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From DNA to Protein
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Epigenetics.

from mechanisms to disease

Environmentally-mediated and widespread changes that affect gene expression

without modifying the DNA sequence

Epigenetic modifications includes:
- DNA methylation
- Histone modification
- Small non-coding RNAs
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Epigenetic changes
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Chromatin Structure

* Every cell in our body contains exactly the same genome,
however, inside the individual cells some genes are activated
while others are silenced.
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Chromatin Structure
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Chromatin and Condensed Chromosome Structure
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— 60000 000 000 kilometers

2 meters DNA per cell 30 trillion cells

Distance Hearth to the Sun: 150 000 000 kilometers

Epigenetics: Sex determination

* Turtles e
Sex phenotype determined by e~ &
environmental conditions — temperature o R

@ 100%

Differences in temperature alter the
percentage of DNA methylation of the Percent

female

aromatase (estrogen synthetase) promoter

0%

Cooler < incubation _ _ \yarmer
temperatures

Diaz-Hernadez, et al. Developmental Biology, volume 408, Issue 1

Jornadas ALTBiotech RepGen — Recursos Genéticos Animais e Biotecnologias: Projegdo para o Futuro
Estagdo Zootécnica Nacional/Fonte Boa, 13 de Dezembro de 2019



Marcadores Epigenéticos — A nova era da genética molecular
Pedro Castelo-Branco

Epigenetics: Phenotype / Longevity

* When Dnmt3 is turned "on," the queen genes are

epigenetically silenced, and the larvae develop into
the default "worker" variety.

* But when royal jelly turns Dnmt3 "off," the queen

genes jump into action, turning the larvae into
queens.
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The telomeres form caps at the ends of
chromaosomes. They contain a unique DNA
sequence which is repeated several times.
(Telomeres: from the Greek for

“end” tefos and "part™ meros).

Telomers DNA iz
built base hy base

Telomeres
The DNA sequence varies slightly Rm lemp!abe

between species. The one shown
Chromosomes  here s from Tetrahymena.
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Telomere DNA

Telomerase =T — Protein

The enzyme =

Telomerase operates at the end of the
chromosome. it is an enzyme consisting
of a protein and an RMA component. The
RMA serves as a template for synthesizing
telomere DNA.
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TELOMERE LENGTH PECLINES
IM DIVIDING CELLS AS WE AGE

a Normal somatic cells

Telomere
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Aging — The Dolly story

A donor cell is taken from
a sheep's udder.

Donor nucleus
These two cells are

fused using an
electric chock.

N

—— The nucleus of
- the egg cell is

An egg cell is moved

taken from an remove

adult female

/ The fused cell
begins dividing

sheep
normally.
—

- — The embryo Embryo
il The embryo is placed in

developes the uterus of

normally into a a forster

lamb - Dolly! mother
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Dolly (5 July 1996 — 14 February 2003)

“Em 1999 foi divulgado na revista Nature
que Dolly poderia tender a desenvolver
formas de envelhecimento precoce, uma
vez que os seus telomeros eram mais curtos
que os das ovelhas normais.”

Aging — The Dolly story

Fact: Sheep's life expectancy — 15 years.

Fact: Dolly’s “Mother” Age — 6 years.

TELOMERE LENGTH DPECLINES
IM DIVIDING CELLS AS WE AGE
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Telomerase activation in cancer
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Immortal cancer cells

‘ Telomerase is active in 90% of cancers ‘

-

‘ Prognostic Factor in Cancer |

lymphocytes.

Telomerase activity is also found in normal cells — embryonic stem cells, germ lines,
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Pergunta: Como é que as células cancerigenas activam a telomerase?

©) UAlg
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Mecanismo Epigenético

The two main components
of the epigenetic code

DNA methylation
Methyl marks added to certain
DNA bases repress gene activity.

Histone modification

A combination of different
moleculas can attach to the “tails’
of proteins called histones. These
alter the activity of the DMA
wrapped around them.

Chromosome

©) uAalg

UNIVERSDADEDOALGRRVE Qiu, Nature, 2006

Jornadas ALTBiotech RepGen — Recursos Genéticos Animais e Biotecnologias: Projegdo para o Futuro
Estagdo Zootécnica Nacional/Fonte Boa, 13 de Dezembro de 2019



Marcadores Epigenéticos — A nova era da genética molecular

Pedro Castelo-Branco

DNA methylation

NH NH
2 CH3 2

~N methyltransferase | ~N
/& /&
N @] N 6]
H H
Cytosine Metylated Cytosine

+ DNA methylation

e | Fa

gene switched "on": gene switched "off":
transcription no transcription

figure 1: Transcriptional silencing of gene promoters via DNA methylation

Metilagao no promoter da TERT promove activacao do gene

Repressao

R R R Activagao

CpG sites

EXON 1

AA EXON 2

Methylation

2

Telomerase activa no cancro !!!
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Implicacdes no diagnostico e
prognostico do cancro

. Articles Lancet Oncol 2013; 14: 534-42

>%® Methylation of the TERT promoter and risk stratification of

childhood brain tumours: an integrative genomic and
molecular study

Pedro Castelo-Branco, Sanaa Choufani, StephenMack, Denis Gallagher, Cindy Zhang, Tatiana Lipman, Nataliya Zhukova, Erin | Walker,
Dianna Martin, Diana Merino, jonathan D Wasserman, Cynthia Elizabeth, Noa Alon, Libo Zhang, Volker Hovestadt, Marcel Kool, David TW Jones,

Gelareh Zadeh, Sidney Croul, Cynthia Hawkins, Johann Hitzler, jean CY Wang, Sylvain Baruchel, Peter B Dirks, David Malkin, Stefan Pfister,
Michael D Taylor, RosannaWeksberg, Uri Tabori

Overal Survival — ependymoma patients
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THOR is a pan-cancer biomarker
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Dave Lee, et al. Jour. Clin. Investigation 2018

Prostate cancer — primary and metastatic

Prostate Cancer

Prostate

Matastases

Liver

Bladder

Multiple
lymph nodes
matastasis
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Gleason Sum of Primary and secondary histological patterns (such as Cell morphology
and invasion) ex: Gleason 7 (4+3 or 3+4)

Gleason Score

Gleason Score

Gleason Score

2,3,4 5,6,7 8,9,10
Low-grade tumor Medium-grade tumor High-grade tumor
Slow Growth Unpredictable Growth Aggressive Growth
Least dangerous. Intermediate cancers may High-grade cancers are usually
behave like low-grade or high- | very aggressive and quick to

Cells look most like normal
prostate cells and are described
as being "well-differentiated".

Tends to be slow growing.

grade cancers.

The cells' behavior may
depend on the volume of the
cancer and the PSA level.

spread to the tissue
surrounding the prostate.

These cancer cells look Ieast
like normal prostate cells and
are usually described as

% THOR Methylation

This is the most common "poorly-differentiated".
grade of prostate cancer.
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THOR defines two different populations of patients
amongst lower Gleason scores

Gleason 6 & G7 (3+4)
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THOR significantly adds predictive value to Prostate Cancer recurrence.

Estimated Probability

Discovery Cohort Validation Cohort

1.0
1 m==—
THOR Hypermethylated " 0.9 THOR Hypermethylated S L
- z‘ p - -
2 a
- £ 08 -
" H o
,,I" g 0.7
a ° v
. =
- . o
5 0.6
2
. ©
. E 0.5
THOR Hypomethylated E THOR Hypomethylated
0.4
03

5 10 15 20 25 30 35 0 10 20 30 40
PSA Values (ng/mL) PSA Values (ng/mL)

Ricardo Ledo et al Oncotarget, 2016
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THOR is Diagnostic Biomarker in Breast Cancer
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THOR compared to other biomarker for
breast cancer diagnosis

CEA CA15.3 THOR
= gt S T =ity [ =g
Stz IV St v Stage IV
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Stage I 0% 0% Stage Il E3 : stage 1-{NZGR I e |
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20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
Patients (%) Patients (%)

A high percentage of patients with invasive
disease had normal values of CA 15.3 and CEA,
but had pathological levels of THOR.
&
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@ UAlg pa saude

UNIVERSIDADE DO ALGARVE
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Implicacdes terapeuticas

Time (weeks)

Tratamento com agentes demetilantes inibe a divisdo celular (in vitro)
U87 Luciferase cells
/ , 30+ Recover
__-),q’r Tratamento " Control
’.e 4§ g’ - Imetelstat
= Decitibine
% 201 Decitibine + Imetelstat
©
5 P
2 10- e =
3 _
o
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Tratamento com agentes demetilantes previne a recorréncia
tumoral (in vivo)

1 week 3 weeks 5 weeks 10 weeks

Control

Imetelstat

(11T 1119

Decitabine Decltablne [ | ot Decitabine |

ot A A A

Decitabine + Imetelstat Decltabme Ime!elstal Ve DecltaHmeHmetelstal | || Decitabine+ Imetelstat

Targeted THOR demethylation using
CRISPR/dCas9 system

CRISPR/dCas9 system

* Cas9 catalytic domain inactivated (dCas9) and function conferred by
fusion to a novel effector domain, the catalytic component of TET1
demethylase enzyme.

Nucl ease ﬂU|| Cas9

Histone/ dCas9 fused with TET1
DNA modifying { Gmde RNA - (dCaso-TET1) + guide RNA

2 !
\‘ A
=~

A
\“ff‘{ ;fx 'f THOR demethylation

!

hTERT suppression

Rusk N., Nature Methods, 2014

Joana Apoldnio et al., in prep.
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Joana Apolomo et al., in prep.
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In vivo Pilot study
MCEF-7 cells transfected with TET-g7

Injection day: day O
Number of cells: 162K cells were cell sorted 48h post-transf
and injected into the right leg of NOD/SCID mice
Tumor size was monitored along time.
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Colorectal cancer (CRQ)

CRC is a multistage process that results from the progression of sequential

accumulated genetic and epigenetic alterations

mutations:

A 4

Epigenetic alterations

N

Colonoscopy or

Colonoscopy + Biopsy Flexible
Fecal occult | sigmoidoscopy (FS)
blood testing (FOBT) I ok | o
- |

:
e

Fecal - ’\v ﬁ”@ ’f”.__ Carcinoembryonic
immunochemical 0 o NS antigen (CEA)
test (FIT) ;f I :
’ |
M Screening Septin ¢ I *  CcA19:9
B Diagnosis 1
1 Prognosis ol
W Epigenetics @ Low specificity @ Low sensitivity @ Invasive

- SCREENING, DIAGNOSIS AND PROGNOSIS OF COLORECTAL CANCER
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~ THERE IS ANEED OF NEW TOOLS: EPIGENETIC MECHANISMS

» DNA methylation
* Micro RNAs
» Histone Modifications =0 o

DNA methylation T c
TN,

Heterochromatin

Euchromatin

Histone

| Histone |
T T tail T
Remodelers Histone Noncoding
post-translation RNA
modification

Nucleosome |

from Ahuja et al. 2016

uigewaiy)

. DATAANALYSIS

Whole genome analysis DNA methylation and gene expression

¢ TCGA BY THE NUMBERS

V\p this intc ective, 1 petabyte of data collected from

The Cancer Genome Atlas FoGA produced over
SR
2 5 N ﬁ& 33 10
Colon and Rectum Cohorts PETABYTES  [e X SEEERENE: B
(n=351) o i TUMOR TYPES

based on paired tumor and normal tissue sets
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Study

Data processing and
statistical analysis
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Data Collection and patient
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Epigenetic changes that are maintained
across CRC PROGRESSION

IDENTIFY CANCER
PATIENTS

- EPIGENETIC ROADMAP OF CRC PROGRESSION

Epigenetic changes that occurin a
SPECIFIC STAGE of CRC

IDENTIFY THE CRC STAGE OF
PATIENTS

Sara Ramalhete
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EPIGENETIC ROADMAP OF CRC PROGRESSION: AN IDENTITY CARD.

Normal Tissue ~ Tumor Tissue . - Swmess f{g
= ;\,,,» \‘é\ —

v..})t J’l ))

Stage | Stage Il Stage Il Stage IV
66 85 41 40

genes ﬁ genes ﬁ genes ﬁ genes

61 genes
41 genes
19 genes

85 genes

Sara Ramalhete

GENES PREDICT OVERALL SURVIVAL: KAPLAN-MEIER ANALYSIS

group=Down-regulated = group=Up-regulated

Stage II: ZNF536 Stage Ill: SOX1 Stage IV: BFSP2
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Sara Ramalhete
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- THEREISA

* Micro RNAs
» Histone Mod

» DNA methylation

NEED OF NEW TOOLS: EPIGENETIC MECHANISMS

DNA methylation

Heterochromatin

ifications

\_'_I
uigewaiy)

Nucleosome | | \A( : e
Remodelers Histone

post-translation

modification

| Histone |
tail

T
Noncoding
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from Ahuja et al. 2016

miRNA analysis

Metastasis to
other organs

Cancerous s>,

Cancer.invades. lymph nodes

M&m e
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o

Normal Stage IStage IIStage IIIStage IV

André Fonseca
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. MicroRNA: expression _
M1RNAs expression alterations occur 1n
an early stage

< When combining the
differently expressed miRNAs
across all four stages
230 miRNAs
MiRNAs expression alterations occur in
an ear\ly stage André Fonseca

MicroRNA expression

good prognostic values
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Time
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Differently expressed miRNAs provide
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