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Abstract

Cancer, a complex genetic disease, is classified into various categories, each of which is characterized by abnormal
cell growth in a specific tissue. DNA methylation has been widely studied lately for its role in the regulation of
expression of numerous cancer-specific genes. Dysregulation in the expression of miRNAs, a group of small non-
coding RNA molecules that act as post-transcriptional regulators of gene expression, is also observed in several
cancer typologies. Furthermore, DNA Methylation itself may cause miRNA dysregulation. In this paper, I develop a
computational approach to analyze DNA Methylation, mRNASeq and miRNASeq data extracted from tumor samples
of eight distinct cancer typologies in The Cancer Genome Atlas in conjunction, to understand gene regulatory
networks in cancer. Preliminary results indicate that the proportion of differentially expressed protein-coding genes,
under the effect of DNA methylation or miRNA dysregulation varies widely across different tumor typologies.
However, I also find substantial overlap between the differentially expressed genes and their regulation indicating
shared underlying mechanisms. This set of combined features consisting of mRNA sequences, DNA methylated
regions and miRNA sequences could help us understand the molecular mechanisms underlying cancer, determine
additional subcategories and lead to prediction of new diagnostic markers and therapeutic targets.

Introduction

Cancer, as we now know, is a complex genetic disease caused due to the involvement of multiple factors and
numerous dysfunctional regulation networks. DNA hyper-methylation and hypo-methylation in promoter regions of
the human genome have been known to play a key mediatory role in regulating gene expression of various tumor-
suppressor and oncogenes (silencing or opening up) respectively, thereby affecting several cellular processes like
cell signaling, apoptosis and immune system processes, and leading to a diseased state” '°. On the other hand,
expression of certain microRNAs (miRNAs), small non-coding RNA molecules (~22 nucleotides), is known to
cause mRNA knockout or post-transcriptional regulation of gene expression. Several studies have shown that
dysregulated miRNA expression could alleviate the initiation and progression of different cancer typologies® ®.
Similar to DNA methylation, there are two sides of miRNA expression, where down-regulation of certain miRNAs,
which act as tumor suppressors and knockout oncogenes, has also been observed. For example, hsa-mir-375 is
differentially expressed during breast lobular neoplasia’, whereas down-regulation of hsa-mir-let7 is thought to
activate the Ras oncogenes signaling pathway'’. Now, there is new experimental evidence that DNA methylation is
crucially involved in the dysregulation of miRNAs in cancer’” ». Hence to get a better understanding of the
molecular mechanisms underlying cancer as a whole, it is imperative to study gene regulation in context of DNA
methylation and dysregulated miRNA expression. This could guide us towards advanced diagnostics and precise
therapeutic treatments”,

Related Work

There have been various attempts in the recent years, both experimental and computational to analyze DNA
methylation and miRNA expression in conjunction with the mRNA expression to understand the underlying
molecular mechanisms in cancer. Wang et al. extensively reviewed the aberrant methylation of miRNAs in the
pathogenesis of lymphoid malignancies including chronic lymphocytic leukemia, multiple myeloma and acute
lymphoblastic leukemia®. Suzuki et al. undertook a literature review to characterize the different kinds of miRNA
interactions with genes, and screening methods to detect methylation of these miRNAs?'. They also proposed the
replacement of tumor-suppressive miRNAs as a potential therapeutic method. Huang et al. developed MethHC, a
database comprising of a large collection of DNA methylation and mRNA/microRNA expression profiles in human
cancer””. Research is also being undertaken to support the hypothesis that the underlying mechanisms between
distinct cancer typologies may typically be similar. Hoadley et al. performed multiplatform analysis on the



molecular classification of 12 distinct cancer types, and found that subsets of Lung squamous, Head and Neck and
Bladder cancer types could coalesce into one single type characterized by its specific alterations'".

Identifying the gene regulatory networks underlying different cancer typologies, through an integrated, holistic
analysis of different types of molecular datasets, could have various potential benefits. These combined features
could be used to determine newer subcategories of cancer typologies help determine potential diagnostic biomarkers
(tumor suppressor miRNAs or methylated regions) and help develop precise therapeutic approaches”. Most of the
research to unravel the molecular mechanisms underlying cancer are focused on one particular typology, or are
limited in their approach. In this project, I aim to develop an automated computational approach to identify
dysfunctional gene regulation networks in different cancer typologies using the TCGA molecular datasets.

The specific aims of this research are three fold:

- An automated computational approach to determine the set of differentially expressed genes, cancer-
specific methylated regions and miRNA sequences from The Cancer Genome Atlas molecular datasets, and
to understand the correlation between the activities of these regions across different cancer typologies.

- To check if there is any underlying similarity between the different cancer typologies subjectively by
intuitively determining shared features and objectively by analyzing the extent of overlap in the
differentially expressed genes in their tumor samples through a Heatmap visualization.

- To extract the direct children (‘Super Nodes’) of the Gene Ontology Biological Process Node by reasoning,
and performing Gene Ontology Enrichment analysis on the differentially expressed and methylated genes
using these Super Nodes, to determine shared processes and typology-specific processes.

Materials and Methods
Datasets

The Cancer Genome Atlas™ is a pilot project started in 2005 by the National Cancer Institute (NCI) and the National
Human Genome Research Institute (NHGRI). The goal of this project is to catalog the genomic alternations found in
all cancers. The TCGA public data portal gives open access to the cancer patient data and enables researchers to
perform and validate their analysis on real data. The TCGA data portal has made available data pertaining to the
molecular information (mRNA Expression, DNA Methylation, Single Nucleotide Polymorphisms (SNP), miRSeq,
microarrays etc.) and clinical attributes (histology, follow up, medications, survival etc.) of around 9000 patients
across 30 different cancer typologies in MySQL and Tab-separated formats. This data is available in a raw format
with actual counts as observed in the sequencing arrays, or in a preprocessed version with normalized RPKM (Reads
Per Kilobase per Million mapped reads) and Beta values for the expression and DNA Methylation respectively'’.
For this work, I have downloaded the mRNASeq, Methylation, miRNASeq and Clinical datasets for 8 cancer
typologies — Breast Invasive Carcinoma (BRCA), Bladder Urothelial Carcinoma (BLCA), Colon Adenocarcinoma
(COAD), Colorectal Adenocarcinoma (COADREAD), Head and Neck Squamous Cell Carcinoma (HNSC), Lung
Adenocarcinoma (LUAD), Lung Squamous Cell Carcinoma (LUSC) and Prostrate Adenocarcinoma (PRAD). 1
decided to work with this select set of typologies, based on their relevance in cancer research and the availability of
adequate data to carry out my analysis.

CellBase provides a comprehensive collection of relevant biological information, like genes, proteins, regulatory
elements and functional annotation, from various heterogeneous data sources®. For this work, I only download the
list of protein-coding genes from CellBase. 1 also download pertinent information related to miRNA sequences in
the human genome from two data sources. miRBase is a searchable database of published miRNA sequences and
annotation'’. Each entry in the miRBase Sequence database represents a predicted hairpin portion of a miRNA
transcript, with information on the location and sequence of the mature miRNA sequence. The metadata of the
miRNAs (chromosome locations, identifiers and mature/transcript information) for the human genome was
downloaded. miRTarBase maintains a curated, exhaustive list of experimentally detected miRNA interactions with
several gene targets in different species'>. Even though both these data sources are also exposed under CellBase as
REST APIs, I decided to download static versions for offline use. Finally, I downloaded the Gene Ontology (GO)
and the GO functional term annotations for each gene from the Gene Ontology Consortium'.



Preprocessing of the TCGA datasets

The Broad Institute GDAC Firehose™ provides a methylation preprocessor which filters the raw TCGA methylation
data for both Illumina HumanMethylation27k and Illumina HumanMethylation450k chips for use in downstream
pipelines. The first stage of this pipeline involves excluding those rows where the gene symbol is NA, or more than
5% of the samples have NA beta values. Moreover, redundant columns containing probe metadata (gene symbol,
chromosome and genomic coordinate) is similar across samples, so all columns except the first three are excluded.
The probes that measure two gene markers at a time are split into individual rows, and then sorted according to
Hugo Gene Nomenclature (HGNC) gene symbols. This stage was also similar for the preprocessing of lllumina
HiSeq RNASeq Gene Expression and /llumina HiSeq miRNASeq datasets.

The second stage of this pipeline includes summarization of the methylation values of multiple probes on a gene
basis level. For a given gene, all the methylation probes with a standard deviation below a specified threshold of 0.2
of the maximum standard deviation of a probe are discarded. Methylation values of multiple probes for one gene are
correlated with the corresponding gene expression value, and only the methylation that is most anti-correlated with a
gene is included. These usually exist within the promoter regions of the gene (-1000 to +0.1*gene length region).
The preprocessing pipeline also provides other modes of summarization like average, maximum and clinically
correlated, but for this work, I used the gene expression correlated methylation values.

I further limit this study to include only the protein-coding genes, and the log, normalize the RPKM expression
values of the mRNASeq and miRNASeq datasets®’. However, as I discuss further, my algorithm can intake any type
of preprocessed files, including raw counts file and generate the list of significant differentially expressed and
methylated genomic regions, as well as the significant paired correlations between the features.

Extracting Differentially Expressed and Methylated Cancer-specific Regions:

TCGA datasets have patient identifiers for both the tumor and the normal tissue samples, but the total number of
tumor samples is more. Hence we identify only the set of those patients that have both normal and tumor samples for
a given dataset uploaded in TCGA, by looking at the TCGA patient identifiers. The sample type (tumor or normal)
is contained within the TCGA identifier value”® of the sample, e.g. TCGA-02-0001-01C-01D-0182-01. Tumor types
range from 01-09 and normal types range from 10-19. My algorithm intakes each of the three primary TCGA
datasets (Methylation, Gene Expression and miRNASeq), along with the TSV formatted files of other auxiliary
datasets, and generates a list of most significant, differentially expressed or methylated genes by a paired T-Test
over the tumor and normal tissue samples of a patient for each gene. A paired T-Test was a logical choice, as we
have at least 50-paired samples for all the eight cancer typologies that we are testing here.

To limit the false positives in the set of the differentially expressed protein-coding genes, I perform a Bonferroni
correction on the computed P-values and threshold by 0.005 for each of these hypotheses. I further check the
distribution of values in all the tumor samples, against those of normal samples, and remove those genes that have at
least 10% of their tumor sample expression values within the range of Mean,oyma £ StdDevygma. The user can adjust
these settings as parameters to my script, and he can also customize whether to apply these corrections across all the
three datasets or ignore them altogether.

For the set of significant differentially expressed protein-coding genes and the differentially methylated cancer-
specific regions, I ascertain which of these cDMRs actually are the promoter regions of the protein-coding genes. 1
isolate the set of tumor samples, for which all the three molecular characteristics were measured and I run a Pearson
Correlation Test between the beta values of the methylation of the tumor samples and the corresponding gene
expression values. I repeat this process to find correlation between all the possible pairs of differentially expressed
miRNAs and the genes and compute the Pearson Correlation statistic. 1 also check miRTarbase if any of the
significant differentially expressed mRNAs and miRNAs are already known. Finally, I check which of the miRNAs
are under the influence of DNA hyper- or hypo-methylation. Based on the shared set of differentially expressed
genes, | develop Heatmap visualization to show the possible underlying degree of similarity between different
cancer typologies.

Gene Ontology Super Nodes enrichment:

Once the set of significant differentially expressed and methylated protein-coding genes was obtained, I perform GO
overrepresentation analysis, and abstract the retrieved GO terms to indicate the higher level biological processes, in
which the significant genes are implicated. I extract the list of GO Biological Process (GO BP) functional
annotations associated with each protein-coding gene. I reason over the Gene Ontology to find the set of immediate



children (Super Nodes) under the GO Biological Process Term GO:0008150. 1 associate all the GO BP functional
annotations for a gene, to a GO BP Super Node and calculate a weighed score based on the T-test statistic to check
which Super Nodes are generally enriched, and are there any cancer typologies that look outliers intuitively from a
Heatmap visualization.

Results

I obtained a list of 20078 Human protein-coding genes from CellBase, along with 4694 miRNAs (hairpin and
mature) from miRBase, between which I retrieved a total of 36278 known interactions from miRTarbase. Adding the
miRNA transcripts to the list of genes, the total number of genomic regions analyzed in this work was 21959. After
retrieving the required preprocessed files from the Firechose website on the 8 tumor typologies, I run the mRNASeq,
miRSeq and the Methylation datasets through my algorithm, to retrieve a list of significant differentially expressed
and cancer-specific differentially methylated genomic regions. The Statistics are shown in the Table 1. As multiple
miRNAs may execute simultaneous post-transcriptional regulation of a gene, and one miRNA could regulate
multiple genes, we see the large number of significant correlations between mRNA and miRNA differentially
expressed regions, especially in Bladder Urothelial Carcinoma (BLCA) and Prostrate Adenocarcinoma (PRAD).

Table 1: Statistics indicating the number (#) of differentially expressed and methylated regions in tumor samples
across multiple cancer typologies and the correlation between the different molecular characteristics.

Tumor # Differentially # Differentially # Differentially # Correlated # Correlated # Correlated
Expressed Methylated Expressed Methylation and mRNA and Methylation and
protein-coding promoter regions miRNAs mRNA miRNA miRNA
mRNAs Expression expression expression
BRCA 1309 8575 183 819 2193 17
BLCA 192 4486 144 74 18424 10
COAD 779 6139 0 5 0 0
COADREAD 720 6858 0 4 0 0
HNSC 337 6779 186 137 893 12
LUAD 680 5689 123 340 657 9
LUSC 1945 7848 188 937 2301 13
PRAD 110 7082 154 72 11304 10

After determining those genes whose promoter regions were significantly hyper-methylated or hypo-methylated, I
executed Pearson’s correlation on the tumor samples that were common across all the three molecular types, to find if
there was any statistically significant correlation between the two. In Table 2, are listed the top 10 genes for each cancer
typology, which are either down-regulated or up-regulated (indicated in red and green respectively) and hyper-
methylated or hypo-methylated (indicated using ~ and * symbols besides the gene identifier) in tumor samples, as
compared to normal. Most of these genes are expected and I found high overlap with the PAM50 BRCA gene list and the
Cancer Gene Census. For instance, there is a lot of ongoing research in studying the expression of proteins in the family
of matrix metalloproteinases (MMPs), and therapeutic applications as potential biomarkers in breast cancer” '*. As
expected, hyper-methylation leads to silencing of tumor-suppressor genes whereas hypo-methylation leads to increased
expression of oncogenes. As seen from Table 2, there are instances where a gene has been hyper-methylated but has
increased expression, for example COL11A1 in COAD and KIF23 in LUSC. These cases are a part of a coordinated
overexpression of certain genes in specific variants under the hypothesis ‘shared "core" metastasis-associated gene
expression’, which are also being used to design biomarkers based on multi-invasion mechanisms'®. Figure 1 shows a
comparative box plot of the gene expression and methylation of gene DLG2 and PYCR1 in HNSC and LUAD tumor
and normal samples respectively. It can also be seen that some genes like PYCR1 are shared between different cancer
typologies (here LUAD and PRAD), indicating shared molecular basis of some subtypes of these typologies.

Table 2: Top 10 genes up-regulated or down-regulated (green and red respectively) as a direct consequence of




hypo-methylation or hyper-methylation (* and ” respectively)

BRCA BLCA COAD COADREAD HNSC LUAD LUSC PRAD
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ADAMTS5” F10” FOXQI* FOXQI* ARTN* KANK3” KIF23" HIST3H2A*
KLHL29" APOLDI" BEST4" KIAA1199%* GPDIL" RAMP2* TMEMS88" ETNK2"
SPRY2" GSTMS5” ETV4* ETV4* NFIX* LIMS2» S1PRI" DOK4"
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Figure 1: The up-regulation of PYCR1 gene in LUAD tumor samples due to hypo-methylation and the down
regulation of the DLG2 gene in HNSC tumor samples due to the hyper-methylation in the promoter regions

Next I determined what is the proportion of the differentially expressed genes that are significantly methylated or are
regulated by miRNAs. I had determined the above correlations using Pearson’s correlation statistic, and the
percentages are shown in Figure 2. It is noteworthy to see that 100% of the genes in some cancer typologies could
be potentially regulated by miRNAs (BLCA and PRAD), whereas there was no such regulation determined in
COAD and COADREAD cancers. This can also be due to the fact of organ-specific nature of these tissue samples. It
was really strange to find that the proportion of differentially expressed genes that maybe methylated was also low
in these tumor typologies, considering I found 6139 and 6858 potential cDMRs respectively. For a set of miRNAs



acting in any tumor typology, I generate a histogram to show how many protein-coding genes has it been correlated.
Figure 3 indicates the high prevalence of miRNAs that could potentially regulate 30 or more genes simultaneously
in the BLCA and the PRAD tumor typologies.
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Figure 2: Percentage of significant differentially expressed genes that may be potentially methylated, regulated by
miRNAs and are known miRNA interactions from miRTarbase across the different cancer typologies
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Figure 3: Number of miRNAs distributed according to the number of potential genes it may regulate

It has been shown that DNA Methylation may itself be involved in the dysregulation of miRNA expression, leading
to downstream dysregulation and post-transcriptional modification of mRNA expression. I also determine the hyper-



methylation and hypo-methylation of these miRNA regions, as the miRNA transcripts are also measured under the
1llumina HumanMethylation450k chips. 1 found significant association between these two molecular characteristics,
and in Table 3, I display a selected number of miRNA sequences (mature and hairpin) that are differentially
expressed under the influence of DNA methylation. I also show the total number of samples, where the methylation
was observed and simultaneous up-regulation or down-regulation was also observed. Finally, it is worth noticing
that these miRNAs may be influential in more than one cancer typology under the same regulation. Through a brief
literature review, I was able to find significant evidence pertaining to the oncogenic role of the first two miRNAs
hsa-mir-425 and hsa-mir-17 in different cancer typologies” °. Hence our method is able to obtain substantial results,
which could be relevant for further analysis. Like with mRNA expression, I also found instances namely Asa-mir-
let7 and hsa-mir-589 in BRCA that were hyper-methylated yet up-regulated.

Table 3: Regulation of miRNA expression under DNA methylation, as observed in various cancer typologies

miRNA Methylation % Expression %

Transcript Status samples miRNA Status samples | Cancer Typologies

BRCA, BLCA,
MIR425 hypomethylated 92.23 | hsa-mir-425 upregulated 89 | LUAD, PRAD

BLCA, HNSC,
MIR17 hypomethylated 58.84 | hsa-mir-17 upregulated 88.66 | LUAD, PRAD

BLCA, HNSC,
MIR345 hypermethylated 59.66 | hsa-mir-345 upregulated 53.15 | LUAD, LUSC

BLCA, LUAD,
MIR19B1 hypomethylated 83.01 | hsa-mir-19b-1 upregulated 74.08 | PRAD

BLCA, LUAD,
MIR20A hypomethylated 83.01 | hsa-mir-20a upregulated 87.04 | PRAD

BLCA, HNSC,
MIR19A hypomethylated 83.01 | hsa-mir-19a upregulated 91.44 | PRAD

BRCA, HNSC,
MIR125B1 | hypermethylated 81.63 | hsa-mir-125b-1 | downregulated 70.55 | LUSC

BLCA, HNSC,
MIR205 hypomethylated 77.18 | hsa-mir-205 upregulated 65.04 | LUSC
MIR15B hypomethylated 62.03 | hsa-mir-15b upregulated 73.11 | BRCA, BLCA
MIR16-2 hypomethylated 62.03 | hsa-mir-16-2 upregulated 83.62 | BRCA, BLCA
MIR18A hypomethylated 58.84 | hsa-mir-18a upregulated 61.05 | HNSC, PRAD
MIR301A hypomethylated 64.05 | hsa-mir-30la upregulated 71.97 | BRCA, LUSC
MIR324 hypermethylated 71.59 | hsa-mir-324 upregulated 80.88 | BRCA, HNSC

Based on the differentially expressed genes, I tried to determine pairs of cancer typologies that share the same set of
genes, thus indicating a possible underlying mechanism similarity. This is visualized using Heatmap visualization as
shown in Figure 4. The color of each cell is determined from the quantity — (Total number of common
genes*100/Total number of differentially expressed genes in the ‘row’ cancer typology). The very limited set of
differentially expressed genes in the Prostrate Adenocarcinoma (110) as compared to others is obvious from the plot.
It is noteworthy that COAD and COADREAD basically have >75% of common differentially expressed genes, as
well as LUAD and LUSC have >50%. An extended visualization involving the different subcategories could lead to
meta-clustering of different cancer typologies based on co-occurring genes.
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Figure 4: Similarity between different cancer typologies based on the common differentially expressed genes.

Finally, I conduct Gene Ontology Enrichment analysis, based on the differentially expressed and methylated protein-
coding genes in each cancer typology, and abstract the results to display only the Super Nodes in the Biological
Process ontology of GO. It can be seen in the Figure 5, that the GO Super Nodes Biological Regulation
(GO:0065007), Cellular Process (GO:0009987) and Single organism Process (GO:0044699) are significantly
enriched across all the cancer typologies, which was obvious as the underlying set of differentially expressed and
methylated genes should be somehow involved in important cellular regulatory processes. Even as most of the
enriched terms remain consistent across the typologies, there are some specific outliers. For example, it can be seen
that differentially methylated genes in COAD and COADREAD are significantly involved in Signaling
(GO:0023052) and Biological Adhesion (GO:0022610), whereas differentially expressed genes in LUAD, BRCA
and LUSC are significantly enriched with terms under Immune System Process (GO:0002376). It has been shown

previously that cell-cell adhesion pathways and integrin signaling is important for apoptosis of colon cancer cells™ '*.
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Figure 5: Heatmap visualization of the Gene Ontology Biological Process Super Nodes that are associated with the
differentially expressed and methylated genes across different cancer typologies.

Discussion

Increasing numbers of DNA Methylation and mRNA/miRNA expression profiles are being published every day
since the advent of high-throughput gene sequencing technologies. Hence automated tools that analyze this data
using user-provided customizations are required. ‘Data analysis’ has already replaced ‘Data generation’ as the
crucial step in precision medicine. It was noteworthy to see from the observations that the differentially expressed
genes and correlated methylation and miRNA expression profiles were actually implicated in some underlying
molecular mechanisms of cancer. I also observed that while the general hypothesis is that a hyper-methylated gene



is down-regulated, I actually saw instances where this is not true, both in the case of mRNA and miRNA expression.
From the results, it is also evident that while the modes of regulation may vary between tumor typologies, different
cancers may actually have subsets that have significantly overlapping mechanisms.

A more rigorous evaluation of the method described in this paper is required. Combination of molecular features
(namely expression and methylation) derived from The Cancer Genome Atlas datasets can be used in supervised
learning algorithms to predict the histology subcategory of the tumor. It is also possible to start from this set of
features and feed them in unsupervised machine learning algorithms like K-Means or Spectral Biclustering, to
predict new subcategories and clusters. Optimum number of k-clusters could be determined using the number of
significant features obtained from an ANOVA test across samples in different clusters. A decreasing curve is
generated as the cluster size (k) increases and the user can choose the optimum threshold. Moreover, it would be
worthwhile to include other type of molecular datasets like SNP and microarrays that are also made available under
TCGA to actually understand gene regulation in the full context. Overlaying this information on molecular pathways
like KEGG or Reactome could lead to an increased understanding of Cancer. I would like to modify my P-value
threshold selection statistic from Bonferroni correction to False Discovery Rates, as Bonferroni corrections are often
considered conservative and we might lose some true positives. That being said, my experience with DESeq2 and
other R packages resulted in a very large number of differentially expressed and methylated regions (~10,000). It
would be easy to replace this statistical mechanism in my algorithm.

Conclusion

In this paper, I present a computational approach to analyze the mRNASeq, DNA Methylation and the miRNASeq
datasets of The Cancer Genome Atlas in conjunction to understand how differentially expressed genes between
tumor and normal samples are regulated. I extend my analysis across 8 different cancer typologies, to find that gene
expression is regulated both through DNA Methylation and miRNA post-transcriptional regulation; hence
dysfunction in either of these regulatory networks leads to up-regulation and down-regulation of certain genes. Also,
my approach found that DNA Methylation could also cause dysfunctional miRNA expression. The mode of
regulation varies across different cancer typologies, as I found that both Bladder Urothelial Carcinoma and Prostrate
Adenocarcinoma show 100% potential interactions between miRNAs and mRNAs, whereas 0% is detected in Colon
Adenocarcinoma and Colorectal Adenocarcinoma. My findings suggest that there is substantial overlap between the
differentially expressed genes and its regulation in specific cancer typologies hinting at shared underlying
mechanisms. I also perform Gene Ontology Enrichment Analysis on the differentially expressed genes, but limit
myself to only present the direct children of the Biological Process Node. This set of combined features that
includes mRNAs, miRNAs and DNA methylated regions could be used to perform unsupervised learning for
subclassification, understanding the molecular mechanisms of cancer and determine new diagnostic markers and
therapeutic targets.
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