Cancer Biology |
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Week 12




AGENDA

Dec 1st; Cancer Therapies — chemo and targeted therapies
Dec 8t": Introduction to immunotherapies

Dec 15%": discussion of unclear points and career development discussion towards a
PhD

Dec 17%: Exam 2-4 PM (room to be decided)



Did we improve cancer treatment in the
past 10-20 years?



HOW DO WE TREAT CANCER?
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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
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HOW DO WE TREAT CANCER?

LOCALIZED DISEASES

METASTATC DISEASES

Single or combine approaches —
Curative

Single or combine
approaches IMMUNO

Palliative THERAPIES :




TUMOR GROWTH

How many cells are needed for the tumor to be detectable?

1 Million

10 Millions

1 billion



TUMOR GROWTH

Detection of the tumor

1 clone = 10°cells > 1072 cells

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

Compared to normal cells:
« 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

Intermediate Low

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

About 20 molecules are classified in 5 mechanisms of action
Represent 95% of anti-cancer prescriptions



TUMOR GROWTH

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

The cell "double checks” the
duplicated chromosomes for
errar, making any needed

Cell cycle arrest

Antimetabolites
Toipomerase inhibitor



BLOCK CELL DIVISION:MITOSIS

MICROTUBULES POISONS:

VINCRISTINE/VINBLASTINE PACLITAXEL/TAXOLO




MICROTUBULES

Interphase Prophase Metaphase

’




VINCRISTINE/VINBLASTIN

VINCA ALKALOIDS:

Inhibit the microtubules assembly/polymerization
Arrest mitosis in metaphase

NORMAL MITOSIS CELLS TREATED WITH VINBLASTINE

(b) Vinblastine

AR

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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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 the apoptotic program



TOPOISOMERASE I TOPOISOMERASE II

§ LB v —y wp A b e
5 DNA

‘REPLICATION
| S -

R

MUTAGENESIS ’ RECOMBINATION

p53 is 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
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INHIBITION OF DNA SYNTHESIS

ANTIMETABOLITES: Inhibits production of Thymidine.

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

2 i .. & . requiredto generate thymidine for DNA synthesis
0 X" XY

thymine  5-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 DHF
synthesis| <~~~ dTMP
— THE 7 |
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

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, prednisclone

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



Which are the limitations associated with
chemotherapy treatments?



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: SIDE EFFECT

Stem cell in the GUT
TOXICITY/INTESTINAL PROBLEM

f

Stem cell in the bone marrow
ANEMIA/RISK OF INFECTIONS

|| A Stem cells in the hair follicles
Dermal’____/ 4 e rrector
e [ ) VIS i LOSS OF HAIR

follicle

niche




How can we limit chemotherapy toxicity
but maintain its efficacy?



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

r — Antibody Guidance system for

cytotoxic drugs

Bridge between antibody
--------------------- and drugs and to control

o the release of drugs

spiy inside cancer cells

Linker

e I___ Cytotoxic drug  Warhead for destroying

cancer cells

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
Cytotoxic payload 4~ :
Linker

Targeted drug
delivery

4

I =

Antibody-drug Recycling of antigen or
conjugate tigen-Ab complex

Bystander effects
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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)
6,0007 | —— Enfortumab vedotin (Nectin-4)
5,500 Trastuzumab emtansine (HER2)
50004 | T Brentuximab vedotin (CD30)
' — Sacituzumab govitecan (TROP2)
‘g‘ 4,500 | —— Polatuzumab vedotin (CD79b)
L 4,000 | — Belantamab mafodotin (BCMA)
E 3,500 - Inotuzumab ozogamicin (CD22)
o —— Moxetumomab pasudotox (CD22)
S 3,000 | —— Cetuximab sarotalocan (EGFR)
o 2,500
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1,500 L —
1,000
500
2019 2020 2021 2022 2023 2024 2025 2026

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.




LIMITATIONS

* RESPONSE AND RELAPSE

« RESISTANCE



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

Irradiated cells Irradiated cells
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Lowe et al. 1993: p53 modulates apoptosis and cytotoxicity
of Anticancer Agents in vitro
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Lowe et al. 1994: p53 status and the efficacy of Cancer
therapy in vivo

Tuimar valume (e




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

Patient mic.
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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

 PIBK/mTOR

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
t(9;22)(q34;q911)

reciprocal
translation . 2
o %ﬁ Philadelphia
chromosome
22q-
22




BCR-ABL

BCR-22q11 ABL-9q34
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" BCR ABL =
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p210 [l - R ] [l
SH3SH2 SH1 NES
ol (] e
P-S/T Dbl-like PH CalB Gapgsc —1—' NLSNLSNLS DNA  actin
(SH2 -binding) TK domain binding binding

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

(B )

Charles Sawyers




COrwerall Swrvival, %

IMATINIB/GLEEVEC

Survival of CML Patients

Gleevec®

Interferon™

Chemotherapy®
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Months After Beginning of Treatment



Initial response to therapy
but then tumor relapse

Normal blood

Initial response to gleevec

°vv° p v -
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Tumor CML




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
plasmid DNA

introduced into
bacterial cell

several mutated copies of
BCRABL

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

bacterial cells



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

L >1 transfect HEK293T cells

@@ with the mutagenized

library for retroviral

i T sl production
T, 2 library of retrovirus

@ & @- vector particles carrying

% 4 : mutagenized BCR-ABL
e~ transduce BaF3 cells

St grown in presence of

— IL-3 with retrovirus vectors
bulk culture | soft agar culture
( IL-3 removed, 1

: 5 BaF3 cells now e o
5 M Gleevec g6 anidenion / - - ~ N——
Bcr-Abl "

{ {

.. - amplify each survivng

10 pM Gleevec [ b ..% colony separately

i {

isolate genomic DNA,

either rescue proviruses
or amplify the specific

region by PCR

for sequencing

}
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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

B-ColRecepeor ONAS
[ 3
, S Btk - d
e < = 5y &
o v o X
Bruton's ; ="
tyrosine
kinase (Btk) -

NUCLEUS Transcription Factors

N\

Transcription leading ™
ta 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(11922.3) 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 LB45F, R665W, and
plex karyotype ibrutinib, 420 mg S707Y mutations in

PLCy2 and C481S
mutation in BTK

6 75 2 del(17p13.1), 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

10 |
SKIN TUMOR e | R
08
o7
~70000 new cases every year 0s
Slage 1 (w5739
_ 0s \
g 04 \ \‘\\ Dage M (w1020
i i 03 \ S
Resistant to chemotherapies 02 -»
01 - Stage IV (oe1 155)
Clark Levels 0 12 3 4 6 6 7 8 9% 012134
Levell  Levelll  Levellll  Level IV Level V Survival (years)
Epidermis [ ,”
Papiliary dermis {2 ==

Papiltary-reticular -
dermal interface -

Reticular dermis—

Subcutaneous —— ;
tissue



COMMON GENOMIC LESIONS

3 Spontaneous DNA mutations
uvi
UVA I 'NRAS CDKN2A 1
BRAF PTEN AKT TPS3
Normal skin Nevus RGP - VGP Metastasis

@ ' %

CDKN2A, CDK4, PTEN, TP53

Heranie mutauons in numan ana mouse

APC PTEN NTAP
COKNRA APAF1
SYK CDH1
MGMT CDH2
1 RASSF1 |
L Epigenetic modulations
52% I | |10 |I Il I |  BRAF V600E
28% 1111 Il | NRAS
1.6% 1] HRAS
1.3% L[ i A e KRAS



RAS/RAF and MAPK

CO Growth factor

Receptor tyrosine kinase

v

Other
effectors

© 2012 American Association for Cancer Research

CCR Focus Aﬁ({
H H AACR o
Clinical 8
©2012 by American Association for Cancer Research Cancer Resea I'Ch




RAS AND BRAF V600E MUTATIONS
IN METASTATIC MELANOMA

RAS mutant cells BRAF(V600E)

NO INHIBITOR

EAS TP RA ( GDP




Vemurafenib Inhibits

BRAFV600E Kinase

40-60% of cutaneous melanomas are positive for mutations
in the BRAF gene

:
| 1{ BRAF V600OE mutation
comprises approximately 90%
of BRAF mutations

MEK —= ERK -= mf:,’;'mn \

i 63

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, Laura E. MacConaill, William C. Hahn, Matthew Meyerson,

Vemurafenib i plers el

Zelboraf JOURNAL OF CLINICAL ONCOLOGY

15 weeks

Post treatment

23 weeks

Post treatment




DISCOVER DRUG RESISTANCE IN THE LAB-3

Par C1C2 C3C4 C5
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Poulikakous et al. Nature, 2011



NO INHIBITOR

MECHANISM OF RESISTANCE

RAS mutant cells BRAF(V600E) mutant cells

EAS P ( GDP ( GDP

Tumor growth Tumor growth Tumor growth



THE DESIGN OF ANTI-CANCER DRUGS

Disease specific:

 Leukemia

 Lymphoma

« Melanoma

Pathway specific:

« APOPTOSIS

« CELL CYCLE

 PIBK/mTOR

SYNTHETIC LETHAL INTERACTION

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



COMMONLY ALTERED PATHWAYS
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PIBK-AKT-mTOR

Tyrosine kinase
receptor
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Proliferation, cell survival, angiogenesis

Nature Reviews | Drug Discovery



57 Mutated in cancer
© Biomarker (pathway readout)
© Phosphorylation

RTINSO T
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PI3K inhibitors/mTOR
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AKT inhibitors
Perifosine
MK-2206
GDC-0068

GSK690693

Rapalogues

(mTORC1 inhibitors)
Sirolimus
Everolimus
Temsirolimus
Ridaforolimus

mTORC1/2 inhibitors
INK128
AZD8055
0SI1-027

N OOCO
4EBPL

Apoptosis  Protein synthesis
Cell cycle Cell growth
Metabolism Cell proliferation

GFR (EGFR, HER2, MET, FGFR) ‘Monoclonal antibodies
Cetuximab (EGFR)
— Trastuzumab (HER2)
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~ Erlotinib (EGFR)

apatinib (EGFR/HER2)

Pan-PI3K inhibitors
_ XL147
 BKM120

- GDC0941

~ PI3K-mTOR inhibitors
~BEZ235 ——_
XL765 S
GDC0890
GSK1059615

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

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 PI3K$

BCR Antigen
CD79 extracellular
g ‘ 54"“2 S i‘_—*-’.,  intracellular
2 AKT
P|3K6 . m 5 MIOR
Y ol -
LY K P

X

Idelalisib Ibrutinib




MTOR inhibitor

MTOR= Mammalian Target Of Rapamycin
DRUG= RAPAMYCIN/Sirolimus

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




MTOR inhibitor

MTOR= Mammalian Target Of Rapamycin

@}—PTEN
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mRNA translation, cellular growth, proliferation Cell survival




MTOR inhibitor

MTOR= Mammalian Target Of Rapamycin

control + rapamycin

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

SIDE EFFECT: Immunosuppressant/ cardiac problem



MTOR inhibitors approved in the clinic

*Temsirolimus: An FDA-approved first-line
treatment for advanced renal cancer.

*Everolimus: Approved for certain types of
cancer, such as renal cell carcinoma, after initial
treatment with other drugs

Continue development of new mTOR inhibitor

AZDB0S5S
Letter Published: 18 May 2016 [ ]
Overconpmg mTOl.l resistance mutations withanew- ——— X Bivalet inhibitor
generation mTOR inhibitor screen s ,(\f* -
| . | ¥ o “\/

A, VidodlTUll M Rallivvd, £1all Tald, A0 . INUVULTY

Arpitha Banaji, Helen Won, Wai Wong, Mike Berger, Elisa de Stanchina, Derek G. Barratt, Sabina

Cosulich, Teresa Klinowska, Neal Rosen &9 & Kevan M. Shokat &

Kinase

mTOR FAT

Nature 534, 272-276 (2016) | Cite this article domain

39k Accesses | 422 Citations | 172 Altmetric | Metrics HEAT
repeats | M23271


https://www.google.com/search?client=firefox-b-d&q=Temsirolimus&mstk=AUtExfBjtbqdP7PqDZX4rclDwn9-rrtIQQbwz-G4h35HG5x5lqsTTIL6V3BoXNDPDsX8RmRUhQGYNFpvYk5zsk96IS9srqIvDx7ZRMu4u465_gQ8BzYRnGxMfQRL2FjS7NGbOe9wzGWpXyuGvSMeeN2LNnMSiY4-8eu6EEMDFGppnlEmVqvrdzE826rX8SFupczsMt0RV6NHDkou66WrerkLisY5-ZB4elNqs999b8oGlkFbrqDqCfQTaLEl3x8AcUsqRWfrbzT40ua7FkR20OtlJyIo&csui=3&ved=2ahUKEwiDkqyAlpyRAxV3xQIHHYArCoYQgK4QegQIBRAC
https://www.google.com/search?client=firefox-b-d&q=Temsirolimus&mstk=AUtExfBjtbqdP7PqDZX4rclDwn9-rrtIQQbwz-G4h35HG5x5lqsTTIL6V3BoXNDPDsX8RmRUhQGYNFpvYk5zsk96IS9srqIvDx7ZRMu4u465_gQ8BzYRnGxMfQRL2FjS7NGbOe9wzGWpXyuGvSMeeN2LNnMSiY4-8eu6EEMDFGppnlEmVqvrdzE826rX8SFupczsMt0RV6NHDkou66WrerkLisY5-ZB4elNqs999b8oGlkFbrqDqCfQTaLEl3x8AcUsqRWfrbzT40ua7FkR20OtlJyIo&csui=3&ved=2ahUKEwiDkqyAlpyRAxV3xQIHHYArCoYQgK4QegQIBRAC
https://www.google.com/search?client=firefox-b-d&q=Everolimus&mstk=AUtExfBjtbqdP7PqDZX4rclDwn9-rrtIQQbwz-G4h35HG5x5lqsTTIL6V3BoXNDPDsX8RmRUhQGYNFpvYk5zsk96IS9srqIvDx7ZRMu4u465_gQ8BzYRnGxMfQRL2FjS7NGbOe9wzGWpXyuGvSMeeN2LNnMSiY4-8eu6EEMDFGppnlEmVqvrdzE826rX8SFupczsMt0RV6NHDkou66WrerkLisY5-ZB4elNqs999b8oGlkFbrqDqCfQTaLEl3x8AcUsqRWfrbzT40ua7FkR20OtlJyIo&csui=3&ved=2ahUKEwiDkqyAlpyRAxV3xQIHHYArCoYQgK4QegQIBRAE
https://www.google.com/search?client=firefox-b-d&q=Everolimus&mstk=AUtExfBjtbqdP7PqDZX4rclDwn9-rrtIQQbwz-G4h35HG5x5lqsTTIL6V3BoXNDPDsX8RmRUhQGYNFpvYk5zsk96IS9srqIvDx7ZRMu4u465_gQ8BzYRnGxMfQRL2FjS7NGbOe9wzGWpXyuGvSMeeN2LNnMSiY4-8eu6EEMDFGppnlEmVqvrdzE826rX8SFupczsMt0RV6NHDkou66WrerkLisY5-ZB4elNqs999b8oGlkFbrqDqCfQTaLEl3x8AcUsqRWfrbzT40ua7FkR20OtlJyIo&csui=3&ved=2ahUKEwiDkqyAlpyRAxV3xQIHHYArCoYQgK4QegQIBRAE
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Cell Cycle Inhibition

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

o1l = I‘Jfr;.\f':

S = DNA reghicutaon
G2 = growth 2

M = melosis

GO = quisscento {(not

SrowIng. kel suniving)

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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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 CCNEI1- CDKN2A PIK3CA |_Q p_l AURKA BRCA2 |Q*
PTEN - I-Q DNA
Erk CCND1- p AKT CCND1- AKT Q Mitosi
CDK4-CD 4 itosis  double-stranded
AKT I—Q K4-CDK6 I-Q -I Rb p-l CDK4-CDK6 I- (Z)L:eai;::)r;ire
mTOR I-Q b BRD4 |—Q o BRD4 |—Q
* 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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RAS: Oncogene

Ras is a family of proteins including K-RAS, H-RAS, N-RAS
G TPase 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 Ras by GEF

and Ras P, |

inactivation . .
induced by GOF GEF Guanine nucleotide
N exchange factors
"GAP | (SOS protein)

GTPase
activating protein
(NF1 protein)

ly

/lr|\\\-\

E T

downstream
ACTIVE signaling

—



ATP or GTP

Kinase transmission signal RAS-GTPase signal
—
SIGNAL SIGNAL
IN IN 5” '.
P P
ATP protein protein ‘GDP GTP GTP
kinase phosphatase binding hydrolysis
ADP GTP
P - l\\\ \\
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ouTt ouT
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PROTEIN PHOSPHORYLATION



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
- _ activation triggered
Ras \ by GEF

blockage _
caused by’\ - .
oncogenic ~ Ras

mutation ! \
downstream

ACTIVE signaling

Flgere LX1 The Birkagy of Canre (6 Garland Wlmnre 7007T)

* Gly12 and GIn61 interact with GTP
* mutations in either of these residues block
GTP hydrolysis



RAS downstream signals

!
PI3K

|
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I | 1
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Figure 6-14 The Biology of Cancer (© Garland Science 2007)
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RAS and MAPK signhaling

Ligand

Extracellular Tyrosine kinase reccptor
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UNDRUGGABLE ONCOGENES : RAS

2016 Obama administration launch Cancer Moonshot

P ey
/ GAP complex \ RAF complex
4
RAS-GDP RAS-GTP

(on)

PI3K complex

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

Bl 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-S0S1
inhibitor

Cancer vaccine for
G12C, G12D,
G13D, G12V

G12D inhibitor

Tri-complex
inhibitors of
mutated GTP-
bound KRAS

KRAS-S0S1
inhibitor

G12C inhibitor

G12C inhibitor, for
active and inactive
KRAS

Pan-KRAS

inhibitors

Status

Phase I/Il, 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




Exercises

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