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La epigenética,
por fin a escena como diana molecular

”\__

Irene Brana, MD, PhD
Hospital Universitario Vall d’"Hebron

Unidad de Investigacion en Terapia Molecular del Cancer /
Unidad tumores cabeza y cuello.

ibrana@vhio.net
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Nut Carcinoma
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Salivary Gland Cancer
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Epigenética:
Conceptos basicos
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Epigenoma

* Conjunto de:
* modificaciones post-traslacionales del DNA.
* modificaciones de las histonas.
* y de las proteinas que interaccionan con DNA e histonas.

* Que empaquetan el genoma
* Y ayudan a definir el programa transcripcional de una célula.

Arrowsmith CH et al, Nat Rev Drug Discov 2012; 11(5):384-400
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Allis D. Epigenetics (2" Ed), Cold Spring Harbor Laboratory Press 2015



¢ Por qué necesitamos modificaciones epigenéticas?
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Didmetro nucleo célula eucariética: 6 x 10 °*m.

https://htwins.net/scale2/
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Heterocromatina vs Eucromatina

Heterocromatina —y
* Forma del AND muy / )
empaquetada asociada a genes \ /
reprimidos o silenciados
transcripcionalmente.
. a
Eucromatina ucons
* Forma de ADN menos \ f‘ﬁﬁfl"‘l\n‘
empaquetada que se asocia a
genes transcripcionalmente
activos.

Arrowsmith CH et al, Nat Rev Drug Discov 2012; 11(5):384-400

/fflo VALL D’HEBRON AII?s D. Epigenetics'(znd Ed), Cold Spring Harbor Laboratory Press 2015
. [Institute of Oncology Allis D and Jenuwein T, Nat Rev Genetics,



Principales modificadores epigenéticos.

Metilacion de DNA (citosina).

Modificaciones covalentes de
histonas.

ARN no codificante.

Remodelacion cromatina por
enzimas que utilizan ATP.

Remodelacion del nucleosome
(histonas infrecuentes).

VHi0°

S\ M
B N N (T

OOOOOOOO

Arrowsmith CH et al, Nat Rev Drug Discov 2012; 11(5):384-400
Allis D. Epigenetics (2" Ed), Cold Spring Harbor Laboratory Press 2015

VALL D’HEBRON  Circulation Research 2008 vol. 102 no. 8 873-887
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Metilacion del ADN

Hydroxymethyl

TET

5hmC 5-hydromethylcytosine; 5fC: 5 formylcytosine, 5caC: t carboxylcytosine

DNMT

TET

H
9 5hmC -¢-0H
H

A Normal epigenome

B  Cancer epigenome

—— Hypomethylated domain (28 kb—10 Mb) ———

Hypomethylated region Hypermethylated region Hypomethylated region
Genomic instability Tumor-suppressor Genomic instability
Oncogene activation? gene silencing Oncogene activation?
&P Hakomes [B> Histone acetylation QP HaKames O Unmethylated CpG @ DNA methylation
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Modificaciones covalentes de las histonas —
Enzimas modificadoras de las histonas.

(Lysine) (Serine, threonine) (Arginine) (Lysine)
Writers HAT Kinase PRMT KMT

Readers
Erasers qmse /\PAD /\KDM
(citrulline) (amine oxidase)
(hydroxylase)



Chromatin remodeling via ATP-dependent processes

* Use ATP hydrolysis to alter histone—DNA contacts
* All have a helicase-like ATPase domain

* Three families:
e SWI/SNF family:

 Bromodomain — Acetylated histones
 Chromodomain and helicase-like domain(CHD)

* Chromodomain — Methylated histones
* ISWI (imitation SWI) family

e Sant domain - phosphorylated

Copyright © 2006 Nature Publishing Group
Nature Reviews | Genetics

Arrowsmith CH et al, Nat Rev Drug Discov 2012; 11(5):384-400

Allis D. Epigenetics (2" Ed), Cold Spring Harbor Laboratory Press 2015 g

De la Serna et al Nature Revi Genetics 2006, 7, 461-473 /ff /0 VALL D’HEBRON
AR >
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Farmacos epigenéticos en tumores solidos
Lecciones aprendidas
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Modificadores epigenéticos

DNA-Methyltransferease (DNMT) Inhibitors Drugs Targeting Histone Modifier Enzymes

Hydroxymethyl

EZH2 inhibitors
PRMTS5 inhibitors)| DOT1L inhibitors

(Lysine) (Serine, threoning (Arginine)

Writers Kinase PRMT

({ DNMT inhibitors

Readers

BET inhibitors |

TET

oN i
ol 5hmC -C-OH
| i

TET

(citrulline) (amine oxidase)
(hydroxylase)

Erasers

HDAC inhibitors

LSD1 inhibitors

5hmC 5-hydromethylcytosine; 5fC: 5 formylcytosine, 5caC: t carboxylcytosine

Institute of Oncology
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Modificadores epigenéticos

Drug | Teget | CancerType Approval or rial status

DNA-Methyltransferease (DNMT) inhibitors

Azacitidine Pan-DNMT MDS EMA and FDA

Decitabine Pan-DNMT AML EMA (AML)
MDS FDA (MDS)

Guadecitabine Pan-DNMT AML Phase Il

Histone Deacetylases (Erasers)

Vorinostat HDAC class |, Il and IV Cutaneous T cell ymphoma

Belinostat HDAC | -lI Peripheral T cell ymphoma



Farmacos modificadores de histonas

EZH2 inhibitors
DOTEL inhibitors
(Ly

sihe

PRMTS inhibitors
(Arginine)

PRMT

(Lysine) (Serine, threonine)
Writers HAT Kinase

Readers

BET inhibitors

(citrulline) (amine oxidase)
(hydroxylase)

LSD1 inhibitors

Erasers DAC

HDAC inhibitors
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Toxicidad: el target se expresa también en tejidos sanos

Treatment related AEs Birabresib (OTX015) — BET inhibitor

Table 3. Treatment-Related AEs
Cohort A {continuous), No. (%) Cohort B (discontinuous), No. (%)
AE 80 mg 100 mg 100 mg 120 mg 160 mg All, No. (%)
No. of patients 20 4 13 3 6 46
. . . Any event 15 (75) 4 (100) 10 (77) 3 (100) 6 (100 38 (83)
Limita la dosis que G34 10 (50) 3(75) 1@ 0(0) 2 (33) 16 (35)
SAE 7 (35) 3(75) 00) 010 010) 10 (22)
Led to discontinuation 210) 2 (80) 0 (0) 00 1(17) 5(11)
Se p u ed e d a r Led to death 0 (0) 0 (0) 0 (0) 00 0 (0) 0
G1-2 G34 G1-2 G34 G1-2 G3-4 G1-2 G3-4 G1-2 G34 G1-2 G3-4
Patients with one or more AEs 5(25) 10 (50) 1 (25) 3 (75) 9 (69) 1(8) 3 (100) 0 (0) 4 (67) 2(33) 22{48) 16 (35)
Gl
Diarrhea 2 (10) 010) 2 (50) 0 (0) 5 (39) 0 {0) 2 (67) 010) 6 (100) 010) 17 (37) 010)
MNausea 5 (25) 1 (5) 1 (25) 0(0) 3(23) 0 () 3 (100) 010) 5(83) 010) 17 (37) 1(2)
Vomiting 4 (20) 010) 1 (25) 0(0) 3 (23) 0 () 2 (67) 010) 2 (33) 1(17) 12 (26) 1(2)
Decreased appetite 4 (20) 010) 1 (25) 0 (0) 2 (15) 0 () 2 (67) 010) 5(83) 010) 14 (30) 010)
Dysgeusia 3(15) 0 1{0) 0 1{0) 0 (0) 1(8) 0 () 1(33) 010 1{(17) 010) 6 (13) 010)
Constitutional
Asthenia 3(15) 0 (0) 0 (0) 0 (0) 3 (23) 0 (Q) 0 (0) 00 2 (67) 1(17) 8 (17) 1(2)
Fatigue 1 (5) 0(0) 0 (0) 0 (0) 0 Q) 0 Q) 2 (67) 010 2 (33) 00 5(11) 00
Hematologic
Anemia 11(5) 4 (20) 1(25) 0(0) 00) 1(8) 1(33) 010 010) 1(17) 3 51(11)
Thrombocytopenia®* 11(5) 6 (30) 010) 3 (75) 0 0) 0 Q) 010 010) 010) 010) 11(2) 9 (20)
Laboratory
Factor VII deficiency 4 (20) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 010 0 0 (0) 00 4 (9) 01(0)
Bilirubin 0 (0) 1 (5) 0 (0) 0 (0) 0 () 0 ) 0 (0) 0 0 (0) 0 (0) 0 (0) 1(2)
ALT 0 (0) 2 (10 0 (0) 0 (0) 0 (0) 0 (0) 00 0@ 0 (0) 0 0 24
Other
Headache 0 (0) 0 (0) 0 (0) 0 (0) 118) 0o 11(33) 0@ 107 0 37 0
Acute kidney injury 01(0) 1 (5) 0 (0) 0 (0) 0 () 00 0 (0) 0 (0) 01(0) 0 (0) 0 (0) 11(2)
Abbreviations: AE, adverse event; G, grade; SAE, serious adverse event.
*Includes Common Terminclogy Criteria Adverse Events term platelet counts decreased and thrombocytopenia.
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NUT Carcinomas — paradigma medicina precision en epigenetica

BRD4 N IH | . : Chromosome 19p13.1
* Tumor indiferenciado de estirpe s
escamosa I —— T
. « 7 7 BRD4-NUT N | —— - —t—
* Localizacion: pulmon, cabeza y cuello s ‘o .
.« 7 , R NUT N+ Ch.15 Ch.8
 Alteracion oncogenica: -
NSD3-NUT N T
e Translocacion NUT-BRD4 g ?

* Translocacion NUT-BRD3
 Translocacion NUT-NSD3
 Otras

* Mediana edad: 25 anos

* Mediana supervivencia 6.7 meses

French C. Annu. Rev. Pathol. Mech. Dis. 2012. 7:247-65
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Actividad de Molibresib en NUT Carcinomas

Percent change at maximum reduction
from baseline measurement

* 12/ 17 patients with NMC presented, as 5 either had non-evaluable disease at study

No todos los pacientes responden
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O’Dwyer P et al AACR Annual Meeting 2016. Abstract
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Farmacos epigenéticos e
tumores hueéerfanos e inf

. Institute of Oncology



Farmacos modificadores de histonas

Writers

Readers

Erasers

(Serine, threonine)

Kinase

/\PPTase

PRMTS inhibitors
(Arginine)

PRMT

(citrulline)

EZH2 inhibitors

(Lysine)

(amine oxidase)
(hydroxylase)

Allis D. Epigenetics (2" Ed), Cold Spring Harbor Laboratory Press 2015



Carcinoma Adenoide Quistico (tumor maligno glandula salival)
Vorinostat (inh HDAC) es activo en algunos pacientes

Percent change in SLD from baseline

DD 2 DO1-Dds DL W34 LUER B 3018 D (03-02Tes
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crokes Enﬂ.\ ) cycles cyehes
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g Golcalves P et al. Oncotarget, 2017 (20): 32918-32929



Change from Baseline (%)

Inhibidores de PRMT5 muestran actividad
en tumores adenoide quistico
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Tazemetostat en tumores con deficiencia en complejo SWI/SNF

EZH2 inhibitors
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Allis D. Epigenetics (2" Ed), Cold Spring Harbor Laboratory Press 2015
De la Serna et al Nature Revi Genetics 2006, 7, 461-473
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Tazemetostat tiene actividad en sarcoma epitelioide
con perdida de INI1/SMARCB1

Tasa de respuesta: 15% Tasa control enfermedad a 32 semanas: 26 %
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¢ Cual puede ser el proximo tumor infrecuente
gue se beneficie de terapia epigenética?



Conclusiones

* Existe disregulacion epigenética en cancer.
* Hay nuevos moduladores epigenéeticos desarrollandose en la clinica.
* Su toxicidad ha requerido optimizacion de dosis y esquema.

* Se ha visto actividad en tumores infrecuentes:
 Tumores de glandula salival —inhibidores de PRMTS.

* Sarcoma epitelioide INI-1/SMARCB1 loss — Tazemetostat.
* Primer modificador epigenético aprobado en tumores soélidos.

* Existen posibilidades para la medicina personalizada.
 Necesitamos unir esfuerzos.
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