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Outline 
Alternative RNA splicing is a widespread process in mammalian genomes, with 95% of multi-
exon genes having more than one splice-form expressed in humans. Aberrant splicing 
contributes to many cancer hallmarks, including changes in metabolism, apoptosis, cell cycle, 
invasion, metastasis and angiogenesis. To date, there have been very few large-scale studies 
of alternative splicing in cancer that have examined the full spectrum of splicing events and their 
downstream functional impacts. We will perform a large-scale comprehensive survey of 
alternative splicing in cancer using representative datasets from two biologically and clinically 
important cancers: i) cervical squamous cell carcinoma (CSCC), the second most common 
cancer affecting women worldwide and ii) malignant germ cell tumours (GCT), which account for 
15% of all malignancies in childhood/adolescence. 
 
The project will have three main aims, as described below. The EBPOD Fellow will be 
responsible for all computational analyses, under direct guidance from both laboratories, and 
will work closely with his/her experimental counterparts in the Coleman group. The Fellow will 
be based at EMBL-EBI but will be expected to spend at least one day per week in the 
Department of Pathology. 
 
Aim 1. Data generation and transcriptome assembly  
We will perform high-throughput, 100bp paired-end, strand-specific RNA sequencing for a large 
panel of clinical and cell line specimens using the Illumina HiSeq platform available at the EMBL 
Genomics Core Facility. We have a unique access to a large set of carefully annotated CSCC 
from India and the UK (Cambridge LREC 09/H0306) and entire UK collection of paediatric GCT 
samples (http://www.cclg.org.uk/tissue-bank) (Cambridge LREC 01/128). We already have 
sequencing data from 54 cervical samples, representing 31 independent cervical tissue 
specimens (24 CSCCs and seven samples of normal ectocervical epithelium) and 23 cell lines 
derived from the unique and well-regarded W12 CSCC model system. For GCTs, we will study 
58 samples from female and male patients, including representative malignant GCT subtypes 
(yolk sac tumours, seminomas and embryonal carcinomas) and cell lines, together with benign 
teratomas and normal gonadal control samples. Initial read cleaning (adapter removal, 
demultiplexing, and quality filtering) will be done using the KRAKEN pipeline developed in the 
Enright lab.  After cleaning and QC, reads will be mapped to the reference genome and 
assembled into transcripts using well-established de novo and ab initio tools and relative 
abundances of genes and isoforms estimated. 
 
Aim 2. Identification of differentially expressed splicing factors and splice variants of 
known tumour suppressors, oncogenes and apoptotic regulators 
 
Identification of cancer-specific splicing factors and other RNA binding proteins  
We will examine the differential expression profiles of splicing factors in tumour and control 
samples. We will identify splicing factors common to CSCC and GCT as well as those that are 
specific to each cancer. We will correlate the variation in expression of the splicing factors in 
different tumour types to relevant clinico-pathologic features (age, gender, tumour stage and 
grade, site of tumour origin). Changes in mRNA and protein levels of highly differentially 
expressed splicing factors will be confirmed by qRT-PCR and western blot analysis. Further, we 
will explore whether alterations in the expression of these splicing factors cause corresponding 
changes in the alternative processing of target genes, mainly focusing on tumour-associated 
genes. The cellular functions of splicing targets in CSCC and GCTs, will be assessed through 
functional enrichment (Gene Ontology and signalling pathways). Finally, we will select a panel 
of representative CSCC- and GCT-specific splicing factors and perform cross-linking 



	  

immunoprecipitation high-throughput sequencing techniques to identify directly the bound 
targets. 

 
Splice variants of tumour suppressors, oncogenes and apoptotic regulators  
Our next key questions will be: How are tumour suppressors and oncogenes in CSCC and 
GCTs are altered as a consequence of splicing and how do these perturb normal cellular 
functions and pathways? We will obtain lists of cancer and apoptosis related genes and create 
genes and isoforms expression profiles to identify genes differentially expressed at the isoform 
level. To confirm our findings experimentally, we will design in-vitro overexpression and/or 
knockdown experiments, e.g. using isoform-specific short interfering RNAs (siRNAs) against the 
target isoform in representative cell lines. Further, not all alternatively spliced isoforms produce 
functional proteins, so we will also annotate isoforms with structural and functional information. 
For both the CSCC and GCT de novo transcript assembly, we will also extract novel splice 
junctions. We will search them for ORFs and identified ORFs will then be annotated with 
structural and functional information, signal peptides and conservation. Novel splice isoforms 
showing tumour-specific expression will be flagged and a subset will be validated by qRT-PCR. 
Next, our objective will be to extend the isoform-centric analysis to a more specific exon-centric 
view, which will help us to quantify differential regulation at the exon level and also to identify 
which types of splicing event (skipped exons, alternative 5′/3′, alternative first and last exons, 
alternative transcription start and polyadenylation, mutually exclusive exons and retained 
introns) are more prevalent in CSCC and GCTs. 
 
Aim 3. Discovery of non-canonical splicing events, such as fusion genes, circular RNAs 
and miRNA sponges.  
Gene fusion events resulting from insertions, deletions, inversions and translocations represent 
one of the most common types of genomic rearrangements in cancer and fusion transcripts 
exhibit tumour-specific expression. In CSCCs, integration of high-risk human papillomavirus 
(HR-HPV) into host DNA may generate functionally significant virus-host fusion transcripts. We 
will identify and classify fusion genes based on the mechanism of fusion (translocation and/or 
inversion), relative chromosomal positions of fusion partner genes and genomic structures. The 
top-ranking fusion genes will be validated by qRT-PCR using breakpoint-spanning primers. 
Importantly, we will focus on fusion genes that have 5’ and/or 3’ partner gene with potential 
oncogenic functions. For such cases, we will compare expression of fusion genes to their wild-
type 5’/3’ partner genes, indicating whether fusion events are linked to deregulation and over-
expression of partner genes. The frequency of chromosomal breakpoints near the fusion genes 
will be determined using the COSMIC database of cancer mutations to identify breakpoints 
previously reported in other malignancies. Knockdown studies will be performed to demonstrate 
the potential biological significance of fusion events. Further, we will also explore other genomic 
rearrangements, such as exon shuffling resulting in circular RNAs. We will identify putative 
circular RNAs, validate their expression and explore their functions in vitro. We will also perform 
functional analysis (e.g. Gene Ontology and biological pathways) of genes producing circular 
RNAs, to determine if they are enriched for specific biological functions. In particular, we will 
scan for potential miRNA binding sites in circular RNA sequences. Effects of circular RNAs on 
the activity of miRNAs and their targets will be validated by luciferase assays. 
 
Concluding comments.  
This project will increase our understanding of the role of alternative splicing in tumour 
progression and should provide candidate diagnostic/prognostic biomarkers and therapeutic 
targets. The results of our analyses, including expression profiles of splicing factors, target 
genes, cancer-specific isoforms, fusion genes and associated splice events will be stored and 
distributed through an integrated MySQL database and made available as a public resource 
upon publication of the results.  
 
Please note that this project represents the continuation of a long-standing and productive 
collaboration involving Nicholas Coleman and Matthew Murray in the Department of Pathology 
and Anton Enright in EMBL-EBI. 


