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Tumor metastasis is the leading cause of death among cancer patients

Leading underlying causes death: US,2024

Heart disease 683,037

Unintentional injury 196,488
Stroke 166,783
Chronic lower respiratory diseases 145,612
Alzheimer disease 116,016
Diabetes 94,382
Kidney disease 55,070
Chronic liver disease and cirrhosis 52,259
Suicide 48,683
| 1 | |
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Ahmad, Farida B. et al. (2025). Mortality in the United States: Provisional Data, 2024. (39).

https://dx.doi.org/10.15620/cdc/174621

Mortality (Death) Due to Cancer* ¥ **=*

90%

Metastasis Primary Tumor

* Source: Chaffer CL, Weinberg RA. A perspective on cancer
cell metastasis. Science 2011; 331(6024): 15591564

Cancer metastasis accounts for 90% of cancer deaths.



Urogenital system

Human

Bladder Central

Zone

Seminal
vesicle

Z0ne

Peripheral
zone

Prostatic —
sphincter }

Urethra———7

Mouse

_ Ductus deferens
Seminal

.o

O Anterior
CRE - prostate
Ventral <S>
prostate
Lateral Dorsal prostate
prostate

Urethra

Adapted from Abate-Shen and Shen, Genes Dev 2000
Toivanen and Shen, Development 2017

Cunha et al., Endocr Rev 1987

McNeal, Cancer 1969



Bladder cancer
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Bladder cancer

mm | .\ Chronic inflammation
&
] W .
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Chemical exposure

4th most common cancer in men

Less common in women but more aggressive
Smoking = ~50% of cases

Aging: Median diagnosis at 70 years

Chronic bladder inflammation

Environmental & occupational hazards



Male Female

Prostate 299,010 29% Breast 310,720 32%

Lung & bronchus 116,310 11% Lung & bronchus 118,270 12%
0 : Colon & rectum 71,270 7%
S Urinary bladder 63,070 6% Uterine corpus 67,880 %
q% Melanoma of the skin 59,170 6% Melanoma of the skin 41,470 4%
Z Kidney & renal pelvis 52,380 5% Non-Hodgkin lymphoma 36,030 4%
g Non-Hodgkin lymphoma 44,590 4% Pancreas 31,910 3%
c Oral cavity & pharynx 41,510 4% Thyroid 31,520 3%
'*u;: Leukemia 36,450 4% Kidney & renal pelvis 29,230 3%

Pancreas 34,530 3% Leukemia 26,320 3%

All sites 1,029,080 All sites 972,060

Male Female

Lung & bronchus 65,790 20% Lung & bronchus 59,280 21%

Prostate 35,250 11% Breast 42,250 15%
. Colon &rectum 28,700 9% Pancreas 24,480 8%
-(F; Pancreas 27,270 8% Colon & rectum 24,310 8%
2 Liver & intrahepatic bile duct 19,120 6% Uterine corpus 13,250 5%
T Leukemia 13,640 4% Ovary 12,740 4%
= 20 Liver & intrahepatic bile duct 10,720 4%
g Urinary bladder 12,290 4% Leukemia 10,030 3%
it Non-Hodgkin lymphoma 11,780 4% Non-Hodgkin lymphoma 8,360 3%

Brain & other nervous system 10,690 3% Brain & other nervous system 8,070 3%

All sites 322,800 All sites 288,920

Estimates are rounded to the nearest 10, and cases exclude basal cell and squamous cell skin cancers and in situ carcinoma except urinary bladder. Estimates do not include
Puerto Rico or other US territories. Ranking is based on modeled projections and may differ from the most recent observed data.

©2024, American Cancer Society, Inc., Surveillance and Health Equity Science



Bladder Cancer Proqgression

Normal/Benign

Papillary (Ta)
LOW Grade HIGH Grade
Non-muscle invasive (NMIBC) Muscle invasive (MIBC) Metastastic (mMIBC)

o-year
survival

Adapted from Kobayashi... Abate-Shen, Nat Rev Cancer (2015)



Treating bladder cancer by stage

MIBC " Radical cystectomy 6.50% (6)
. NAC 10.99% (10)
.»PembldBcG(tid)OM(O) ]
BCG 18.68% (17)
HG |
" BCG (BRIDGE) 3.20% (3)
" Gem/Doce (BRIDGE) 4.40% (4)
.‘lmmwm (14)
Observation 26.37% (24)
LG l
NMIBC p—

Pathology Initial treatment
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Comprehensive Molecular Charactenization
of Muscle-Invasive Bladder Cancer

Cell 2017;171(3):540-556.e25
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Bladder cancer subtypes
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Clinical Outcomes, Genomic Heterogeneity, and Therapeutic
Considerations Across Histologic Subtypes of Urothelial Carcinoma
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Treating bladder cancer by stage

MIBC

Cansu Yol.

Radical cystectomy 6.50% (6)

NAC 10.99% (10)

»PemlldBOG (trial) 9.89% (9) }

~

B ENE

‘ BCG 18.68% (17)

" BCG (BRIDGE) 3.20% (3)

" GemiDoce (BRIDGE) 4.40% (4)

. . intravesical therapy 15.38% (14)

l Observation 26.37% (24)

—————

Pathology Initial treatment
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BCG is the Original Cancer Immunotherapy

Vol. 116, Augw
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INTRACAVITARY BACILLUS CALMETTE-GUERIN IN THE TREATMENT
OF SUPERFICIAL BLADDER TUMORS

A. MORALES,* D. EIDINGER anp A. W, BRUCE

From the Departments of Urology, and Microbiology and Immunology, Queen's University, Kingston, Ontario, Canada
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The apparent flattening of the curves for patients treated with
s oot ooy BCG at a level well above that of the curves for patients treated
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Lamm NEJM 1991

Redelman-Sidi, Glickman, Bochner, Nature Reviews Urology 2014



Treating bladder cancer by stage

MIBC

Cansu Yol.

Radical cystectomy 6.50% (6)

NAC 10.99% (10)

»PemlldBOG (trial) 9.89% (9) }
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Antibody Drug Conjugates (ADCs) emerge as
a new standard of care for bladder cancer

e NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MARCH 7, 2024 VOL. 390 NO. 10

Enfortumab Vedotin and Pembrolizumab in Untreated

Advanced Urothelial Cancer

T. Powles, B.P. Valderrama, S. Gupta, J. Bedke, E. Kikuchi, J. Hoffman-Censits, G. lyer, C. Vulsteke, S.H. Park,
S.J. Shin, D. Castellano, G. Fornarini, J.-R. Li, M. Glimis, N. Mar, Y. Loriot, A. Fléchon, |. Duran, A. Drakaki,
S. Narayanan, X. Yu, S. Gorla, B. Homet Moreno, and M.S. van der Heijden, for the EV-302 Trial Investigators*
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Disitamab Vedotin plus Toripalimab in

HER2-Expressing Advanced Urothelial Cancer
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Common genetic alterations in bladder cancer
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Establishment of patient-derived bladder organoids

serial passaging orthotopic grafting
@_‘% targeted sequencing
Y ©

/ : histopathology ’ >
fumer organoids g. < <
sample marker analysis xenograft

\ parental g RNA sequencing

tumor ATAC sequencing \

S

xenograft-
derived
organoids

SCBO-5

Xen-organoids

Lee et al. (2018) Cell 173: 515-528



A living urothelial tumor organoid biobank
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Luminal-basal plasticity in or

Parental tumor Organoids P5
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Lee et al. (2018) Cell 173: 515-528
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Biology of Bladder Urothelium

Human

T — T — e

Lamina Propria

Challenges

Mouse

O Unclear what cell types to target
O Limited options to target bladder urothelium directly

Ck5/Ck18/DAPI

063/Ck8/DAPI




Bladder-specific Gene Recombination

Mock Induced
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Modeling Bladder Cancer in Mice

p53+*: Pten*'*
p53++; Pten*"* (N=10) 3
p53flox/flox; Pten+'+ (N=1 5)
p53+/+; Ptenfox/flox (N=1 2)

110
100
90
80
70
60
50
40
30
20
10

r 2 & %
p 5 3flox/flox; Pte n flox/flox (N — 32)
P<0.001

Percent Survival

0 1 2 3 4 5 6 7 ,
Time (months) R

Puzio-Kuter et al., 2009
Park et al., 2021



Refined Approaches to Model
Bladder Cancer in Mice

Tumor induction via AdenoCre Tumor induction via tamoxifen delivery

Surgical delivery Intravesical delivery

Pten*™; p53**; YFP Ck5-Cre=f™ OR Ck8-Cre=F™;

Pten**; p53**: YFP

AdenoCk8-Cre
AdenoCMV-Empty AdenoCk5-Cre Superficial Intermediate Transgene neg Ck5-CreE”T2 Ck8-Crefhi™

4

~/DAPI
“/DAPI

Ck5/
Ck5/°

’/DAPI
~/DAPI

Ck8/
Ck8/

Park et al., 2021



Frequently Mutated Genes in MIBC
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Modeling Bladder Cancer in Mice

Abbreviation Full description Phenotype Mets
DKO Ptenfioxfiox: p53flox/fiox (I\j/ilgfl?é?e \rll\itli?t i?) ?\ rcomatoid ~40%
Kmt2d DKO  Kmt2diox/fiox: Ptenfiox/fiox : p53fiox/fiox l\j/ilgfzcr:e miig]t i?) Cr]]u amous ~35%
Kdm6a DKO  Kdm6afoxfiox: Ptenfiox/fiox - p53fiox/fiox MIBC with _Si rcomatoid ~40%
Arid1a DKO  Arid1afloxtiox; Ptenfiox/ox; p53fioxtiox MIBC with _S?‘rcoma’[oid ~90%
Ep300 DKO  EP300x/ox - Ptenflox/iiox : n53flox/lox — Under characterization

Crebbp DKO  Crebbpflox/fiox - Ptenflox/flox - n53flox/flox

Under characterization

DKO inbred

Pte nflox/f/ox,- ,U 5 3flox/flox

Under characterization

Model of
plasticity

Model of
metastasis

Model of
TME



Modeling plasticity

Kmt2d DKO mouse 7
1.5 months after inductiog™
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Modeling metastasis
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Conserved Drivers of Metastasis

Top 25 VIPER regulators and their rank in expression
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Summary: Bladder cancer

* Most people with bladder cancer do well, those with advanced disease have
POOr outcomes

 Bladder cancer is a genetically and phenotypically diverse disease with a
range of outcomes

* Treatments depend on the stage and the genetics

* Can model bladder cancer in human organoids, PDX and GEMMs for
preclinical investigation

 Still no cure for metastatic disease



Prostate cancer progression

Normal Progiatic Invasive
epithelium —gy Ntraepithelial ———3» Metastasis

carcinoma

neoplasia (PIN) Castration Resistance

* Study developmental pathways to understand mechanisms of cancer initiation that can
be targeted for prevention

* Mechanisms of castration resistance and metastasis that can be targeted for treatment

(Shen and Abate-Shen, 2010)



Estimated New Cases

Estimated Deaths

Male

Prostate 313,780 30%

ung & bronchus U,0380 /0
Colon &rectum 82,460 8%
Urinary bladder 65,080 6%
Melanoma of the skin 60,550 6%
Kidney & renal pelvis 52,410 5%
Non-Hodgkin lymphoma 45,140 4%
Oral cavity & pharynx 42,500 4%
Leukemia 38,720 4%
Pancreas 34,950 3%
All sites 1,053,250

Male

Lung & bronchus 64,190 20%
Prostate 35,770 11%
olon &rectum 28,900 9%

Pancreas 27,050 8%
Liver & intrahepatic bile duct 19,250 6%
Leukemia 13,500 4%
Esophagus 12,940 4%
Urinary bladder 12,640 4%
Non-Hodgkin lymphoma 11,060 3%
Brain & other nervous system 10,170 3%
All sites 323,900
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Siegel et al., CA Cancer J Clin 2025




Androgen receptor signaling

Prostate
cancer cell Cell response

T Proliferation

Lig;nmndmg T Survival

. T Biomarkers
AR \ (e.g., secretion of PSA)
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Arap, Pasqualini, and Costello, N Engl J Med. 2020



Prostate cancer stages and treatment options

Local therapy dAe';(rjir:ft?:n Chemotherapy
i.e. Radiation .e. LHRH Agonists i.e. Docetaxel
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LHRH agonists
(reduce testosterone
production)

Abiraterone

s N
Prostate cancer
treatment
_ Y

-

Prostate cancer stages and treatment options

Anti-androgens

(block AR)
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Modeling prostate cancer progression in mice

Prostatic .
Normal : : : Invasive .
ciheum " Iepihel 3 cycinoma ———> Wetatai
P Castration Resistance
Dysregulated NKX3. 1 | PTEN AR alterations
genes ETS translocations MYC TP53
SPOP translocations PIK3CA BRCAZ2
Dysregulated PI3-kinase  MAP-kinase RAS signaling
signaling pathways
Drug treatments Androgen deprivation therapy

Chemotherapy

(Shen and Abate-Shen, 201 0) Abiraterone/Enzalutamide



Prostate-specific gene recombination in a luminal cell of origin

Nkx3. 1CreERT2 M CreER”  f—

: Cre
Tamoxifen

treath ERTZ
(inactive)
( Cre X ER™2 ) (active)

Y \
M‘:‘.’ LacZ — R26R

. loxP (or YFP)
. . Cre

(Wang et al., Nature 2009)



A series of GEMMs that model all stages of prostate cancer

Abbreviation |Full description Phenotype Mets

N Nkx3. 1CreERT2/+ Ptent/+ Low-grade PIN 0%

Outcome
Groupl:

Indolent V=12 Nkx3. 1CreERT2/+; Ptenflox/iox: R26R-Erg High-grade PIN/Adenocarcinoma A

NP Nkx3. 1CreERT2/+; Ptentlox/flox High-grade PIN/Adenocarcinoma <5%

NPM Nkx3. 1CreERT2/+; Ptenflox/ilox; Hj-Myc Adenocarcinoma ~40%
Outcome

Group AN \Pp53 Nkx3. 1CreERT2/+; Ptenflox/flox; p53flox/ilox Aggressive Adenocarcinoma/NEPC ~950%

Adeno
CarCin oma NP,D5 3mut Nkx3. 1CreERT2/+; Ptenflox/flox; ,05 3R270H/flox Aggressive Adenocarcinoma/NEPC ~50%

NPp53Br1 Nkx3. 1¢reERT2/4; Ptenflox/iiox; n53flox/iox; Brcg 1flox/filox | Aggressive Adenocarcinoma/NEPC ~80%

NPp53Br2 Nkx3. 1CreERT2/+; Ptenflox/flox; p53flox/flox; Breg2flox/flox | Aggressive Adenocarcinoma/NEPC ~80%

Outcome V= Nkx3. 1CreERT2/+; Ptenflox/ilox; B-RgfV600E Poorly differentiated adenocarcinoma 100%
Group 3:

| ethal NPK Nkx3. 1CreERT2/+; Ptanflox/flox; KrgsG21D Poorly differentiated adenocarcinoma




Percent survival

GEMMs model the full range of prostate cancer phenotypes

Outcome group | Outcome group 2 Outcome group
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(Vasciaveo, Arriaga, Nunes de Almeida et al, Cancer Discovery,



Prostate cancer GEMMs available at the Jackson Laboratory

JAX#033750 STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> Nkx3-
1<tm4(cre/ERT2)Mms>/Abshn)
Common Name: N

JAX#033751 STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> Nkx3-
1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/Abshn)
Common Name: NP

JAX#033752 STOCK Gt(ROSA)26Sor<tm1(TMPRSS2/ERG)Key> Nkx3-
1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/Abshn)

Common Name: NPE

JAX#033753 STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze>
Brcal<tm2Cxd> Nkx3-1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/Abshn)
Common Name: NPBR1

JAX#033754 STOCK Brca2<tm1Brn> Gt(ROSA)26Sor<tm3(CAG-
EYFP)Hze> Trp53<tm1Brn> Nkx3-1<tm4(cre/ERT2)Mms>
Pten<tml1Hwu>/Abshn)

Common Name: NPp53BR2

JAX#033755 STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze>
Trp53<tm1Brn> Nkx3-1<tm4(cre/ERT2)Mms> Pten<tm1lHwu>/Abshn)
Common Name: NPp53

JAX#033756 STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze>
Trp53<tm1Brn> Trp53<tm3Tyj> Nkx3-1<tm4(cre/ERT2)Mms>
Pten<tml1Hwu>/Abshnl

Common Name: NPp53MUT

JAX#033757 STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> Nkx3-
1<tm4(cre/ERT2)Mms> Pten<tm1Hwu> Tg(ARR2/Pbsn-
MYC)7Key/Abshn)

Common Name: NPM

JAX#033759 STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> Nkx3-
1<tm4(cre/ERT2)Mms> Smad4<tm2.1Cxd> Pten<tm1Hwu>/Abshn)
Common Name: NPS

JAX#033760 STOCK Braf<tmlMmcm> Gt(ROSA)26Sor<tm3(CAG-
EYFP)Hze> Nkx3-1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/Abshn)
Common Name: NPB

JAX#033761 STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze>
Kras<tm4Tyj> Nkx3-1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/Abshnl)
Common Name: NPK

JAX#033763 STOCK Gt(ROSA)26Sor<tm2(myc*T58A)Rcse> Nkx3-
1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/Abshn)
Common Name: NPMycTA

https://www.jax.org/
JAX Strain Datasheet

The Jackson
Laboratory

Leading the search
for tomorrow’s cures




Oncoloop: A network-based precision cancer medicine framework

Conceptual Framework

Drug perturbation profiles
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Lineage plasticity in development and cancer

“ability of a cell to change from one identity to another ”

¥ <~ A phenotypic change in cellular state at the
c AN Stem cell IR : :
gk e YR single-cell level, often in response to
A microenvironmental signals or drug

freatment

Reprogramming NN 1. N T © Can occur through alterations at the
Lt U RN e genomic, epigenetic, transcriptional, or post-
transcriptional level
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Le Magnen et al. (2018) Annu. Rev. Cancer Biol. 2: 271-289



A series of GEMMs that model all stages of prostate cancer

Abbreviation |Full description Phenotype Mets

N Nkx3. 1CreERT2/4; Ptent/+ Low-grade PIN 0%
NP Nkx3. 1CreERT2/+; Ptenflox/flox High-grade PIN/Adenocarcinoma <5%
NPE Nkx3. 1CreERT2/+ - Ptenfloxfiox: R26R-Erg High-grade PIN/Adenocarcinoma <5%
NPM Nkx3. 1CreERT2/+; Ptenflox/fiox; Hj-Myc Adenocarcinoma ~40%
NPp53 Nkx3. 1CreERT2/+; Ptenflox/flox; p53flox/ilox Aggressive Adenocarcinoma/NEPC ~950%
NPp53mut Nkx3. 1¢reERT2/4; Ptanflox/flox; n53R270H/tox Aggressive Adenocarcinoma/NEPC ~20%
NPp53Br1 Nkx3. 1CreERT2/+; Ptenflox/fiiox; n53flox/flox; Breg 1flox/fflox | Aggressive Adenocarcinoma/NEPC ~80%
NPp53Br2 Nkx3. 1CreERT2/+; Ptenflox/flox; p53flox/flox; Breg2flox/flox | Aggressive Adenocarcinoma/NEPC ~80%

NPB Nkx3. 1CreERT2/+; Ptenflox/ilox; B-RgfV600E Poorly differentiated adenocarcinoma 100%

NPK Nkx3. 1CreERT2/+; Ptenflox/flox; KrgsG21D Poorly differentiated adenocarcinoma
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PTEN and TP53 up-regulated in castration-resistant prostate cancer (CRPC

PTEN [0 sspppeshspsssspas)
TP53 | ""uunlu)ul lllllll prunnunns “"}u)l)u}luuu)uluuuuuuu}u

| Deep Deletion » Missense Mutation -+ Inframe Mutation = Truncating Mutation ) Fusion

TCGA % cases w/ alterations

0 20 40 60 80 100
PTEN 17%
TP53 8%

PTEN + TP53 | 1.5%

SU2C % cases w/alterations

0 20 40 60 80 100
PTEN
TP53
PTEN + TP53

(Zou, .... Califano, Shen, Abate-Shen Cancer Discovery, 2017)



NPp53 mice share molecular features with human CRPC

PTEN  I00nnmnnnnnnnnnim sy sspspassses

TP53 l “" lllllllll prmmnunnnnn prunnunns

| Deep Deletion * Missense Mutation

TCGA % cases W/ alterations
0 20 40 60 80 100

PTEN 17%
TP53 8%
PTEN + TP53 | 1.5%

SU2C % cases w/alterations

0 20 40 60 80 100
PTEN
TP53
PTEN + TP53

* Inframe Mutation

Running Enrichment Score

1.0

0

-1.0

-2.0

“"}u)l)u) lllllll prnnsnnnnnnnnnnuns pus
« Truncating Mutation ) Fusion

Low versus high TP53 (SU2C)

_ NES = 9.87
p-value < 0.001
NES = -3.12
i p—value < 0.001 |
NPp53 CRPC NP CRPC
| | | | |

0 500 1000 1500 2000
Gene List Index

(Zou, .... Califano, Shen, Abate-Shen Cancer Discovery, 2017)
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Neuroendocrine differentiation (NEPC) arises via
transdifferentiation of adenocarcinoma cells
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Treatment resistance leads to NEPC via transdifferentiation

Luminal cells Neuroendocrine Neuroendocrine

transformed lineage-marked differentiation proliferation
luminal cells androgen- treatment “proliferative

\ deprivation failure switch”
00° QO ~—— A ~—— A ~—— A

tumor induction

/) and lineage <

marking Yo ’

. CRPC S S P CRPC overt NE
Adenocarcinoma (CRPC-Adeno) ~ o - §CRPC focal NE . _ (CRPC-NE)
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PTEN loss p53 loss Anti-androgen treatment




Sleeping beauty forward genetic screening

Transposase Transposon

Rosa26-Is|-SB11 T2/0nc2

12

Adapted from Copeland and Jenkins (2010) Nat Rev Cancer



Forward genetic screen to identify drivers of NEPC
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Sleeping beauty tumors enriched for a molecular signature
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Master Regulator Analysis

Regulatory proteins
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Sleeping beauty tumors “match” with NEPC patients

Beltran et al., 2016
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Common insertion sites (CIS) enriched for a molecular signature of NEPC
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Integration of genomic (CIS) and transcriptomic data
identifies modulators of NEPC
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Lead candidate NEPC regulator is SIRT |

SIRT
N

’1
RB1
ONECUT2 :

AR myen

SIRT1 is an NAD-dependent deacetylase that plays a key role
In regulating metabolism, cellular stress responses, and aging.

TPS3



Gain of SIRT1 promotes NEPC
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Silencing SIRT | reverses NEPC
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Inhibition of SIRT1 blocks
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Treatment resistance leads to NEPC via transdifferentiation
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