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Terapia personalizada

= Utilizacion de herramientas gendmicas para la identificacion
de dianas terapéuticas es una aproximacion finita.

= Especifica de alteraciones de ganancia de funcion (GoF)
===) Oncogenes (| % de genes implicados en céncer).

= Limitaciones: mutaciones en genes supresores que generan
pérdida de funcion (LoF) o alteraciones “drivers” no tratables

farmacologicamente.
= Células tumorales reconfiguran sus circuitos genéticos para
— eliminar la dependencia genética de estas diana.

U

Aproximaciones experimentales distintas
para definir otros enfoques terapéuticos.



https://www.cancer.gov/about-cancer/treatment/types/targeted-therapies
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Letalidad sintética

First description
of synthetic lethality
by Calvin Bridges.
Based on observations
made in fruit flies

1922

Calvin Bridges

I
1946

The term “synthetic
lethality " was coined by
Theodore Dobzhansky

x x *Sylmhetk
Lethality
Theo Dobzhansky

&a

Synthetic lethal interactions

and C, elegans

Development of CRISPR-based
studied in green algae, yeast, SEreens
2010s
2000s
2001

- First chemical synthetic lethal screen
im human cells
- First use of synthetic sikNA

2003
- First BNAL screen in human calls

i

Leung et al, 2016


https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-016-0546-y#Fig1
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Letalidad sintética

“Phenomenon in which non-lethal genetic mutations are innocous when they occur individually, but

which result in lethality to a cell in combination” (Dobzhansky T, 1946. Genetics)
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https://pubmed.ncbi.nlm.nih.gov/20985721/
https://www.science.org/doi/10.1126/science.aam7344
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PARPi en tumores defectuosos para “DNA damage repair”

., DNA damage
\  (DSB)

Normal cell BRCAI1/2 Mutant

BRCA1/2 Mutant
tumor cell

BER,
tumor cell

SSB repair
Replication

Collapsed replication fork,
double strand break (DSB)

l
v v
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¥ Homology (>20 bp), Sister chromatid

- - _ End-protection Microhomology (<25bp)  overhang resection (S, G2)
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pathways (altemate) Dt o) et s DNA-PKcs PARP1 XPF/ERCC1 BRCA1/2
Artemis Pol6 RADS52 BAP1
: Ligase 4 BARD
HR-mediated NHEJ-mediated colzizéﬁiggﬁfzion i
DHATERIF ONNA repair forks and resultant DSB

Cell death

Nonhomologous end joining (NHEJ), ALT-EJ, SSA: error prone, mutagenic HRR: error free

* Inhibicidn de la actividad catalitica (rutas BER, NHEJ y ALT-EJ)
* Inmovilizacion del complejo al DNA (trapping).

Lord et al, 2017 Science
Chandrasekaran A et al, 2020 Mol Cancer Ther



https://www.science.org/doi/10.1126/science.aam7344
https://mct.aacrjournals.org/content/20/11/2117.full
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Resistencias terapéuticas a PARPI

Germline BRCA Mutation
100

~
v
1

Progression-free Survival (%)
vl
o
1

Hazard ratio, 0.27 (95% Cl, 0.17-0.41)
P<0.001

Niraparib

oy Placebo

254
O 1 1
0 2 4
No. at Risk
Niraparib 138 125 107
Placebo 65 52 34

T T T T T T T 1
6 8 10 12 14 16 18 20 22 24

Months since Randomization

98 89 79 63 44 28 26 16 3 1
21 12 &8 6 2 2 2 1 1 0

Mirza MR et al, 2016 NEJM
Mateo J et al, 2019 Ann Oncol
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https://www.nejm.org/doi/full/10.1056/nejmoa1611310
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6771225/
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Carcinoma ovarico: letalidades sintéticas distintas de PARP

Target Trial

Phase Design

ATR NCT02487095
NCT04616534
NCT02627443

Chkl/2 NCT02203513
NCT02797964
WEE1  NCT02101775

PI3K NCTO04711161
NCT03719326

Akt NCT04374630
PROFECTA I

p53 NCT03113487
NCT02272790
NCT04489706

ARIDIA NCT04493619

1/1l Trial of topotecan with ATRi VX-970 (M6620) in OC

| Gemcitabine combined with the BAY 1895344 ATRI with expansion cohorts in advanced OC

| Dose escalation and expansion cohort of carboplatin and gemcitabine with or without ATRi berzosertib
M6620 (VX-970) in first or second recurrence platinum-sensitive EOC

Il Study of the Chk1/2 inhibitor (LY2606368) In BRCAI/2m HGSOC

1/ Chk1 inhibitor (SRA737) administered orally in BRCAI/2m advanced OC

Il Randomized trial comparing gemcitabine monotherapy to gemcitabine in combination with WEET1 inhibitor
(MK-1775) in recurrent platinum-resistant EOC

I/lb Evaluation of the safety, pharmacokinetics and efficacy of GRN-300, a salt-inducible kinase inhibitor, alone
and in combination with paclitaxel, in recurrent OC

I/lb Dose-escalation, and dose-expansion study to evaluate the safety, tolerability, pharmacokinetics and clinical
activity of etrumadenant (AB928) in combination with pegylated liposomal doxorubicin (PLD) with or
without PI3K inhibitor IPI-549 in OC

Il Study to assess the efficacy and safety of Akt inhibitor afuresertib plus paclitaxel vs. paclitaxel in platinum-
resistant OC

Il Modified vaccinia virus ankara vaccine expressing p53 and pembrolizumab in recurrent OC

Il Study of adavosertib plus chemotherapy in p53 mutated platinum-resistant OC

N/A  Trial to evaluate the efficacy, safety, and tolerability of arsenic trioxide in recurrent metastatic OC with P53
mutation

1/1l Study of BET inhibitor PLX2853 monotherapy in ARID1A-mutated advanced gynecologic malignancies and
study of PLX2853/carboplatin combination in platinum-resistant EOC

Abbreviations: bid, twice daily; HRD, homologous recombination deficiency; IP, intraperitoneal; IV, intravenous; OC, ovarian cancer; po, orally; gd, once daily.

Chandrasekaran A et al, 2020 Mol Cancer Ther



https://mct.aacrjournals.org/content/20/11/2117.full
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Optimizacion de aproximaciones terapéuticas basadas en LS.

Altered gene Target gene
(biomarker) (unaltered)
Loss-of-function —Sa—=
genetic alteration Translation v, Inhibition
4
Transcription
Evaluacidn prospectiva de A ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
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: Effect size 4 Gene expression
(BRCA1/2, RB1, MTAP) i 3
LOH frecuente en largos respondedores % % K %or % % : Y
2z =
Monoallelic Biallelic E H E g
Significado biologico varia en B

3 I I | I
o . . Preval . : j
funcidn del linaje del tumor y jl> 2; | s s 3 tj Nnedv
del contexto genético §‘ i I i |
= : :
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‘ o o o 1 Geneti
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obus '

Setton J et al, 2021 Cancer Discov T ‘



https://pubmed.ncbi.nlm.nih.gov/33795234/
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Aproximaciones para la identificacion de letalidad sintética

Table 1. Summary of common synthetic lethal screening approaches and their advantages and limitations

Synthetic lethal
screening method Advantage Disadvantage

Yeast screens ® Simple genome and easy genetic manipulation ® |nability to reflect the complexity of the
mammalian/cancer genome

Drug screens ¢ Easily translated to clinical practice ® Variable drug specificity
® Drug target sometimes unknown
® | imited to ‘druggable’ genes

RNAI screens ® May be transcript specific ® Difficult to achieve complete gene knockdown
® Ability to target any gene within the genome ® Potential toxicity of siRNA knockdown
® Possibility of being performed in vivo ® | ess specific than CRISPR (off-targets)
CRISPR screens ® Possibility of achieving complete genetic knockout e Off-target effects
® Ability to target both transcribed and untranscribed regions ® Possibility of poor guide efficiency at inducing
® Possibility of being performed in vivo knockout

® Failure of gene knockout to recapitulate drug
inhibition of the target

Bioinformatic ® Able to utilize data from a wide range of sources, ® Generates long lists of potential SL pairs requiring
approaches both from experiments and sequencing data extensive experimental validation

Thompson N et al, 2017



https://pubmed.ncbi.nlm.nih.gov/28097822/
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Gene Chromosome  Cellular process and mechanism In vitro In vivo Cancer type Reference

ARID1A | 1p36.11 Target SWI/SNF complexes, which requlste chromatin remodeling, SWI/SNF H1299, H2023, H2030 Smarcad-geficient Lung cancer 134] Chromosome 9p21
complexes are involved in controlling the cell cycle, DMNA replication, and repairing genetically engineered de'eted in 15% of cancer
DMNA damage. mouse PPrTEr e

ATM 11g22.3 Activates cell cycle checkpoints; recognizes damaged DMNA and triggers ATM- KC (850, 6059, 8878), AKC AKC, KC, and SCID Pancreatic cancer 35 "
medizted DNA damage response pathway to repair damaged DMNA strands. (995, 5615, 5980, 5982) maouse MTAP enzyme iIs lost

ATR 3g23 Cell cycle checkpoint signaling activation upon DNA stress and triggers ATR- Human-derived CLL and Primary CLL xenograft | Leukemia [38, 37]
mediated DMNA damage sensing. Mecl cell line mouse

BRCAT | 17g21.31 Repair DNA double-strand breaks via ubiguitination, transcriptional regulation, A2T80, HEK293, SUMT49PT | N/A Qwvarian cancer [38]
and hemologous recombination. @ MTA accumulates

BRCAZ | 13gi134 Repair DNA double-strand breaks via ubiguitination, transcriptional regulation, PL2F7, ¥Y3308Y BRCA-deficient mouse | N/A [39] @ e @
and homologous recombination. @

coce 17g21.2 Initiation of DNA replication; regulates cell cycle. HCT-116, HKE-3 KRAS-induced lung Lung cancer [40,41] = e

cancer mouse MTR-1P MTA inhibits PRMT5

CoK1 10g21.2 Regulate cell cycle (G1/5 and G2/M phase transitions). LIM1215, SW45 KRAS-mutated mouse | N/A [42] ‘"'"ﬁ'M’_‘I;g"-

coK2 12gi3.2 Regulate cell cycle (G1/5 phase transition). HACAT MA /A [43, 44]

COK17 | 12g23.41 Serine-threonine protein kinase; regulate G2/M phase transition. Hela, K562, MCF10A, MDA- | N/A Breast cancer 45

MB-231, RPE1

CHEKT | 11g24.2 Serine-threonine protein kinase; triggers cell cycle arrest in response to DNA PED14, PEOZ23, SKOV3 SKOV3 xenograft Owarian cancer [48]
damage; integrate signals from ATR and ATM; phospherylation of CDC25A to mouse
delay cell cycle progression following DMNA double-strand breaks.

CHEKZ2 | 22g124 Serine-threonine protein kinase; triggers cell cycle arrest in response to DNA Cal27, HM30, HN31, 5CCa1, | N/A Head and neck [47] . .
damage; integrate signals from ATR and ATM: phospharylation of CDC254 to UMSCCITA cancer SAM Methionine
delay cell cycle progression following DMNA double-strand breaks.

GATAZ 39213 Zinc-finger transcription factor; regulate transcription genes. AS49 H226, HLTTO2 AS549 xenograft mouse | Lung cancer [48]

KRAS 12pi2a Transcriptional activator that regulates endothelial cells endothelin-1 gene A48 Ha41 AS549 xenograft mouse | Lung cancer [48, 507
expression. at SL .

MRETT | 11g21 MRM complex compeonent; DMA double-strand breaks repair via nonhemelogous | V-C3 MA /A [31]
end-jeining and homologous recembination activation in ATM-mediated
checkpoint. OR

MYC 8q24.21 Regulate cell cycle progression, transcription, and apoptosis. Kelly, BE-2C, MLF, SK-MN-AS, BALB/c nude mouse MNeurcblastoma 52, 53]

SHEP, MYCH-ER S
. s

NEN 8g21.3 MRMN complex component; DNA double-strand breaks repair via nonhomelogous | B220, Gr-1, Mac-1 MWbn-mutated mouse | Leukemia 54 Oodm 1P SWI/SNF PRC2 "" ..l
end-joining and homelogous recombination activation in ATM-mediated o ‘X c | C I L
checkpoint. N . omplex omplex.

. -

PAKZ ¥g23 Serine-threonine protein kinase; regulates cell cycle, cell migration, and apoptosis. | CaSki, Hela, HFK, SiHa MA Cervical cancer 55 ‘ '-,. e < A B =

PARFT  gdidzZ Regulate cell proliferation and differentiation; repair DMA single- and double- DLD-1, HEK293FT, KB1P-G3, | BRCAZ-mutated mouse | Breast and ovarian | [36] OR Chromatin Histone
strand breaks. KB2P, SUM149PT, U20S cancer .; ARID1B Remodeling Modification

PLK1 16pi2.2 Serine-threonine protein kinase; regulate cell proliferation and apoptosis; triggers | A549, H441, H522, T29 BALB/c and C57BL/E Lung cancer [57]

G2/M transition. nude mouse

RADS0 | 5g31.1 MRM complex compenent; DMA double-strand breaks repair via nonhemelogous | 01241, L1240, Q1262 WT MA Metastatic small [38]
end-joining and homologous recombination activation in ATM-mediated cell cancer
checkpoint.

RAD51 | 15g15.41 Repair DNA double-strand breaks via homelogous recombination. Hela, K562, M059, U205 MA M/A 59

TR53 17p13a Major tumer suppresser; regulate cell cycle, senescence, and apoptosis. C4-2 LNCaP, U205 NSG mouse Prostate cancer [60, 1]

538P1 | 15g15.3 Repair DMA double-strand breaks by promoting non-homaologous end-joining DOHHZ, G452, HCC1187 NOD, NSG, and SCID Lymphoma [62, €3]
pathways while limiting hemaologous recombination. oCl-L 19), SUDHL-§, | mouse

2832, VAL
WEE? 11pi54 Serine-threcnine protein kinase; regulates G2/M checkpoint via CDC2 inhibition, MCF7, MDA-MB-231, T-47D, | Breast cancer Breast cancer [B4]

Zr-75-1

xenograft NSG mouse

Deleciones en MTAP (proximal a
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CDKN2A)

* 15% de los tumores y 50% en

Vulnerabilidades: inhibicion de
PRMT5, MAT2A y RIOK1

Remodeladores de cromatina
SMARCA4 (BRM) mutado en 20%

glioblastomas.

de los tumores.

ARID1A, mutado en 50% de los
carcinomas ovaricos.

Vulnerabilidades: SMARC2 (BRG1),
ARID1B o EZH2.

Topatana W et al, 2020 J. Hematol. Oncol.

Chen ES et al, 2018 Cell. Mol. Life Sci.

Marjon K et al, Cell Rep 2016



https://jhoonline.biomedcentral.com/articles/10.1186/s13045-020-00956-5
https://link.springer.com/article/10.1007/s00018-018-2866-0
https://pubmed.ncbi.nlm.nih.gov/27068473/
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Screenings genomicos basados en CRISPR

= Molecular characterization of
>1,000 pan-cancer cell lines
(DNA, RNA, methylation, RPPA)

CRISPR gene dependency
screens

Project Score/
Wellcome Sanger

Project Achilles/
Broad Institute

= Drug response data for =500
compounds in 1,000 human
cancer cell lines

* PRISM: pooled drug-sensitivity
screen in barcoded cell lines
* CTRP: arrayed drug-sensitivty

screen; 481 compounds, 860 lines

Cancer Dependence Map Initiative

Pan-cancer cell line
characterization

Cancer Cell Line
Encyclopedia (CCLE)

Combined analysis:

* Genome-wide CRISPR screens
in 786 cell lines representing 42
cancer types

+ 1,017 candidate genetic
dependencies (1% FDR)

Drug-sensitivity
screens

GDSC/
Wellcome Sanger

PRISM/CTRP
Broad Institute

Validation ’ ’ ‘

Academic Cancer DepMap
( centers ) [ consortium ][ Industry ]

Drug synthetic lethality screen

Virus-encoded ‘fj; %} {g}

shRNA or gRNA

—Drug + Drug
[ Culture to select [
Bar codes — —
recovered from —
cultured cells — —

Depleted bar code identifies
drug synthetic lethality

Genotype synthetic lethality screen

Virus-encoded {Rﬂ‘ ’@} ’«iﬁ‘
shRNA or gRNA *
B g

Ae\

- Cancer mutation + Cancer mutation

Culture to select

Depleted bar code identifies
genotype synthetic lethality

Setton J et al, 2021 Cancer Discov
Beijersbergen Rl et al, Annu. Rev. Cancer Biol. 2017



https://pubmed.ncbi.nlm.nih.gov/33795234/
https://www.annualreviews.org/doi/10.1146/annurev-cancerbio-042016-073434
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Screenings de CRISPR knockout
acoplados a técnicas —Omicas
(mapas protéicos).

KRAS en carcinomas de pulmoén

(Kelly MR et al, Cancer Discov 2020)

Vulnerabilidades: RADIL y RIN1

Definicion de reguladores de

respuesta inmune en tumores.

- Melanoma, PTPN2 (Manguso RT et al, Nature 2017)

- CD8+ T cells (Dong MB et al, Cell 2019)

la
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Methods
Affinity Purification/
Mass Spectrometry

CDKO Screening

Networks

Validation

Scouting PPI Network
(HEK293)

Gl network (A549 & H23)
119x119 genes

Extended PPI Network
(A549)

Cell Biology &
Functional Assays

: D
@:@ Migr'ation
Endoéytosis

Sublibrary Screening Susceptibility Validation

(9xNSCLC lines) Spheroid Growth
20%20, 25%25 genes ;

Apopiasis
Measurement
)0 e

a Context discovery screen

CRISPR context library (such
as tumour suppressor genes)

b Target discovery screen

CRISPR druggable
genome library

Syngenic tumour cells

Mutant

Syngenic cells with
defined immune evasion
context mutation

] === ==
[— |
 —
(]

.
—/
Genes that confer immune

evasion are enriched in
immunocompetent mice

|
|
i | Increasing
immune
pressure

Immuno-
competent
+anti-PD1

—

Immuno-
competent

Genes that reverse context-
dependent immune evasion
are depleted in mutant cells
Immuno- but not wild-type cells

compromised



https://pubmed.ncbi.nlm.nih.gov/28723893/
https://pubmed.ncbi.nlm.nih.gov/31442407/
https://pubmed.ncbi.nlm.nih.gov/32727735/
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* Aunque el descubrimiento de fendmenos de letalidad sintética se ha acelerado, la
aplicacion clinica en la actualidad es limitada.

* Necesario aclarar como las dianas definidas y su contexto genético condicionan la

respuesta clinica, asi como identificar marcadores propios de inactivacion bialélica en
TSGs.

* Latecnologia CRISPR, y las herramientas de analisis “single-cell”, presentan suficiente

potencial para abordar la heterogeneidad tumoral propia causante de resistencias
terapéuticas primarias.



