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The work presented to me for review is the result of a successful 
biological analysis in the multi-omics paradigm. The author managed to 
creatively combine the innovative experimental methodology with a 
biologically significant research problem focusing on a deeper understanding of 
the transcriptional regulation of the High-Grade Gliomas (HGGs).  

 
Genomics, and in particular the molecular mechanics of chromatin 

regulation in cancers, is a highly interdisciplinary research field in which, to 
obtain a description of a biological phenomenon, we must use advanced high-
throughput experimental approaches and tailored computational pipelines to 
identify the correct observables for the phenomenon and remove erroneous 
readings resulting from an experimental noise. In my opinion only by applying 
the orthogonal techniques, observing the biological system at multiple spatial 
and temporal scales using omics approaches, we can propose the significant 
features for the descriptive model. In the case study of high-grade gliomas we 
can actually identify the set of regulatory layers that are exploited by cancer to 
hijack the normal processes. The stage of the aggressiveness of a tumor is 
defined by DNA sequence mutations, methylation, affected transcription 
factors binding profiles, chromatin spatial reorganization – all contributing to 
the dysregulations of transcription.  

 
In particular, mgr. Adrii Jaume Roura Canaldy in her thesis entitled “A 

multi-omics evaluation of somatic mutations, transcriptomic dysregulation, 
chromatin accessibility and remodelling in High-Grade Gliomas” focuses not 
only on the difference between normal tissues / cells and the tumor ones, but 
also about recurrences of HGGs. This allows to better understand the 
alternative pathways of oncogenesis and how cancer respond to applied 
treatments. Author also presents the analysis of the open chromatin regions 
using ATAC-seq experiments combined with transcriptomics that explain 
multiple routes of brain cancer progression.  

 
The subject of my assessment, i.e. the doctoral dissertation, in my 

opinion is in the full accordance with the conditions set out in Art. 187 of the 
Act of July 20, 2018 Law on Higher Education and Science (Journal of Laws of 
2021, items 478, 619, 1630). It presents the originality of the solved scientific 
problem, general knowledge theoretical candidate in the field of molecular 
biology, as well as the ability to conduct scientific work. 

 
 



  

The doctoral dissertation of mgr. Adria Jaume Roura Canaldy was 
prepared in the Laboratory of Molecular Neurobiology at the Nencki Institute 
of Experimental Biology, Polish Academy of Sciences, under the supervision of 
prof. dr hab. Bozena Kaminska-Kaczmarek and dr hab. Bartosz Wojtas. The 
study was carried within TEAM-TECH Core Facility project funded by the 
Foundation for Polish Science and research grant by Polish National Science 
Centre Symfonia grant. The title of the TEAM-TECH project, i.e. “NGS platform 
for comprehensive diagnostics and personalized therapy in neuro-oncology” 
precisely matches the scope of the doctoral thesis. Similarly, the participation 
in the “Atlas of regulatory regions specific to the human brain - a new tool to 
discover the pathways causing selected brain diseases” grant equipped PhD 
candidate with the unique and useful set of concepts, tools, and techniques.  

 
The author focuses on the three major topics relevant to the cancer: the 

recurrence, the role of SMARCA remodeler and the identification of TFBS in 
open chromatin regions. All studies were done on the either glioma samples 
collected from hospitals (including relapses), or cell lines acquired commercially 
from the American Type Culture Collection (ATCC). 

 
The first research challenge is addressed in the context of somatic SNPs 

and short indels, the analysis of RNA-seq transcription profiles, and the 
dissection of tumor microenvironment. It would be exciting to see the more 
precise analysis of causative eQTLs, structural variants (DNA sequence 
modifications exceeding 50bp in length) and long-read (like ONT) splicing 
variants analysis of the collected transcripts. Yet, it requires much more 
extensive work that would exceed the time frame of PhD studies. 

 
The second axis of the problem is directed toward SWI/SNF-dependent 

chromatin remodeling complex that bind to chromatin and cause nucleosomes 
displacement, which improve access to DNA sequence, and in turn initiate the 
transcriptional process. This protein-protein complex prevents the 
accumulation of Polycomb proteins performing tumor-suppressive function in 
the fundamental way by sustaining the balance between differentiation and 
self-renewal. Reviewer believes that it would be interesting to identify more 
precisely the structural role of SWI/SNF complex in shaping the high-resolution 
chromatin conformation, especially in the context of transcription activation by 
DNA looping, and not only at the scale of open/close chromatin analysis linked 
basically to the increase/decrease of the accessibility of target genes 
promoters.  

 



  

Finally, the third component of the tumorigenesis is related to the 
specific transcription factors (TFs) that are observed in open-chromatin regions, 
which includes prediction of their binding sites in cis-regulatory regions. The 
study also includes methylation analysis of promoter regions. Reviewer is 
curious about the role of trans-regulatory regions that are mediated by the 
long-range chromatin loops initiated by CTCF, cohesin or RNAPOL2 proteins. 
How would it impact the regulatory program leading to oncogenesis? 
Nevertheless, mostly the cis-regulatory analysis of transcription factor binding 
sites predicted by bioinformatics algorithms is proven to be effective way to 
identify local promoter P and enhancer E localized TFs, which contributes to the 
protein-protein mediated micro chromatin loops forming EP contacts.  

 
The formulation of a new holistic approach for studying cancer allows for 

detailed study of transcriptomics deregulation in cancer cells. PhD candidate 
successfully identified the most important transcription factors responsible for 
this deregulation that leads to tumorigenesis in High-Grade Gliomas. Moreover, 
he reached further by analyzing tumor immune microenvironment and clonal 
evolution, especially in recurrent cases.  

 
The work proposes a new omics research paradigm combining the 

carefully selected set of the next generation sequencing (NGS) based 
experiments, while referring readers to the bioinformatics algorithms and tools 
used by Author to process and interpret the results of those experiments. 
Moreover, bioinformatics predictions were validated experimentally (for 
example c-Jun binding testing by the electrophoretic mobility shift assay). The 
selected research problem has important impact on human society, health, and 
the quality of life. The proposed omics methodology allows to identify the 
potential treatment strategies, or protein targets for drug design and discovery.  

 
A very important research problem is motivated not only by scientific 

curiosity but also by the need of the community of genomic medicine 
researchers trying to identify the statistically significant biomarkers of the 
pathogenic cellular state by computational comparison of different NGS-based 
experiments. It is challenging due to a very complex problem, a high level of 
noise in the experimental data as well as sometimes illusory nature of genomic 
features. For example, some researchers believe that the observed bulk 
behaviors in RNA-seq, HiC, ChIP-seq are not real at the single cell level and 
result only from statistical aggregation of data in population-type experiments. 
This is an interesting argument that needs further inquiry in the context of 
gliomas and other cancers, within the advent of single cell biology.  



  

 
The author presents the main theses of the PhD in two pages summary 

of the dissertation. It emphasizes the importance of the selected experimental 
methods and accompanying bioinformatics pipelines. The methods and tools 
proposed by the author fit into new research trend, enabling rigorous and 
statistically significant comparisons of various tumor bio samples. PhD 
candidate covered most of the available levels of regulatory programming, 
although the connection between the expression and the 3D structure of the 
chromatin is rather sketchily sketched. The link between DNA somatic 
mutations, methylation signatures, affected TF binding profiles, DNA 
accessibility, chromatin local and global connectivity given by 3C-type 
experiments, and the molecular phenotype of cancer given by RNA-seq, is not 
fully established. Nevertheless, within available time and reasonable funding 
effort the scientific achievements of PhD candidate are remarkable and does 
not raise any doubts. 
 

In the first chapter, the author presents the introduction to various 
gliomas, its classification, heterogeneity, relevant DNA mutations, epigenomic 
dysregulation. PhD candidate focuses on introducing the basic biological 
concepts used at work. He does it efficiently and without an overly elaborate 
description, nevertheless providing key references to the literature on the 
subject. 
 

In the second chapter, the author presents methods used in the study.  
 
First, it addresses in detail the computational processing applied to the 

recurrent high-grade gliomas. It covers the description of a study cohort, panel 
design, library preparation and NGS step. Two bioinformatics pipelines are 
used, the first to identify DNA mutations, the second for transcriptomics 
analysis. In silico methodology of cell type enrichment, immunohistochemical 
and immunofluorescent immune cells characterization was also described. 
Moreover, TCGA database was extensively used to support both claims and the 
results obtained within the project.  

 
Secondly, multi-omics analysis of transcription factors detection is 

presented, especially in open chromatin regions. Both human glioma cell lines 
and surgically resected tumors were used as bio samples in the study. As I 
mentioned earlier, omics approaches covered DNA and RNA sequencing, ATAC-
sequencing, the identification of the differentially expressed genes between 
glioma grades (the tumor progression), ChIP-seq with the focus on H3K27ac 



  

histone modification, search for the glioma enhancers, DNA methylation, cis- 
and trans- intra-chromosomal contacts between enhancers and promoters.  

 
Thirdly, the selected key protein factor - SMARCA2/SMARCA4 was 

silenced as knockdown in Glioma cells and omics analysis was performed in 
detail, both experimentally and using bioinformatics tools. The results were 
supported by TCGA data, rigorous statistical analysis. 

 
The third chapter is focused on the presentation of results across the 

whole study. First, somatic mutational landscape in cancer progression is 
presented including copy number aberrations, gene splicing changes, 
transcriptional profiles rearrangement accompanied by the tumor 
microenvironment evolution. Multi-omics integration, open chromatin and 
transcription factor analysis leads to the identification of c-Jun and other genes 
associated with the glioma progression. Finally, chromatin accessibility changes 
by SMARCA2 and SMARCA4 knockdowns is observed in human glioblastoma 
cells, where some open chromatin regions are observed in SMARCA-depleted 
cells, which leads to the conclusion that open chromatin differences are 
associated with some transcriptional regulation programs. 

 
The fourth chapter is dedicated to the discussion and future perspectives 

of the omics method applied to genomic medicine of cancer. PhD candidate 
describes the clonal evolution and molecular mechanics of transcriptomic 
deregulation, more specifically the identification of high grade gliomas specific 
transcription factors, promotor regions and involved enhancers. The 
knockdown of SMARCA proteins confirm their role as chromatin remodelers 
involved in the critical signaling pathways in gliomas. 

 
To sum up - the author has demonstrated knowledge of experimental 

and bioinformatics methods in genomics. He used his technical skills and deep 
biological knowledge to propose and implement novel omics methodology and 
implement it for the model system of glioma cancer. PhD candidate presents 
the unique combination of the ability to design and perform experiments 
together with the application of computer algorithms and knowledge of 
statistical data analysis. Unfortunately, the software scripts developed by him 
have not been made available as packages or make public in web servers (such 
as github), which may be a bit surprising. At least reviewer was unable to find 
the programming codes being reported in the thesis and reported publication.  

 
 



  

The results of the PhD thesis were already published in one paper and 
one BioRXiv preprint. The other four manuscripts are under preparation, 
hopefully published shortly. Three publications not directly related with the 
PhD are already published in internationally recognized journals. 

 
The reported by author manuscripts related to the PhD thesis: 
 

• [P1] Adria-Jaume Roura, Bartlomiej Gielniewski, Paulina Pilanc, 
Paulina Szadkowska, Marta Maleszewska, Sylwia K. Krol, Ryszard 
Czepko, Wojciech Kaspera, Bartosz Wojtas, and Bozena Kaminska. 
"Identification of the immune gene expression signature associated with 
recurrence of High-Grade Gliomas"Journal of Molecular Medicine 99, 
no. 2 (2020): 241-55. doi:10.1007/s00109-020-02005-7; 

• [P2] Adria-Jaume Roura, Paulina Szadkowska, Michal J. Dabrowski, 
Karolina Stepniak, Bartosz Wojtas, and Bozena Kaminska. “The 
oncogenic transcription factor c-Jun regulates critical over-expressed 
genes in Glioblastoma and is widely involved in distal-regulatory glioma 
elements”;  

• [P3] Chinchu Jayaprakash, Adria-Jaume Roura. Bartosz Wojtas, 
Bartek Gielniewski, Paulina Szadkowska, Sylwia K. Krol. “Knockdown of 
SMARCA4 and SMARCA2, subunits of the SWI/SNF chromatin 
remodeling complex, deregulates open chromatin and transcription 
profiles in human gliomas”; 
 
 
Other referenced works that are presently in preparation: 
 

• [R1] Bartlomiej Gielniewski, Katarzyna Poleszak, Adria-Jaume Roura, 
Paulina Szadkowska, Sylwia K. Krol, Rafal Guzik, Paulina Wiechecka, 
Marta Maleszewska, Beata Kaza, Andrzej Marchel, Tomasz Czernicki, 
Andrzej Koziarski, Grzegorz Zielinski, Andrzej Styk, Maciej Kawecki, 
Cezary Szczylik, Ryszard Czepko, Mariusz Banach, Wojciech Kaspera, 
Wojciech Szopa, Mateusz Bujko, Bartosz Czapski, Miroslaw Zabek, Ewa 
Izycka-Swieszewska, Wojciech Kloc, Pawel Nauman, Joanna Cieslewicz, 
Bartosz Wojtas, and Bozena Kaminska. "The Novel, Recurrent Mutation 
in the TOP2A Gene Results in the Enhanced Topoisomerase Activity and 
Transcription Deregulation in Glioblastoma." 2020. 
doi:10.1101/2020.06.17.158477 (bioRxiv, under revision in PLOS 
Genetics);  

• [R2] Maria Banqueri, Adria-Jaume Roura, Anna Kiryk, Marie-Eve 
Tremblay, Bozena Kaminska. “Transcriptomic responses of microglia to 
a chronic, unpredictable, mild stress in the prefrontal cortex and 
hippocampus in a murine model of depression”; 

• [R3] Malgorzata Perycz, Marta Jardanowska, Adria-Jaume Roura, 
Bartlomiej Gielniewski, Karolina Stepniak, Michal J Dabrowski, Michal 
Draminski, Bozena Kaminska, Bartosz Wojtas. “REST transcription 
factor holds the balance between the invasion and cell differentiation in 
IDH-mutant and IDH-wild type gliomas”.  



  

Other published works that are reported but according to author not 
related directly with the PhD thesis: 
 

• [P4] Aleksandra Ellert-Miklaszewska, Natalia Ochocka, Marta 
Maleszewska, Ling Ding, Erik Laurini, Yifan Jiang, Adria-Jaume Roura, 
Suzanne Giorgio, Bartlomiej Gielniewski, Sabrina Pricl, Ling Peng, and 
Bozena Kaminska. "Efficient and Innocuous Delivery of Small 
Interfering RNA to Microglia Using an Amphiphilic Dendrimer 
Nanovector" Nanomedicine 14, no. 18 (2019): 2441- 459. 
doi:10.2217/nnm-2019-0176; 

• [P5] Ilona E. Grabowicz, Bartek Wilczynśki, Bozėna Kaminśka, Adria-
Jaume Roura, Bartosz Wojtas,́ and Michał J. Dab̨rowski. "The Role of 
Epigenetic Modifications, Long-range Contacts, Enhancers and 
Topologically Associating Domains in the Regulation of Glioma Grade-
specific Genes" Scientific Reports 11, no. 1 (2021). 
doi:10.1038/s41598-021-95009-3; 

• [P6] Paulina Pilanc, Kamil Wojnicki, Adria-Jaume Roura, Salwador 
Cyranowski, Aleksandra Ellert- Miklaszewska, Natalia Ochocka, 
Bartłomiej Gielniewski, Marcin M. Grzybowski, Roman Błaszczyk, 
Paulina S. Stanćzak, Paweł Dobrzanśki, and Bozena Kaminska. "A Novel 
Oral Arginase 1/2 Inhibitor Enhances the Antitumor Effect of PD-1 
Inhibition in Murine Experimental Gliomas by Altering the 
Immunosuppressive Environment" Frontiers in Oncology 11 (2021). 
doi:10.3389/fonc.2021.703465; 
 
 
Below, I will try to briefly summarize the key points according to the 

author and reviewer, the PhD student's research achievements, including the 
proposed wet lab experiments and applied bioinformatics tools, as well as a 
general biological formalism related to the clinically relevant challenge of high 
grade gliomas characterization by omics paradigm exploiting contemporary 
genomics tools and experiments.  
 

• Author identified omics signatures of sub-clone substitution during 
onco-progression. For example, the frame-shift insertion affecting the stability 
of ZNF384 protein, or inversely correlated copy number changes for the EGFR 
and PTEN genes;  

 
• Recurrence of cancer was accompanied by the down-regulation of 

several genes coding for the components of the spliceosome machinery. 
Moreover, PhD candidate identified the immunosuppressive changes in the 
tumor microenvironment (the enrichment of M2 macrophages and immature 
dendritic cells);  

 
 



  

• PhD candidate identified by binding motifs prediction the c-Jun 
transcription factor as the one of the key regulators in Glioblastomas. 
Moreover, the bioinformatics inquiry was further experimentally validated by 
analyzing the c-Jun binding to the VIMENTIN gene promoter;  

 
• Going beyond the descriptive analysis PhD candidate performed 

knockdown of SMARCA family of chromatin remodelers and proved that they 
affect chromatin openness in glioblastoma cells, especially in the promotor 
regions of several master regulators of TGF-β signaling pathway. The silencing 
up-regulated the expression of TGFR2, SMAD1 and SMAD3 proteins; 

 
• The characterization of epigenomic and transcriptomic profiles of 

cancer after recurrence was performed allowing for the identification of 
molecular mechanisms responsible of the pathological deregulation; 
 

• The extensive integration of the high-throughput and the next-
generation genomics data by applying advanced bioinformatics pipelines and 
carefully selected experimental methodologies supporting the biological 
questions; 

 
• The identification of the pathogenic factors driving the progress of 

tumor invasion, which according to author allow to decipher of the future 
treatment options by proposing novel protein targets within chromatin 
remodellers and/or transcription factors;  

 
• Finally, the identification of several gene regulatory networks that are 

up-regulated in tumor, affecting the homeostasis critical for the health, normal 
behavior of human cells. The findings were confirmed by the knockdown of 
SMARCA proteins that supported the equilibrium supporting bidirectional 
changes in the chromatin structure.  

 
For the future reference it would be great to extensively analyze the 

wide networks of protein-protein interactions, signaling pathways, regulatory 
programs identified in the PhD study at the scale of whole cells computational 
modelling within Systems Biology paradigm. The present advances in live 
microscopy allow to study the cell migration, monitoring the invasion of 
pathogenicity into healthy tissue, and more precise descriptive data-driven 
models of tumor with the resolution of single cells. 
  



  

Final conclusion 
 

In the summary of my assessment of the doctoral dissertation of mgr. 
Adria-Jaume Roura Canalda under the title “A multi-omics evaluation of 
somatic mutations, transcriptomic dysregulation, chromatin accessibility and 
remodelling in High-Grade Gliomas”, I say that I rate the presented work highly.  
 

Taking into account the readability and scientific value of the doctoral 
dissertation, the successful combination of carefully described and 
computational tools, as well as biologically relevant experiments and 
fundamental research questions, I value the doctoral dissertation of mgr. Adria-
Jaume Roura Canalda as an important contribution to molecular biology in the 
field of multi-omics and genomics of cancer.  

 
The doctoral dissertation meets the conditions set out in Art. 187 of the 

Act of July 20, 2018 Law on Higher Education and Science (Journal of Laws of 
2021, items 478, 619, 1630). Moreover, I believe that this dissertation exceeds 
all customary and statutory requirements for doctoral dissertations, constitutes 
an original solution to a scientific problem, demonstrates the candidate's 
general biological knowledge in cancer and techniques of molecular biology 
and demonstrates the ability to independently conduct scientific work.  

 
Therefore, I am asking the Council of the Nencki Institute of Experimental 

Biology, Polish Academy of Sciences to admit mgr. Adria-Jaume Roura Canalda 
to the next stages of his doctoral dissertation.  
 

In addition, considering the high substantive level of the dissertation, its 
careful preparation, transparent way of presenting the research topics, 
methodology and results, I would like to request that the dissertation be 
distinguished with an appropriate award. 
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