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Summary
This lab research is designed to explore the main reason to cause
the cancer invasiveness and metastasis in the cancer patients’ body. We
predicted the single gene mutation had a close connection to cancer
invasiveness, which meant gene mutation may cause the tumor
cancerization and boost the cancer development in the patients.
To figure out the result, the enrichment analysis is run to test for
whether any single gene had significant high mutation rate in the any
caner type. We used the TCGA somatic mutation data and clinical data
of 15 cancer types from GEO database, and then we extracted the
somatic mutation data from different pathological state. Next, we
analyzed the data in a computational statistical analysis to find out the p
value of all the single genes for each cancer type to determine if any
single genes are highly relate to the cancer invasiveness.
The result there was no single genes had a significant association
to any of two pathological stages when they compared to each other,

furthermore, the result illustrated the single gene mutation had no
remarkable effect on the cancer invasiveness and metastasis.
Introduction
Base on the clinical statistic, one out of every two men and one out
of every three women will be diagnosed with cancer, and Cancer kills
about one American every minute of every day, or about 1,500 people
every 24 hours. [1] But despite those huge numbers most individuals do
not know what that really means. At the simplest level, cancer or cancer
cells are cells that have lost the ability to follow the normal control that
the body exerts on all cells. In our body we have billions and billions of
cells and they have different functions. It is a very complicated process
under incredibly phenomenal control and if something goes wrong and
that control is lost and particular cells escape the normal control
mechanisms and they continue to grow and they continue to grow and
may spread. That is what we call cancer. Those cells together, we would
call that a tumor. Specifically cancer is a malignant tumor because not

only can it invade into adjacent organs, but unfortunately cancer can
spread to other tissues and that can be life threatening.
The main reason to cause cancer is still a puzzle in the medical
field, however, there are many predictions are proposed by medical
scientists. Gene mutation has been considered to be the primary cause of
cancer. [2] Mutations happen often, and the human body is normally
able to correct most of these changes. Depending on where in the gene
the change occurs, a mutation may be beneficial, harmful, or make no
difference at all. Therefore, the likelihood of one mutation leading to
cancer is small. Usually, it takes multiple mutations over a lifetime to
cause cancer. This is why cancer occurs more often in older people, for
whom there have been more opportunities for mutations to build up.
Additional DNA damages can arise from exposure to exogenous agents.
As one example of an exogenous carcinogeneic agent, tobacco smoke
causes increased DNA damage, and these DNA damages likely cause
the increase of lung cancer due to smoking.[3] In other examples, UV
light from solar radiation causes DNA damage that is important in

melanoma,[4] helicobacter pylori infection produces high levels of
reactive oxygen species that damage DNA and contributes to gastric
cancer,[5] and the Aspergillus metabolite, aflatoxin, is a DNA damaging
agent that is causative in liver cancer.[6] DNA damages can also be
caused by endogenous (naturally occurring) agents. Katsurano et al.
indicated that macrophages and neutrophils in an inflamed colonic
epithelium are the source of reactive oxygen species causing the DNA
damages that initiate colonic tumorigenesis, [7] and bile acids, at high
levels in the colons of humans eating a high fat diet, also cause DNA
damage and contribute to colon cancer. [8] Therefore, our hypothesis is
some single gene mutations associate to cancer invasiveness and
metastasis.
Experimental Methods
To test our hypothesis, we applied TCGA somatic mutation data
and clinical data of fifteen cancer types from Gene Expression Omnibus
(GEO) database, which included BRCA, CESC, COAD, GBM, KICH,

KIRC, KIRP, LUAD, LUSC, OV, PAAD, PRAD, READ, STAD, and
THCA.
Next, we divided the clinical data into M (M0 and M1) and N (N0,
N1, N2, and N3) stages that related to cancer invasiveness and
metastasis, because a cancer tissue in one patient at different progression
stages might behave totally different characteristics, and then we
extracted the somatic mutation information of samples of different
pathological stages.
To avoid some data might lead to poor performance to the result,
we constructed a threshold, which was a value that could distinguish
each gene with mutations value to be satisfied in a right range. The
threshold in this research was determined by using the formula:
(#mutations/#all samples)*min {#M0 samples, #M1 samples}>0.8).
To clearly display the multivariate frequency distribution of the
amount of mutation and non-mutation gene set, we constructed a
contingency table as:
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Table 1: gene set number in variant mutation level contingency table.
Furthermore, fisher exact test which is a statistical significance test
used in the analysis of contingency tables, [9] that was applied to test the
contingency table of each gene, and then, get a p value for whether the
samples of the two different stages have significant different mutation
rate.
The distribution of the p values was checked and adjusted by
Bonferroni method which is a method used to counteract the problem of
multiple comparisons [10] to control false discover rate.
All of above procedures was worked in the R statistical computing
environment which is a software environment for statistical computing
and graphics. Finally, the p values for each cancer type were plotted as
bar graphs.

Results
Figure 1 showed the p value of BRCA N0, N1, N2, and N3 stages
when they associated to each other. The results showed the p values for
the most genes were 1.0, and only very few gene types had p values
rather than 1.0 with a very low frequency in the graph
“BRCA_N2_V_N3”, “BRCA_N0_V_N2”, and “BRCA_N1_V_N2”.

Figure 1. P value vs. gene frequency of BRCA N stages.

Figure 2 showed the p value of CESC N0 and N1 stages when they
associated to each other. The result showed the p values for all of the
genes were 1.0 with no exception.

Figure 2. P value vs. gene frequency of CESC N stages.

Figure 3 showed the p value of COAD N0, N1 and N2 stages
when they associated to each other. The results showed the p values for
the most genes were 1.0 in each graph, and there were around 4000
genes were 0.85, and only very few gene types had p values rather than
1.0 and 0.85 with a very low frequency in the graph
“COAD_N0_V_N1”.

Figure 3. P value vs. gene frequency of COAD N stages.

Figure 4 showed the p value of LUAD N0, N1 and N2 stages when
they associated to each other. The result showed the p values for all of
the genes were 1.0 with no exception.

Figure 4. P value vs. gene frequency of LUAD N stages.

Figure 5 showed the p value of LUSC N0, N1 and N2 stages when
they associated to each other. The results showed the p values for the
most genes were 1.0 in each graph, and only very few gene types had p
values rather than 1.0 with a very low frequency in the graph
“LUSC_N0_V_N2”.

Figure 5. P value vs. gene frequency of LUSC N stages.

Figure 6 showed the p value of PAAD N0 and N1 stages when
they associated to each other. The result showed the p values for all of
the genes were 1.0 with no exception.

Figure 6. P value vs. gene frequency of PAAD N stages.

Figure 7 showed the p value of PAAD N0 and N1 stages when
they associated to each other. The result showed the p value of over 20
genes were 0.85, and less than 5 genes were 0.90, and between 5 to 10
genes were 1.00.

Figure 7. P value vs. gene frequency of PRAD N stages.

Figure 8 showed the p value of READ N0, N1 and N2 stages when
they associated to each other. The results showed the p values for the
most genes were 1.0 in each graph, and there were 300 genes were 0.95
in the graph “READ_N0_V_N2”.

Figure 8. P value vs. gene frequency of READ N stages.

Figure 9 showed the p value of STAD N0, N1, N2 and N3 stages
when they associated to each other. The result showed the p values for
all of the genes were 1.0 with no exception.

Figure 9. P value vs. gene frequency of STAD N stages.

Figure 10 showed the p values of BRCA, READ, KIRC, COAD,
STAD, and LUAD M stage. The results showed the p values for the
most genes were 1.0 in each graph, and only very few gene types had p
values rather than 1.0 with a very low frequency in the READ M stage.

Figure 10. P value vs. gene frequency of BRCA, READ, KIRC, COAD,
STAD, and LUAD M stage.

Discussion
Based on the results which were showed in each figure, the p value
for most genes were 1.0, and only very few genes had p values rather
than 1.0 with a low frequency in all of the cancer types that we discussed
in the research. In addition, there was no genes showed a significant low
p value (less than 0.05), that meant there was no single genes had a
significant association to any of two pathological stages when they
compared to each other, furthermore, the result illustrated the single
gene mutation had no remarkable effect on the cancer invasiveness and
metastasis. Therefore, the results rejected our presumption that some
single gene mutations associate to cancer invasiveness and metastasis.
The p values that rather than 1.0 might be caused by some
experimental error, such as misreading, the sample size was not big
enough, or due to patients’ special body conditions. However, those
particular genes should not make any differences to the final result.
Despite this research showed there was no single gene mutation
that was related to cancer invasiveness and metastasis, gene mutation

still might be a part of reason to cause cancer. Due to genes could
depress or activate each other, the group gene mutations might have an
effect to cancer invasiveness and metastasis, and this project could be
our future research interests.
In the future, doctors hope to learn more about the role of genetic
changes in the development of cancer, which may lead to improvements
in finding and treating cancer, as well as predicting a person’s risk of
cancer. The main reason to cause cancer may be founded in the future,
all in all, the main purpose of our research is to let more people know
about cancer and have a healthy life habit to live away from cancer.
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