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Tumor-reactive T cells are key components
in immunotherapies

Tumor-specific killing
by T cells

Reduced tumor growth
under immunotherapy
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Image from Oral Cancer Foundation, Juneja et al., 2017, JEM and Ribas et al., 2012, Clin Cancer Res



Extremely diversified interactions between TCR
and MHC-antigen complex

CASSLKLAGPDTQYF
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TCR CASTLGQTPKTQYF
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Outline

* Clustering TCRs into antigen-specific groups

* |dentification of a novel cancer antigen with
TCR clusters

* Novel machine learning method for de novo
prediction of cancer-associated T cells
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* Clustering TCRs into antigen-specific groups



GLIPH: Clustering similar TCRs for antigen-
specificity

TRBV19 cassiRSSy-qyf TRAV29/DV5 caasaggGSQGnlif
TRBV19 casssRASy-qyf TRAV12-2 cavnmggGSQGnlif

b Cells VB TCRB-CDR3 Vo TCRo~-CDR3
TCRo~CDR3 46 TRBV19 cassn:.RSSy qvf TRAvV27 cag... gGSQGnlJ:.f
p 7 TRBV19 cassiRSAy-qyf TRAV27 cag...gGSQGnlif
TCRB-CDR3 = 7 TRBV19 cassiRSSy-qyf TRAV27 caa...gGSQGnlif
5 TRBV19 cassiRSSy-qyf TRAV8-6 cav...gGSQGnlif
3 TRBV19 cassiRSSy-qyf TRAV27 cag...gGSQGnlif
2 TRBV19 casstRSSy-qyf TRAV14/DV4 cas...gGSQGnlif
1 TRBV19 casssRSSy-qyf TRAV27 cag...aGSQGnlif
1 TRBV19 cassiRSSy-qyf TRAV27 cag...gGsSQGnlif
1 TRBV19 casssRSSy-qyf TRAV27 cag...aGSQGnlif
1 TRBV19 cassmRSSy-qyf TRAV27 cag...dGSQGnlif
1 TRBV19 casssRSSy-qyf TRAV8-6 cav...sGSQGnlif
2 TRBV19 cassiRSSyc-qyf TRAV27 cag.cggGSQGnlif
1 TRBV19 casstRSSs-qyf TRAV27 cag.aggGSQGnlif
1 TRBV19 cassiRSSdtqyf TRAV35 cag.ahgGSQGnlif
1 TRBV19 casstRSAaplhf TRAV27 cag.adgGSQGnlif
1 TRBV19 cassvRSAdtqgyf TRAV27 cag.aygGSQGnlif
7 TRBV19 cassiRSAy-qyf TRAV27 cagalgsSNTGklif
2 TRBV19 cassiRSAy-qyf TRAV27 cagaygsSNTGklif
1
1
1 TRBV19 cassiRAAy-qyf TRAV27 cagaigsSNTGklif
1 TRBV19 cassiRSAy-qyf TRAV27 cagargsSNTGklif
1 TRBV19 cassiRSAy-qyf TRAV27 cagasgsSNTGklif
10GA HLA-A2 flu 1 TRBV19 cassiRSSy-qyf TRAV27 cagafgsSNTGklif
1 TRBV19 casssRSAy-qyf TRAV27 cagaagsSNTGklif
1 TRBV19 casstRSAy-qyf TRAV27 cagasgsSNTGklif

Shared CDR3 motifs may be surrogates
Glanville et al., Nature, 2017 for shared antigen-specificity



Benchmarking GLIPH antigen-specificity
with antigen-specific TCR data
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2,000 TCRs from:

Epitope Epitope Species
KAFSPEVIPMF HIV-1
GTSGSPIVNR DENV1

RAKFKQLL EBV
GTSGSPIINR DENV3/4
VTEHDTLLY CMV
CINGVCWTV HCV
ATDALMTGY HCV
KRWIILGLNK HIV-1

LLLGIGILV Homo Sapiens

TPRVTGGGAM CMV
TPQDLNTML HIV-1
LLWNGPMAV Yellow Fever Virus
YVLDHLIVV EBV
LPRRSGAAGA InfluenzaA
ARMILMTHF HCV




ISMART: immuno-Similarity Measurement
via Aligning Receptors of T cells
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? 1. Perform pairwise alignment
.0 of CDR3 sequences

iISMART workflow:

2. Build connectivity matrix of
CDR3 sequences based on
high alighment scores

3. Call CDR3 clusters based on
connectivity matrix



ldentification of clusters from TIL CDR3 data

9.7K TCGA tumor
RNA-seq samples
i TRUST
1.5 million CDR3
calls

170K complete
CDR3s

TCR repertoire

data from non-

cancer PBMC
samples

82K non-public
CDR3s

ISMART

P

4.6K antlgen-specmc

CDRS3 clusters

CDR3 Sample ID Cancer Group
CAVRDWNAGNMLTF TCGA-4K-AA1l-01A TGCT 1720
CAVRDFNAGNMLTF TCGA-29-1698-01A ov 1720
CASPKNTGFQKLVF TCGA-EW-A1lY-01A BRCA 1721
CAAPRNTGFQKLVF TCGA-BR-8687-01A STAD 1721
CASSLHSRAETQYF TCGA-E2-A1I0-01A BRCA 1722
CASSAHSRAETQYF TCGA-TS-ASAV-01A MESO 1722
CAVSEWSGGSNYKLTF TCGA-BR-8361-01A STAD 1723
CAVSEGSGGSNYKLTF TCGA-L5-A40S-01A ESCA 1723




Outline

* |dentification of a novel cancer antigen with
TCR clusters



Cancer-type enrichment for two CDR3 clusters

“ir2e | CSARESTSDPKNECKF

_ 25 -
2 20 -
8 15 -

0.5 —
S 00— d- - O i ]
g 05

-1.0 =

ZOOLSOTOLHOOA0O>AOAA0SAEISON
ettt S SO
DNOGORWCEXXXT—00 SR rosnE S
“er | CAGLGGRDGETQYF
1767

—~ 2.5 7
S 20 -
T 45 -
% 1.0
ho} 05 -
Q 0.0 — |-—-| =
3 05 - ]

-1.0 =

O<LLOINOLCSOTOL HOONVOSOVANOSO-ISON
AR s s :
OXE=0T
T2 A e SN W7 17 e et



o] O 000 GN®

HSFX1
I
Other

[
Clustered

0¢ 0L 00
(Jooy patenbs) NdL

L]
T

=V

GAGE12F——

/

SNAR-A4

/

15000 20000

DUX4L5——=
I
10000
Ranked Genes

HSFX1——
SNAR-A2
SNORD76
PPIAL4B
SNAR-A3

Protein coding

Pseudogene
Noncoding RNA
T
5000

- O 00 oD

I
09 05 OF 0¢ 0Z 0L O
(0160I-) anjea 4 paysnipy

— e B e = —— 8 8 e e — =l — . — . S = = S = = = — S ——

HSFX1 is overexpressed in the two clusters
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HSFX1 is a potential cancer-associated antigen

Peptide HLA allele Rank Binder
HSFX1: 384-392
VMFPHLPAL A*02:01 0.02 SB
VMFPHLPAL C*07:01 0.25 SB
VMFPHLPAL C*07:02 0.125 SB
Sample Disease TPM HLA-A1 HLA-A2 HLA-B1 HLA-B2 HLA-C1 HLA-C2
TCGA-AA-3502 COAD 0.28 A*02:01 A*25:01 B*44:02 B*51:.01 C*07:04 C*16:02
TCGA-AP-A1TDM UCEC 1.00 A*03:01 A*01:01 B*08:01 B*35:01 C*07:01 C*04:01
TCGA-AA-A0O1MK  COAD 0.83 A*01:01 A*03:01 B*07:02 B*51:01 C*07:02 C*12:02
TCGA-AA-3684 COAD 1.10 A*02:01 A*24:02 B*44:05 B*52:01 C*02:02 C*12:02
TCGA-D1-A17F UCEC 1.79 A*02:01 A*02:01 B*15:01 B*51:01 C*01:.02 C*03:04
TCGA-AA-3875 COAD 0.72 A*01:01 A*68:01 B*08:01 B*15:01 C*03:03 C*07:01
TCGA-AA-3848 COAD 3.05 A*02:01 A*29:02 B*41:02 B*44:03 C*16:01 C*17:01
TCGA-BG-AOMT UCEC 0.70 A*02:01 A*02:01 B*44:02 B*50:01 C*05:01 C*06:02
TCGA-BG-A18C UCEC 4.49 A*03:01 A*24:02 B*07:02 B*07:02 C*07:02 C*07:02



In vivo immunogenicity for the 9-mer
peptide generated from HSFX1
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HSFX1 protein is specifically expressed in
high-grade endometrial tumors

Adjacent normal endometrium
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Outline

* Novel machine learning method for de novo
prediction of cancer-associated T cells



Presence of clustered CDR3s in late stage
melanoma patients’ blood TCR repertoire
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Robert et al., 2014, Clin Cancer Res.



Presence of clustered CDR3s in early breast
cancer patients’ blood TCR repertoire

PBMC
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DeepCAT: machine leaning method for de
novo prediction of Cancer-Associated TCRs

£
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Peripheral blood
from unknown

individual
T
]
Cancer- TCR repertoire
associated TCRs data
from TCGA
—_— De novo prediction of
N cancer-associated
£ CDR3s in the PBMC
T repertoire

\_//
Non-cancer Cancer
TCRs from Score

healthy donors
w

19



Independent validation of DeepCAT using
tetramer sorted antigen-specific TCRs

C/A Antigen (1) vs Control
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Predicting cancer scores across multiple
disease cohorts

Infiltrating T cell Cancer PBMC Non Cancer PBMC
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Limitation: Cancer score cannot distinguish different cancer types .



High prediction power of cancer score suggests
potential non-invasive (early) detection
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Cancer score may serve as an additional

diagnostic modality for multiple cancers
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Summary

iISMART can group TCRs into antigen-specific clusters
Predicted cancer antigen HSFX1 induces T cell response in vivo

Development of a de novo prediction method (DeepCAT) for cancer-
associated TCR repertoire

DeepCAT predictions are robust against random fluctuations of TCR
repertoire over time

Using PBMC samples, DeepCAT separates cancer patients from
healthy individuals with high accuracy
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TCR repertoire diversity indices are usually
affected by arbitrary library size
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Cancer score is invariant to library size

Shannon_Entropy Simpson_Index Inverse_Simpson Renyi_a_0.5
LO_ @ 08 ] — 54
N ¥ e Cancer Score o
7 S 0301 . _ __1 o | -
O_ 7 8 }‘_‘O.DT g ‘
= ] © p=0.22 K’ -
p— L(). a p_
-~ o 025 5| <=1 0.97
- ° N~ ® @ g
© T T 1 o ] T T 1
200 400 600 ©° 600 200 400 600
Fisher_Alpha
S O
& i °
S S
Y 1. ¥ ' Y v N
2 100 200 300 400 500 600 o
o Library Size (K) 9 < :
I = 3 I
200 400 600 ZUU 4uU ouu —  ¢«2uwu 4uu 600 o5 200 400 600

27



Re-evaluation of DNA-methylation based
blood test for cancer detection

Models Predictions

BLCA
RCC
AML
CRC

funketil o =

LuC il |
PDAC
Normal

PDAC Normal LUC AML True Sample Labels
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Confusion matrix for Shen et al.’'s method
when using all 8 prediction models

LUC Normal PDAC AML | Specificity
AML 0 0 0 26 1
BLCA 39 0 0 8 -
BRCA 2 0 0 0 -
CRC 1 0 0 0 -
LUC 12 0 0 1 0.92
Normal 0 34 3 0 0.92
PDAC 0 28 44 0 0.61
RCC 1 0 0 0 -
Sensitivity | 0.22  0.55 094 0.74 0.58

Overall Accuracy




Prediction power for early stage pancreatic
cancer using normal tissue as control
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