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Modeling Oncogene Addiction Inside and Out
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Oncogene Addiction is both Tumor Intrinsic and Host-Dependent
Mechanisms of Oncogene Addiction and the Immune System

Restoration of Tumor Intrinsic Fail-Safe Mechanisms:

Shut Down of Self-Renewal Programs: Role of Cellular Senescence
Restoration of Host Fail-Safe Mechanisms:

Shut Off of Angiogenesis

Importance of Immune System and Autocrine/Chemokine Signaling

Combining Targeted Therapeutics + Immune Therapy




Oncogene Addiction, Senescence and the Immune System
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Oncogene Addiction, Senescence and the Immune System

Timeline | Important events in senescence research

Nardella and Pandolfi, NRC, 2011




Hallmarks of Cancer, Oncogene Addiction
and the Immune System
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Oncogene Addiction and the Immune System

Table |. Examples of immune swstem-mediated oncogene addiction. Murine models of MYC and BCR-ABL inactivathon 2y well a P33 restoration
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Oncogene Addiction and Immune Therapy
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P19ARF but not p53 Null Tumors Exhibit a
Marked Reduction in Macrophage Infiltration
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Pathway Analysis of Gene Expression ldentifies
Innate Immunity Pathways

MYC MYC p53-/- MYC p19-/-

MYC p53-/- BUA(SSEDE

Significant Genes
MYC ON/MYC OFF
Fold Change > 2.0
p<0.05

Senescence/Cell Aging Pathways 1 1 0
Macrophage Activation/Infiltration Pathways 4 5 0
Innate Immune Cell Activation/Infiltration Pathways 4 6 0
Platelet Related Pathways 4 7 3

Pathway Analysis Cut-off - p < 0.05

Adam, Yetil et al., unpublished




Loss of p19ARF Has no Global Effect on
MYC Transcription

MYC Transactivation Targets
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Loss p19ARF but not p53 Impedes Senescence
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Loss of p19ARF or p53 Prevents MYC
Inactivation from Inducing Sustained Regression
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MYC and a p19ARF Senescence Switch

Alper Yetil PhD Stacey Adam, PhD




Role of Immune Effectors in Oncogene Addiction
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Tumor Mass
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Rakhra et al, Cancer Cell, 2010
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BCR-ABL Inactivation Elicits Oncogene Addiction
only in an Immune Intact Host
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Cyclosporine Blocks Oncogene Addiction
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Thrombospondins are Required to Elicit Oncogene
Addiction upon MYC Inactivation

Lymphocytes must express TSPs
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Immune System is Required for “Chemokine Switch” that
Contributes to Tumor Regression upon Oncogene Inactivation
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Immune Effectors Home to Tumor Site upon MYC Inactivation
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Reconstitution of CD4+ T-cells Alone Restores
Tumor Regression upon MYC Inactivation
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Immune System (CD4+ T-cells) is Required for the
Induction of TSP-1 and the Suppression of Angiogenesis
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Immune System (CD4+ T-cells) is Required for Cellular
Senescence upon MYC Inactivation
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Immune System is Not Required for Proliferative Arrest
or Apoptosis upon MYC Inactivation
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Mechanisms of Tumor Regression upon MYC Inactivation
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Jain et al, Science, 2002
Shachaf et al, Nature, 2004
Giuriato et al, PNAS, 2006
Wau et al, PNAS, 2007
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Immune System is Essential for Sustained
Tumor Regression upon MYC Inactivation

Time after MYC inactivation (days)

Rakhra et al, Cancer Cell, 2010




Immune System is Essential for Sustained
Tumor Regression upon MYC Inactivation
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Immune System, Senescence, Angiogenesis
and Oncogene Addiction
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Immune System and Tumorigenesis

Meoplastic progression
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Tumorigenesis and Microenvironment
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Mechanisms of Tumor Regression upon MYC Inactivation

Apoptosis

MY C Inactivation

Tumor: MYC On

Jain et al, Science, 2002
Shachaf et al, Nature, 2004
Giuriato et al, PNAS, 2006
Wau et al, PNAS, 2007
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Mechanisms of Oncogene Addiction

Host Dependent
D. Loss of C - O~
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Nature Reviews | Concer

Reversing tumorigenesis through restoration of both.:
cell intrinsic fail-safe mechanisms and a normal microenvironment

Felsher, Nature Reviews Cancer, 2003




Restoration of Either p53 or TSP-1 is Sufficient
for Tumor Regression Upon MYC Inactivation
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Oncogene Addiction and the Angiogenic Switch
MY C-requlated p53-dependent TSP-1 Switch
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MYC, Oncogene Addiction and Angiogenesis
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Oncogene Addiction and Senescence
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Senescence a Barrier to Tumorigenesis
and Mechanism of Oncogene Addiction
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Loss of p53, RB or p16 Impedes MYC Inactivation from
Inducing Cellular Senescence

Lymphoma in vitro
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Oncogene Addiction and Senescence
MY C-regulation of self-renewal
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Cellular Senescence and Oncogene Addiction

Natalie Wu Alper Yetil Jan van Riggelen




From Mouse to Man

Part II. Mechanism




Oncogene Addiction:

MYC inactivation Induces Differentiation (Senescence)

MYC ON

Lymphoma

Cancer specific outcomes to oncogene inactivation

MYC OFF MYC BACK ON

Hepatocellular

Carcinoma

Felsher et.al.
Molecular Cell

(1999)

Jain et.al.
Science (2002)

Shachaf et.al
Nature (2004)

Cancer Research Reviews

AR

Felsher, D. W. Cancer Res 2008;68:3081-3086




Tumor Intrinsic Mechanisms of Oncogene Addiction
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MYC Inactivation in Lymphoma Results in
Arrest, Differentiation and Apoptosis
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MYC Induced Lymphomagenesis is Reversible
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Conditional Transgenic Mouse Models of Cancer
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Cellular functions of MYC

MYC MAX

Metabollsm
Protein Synthesis
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Adapted from Boxer and Dang, 2001; Perengeris et. al., 2002
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Rules of Oncogene Addiction

Oncogene inactivation reverses tumorigenesis.
[Molecular Cell, 1999]

Brief oncogene inactivation can induce tumor regression.
[Science, 2002]

Cellular, developmental and genetic context influence the
consequences of oncogene inactivation.

[Nature, 2004; PLoS Biology 2004]

Senescence and Angiogenesis and oncogene addiction
[PNAS 2007; PNAS 2007, PLoS Genetics 2012]
Nanoscale proteomic analysis of clinical specimens.
[Nature Medicine, 2009]

Autocrine Programs and the Immune System

[Genes and Development, 2010; Cancer Cell 2010]
Modeling Oncogene Addiction

[Science Translational Medicine, 2011]




From Mouse to Man




Why do “targeted therapies” work?

Oncogene Addiction: the Achilles Heel of Cancer
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Felsher and Bishop 1999
Chin and Depinho 1999
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Felsher, Nature Reviews Cancer, 2003




Oncogene Addiction: the Achilles Heel of Cancer

PERSPECTIVES:

Addlctlon to Oncogenes—the
Achilles Heal of Cancer
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A one-step remedy. Carcer cells accuire sbnor-
malties in multiple oncogenes ard tumor sup-
pressor genes (A B C, and D). Iractivation of a
single oritical oncogene (A) can induce cancer
cells to dfferentiate into cells with a normal phe-

Bernard Weinstein, MD s A A Y el s o

phenotype provides an Achilles heel for turmorns
that can be exploited in carcer therapy.

Science, 2002




