2018 17th International Symposium on Distributed Computing and Applications for Business Engineering and Science

Correlation analysis between PIK3CA, TP53, CDH1 genes
mutations and breast cancer

Dongyue Zhu, Yunjing Gu, Ping Zhu*
School of Science, Jiangnan University, Wuxi, China
e-mail: zhuping@jiangnan.edu.cn

Abstract— In the DNA sequence, accumulation of
single nucleotide variation (SNV) changes the
amino acid sequence of oncoprotein, and it causes
normal cells to turn into cancer cells. This study
uses the 1105 samples of breast cancer in the
cBioPortal Cancer Database to screen out three key
genes, and wuse the electron-ion interaction
pseudopotential (EIIP) of base A, base C, base G
and base T to propose the E difference value
formula, further verification of the impact of the
three key genes on breast cancer patients. The study
found that the PIK3CA, TP53 and CDH1 are key
genes that cause breast cancer, and PIK3CA, TP53
and CDH1 are closely related to the survival time of
breast cancer.
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I. INTRODUCTION

Breast cancer is a female high-grade
malignant disease, accounting for 23% of all
female cancer cases, and leads to 14% of cancer-
related death in cases [1]. China used to be a low-
incidence country for breast cancer, however,
owing to the changes of people's eating habits,
reproductive behaviors and lifestyles, the risk of
breast cancer is continuously increasing [2]. Data
from cancer surveillance sites in Beijing,
Shanghai and Harbin have shown that the
incidence of breast cancer is rising [3-5]. For the
treatment of cancer, early detection, early
treatment, the sooner the discovery, the better the
treatment. Until now, Studies have shown that
synonymous codons have different efficiencies in
translational speed and folding accuracy [6].
Single Nucleotide Changes, and it causes
different usage of codons, ultimately, the protein's
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folding accuracy will all change. In study, the
DNA sequence is represented digitally by using
the Electron-ion interaction pseudopotentials
(EINP) of the bases A, C, G, T. The EIIP value is
given by Nair et al [7,8]. Then, this study find out
the correlation between genetic variation and EIIP.
Gene mutation types include base substitutions,
frameshifts, insertions, and deletions. There are
two main types of base substitutions: transition
and transversion. Defining purine and purine,
pyrimidine and pyrimidine mutations is called
transition, the mutation between purines and
pyrimidines is called transversion. And the ratio
of transition and transversion is generally not
equal, it is called "conversion bias [9].
1. Materials and Methods

A. Sources of materials

In this study, the data comes from the
cBioPortal database(http://www.cbioportal.org),
breast
1105samples).Among 11417 mutated genes in
975 mutated samples, we detected the key genes
were significantly associated with breast cancer.
B. Social network algorithm screen out key genes

The concept of social network first came
from the social field, mainly refers to the sum of
the relationship between one person and others.
Social network is mainly to study the sparsity of
relational connections. Currently, the mining of
relational data [10,11] has become one of the
most popular research topics in data mining.
Cancer is caused by genetic mutations or some
environmental factors. We studies 975 samples of
mutations, and up to 3412 genes mutations or at
least 1 gene mutations in a sample. In this study,
network was constructed by igraph
R (https://lwww.r-project.org),

invasive carcinoma (TCGA, Provisional ,
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searching for important hub genes among a total
of 11,417 variant genes in 975 samples. And
using the spin-glass social classification function
in social network algorithm to analyze the gene
network. This study selects data without direction
metrics. Then set the background of the image to
white and set the node size as follows: if the gene
with a center degree greater than 10000, the node
size is set to 10. If the gene has a center degree
less than 5000, the node size is set to 2. If the
center degree is less than 10,000, and greater than
5000 the node size is set to 5. Due to the large
number of genes analyzed, we uses the layout
function to debug the node's color, node size, and
chooses not to display the gene names of each
node. Therefore, it can be seen from Figure 1 that
PIK3CA, TP53 and CDH1 are the three genes
with the highest frequency of breast cancer
mutation. Through data review, it has been proved
that PIK3CA, TP53 and CDH1 genes play an
important role in breast cancer [12-15].
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Figure 1. Social network algorithm screen out key genes
C. E difference value

With the development of bioinformatics,
there are many ways to numerically map bases in
a sequence. Such as Voss mapping, real number
mapping, Z-curve mapping, and the mapping

established by Zhu Ping[16]: ¢:GF(7°®) »C
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et al. Nair and Rao [7,8] proposed that digitizing
DNA sequences use nucleotide electron-ion
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interaction pseudopotential (EIIP) values. The
EINIP value of the amino acid sequence has been
used in place of the protein's amino acid sequence
recognition (RRM)
extraction information [17]. Digital mapping of
bases based on the order in which bases appear in
the sequence, the 4 bases EIIP value is shown in
TABLE 1.

for resonance model

TABLE I.  EIlIP Table

base A C G T

EIlIP 0.1260 0.1340 0.0806 0.1335

According to the results of the Section B,
PIK3CA, TP53 and CDH1 have the highest
frequency of mutations in breast cancer. This
study requires all the samples from TCGA breast
invasive carcinoma (TCGA, provisional) with
RNA-seq v2 data (n = 1105), and considered
RNA dysregulation with Z-score threshold: +2,
and mark HER2 negative or positive, HER2 is an
important criterion for judging the severity of
breast cancer in medicine. Screening samples by
the above conditions. Finally, 416 samples of at
least one gene mutation of PIK3CA, TP53 and
CDH1 were obtained. And the number of single
base A, C, G and T mutation were 108, 92, 165
and 33, respectively. Combined with TABLE I, it
can be seen that the EIIP value of T is the highest,

whereas the number of T mutations is the lowest,
and the EIIP value of G is the lowest, whereas the
number of G mutations is the highest. To consider
the correlation between base mutation and EIIP
value, we propose the following E difference
value formula. In order to facilitate the writing of
the formula, we defines genetic variation as t,
when the base substitution occurs, the base
mutation is defined as t=1, other base variants
including insertions, deletions, frame shifts, etc, it
is defined as t=-1, when no base mutation has
occurred, the definition is t=0. E difference value
formula is as follows:



iz.\(Ej—Ei)\ t=1
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N is the number of base substitutions per gene in

a sample, Ej is the EIIP value of the wild-type
base, E;is the EIIP value of the base after the

substitution. E,, E. , Eg , E; are the EIIP values

of bases A, C,Gand T.
To further
between EIIP values and single base mutations,

understand the correlation
this study uses E difference value to perform heat
map analysis on genetic variation samples. Then,
we analyze the mutations of PIK3CA, TP53 and
CDH1 in 416 samples, as shown in Figure 2. This
study uses the E difference value formula to
calculate the EIIP value changes of genes
mutation. Then, heat map analysis was performed
using the Kendall's Tau matrix and single linkage
clustering method by the use of MeV software
(https://sourceforge.net/projects/mev-tm4/ files /
mev-tm4/). Each small square of the heat map
represents a sample, and color indicates the size
of the EIIP difference (red is upregulation, green
is downregulation). MeV is a gene expression
pattern and differentially expressed gene analysis
software based on Java application design. In
order to further prove the effect of PIK3CA, TP53
and CDH1 genes mutation on breast cancer, in
section C, MeV software was used to analyze the
gene mRNA aberrantly expression of PIK3CA,
TP53 and CDHL1.
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Figure 2. E difference formula to calculate genetic
variation (the downregulation value is 0; the
upregulation value is 0.3)

D. Method comparison

In MT Birgani's[18] study on the genes
mutation of liver cancer, by using mRNA
expression level. In this study, we used the
Kendall's Tau matrix and single linkage clustering
method of MeV software to analyze the genetic
mRNA aberrantly expression of PIK3CA, TP53
and CDH1 in breast cancer, See Figure 3.
Comparing Fig. 3 with Fig 2: In Figure 2, the
samples distribution of each gene mutation is
relatively concentrated, and the time used is 48ms.
In Figure 3, samples are clustered by mRNA
aberrantly expression, and the mutated and non-
the
distribution of the mutated samples was relatively

mutated samples were staggered and
messy, and the time used is 65ms. In general, the
effect of clustering in Figure 3 is not as good as in
Figure 2. From the above analysis we can draw:
The E difference values proposed in this study is
better when using the Kendall's Tau matrix and
single linkage clustering method of MeV
software, and the calculation time is relatively
short.
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Figure 3. Shows the difference in mMRNA expression.
(the downregulation value is 0; the upregulation
value is 1)

Using the E difference value to analyze the
base mutations of breast cancer and the use of
mRNA aberrantly expression to analyze the genes
mutation of breast cancer are compared, and there
are three clustering methods in Table 2. The E
difference value has an advantage in the time by
the single linkage clustering method. When the



data for studying cancer gene mutations are
relatively large, it is better to use E differences
value to analyze the genes and samples in the

single linkage clustering method, which is not
only of short time but also of good clustering
effect.

TABLE II. MeV software calculation time comparison
method Current metric single linkage average linkage complete linkage
clustering clustering clustering
Euclidean distance 38ms 40ms 66ms
MRNA expression Manhattan distance 44ms 35ms 48ms
level Average dot product 75ms 73ms 85ms
Covariance value 54ms 51ms 50ms
Kendall’s tau 65ms 63ms 75ms
Euclidean distance 51ms 42ms 60ms
Manhattan distance 40ms 58ms 62ms
E difference value Average dot product 55ms 53ms 101ms
Covariance value 46ms 63ms 69ms
Kendall’s tau 48ms 63ms 56ms
Using SPSS software, the mRNA expression ]
levels of PIK3CA, TP53, and CDH1 in 416 breast 2 — mutat@on 0
cancer samples were analyzed using a single = o 7 ---- mutation 1
sample Kolmogorov-Smirnov, with a standard % |
deviation of 0.301. Using the same test method, @
the E differential values of PIK3CA, TP53 and TDU- g —
CDHL1 in 416 breast cancer samples were tested, :E“
and the standard deviation was 0.051, which was a n
much less than 0.301. E difference value g -

relatively stable and normal distribution. In order
to prove the importance of PIK3CA, TP53 and
CDH1 genes in breast cancer, we use survival
packages in R software to survival analysis. In the
process of survival analysis,
Kaplan-Meier estimator to analyze the survival of
975 samples, of which 416 samples of at least one
mutation in PIK3CA, TP53 and CDH1 were
detected. As you can see from Figure 4, the
samples with PIK3CA, TP53 and CDH1 genetic
alterations had a poorer survival as compared to

mainly using

those without alterations.
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Figure 4. Overall survival analysis. Blue line
represents cases with alterations, and red line
represents cases without. The X axis indicates overall
survival time (months), and the Y axis indicates the
survival rate.

E difference value formula for the base
mutation analysis has certain help. In MT
Birgani's[18] study of genes mutation in liver
cancer, mRNA expression level was used to
analyze the mutated genes of liver cancer ,
without considering the mutation of the base. In
this study, not only the mRNA aberrantly
expression of genes were analyzed, but also an E
difference value formula was proposed. From the



above analysis, it can be seen that the E difference
value has certain advantages both in the heat map
clustering and in the single-sample Kolmogorov-
Smirnov test.
I1]. CONCLUSIONS

In the study of breast cancer, general
considerations of mRNA aberrantly expression,
methylation, copy number variation [18,19], etc,
but changes in physical properties of EIIP caused
by base mutations are not considered. This study
mainly uses 1105 samples from the cBioPortal
database, after network analysis, PIK3CA, TP53
and CDH1 were screened out. This study found
that the E difference value is better than using the
MRNA aberrantly expression for clustering breast
cancer samples, especially in the calculation time
and clustering effect of the single linkage
clustering. This study does a survival analysis of
the samples, it was found that PIK3CA, TP53 and
CDH1 genes have negative effects on the survival
rate of samples. These results suggest that
PIK3CA, TP53 and CDH1 genes mutation in the
breast cell may offer cancer risk prediction and
early detection markers. Overall, the study
propounds a potentiality for interpreting the
pathogenesis and development of breast cancer
with genetic alterations, and provides a novel
platform for searching for more capable
diagnostic biomarkers for breast cancer.
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