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AGENDA

Nov 5 Cancer genomics- mutations

Nov 11th: Cancer genomics-copy number alteration, heterogeneity, evolution
(recording)

Nov 18": Cancer Epigenetics- chromatin 3D structure, cell plasticity
Nov 25": — Major signaling pathways leading to cancer

Dec 2t": Cancer Therapies — chemo and targeted therapies

Dec 9t Introduction to immunotherapies —
Dec 16t questions for the exam

Dec 18": Exam 1.30 PM-3.30 PM



Did we improve cancer treatment in the
past 20-30 years?



HOW DO WE TREAT CANCER?

<1900 1950 1980 2010 2016

P“

hysical Removal of the tumor

_

High-energy particles or waves, such as x-rays, gamma rays, electron beams, or
protons, to destroy or damage cancer cells.
Developed at the beginning 1900s for the treatment of different diseases

—  CHEMOTHERAPIEIHORMONOTHERAPIES
EMrrror Use chemical substances to treat cancer
e Developed in the 1970s
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HOW DO WE TREAT CANCER?

LOCALIZED DISEASES

METASTATC DISEASES

Single or combine approaches —
Curative

Single or combine
approaches IMMUNOG

Palliative THERAPIES :




TUMOR GROWTH

1 clone = 10°%cells - 102 cells

Regulated by the length of the cellular cycle, which controls the
number of cells and the size of the tumor

Compare to normal cells:
e Duration is similar

« The growth fraction (proportion of cells in the cycle) is larger
— Very variable in different tumors

— Dictate the doubling time of the tumor which influences the type and
timing of treatment



SENSITIVITY OF VARIOUS TISSUE TO CHEMO

Lymphoma Breast Head and neck

Leukemia Colon Prostate

Non-small cell lung
cancer

Small Cell Lung cancer Gastric

Testicular cancer Pancreatic



CHEMOTHERAPIES

Cytotoxic agents

v

Block cell proliferation and induce cell death
|

MITOSIS DNA DAMAGE DNA ACTIVATE THE
_ DUPLICATION  |MMUNE SYSTEM
Microtubule Alkylating agents

poisons Anti-metabolites

Toipomerase inhibitors



TUMOR GROWTH

Some act during all the cycle
Some are specific to a certain phase

Each of the 4§
) chromosome
duplicated by ¢

cell.

Antimetabolites
Toipomerase inhibitor

Cell cycle arrest.



CHEMOTHERAPIES

About 20 molecules classified in 5 mechanisms of actions
Represent 95% of anti-cancer prescription

Alkylating Anti- Mitotic Antibiotics Others
Agents Metabolites Inhibitors UFOs

Busulfan Cytarabine Etoposide* Bleomycin L-asparaginase

Carmustine Fluorouracil Teniposide™ Dactinomycin Hydroxyurea

Chlorambucil Methotrexate Vinblastine Daunorubicin Procarbazine
Cisplatin Pemetrexed Vincristine Doxorubicin
Cyclophosphamide Fludarabine Mitomycin-c Mitoxantrone
Mercaptopurine Taxanes Plicamycin
Ifosfamide
Melphalan

For info only



BLOCK CELL DIVISION:MITOSIS

MICROTUBULES POISONS:

VINCRISTINE/VINBLASTINE PACLITAXEL/TAXOLO




MICROTUBULES

Interphase Prophase Metaphase

?

Anaphase

¢




VINCRISTINE/VINBLASTIN

VINCA ALKALOIDS:

Inhibit the microtubules assembly/polymerization
Arrest mitosis in metaphase

NORMAL MITOSIS CELLS TREATED WITH VINBLASTINE

inblastine
5
' A N

DNA blue/Centromeres red DNA Red
Microtubules green Microtubules Green




PACLITAXEL or TAXOLO

TAXANE:

Stabilize microtubules and protect from disassembling
Block mitosis progression and trigger apoptosis

NORMAL MITOSIS CELLS TREATED WITH TAXOLO

(c) Paclitaxel

-

-
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DNA blue/Centromeres red DNA Red
Microtubules green Microtubules Green
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Vinca alkaloids setatubuiin () Taxanes prevent
prevent microtubule microtubule

assembly. disassembly.



INDUCING DNA DAMAGE

TOPOISOMERASE

REGULATE DNA SUPERCOIL / UNWINDING DNA

TOPOISOMERASE 1: Single strand breaks and repair

TOPOISOMERASE 2: Double strand breaks and repair

https://www.youtube.com/watch?v=EYGrEIVyHnU#



https://www.youtube.com/watch?v=EYGrElVyHnU

INDUCING DNA DAMAGE

TOPOISOMERASE INHIBITORS
Topoisomerase I: e.g. Camptothecin

Topoisomerase Il: e.g. Etoposide
Doxorubicin

How they work:

Intercalating DNA agents that prevent DNA re-ligation and
therefore cause DNA damage and activation of apoptotic program



TOPOISOMERASE I TOPOISOMERASE II

MUTAGENESIS ’ RECOMBINATION

p53is a
KEY PLAYER




INHIBITION OF DNA SYNTHESIS

ANTI-METABOLITES: similar structure of purine and pyrimidine

2 categories: Purine analogs (adenine and guanine analogs)
Pyrimidine analogs (cytosine and thymine and uracil analogs)

Activation by cellular enzymes
Block Synthesis

Incorporation in DNA, creating stereo-hindrance and inhibition of DNA synthesis

NH, NH, NH,
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INHIBITION OF DNA SYNTHESIS

ANTIMETABOLITES: Inhibits production of Thymidine.

5’ FLUOROURACIL: inhibits the enzymes (thymidylate synthase (TYMS))

0 { .. & . requiredto generate thymidine for DNA synthesis
) X1y

uraci thymine  S5-fluorouraci

ANTIMETABOLITES : Anti-Folate (METHOTREXATE)
Folic Acid is the B-vitamin is essential for several body function

Human body needs Folate to DNA synthesis and DNA repair.

Methotrexate inhibits dihydrofolate reductase (DHFR) interrupting folate metabolism.
This compromises thymidine synthesis, but also interferes with purine synthesis



INHIBITION OF DNA SYNTHESIS

DNA
synthesis| <~~~ dTMP
—
Purine Nucleic acid
dUMP > Serine Formate + ATP synthesis | synthesis
N Glycine Methionine
! Homocysteine
5.10-methylene-THF «=———> 5-methyl-THF
! !
5.10-methenyl-THF » 10-formyl-THF
Folinic acid

Nature Reviews | Drug Discovery



CHEMOTHERAPIES IN COMBINATION

Common combination chemotherapy regimens!'

Cancer type

Breast cancer

Hodgkin's disease

Non-Hodgkin's lymphoma

Germ cell tumor
Stomach cancer

Bladder cancer
Lung cancer

Colorectal cancer

Drugs

Cyclophosphamide, methotrexate, 5-fluorouracil

Doxorubicin, cyclophosphamide

Mustine, vincristine, procarbazine, prednisolone
Doxorubicin, bleomycin, vinblastine, dacarbazine

Cyclophosphamide, doxorubicin, vincristine, prednisolone

Bleomycin, etoposide, cisplatin

Epirubicin, cisplatin, 5-fluorouracil

Epirubicin, cisplatin, capecitabine
Methotrexate, vincristine, doxorubicin, cisplatin
Cyclophosphamide, doxorubicin, vincristine,

5-fluorouracil, folinic acid, oxaliplatin

Acronym
CMF

AC
MOPP
ABVD
CHOP
BEP
ECF
ECX
MVAC
CAV
FOLFOX



LIMITATIONS

 Side Effects

Chemotherapies Kill other proliferating cells in the body
High and Effective doses are toxic

« RESPONSE AND RELAPSE

« RESISTANCE



PROLIFERATING CELLS IN OUR BODY

Chemotherapies are not cancer specific but
they affect other proliferating cells
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PROLIFERATING CELLS IN OUR BODY: SIDE EFFECT

TOXICITY/INTESTINAL PROBLEM

ANEMIA/RISK OF INFECTIONS

L OSS OF HAIR

sl
Hair |cells
follicle

niche




NEW PROMISING THERAPIES:
ANTIBODIES DRUG CONJUGATES (ADCs)

Fig. 2: The structure and characteristic of an ADC drug.

&L Key functions

Target antigen Recognition Of target
cancer cells

Antibody Guidance system for

cytotoxic drugs

Bridge between antibody
and drugs and to control
the release of drugs
inside cancer cells

B 5 ,‘5 "'-‘:
1 Cytotoxic drug  Warhead for destroying

cancer cells

Linker

The core components including target antigen, antibody, linker, cytotoxic drug along with

their key functions are demonstrated.



NEW PROMISING THERAPIES:
ANTIBODIES DRUG CONJUGATES (ADCs)
Mechanism of action

Antibody-Drug Conjugate
=
Antibody I
Cytotoxic payload * -
Linker

Antibody-drug
conjugate

Bystander effects

Recycling of antigen or
tigen-Ab complex

= \\“
Antigen Early endosome
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Fig. 4 The overview of the mechanisms of ADC for killing cancer cells via different approaches. Upper-Right: The main core mechanism of
action of ADCs; Lower-Left: The antibody component of ADCs engages with immune effector cells to elicit antitumor immunity including
CDC, ADCC, and ADCP effects; Lower-Right: The antibody component of ADCs retains its activity profile and can therefore interfere with
target function, dampen downstream signaling to inhibit tumor growth. Created with BioRender.com



New promising therapies that will be
developed over the next years

6,500
| | = Trastuzumab deruxtecan (HER2)
6,000 —— Enfortumab vedotin (Nectin-4)
5,500 Trastuzumab emtansine (HER2)
50004 | T Brentuximab vedotin (CD30)
' —— Sacituzumab govitecan (TROP2)
2 4,500 | —— Polatuzumab vedotin (CD79b)
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Fig. 1| Forecast global sales of select approved antibody-drug conjugates. Sales from 2020
to 2026 are forecast as of 1 December 2020. Sales of cetuximab sarotalocan reflect the following
markets only: USA, France, Germany, Italy, Spain, United Kingdom, Japan. EGFR, epidermal growth
factor receptor.




RESPONSE AND RELAPSE
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RESISTANCE

How does the tumor become resistant to therapies?



Lowe et al. 1993: p53 modulates apoptosis and cytotoxicity
of Anticancer Agents in vitro
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Lowe et al. 1993: p53 modulates apoptosis and cytotoxicity
of Anticancer Agents in vitro

Untreated 5-Fluorouracil Etoposide Adriamycin

10




Lowe et al. 1994: p53 status and the efficacy of Cancer
therapy in vivo

Tumor volume (cm?)




Aas et al. 1996: p53 mutations associated with resistance to
doxorubicin in breast cancer patients

Patient no.

mn
207

15
19
22
26
37
39
51
53
55
57
63

41°

Table3 pS3 mutations

Mutations

Nonsense/spiice
G—A 1 bp upstream exon 5

Glu—stop codon 204

G—A 1 bp upstream exon 5

Missense/defetions

Pro—sSer
Ng——vHiS
Tyr—Cys
Arg —Gly
Gly—Arg

codon
codon
codon
codon
codon

del. 14 bp codon
Cys—Phe codon

Met-lle
del. 6 bp

codon
codon

del. 11 bp codon

Pro—leu
Arg—Gin
Clu—lys
Arg-sHis
Arg—His

codon
codon
codon
codon
codon

151
273
163
249
266
217-221
176
237
232-234
239-242
190
248
286
273
273

Affecting
L2/L3

L2/L3

L3

L2/L3

L2
L3

L3
L3
L3

L2
L3

Staining
index*

0

Va2 VO 00 VOY—-=0VOO©

Response®

sD
PD
PR

PR
PR
PR
PD
MC
PD
MC
PR
MC
PR
SD
PD
MC
sD
PR

Time to R or BCD"

{months)
5 BCD
BCD
BCD
" BCD
36 alive
43
BCD
7 BCD
alive
7 BCD
25
17
16 alive
5 BCD
BCD
13
12
BCD

12
1
12

21
48

16
21
35
17

17
12

Cumulative proportion surviving

1 O '»-1—- \
- '.(_ .
80 |- L -
© (10/46)
£0 -
A0 -
(6/10)
|
' Log-rank test: £ = 0.0093
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TARGETED THERAPIES



GENOMIC ANALYSIS TO DESIGN NOVEL THERAPIES

1 l

INDUCE DNA DAMAGE AND BLOCK THE ACTIVITY OF AN
ACTIVATE THE APOPTOTIC PROGRAM ONCOGENIC PROTEIN ALTERED

IN CANCER



THE DESIGN OF ANTI-CANCER DRUGS

Disease specific:

 Leukemia

« Lymphoma

« Melanoma

Pathway specific:

- APOPTOSIS

« CELL CYCLE

 PI3BK/ImTOR

SYNTHETIC LETHAL INTERACTION

« BRCA1/2 and PARP inhibitor (Breast and Ovarian cancer)



FIRST TARGETED THERAPY
BLOCK BCR-ABL in CML



Chromic Myeloid Leukemia (CML)

Genomic: 95% of the cases have
1(9;22)(q34;911)

reciprocal
translation . .
g % Philadelphia
chromosome
22q”

22

A /
BCR-22q11

\

2 3



BCR-ABL

BCR-22q11 ABL-9q34
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Figure 16.24b The Biology of Cancer (© Garland Science 2007)



BCR-ABL

NEJM, 2003



IMATINIB/GLEVEC: First successful example of target
therapy

Gleevec has been approved in the clinic in 2001

[\

Charles Sawyers




Overall Survival, %
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Survival of CML Patients

Gleevec®

Interferon®

Chemotherapy®
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Initial response to therapy
but then tumor relapse

Normal blood Tumor CML
995,26, & 2o o
® .

Initial response to gleevec
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RANDOM MUTAGENESIS SCREEN

Introduce random mutations in the gene sequence using a strain of bacteria
deficient in three of the primary DNA repair pathways

double-stranded

recombinant .
" several mutated copies of
plasmid DNA BCRABL
introduced into N

bacterial cell

\~/ BCRABL
bacterial \ Z . .
cell cell culture produces many copies of purified
o hundreds of millions of recombinant plasmid
riple mutant for DNA N .
repair pathway new bacteria isolated from lysed

bacterial cells



DISCOVER MECHANISM OF DRUG RESISTANCE IN THE LAB
BCR-ABL mutagenize library

L - transfect HEK293T cells

— B with the mutagenized
library for retroviral

production

library of retrovirus

. vector particles carrying
: 4 * mutagenized BCR-ABL
&\ transduce BaF3 cells

&_4 grown in presence of

_— IL-3 with retrovirus vectors

bulk culture | soft agar culture

( IL-3 removed, )
BaF3 cells now P =,
[ 5 uM Gleevec [ dependent on @ add Gleevec
Bcr-Abl e
—— a®» - amplify each survivng
10 M Gleevec k‘.:?//./;/’j.\ colony separately

isolate genomic DNA,

either rescue proviruses
or amplify the specific

region by PCR

for sequencing

i
i ol

AGCACAAGCTGG CGGGAAGGTGTAC



Several mutations are associated to Imatinib resistance
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Several mutations are associated to Imatinib resistance
cause protein conformation change
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http://www.hhmi.org/biointeractive/gleevec-resistant-form-kinase-bcr-abl
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" Dasatinib

(\

BCR-ABL Mutant BCR-ABL




Multiple inhibitors to prevent resistance to therapy
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LYMPHOMA AND LEUKEMIA
B-CELL RECEPTOR SIGNALING DEPENDENCIES

B8-Cell Rc\'nptor\ ’

Bruton's
tyrosine -
kinase (Btk)

-

NUCLEUS Transcription Factors

Transcription leading
/\ I . to cell-fate decision

B-Cell Lymphomas

Occur in the lymphonodes
Several subtypes

Chronic Lymphocytic Leukemia
(CLL)

The most common type of Leukemia
Increase the number of B-cells

Transform in aggressive lymphoma



IBRUTINIB: BTK INHIBITION

IBRUTINIB: IRREVERSIBLE KINASE INHIBITOR

Approve for the treatment of B-cell malignancies in 2013-2014



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Resistance Mechanisms for the Bruton’s
Tyrosine Kinase Inhibitor Ibrutinib

Table 1. Characteristics of Six Patients with Resistance to Ibrutinib.

Duration
Patient Prior Baseline Cytogenetic ~ Study Treatment of Ibrutinib Best Time to First Identified Mutations
No. Age Therapies Features* and Daily Dosef Treatment Response  Response of Interest;
yr no. days days
1 59 5 del(17p13.1), trisomy 12 Ibrutinib, 560 mg 621 Partial 70 C481S mutation in BTK
2 59 3 del(11q22.3) Bendamustine—ritux- 388 Complete 70 C481S mutation in BTK
imab for 6 cycles;
ibrutinib, 420 mg
3 51 2 complex karyotype Ofatumumab for 24 wk; 674 Complete 85 C481S mutation in BTK
ibrutinib, 420 mg
4 69 9 del(17p13.1), com- Ibrutinib, 840 mg 868 Partial 133 C481S mutation in BTK
plex karyotype
5 61 4 del(17p13.1),com-  Ofatumumab for 24 wk; 505 Partial 85 L845F, R665W, and
plex karyotype ibrutinib, 420 mg S707Y mutations in
PLCy2 and C481S
mutation in BTK
6 75 2 del(17pl3.1), com- Ibrutinib, 420 mg 673 Partial 159 R665W mutation in

plex karyotype PLCy2




DISCOVER DRUG RESISTANCE IN THE LAB-2

_/_
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MELANOMA: EXAMPLE 3

SKIN TUMOR

~70000 new cases every year

Resistant to chemotherapies

Clark Levels
Level | Level I Level I Level IV Level V

Papillary dermis —{ 7~ 7

Epidermis

Papillary-reticular |
dermal interface -

Reticular dermis —

Subcutaneous — |
lissue |
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52%
28%
1.6%
1.3%_

Hernanie mutauons Iin numan ana mouse

CDKN2A, CDK4, PTEN, TP53

COMMON GENOMIC LESIONS
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RAS/RAF and MAPK

. Growth factor

Receptor tyrosine kinase

v

Other
effectors

© 2012 American Association for Cancer Research

CCR Focus HAR

Clinical
©2012 by American Association for Cancer Research Cancer Research




RAS AND BRAF V600E MUTATIONS
IN METASTATIC MELANOMA

RAS mutant cells BRAF(V600E)

EAS TP ( GDP

NO INHIBITOR




Vemurafenib Inhibits

BRAFV600E Kinase

40-60% of cutaneous melanomas are positive for mutations
f:z in the BRAF gene
i
RTK:" { BRAF V600E mutation
: ; comprises approximately 90%
=% of BRAF mutations
H .
$:3 MEK -» ERK - tnnsc:;uon \
| _
i
H 050
: Cellular
proliferation

Approve for the treatment of melanoma in 2011



Dissecting Therapeutic Resistance to RAF Inhibition in

P LX4O 3 2 Melanoma by Tumor Genomic Profiling

Nikhil Wagle, Caroline Emery, Michael F. Berger, Matthew J. Davis, Allison Sawyer, Panisa Pochanard,
Sarah M. Kehoe, Cory M. Johannessen, Lawra E. MacCornaill, William C. Hahn, Matthew Meyerson,

Vemurafenib b s

Zelboraf JOURNAL OF CLINICAL ONCOLOGY BIOLOGY OF NEOPLASIA

Before 15 weeks 23 weeks

Post treatment Post treatment
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DISCOVER DRUG RESISTANCE IN THE LAB-3
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NO INHIBITOR

MECHANISM OF RESISTANCE

RAS mutant cells BRAF(V600E) mutant cells

% GDP ( GDP
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Tumor growth Tumor growth Tumor growth



SUMMARY of MECHANISMs OF RESISTANCE

ACQUIRED NOVEL MUTATIONS (BCR-ABL and BTK)

EXPRESS DIFFERENT SPLICING VARIANT OF THE PROTEIN (BRAF)

HOW TO IDENTIFY MECHANISM OF RESISTANCE?

Library screening of mutated protein
Sequencing resistant patients
Generating resistant cell, using high doses of the drug.

Genetic screen to predict resistance to therapy



GENETIC SCREEN

SIMULTANEOUSLY GENETICALLY MODIFY MULTIPLE GENES

Crispr Screen (introduce mutations in the gene sequence)
SiRNA or shRNA screen (block gene expression, act on the mRNA)



Gene editing by engineered CRISPR/Cas9

=> Cas9 induce DNA double-strand
breaks

=> Cas9 can induce DNA repair by
NHEJ or HDR in all species
examined:

=> repair enzymes of the host either generate
small insertion/deletion mutations (‘indels’)
or integrate homologous ‘donor DNA’

at specific loci that match the design of the
guide RNA

Cas9 sgRNA
b Cleavage s gopNA
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https://www.neb.com/tools-and-resources/feature-articles/crispr-cas9-and-targeted-genome-editing-a-new-era-in-molecular-biology



CRISPRs SCREEN

STEP 1

GENERATE A LIBRARY OF sgRNA targeting the genes of interest

Each gene is targeted by multiple sgRNA to increase reproducibility

Library can be designed to target few genes or the whole genome

It is possible to study the function of non coding region



CRISPRs SCREEN
generate a sgRNA library

Gene-1
sgRNA-1 sgRNA-2 sgRNA-3

Genes in human are ~ 20000 = library has at least 60000 sgRNA

Target only gene with specific function (e.g. kinases)
500 genes = library with at least 1500 shRNA



STEP 2 CRISPRs SCREEN

GENETICALLY MODIFY THE CELLS TO EXPRESS THE Cas9
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CRISPRs SCREEN

STEP 3: Transduce the cells with sgRNA library and check for the phenotype
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CRISPRs SCREEN

STEP 4: Extract the DNA for the cells and sequence (e.g lllumina platform)

Use high throughput sequencing to know how many sgRNA proportionally

were present in initial and final population

Initial population
100 cells expressing sgRNA-1
950 cells expressing sgRNA-2
5 cells expressing sgRNA-3

etc....

Final population
40 cells expressing sgRNA-1
55 cells expressing sgRNA-2
1001 cells expressing sgRNA-3

etc....



CRISPRs SCREEN

STEP 4: Extract the DNA for the cells and sequence (e.g lllumina platform)
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THE DESIGN OF ANTI-CANCER DRUGS

Disease specific:

 Leukemia

 Lymphoma

« Melanoma

Pathway specific:

- APOPTOSIS

« CELL CYCLE

 PI3BK/ImTOR

SYNTHETIC LETHAL INTERACTION

- BRCA1/2 and PARP inhibitor (Breast and Ovarian cancer)



COMMONLY ALTERED PATHWAYS
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Ciriello et al. Nature Gen, 2013



PI3BK-AKT-mTOR

Growth
factor

Tyrosine kinase
receptor

expression
oliferation, cell survival, angiogenesis

Nature Reviews | Drug Discovery



.7 Mutated in cancer
© Biomarker (pathway readout)
O Phosphorylation

AKT inhibitors
Perifosine
MK-2206
GDC-0068

GSK690693

Rapalogues

PI3K inhibitors/mTOR

(mTORC1 inhibitors)
Sirolimus
Everolimus
Temsirolimus
Ridaforolimus

mTORC1/2 inhibitors
INK128
AZD8055
081027

- OO0C
4EBPT

Protein synthesis
Cell growth

Apoptosis
Cell cycle
Metabolism Cell proliferation

GFR (EGFR, HER2, MET, FGFR)

§‘.

oooooooooooooooooooooooooooooooooooooooooooooooo

‘Monoclonal antibodies
Cetuximab (EGFR)
Trastuzumab (HER2)

ooooooooooooooooooooooooooooooooooooooooooooooooo

~ Tyrosine kinase inhibitors
Erlotinib (EGFR)
Lapatinib (EGFR/HER2)

s
—_ =

Pan-PI3K inhibitors
XL147
B BKM120
- GDC0941

~ PI3K-mTOR inhibitors
~BEZ235
XL765
GDC-0890
GSK1059615

Isoform-specific PI3K inhibitors
CAL-101 (p1108)
INK1117 (p110a)

T

400

BYL719 (p110a)

http://www.nature.com/nrclinonc/journal/v10/n3/pdf/nrclinonc.2013.10.pdf



PI3K inhibitors

IDELASILIB or CAL101: Approve for the treatment of
Leukemia and Lymphoma 2014

Inhibit specific isoform PI3K5
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MTOR inhibitor

MTOR= Mammalian Target Of Rapamycin
DRUG= RAPAMYCIN/Sirolimus

Isolated in 1960 from a Bacteria growing RAPA NUI (Easter Island)




MTOR inhibitor

STK11

MTOR= Mammalian Target Of Rapamycm
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MTOR inhibitor

MTOR= Mammalian Target Of Rapamycin

control + rapamycin

Figure 16.44b The Biology of Cancer (© Garland Science 2007)

SIDE EFFECT: Immunosuppressant/ cardiac problem



Cell Cycle

Mitogens

>

S phase transcription program
------ G1/S transition




Cell Cycle Inhibition

CDKA4/6 Inhbitor : Palbociclib (PD0332991) approved for breast cancer 2015

G1 = gromth
S = DNA reghcaton
G2 = gromth 2

M = melosis

GO = quesconce (not
Qrowang. pasl surviving)

http://www.nature.com/nrd/journal/v14/n2/f
ull/nrd4504.html
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Cell Cycle Inhibition/Resistant Patients
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CAN WE TARGET p53?

Can we target tumor suppressor gene?

p53 is one of the most frequently mutated gene in cancer



Proteasome or MDM2 Inhibitors

Chemotherapy, irradiation

Onc
Ubiquitylation
/

e

Proteasome Inhibitor: BORTEZOMIB Nature Reviews | Cancer
Approve in 2003 for the treatment of Multiple Myeloma

MDM_2 inhibitor: Nutlins
Block the interaction between MDM2 and p53
Not approve for clinical use



RATIONAL COMBINATION THERAPIES

Endometrioid,
colorectal,
ER+ breast cancer

Glioblastoma

Serous endometrioid,
ovarian cancer

Lung, head and neck
cancer

Serous ovarian,
basal (ER-) breast cancer

BRCA1/
PIK3CA |—Q 0-' EGFR  CDKN2A 0.' PIK3CA  CCNEI- CDKN2A  PIK3CA |_Q ‘)_l AURKA BRCA2 |Q*
CDK2 |_Q
PTEN CCND1- CCND1- DNA
Erk &=l A« AT =@ Mitosis
CDK4-CDKi . double-stranded
AKT I—Q 4-CDK6 I-Q -I Rb p—l CDK4-CDK6 I- %L:eaissr;r;ire

mior =@ Rb 304 =@ "o BrD4 =@

* Indirectly targetable Altered Not altered Activates Inhibits

alterations with PARP
inhibitors

_I Inhibits

"'I Inhibits indirectly

Ciriello et al. Nature Gen, 2013
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UNDRUGGABLE ONCOGENES

MAX MYC

Leucine zipper
helix 2

Y ¥ ¥
l ‘. 1 ‘ . \L.
E-box DN wat '
boxDNA !‘iﬁ.},; BT e
! 15§ . §
.2 ) & "r_‘, / \L
-;.\ ‘(4" ‘-.

Helix 1
* basic region



RAS: Oncogene
Ras is a family of proteins including K-RAS, H-RAS, N-RAS
GTPase protein: use GTP to transmit the signal

H-RAS: Harvey sarcoma virus
K-RAS: Kirsten sarcoma virus

The C-terminal of the protein is lipid-modified

upstream stimulatory

INACTIVE signal and Ras
. activation triggered
GTP hydrolysis Res by GEF
and Ras P, |
inactivation ) [ . | .
induced by GOP GEF Guanine nucleotide
GAP\ exchange factors
' GAP (SOS protein)
GTPase SR GDP GTP
activating protein
. H//
(NF1 protein) Ras \Z
|\\\\\
\
downstream
ACTIVE signaling



ATP or GTP

Kinase transmission signal
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In tumors
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RAS hotspot mutations

K-RAS mutation G12V
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RAS hotspot mutations maintains the
protein in a constitutive active form

upstream stimulatory

INACTIVE signal and Ras

o activation triggered
Ras by GEF
GDP GEF

GoP @D
blockage _
—~ : ;

causedby \ p D iy,
oncogenic ( Ras DS
mutation N { S

\

downstream

ACTIVE  signaling

Flgers LX1 Thae Balagy of Canrm (0 Garland Clmnre 2007)

* Glyl2 and GIn61 interact with GTP
* mutations in either of these residues block
GTP hydrolysis



RAS downstream signals
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RAS and MAPK signaling

Ligand

Tyrosine kinase receptor
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UNDRUGGABLE ONCOGENES : RAS

P 3o

/ GAP complex \ RAF complex
Ll

PI3K complex

Nature Reviews

The RAS Initiative

More than 30 percent of all human cancers - including 95
percent of pancreatic cancers and 45 percent of colorectal
cancers — are driven by mutations of the RAS family of genes.
NCI established the RAS initiative in 2013 to explore innovative
approaches for attacking the proteins encoded by mutant forms
of RAS genes and to ultimately create effective, new therapies
for RAS-related cancers.

TABLE 1 | SELECT KRAS PROGRAMMES

Drug

AMG 510

MRTX849

JNJ-74699157/
ARS-3248

BI 1701963

mRNA-5671

G12D inhibitor

RAS(ON)
inhibitors

NA

NA

NA

BBP-454

Company

Amgen

Mirati
Therapeutics

J&J and
Wellspring
Biosciences

Boehringer

Ingelheim

Moderna
Therapeutics

Mirati
Therapeutics

Revolution

Medicines

Bayer

Sanofi/X-Chem

X-Chem

BridgeBio
Pharma

Properties

G12C inhibitor?

G12C inhibitor?

G12C inhibitor?

KRAS-SOS1
inhibitor

Cancer vaccine for
G12C, G12D,
G13D, G12V

G12D inhibitor

Tri-complex
inhibitors of
mutated GTP-
bound KRAS

KRAS-SOS1
inhibitor

G12C inhibitor

G12C inhibitor, for
active and inactive
KRAS

Pan-KRAS

inhibitors

Status

Phase I/ll, monotherapy
and with PD1 blocker

Phase I/l

Phase |

Phase |, monotherapy
and with MEK inhibitor
trametinib

Phase |, monotherapy
and with PD1-blocker
pembrolizumab

IND-enabling studies in
2020

Preclinical

Preclinical

Preclinical

Preclinical

Preclinical



Fig.1: The RAS signalling pathway and therapeutic approaches to target this pathway
in cancer.

From: The current state of the art and future trends in RAS-targeted cancer therapies
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Targeting MYC

Currently, no drugs are available

A genetic construct called OMOMYC was developed as a peptide inhibitor

>

1. Omomyc dominant species on EBox DNA
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c-Myc
y Max
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3. Omomyc promotes c-Myc degradation

> Cancer Res. 2002 Jun 15;62(12):3507-10.

Omomyc, a potential Myc dominant negative,
enhances Myc-induced apoptosis

Laura Soucek 1, Richard Jucker, Laura Panacchia, Ruggero Ricordy, Franco Tatd, Sergio Nasi



CMVITA Kras;

+ doxycycline TRE-Omomyc; Riae:
CMVItTA ’

— doxycycline TRE-Omomyc;

CMVIrtTA
+ doxycycline
b CMVItTA Kras; Kras;
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CMVItTA CMVItTA

— doxycycline + doxycycline

L Soucek et al. Nature 000, 1-5 (2008) doi:10.1038/nature07260



OMOMYC clinical trail

Phase 1/2 Study to Evaluate Safety, PK and Efficacy of the MYC-Inhibitor OMO-103 in Solid Tumours (MYCure)

ClinicalTrials.gov Identifier: NCT04808362

The safety and scientific validity of this study is the responsibility of the study sponsor and investigators.

A Listing a study does not mean it has been evaluated by the U.S. Federal Government. Read our Recruitment Status @ : Active, not recruiting
. . . First Posted @ : March 22, 2021
disclaimer for details.

Last Update Posted @ : September 28, 2022

View this study on Beta.ClinicalTrials.gov

Sponsor:
Peptomyc S.L.

Information provided by (Responsible Party):
Peptomyc S.L.

Study Details Tabular View No Results Posted Disclaimer  [] How to Read a Study Record

Study Description Goto | v |

Brief Summary:
This study is an open label, two-part, First in Human (FIH) Phase 1/2 dose-finding study designed to determine the safety, tolerability, Pharmacokinetics (PK), Pharmacodynamics (PD) and proof-of-concept (POC) of OMO-103 in patients with advanced solid tumours.

Condition or disease @ Intervention/treatment @ Phase ©
Advanced Solid Tumors Biological: OMO-103 Phase 1
NSCLC Phase 2

Triple-negative Breast Cancer

CRC



Exercises

https://www.nature.com/articles/s41586-019-1694-1



https://www.nature.com/articles/s41586-019-1694-1

