Iceland [Pd_'j

Liechtenstein
Norway grants

ABILITIES FOR Ph.D. STUDENTS.F
HIGHER EDUCATIONAL QUAL

-QQA]A

luj-Napoca, Ro



QUALITAS - Course
“RNA epigenetics in cancer”




.

e
0
ﬁ‘v_

i
¥
y

g . Py
AR
o .'\O‘M m.-. L

%

oo ' L S !
o am
i

¥ ITAEE

0 g =

AR
P
3 .A N .~

S ..am...‘. w3

IR TETYY
b e -

BTA

R y

‘ A
ARG A | E

” \no_,-.

.

4
o

PR SR
- h L

{

i

._.;*

-~
T




@ 10-15%
Hereditary
Breast i
Familial
@ 70-80%
Colorectal Sporadic
lifatime risk B Cith mutation
Generation of fusion proteins through chromosomal Can cers Wlth lnh erit ed mUtati ons
rearrangement
Temnor type
__—~GeneB Q 2 OVARIAN 19%
Gone A —_ stouac
o | & = .
Original [ Rearranged
Chroeacsonnis — | — chromcsomes | PAOSIATE
w . o
EECLATE 00 GUOMA
Original Fusion HEAD & NiCK
T TS EnpOMETEIAL
....;‘)
Original Fusion o V.
proteins protein KIDNEY 2
................................................................................ 3081 ASTOMA
Normal 7= " At
cell growth ! - ) ) cell growth 3 : - 3 20
Percentage of bumaors with inherited mutations




S bl N

Alr A

e

- - v
A4 \..\./

LSLIT LD

b e P B St 3 e

S BREC L5 SO
758

= -J e .m.A.\dus.d....-..
¥ S

- -

RN
1 22
\

-~
.
:

v
L) ﬁ
}

%

S -

w S

‘T

w.-u

=




Iceland D*EJH_‘ [[5[]—
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vorwaygrants = plgenetic Inheritance grants

KHME OF EXPOSURE o
Adult, Pre-puberty,
Pre-conception, w * w
Sperm development, A i
k(;erm cell
e

TISSUE OF EXPOSURE \ G’YPE OF EXPOSURE

u u \ Sa“va‘ =
Generation I Generation II Generation [II Blood // Chemicals.
b ] .
A woman who smokes while pregnant induces epigenetic = 3

changesin three generations at once: in herself, her unborn daughter, Sperm ) " Stress, Exercise
. and her daughter’s reproductive cells. \ ) K
J

Diet, Disease,

= F : 5
ﬂ Altered DNA G\'\'b C A RRI E RS
methylation at Paternal /? ;
imprinted genes J e ‘\/ DNA methylation, Histone modifications, ncRNA, prions
Male L 224
[ . st ]i -\ | /= EPIGENETIC MEMORY
IRNAS, pIRNAS AN

Biochemical Genetics (2022) 60:1107-1140
https://doi.org/10.1007/s10528-021-10155-7
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DNA J
J .
A — H
4

L s

Nucleosome [ - A
- L
H3k27me
Chromosome

REViEwW o EPIGENETIC INHERITANCE

uuuuuuu

A Review on Epigenetic Inheritance of Experiences

: 1 VU.VT. VLAY
in Humans

Meenu Ghai'® - Farzeen Kader'



Potential multi-or trans-generational
epigenetic alterations.

Transmission through female Transmission through male

F2 F1 Multigenerational
(Directly exposed)

Transgenerational
(No direct exposure)

(XX

pb ] 18.04.2023
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Epigenetic inheritance
Crromatin Pricns DNA methyliation

1 1. : FO .

10 107 10 10° 107 10" 10° 10" 10" generations

Sy Stimuli/Impact [

Phenotype Phenotype

Epigenetic Processes known to
be transgenerationally inherited

Oe

L

Repest varistion Point mation  Rcbustness -

=

Rates of phenotypic change associated with different types of inheritance © 1 DNA methylation

https://doi.org/10.1016/j.cell.2007.01.023 = > Hypermethylation of
= MLH1 and MSH2
- Phenotype promoters in hereditary non- Phenotype
: polyposis colorectal cancer
1)
z ¥ 3
= o SNURF-SNRPN exon 1 o
o methylation in Prader-Willi
Q
= F2 - syndrome
7
":’ Histone modifications
E Phenotype H3K4me3, H3K27me3

Phenotype retained
Non-coding RNA
IncRNA, microRNA

Prions
PrPsc, [SMAUG?], [ESIY],
[PSI*], [URE3]

F3 >

=Bu-

Phenotype retained

https://doi.org/10.3390/jdb9020020

(LI 1



https://doi.org/10.1016/j.cell.2007.01.023

Environmental Factors Preventive medicine Disease Predisposition

Obesity / Malnutrition Life Style changes Metabolic dysregulation
Drugs / Pesticides Maternal compensatory Cardiovascular function
Psychological stress w Tumor incidence
Aging / ARTs Cognitive abilities
Fertilization

Genome-Epigenome regulation \ y
During embryo development B N
%aternal Transgenerational l ||

pigenetic Inheritance Offspring ™ IA
Sperm ncRNAs o o

enrichment
Epigenetic-based

ARTs o U

Altered Processes Epigenetic

Cell Signaling biomarkers
Metabolism Preventive medicine
Transcription Unexplained infertility
Sperm Function Preconception advice

http://dx.doi.org/10.1186/s40659-021-00364-0
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IGF2BP1 promoter methyl;
ZNF714 promoter methyla
Fgf21 promoter methylatio
H3K4 methylation

H3K27 methylation

H3K36 methylation

downregulation
egulation
pregulation

noter methylation

Endothelial Insulin
Resistance

PPARG1 promoter meth
H3 acetylation on TNF-c
H3 acetylation on COX-

nregulation H3K4 mono-methylation
Ipregulation H3K4 tri-methylation
downregulation H3K27 acethylation
vnregulation H3K9 acethylation

Brg1 upregulation
SIRT1 downregulation

Metabolic Cardiomyopathy

REVIEW ARTICLE | VOLUME 281, P150-158, FEBRUARY 01, 2019

PDF [2 MB]

Epigenetic processing in cardiometabolic disease

Sarah Costantino » Shafeeq A. Mohammed  Samuele Ambrosini » Francesco Paneni 2

Published: September 26, 2018 = DOI: https://doi.org/10.1016/j.atherosclerosis.2018.09.029 1 8 04 2 O 2 3
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Norway grants

Environment DNA polymorphisms

N v

Activating <—— Epigenetic modifications 2> |nactivating

Histone Histone DNA
deacetylase methyltransferase methyltransferase
Ac (HDAC) Me (DNMT) Me
D, —> —
J/ b S— e €<

Histone Histone DNA
acetyltransferase demethylase demethylation
(HAT) pathways

Mitchelmore C, Gede L. Brain Derived Neurotrophic Factor: epigenetic regulation in psychiatric disorders. Brain Res.
2014 Oct 24;1586:162-72. doi: 10.1016/j.brainres.2014.06.037 |
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Y. /A

SmC, m7G, tumor inhibiting element
mIA‘pscudouridinci 5 oo

 RNA modifying process and
tumor immune B
microenvironment critically
impacted carcinoma

Rong D, Sun G, Wu F, Cheng Y, Sun G, Jiang W, Li X, Zhong Y, Wu L, Zhang C et al:
Epigenetics: Roles and therapeutic implications of non-coding RNA modifications
in human cancers. Molecular Therapy - Nucleic Acids 2021, 25:67-82

b

The correlations between epigenetics and the non-coding genome

genomic instability
& mutations

r

Epigenetic Modulators

e.g. APC, TP53, SMAD4, KRAS,
BRAF, PIK3CA, elc.

GOF mutation in proto-oncogenes

« Sense environmental stresses,
injuries, inflammation, and ageing;
and push tissues toward a neoplastic
state

* Mediate oncogenic signaling and
metabolic pathways

* Regulate stemness through
epigenetics modifiers

epigenetic reprograming of cells
towards self-renewal/stemness

—~~ 2

Epigenetic Modifiers

chromatin regulators, histone modifiers,
methyltransferases, and noncoding RNAs

* Are frequently target of mutations and
epimutations, which leads to aberrant

expression of passenger genes

« Contribute to tumour development by
DNA methylation/demethylation, histone
modifications, and repositioning of
nucleosomes

Epigenetic Mediators

e.g. OCT4, SOX2, NANOG, KLF4,
LIN28, c-MYTC, elc.

’ot,,d ® 0

Enabling self-renewal cancer cells

« Contribute to tumor evolution by
changing cell states towards cancer
stem cells through genome-wide
reprogramming of DNA methylation
and histone modifications

« prevent differentiation and eliminate
barriers of dedifferentiation

« Mediators are key players from the
very early stages of cancer initiation to
metastasis formation

+ Contribute to epigenetic plasticity by
influencing the modulators and

modifiers in a feedback loop

Amirkhah R, Naderi-Meshkin H, Shah JS, Dunne PD, Schmitz U: The Intricate Interplay between Epigenetic Events, Alternative Splicing and
Noncoding RNA Deregulation in Colorectal Cancer. Cells 2019, 8(8):929

18.04.2023
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Patient Stratification

Diagnostic approaches using epigenetics s = == .
-0 S M

Free methylated DNA

™ Y

1) 1‘%1

Personalized medicine

/ﬁ\ np ]{ Immunotherapy
— ’ﬁ\ np W\ Chemothorapy

_ ’i\ ‘II’ /f Targeted therapies

Liquid biopsy \__':E CTC enrichment ]
7.5-10 mL =

Peripheral (D\ n

blood hd
{ CTC detection J

\‘- ) J_L

Diagnostic \/
{ J Smoking, air pollution, EDCs, diet, stress etc.

Leukapheresis (DLA) CTC isolation :
- product 3 Pre-/Conception Exposure
@ o @ v \
( Epigenetic analyses of isolated CTCs ) C ti | i
PIg J peckii el | generations
ﬁ Gene Promoter A Gene Promoter B :> i T
P e e e GO 0% 5 ° Transgenerational
Clinical applications o GO0 000 0  © Y d By oo O effects
N— = Epigenetic
" cres: @OO000OM00 2% % b oN
® Diagnosis e OGOOBOOO00 0% £ I Sperm .
8 < (Fp 1) E‘:‘g::::‘ ?F;L)l L T _~* lateonset conse-
® Monitoring Chromosome 16 CUEAL™ IR e quences (NCDs etc.)
O Thera py 1600 Ll ' ‘l l . : ! ,; .l ‘.&
o O O O TR
k.. A MR- = 208 Developmental exposure
1|1 \
( S B 2 h vV ; x PUberty/’ F3 & late|
asicresearc Mother ... - —> eneratic
Examples: Childhood - .
® EMT-associated genes 1'/ / Transgeneratic
Dynamic regulation of phenotypic plasticity | Identification of : ‘ effects
Modulation by environmental signals CTCs with \Fetus (F1) ... - , ,
. \ Epigenetic .., Late onset conse- Multigenerational
metastatic ' chan
: : Germ cell ge quences (NCDs etc.) effects
® Metastasis-suppressor genes potential (F2) :
k Programming of metastases-precursor cells J Barouki §, Melén E, Herceg Z, Becker s.M, Puga A, la_Y,.ghadAMckf,\TzarTW, Audouze K, Slama R, Heindel J, Grandjean P, Kawamoto T,
Nohara K’ ures to long-term toxicity. Environ Int. 2018 May;114:77-86. doi:
Pixberg CF, Schulz WA, Stoecklein NH, Neves RP. Characterization of DNA Methylation 10.1016/j.envint.2018.02.014.

[I | [! in Circulating Tumor Cells. Genes (Basel). 2015 Oct 21;6(4):1053-75 y
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PCR Sequencing Microarray

pI=EEN| 18.04.2023



Methods to study epigenetics at bulk and single-cell resolution
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i Histone modifications & +2=88R C8%
(A) DNA methylation chromatin accessibility §§§§§§§§§
CY'OSine{}: 7 ‘:? - @ .. . * . .
Se P e &[]
| 5mC | i B
Methylated cytosines " i &9 ol=l lelo bt
. ° 5hmC | 1 | a
’dca&u%ooﬂ‘ ‘% g @ [*fsiel | I°
B Single-cell C
DNA methylation — sci-CAR @ Y
SmC RRABS ]m WGBS TEA-SGQ ® ® 3
- m resohSon
o 30 0 = 10X mutiome @ ©
Promator  Yarget gone MAE BS SCNMT-seq @ ® o
N:rluam scMethyl-HiC @
ChiP-seq scMT @ b
ATTATAD So@Scesons schiNase-seq scM&T @ b
CoBATCH
Onasel-36q e wCUTATAG CITE-seq® @
ATAC-s0q BCCRSDAty SCATACseq REAP-seq @ hd
x - J IGI®I®
e \ aC » O ‘&&\
wm 5 scHC > ¥ 0§§'
o toedore ooy | emironment \\__// s il & X S}"@
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