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Interrogating the antigen specific T cell recognition of cancer
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Mind the gap in neoepitope prediction

First and last Journal Tumor type Patients Peptides T cell Test method Peptide
author tested responses lengths
Robbins et al.

Rosenberg Nat Med SKCM 3 227 10 ELISPOT 9-10
van Roij et al. ; _

Schumacher J Clin Oncol SKCM 1 1 FLT 9

Wick et al. .

Nelson Clin Cancer Res HGSC 3 109 1 ELISPOT 8-11
"}\fdasag' etal. 504 CLL 2 48 3 ELISPOT 9-10
Lu et al. Robbins Clin Cancer Res SKCM 2 10 2 ELISA 8-11
Snyder et al.

chan N Engl J Med SKCM 1 - 1 ICS 9

Rizvi et al. Chan Science NSCLC 1 = 1 FLT 9
Cohen et -

al. Robbins J Clin Invest SKCM 8 427 9 FLT 9-10
Kalaora et al.

Samuels Oncotarget SKCM 1 2 1 ICS 9,11
McGranahan et .

al. Swanton Science NSCLC 2 642 3/8 FLT / BLM 9-11
Strgnen et al. .

e Science SKCM 4 56 11 FLT 9-11
Bassani-

Sternberg et al. Nature Commun SKCM 1 8 2 MS-FLT 8-10,12
Krackhardt

Bentzen et al. .

Hadrup Nat Biotechnol NSCLC 2 703 9 BLM 9-11
TOTAL 24 1874 53

iE

~3% of all predicted neoepitopes give rise to a T cell response

Bjerrega'ard' AM, submitted



S
—
(=

Evolution of T cell detection technologies
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110 1031
ONA barcodedabeled MHC suitimers
>
0.1-001% 0.01-0.002% 0005%
""" Abman etel (1996)  Soemetal (2003)  Madnpetal 2008) 0 Dercesetal 2016 0000
Stoce ot o (2005) Nowsl of & (2000)
Chon ot . (2005) Newel ot & [201))
Derviren ot ol (2007) Kinger ot ol (2014)
Kwong ot ol (2008)

Brocks etal (2016)

Bentzen & Hadrup, CII, 2017



)
|
c

P
-
p—_—-
Generation of Mix Sorting of MHC
DNA bars:ode DNA barcode-labeled MHC multimer library  >1,000  multimer-binding Tcells ]
[ (UMY | MHC nustimers -
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Bentzen et al. Nat. Biotechnology 2016
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Barcoding (estimated %
multimer® of CD8" cells)

Correlation to state-of-the-art
method:

® BC171
® BC260
@ BC259
® BC261
® BC262
® BC268
® BC254
® BC251
@ BCO009

BC266

r? = 0.967

1 1 1

0.001 0.01 0.1 1

Combinatorial encoding

(% multimer® of CD8" cells)

Virus

Melanoma

Merkel cell
polyomavirus

carcinoma

Renal cell

cancer

Breast

BC171 -
BC260 -

10 healthy donors screened with a library of

1031 pMHC complexes

Other
BC261 —
BC262 =
BC254 ~
BC251 -
BCO09 -
BC266 -

B8C259 -

A"0201

A"0101
A'1101
B*0702

B*1501

B*0801

A*0301

Ar2402

B*2705

83501

B*4405

BC171 -
BC260 -
BC259 —
BC261 =
BC262 —
S Bc2es —
BC254 -
BC251 —
BC266 —

CMV ppsS NLV
EBV LMP2 CLG
FLU MP GIL
EBV BMF1 GLC
EBV LMP2 FLY
EBV BRLF1 YVL
YFV NS4b LLW
HCV NS3 CIN
HCV Poly® KLV
HIV Gag SLY
CMV IET VLE
HBV Protein S WS
CMV pp50 VTE
CMV ppé5 YSE
FLU vSD
EBV EBNAL AVF
CMV ppss GPI
CMV ppé5 TPR
CMV RPH

FLU Pol FB1 KMA
EBV EBNA3c ONG
FLU Pol PB1 TQI
EBV EBNA3a LEK
CMV IE-1 ELR
HSV pU79 EGR
EBV EBNA3a FLR
BKV LT-ag LPL
FLU NP ELR

CMV pp150 TTV
CMV pp150 TVY
FLUNP ILR

EBV BRLF1 RVR
EBV EBNA3a RLR
EBV LMP TYG
CMV IE-1 AYA
EBV LMP2 1YV
HIV Env RYL

EBV Rta DYC

EBV EBNA3 RYS
EBV BMLF1 DYN
EBV BRLF1 TYP
HIV Gag KRW (11)
HIV Gag KRW (10)
HIV Gag KRW (13)
CMV ppbS IPS
EBV BZLF1 APE
EBV EBNA3B AVL
FLU Matrix ASC
EBV EBNA3c EEN
CMV ppéS5 EFF

et al. Nat. Biotechnology 2016
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Analysis of Melanoma TIL against 175 HLA-A2 shared antigen epitopes ol

HLA A*0201 IResponder vs. Non-responding patientsl

LAGE-1 MLM 15-
MART-1 ELA
MART-1 EAA
NY-ESO-1 SLL (2A)
gp100 KTW

p53 KLC
Tyrosinase CLL
gp100 AML
MART-1 AAG
MAGE-A10 GLY
RAGE-1 LKL & s
Adipophilin SVA
CLP RLF
gp100ITD |
Telomerase LLT
gec)l(l:\%ﬁvaLlG |Ipi vs. Non-Ipi treated patientsl
gp100 IMD_| 207 *

NY-ESO-1 SLL (11)
gp100 YLE

MG50 CMH
NY-ESO-1 SLL (9C)
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Number of responses

o

)
&

A2 patients only

Melanoma

154 (X J

104

FLU MP GIL
EBV BRLF1 YVL

EBV BMF1 GLC e —
EBV LMP2 FLY e T T L
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Number of responses
n

bl

MMO7 - ||

Virus
MMO8 -

MMO1 - |

A2+ patients only

MMO2 - |
MMO3 -
MMO04 -
MMO5 -
MMO6 -
MMO09 -
MM10 -
MM11 -

Bentzen et al. Nat. Biotechnology 2016 Bjorn et al. Oncotarget 2017
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Neoepitope recognition in NSCLC

HLA :
fGT.SAPs:xxx
A*1101 ’
, A Region R1 Region R2
: SH.\F:CxK ‘ {
5.‘.-‘3:;sov1 WER E i — ! ~1
Tl ‘ I(_
= ’
RSMRTVYGLF E L DRUTHVNN, R
A*2402 % Region R3 Normal
E ' 2 8% ‘ o.1%
: 5 |
2 }C;PGFLG:PM M ' 1
B*3501 -
BVS510-MTFRZ-multimer
‘ , MTFR2 (FAFQEYDSF)
5 10

n=2 B ing (-L
98 arcoding (- Logo(p)) McGrananham, Science 2016 and Bentzen et al. Nat. Biotechnology 2016
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What determines neoepitope immunogenicity?

Shared antigen
to

CD8' T cell
* Low TCR affinity
for shared

antigen
* Anergic T cells

and low
numbers of TiLs

Endogenously
synthesized
| protein

ng(easome

'

l Peptidases

'.!"”.'- ""'-"";‘-‘ T ————
R

Neoantigen

presentation to

CD8" T cell

« High TCR affinity
for neoantigen

* T cell expansion
and high
numbers of TiLs

Yarchoan M & Jaffee EM. Nat Rev Cancer (2017) 17:209-222.
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1. Identification of cancer-specific genetic alterations

R
3 =
2 DNA RNA
- [TUMOR & NORMAL1 [TUMOR)
]
8 Vhole genome sequencing ) L
m Whole exome sequencing ANA sequencang
172
~3 INPUT: VCF file HLA alleles Expression file q q
9 NGS pipeline:
i A S tm {on cONA and
-T: oo s » e A AR . G120 MUPeXI
m carl W, G A S i W o R L - PR IR,
9. arl 16514 . r n N I N v | SOX

(Mutant Peptide Extractor and Informer)

Bjerregaard et al. CII, 2017
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2. Neo-epitope immunogenicity

IE

D HLA alieles MLA-spediic binding afinity
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IE

Neoepitopes are stronger HLA binders than neopeptides

Mutation 1004

Most tumours
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Bjerregaard AM et al. Frontiers Imm. 2017
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Loss of self-similarity contributes to immunogenicity specifically for
conserved binders

1.000- * ns

0.975+

0.950-

Self-similarity

0.925-
L 4

0.900-

T cell response B8 No Bl YES

Bjerregaard AM et al. Frontiers Imm. 2017



Novel tools to analyze for T cell
recogntion using large libraries of pMHC

Understanding neoepitope immunogenicity,
to improve neoepitope prediction

IE



TCR fingerprinting

Increased understanding of TCR-pMHC interactions

"Rules”for cross recognition between pMHC complexes

Improved safety profiles of TCRs taken to the clinic

IE



Merkel Celle Carcinom

L
Large‘IUSmall T

2 TCRs:
HLA-BO702 LTA (APNCYGNIPL)
HLA-B2401 LTA (EWWRSGGFSF)

12 T cell clones:
HLA-A0201 LTA (KLLEIAPNC)
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Merkel Celle Carcinom
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2 TCRs:
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Alanine substitution describes only partially the TCR interaction requirements =

Ala substitution Lysin substitution Glutamic Acid substitution

20 10mer 9mer 201 10mer 9mer 207 10mer 9mer

-(log10) p value

(log10) p value
-(log10) p value
3 =
4
q
-
o]

.....
- ~

substituted peptide position substituted peptide position substituted peptide position

Such L et al. unpublished
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Peptide sequence

1 p2 p3 p4 p5 p6 p7 p8 p9 —

Al Sl Al R il T i +(.— v

pl*p2 p3 p4 p5 p6 p7 p8 p9 N .
2 J

pl p2+p3 pd p5 pé p7 P8 po i+ () 7

1 p2 p3*p4 p5 p6 p7 p8 p9 — -~

e EmEnE R R e S mummm +(.— o~ ih

pl p2 p3 p4*p5 p6 p7 p8 p9 %
4. - e

pl p2 p3 pd p5*p6 p7 p8 p9 W+ . +

pl p2 p3 p4 p5 p6*p7 p8 p9 — .
5 mimmmm +(.— + NS

pl p2 p3 p4 p5 p6 p7*p8 p9

Number of reads

pl p2 p3 pd p5 p6 p7 p8*po S mimm +(.— +/\/\

pl p2 p3 p4 p5 p6 p7 p8 p9* Barcode no.

1090 0 0 0 o

o
A
10303 o
o
o &
<_g 10204
>
o (o]
10-103 X
°.8
100io—0—2 o —o—o—0—o—0o—9 6
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TCR fingerprinting HLA-B0702 LTA (APNCYGNIPL) —
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Such L et al. unpublished



Mierarchical Custening - Dendrogram of PC1-PCIZ distances with leaf logos
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Patient
w678

w876

w830

w683

Clone

1.5

TRA sequence
CVLNNNDMRF
unresolved by NGS
CAFRVSHDMRF
CVVATYSGGGADGLTF
CVVATYSGGGADGLTF

CVVTEYSGGGADGLTF
CAYNQGGKLIF
unknown alpha
CVVPLYSSASKIIF
CVGNNNDMRF

CVLNNNDMRF

CVVALYSGGGADGLTF

TRB sequence
CAIRQFDANTGELFF
CAIRQFDANTGELFF
CASSIIAGSSYNEQFF
CASSIIAGSSYNEQFF
CASSSGNPSTDTQYF

CASRGQNTGELFF
CASSVLNTGELFF
CASSVLNTGELFF
CASSDTPDLNTEAFF
CAIRRQDQNTGELFF

CASSILGASNQPQHF

CASRSQNYYGYTF

EC50
0,47
0,84
0,01
0,02
0,02

1,20
0,11
0,14
0,03
0,13

1,10

0,83




)
|
==

Validation based on functional recognition

I

ICS following Alanine substitution, (Gly sub for pos 6)

MCPyV 5514 MCPyV 5808
60 60 7
40 I
© ©
~ ~
2 201 °
a Q40
o o
= 15 ] -
= =
w w
- 10 7 ~
© © 20
w w
z =z
- 57 -
0= T T 0
23 )
8 N g,
7 8 ¢

Such L et al. unpublished



Potential cross-recognition in the human proteasome

KLL-clone
5808

5514

sequence

RTCEIQGWC
KWQENQNC
KTVGIYPNA
RIVGIHONG
ANCTITANA
RTCEIWSWC
FICEICNNG
KTCEIFGWC
CVVEICPPA
RQLEIANNS

NLMEVMPNI
TVMEVMVNV
LVLEVDPNI
CQEVEVNC
LNLEVDPNI
KVKEVCPNY
IPMEILPNV
RNEVAPQV
RSLEVLWNV
KILEICDNV

p-value
1.51e-07

2.48e.07
28707
3.07e-07
3.64e07
42e.07

492e-07
547e07
547e07
552e07

4.14e08
2.39e07
257e07
3.06e-07
3.63e-07
3.77e07
15707
1.04e-06
1.11e-06
1.14¢.06

gene
P2RX3
SLF2
STEGALNAC3
WLS
D27
P2RX6
PLEKHM3
P2RX1
PXDNL
IFT122

RAD9B
RYR1

KRTS
PRAMEF25
TTBK2
FAR2

GK

SEPHS1
PCSK7
TNMD

protein name

Purinergic receptor P2X 3

SMCS-SMC6 complex localization factor 2
ST6 N-acetylgalactosaminide alpha-2 6-sialyltransferase 3
Whatless Wnt ligand secretion mediator
CD27 molecule

Purinergic receptor P2X 6

Pleckstrin homology domain containing M3
Purinergic receptor P2X 1

Peroxidasin like

Intraflageilar transport 122

RAD9 checkpoint clamp component B
Ryanodine receptor 1

Keratin 8

PRAME family member 25

tau tubulin kinase 2

Fatty acyl-CoA reductase 2

Glycerol kinase

Selenophosphate synthetase 1

Proprotein convertase subtilisin/kexin type 7
Tenomodulin

Blasted on FIMO (Find Individual Motif Occurrences)
Grant et al, Bioinformatics 2011
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Evaluation of cross-recognition

TP
o
o
w876 clone 5 w876 clone 2 w678 clone 1.5 BC-D99
KLLEIAPNC
NE?; @
T
KTVGIYPNA
23 Q3
T e
10° 10° 10 10° w0 10 10

Expressing cell Staining

Gene Protein name Organism Function Pathway Tissue expression types intensity
ST6 N-
acetylgalactosami
nide alpha-2,6- Protein
ST6GALNAC3 sialyltransferase 3 Human Sialyltransferase glycosylation Brain Neuronal cells Low
Endocrine tissue Glandular cells Low
Gastrointenstinal tract Glandular cells Low
Squamous
Breast and female epithelial
reproductive system cells Low

Muscle tissue Myocytes Medium-high



In summary

Large library screening for pMHC
recognition of T cells

* Shared antigens

* Neoantigens

Identify novel antigens &
understand immunogenicity

TCR fingerprinting
* Implications for clinical safety

DNA barcoded
multimers

Next-generation

Multicolour flow
sequencing

cytometry

l

Antigen-recognition profile

Melanoma Virus
— .

Sample 1-
Sample 2 -

Antigena
Antigenb

|

Personalized therapy
Target selection
Meonitorng of therapeutic efficacy and adverse events
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