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Studying immune responses in humans

 Highly diverse immune cell types in
all human tissues confound bulk
Measures

red blood cells

 Can we do better by focusing
attention on relevant cells”

X
P
) HOW to fOCUS On the relevant Ce”S? whitebloodcell_‘?;i@ \
* A broad unbiased perspective

plasma

* Req u l (€S rl g ht tl M l N g/l Ocatlon ® 2006 Encyclopadia Britannica, Inc.  platelets

* Antigen specificity
e Relatively few antigens known



Vision:

Leverage the specificity of T cells to gain insights
and develop more accurate methods for
personalised medicine

T cell receptor

Disclaimer:

peptide-MHC
Co-founder immune profiling company
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Topics for today

* High-dimensional phenotypic profiling of human T cells
* |[dentitying and profiling antigen-specific T cells

* Applied to human cancer: using antigen-specificity to
decipher tumor infiltrating T cell profiles
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Surface marker phenotype

Categories of T cell NSNSV Rz ]
diversity: 2o

CD45RA, CD27, CCR7, CD62L,

Chs8 eic
Cytokines

e Chemokines

experience /
memory / effector
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Surface marker phenotype

Categories of T cell NSNSV Rz ]
diversity: P

/ CD45RA, CD27, CCR7, CD62L,

CD38, etc.

Cytokines

e Chemokines

experience /
memory / effector
status

Cell frequency

Cytotoxic
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DNA content, etc.

Proliferation/ Functional
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Antigen- CD107

specificity

Chemokine receptors J Markers associated with
cellular disfunction
Integrins < )
| = PD-1, PD-L1, Tim-3, Lag-3,
Other tissue-specific 2B4, CD57, OX40, Tigit, etc.
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Single-cell mass spectrometry (CyTOF)

Nebulize Single-Cell Droplets
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>40 Abs simultaneously

Argon
_|_
dry cells

Time-of-flight
mass spectrometer

Pros and cons...



Visualizing high dimensional data

A 3D-PCA view of CD8* T cell 25 parameter data

* [The problem

IPC2
<=

* Cluster analysis

* [Force directed layout

- Dimensionality reduction
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Normalized PC2 (memory phenotypic progression)

Newell et al., Immunity 2012



Visualizing high dimensional data

* [he problem
* Cluster analysis
* [Force directed layout

- Dimensionality reduction

« PCA
- tSNE
« UMAP Ql
L]
Z
L . EMRA
tSNE Data: Newell et al., Immunity 2012

tSNE (a.k.a. VISNE): Van der Maaten et al. 2008, Amir et al. Nat. Biotech. 2013



Visualizing high dimensional data

* [he problem
* Cluster analysis

* Force directed layout

- Dimensionality reduction
« PCA

* tSNE

- UMAP VIRA

UMAP2

Data: Newell et al., Immunity 2012
Phenograph clusters

tSNE (a.k.a. VISNE): Van der Maaten et al. 2008, Amir et al. Nat. Biotech. 2013



T and NK cells from 8 human tissues: Wong et al., Immunity 2016

Cell types

CDaT
CD8T
MAIT
NK/ILC
Tgd

Sample types
CcB

PBMC
Liver
Spleen
Tonsil

Lung
Gut

¢ Skin

UMAP

CD45RO

tSNE

Data from : Michael Wong, et al. Immunity 2016

Etienne Becht
Becht et al., bioarXiv 2018 (2)



Topics for today

* |[dentitying and profiling antigen-specific T cells
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Many tfactors influence T cell epitope usage

Prior infection status
Route of infection
Viral mutation
Proteosome

TAP

ER aminopeptidase
Calnexin/calreticulin
MHC allele

TCR recombination
T cell precursor frequency
TCR:pMHC binding
Granzymes

Memory T cells

. Tregs

Host age / energy level

. And more!
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MHC tetramer staining to ID antigen
specific T cells

potential mutant

UV-cleavable UV > 350 nm
peptide peptide
‘@ MHCI
MHC Cleavsd > biotinylation
v peptide
class | O +
Stable MHC class | Unstable emp Stable MHC class | metal
complex with MHC class | complex with conjugated
photolabile peptide complex rescue peptide SAV
MHCI monomer: MHCI tetramer: |
unstable interaction metal tag

stable interaction

metal tag Streptavidin

MHC

Peptide

| |

mod/ﬁedfrgon;favisetal., Altman et al., SCience 1996
loebes et al., Nat. Med. 2006



CyTOF based combinatorial tetramer staining

Staining reagent 1

Metal ‘_ Metal

barcode
no 1

Metal

' Metal 6

Vletal & ’

Metal
barcode

-m

L | | J

10 metals 120 possible codes
Newell, et al. & Hadrup et al., Nat. Methods 2009  Newell, et al. Nat. Biotech 2013 Fehlings, et al. Nat. Comms. in press




CyTOF based combinatorial tetramer staining

Staining reagent 1

[ Metal 1 }\ Meta
(Metal3) .

—
—
—
=

10 metals 120 possible codes
Newell & Davis, Nat. Biotech 2014

120 ways to choose 3 metals from a list of 10

—ach tetramer (peptide) has a unique
combination of 3 SAV metal codes

>1000 ways to choose 4 from a list 14
Newell, et al. & Hadrup et al., Nat. Methods 2009  Newell, et al. Nat. Biotech 2013 Fehlings, et al. Nat. Comms. in press



Cd Qdot |CD19
103 BC
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113 BC

115 CD90
139* Ly6¢c
140* CD49b
141 Sca-1
142 TCR-beta
143 CD69
144 CD38
145 CD11b
146 CD8a
147 0X40
148 CD28
149 CD4
150 CD272
151 CD62L
152 2B4
153 CD137
154 CXCR3
155* CD44
156 CD27
157* CTLA-4

159 Vista
161* CD25
162* PD-1
165 KLRG-1
166 CD160
167 CD73

170 TIM-3

172 Sca-1

174 CD24

176 Lag-3

191/193 |DNA

195 CisPlatin live/dead

CyTOF based combinatorial tetramer staining
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Newell & Davis, Nat. Biotech 2014

120 ways to choose 3 metals from a list of 10
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Fehlings, et al. Nat. Comms. in press



20 to 30 phenotypic and functional markers for high-
dimensional cellular profiling

3. Metal-labeled
antibody
/ cocktail
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2. Metal-labeled
mulitiplexed

tetramer cocktall

1. Single blood or
tissue derived

lymphocyte sample

>500-plex combinatorially-
encoded tetramer library

4. \Wash unbound labels, fix
—_— CellS, label with DNA

interchelator for analysis

5. lonize one cell at a time with Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) and quantify elemental tag content by

Cytometry by Time-Of-Flight (CyTOF®)

CyTOF® instrument

0 1 2

Relative expression (mean intensity)

| |
(=1 == O 0 1 1 5

Rota-VP3
CMV-IE1

CMV-pp65
Negatives

EBV-BMLF1

Rota-VP6
Rota-VP2

Flu-M1

EBV-LMP2A
EBV-LMP1-2

Mart-1

6. ldentification and phenotypic analysis of antigen-specific T cells



Types of tumor antigens

Category

Oncofetal
Oncoviral
Overexpressed/accumulated

Cancer-Testis

Lineage Restricted

—p  Mutated

Posttranslationally altered
Idiotypic
Endogenous RV

Example Antigen
CEA
HPV E6, E7
Her2/neu
Telomerase
Mesothelin
SAP-1
Survivin
BAGE family
MAGE family
NY-ESO-1/LAGE-1
PRAME
SSX-2
Melan-A/MART-1
Gp100/pmel17
Tyrosinase
Prostate-pecific antigen
B-catenin
BRCA1/2
Ras
TGF-BRII
MUCH1
lg, TCR
HERV’s

Cancer Histology
Colorectal carcinoma
Cervical carcinoma
Multi
Multi
Ductal pancreatic carcinoma
Colorectal carcinoma
Multi
Multi
Multi
Multi
Multi
Melanoma, Multi
Melanoma
Melanoma
Melanoma
Prostate
Melanoma, Prostate, HCC
Breast, ovarian carcinoma
Multi
Colorectal carcinoma

Ductal carcinoma, RCC

B, T leukemia, lymphoma, myeloma

esp. ccRCC



HIghly multiplex approach

B " . .
Candidate epitopes #s

Predictions
and assumptions

NoO /n vitro expansion requireq:

From: Yadev et al., Nature 2014 . .
ohenotypic profiles preserved



Topics for today

* Applied to human cancer: using antigen-specificity to
decipher tumor infiltrating T cell profiles



Evidence for importance of T cells specific
for mutation derived ‘'neo-antigens
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Evidence for importance of T cells specific
for mutation derived ‘'neo-antigens

EGFR-wt NSCLC

Formation of
neoantigens

Kidney chromophobe

Pilocytic astrocytoma
CLL

Glioma low grade
Head and neck
Lung small cell
Lung squamous

Kidney clear cell

Medulloblastoma
Lymphoma B-cell

Neuroblastoma
Glioblastoma
Prostate
Myeloma
Pancreas
Breast

Kidney papillary
Liver

Cervix

Uterus

Bladder
Colorectum
Esophagus
Stomach

Lung adeno
Melanoma

ML
ALL
Thyroid
Ovary

1,000 ,

L = B EGFR-mutant NSCLC
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Gainor et al., Can. Res. 2016




Many DIg questions

* \Why do some patients respond to checkpoint blockade immunotherapy
and can they be predicted?

» Can understanding the profiles of TILs help to solve this problem?

e Can information about antigen-specificity help to resolve
complexity of TIL profiles?




CyTOF analysis of tumor infiltrates in
human lung and colorectal cancer
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Dissociated cells from blood or tissues

Blood Normal tissue Tumor tissue

CD56

Gated on Live CD45*

bl

v

bl
PR T |

CDS8 T cells

¥

B

T |

bl
PENTEE ST |

TCRYO
CDIl6l1
CD8

vt
PRSI PYTT |

v

1
1

1

1

Vao7.2

LCCS [(2)| centre singapore

— — SingHealth

Yannick Simoni, Cheryl Loh
Daniel Tan, Eng Huat Tan et al. LCCS
lain Tan, et al.




hd ‘AA‘A.

4

 TCRyo

1

CyTOF analysis of CD8+ TILs

Colorectal tumor (Live CD45" — CyTOF)
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Heterogenous CD8* TlLs in one patient

Lung tumor (CD8 T cells — patient A167)
CD45RO

t-SNEI

Yannick Simoni, et al.

Normalized intensity

Low igh

Nature, in press
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 Ranges of T cell phenotypes In
tumors

 Many samples analyzed/banked
(CRC, NSCLC, HCC)

e Correlates
* Patient status, treatment, outcomes
* Clinical subtypes (MSS vs. MSI, etc.)
* Histopathology (Vectra)
* Molecular subtype (Transciptomics)

* Mutational burden (Genomics collab.)

 Tumor evolution (Genomics collab.)
* etc. Joe Yeong, et al., unpublished



t-SNE1

What about antigen-specificity”?
Which are tumor-specific”?

PD-1

t-SNE2 §




Tumor-antigen epitope screening:
Mouse MCA sarcoma

mLama4-specific CD8* T cells

frequencies (%)
MR * I I 1
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Nature Communications, 2017

t-SNE-2



Approach

Lung tumor 1- Tissue collection Multiplex tetramer screening
2- Tumor/normal exome sequencing Tumor-specific epitopes
» 3- Mutation identification » (Neoantigens, Tumor associated antigens)
Colorectal 4- Neoantigen MHC class I Cancer unrelated epitopes

tumor binding prediction (HCMV, HIV, Influenza, ...)

t-SNE1

t-SNE2 )

Yannick Simoni, et al. Nature, in press



|[dentitying tumor-specific cells

Multiplex tetramer screening

Tumor-specitic epitopes

» (Neoantigens, Tumor associated antigens)

Cancer unrelated epitopes
(HCMV. HIV. Influenza, ...)

Lung tumor 1- Tissue collection
2- Tumor/normal exome sequencing
> 3- Mutation i1dentification
Colorectal 4- Neoantigen MHC class I
tumor binding prediction

Multiplex tetramer staining by mass cytometry (CD8™ TIL cells — patient 1053)
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Ex-vivo antigen specific CD8" TILs phenotype charaterisation

Yannick Simoni, et al. Nature, in press




|[dentitying tumor-specific T cells

NeoAg x2

¢ Colorectal tumor (CD3™ TILs — FACS)

Epitopes screened Epitopes 1dentified . .
Patient 1218 Patient 1053

1200+ 16-
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Hematoxylin Simoni, et al. Nature, in press

Tetramer A*24:02




Tetramer”

g~

Tetramer A*02:01

Cancer-unrelated antigen-specific
Tumor infiltrating T cells - easier!

Colorectal tumor (n=35) Lung tumor (n=11) ,
10+ . . 10- . . Cancer unrelated epitopes
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Tetramer A*02:01

HCMYV (pp65)
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Cancer-unrelated antigen-specific Tumor infiltrating cells -
Not just blood contamination

Patient 1539 (CD3* TILs)
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Positive cells (%)

Comparing profiles of bystander vs. unspecific tumor
infiltrating T cells (and vs. a few tumor-specific)
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Simoni, et al. Nature, in press



CD39" CDS8 TIL cells (%)

Robust lack of CD39 expression on cancer-
unrelated antigen-specific tumor infiltrating cells

= ANl CDS8" TILs
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Putatively bystander vs. tumor specific (by CD39) T cell
transcriptional and TCR sequence profiles
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Putatively bystander vs. tumor specific T cell
protein expression profiles
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High diversity of CD39 frequencies in CD8+* TILs
and correlation with bulk tumor gene expression
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9%C039+ among CDB+ TiLs

Correlations with clinical parameters
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Summary and implications

* Benefits of simultaneous profiling of T cell phenotype and antigen-
specifcity

e Bystander T cell prevalent: implies that some patient tumors may
nave very few infiltrating tumor-specific T cells. (e.g., EGFR-mut

NSCLC)

* Diverse profiles of bystander T cells: often Trm-like, lack CD39

« CD8"CD39" T cell frequencies as biomarker for checkpoint
blockade immunotherapy”? (also in blood?)

* Selection of CD39" T cells for adoptive therapy approaches?

* Non-responsiveness of MSS CRC not entirely due to lack of tumor-
specific cells.
(other types of antigen involved?)
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Moving to Seattle...

And thanks to SIgN support After August:

we are still going strong in Singapore:

4
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