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Epigenetics

from transgenerational inheritance to disease

'ﬁ,&'}'ﬁ\m », Sf;i"’ E?;S;-i}il‘;?;‘.i:"j;;f ' Initial definition: “The casual interactions between genes

and their products, which bring the phenotype into being”
>y (C.H. Waddington, 1939)

Current definition: “Heritable changes in gene expression
that occur independent of changes in the primary DNA
sequence”
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Epigenetics in cancer. Estellar NEJM 2008.
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EPIGENETIC MECHANISMS:
- DNA methylation (DNMT1, DNMT3A, DNMT3B)

« Histone (H2A, H2B, H3, H4) modifications: methylation (HMT) and acetylation
 Non coding RNAs (miRNAS)

Repressive Marker Active Marker

Tumor Suppressor Gene Promoters CpG Poor Regions, Imprinted Genes, Y DNA Methylation

with CpG Islands Repetitive Elements, Transposons ¥ Histone Acetylation

? H3K9 Methylation
\f H3K4 Methylation

Normal

f H3K27 Methylation

R l EPIGENOME CHANGES IN CANCER:
1. Genome-wide hypomethylation
2. Site-specific (TSG) CpG island
promoter hypermethylation

Epigenetics in cancer. Sharma S et al. Carcinogenesis 2010.
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Combining epigenetic drugs with other therapies for solid tumours — past lessons and future promise. Morel D et al. Nature Reviews Sept 2019. m
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Morel D et al. Nature Reviews Sept 2019.
Genotoxic and/or cytotoxic

chemotherapy and radiotherapy b
DNMTi and/or HDACi :
» Facilitate access to DNA

* Re-express tumour suppressors

* Increase ROS

DNMTi, EZH2i and/or LSD1i
» Differentiate cancer stem cells

Hallmarks of cancer

Sustaining Avoiding
proliferative immune
ignalli response
' el Deregulating ;
cellular
energetics

l'lo
HDACI HATi and/or BETi
* Reverse endocrine

resistance

Epi-drugs can enhance the activity
of other anticancer therapies

) Tumour-
Evading growth promoting
Suppressors inflammation

N

Targeted therapies

DNMTi and/or HDACi
* Revert EMT

HDACi

* Promote HIF1a
/ degradation
* Reduce oncoprotein

Epigenetics and cancer — 3/3

EZH2i stability
* Sensitive to TOP2i Genome BETi
BETi and/or PRMTi instability s * Prevent oncogene
» Decrease DDR capabilities Resisti and mutation Activating transcription
esisting invasion and
cell death metastasis
Enapling Inducing
ir;':nh;?t!:l,;y angiogenesis

DNMTi, HDACi and/or EZH2i

* Increase antigen presentation
and chemokine and/or IFN
expression

DNMTi, HDACIi and/or LSDi

* Enable viral mimicry

* M2—-M1 macrophage
polarization

BETi

* Anti-inflammatory

to counteract the hallmarks of cancer

Drugs classification Approved Year | Indicated disease | ORR
Azacytidine® DNMT inhibitor 2004 MDS 17.9%
Vorinostat™ HDAC inhibitor 2006 CTCL 30%
Decitabine’” DNMT inhibitor 2006 MDS 42%~54%
Romidepesin®* HDAC inhibitor 2009 TCL 34%
Ruxolitinib** JAK1/2 inhibitor 2011 Myelofibrosis 30%
Belinostat** HDAC inhibitor 2015 PTCL 25.8%
Panobinostat® HDAC inhibitor 2015 MM NA

Epigenetic targeting drugs potentiate chemotherapeutic effects in solid tumor therapy. Li J et al. Sci
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Focus on G9a and DNMT1

(EHMT2)
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de novo
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DNA methylation

DNA methyiation

Methyl

DNA
Histone tail Direct interaction between DNMT1

and G9a coordinates DNA and histone
DNMT3A, methylation during replication

DNMT3B

Estéve et al. Genes Dev. 2006.
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HEPATOLOGY ETAASLD

HEPATOLOGY, VOL. 69, NO. 2, 2019 E— D u a I ta rg eti n g Of G 9 a a n d D N M T 1
Dual Targeting of Histone Methyltransferase in HCC
G9a and DNA-Methyltransferase 1 for the
' oNMT1 '
UHRF1
Marina Bircena-Varela,! Stefano Canaso,” Susana Llerena, ™ Gloria Alvarez-Sola, ™ Tker Uriarte," M. Ujue Latasa,' HEPATOCARCINOGENESIS

Ginseppe Marza” Krista Rombouts,” Edurne San José- Eneriz. ™ (fbdulia Rabal ® Xabier Agirre " Maria Iraburn,”
Alvars Santos-Laso, ™" Jesns M. Banales *™* Jessica Fucman-Rossi 1) ? Falipe Prasper™ Julen ﬂrnn:ba],a Carmen Barasain, '™

Matias A. Avila,'** and Maite G. Ferninder-Barrena' ™

Treatment of Experimental Hepatocellular

Carcinoma Healthy
liver

* First-in-class dual and reversible inhibitor

Normal
targeting G9a & DNMTL. PG
» Substrate competitive (H3K9 and DNA).
N7 Quiescent %o
| HNﬁl g:::':::w ' . J
o 4

Lead compound CM-272 | , A\,
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OF HEPATOLOGY

The Home of Liver Research

PS-043-Dual targeting of Gga and DNM-methyltransferase- In CCA
1 for the treatment of experimental cholangiocarcinoma

JOURNAL Dual targeting of G9a and DNMT1

Second-order
bile ducts

Cystic duct

Leticia Colyn, Gloria Alvarez-Sola, Maria U Latasa, lker Uriarte, Marina Barcena-Varela, Maria Arechederra,
Maddalen Jimenez, Sergio Morini, Simone Carotti, Julen Oyarzabal, Felipe Prosper, Matteo Canale, Andrea | Distal exrahepati
Casadei Gardini, Maria [raburu Elizalde, Jesus Urman, Chaobo Chen, Francisco Javier Cubero, Leonard J ’
Melson, Bruno Sangro, Maria Luz Martinez-Chantar, Jesus Maria Banales, Jose Marin, Carmen Berasain,
Maite G Fernandez-Barrena, Matias A Avila

Expression levels of epigenetic modifiers G9a, DNMT1 and
UHRFL1 significantly increased in tumor tissue

£ TR s

Synergistic antiproliferative effect over CCA cells by simultaneous G9a expression in iCCA (T= tumoral tissue, NT= non tumoral

inhibition of G9a and DNMT1. tissue)
150 5 : \é:ﬂh-lzc;;o(&imgﬂ(g)
CM-272 T
« Strong antiproliferative activity on different CCA cell lines £ 10l
» Synergistic effect with different chemotherapeutics in the §
inhibition of CCA cells proliferation: Cisplatin, Mcl-1 Inhibitor 2 ]
and ErbB Inhibitors. E
* In vivo potent inhibition of CCA growth o : . — .
0 9 18 7 36 45
Dias tras la inyeccion de células D@Q
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Oncogene (2009) 28, 184-194
@ 2009 Macmillan Publishers Limited All rights reserved 0950-9232/09 $32.00

WWW. nature.com/onc

ORIGINAL ARTICLE

Hypoxic silencing of tumor suppressor RUNX3 by histone modification
in gastric cancer cells

SH Lee', J Kim**, W-H Kim’ and YM Lee'

Hypoxia = 1 G9a (HMT)-> 1 H3K9me = | RUNX3 (TSG)

Cancer Res. 2005 Jun 1;65{11:4809-16.

Loss of RUNX3 expression significantly affects the clinical outcome of gastric cancer patients
and its restoration causes drastic suppression of tumor growth and metastasis.
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Mol Med Rep. 2013 Sep;8(3):942-8. doi: 10.3882/mmr.2013.1566. Epub 2013 Jul 2.

Expression of DNMTs and genomic DNA methylation in gastric signet ring cell carcinoma.
He M7, Fan J, Jiang R, Tang WX, Wang ZW.

1 1 1 DNMT1 in SRC tissue compared with matched . N
mucosal tissue. EARNA

Positive expression of DNMT1 «<—— N+ and late TNM stages of SRC
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The FASEB Journal = Research Communication

Regulation of UHRF1 by miR-146a/b modulates gastric
cancer invasion and metastasis

Lin Zhou,"* Xiaodi Zhao,' Yanan Han,' Yuanyuan Lu,' Yulong Shang, Changhao Liu,
Ting Li, Zhian Jin, Daiming Fan,” and Kaichun Wu®

UHRFI expression in GC and adjacent nontumor . Association of UHRFI expression in the tumor tissues with demographic and clinicopathologic characteristics in 106 patients
tissues with GO
Expression level of UHRF1 Expression of UHRF1(n)
Tissue n - + ++ +++ P Category n - + ++ +++ P Correlation coefficient
Nontumor 72 37 24 7 4 <0.01 ey 0.427 0.007
GC 106 17 31 4] 17 Male 67 g 93 94 11
The X~ test was used to evaluate the significance of differences AgFee?m)le 3 8 8 17 b 0.351 0.135"
between the two groups. ” E,Dyr 58 10 19 93 6 ’ ’
=60 48 7 12 18 11
Differentiation <0.05 0.286%*
Well 8 5] 1 2 0
Moderate 46 7 16 17 6
Poor 52 b 14 22 11
Stage <0.01 0.334%==
I-1I 34 11 12 8 3
II-1v 72 6 19 33 14
Lymph node metastases <0.05 0.322%%=
0 25 8 10 5] 1
=1 81 g 21 35 16
Metastases to other organs <0.05 0.249%
Present 7 0 1 2 4
Absent a9 17 30 39 13
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RESEARCH PAPER

UHRF1 promotes proliferation of gastric cancer
via mediating tumor suppressor gene
hypermethylation

Lin Zhou'"*, Yulong Shang®*, Zhi‘an Jin**, Wei Zhang™", Chunlei Lv', Xiaodi Zhao?, Yongqiang Liu', Naiyi Li",

Kaplan—Meier survival curves of GC patients with different level of UHRF1

an e 1 iana®* expression stratified by the TNM stage of the tumor (log-rank test).
A B C
Stage I-1V Stage I-11 Stage II-IV
== UHRF1 () —— UHRFI (-) -~ UHRFI (-)
100 ~~ UHRFI (+) 100- — UHRF1 (+) 1004 — UHRFI (+)
- —— UHRF1 (++) = —— UHRF1 (++) | =~ UHRFI (++)
[ S o . « ¥
z =~ UHRF1 (++4) 2 =+~ UHRF1 (+++) z ~— UHRFI (+++)
: : :
7 # @
> 5 > Log-rank test: P<0.001 z
- 504 opny - . X o
z ¥ 3 5]
= = =
E Log-rank test: P<0.001 £ g
5 S 5 Q Log-rank test: P<0.05
0 : e ) T A AN Aot
) 1 s 0 T T 1 0 T T 1
0 50 100 150 0 50 100 150 0 50 100 150
Survival Time After Operation (Months) Survival Time After Operation (Months) Survival Time After Operation (Months)

5

Hypermethylation of 7 TSG (CDKN2A, RUNX3, CDX2, DOX0O4, PPARG, BRCA1 e PML)
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Comprehensive molecular characterization

Ilﬂtlll‘ C |of gastric adenocarcinoma

The Cancer Genome Atlas Research Network®

EBV- positive tumours had a higher prevalence of DNA
hypermethylation than any cancers reported by TCGA

CIN
¢ |ntestinal histology
* TP53 mutation
¢ RTK-RAS activation

EBV
* PIK3CA mutation
* PD-L1/2 overexpression
e EBV-CIMP

+CDKN2A siencing All EBV-positive tumours clustered together and exhibited
——— extreme CIMP (CpG island methylator phenotype)

MSII
:T;t’;;:;;,i;;;i;gys All EBV-positive tumours assayed displayed CDKN2A
Bl (p16INK4A) promoter hypermethylation, but lacked
AT ARHAP the MLH1 hypermethylation

Key features of gastric cancer subtypes
| GASTRO
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R RESEARCH PROJEC

» SERVIZIO SANITARIO REGIONALE
. EMILIA-ROMAGNA

sestsssss  Azienda Ospedaliero - Universitaria di Modena

Inclusion Criteria

INITIAL PHASES

Patients with histological diagnosis of resectable or advanced
gastric cancer

Availability of surgical (or bioptic) specimens for the analysis
L]
cimdad

CEMTRO DE INVESTIGACION MEDICA APLICADA
UNIVERSIDAD DE MAVARREA

No chemo- and/or radiotherapy prior to surgery

Written informed consent

Exclusion Criteria

Patients with uncertain histological diagnosis of gastric cancer

Chemo- and/or radiotherapy prior to surgery

Refusal of consent
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SUBSEQUENT PHASES

;
i
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3

Evaluation of potential synergistic
effect with other anticancer agents

IN VIVO (mouse xenograft models)
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Primary objective:
Expression evaluation of G9a, DNMT1 and UHRF1 in GC patients
 Provide a better characterization of methylation in GC

 |dentify potential novel therapeutic targets providing a background for further
investigations in order to develop more specific therapeutic strategies (Epi-drugs)

Secondary objective:

Correlation of profile expression of G9a, DNMT1 and UHRF1 in GC with clinico-
pathological features and survival parameters

* Identify possible prognostic and predictive factors

"
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Take-nome messages

 Epigenetic mechanisms are emerging as attractive therapeutic target in solid
tumors

« Epi-drugs are already being tested

« Given the crosstalk between chromatin marks, simultaneous targeting of different
epigenetic modifiers may improve therapeutic efficacy

« CM-272 as emerged as a promising dual (G9a and DNMT1) targeting agent
(HCC, CCA)

* Epigenetic dysregulation plays a crucial role in GC development

 G9a and DNMT1 seems potential epi-target also in the context of
GC, but few data are available

 Further investigation are needed
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