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Project background

Multiple myeloma (MM) is caused by the clonal expansion of plasma cells in the bone marrow. While
survival from MM has improved significantly over the last decade with the introduction of
immunomodulatory drugs, proteasome inhibitors and monoclonal antibodies, the disease essentially
remains incurable, and many patients die following relapse.

Recently, T-cell based approaches that target plasma cell differentiation receptors, such as BCMA and
GPR5D, equally expressed on healthy and tumour cells have shown high response. However, these
treatments have profound side effects through targeting of healthy cells, prohibiting their use in areas
such as early intervention. Most importantly, most MM tumours still relapse, in part due to dispensability
of these non-specific differentiation markers for survival.

A key strategy to expand the effectiveness of immunotherapy, both in terms of vaccine and T-cell based
therapies, is to promote the recognition of tumour cells by T-cells through the identification and targeting
of tumour antigens. Tumour antigens, derived from endogenous and exogenous proteins, are processed
into peptides and presented on the cell surface by human leukocyte antigen (HLA) molecules (HLA-I and
HLA-II respectively). These antigens, which form the immunopeptidome, can be recognized by the
immune system as nonself, triggering an immune response. Immunopeptidomics uses mass
spectrometry to characterise peptides bound to HLA, representing an area of increasing focus of cancer
research, since these peptides represent targets for therapeutic intervention.



While such specific T-cell based therapies have shown promise in the treatment of MM only a subset of
patients respond and how tumour cells can escape the antigen presentation machinery (APM) and
immunosurveillance through molecular mechanisms remain elusive.

To advance our understanding of the MM immunopeptidome and the genetics that shape its profile and to
inform opportunities for therapeutic intervention the project will combine state of the art genomic and
mass spectrometry-based analyses of MM models and primary patient material.

Project aims

* To perform genomic and proteomic analyses to decipher the immunoproteomic profile of multiple
myeloma both in terms of canonical and non-canonical transcripts

* To investigate importance of down-regulation of antigen presentation machinery as a means of immune
escape in myeloma

* To investigate opportunities to diversity the antigenic landscape of myeloma through immunoproteasome
activators for therapeutic benefit

Research proposal

This project will be based around three inter-related workstreams.
Workstream 1: Genomic analysis of MM

Whole genome sequencing (WGS) and RNAseq data on a large series of patients which have been
generated in house will be used derive predicted canonical neoantigens generated because of somatic
mutation. Specifically, after deriving patient specific HLA-types a set of complementary in silico
approaches will be implemented to estimate neoantigen binding strengths. This analysis will be
complemented by exploiting additional publicly accessible datasets. WGS data will also be used to profile
the genetic landscape of immune escape focusing on curated antigen presenting genes (APGs) spanning
the genetic components of antigen presenting machinery, the IFN-y pathway, the PF-L1 receptor, the
CD58 receptor, and epigenetic escape. To complement these analyses and inform downstream work a
series of MM cell lines will also be profiled.

Workstream 2: Mass spectrometry analysis of the MM immunopeptidome

Established methods for enrichment of the immunopeptidome will be used in combination with
quantitative mass spectrometry to profile immunopeptidome landscape in MM cell lines and patient
samples. Peptide spectra will be assigned using database searching using databases of the canonical
protein coding genes and personalised sequences from Workstream 1. We will evaluate the intersection
between the cell models and patient antigen landscapes. Bioinformatics will be used to characterise
distinguishing antigen features, which will be associated with data from genomics and clinical attributes.
We have captured diverse datasets from normal samples and medullary thymic epithelial cells that will be
used as controls to distinguish tumour specific and immunogenic antigens, which represent the high value
target for therapeutic use. These candidates can be followed up to evaluate immune escape and immune
responses using TCR sequencing.

Workstream 3: Exploring immunopeptidome activation to unmask neoantigens

The proteosome degrade intracellular proteins generating antigenic peptides recognized by the adaptive
immune system. Since tumours can subvert the antigen processing and presenting machinery (APM) to
escape immunosurveillance hence proteasome active has the potential to increase antigen abundance
and diversity and hence offer an additional therapeutic strategy. This possibility will be explored by MS
profiling of cells treated with proteasome and HAD inhibitors, as described in Workstream 2.
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Candidate profile

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1).

Pre-requisite qualifications of applicants:
BSc/BA or equivalent in a quantitative discipline.

(MSc/MMath/MEng or equivalent preferred)

Intended learning outcomes:
Skills in computational biology

Skills in genomic and mass spectrometry-based
analyses

Skills in scientific writing
Skills in delivering scientific presentations
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