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Systematic proteomic profiling and sub-classification of glioblastoma 
 

Background 
It is my pleasure to provide my progress report for the Richard Motyka Research Fellowship that I received 
from the Brain Tumour Foundation of Canada in July, 2017.  In my project proposal “Systematic proteomic 
profiling and sub-classification of glioblastoma” I set out to use state of the art mass spectrometry (MS) 
proteomic analysis of clinically and molecularly annotated glioma cohorts to define novel molecular predictors 
of either prognostic or therapeutic relevance.  The conception of this project was based on similar experimental 
approaches I used to spatiotemporally define proteomic landscapes of human fetal brain development1.  In that 
study I optimized specialized sample preparation techniques to make use of plentiful archival tissue material 
stored in formalin-fixed paraffin-embedded (FFPE) blocks.  I established that sectioning of this material 
enables us to by macro-dissect and isolate different cellular layers of the brain to resolve intra-tissue 
heterogeneity issues for molecular profiling.  With the emergence of mass spectrometry approaches to reliably 
quantitate global proteomic profiles, I decided to translate my developed tools to sub-classification of 
glioblastomas (GBMs).   
GBM is the most common primary brain tumour with a dismal prognosis of <12 months, despite spirited 
multimodal therapy. Given that GBMs have highly variable clinical outcomes with respect to patient survival 
and therapeutic responsiveness, we reasoned that proteomic profiling could provide an additional layer of 
molecular subtyping for more refined clinical patient management. While GBMs with isocitrate 
dehydrogenase mutations (IDH-mut) have been shown to exhibit a superior prognosis, this subtype is rare and 
only found in ~5-10% of GBMs. The vast majority (~90-95%) of GBMs are IDH wild-type (IDH-wt) and 
remain without actionable or prognostic biomarkers. Interestingly, while most IDH-wt GBMs follow an 
aggressive course (baseline survival (BS) <12 months), ~20% of patients survive beyond 3 years (defined as 
long-term survival, LTS). So far, this biological variability cannot be explained by clinical, treatment or other 
genomic parameters (e.g. MGMT promoter methylation). To assess the ability of MS-based approaches to 
define proteomic differences between various brain tumour subtypes, and GBMs in particular, we assembled 
several clinically-stratified cohorts and tissue culture models (GBM stem cell-like cell lines, GSCs) of GBM 
development.  Parallel profiling of GSCs and primary patient biopsies was designed to establish molecular 
subtype-specific in vitro models for downstream predictive chemical screen experimentation.  As a 
complimentary project with my proteomic profiling, I have been involved in using deep neural networks 
(DNNs) to develop artificial intelligence (AI) classification algorithms of digitized brain tumour pathology 
tissue sections.  Our prototype DNN is able to accurately discern and highlight tumour lesions within surgically 
removed material from surrounding necrotic and normal tissues and, thus, provide a workflow for 
macrodissecting and isolating pure tumour tissues. Ultimately, combinatorial approaches of such 
computational tools with proteomic profiling of GBM tumours would increase the likelihood of identifying 
bona fide tumour-associated biomarkers for downstream validation.   
 
Progress 
MS-based glioma tumour and cell line proteomic profiling and subtyping 
I have now translated my abbreviated MS workflow to tissues of common brain tumours. To achieve this goal 
we have assembled three cohorts containing IDH-wt and IDH-mut GBMs, low grade oligodendrogliomas and 
pilocytic astrocytomas, as well as control samples of meningiomas and medulloblastomas. From the three 
cohorts, our first one was assembled to include the full range of World Health Organization (WHO) grade 
gliomas (frozen tissues obtained from the Brain Tumour Foundation of Canada, n=15), the second one includes 
solely higher grade glioma tumours, including IDH-mt and wt GBMs (FFPE tissues obtained locally from 
UHN, n=15), and the third one contains only IDH-wt GBMs of varying patient survival lengths, classified as 
either LS or BS (obtained from our collaborators in Hungary, n=32).   In addition, I have begun to profile IDH-
mt and -wt GSC in vitro models of GBMs, either in their undifferentiated state (in presence of FGF/EGF) or 
upon growth factor withdrawal (n=18).  By growing cells in tissue culture in these differentiation states enables 
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us to enrich and define proteomic biomarkers of proliferating GSCs that are responsible for therapy resistance 
commonly observed in GBM patients.  My preliminary findings of analyzing these initial cohorts are 
comprehensively shown in two posters, included in this report, that I presented at the local Advancing Precision 
Medicine Conference (January, 2018 in Toronto, Ontario) and the Human Proteome Organization conference 
(Sep, 2017 in Dublin, Ireland).  This initial MS-based analysis has had some notable findings.  Firstly, our 
abbreviated MS profiling approach was highly successful in quantitatively detecting upwards of ~2,500 
proteins per sample and defining proteomic signatures of gliomas of different WHO grade status, even without 
performing tumour lesion enrichment through macrodissection.  Secondly, we find that GBM microdissection 
of FFPE tumours increases the likelihood of defining IDH-mt and -wt GBM tumour proteomic signatures.  
Thirdly, a subset of differentially abundant proteins in IDH-wt and -mt GBMs are found in similar levels in in 
vitro GSCs, specifically cultured in undifferentiated conditions.  Report of these findings has been prepared 
into a manuscript and it is now under consideration for publication in Acta Neuropathologica.   
Furthermore, I think that in order to define therapy responsiveness and GBM survival-related proteomic 
signatures in Cohort #3 it may be necessary to perform a more comprehensive proteomic profiling method, 
using sample fractionation that ensures quantification of even the lower abundance proteins beyond the 5,496 
total proteins we have already detected.  With our “shallow” proteomic coverage I identify 98 proteins that 
distinguish LS (>36 month survival) and BS (<13 months survival) GBMs.  I expect that applying these  
“deep” proteome MS approaches will further expand our list of biomarkers of long term survival and therapy 
sensitivity.  In this long-term surivaval-enriched cohort, we have decided to perform comprehensive OMIC 
analysis to more accurately define molecular events that guide tumour aggressiveness.  These profiles were 
generated in collaboration with OICR and include global DNA methylation analysis, RNAseq and exome 
sequencing.  This approach will allow us to interrogate RNA/DNA and proteomic relationships in different 
classes of GBM.  Furthermore, I have been able to use MS to measure global phosphorylation levels of proteins 
which will enhance my ability to identify signaling cascades that are perturbed in GBMs.  I believe that 
completion of this high impact project will result in a fantastic manuscript in the near future.   
Future Directions: 
I plan on completing the bioinformatic analysis of cohort #3, where I will dissect proteogenomic relationships 
in GBMs of different survival outcomes, within the next 6 months.  In parallel I am greatly expanding our 
proteomic profiling toolbox by performing “deep” proteomic coverage and assessing the “phospho” proteome 
of our clinically stratified GBM cohorts.  Once these tools have been optimized, I will process our greatly 
expanded GBM cohorts to generate large datasets for inquiry into more refined biomarker identification of 
GBM survival and therapy response.  These profiles will then be further overlayed onto datasets from GSC 
studies using drug screens to further determine predictive abilities of proteomic profiles to respond to different 
chemotherapeutic pharmaceutical agents.   
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