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Today’s agenda

Basics of cancer genomics: genomic sequencing data and
somatic mutations identification
Exploring and obtaining tumor mutation data from cBioPortal

Characterization of the patterns of mutations in cancer
Mutational matrix generation using Maftools

Exploration of the biological processes generating mutations in
different cancer types
Mutational signature analysis using MutationalPatterns
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The mutational profile of a cancer patient is a mix of different
processes characterized by specific mutational signatures
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The final cancer genome represents an archaeological record of
the effect of the different mutagenic and DNA repair processes
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The final cancer genome represents an archaeological record of
the effect of the dlfferent mutagenic and DNA repair processes
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Mutational signatures can be determined based on
mutational profiles across a set of individuals
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Mutational signatures can be determined based on
mutational profiles across a set of individuals
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Mutational signatures can be determined based on
mutational profiles across a set of individuals
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Mathematical models allows the un-mixing
and the extraction of mutational signatures
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Mathematical models allows the un-mixing
and the extraction of mutational signatures
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and the extraction of mutational signatures
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Mathematical models allows the un-mixing
and the extraction of mutational signatures
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Mathematical models allows the un-mixing
and the extraction of mutational signatures
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Mathematical models allows the un-mixing
and the extraction of mutational signatures

Genome 1 Genome 2
Q < @ T 9 =
S = N N
Genome 3 Genome 4

Signature 1

Signature 2

Large number of samples

Baez-Ortega & Gori 2019 Briefings in Bioinformatics

\Signature 3

I

Genome 1

Sig. 11 Signature 2

Genome 2

S. 1] Signature 2

S.3

Genome 3

Signature 1 | Sig. 3

Genome 4

Signature 1

S.2

Set of consensus signatures




Reference mutational signatures have been
extracted from thousands of samples
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Reference mutational signatures have been
extracted from thousands of samples
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Reference mutational signatures have been

extracted from thousands of samples
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Catalogue Of Somatic Mutations In Cancer

Mutational Signatures (v3.3 - June 2022)

Introduction
Somatic mutations are present in all cells of the human body and occur throughout life. They are the
of il i P i ing the intrinsic slight infidelity of the DNA r icatic
inery, or exposures, y i ification of DNA and defective
DNA repair. Dif i P unique i of ion types, termed

“Mutational Signatures”.

In the past few years, large-scale analyses have revealed many mutational signatures across the spectrum of human
cancer types, including the latest effort by the ICGC/TCGA Pan-Cancer Analysis of Whole Genomes (PCAWG) Network
(Alexandrov, L.B. et al., 2020 ) using data from more than 23,000 cancer patients.

About

COSMIC Mutational Signatures is a resource curated in partnership with COSMIC and Cancer Grand Challenges, and in
close association with our collaborators at Wellcome Sanger Institute, the Pillay lab at University College London and the
Alexandrov lab at University of California.
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Signature-based websites

At COSMIC Signatures we identify signatures from analysis of the PCAWG dataset and through curation of specific
papers. Papers are looked at particularly (but not exclusively) when there is a specific exposure which captures
signatures not present in the PCAWG dataset. Please note that this catalogue of signatures is not exhaustive or a final
set, but a reference set of high confidence signatures that have been curated by experts in the field. We aim to update
as comprehensively as possible as new data become available and improvements are made to extraction methodologies.
This summary includes the mutational profile, proposed aetiology and tissue distribution of each signature, as well as
potential associations with other mutational signatures and how the signature has changed during iterations of analysis.

Currently, four different variant classes are considered, resulting in the following sets of mutational signatures.

Data downloads

Download current COSMIC Mutational Signatures version 3.3 and previous releases here.

natures have been
s of samples

Versions

SigProfiler tools

COSMIC Mutational Signatures version 3.3 is the latest
release.

Version 3 was released as part of COSMIC release v89

(May 2019), updated to version 3.1 in COSMIC release
v91 (June 2020), to version 3.2 in COSMIC release v93
(March 2021) and most recently version 3.3 in COSMIC
V95 (May 2022).

Version 2 signatures (March 2015) were part of earlier
COSMIC releases can still be consulted:

The current set of mutational signatures has been
extracted using SigProfiler, a compilation of publicly
available bioinformatic tools addressing all the steps
needed for signature identification. SigProfiler
functionalities include mutation matrix generation from
raw data and signature extraction, among others.

SigProfiler To

Tate et al. 2019 Nucleic Acids Research

M ot [P0y as a collection of op " socy

Mutational processes from different aetiologies are active during the course of cancer development. They can
be identified using mutational signatures, due to their unique mutational pattern and specific activity on the
genome.

This is illustrated in the figure below using a framework of 6 classes of single base substitutions, and three
distinct mutational processes, whose respective strengths vary throughout a patient’s life. At the beginning, all
mutations were due to the activity of the endogenous mutational process. As time progresses, the other
processes get activated and the mutational spectrum of the cancer genome continues to change.

Strong exogenous
6 Tobacco smoking
=28
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T>C mutational process Mutational spectrum
6 'Clock-lke signature. of final cancer genome
Time

Number of
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o COSMIC

Catalogue Of Somatic Mutations In Cancer

Current set (v3.3

/8 SBS signatures
* 11 DBS signatures
18D signatures

* 21 CN signatures

https://cancer.sanger.ac.
uk/signatures/
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Reference mutational signatures have been
extracted from thousands of samples

Other reference databases exist that include different variant classes
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Overview of mutational signature assignment analysis
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Assigning reference signatures to individual samples

M

C>A C>G C>T T>A T>C T>G #CHROM  POS FILTER
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Assigning reference signatures to individual samples

M




Assigning reference signatures to individual samples

M

Sample #1
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Sample #5

Number of mutations

S % Catalogue Of Somatic Mutations In Cancer
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Assigning reference signatures to individual samples
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Assigning reference signatures to individual samples
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Assigning reference signatures to individual samples

C>A C>G C>T T>A T>C T>G
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Assigning reference signatures to individual samples
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Assigning reference signatures to individual samples
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Assigning reference signatures to individual samples
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Mutational signature analysis marked a turning point
in cancer diagnosis, prognosis and treatment
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Mutational Signature Analysis Reveals
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HRDetect is a predictor of BRCA1 and BRCA2 deficiency
based on mutational signatures
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summary

* Different mutational processes generate somatic mutations, including
endogenous and exogenous sources

* The pattern of mutations imprinted by a particular mutational process is known
as mutational signature

* Reference mutational signatures have been identified and deposited in COSMIC
after the analysis of thousands of cancer samples

* Leveraging these reference signatures, the contributions of the different
mutational processes to a given tumor can be quantified

 Mutational signatures can be used clinically as biomarkers for cancer prevention,
prognosis and treatment



How do you know mutational signature etiologies?




Signature SBS4 is likely due to tobacco smoking
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Contributions of mutational signatures to smoking induced
and non-smoking induced cancer types

Lung adenocarcinoma Lung squamous carcinoma
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Contributions of mutational signatures to smoking induced
and non-smoking induced cancer types

Lung adenocarcinoma Lung sgquamous Carcinoma
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Contributions of mutational signatures to
lung adenocarcinomas




Contributions of mutational signatures to
lung adenocarcinomas

Tobacco smokers
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Contributions of mutational signatures to
lung adenocarcinomas

Tobacco smokers Life-long non-smokers
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The mutational signature of in vitro benzo[a]pyrene exposure
is similar to signature 4
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The mutational signature of in vitro benzo[a]pyrene exposure
is similar to signature 4
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Evidence for the aetiology of sighature 4




Evidence for the aetiology of sighature 4

Identified only in cancer types epidemiologically known to be caused
by tobacco smoking




Evidence for the aetiology of sighature 4

Identified only in cancer types epidemiologically known to be caused
by tobacco smoking

Highly enriched in tobacco smokers when compared to tobacco non-
smokers




Evidence for the aetiology of sighature 4

Identified only in cancer types epidemiologically known to be caused
by tobacco smoking

Highly enriched in tobacco smokers when compared to tobacco non-
smokers

The pattern of signature 4 matches in vitro experimental results in
which cells were exposed to known tobacco carcinogens




Clinical examples
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(Somewhat) unexpected carcinogens: Azathioprine
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Azathioprine, sold under the brand name Imuran among others, is an immunosuppressive medication.
Azathioprine is on the World Health Organization's List of Essential Medicines, the most effective and safe
medicines needed in a health system. Epidemiological studies by International Agency for Research on Cancer have
provided "sufficient" evidence of azathioprine carcinogenicity in humans (Group 1), although the methodology of
past studies and the possible underlying mechanisms are questioned.
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Known carcinogen in unexpected cancer types: UV-light

Somatic Mutation ner MB
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Quantification of known carcinogens in suspected cancer types
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