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List of main corrections in this revised thesis:

10.

11.

12.

13.

14.

15.

16.

The title of the thesis has been changed to more closely match the content of the body of
work contained herein.

A new chapter has been written on ‘Materials and Methods’ which provides methodological
details from all experimental chapters in a logical order. References to published works are
included as appropriate.

Details of somatic variant calling as part of whole-exome sequencing data analysis are
described in the Methods.

The site at which the EGFRvIII transgene is inserted in mice is stated early in the Methods
section.

RNA-sequencing data analysis to determine differentially expressed genes, as well as gene set
enrichment analysis, detection of EGFRVIII transcripts and transposon fusion transcripts, are
all described in the Methods.

Methods used for comparative genomic analysis with human tumor data are described in the
Methods chapter, including reference to the publicly available software Cbioportal.

Further detail of immunohistochemical staining protocols is provided.

Both low as well as high power views are now provided for all pathology images of tumors
shown, enabling the reader to better appreciate the details of the histology.

Details of how gliomas were graded based on histological assessment by a neuropathologist
are fully described in the Materials and Methods section.

Pathology images have been alighed for appropriate presentation, and with scale bars
presented.

The majority of figures have been re-drawn to meet high-quality publication standards.
Figures have been referenced in the text appropriately.

Figure legends have been revised throughout to give more detailed information.

The results of gene set enrichment analysis of RNA-seq data from our mouse tumors are now
presented.

A completely new analysis with new data has been provided for RNA-sequencing of EGFRvlII
tumors with piggyBac transposition, highlighting detection of fusion transcripts which further
supports the data provided DNA analysis of transposon insertion sites.

To address concerns of both examiners regarding the demonstrating EGFR recombination in
tumors of our mice, | have provided new data of immunohistochemical staining for EGFR and

5



Imran Noorani

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

EGFRvIIl showing specific expression in tumors or tumor precursor lesions. As previously,
these have also been reviewed by a Consultant Neuropathologist (Prof Brandner) who agrees
with the pathology labelled by these stains.

Further consideration is given to the locations of recombination with nestin-cre with
appropriate citation of the literature.

Tables of all mice produced in this study are listed, including age at which they were culled
and histology (where histology is available).

The aims of Chapter Three have been altered to emphasise the focus on studying the genetics
of EGFRuvIIl gliomas.

The Discussion has been revised to include new sections expanding on the development of
therapies targeting EGFR, and the challenges faced by these for treating glioblastoma in
patients.

Abbreviations have been explained at first usage.

The number of animals / samples have been stated in all experiments.

The statistical tests used are named next to each p-value stated in the Results sections.

For survival analysis of patients based on gene expression levels, the same cut-off for ‘high’
versus ‘low’ gene expression has been selected for all genes.

Sections of the Results describing data on known mutations in gliomas from publicly available
patient databases have been removed, and the publications first presenting these data are
simply referred to instead.

A sub-section discussing the limitations of my work has been added in the Discussion for all
Chapters presenting new data.

The Introduction to Chapter 5 has been rewritten in regards to the background on
medulloblastoma, correcting previous inaccuracies.

The term ‘cross-species’ has been corrected to ‘comparative’ in regards to genomics
comparing mouse and humans in this work.

Supplementary tables for whole-exome sequencing, RNA-sequencing, piggyBac common
integration sites, and fusion transcripts are included.

A new section has been added to the Discussion Chapter on novel developmentsin transposon
mutagenesis screening.

The possible reasons why EGFRvIIl was observed to induce gliomas in my mouse model

whereas in it was not in previous publications are explained in the discussion for Chapter 3.
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32. A description of limitations of the work is provided at the end of each experimental Chapter.

33. Referencing format is now consistent across the Thesis.
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Summary of Work

Genetic dissection of EGFRvIII brain and spinal gliomas through whole-exome sequencing
and PiggyBac mutagenesis forward genetic screening

Imran Noorani

Glioma is the commonest intrinsic brain tumor, and its high-grade form has a devastating prognosis.
These tumors also arise in the spinal cord, carrying significant morbidity in children; however the
genetics of these spinal gliomas is poorly understood. EGFRvIII is a common driver mutation in brain
gliomas; it is unclear when this is acquired during glioma evolution and what its cooperative genetic
drivers are. Here, we show that EGFRvIII initiates gliomagenesis in vivo; EGFRvIIl leads to glioma
precursors in the subventricular zone and brain surface, and later glioma formation in the brain and
spinal cord. The long latency for tumor formation implies the need for additional mutations to drive
gliomagenesis. In these tumors, we detected further genetic alterations including amplification of
EGFRvIIl, mutations of Trp53 and Tead2, and Cdkn2a deletion, through whole-exome sequencing. To
shed further light on EGFR-cooperative genes for glioma progression, we conducted a genome-wide
piggyBac transposon mutagenesis screen in vivo, which identified known glioma drivers (including
Cdkn2a, Pten and Nf1) and novel putative partners, including genes that regulate neuronal
differentiation such as Sox6 and Tcf12, and a novel regulator of the Ras pathway Spredl. RNA-
sequencing confirmed the presence of fusion transcripts (transposon mediated effects) for these
genes. We demonstrate the clinical relevance of these cooperative genes through comparison with
large human glioma databases, demonstrating recurrent genetic alterations of these genes are in
patient tumors implicating them as putative drivers, and we highlight that expression levels of Sox6
and Tcf12 correlate with patient prognosis. We show that there are shared and distinct mutated genes
in brain and spinal gliomas. Although Pten is a well-known tumor suppressor for brain gliomas, it was
not previously known whether Pten drives spinal gliomagenesis. Given recurrent transposon
insertions in Pten were found in both brain and spinal gliomas, we generated conditional mice with
EGFRvIII and Pten loss, demonstrating Pten accelerates spinal glioma formation. Our work elucidates
the genetic evolutionary processes behind EGFRvlll-driven gliomas, provides a detailed genomic
comparison between brain and spinal gliomas, and provides functional genomic datasets to help

decipher complex human glioma genomes.

11



