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ABSTRACT: Research on the associations between structural variation and the appearance of endogenous and exogenous
factors common in tumorigenesis allows for a better understanding of the causes of structural variants present in tumor genomes.
Analysis of genomic variations from 2600 whole genomes compared to various cancer-inducing factors has found a moderate
correlation between the development of structural variants and the increase in TP53 mutations and SBS4 mutational signatures
in patients with Lung Adenocarcinoma or Squamous Cell Carcinoma.
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B Introduction

Structural variants (SVs), genomic mutations 50 base pairs
or larger, are ubiquitous in many tumor genomes. These
large-scale alterations can range from small deletions and am-
plifications to events involving entire chromosome arms or
chromosomes. SVs often have a functional impact, as they can
delete key tumor suppressor genes, activate key oncogenes, and
disrupt the regulatory landscape of the genome."

The analysis of whole-genome sequencing (WGS) data
from tumors generated by large-scale studies has generated a
catalog of SVs and copy number alterations.>* Despite these
developments, the precise causes of SV's have yet to be discov-
ered, mainly due to the complexity of SVs in cancer genomes.
Specifically, the association of endogenous (failure of DNA
repair pathways) and exogenous processes (tobacco smok-
ing, ultraviolet light) operative in the tumor genome and the
amount of genomic instability have largely not been systemati-
cally evaluated across cancer types. Here, we utilize two metrics
that measure the amount of genomic instability in tumors: SV
burden and percent aberrant genome (PGA)? a measure of
what percent of DNA segments have been amplified or delet-
ed. These two factors are compared to mutational signatures
known to be related to exogenous factors. Mutational signa-
tures can be formed by both exogenous or endogenous causes
and are developed when somatic mutations in cancer genomes
that operate during cell lineage generate a characteristic mu-
tation. These mutations can involve base substitutions and
rearrangements of the genome.' Therefore, by comparing mu-
tational signature attributions caused by a specific exogenous
agent with the SV burden, we can determine whether there is a
correlation between SV's and that exogenous agent. Analysis of
the processes involved in SV burden may be used in developing
future cancer prevention strategies and have the potential to act
as biomarkers to inform treatment plans of cancer patients at
different stages of their disease.*

B Methods

The data used for analysis was generated by the Pan-Cancer
Analysis of Whole Genomes. This data contains simple somat-
ic mutations, copy number somatic mutations, and structural
somatic variants. PCAWG also contains mutational signature
attributions for each sample.5 These attributions were then
used to assign the mutation as endogenous or exogenous based
on their proposed etiologies.

To calculate the number of aberrant segments in the ge-
nome, the number of DNA segments in the cancer genome
that were not in a heterozygous diploid state (meaning cells
that have undergone loss of heterozygosity, a form of allelic im-
balance where heterozygous somatic cells become homozygous
through losing an allele®) were added together. Loss of hetero-
zygosity in DNA segments is a key indicator of the presence
of SVs in the genome.” Therefore, a direct correlation between
aberrant segments and an exogenous or endogenous factor
could indicate an increase in SVs as well. The SV burden was
calculated similarly, with the number of each SV in the cancer
genome added together to find the total number of segments.

Both the percent aberrant genome and the total SV burden
were then compared to the total number of endogenous, single
base substitution (SBS) mutations, as well as the exogenous
TP53 mutations and SBS4 mutational signature attributions
per sample, to determine possible associations. To analyze the
contributions of TP53 mutations to the overall SV burden, all
samples were grouped based on whether they contained TP53
mutations or had none. Samples with >0 TP53 were consid-
ered smokers, and samples with 0 mutations were considered
non-smokers. The same criteria were applied to SBS4 muta-
tional signatures.

Figures were adjusted using the Bonferroni correction meth-
od to accurately determine correlation significance relative to
the other cancers.
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B Results and Discussion

Significant positive correlations (p < 0.05 and R > 0.2) have
been found between endogenous SBS mutations (mutations
in which one nucleotide base has been replaced with another)
and an increased number of aberrant segments and SV burden
in the majority of cancers tested (Figures 1,2).
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Figure 1: Pearson correlation of total endogenous mutations (x-axis) vs total
aberrant segments (y-axis).
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Figure 2: Pearson correlation of total aberrant segments (x-axis) vs total SV
burden (y-axis).
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The age of the cancer patient also showed no correlation to
an increase in SV burden (Figure 3).
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Figure 3 : Pearson correlation of donor age at diagnosis (x-axis) vs total SV
burden (y-axis).

Lastly, we tested the relationship between mutations in the
TP53 gene and genome instability in both Lung Squamous
Cell Carcinoma (LUSC) and Lung Adenocarcinoma (LUAD).
LUSC samples with TP53 mutations had a higher SV burden
than those without TP53 mutations (p=4.07X10-4). (Figures
45,6,7).
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Figure 4a: Mann Whitney
test of TP53 mutations (x-axis)
vs. SV burden (y-axis) for Lung
Adenocarcinoma samples.
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Figure 5a: Mann-Whitney test
of TP53 mutations (x-axis) vs. SV
burden (y-axis) for Squamous Cell

Carcinoma samples..
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Figure 6a: Mann-Whitney
test of SBS4 mutations (x-axis)
vs. SV burden (y-axis) for Lung
Adenocarcinoma samples.
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Figure 7a: Mann-Whitney test
of SBS4 mutations (x-axis) vs. SV
burden (y-axis) for Squamous Cell
Carcinoma samples.
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Figure 4b: Mann-Whitney test of
TP53 mutations (x-axis) vs. percent
aberrant genome (y-axis) for Lung
Adenocarcinoma samples.
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Figure 5b: Mann Whitney test
of TP53 mutations (x-axis) vs. SV
burden (y-axis) for Cell Carcinoma
samples.
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Figure 6b: Mann-Whitney test of
SBS4 mutations (x-axis) vs. percent
aberrant genome (y-axis) for Lung
Adenocarcinoma samples.
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Figure 7b: Mann-Whitney test

of SBS4 mutations (x-axis) vs.
percent aberrant genome (y-axis) for
Squamous Cell Carcinoma samples.
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m Discussion

TP53 mutations, caused largely by smoking, are present
in around 50 percent of lung cancers, and SBS4 mutations,
caused by alcohol usage and long-term smoking, are present
in around 20 percent of all lung cancers. Despite their fre-
quent appearances in these cancers, there was no correlation
found between the TP53 and SBS4 mutations and SV. Con-
versely, endogenous factors correlate more strongly with SV
burden than exogenous factors. Endogenous SBS mutations
showed strong correlations to the total SV burden in almost
every cancer tested. In contrast, exogenous mutations were
only shown to be weakly correlated to two cancers (LUSC
and LUAD) that are known to be primarily caused by exter-
nal causes (alcohol use and smoking). Finally, age does not
play a major role in the total SV burden, as shown by the
weak correlation between the two variables. This indicates
that genome instability is not due to the errors from the natu-
ral decay of our cells over time, unlike single base substitution
signatures 1 and 5, but rather from a specific trigger such as
the failure of a repair pathway.

Many samples were disregarded when looking over pos-
sible correlations due to the sample not containing specific
information necessary for analysis. Conclusions largely fit
into similar research currently being conducted by showing
a strong link between genomic mutations due to endogenous
processes and genome instability.®

B Conclusion

A strong correlation between endogenous mutations and
genome instability has been determined based on statistical
analysis tests showing the correlation between various endog-
enous cancer-causing factors and an increase in SV burden.
Results also show common causes of tumorigenesis, namely
age and exogenous factors such as TP53 mutations and SBS4
mutations, that are not associated with genome instability, in-
dicating that exogenous mutations do not play as large of a
role in genome instability. Determining associations between
these factors elucidates the causes of genome instability and,
therefore, the causes of cancer development.
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