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Matching Patients With Effective Therapies

DNA mutations are the cornerstone of precision medicine

Genetic Drug Patient
Biomarkers Discovery Stratification
Patient Models
Cell lines, Organoids, PDXs

Precision Medicine

Patient Tumors
Use DNA to match patients to therapy

Diverse genetic backgrounds

\
Patient population
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Disease Examples: Target Examples: 'Actionable Not Actionable
Lk EGFR 0000 (000
Breast HER2 00000000
Leukemia BCR-ABL
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How Have We Done?

Low rates of response Why does the current pipeline fail?
Actionable  Not Actionable Major Failure Modes
4 ™
@ o000 88888888 (1) The majority of cancer patients don’t harbor

“actionable” alterations.

~40% patients have actionable alteration (2) Effects are often short-lived due to poor
response and/or development of resistance.

~<5% of patients have responses (3) Assumes DNA alterations are responsible for

altered cell function and drug response.

.iu NCI—MATCH Trial; Le Tourneau et al, J Natl Cancer Inst (2015); Massard et al, Cancer Discov (2017);
»’& SHALEK Sicklick et al, Nature Med (2019); Middleton et al, Nature (2020);
from: cells: to: systems Letai et al, Cancer Cell (2021); van Tilburg et al, Cancer Discov (2021)



Mutations Occur In Cells

Cancer is more than altered DNA

Cancer Cancer
mutations

cells

We need to target cells

We currently target based
on mutation

2 LAB
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What Is A Cell?

Cellular identity and function are integrative properties

Normal cells

DNA code
"Static" blueprint ]ﬂ

Diverse cell types — N
and functions
1 ]

Same DNA
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What Is A Cell?

Cellular identity and function are integrative properties

Normal cells
Inputs determine state

DNA code
"Static" blueprint h‘ﬁ E . .
. Epigenetics

Diverse inputs encoded

RNA Expression AAA <«—— Interactions in the .
"Dynamic” PAVAA e s—— by RNA expression
interpretation AR AR ®-. "
@

Diverse cell types - N
and functions
L J

Cell states (MRNA)
Captures cell function and environmental context

Shalek et al, Nature (2013); Shalek et al, Nature (2014); Macosko et al, Cell (2015);
Gierahn et al, Nature Meth (2017); Ordovas-Montafiés et al, Nature (2018); Hughes et al, Immunity (2020);
Kazer et al, Nature Med (2020); Ziegler et al, Cell (2020); Ziegler et al, Cell (2021); etc.



Cancer Cell Function Is Represented By State

Functional disease phenotypes are integrative properties

Cancer cells
Inputs determine state

DNA code
"Static" mutated ' '
blueprint . Epigenetics

2 2 2 @
RNA Expression A <+—— Interactions in the
"Dynamic” S— AN —_— environment
. . FaAYAYAY FAYAYAY
interpretation FAVAVAN AVAVAN .‘T_ o
o

Diverse cancer . = . Can have the same genetics but
cell attributes bt different functional states!

Immune Drug Drug
responsive sensitive resistant
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Profiling Cell State

~50,000 cells

~1,000,000,000 data points
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Liquid handling
robotics Nanodroplets

Integrated
Manual Multiplexing fluidic circuits

Isolate single cells

l Oligo dT primer Capture
_ATAn MRNA
Polyadenylated mRNA
~20,000 genes +—— Sequence

Human Cell Atlas White Paper (2017)

Shalek et al, Nature (2013); Shalek et al, Nature (2014); Macosko et al, Cell (2015); Tirosh et al, Science (2016)
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Capturing Different Molecular Features

Cell Surface Proteins
CITE-seq

REAP-seq

FACS

Intracellular Protein
PEA

mRNA
Drop-seq
InDrop
Smart-seq2
MARS-seq
10X Genomics
SPLiT-seq
sci-RNA-seq
Seqg-Well

Spatial Position
MERFISH

smFISH

STARmap

DNA Methylation
scBS-seq

snmC-seq

sci-MET

Chromatin Accessibility
SCATAC-seq

SCIATAC-seq

scTHS-seq

10X Genomics

Genomic Sequence
SNS
SCl-seq

Histone Modifications
scChlP-seq

Adapted from: Stuart et al, Nat Rev Genet (2019) 10



A Integrate Pipeline To Define & Model Cell States

Proof of concept in Pancreatic Cancer (PDAC)

Metastatic scRNA-seq Cell state &
PDAC biopsy e ® TME associations

Y
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Matched Serial Benchmark !
organoids sampling  models to in vivo !
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A Skewed cell state

In vivo
reference

Ex vivo
models

Rescue in vivo cell states State drives
drug response

Recover &
target cell state
Relative
viability

Add state-specific factors [Drug]

&SHALEK Raghavan et al, Cell (2021)
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Are There Functional Consequences To Changing State?

Drug response shifts are reversible

Add
Control media // day 6 day 38 day 73
° | | |
I I I
e o+ 7 1,511 653 ' 308
Basal (+TGFB) ® cells cells| | cells
Classical (Control, No TGFB) (§ | : 3 Dt
. . -1 # -1 i
— — — Recovered Classical (Minus TGFB) -1 : T \
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-2 : 'scClass| —2- !
R R S R R R S R S R S R e
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scB/scC Commitment Score Remove Minus TGFB
Gemcitabine Paclitaxel //" TGFB 11 1.092
1.59 1.5+
23 23 1. 35 days 0-
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,)ASNSHALEK Raghavan et al, Cell (2021) 12
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Functional Consequences To State Change - State Specific Screening?

Classes of drugs are differentially sensitive within an isogenic patient model

More  scciassical
< sensitive in »

* « The “scClassical” state is more sensitive
° to chemotherapeutic agents

Gemcitabine -
Paclitaxel 5
SN-38 1 Inhibitor Class:
AZDB738 4 Chemo
Prexasertib - DNA Damage
MK1775 4 Epigenetic

I
I
I
:
I "
1] CDKs 'y « The* ” state of the same model is
L Apoptosis L.
Paboridh | BRITC p more sensitive to MAPK pathway
9
T

Everolimus o
GSK126 4
Tazemetostat 5
Oxaliplatin 4 . . -
Oeparid N « We are missing critical features
II"I-EIGIC\ : 1
Nekook N relevant to drug response by not

Godatolis ! preserving cell state in cancer!

Afatinib 4 L 4

] waek inhibitors (MEK and ERK inhibitors)

24-drug panel

I
Binimetinib 5 L |
YKL-5-124 4 L |
Trametinib 5 L 2 |
BVD-523 1 o |
-2 -1 0 1
Differential sensitivity (AOC..cu...- AOC ..)

&SHALEK Raghavan et al, Cell (2021) 13
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How Does This Align With Clinical Observations?

State-aligned models response to State-stratified patient response to

Isogenic models cell lines and organoids
SN-38 (active irinotecan) 100 —
Cell Line Organoid
(CFPAC1) (PANFR0562) Mod M"é?:ssicaw
50 Tumor size [<=0 12 96
15 change [>0 17 32
Fisher exact test P : 0.0008
1.0 =, 10

Nonevaluable
11k
i

05

Tumor size change (percent)

0.0+ -mmmmme e T e e

-05

Growth Rate Adjusted
Viability Relative to DMSO

0.0001 0.001 0.01 04 1 10

0.0001 0001 001 o1 1 10
Concentration (uM)
scBasal
scClassical
AW SHALEK O’Kane et al, Clin Cancer Res (2020) 14
‘Pomfrom cells to systems



Extending The Approach

Cross-cancer effort to target cell state
PDAC

Workflow

In vivo
@ reference
maps

Optimize models
to accurately
reflect cell states

Identify
state-specific
targets

%SHALEK
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Extending The Approach

Cross-cancer effort to target cell state

Andrew Mifrah
PDAC Bladder HNSCC Navia Hayath
, - TCGA snRNA-seq (w/ NCI)
q\ Pan-cancer nuclei UMAP visualization
Workflow papn U f d t t @ (F?Szrg)atic adenocarcinoma
. ®
@ In vivo ~: . g ?I 1€ pa en Il:ung adenocarcinoma
reference _ rererences ® o arinoma
maps Ea— @ Sk|||n cutaneous
(SC/n RNA'Seq, ST) o~ melanoma ‘
Q ® Bladder urothelial
""""""""""""""""""""""" E carcinoma
=) ® Breast invasive
Optimize models b o f?vrgn:er?::xoce|uular
to accurately ] :’?:;It:::;n:denocarcmoma
reflect cell states Head and neck squamous
oc. OO _4 cell (HNSC) carcinoma
gl G c
Identify N
state-specific .
targets
g /N
At SHALEK
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Extending The Approach

Cross-cancer effort to target cell state

Peter

PDAC Bladder HNSCC Cancer cell lines clustered by CRISPR loss of function Winter
: |
W , ﬁ ===y =~ NP === =
expression TN et ] Score
Workflow . | - _ state WLLTIVNRSTADRTFRTET T T PR NNV AT vesenchymal Score
In vivo L2 éi U?Ifled patlent b : il Dependency similarity
+ r ren savghe il (Pearson’s)
:sger:nce . ererences i W s
P (sc/nRNA-seq, ST) 1, criser
-------------------------------------- Dependency

~ correlation

Optimize models 0.2 Dissimilar
to accurately

reflect cell states

D | g weeume T
targets | »’\ dependencies ] "/'\”|W|/WI|"\‘| |J|||I\H "|||"”|'%'§§%fr
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n = 356 Cell lines

&SHALEK 17
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Building A Cell State Discovery Engine To “Complete The Square”

Linking cell state to druggable vulnerabilities across cancers

PDAC Bladder = HNSCC

Workflow

In vivo
@ reference
maps

Optimize models
to accurately
reflect cell states

Identify
state-specific
targets

& 9 1

Integrative analysis

B

Learning pan-cancer
ecosystems

&9 P

AW g s 4
o HoE
State and FAAAZ X
TME-aware g =+« « + + + Representation

Biomarkers R Learning

High-fidelity simple and complex
model systems

State-specific
screening

*Choose correct models
*Model plasticity

*Genetic interaction

Targeting cancer
ecosystems

OF
P ®
Block state- ¥

e 00

| .
And then /
N
@ 8@
Target state
dependency

Cell state benchmarking, vetting new biomarkers, pan-cancer and disease-specific target identification
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Thank You!!!
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