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Project background 

Many head and neck cancer (HNC) patients develop recurrent disease, driving a pressing need to discover new and 

better treatments. Immunotherapy has shown promise for the treatment of HNC, demonstrating that the immune 

system is able to effectively target tumours. Antigens presented by major histocompatibility complex (MHC) molecules 

on cell surfaces of tumor cells provide direct physical interactions to engage CD8+ and NK cells. The repertoire of 

these antigens, the immunopeptidome, plays key roles in determining the effectiveness of immunotherapy in different 

tumours (Litchfield et al., 2020; Driscoll et al., 2020). Thus, a characterization of tumour specific antigens (TSAs) is 

crucial to effectively targeting tumours. TSAs can arise from tissue restricted proteins, such as cancer testis or 

embrogenic antigens, mutated neoantigens, or aberrant expression of non-coding genomic regions. Rapidly growing 

datasets from mass spectrometry based immunopeptidomics have exposed that regions outside the canonical protein 

coding regions can give rise to functional non-reference (NR) proteins, including the generation of TSAs (Burbage et 

al., 2023);. Examples include alternative frame translation of mRNA (altORFs and nuORFs) from polycistronic coding 

and non-coding transcripts (Mudge et al., 2022), expression of transposable elements (particularly ERVs) (Attig et al., 

2019), frameshifts, and gene fusions (Jang et al., 2019). Our preliminary analysis shows that NR events are prevalent 

in HNC and currently represent a missing molecular layer that may be key to deciphering the immune responses. 

Accumulating evidence suggests that the NR events are prevalent in cancer cells and have been mechanistically 

associated directly to cancer mutations or mediated via epigenetic regulation (Barczak et al., 2023).  

Our hypothesis is that cancer cells provide a distinct set of external signals to their microenvironment and immune 

system, which modulates anti-tumour response. In this project we propose to develop bespoke tools to conduct the 

first systematic study of novel protein coding events in HNC and to associate these with genetic and clinical attributes. 



 
 
 
 

The immunogenicity of recurrent translated dark proteins will then be evaluated to prioritise candidates using samples 

from BRC cohorts. Unravelling the molecular links between the immunopeptidome and anti-cancer immunity would 

provide key information that predicts the efficacy of checkpoint inhibitor therapy, as well as generate novel vaccine 

targets and biomarkers for accurate diagnosis.   

 

Project aims 

 Establish a bespoke proteogenomic pipeline for large scale non-reference protein discovery 

 Analysis of clinical datasets for NR identification in HNC cohorts  

 Validation of NR protein coding events or neoantigens as candidate biomarkers  

 Selection of NR candidates for clinical follow-up 

Research proposal 

A. Proteogenomic pipeline for large scale non-reference protein discovery 

The Choudhary Lab has previously developed approaches and tools to integrate genomics and proteomics 

data (Rost et al., 2016; Schlaffner et al., 2017; Wright et al., 2016). They have applied proteogenomic approaches 

for multi-omic analysis of patient cohorts leading to prediction of markers of early detection (Chen et al., 2020) and 

discovery of novel protein coding events (Roumeliotis et al., 2017). Here we propose to build on this work by 

extending the pipeline for discovery of NR transcription and translation analysis.  

Traditional transcriptomic pipelines rely on mapping reads to the reference genome using a reference gene set, 

typically from GENCODE.  While these reference annotation gene sets have supported a range of biological 

discoveries, they lack information on non-reference or personal genomic events such as unannotated genes and 

altered gene structures (e.g. gene fusions).  

To overcome this limitation a high-throughput pipeline for transcript profiling will be established. Cancer-

specific contigs will be identified by comparison to paired normal cells (e.g., cells adjacent to tumors). Additionally, 

the pipeline will incorporate steps using GATK best practices tools to identify somatic cancer mutations alongside 

germ-line variations. The pipeline will be developed using the Nextflow workflow language, allowing for reproducible, 

portable, and scalable analysis over the patient cohorts and open-source sharing with the research community. All 

contigs will be quantified, normalised, and populated into a database linking them to additional biological features 

and providing the basis for downstream analysis.   

B. Exploration of “dark” transcriptional events in HNC cohorts 

 To identify robust cancer specific events, data from diverse normal adult and embryonic tissues from the GTEX 
study will be analysed, and this will identify NR transcripts expressed in normal tissues. This will reveal the 
complement of NR transcriptional events and their frequency. Following this, HNC datasets from TCGA will be 
analysed comparing transcriptomes from paired Tumor vs Normal datasets from the established pipeline. Validation 
of these novel transcripts will be done using in-house datasets from the BRC-supported cohorts from DART 
(CCR5397) and RECUT Plus (CCR 5263). Additional datasets from patients undergoing checkpoint therapy will 
provide insight on the contribution of NR expression in patient treatment response. The motivation is to identify the 
NR events that discriminate patients’ response and treatment success as well as to identify immunogenic 
vaccination candidates.  

C. Validating the protein coding potential of transcriptional events  

Proteomics and Ribosome profiling (Ribo-Seq) datasets will be used to validate the translation of NR events. The 

NR transcripts will be translated to create bespoke protein databases to be queried against proteomics datasets 

from public repositories and in-house MS experiments. Proteomics datasets from patient tissues will be analysed to 

validate expression in clinical samples (Huang et al., 2021), and in available HNC cell models. All the evidence 

levels will be annotated in an interrogable database and presented with downloadable tracks in genome browsers. 

Together these data will enable annotation of gene models and validation of the most comprehensive NR protein 

coding repertoire in HNC.  

D. Evaluation of the immunogenic potential of NC proteins and generation of candidates for clinical 
follow-up 



 
 
 
 

NR events will be computationally and experimentally explored to identify neoantigens. Computational 

analysis will be used to model the antigen binding to MHC sequences and predict immunogenicity. This will guide 

prioritisation of candidates for detailed follow up by immunogenicity assay. Comparative analysis with the 

immunopeptidome of a variety of benign sources will be performed to recover tumor specific neoantigens. Together 

these approaches will enable the selection of cancer specific antigen candidates that will be evaluated for 

immunogenicity using the ELISPOT assay.  

A panel of discriminatory immunopeptides will be selected to develop targeted immunopeptidome clinical assays 
using quantitative targeted mass spectrometry approach (Ippoliti et al., 2016). We will analyse paired tissue and 
blood samples to validate antigens in a pilot study collected from the ORIGINS and DART cohort patients 
undergoing standard of care treatment within our unit (O’Leary and Harrington). Immune cell profiles will be acquired 
on the same samples using RNA sequencing and IHC.  Together this information provides to opportunity to link 
immunopeptides signals with immune cell recruitment and patient outcome. 
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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:  

Intended learning outcomes: This highly multidisciplinary project will offer a broad range 
of training in state-of-the-art genomics and proteomics, 
bioinformatics, and immunology. Importantly, the aim of 
this project is to identify new insights and to clinically 
useful molecules that will improve use of immunotherapy 
in head and neck cancer. The work will be focused on the 
analysis of clinical data and samples from external and 
BRC cohorts. The supervisory team comprises diverse 
expertise from clinicians and basic science disciplines all 
of which have track records in translation. 

Advertising details 

Project suitable for a student with a background in: x  Biological Sciences 

 Physics or Engineering 

 Chemistry 

 Maths, Statistics or Epidemiology 

x  Computer Science 

 


