigenetics

= Components of epigenome — methods to measure
epigenetic changes

National Cancer Institute

- Epigenetic reprogramming and epigenetic clock
- Epitranscriptomics

= Clinical implication of epigenetics- FDA approved
epigenetic drugs

= NIH programs in epigenetics



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

*Douglas Hanahan PMID: 35022204 DOK: 10.1158/2159-8290.CD-21-1059



Global cancer deaths

GLOBAL CANCER DEATHS

Im 20719, more meaen than women died from cancers causad by known risk factors,
in part because males tend to smoke and drink alcohol more than females. Men
are alsc more likely to work in jobs that expose them to risk factors.

Pales 288 milliom cancer deaths

Females

oMnacure

Source: Ref 1.

hitps:/fwww. nature.comJarticles/d4 1586-022-02355-x

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



Cancer deaths by type

CANCERDEATHS BY TUMOUR TYPE

In M aNd Wormen, amMong Cancers Caused by preveniable rak factors, tumours
of the lung, traches and tronchus were the loading cause of death. SImoling was
the Digoest risk facoe assccated with those Cancer deaths
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Peccontage of cancer deaths

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

preventable

Dots shvows thot smnoldng, driaflng sScobol and olsenity are the Bpest Contritaaton o
Coancer wortdehde.
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Epigenetics




DNA and destiny
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Epigenetics

Me

Tha twe main compenents
of the epipenetic code

LM rreet Frpl e
T I T T e g
i B s Fs Tk Cap Ll

Methylation Code

Epigenetics:
Stabie plteratisns i pores aaprossion
by Eavorod d . T
nucieothde sequence changes

Genetic Code [
e

B S O e o M T

Histone Code

Fraitr s e et i e Ll
o T e e e

The genetic information provides the blue print for the manufacture of all the proteins
necessary o create a living organism, whereas the epigenesatic information
provides the instructions on how, where and when the genetic information will be used.

LhHu MATURE «441: 143




Cancer continuum

IDCCPS covers cancer continuum I

Prevention Early Detection Diagnosis

Tobacco, physical aciyvity, dect, sun, Breast, corvical, colorectal cancoer Incicdence, Stage at diagnosis
environment, HPV immunization screcming

BSo= :
Treatment Life After Cancer End of Life
Trends in cancer treatment Financial burden of cancer care, Mostality, Person - years of life lost
Cancer survivorshagp
P t- > Cancer recurrence Prevention: restoring transcription.
reveniuon Secondary cancer hailting progression, or Stopping

metastasis




Cancer development

Cancer Development is a Multi-step Process

nvasive Ca

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—J3.



DNA sources

DNA-Based Cancer Diagnostics

Exfoliated Cells are Good Source of DNA
to Study Epidemioclogy

CANCER DIAGNOSIS,
RISK DEE’;E‘;_TON PREDICTION &
ASSESSMENT PROGNOSIS

PREDISPOSITION DYSPLASIA CARCINOMA




Paradigm shift

Paradigm shifts in genetics

00 : Proto-genetics Mendelian inheritance
Drarwin, natural selection

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

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

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




Genome landscape
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GWAS hits

Published GWAS Etiology Hits (2010)

~140 Loci marked by SNPs
I Locus marked by a CIWNW
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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 versus epigenome

« Genome is generally
1

constant: epigenome changes
1 1 3

= Agc

* Dict
 Discasc

- Lifestyle
 Environment

= Areas of interest:

= Molecular basis of discasc
 Biomarker identificatuion

= Diagnostics development
* Drug targcting

You only need to segquence vyour genome once,
but yvou need to determine vour epigenome

multiple times... hites v youtube comiwalch v =JMTEoRYQKTE




Nucleosomes

Nucleosomes (Units of Chromatin)

H1 is a Imker histone which binds

DNA } To neutralize charge and provide stability to the DNA linking two adjacent

Histones H2a, H2b, H3, H4 nuciecsomal cores

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

Core of 8 HEstone AMoloecules

Nucleosome

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



DNA methylation

DNA Methylation

A me TH.':,.- Itrans ferase

=
S-adenaosylmethionine

deoxycytosine S —methylcytosine



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
[ ] - - g -.ﬂ“s

Shells and shores
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Epigenome components

Components of the Epigenome

Hypermethylation
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ethylation

Transcription

Active

Inactive

L |

Silenced

drew Feinberg

- DNA

Acstyiation
H3IK9

>

NucCeosome k © Nutogdadon

T —— - = o
- Papremssr) Covesdeiact an s
~v——— Ao etace be ey

Meaethylation

Hax
‘:'K"'/
Maothwiation - e L S T
DNA oytosine ST ARy € mee e by

- At Ao
o Netrdadon

MG TR ACAPE ST »

Jones and Laird. Nar Rev Gen 21- 163



Chromatin modifications

Figure 1 Modulation of covalent modifications on chromatin,
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Epigenomes

Mapping human epigenomes

Bisulfite-seq Dnase-seq ChiP-seq

v J L

DNA methylation DNA Histone Polycomb
accessibility modifications complex

HISTONE

binding
proteins




Epigenetics, environment and development

A. , Epigenetic,s, Environment and Development
Germline tal genomuc
epimutation daemeathylation Epigenetic drift/somatic epimutation

Developmental tissue-specific epigenetic programming

B. Gametes —» Zygote ——»  Embryo ——& Felus ——& Babylchid ——& Adolescent ——&  Adult — Elderly

. Paternal imprinting established I~

Malo!nalknpdnﬂngmed

C. Stochastic + environmental exposure e )
Maternal factors , Diet/lifestyle 2]
ART | ART, Assisted Reproductive Technotogy
D. 4 4 £ B 2 ES £ ES A
CVS Amniocentesis Placenta Urne  Blood Skin
CVS, Cerebrovascular System. Umbilical clord Stool Buccal/saliva
Matemal Mik: immature, transient and mature (N/K ratio » & » »

Foley et al. Am J Epid 169:389. from 0.8 10 1.2 10 2.0)) Sperm




Toxic substances

ey toxXic substances affecting the epigenome

Arsenic Induces genetic and gpigenetic changes

Benzenea Eenzene and its metabolic product hydrogquinone alter
methylation profiles and contribute to leukemia

Cadmium Induces hypermethylation of selected genes in lunNng cancer

Chrormium Induces hypermethylation in lung cancer

MNMickel Alters chromatin structure and induces histone acetylation

PFRFOS Affects prenatal methvlation and regulation of GSTFT
and LINE/SINE sequences

PaHC Alters histone H3 acetylation in breast cancer model

Uramnium Contributes to leukemia

FPFOS, Pedluorcoctans sulfonata
PAHC, Polyvcyclic aromaltic ard halogenatad 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
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Viruses and bacteria

Oncogenic viruses, bacteria and epigenetics

Viruses: P16 in HPV16/18 (Cervical Cancer)

RASSF1ain SV40 (Mesothelioma)

HBV and HCV genes (Liver Cancer)

LANA in EBV (Nasopharyngeal Carcinoma)
Bacteria: COX2 in H.pylori Infected Cells (Gastric Cancer)

Int. J. Cancer: 113, 440 -445 (2005)
© 2004 Wilcy-Liss, Inc.

Frequent pl6INK4a Promoter Hypermethylation in Human Papillomavirus-Infected

Female Lung Cancer in Taiwan LANA, Latency Associated Nuciear Ansgen
EBNA . Epsiein-Barr Virus Nucieoar Antigon
Ming-Fang Wu'=, Ya-Wen Cheng™, Ji-Ching Lai®, Min-Chih Hsu®, Jung-Ta Chen®, Wen-Shan Liu®, Ming-Chih Chiou™,
Chih-Yi Chen” and Huei Lee™*™
', rernal Medicine, Chung Shan Medical University Hospital, Taichung, Taiwan

Complete methylome of HPV, EBV,
and HBV.

Esteller M. Genome Research. 2009. 19: 438



Genomes

Genomes
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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

Fierkal call polyomasimus [RECW) Flerkel c=ll carcmaoma
Flasmodmm falcipamuam Erndemic Burldt's hmmphoma
Cyiomegalovirus Brair

Salmorella ophi Galleladdar

Sirepiccooows: bovis Caolorecial

Chlanmydia preumoniae Lsamiy
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SARS-CoV-2 disrupts host epigenetic regulation via

histone mimicry
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Special populations
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Special Populations in EGRP
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Genetic mutations

Genetic mutations of epigenetic modifiers in cancer
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Hypomethylation

W Srerdm

Shavmt TAL walr o searms T D Geaor s0ed « W geontmie [ asCet Wrwr . e eaetigatet | TNE 0 cmmt i o Cacotete LT e
PR SLBORTIT P00 AWM Bt W Trmar (AT AT L e arafma st reeaste; heee gemeare mamegr Vg ne s VLT se gt T amear e terte
wls s vabidir HTAT M bads ¢ airtn o it & dgreatms Letuses THED Tk ard T I3-T000 Rliiwnd i e Dm0 A ab b, ol
Ltdarm il B8 7 (g ol D @wh o ea e o S B, - e - g greie d e e dha s N Sees mase o CA - -
eesn 120 BN GO e 1T BS0-3 1) At wrasieanen ot PERa B B CHODEN Gt T BN - G ey Y
Fase s & Gasser wcose of 2t e | Among S - e TEve Bgh AN UAE B PAADET WM MBOC MR S8 8 hax e of
4582 AN < O0-21 348 LAL | wmardason o= e ATAT wan At 300000t « 8" Jrasate Cooctr mamuny Cuwr Meuiis 350 COTROITt »1n
e e N R e o i I

 —————-

Tumaor fissue giobal hypomeatmylation may e a ae avem

In grastate cancerogenesis anc 15 associated with tumor progressaon.




DNA methylation and carcinogenesis

DNA Methylation and Carcinogenesis

DINA Methvlation

Abnormal Increases Abnormal Decreases

gene inactivation Proto- Latent
OELC O L e wviral
achivation actnvabtion
and op- or
M ethylation regulation

Chemiacally
imduoced
ot s tioms
preferentially
retroelement at S
of botl For imprinted of other actvation
alleles senes: DA
hypomethylated SEQILETHCEs
allele . -
replaced by IDearmin s tiomn—

hdethylation mitotic Increaszed 'ipuntal:-_‘!ﬂﬂ’if

of 1 allele recombination DA conversion o
with _ mSC to T

and Rearrangemenis mutations

mutation hypermethylated and poszibhy . '

in e or

or

allele or aneuploidy e
deletion of methylated SUpPPresTor
the other de novo

residoe

EEmes




Integrin signaling

Integrin Signaling Network and Epigenetic Regulation

Debet sl CMR. 2011 Daec 8




Methylation

= Tolad methyfation content of the cell

= mathylation level al specific stage

= methyfation pattern of a group of genes

= profile of methylaion of aither a specific gene
or a number of genes

= patiermn of methylation in the whole epigenome

Laird Na¢ Rev Cancer 3:253

Nature Reviews | Cancer

To reduce
= fadse negaltive
= fadse posilives



Histone acetylation

Silenced histone code (SHC)

Histone coding for silencing I | Histone coding for transcription H3KOme

Euchromatin



Micro RNA signatures

Mirco RNA Signatures in Human Cancers

[R-Ri

......

Micro RNA Polymorphism to ldentify
High Risk Populations

BAEr-31 imhilbikts mestastasis i breast camncar T-I:.-Lturl.: m
EEWIEMWS



Micro RNA methylation

Primary tumor

Micro RNA Methylation in
Metastasis

Lujambio and Estelles”, Cell Cycle 8: 377



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 BS7TER  htowm - Hiddot o400 319090 m=211865 TR

(mB6A),
N1-methyladenosine
(m1A),

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

5-methylcytidine
(m5S5C).



Epitranscriptome

The epitranscriptome:
All forms of RNA are modified
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RNA epigenetics

Gene Regulation by RNA Epigenetics (Epitranscriptomics)

RNA structure
(e A, m*Am, m'A, w, m*C, hay'C) (A, w. A,

(m*A)

hasos Sidelog/l033 89 Ncell 2021 628415



Histone modifications

© Phosphoretion SR brcos (00 e Epigemetica
@8 Acetylation H3K4me3, Active promoter (Tolefsbal, T ed ) Pp 347-457.
M Methylation H3IKZ27ac, Active anhancers and promoters
4> Ubiquitination H3K4mea1, Active and poised enhancers and promoters
H3IK9me3, Heterocchromatin 5
. Bitinmyiation H3IKZ27¥me3, Folycomb-repressed regions a0 15 14 12
- M

H1 & & inkar hixhomns sehich binds o ghe DRA : :
linking two adjscenl nucleosomal cores Based on htip://www.histone.com

and J. Nutr. 136:1763-1765



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

cBHELRBIEE

bt
P
Ex
e
e
FE
e
e

HIKSac

:

L e
D A 09 A ALE 4 A AL ALE 0

M -A QTARKSTGGKAPRKQLATKAA APATGGVHKKP-...

Interplay between H3IK9me3d, H3K9Ac, and H3510ph



Epigenetic regulation

) ) ) ) ] A ey lAa o
Mono-methylation Di-methylaton Tn-methylation
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Epigenetics roadmap

I Epigenetics Roadmap I

Cumulative Roadmap Eplgenomica Pragram
Publicaticns as of Sugusat 4, 20107

1040 total
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Epigenctical hy Regulated Discsases:
Several cancers, autoimmune The NMIH Roadmap Epigenomics Mapping Consortium
disorders, reproductive disorders, was launched with the goeal of producing a public resource

and neurcbehavioral and cognitive of human epigenomic data 1o catalyze basic biclogy and
sfunctions disease-ariented research.

http:/fmihroadmap.nih.gowvwfepigenomicsf



Epigenetics roadmap
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Epigenome consortium

INTERNATIONAL HUMAN EPIGENOME CONSORTIUM
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Genome sequence

There’s more to the genome than its sequence

chromatin fiber

4D Nucleome

Roadmap
Epigenomics,
ENCODE, IHEC

Human
Genome

Project === .

ENCODE: En o dia of DNA Elemen
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Epigenetic changes
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Epigenetic drugs
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Tumors and epigenetics

Tumoer Types
and Genes
Regulated
by
Epigeneaetic
Mechanism
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Histone enzymes

Calegcey

Canegory

Sirnuins are a group of
profeins with histone

ceacetylase
and antl apopiots
IinnvbEon properties

Rev. Hemmatod Omecl 60 9-18,
Verres o o (2006) Mol Disg
Thesapy . W 1-15



Epigenetic drugs
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Methylation and acetylation enzymes




Histone deacetylase inhibitors

Table 4. Classification of Histone Deacetylase Inhibitors

Class Componnds Concentraton needed for imhibitton Chmscal trals Motes
of histome deacefylase
Short cham sty acads Pheaylbutmyrace Mhlli-mole T Mot 1deal dmag becanse of noh dose
requarement
Alphatc compornds Tochostanm A Nano-mole No
with hydroxame acd Suberovlamhde Micro-maole Yes Chelate 7o won at catalynic see of HDAC
hvdroxanuc acad
Cvele tetrapeptides Trapozmin B MNano-mokar No
FK X218 Nano-mobar Tes FEK218. 2 natural prodrog
Benzanmdss DAS-2T-275 Micro-mole Tes SHong and-nunor activicy

Crerrere Medicirrad Chempiserey. 2006, 73 20909207 @
HDAC 1, 2, 3, 8, 11 have been characterized (Khan, | , 2007)




FDA approved drugs

FDA Approved Epigenetic Drugs

Methylation

Inhibitors

HDAC
Voot ot (approved i
Inhibitors Foroua D
Lysrpdearss

Epigenetic marks are

Fomddegersin Panchinostal Barirnastal] | appnosed i
approved in 2009) (appooved in 2015) 2014)
o AL For hMutiphs For Peripheral T-ced
Lyrreeion T —— Lympsors

Ppharmacologically reversible




Phase | study

Phase | study of epigenetic modulation with S-azacytidine
and valproic acid in_patients with advanced cancers.

Eraitah F, Saoranas &0, Garcia-Manaro &, Hong D, Johinscn M, Silkva Lde P, Yamng H. Adaxcander 5, Wolll J, Kursrack K.
Clin Cancar Res 14418 8296-301 . (ocolorecial cancesr, melkEanaoma and bress] caroer)

5 Azacytidine « The maximum tolerated dose was

S.C. daily for 10 days 75 mg/m{2) of 5-AFZA in combination
Peripheral blood 44 valproic acid.

* — e PyrOSEQUENCING
Valproic Acid * Chap « Dose-limiting toxicities were
LA ity RO BiTale: neutropenic fever and thrombocytopenia,
1o T5-100 usgimi Doy v 10 and 28 which occurred at a dose of 94 mg/m(2)
) of S-AC8.
26 Days Cycle
« Stable disease lasting 4 to 12 months
(median, & months) was
BB with observed in 14 patients (25%).
Sy arcesd Carioer
Median age B3

A significant decrease in global DNA methylation and induction of histone aceatylation
ware observed.

The combination of 5-A7A and valproic acid is safe at doses up to T5 mgim{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 myelodysplastic syndrome.

Soriano &l al, Blood, 11007 Z2302-5,

= 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 www.clinicalrials.gow as no. NCTORD32E61T0.



Histone inhibitors

Histone Inhibitors in Clinical Trials (Clinicaltrials.gov)

STATUS STUDY

Boomiti=g Safery Smdy of the Histone Disacetylase Inhibitor, CEHE-3S96, 1= Patseots Witk .'1..|:I.'..

Recrustmg Phase I Stedy of Histone-Dieacetylass Inkibidor TTEF215T im BefractoryBalapsed Lymephio ] 3

Recrustmg phll Stady of e HDALC Iskdibisor in La

Bocruitimg Phase ITA Stody of the HDAC Tehibiior ITFX357 = Pacests Wite TAE-T Wil TF Positive Chyomic Byeloprolifaratiza
Ticoazas

Bocruiting Phase II Trial of the Histones-Deacetylase Inhikitor ITF23 57 Followsd by Mechlorethamine io BEslapsed Befactory

Heodgki="s ILym=phon=a Pabents

— Vonmostat (SAHAY TWeh Capacitebine [Heloda) Tsing 2 New Weekly Dose Regimnen for Advasced

Valprodc Acsd, Tamorclomide, and Radiatics Therapy in Treatme Pasionts n

ancEtat [BIFEOEED) a= HIAL Inbibitor, or Macebo iz Combizarion Witk Bostezonzib tn Patieots TWicth Binlipls

Eocmuiting Stady of Vornostet (MEGSET, an HDAC Inkabitor, io Combanation With Baoriercomik in Pettants Witk Belapsed or
Befraciory Muolople BMysloma

Comploied A Fhess IT Shudy of Epissnetc ET groome Chesmnpibesrapy Resisfazce 1= Befractory Solid Tomsors

Rocruitimg | Sorfandh eod LEHIES

Bocniting Phase II Scady of Valpaoic Acid Witk FEC 100 for Patignes With Lecalbhy Adha=cad Brsass Cancer

Total : 84 studies

hittp://clinicaltrials .gov/ctZiresults?term=histone+inhibitors&pg=4



Methylation inhibitors

Methylation Inhibitors in Clinical Trials {Clinicaltrials.gowv)

SIATTTE

L ompletad
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Foo roitingr
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Foo roitingr
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Three-drug combination

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

A movel cheec-deegy Combinatieon
o Fradeempoe meceta bl s paerese B pa ke s
it sdvanded MERr-negackes breass
carmoer, acoording b mewe neseaschs i
recerd by e mbgasors froems e Johins
sk Bl Careter i

The feekimient angluted 3 hiGeEdms
Gescenylase inhibicor, 2 dneg 1P caus
w1 clheermiecal cfarge 9 S TLTsEr
ol fgem Sividineg . woiths swed Typess o
e P ra oy B oS s ciopedane
el B poer £ wwliac i urdharrees s 1 el pecestr
ol e e SR BT e R TR,

Ther sl oneer phase B2 wudy, which
abmietd md b et reiseSeTrE no clfeecin-
geowrny irnhuibeitors By :-.'_':I:.-‘.I.:I:IH chee b=
TR ITERrCE T CareTee e Eiared e nies
Scerebanderkien eherary résbuloed b a 2ehl

3P0V Qb IuRUNAFAY ) DFAAAG

LA FEN L

T

Three-drug combination achieved notable
responses in patients with advanced HERZ2-
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 ol Epaedeanmed] Grored 1 Faecics Fhdsse pilcsr Mabune Carsdr . Fatruamry 20



Therapeutic target

Putative Therapeutic Target -The Epigenome

1) What s the balance ~
between the regions,
and the types, of

CN".? ssasences
2) Who are the MIRNATS I\Q\s
T NS~ HIAZ
passengers vs deivers?  [ENCRNAS T A entcorrelated
ey repeat ™ with 5
N SwrC alters
soque:\cos o ) Cere body "0
including '
ERV’s : )} ', : ’ / ’1,
e S, e F . ¢
il JT PR T P,
— 1
Tumeor Suppressocy H3K4med and HIAZ :oa — . Bound()ﬂ:\ll malntsin  Repetitive
e T OO e > 1
:::::KNZ: (p16) block de novo methytation ethrylation DNA
.‘.saml O Uvrsnet
Inylated Cpl O HIK4Ame1 DNMTIA
ECAD © Metbnlated CpG © HIK4me3 ‘ H2AZ DNMTIB
VHL © Variable Cpl methylation

60 to 80% - P¢G, bivalent promoter genes Jones, Nat Rev Genet, 2012



Epigenetics of cancer type

Tumor Types
and Genes
Regulated
by
Epigenetic
Mechanism

TUMOR
LOCATION

Breast
Brain
Biladder

Colon

Endome trivm
Esophagus
Head and Neck
Kid ney
Leukemia
Liver
Lymphoma

Lung

Ovary
Pancreas
Prostate

Stomach

GENE

1S BRCAY, GSTP1, DAPK, COHY_TIMP-3
P16, p14° M GMT, TRMP-3
P16, DAPK APC

P16, p1a~°™ CREP1, MGMT, hMLH1, DAPK, TIMP-3, APC

hMLH
P18 pl1aA™ GSTPI, COHIAPC Sirtuins are a group of
protesns with histone
P16 MGMT, DAPK deo acetylase inhbaing
and anti apoptotis
P16, p14°% M GMT, GSTP1, TIMP-3, APC inhbition properties
P15 MGMT, DAPKYT,  CDHM1,  p73
P16 CREBPI_ GSTP!,  APC
P16 p1S CREBP1_MGMT DAPK, pT2
P16, p1aA™ CREBPI, MGMT GSTFP1, DAPK, FHIT, TIMP-3,
RARDeta RASSFIA
P16, BRCA1, DAPK Vemaa and Snvastava Q002)
Lascet Oncol. 3 755-363;
MGMT PC Verma et al 2003)
P18, A Crnt Rev. Qlin Sc
41: 585-607;
GSTPS, p2T7(kipt) Verma aod Manze (2006). Cne
Rev. Hematol Oncol 60:9-138
P1aA™ P16 APC, hMLH 1, MGMT Verma et al (2006). Mol Dag

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
wex Km Em‘e‘ﬁﬂb (M lnhbctor) + Decitabine Gilead
P53 mutation Pevonedistat (Nedd8 inhibitor) + Aza Takeda
Marker Negative CD33 + Aza Bl
NPM1 wFLT3WT 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. 2015;1238:771-82. doi: 10.1007/978-1-4939-1804-1_40

ADEITATIONS IN CPIEEMOmE [Har INCsde JIferanoms i L5 MSTRyianon, MSOone aceTyiacion, amd M s




Epigenetic alterations

Epigenome Reprogramming and Epigenetic Editing

Table. Selected epigenomic editing companies

Selected ASGCT 2023 Presenta .
Development of a Human PCSKS-Targeting Epigenetic Edntor
Cheoma Medicine. 2021 S125M Sernies A (November 2021) with Durable, Near-Complete In Vivo Silencing Efficiency
= $135M Series B (March 2023) Multiplexed Editing without Chromosomal Rearrangements Using
Epigenetic Editors
Epic Bio, 2022 SSS5M Series A Uuly 2022) EP1-321: A Potential Cure for FSHD
Advancing Epigenetic Editing with CRISPR-GNDM: Nowvel Muscle-
Modalss Therapeutics, 2016 Tropic AAV Vectors Deliver Promasing Single-Dose Treatment for
LAMAZ-CMD
Navega Therapeutics, 2018 2W{l (S;gf;:;u'm‘g’ NA
' Epigenome
Tune Therapeutics, 2020 S40M Series A (December 2021) Ym|m el 'Edi!orsPSt’btyRemssesPCSK9and
Rejuvenate Bio, 2017 S10M Series A (April 2021) Relevance of Animal Data for Human Health Programs

"Named EdiGene when founded in 2016 and renamed Modalis Therapeutics in 2019,
*"Oral abstract soession o sclentific syrmposium.,

Epigenetc reprogrammng refers to the locus-spedafic targeting of epigenetic enzymes 1o rewrite the local epigenetic
landscape of an endogencus genomic site, often with the aim of transscriptional reprogramimeng.

FSHD: Faciosc apulobumaeral muscudar dystrophy: CRISPR: clustered rogularly interspacod short palindromic repeats CMD: congental muscular dystroplyy



Diet and cancer

LDIET AND CANCER: FOCUS ON PREEVERNT IGON

Canosr is principalhy caussd by cnvirkcnmantal
factars, of which ths mast inpotant arc tobacco,
dict and factors related to dict, including Body
maszs and physkcal activity, and cxposurces in the
workplacos and claowhors,

Botewoon 20%, and 0%, of cancor cases

th raughout the worlkd ars preventable by foasibla
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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

w i

Green tea Grave

Pharm Res 65: 565-576.



Epigenetic foods
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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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