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Oncogenic signaling pathways in cancer
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RTK signaling in cancer
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RTK signaling in cancer
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ion in cancer

Genetic mechanisms of RTK activat

Alteration frequencies
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Epigenetic control of transcription
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Features of transcription modules
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Genetic-epigenetic interaction in cellular context-dependent tumorigenesis

Cancer

Tumor extrinsic factors

A / ‘ /})err‘anf
Oncogenic ) signaling

transformation

Three main themes:
* Oncogenic TF networks.

Cancer progression / . Chr'oma‘rin. modifiers complex
Therapeutic response \ \ perturbations.
v \ ‘\ 7\ « 3D chromatin organization and
Tumor intrinsic factors \ V % alternative promoter usage in
y cancer.
Chromatin I '
(2D, 3D) - -

Memorial Sloan Kettering Sarcomas (6IST, MPNST, Angiosarcomas, etc.),
Cancer Center Melanomas (uveal, cutaneous), others



Gastrointestinal stromal tumor (GIST)

Management:

* Surgery mainstay treatment

* Recurrence or metastatic disease - fatal

* Refractory to chemotherapy and radiation

* Imatinib is the first line therapy for past 25 years

+ ~5,000 cases diagnosed per year in the US.

* One of the most common subtypes of soft tissue sarcomas, the most common mesenchymal neoplasm in
the GI tract.

* Can arise anywhere from the entire GI tract; stomach is the most common primary site (2/3), then small
bowel (1/4), esophagus/colon/rectum (the rest).

*Originates from Interstitial Cells of Cajal (ICCs).

*The majority of GISTs are characterized by KIT or PDGFRA activating mutations, other mutations
include BRAFV600E, NF1 loss, SDH-deficiency, etc.

*Peak incidence 50-65-year-old for sporadic GIST. Familial syndromes with early onsef.

yrial Sloan Kettering
T Center..



GIST originates from ICC naturally express KIT

* Originates from the Interstitial Cells of Cajal (ICCs) of the GI tract
* Characterized by KIT positive IHC and activating mutations in KIT or PDGFRA

Interstitial Cell of Cajal (ICC)-
Pacemaker cells of the GI tract

‘I__'.r-\.".—-i""

Memorial Sloan Kettering
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EFFICACY AND SAFETY OF IMATINIB MESYLATE
IN ADVANCED GASTROINTESTINAL STROMAL TUMORS
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Figure 1. Kaplan—Meier Estimates of Overall Survival and Time to Treatment Failure for All Patients.
Each arrowhead represents the point at which a patient’s data were censored.
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Imatinib (Gleevec)-FDA approved as 1 line therapy for GIST 2002!
1s* targeted therapy in solid tumor.
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Molecular characterization of GIST

No therapies
available |

Klug LR et al., Nat Rev Clin Oncol, 2022
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Blay JY et al

., Nat Rev Dis Primers, 2021

Gastric GIST (60-65 %)

» KIT exon 11 mutation: 54-60%

» KIT exon 9 mutation: <5%

* PDGFRA exon 18 mutation: 15-18%
* Other mutations: 10-12%

Smallintestine GIST (20-35%)
* KIT exon 11 mutation: 43-50%
= KIT exon 9 mutation: 20-25%
* PDGFRA mutation: 5-7%

* Other mutations: 8-10%

Rectal GIST (3-5%)

* KIT exon 11 mutation: 70-80%
= KIT exon 9 mutation: 10-15%
* Other mutations: 5-10%

Memorial Sloan Kettering
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Clinical challenges- heterogeneous imatinib resistance mechanisms

14% - Primary resistance; 50% - Develop imatinib resistance within 2 years

Polyclonal Resistance
Primary Protein Secondary Drug sensitivity y ~
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Figure 4 | Secondary mutations in KIT and their drug zensitivities. Acomparison of

Resistance Mechanisms:

1. Various secondary mutations (50-65%)

2. Genomic Amplification of RTKs

3. Activation alternative signaling pathways

4. Kit-low, imatinib-resistant GIST stem/progenitors
5. Tumor adaptation and persistence of disease

Memorial Sloan Kettering 6. Tumor heterogeneity and polyclonal resistance
Cancer Center 7. Others...



Molecular pathogenesis of GIST
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Familial gastrointestinal stromal tumor (GIST)
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Familial GIST mouse models
(Kit vbb8del, K641E, D818Y)

Control Kit*/* KitA558/+

Large Intestine Large Intestine
ICC-SMP
ICC-IM
ICC-MY

Sommer G et al, PNAS 2003; Rubin BP et al, Cancer Res 2005; Nakai N et al, J Pathol 2008: Kwon JG et al, Gastroenterology 2009
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ETV1 is differentially highly expressed in GIST
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ETV1 is expressed in specific ICCs susceptible to oncogenesis

Chi P, Chen Y, et al, Nature, 2010

Memorial Sloan Kettering
Cancer Center.



ETV1 is required for the development of ICC-IM /ICC-MY networks

[ ] ICC-SMP plane

[ ] ICC-MY plane

Kit whole-mount (ICC-MY Plane) Kit whole-mount (ICC-SMP Plane)
Etvl+/* Etvl-/- Etv1++ Etvl-/-

Memorial Sloan Kettering

Chi P, Chen Y, et al, Nature, 2010 Cancer Center-




ETV1 is required for GIST growth and survival

GEMM: KitA558/+
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Transcriptional upregulation of KIT by stabilized ETV1

6157882 cells Excised 3T3 allograft tumors
Imatinib (500nM) Binimetinib (1uM) :%: Vector
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How does ETV1 regulate lineage-specific oncogenic transcriptome in cancer?

*6IST (ICC/GIST lineage-specific)
*Prostate Cancer (Prostate lineage-specific)
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Enhancers define cell lineage

Stem/progenitor cells

l Gain competence

ChIP-seq (Chromatin immunoprecipitation- next gen seq)
ATAC-seq (Chromatin accessibility)

Poised enhancers (class [)
developmental competence

Lineage differentiation
l{responsible 1o signaling stimuli)

Prostate: X= AR
Breast: X=ER

Active enhancers (class Il)
Lineage specification/differentiation

T H3K4me ® H3ko7ac

Memorial Sloan Kettering
Adapted from Li and Huang, 2016 e i



ETV1 cistrome analysis

GIST Prostate Cancer
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FOXF1 functions as a “pioneer factor” that enforces lineage-dependency in GIST pathogenesis

\%nscripﬁon

(Mut)
KIT [ ETV1 ]

\/

Protein stabilization

Multilevel transcriptional requlation

+ Direct transcriptional activation of KIT

« Transcriptional regulation of
masterregualtor-ETV1 (Cistrome
regulation, Chromatin accessibility,
integrate with transcription)

GIST-High lineage addiction
« dependent on KIT/PDGFRA signaling
« <1% dedifferentiation in treatment-refractory GIST

Memorial Sloan Kettering
Cancer Center..



Synergy of combined MAPK and KIT pathway inhibition

GIST882 GIST882 xenografts
Imatinib (nM) O 62.5 125 1000 eVehicle
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Advantage of targeting lineage dependence:

Positive feedback *Bypasses multiple upstream resistance mechanisms

Li specifi
(Lincage -specific) *Break the positive feedback circuit of ETV1/KIT-
target KIT expression regardless of mutations
ERK/MAPK Negative Binimetinib
feedback regulators
(Shared)

*Block early adaptation and forestall resistance
development and induces enhanced depth of cytotoxicity

A phase Ib/II trial of imatinib plus binimetinib in advanced GIST
- Positive trial | Combination is also effective in SDH-deficient GIST

e

-t 4 _______ Chi, P, Chen, Y et al, Nature 2010; Ran L et al., Cancer Discovery, 2015, Memorial Sloan Kettering

2018; Xie et al, JCI 2018; Gupta A et al., Mol Cancer Ther, 2021 (ripretink Cancer Center..
6IST plus trametinib): Chi P et al., CCR 2022; Chi P et al., JCO 2022.



A novel oncogenic ALKA™ arises through de novo alternative transcriptional initiation
Alternative transcription initiation leads to expression of
5’RACE maps TSS Chr2: 29,446,750 a novel oncogenic ALK isoform in cancer
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8 [ ALk g a 2 - melanomas and sporadically other cancers.
MM_?4 (] | .I ] 1 1 1 ] 1 . . .
A g e e — ALKATT functions as an independent driver, can co-occur
% ﬂ%ﬁ B E = i - with BRAF/NRAS/KIT - mutant melanoma.
3 |fulllength ! A 3 .
— ALK I_I l 1 1 1 1 1 1 1 c
i 0 i i P = 1-19 C
E translocated ! ! ' a '% 168 -ﬁ?&n 19
L L o B =xon 20-29
B i igene exon 21 exon 20 intron 19 exon 19 exom g .
chr2: 29,445,000 29,446,000 29,447,000 29,448,000 29,449,000 $ 200
=
(1]
& 100
b ¢ EMLA-ALK  negative ‘g "
Domains: extracellular | transmembrane | c\élo lasmic ALK V1 V3 _ALK= dlil kg E & R g el
Eﬁs&adunﬁ aa) 19- 1933 ...1039-1059 1060 - 1620 —— 220 E Wt e 4
ALKW o W  Gly| .mEEI;=11?4L [_ALK-_'_._ 100 bg Q}tt‘ M
ALK, mutated  ryyoy Giy gl Kinase —1 === 75
ALK, translocated — Y — = b
SRR TG 1069 150
ALK altematwe transcriptional initiation e : p-ALKY0 .—!;, : 100
A Y—— [~ 75
Stant codon, residues (aa): 2 ATG, 1071 3. ATG, 1089 | k4 !ﬂ::-
IERESET %0

Wiesner T et al., Nature 2015

Tubulin -———--—--.--.__. 50

S AD b 0B
i R_\é\“xx%bﬁ& 2% AB 1 19‘?,

@%G

Drs. Klaus Busam, Michael Postow & Charlotte Ariyan

Memorial Sloan Kettering
Cancer Center



Alternative promoter usage in cancer

TR Tf:rerz_f_f_ Pan-cancer transcriptome analysis reveals pervasive regulation through alternative promoters
e ol omnm | + Estimation of promoter activity in 18,468 RNA-seq, 42 cancer types
i e « Alternative promoters display tissue-specific regulation and impact isoform diversity
- ... + Cancer associated promoters alter the transcriptome independent from gene expression
e WO O R L «  Patient-to-patient variation in alternative promoter is associated with survival
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e 1] A What regulates alternative promoter usage in cancer?
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Demircioglu D., et al, Cell 2019

ALKAT transcriptional activation is regulated by epigenetic mechanisms (e.g., biallelic expression, no genomic alteration at the ALK locus).
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Cohesin and CTCF establish and maintain the 3D genome in the nucleus
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Haploinsufficiency of NIPBL leads to global alternative promoter usage
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NIPBL perturbation leads to alternative promoter activation in introns and intergenic regions
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NIPBL perturbation leads to alternative promoter usage arising from LTR
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Transposable elements: DNA sequences that once can move
around in the genome

Retrotransposons: replicate in genome via transcription and
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LTRs account for ~8% of human genome

LTRs harbor regulatory regions e.g., RNA Pol IT and TFBS,
that required for transcription

subset of LTRs function as primary or alternative
promoters in embryo and pluripotent stem cells, and
sometimes in cancer
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chromatin modification (e.g., H3K9me3)
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NIPBL perturbation-mediated LTR alternative promoters are characterized by open chromatin and MITF binding

CpG content
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NIPBL perturbation leads to TAD hierarchy loss and alternative promoter activation
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TAD hierarchy loss results in alternative promoter activation from intron/intergenic LTRs
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TAD hierarchy loss results in alternative promoter activation from E-altP retargeting
(switch from long-range E to short-intermediate range E)
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Alternative promoter usage in cancer via perturbation in 3D chromatin hierarchy
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Hierarchical 3D chromatin organization and effects on transposable elements (TE) requlation

Physiologically - Hierarchical TAD organization suppresses LTR-mediated spurious transcription and regulate LTR
co-option. A new layer of regulatory mechanism of TE expression beyond DNA and chromatin modification in human

genome.

Pathologically - Perturbation in hierarchical TAD organization can lead to context-dependent oncogene activation,
transcriptional diversity/plasticity and neoepitope expression through LTR co-option in cancer.
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