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St Potential Neo-antigens: MHC Binding Prediction
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Beyond NET MHC: Many Neoantigen Prediction Algorithms

Somatic mutations, Splice Variants, ...

My approximation of the correlation
matrix showing the overlap of
Neoantigen Predictions for 4 melanoma
cancer patients

Predictions

22 different sets of predictions

TESLA Program, Parker Institute

Predictions



Any individual non-expanded population of neoantigen-specific CD8+ T cells, especially in a
challenging patient will likely be extremely rare

Example: From tumor infiltrates, one might separate 10,000 viable CD8+ T cells
Assume patient has 6 HLA alleles (typical)
Likely 100 candidate neoantigens per allele that exhibit reasonable binding to MHC

Neoantigen-specific populations likely exist in single digit numbers per 10* CD8+ tumor infiltrates
Abundance in the blood will be 10-fold lower

This presents a highly challenging sample for analysis

For R, applications (vaccines, TCR-engineering), the analysis must be rapid and accurate
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* Conditional Antigens
(Schumacher, T.N. Nat. Med. 2006)

» cysteine-labeled streptavidin scaffold

Barcoded Nanoparticle Nucleic Acid Cell Sorting (barcoded NP-NACS)
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Isolate on microchip for analysis

(Altman, J Immun Meth 2007)

* DNA-labeled cys-Strep tetramers
(Kwong et al., JACS 2009)



Microchip Design for Analyzing Neoantigen-specific T cell populations
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peptide seq
ALDHMFMYFL
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FLGSLLILV
FLNCDIMLGV
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VTSSIVTLV
ILPFFYLGSA
VLTRLALLQL
RIAGEEVTLTV
LLEYRISENPV
SKQTNVQRL
SLMNEDFILAV
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Round 2: — Red (CyS) — Green (GFP) 73 % Cell occupancy
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Kinetic study of neoantigen-specific PBMCs

Baseline, Sep 2012 Dec 2012 Mar 2013 Nov 2013 Only population seen by flow cytometry
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Capturing the T cell receptor o/ genes
Vvillc
TCR a gene

A 15t znd 3rd
8
W TCR  gene . TCR sequencing
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Per 10° CD8+ PBMCs

Mut RNA Reads
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Matching these (likely) polyclonal antigen-specific T
ell populations with the TCRa/b genes
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Mark Davis (Stanford) has developed a method
to do this for relatively high abundance
antigen-specific T cells

Ton Schumacher has shown that most CD8+ T
cells within a tumor are NOT tumor reactive



Pairing

Microchip to Facilitate MHC/Antigen/TCRo/ gene

NP-barcoded cells —
introduced on-chip

Barcoded T cells combined with

RT-PCR reagents, entrained in

*& - e o 6 microdroplets, and collected here
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Lysed cell

60 micrometer droplet

RT + PCR (30 cycles) done in intact droplet
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Uniform droplet size and intact droplets after 35 cycles PCR (RT- PCR

done within droplets — big difference from drop-RNA-seq methods)




Analysis pairs multiple antigens with cognate TCR a/b chains in a single sequencing run

Universal
Sequence

AGCAGTAC

ACGAATAC

We get millions of reads that look similar to this; all 64k UMIs

are represented

1. Getrid of reads of < 100 base pairs
2. Given UMI at least 80% single neoantigen. Lowers UMI

count to 40k.

3. Define S/N > 10 for a given UMI (lowers count to 30k).

Ca or CB
UMI (8-mer) (22-mer)
(for illumina sequencer)

[ H

UMI diversity = 64k

i.d. 6-mer

TCTTCCASSTTGTGCCAGCAGTACCGTCTCCGGGGCCCCCAGCGAGCAGTTCTTCCASST

TAGCAGTTCTTGTGCCAGCAGTACCGGTGCCAGCAGTACCGTCGAGCAG

TCR Sequencing Data after cleaning algorithm applied

cMv (UMl |cDR3 AA V.gene EBV |UMmI CDR3 AA V.gene

1| 1113[CASSYQTGTIYGYTF TRBV6-5 1  16832/CSARDRIGNTIYF TRBV20-1
2| 177|CLE*IME~SQGNLIF TRAV4 2| 11799|CAEDKDSTLTF TRAVS
3| 86/CSARDRIGNTIYF TRBV20-1 3 48|CASSYQTGTIYGYTF TRBV6-5
4 8/CAEDKDSTLTF TRAVS 4 1/CASSLRGIGA~LAGVNEQFF  |TRBV7-8
5 3|CAISAPTGPNTEAFF  [TRBV10-3 5 1lcal PNTEAFF TRBV10-3
6 2|CASSRALASGIDEQYF  [TRBV4-3 6 1lcTP NTIYF TRBV20-1
7 1lc GP~DRAQIRYF [TRBV23-1 7 1|cR KTIVF TRBV20-1
8 1lc DSAEADTQYF  [TRBVS-4 8 1/\WQCRDKVGNTKIF TRBV20-1
9 1 SGIDEQYF  [TRBV4-3 9 1/CAEDKDSTLAFs _ TRAVS

10 1|CASOFANRQQNEQFF  [TRBV7-9 10 1cAeaTAdTHAISE TRAVS

11 1/CASSYPTGPIYGYTF TRBV6-5 11 1/CAEDQDSTRTG TRAVS

12 1CASSYRPWM  [TRBV6-S

13 1/CASSPKTGTTYEQYF  [TRBV6-5

14 1/CASREGVAVNTEAFF  [TRBV7-6 MHC-J [UMI__|CDR3 AA V.gene

15 1|GASSDQTGTSYGDPG  [TRBV6-5 1 6|CSARDRIGNTIYF  [TRBV20-1

16 1/CASSAQSINQPQHF  [TRBV7-9

17 1/CASSLRHW*PQHF TRBV7-3

18 1/CASSLRHWQPQHF TRBV7-3




What makes a good TCR for TCR-engineered Adoptive Cell Therapy?

Do TCRs require a “catch bond” to activate?
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* Dembo, M., D. C. Torney, ., D. Hommer. 1988. The reaction-limited kinetics of membrane-to-surface adhesion and detachment. Proc. R. Soc. Lond. B Biol.
Sci. 234:55-83.

* Thomas, W. E., V. Vogel, and E. Sokurenko. 2008. Biophysics of catch bonds. Annu. Rev. Biophys. 37:399-416.

* Marshall, B. T., M. Long, ., C. Zhu. 2003. Direct observation of catch bonds involving cell-adhesion molecules. Nature. 423:190-193.

* Liu, B., W. Chen, ., C. Zhu. 2014. Accumulation of dynamic catch bonds between TCR and agonist peptide-MHC triggers T cell signaling. Cell. 157:357-368.

* V. Luca, ... T.J. Ha, K.C. Garcia 2017. Notch-Jagged complex structure implicates a catch bond in tuning ligand sensitivity Science.



Molecular dynamics simulations: Inputs and outputs
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Applying constant forces changes the “spring stiffness” of the “pMHC-TCR bond”

— P20+13.9pN

P20 no force

— HIV+15.1pN
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Bond HIV no force
breaking
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CD8 imposes shear force on the TCR-pMHC interface

TCR docking angles from crystal structures
vary between agnoists vs non-agonists antigens

(b)

Non-germline docking = no signal

Germline docking = signal

Chris Garcia, Trends Immunol. 2012



+23 deg. Signal angle minimum
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