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Myc-induced B cell lymphoma tagged
with GFP

Genomic information is
producing information about
human disease at an extraordinary
pace

Genetic variation between
Individuals provides a rationale for
personalized medicine

Functional studies are needed to
Interpret the meaning of genetic
variation

Predictive disease models are
needed for genetic information to
be leveraged into improvements in
patient care



Goal: To facilitate an understanding of how genetic variation
Influences human disease and to develop preclinical models to test
therapeutic strategies based on this understanding

« Coordinate institution wide efforts to develop next generation
disease models using genetically engineering mice or from viable
cells from genetically-annotated patients

* Provide infrastructure and support for the Center’s
Disease Modeling Units

* To enable investigators at MSKCC and other institutions to
access center resources and expertise.



MSKCC is a research institute and hospital with world-class basic,
translational, and clinical researchers

MSKCC is located in New York City and is surrounded by other
world class research institutions

MSKCC has pre-existing infrastructure to facilitate the
development of a strong precision disease models program:

- History of producing animal models of human disease
- “Mouse hospital” capable of performing preclinical studies

- Viable tumor cell initiative to produce models using genetically
annotated human tissue

- Strong computational and genomics infrastructure to inform and
Interpret modeling efforts

- Clinical structure primed to act on preclinical information
- Sequence information obtained from >10,000 patients/year



Genotyping of tumor and normal DNA from all cancer patients

MSK-IMPACT: Workflow

e

LIMS (Laboratory Information Management System)

['.l!'.||5I {Data Management Earsll:em]

CVR (Clinical Variants Results System)

LIMS (Sapio) DMS [MSKCC) CVR [MSKCC)
- Workflow management == Automated analysis pipeline Stores NGS analysis results
Sample tracking Automated data archival Web UI for review, sign-out
Reagent management Analysis history, meta-data Tracks history of all changes
Sequencing run prep Tracks analysis status Web services for other systems

Courtesy Michael Berger, PhD




for Cancer Genomics

==== cBioPortal

Visualize, analyze, discover. Caneer Cor

You are logged in a5 solitd@msket
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MSK-IMPACT Clinical Sequencing Cohort (MSKCC) el iy R T 1

Targeted sequencing of clinical cases via MSK-IMPACT. Please follow the publication guidelines when using these data in abstracts or journal articles.
These data are available to MSK investigators only, are unpublished, and cannot be shared with anyene outside of MSK. 12079 samples from 11352 patients.

H Study Summary ‘ Clinical Data Mutated Genes

Samples selected: | 12079 | |:| | query genes - click to expand | =) | Query | Select cases by IDs Add Chart

Mutation Count vs CNA

Cancer Type # = Freq Cancer Type Detailed # = Freq 500

B Non-Small Cell Lung ... 1823 [ 15.1% B Lung Adenocarcinoma 1480 ) 12.3% ‘. °

M Breast Cancer 1448 [ 12.0% W Breast Invasive Ducta... 976 [ | B.1% 4001 ®

M Colorectal Cancer 1108 [ 9.2% M Colon Adenocarcinoma BOB | 6.7% E 2004 oo

M Prostate Cancer 781 [ 6.5% M Prostate Adenocarcinoma 762 [ 6.3% E ‘.

M Glioma 612 [ | 51% M Pancreatic Adenocarci... 447 [ 3.7% E 200 ®

M Pancreatic Cancer 577 [ 4.8% M Bladder Urothelial Ca... 324 | 2.7% E . e @ LR

M Soft Tissue Sarcoma 492 | 4.1% M Glioblastoma Multiforme 315 [ 2.6% 1007 * “.

M Bladder Cancer 438 [ 3.6% M Renal Clear Cell Carc... 222 [ 1.8% 0

M Melanoma 418 [ 3.5% M Cutaneous Melanoma 216 [ 1.8% : : : : : :

M Renal Cell Carcinoma 394 [ 3.3% M Breast Invasive Lobul... 198 [ 1.6% 0o 0.2 0.4 08 08 1.0
Search... Search... Fraction of copy number altered genome

Mutated Genes (12078 profiled samples) CNA Genes (12074 profiled samples) DARWIN VITAL STATUS With Mutation Data

Gene # Mut # * Freq Gene Cytoband CNA # * Freq

TP53 5414 4946 1 41.0% CDKN2A 9p21 DEL 955 [ 7.9%

KRAS 1836 1805 1 14.9% CDKN... 9p21 DEL 947 [ | 7.8%

TERT 1713 1617 [ 13.4% CDEN... 9p21 DEL 937 [ 7.8%

PIK3CA 1653 1477 1 12.2% CDKN2B 9p21 DEL 870 [ 7.2%

APC 1856 1252 M 10.49% CCND1 11013 AMP 512 | 4.29%
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Coordination Core — Data Integration

Genomics/Bioinformatics Core Preclinical/co-Clinical Core

Genomics Bio- Mouse
informatics Hospital
IMPACT cBioportal PK/PD
TCGA Genomics Efficacy
GWAS Toxicology

Disease Modeling Units

Project 1

Sensitivity and Resistance
to Molecularly Targeted
Leukemia Therapies




LEADERSHIP
Scott Lowe, Co-Director
David Solit, Co-Director

Steering Committee

External Advisory
Board

NIH Program Officials

PROGRAM COORDINATION
Elisa de Stanchina

Resource Integration:

EAB Members
Administration:
Program meetings and symposia Lukas Dow, Ph.D. - Weill Cornell Medical College
Committee and Board meetings Sohail Tavazoie, M.D., Ph.D.- Rockefeller University
Progress Reports Sergei Koralov, Ph.D., - NYU Langone Medical Center
Regulatory: Cory Abate-Shen, Ph.D., - Columbia University

Protocols (IRB, IACUC)
Compliance (GLP/FDA)
Intellectual Property




Aim 1.

Aim 2.

Aim 3.

Hypothesis »

(e.g. IMPACT)

R » Credentialing

(Genomics)

Analysis of human and murine genomic data
«Seqguence analysis and computing resources
«Special handling for sequencing PDXs

Establish a minable cross-cancer/cross-species mutation compendium
Develop and implement knowledge management systems

sData and knowledge management in the cBioPortal
«Study, analysis, and workflow management



MSK-IMPACTMouse

* A hybridization capture-based next-
generation sequencing assay

* Fortargeted deep sequencing of of
578 key cancer genes in formalin-
fixed, paraffin- embedded (FFPE)

tumors

Tumor array

 High throughput low pass whole
genome sequencing for
Inexpensive CNV analysis



The need for speed...

Disease models
[0 by genome editing

guideRNA \, cie: [TRE)
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Tetraploid
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* Disease models generated by genome editing- shRNA to test
disease alleles

* ShRNA mice assess anti-tumor and potential toxicities of
potential drug targets



Targeting vector ES cells
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CAGs-LSL-rtTA3-Kate
Pdx1-Cre
LSL-Kras

Colal homing cassette

shPten

Polll GFP =
miR30

RMCE l

lDox

Tumor biology,
preclinical models

12 new GEMM-ESC (>1200 animals produced)

models rederived



LSL-KrasG12Db+- Cre-activatable oncogenic Kras

Pdx1-Cre*- Pancreas specific cre
CAGs-LSL-RIK Cre-activatable rtTA (linked to Kate)
TRE.GFP.shPten* Dox-inducible PTEN shRNA

Murine pancreas (20d dox treatment)

Bright field GFP fluorescence Katushka fluorescence

Michael Saborowski



LSL-Kras©c12b+-
Pdx1-Cret"
CAGs-LSL-RIK
TRE.GFP.shPten*

Cre-activatable oncogenic Kras

Pancreas specific cre

Cre-activatable rtTA (linked to Kate)
Dox-inducible PTEN shRNA

mKate2 (IF) GFP (IF)




LSL-KrasG12Db+- Cre-activatable oncogenic Kras

Pdx1-Cre*- Pancreas specific cre
CAGs-LSL-RIK Cre-activatable rtTA (linked to Kate)
TRE.GFP.shPten* Dox-inducible PTEN shRNA
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Protospacer

Mali et al, Nature Methods, 2013

CRISPR/Cas9 for germline
engineering

Inducible CRISPR and CRISPRa
for temporal gene manipulation in
VIVO

CRISPR for mosaic modeling of
somatic mutation (SCNV, SNP,
rearrangements)



}( Myc +

g-p53 or g-Pten

Targeting  Strain Mating strains/
construct production Colony/colony expansion

Conventional
Method
Liver DNA - _
editing Multiplexed

Tumor assessment

Time (years)
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MYC —> MLL3 > CDKN2A ©—> Apoptosis

MSK IMPACT (~8200 samples)
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Legend

\ NA ] Mixed || BreastCarcinoma | Endometrial Cancer || Bladder Cancer || Hepatocellular Carcinoma || Colorectal Cancer || Pancreatic Cancer

|| Mesothelioma || Non-Small Cell Lung Cancer || Ovarian Cancer || Esophagogastric Carcinoma || Soft Tissue Sarcoma | Germ Cell Tumor || Small Cell Lung Cancer
[l Uterine Sarcoma || Sex Cord Stromal Tumor || Biliary Cancer || Prostate Cancer || Cervical Cancer || Gastrointestinal Stromal Tumor || Thyroid Cancer

|| salivary Carcinoma || Glioma || Head and Neck Carcinoma || Ewing Sarcoma || Skin Cancer, Non-Melanoma [] Renal Cell Carcinoma | Cancer of Unknown Primary
|| Gestational Trophoblastic Disease || Anal Cancer I Ependymomal Tumor | Melanoma || Chondroblastoma || Chondrosarcoma || Nerve Sheath Tumor

| Thymic Tumor || Adrenocortical Carcinoma || Osteosarcoma || Histiocytosis || Appendiceal Cancer || Small Bowel Cancer || Gastrointestinal Neuroendocrine Tumor
| Chordoma || Meningothelial Tumor || Vulvar Carcinoma || Embryonal Tumor || Penile Cancer || Wilms Tumor || Ampullary Carcinoma || Pheochromocytoma

J| Brain Cancer, NOS || Pineal Tumor || Miscellaneous Brain Tumor || Breast Sarcoma || Unknown || Miscellaneous Neuroepithelial Tumor || Mastocytosis

| NonHodgkin Lymphoma || Sellar Tumor || Leukemia || Vaginal Cancer || Refinoblastoma || Hodgkin Lymphoma

parjus IsChanarganen, NIKI Scnuitz/center 1or iviolecular Oncology



Integrated
Imaging
Infrastructure

The Mouse
Pharmacy

Mouse Modellng
of Human
Disease

Integrated
Pathology
Labs
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Imaging
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The

Cancer
Center

Phenotyping of models to evaluate consequences of mutations and

Educatlon,
Outreach
International
Efforts

Integrated
Bioinformatics
Platforms

Treatment

] ™~

Pathology

establish relevance to human disease

Trials

Informatics

Preclinical studies to mirror treatment plans used in patients




Efficacy

« >100 efficacy studies since U54 funding began

e Conventional, molecular targeted and immunotherapy for
cancer

* Cell therapy for Hirschprung Disease (delivery of enteric
neuronal stem cells to rescue mortality)

Toxicity
* Support to develop fully GLP compliant facility

e First FULLY GLP compliant study (Ab for Neuroblastoma
(pediatric) - IND submission is expected by end of year

« 7 more GLP studies already in queue for 2017



CDKO9 is a candidate cancer drug target
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Heart histology following Cdk9 inhibition
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- Streamlined workflow for acquisition of clinical samples and establishment of PDX models

Biopsy or resection

2 Cell lines

Pre- Post-
PDX Core PDX Core

Patient Take rate (%)
selection
Patient

consent




Patient sample annotation PDX sample annotation

Dte of

Tumor @ DFY ey
Dagnom
Dngrass | Stage IV TR0 GF
Dt oS spmn
Jenction A 2014
TN AJROCHTROTS e
Diate of death | T/LG/Z014 1 year, 11
LT
Patient vieal
St 0%

Uscated 53072014

Patient treatment history

atment | 171Y014SRI4 protocod #11

Imaging records . 0 G T

FrHgrg 123000 CT 5N Shows SR DIDOTESECN WER RORIE N the &
o dvwans and regonal and metstR phadenopathy: 27314
PET 5can on protacs| #13-165 shawed 3 deowass n toe e of
bl b o oo sehinchpshnt i o

" IHC patient IHC PDX

IMPACT patient IMPACT PDX

- s §EHREREE

Our experience:
PDX models frequently retain genotype of primary tumor



Establishing new treatment strategies using PDX models

Primary tumor Liver Met " 1400
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Aim 1. Evaluate the impact of concurrent

mutations on sensitivity to targeted leukemia
therapies

Aim 2. Investigate mechanisms of sensitivity
and resistance to FLT3, IDH, and DOT1L

inhibition in preclinical models and therapeutic
trials

Cores to engage
Preclinical/co-Clinical Core- mouse modeling and mouse hospital
Genomics/Bioinformatics Core- genomic analysis




Signaling
Mutations

Mutations
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Ross Levine
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In vitro and in vivo assays show significant efficacy

Drug reduces leukemic blasts and promotes myeloid differentiation



Transplant
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« AG221 has significant clinical activity in AML patients with IDH2
mutations

* As in mice, AG221 appears to promote myeloid differentiation




Leukemia stem
cells/myeloid
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AC220: FIt 3 inhibitor
AG221: mutant IDH2 inhibitor

FLT3 and IDH2 mutations co-
occur in AML patients

FLT3 and IDH2 mutations
cooperate in mice

FLT3 and IDH2 inhibitors show
combined activity in mouse
models

Clinical trials involving drug
combination in development




. Aim 1. To define the biochemical
11 1 TR T £5 activities of the RTEL1 C4CA4
s C " 7 domain.

Helicase/ATP binding domain

\'C()GOGAEDWPFGGPA@FO?OA@VDHHLQ&S RMCPACHTASRKQSVMQVFWPEPQ

Aim 2. To examine the functions of

Telomere and genome wide replication RTEL1 at the cellular level.
Genome stability and repair

Antirecombinase
RNA Trafficking Aim 3. To examine the functions of

RTEL1 in vivo.

Cores to engage
Preclinical/co-Clinical Core- mouse modeling
Genomics/Bioinformatics Core- genomic analysis of mouse models
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RTEL1 is a helicase with 5’-3’
directionality

Mutations identified in MSKCC
patients lie within a C4C4 RING
finger domain

C34C4 domain mutations disrupt
ability of to bind TERRA G-
quadruplex RNA

RTEL1 mutation in MEFs
phenocopies the global telomere
loss and genomic instability
observed in cells from patients



Aim 1. The Generation of an orthotopic
model to study metastatic CRC.

Aim 2. To determine whether SWI/SNF
disruption contributes to CRC
progression and maintenance.

Aim 3: Assessing the impact of
secondary mutations on WNT-pathway
dependence in CRC

Cores to engage
Preclinical/co-Clinical Core- mouse modeling and mouse hospital
Genomics/Bioinformatics Core- genomic analysis




Smad4/p53 ?

Rationale: Metastatic CRC is second leading cause of cancer
deaths in the US

Challenge: Mouse models develop small intestinal polyps that do
not progress to advanced disease

Solution: Orthotopic transplantation of genetically engineered
colon organoids



Locally invasive Metastatic

DSS 5 days

>
Transplantation

* Apc-/- or shAPC
e Apc-/-/Kras®12b
« Apc-/-/Kras®¢12b/p53R172H-

Genetically modified organoid cultures

(GEMM/genome editing)

Kevin O’'Rourke



Project 3: Modeling advanced colorectal cancer in vivo
(Lowe)

Kevin O’'Rourke



Anonymous patient YYYY-MM-DD KOCT018 MF

Input DVI   

Surgeon:Anonymous

Hospital: na

MediCap USB300,SN 3011312,FW 110701 MediCapture Inc.




Project 3: Modeling advanced colorectal cancer in vivo

(Lowe)

APC OFF (3 wk) APC OFF (5 wk) APC OFF (6 wk)

APC ON (1 wk) APC ON (2 wk)

Kevin O’'Rourke, Luke Dow



Anonymous patient YYYY-MM-DD KOCT073 090314 MF

Input DVI   

Surgeon:Anonymous

Hospital: na

MediCap USB300,SN 3011312,FW 110701 MediCapture Inc.
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Project 3




|

Investigator
Initiated

¥

Biological
Insights

Preclinical
insights

Funding strategy: support
salaries in key positions to
subsidize user costs — modular

Leveraging resources: additional
funds from Geoffrey Beene
Cancer Research Center and NCI
CCSG bolster U54 support

New projects: Functional
Genomics Initiative at MSKCC
and community outreach
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