The
Westmead
Institute

S

ldentification of SARS-CoV-2 T-cell Epitopes for ?

Assessing T-cell Immunity

Eunok Lee*", Kerrie Sandgren®’, Gabriel Duette*®, Vicki V. Stylianou®®, Rajiv Khanna®?, John-Sebastian Eden*>*!, Emily Blyth""

David Gottlieb”#", Anthony L. Cunningham®’ and Sarah Palmer®" Acknowledgements

2 Centre for Virus Research, The Westmead Institute for Medical Research, Westmead, New South Wales, Australia e All authors who kin dly shared SARS-CoV-2 genomic data on

®School of Medical Sciences, Faculty of Medicine and Health, The University of Sydney, Camperdown, New South Wales, Australia
GISAID.

e BEAT COVID-19 grant sponsored by Snow Medical.
® NSW Health COVID-19 Research Grants.
e We acknowledge with gratitude the participants of this study.

¢Faculty of Medicine, The University of Queensland, Brisbane, Queensland, Australia

4QIMR Berghofer Centre for Immunotherapy and Vaccine Development, QIMR Berghofer Medical Research Institute, Brisbane, Queensland, Australia

¢Centre for Infectious Diseases and Microbiology, The Westmead Institute for Medical Research, Westmead, New South Wales, Australia

fMarie Bashir Institute for Infectious Diseases and Biosecurity, School of Life and Environmental Sciences and School of Medical Sciences, The University of Sydney, Westmead, New South Wales, Australia
¢ Centre for Cancer Research, The Westmead Institute for Medical Research, Westmead, New South Wales, Australia

"BMT and Cell Therapies Program, Westmead Hospital, Westmead, New South Wales, Australia

Challenges for selecting T-cell epitopes against SARS-CoV-2 Aims

L. : : e Design a novel immunoinformatics analysis pipeline that selects for immunogenic peptides from non-variable
o Recombination between coronaviruses 1s common.

e The number of mutations within SARS-CoV-2 genome 1s increasing. and topologically important (1.¢. highly networked) protein regions.

« Human Leukocyte Antigen (HLA) alleles are polymorphic. e Monitor genetic mutations within Spike and Nucleocapsid protein sequences and determine if the immunogenic

peptides selected by our immunoinformatics analysis pipeline avoid these mutations.

Cellular immunity against SARS-CoV-2 1s cross-reactive to seasonal human coronaviruses that cause the common cold.

New immunoinformatics analysis pipeline for T-cell epitope selection

Obtain > 600 SARS-CoV-2 genomic sequences

Identify protein regions with 0% genetic variability

e The re gi ons ¢ ompris ed of "hi ghly networked" and extract Spike and Nucleocapsid protein sequences

amino acid residues are topologically important for

the maintenance of tertiary and quaternary viral

protein structures. Protein structure homology modelling using the consensus Spike and Nucleocapsid Generate consensus Spike and Nucleocapsid

protein sequences protein sequences

e In human immunodeficiency virus (HIV)-infected Select peptides mapped to the protein regions

individuals with diverse HLA class I alleles, targeting with 0% genetic variability
epitopes from these topologically important (i.e. highly

Generate Spike and Nucleocapsid

networked) regions with cytotoxic T-cells provided Compute network scores for each amino acid residue within a protein structure

peptide repertoires (9- and 12-mers)

virologic control (Gaiha et al., 2019).

e Therefore, out immunoinformatics analysis pipeline
integrated open-access databases/tools with Identify protein regions containing highly networked amino acid residues

protein network analysis. Select peptides mapped to the protein regions containing

highly networked amino acid resideus

e Our target SARS-CoV-2 proteins
for selecting highly networked T-cell

- High network

Low network

epitope derived peptides are Spike

Select peptides that are binders to multiple Validate the CD8+ and CD4+ T-cell response

and Nucleocapsid.

HLA-I and HLA-II alleles to the peptides in SARS-CoV-2 convalescent participants
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Highly networked T-cell epitope derived peptides for A predictive fitness model for Nucleocapsid protein identified two linked mutations

SARS-CoV-2 specific T-cell immunity assays which contribute to an increase in the frequency of SARS-CoV-2 variants
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were polyfunctional exhibiting four effector functions

HLA class [ mediated antigen processing and immunogenicity scores simultaneously.
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¢ QOur immunoinformatics analysis pipeline defined 57 SARS-CoV-2 immunogenic peptides within highly networked (i.e. topologically important regions of
Nucleocapsid and Spike proteins that avoid genetic mutations that enhance viral fitness or infectivity.

e Ofthese, 18 had limited homology to seasonal human coronaviruses and therefore are promising candidates for distinguishing SARS-CoV-2-specific immune
response from pre-existing coronavirus immunity.

o Importantly, CD8+ T-cells obtained from COVID-19 survivors exhibited polyfunctional/effector responses to highly networked T-cell epitope derived peptides
1dentified from Nucleocapsid protein, providing a proof of concept that our immunoinformatics analysis pipeline selects novel immunogens which can elicit

polyfunctional SARS-CoV-2-specific T-cell response.



