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Abstrak

Kanker payudara adalah salah satu penyakit yang paling berbahaya bagi wanita. Sampai
sekarang, perawatan yang tersedia untuk kanker payudara adalah kemoterapi dan radioterapi
dengan kekurangan dan efek sampingnya. Dalam hal ini, metode biologi molekuler baru telah
dirancang untuk mempelajari mekanisme molekuler kanker payudara. Ditemukan bahwa gen
BRCA2 memainkan peran penting dalam kanker payudara, asalkan mutasi terjadi. Dengan
demikian, prosedur komputasi dirancang untuk membubuhi keterangan data molekuler. Tujuan
dari penelitian ini adalah untuk menentukan apakah pendekatan bioinformatika dapat
menyediakan jaringan gen, simulasi molekuler, dan informasi metabolomik komputasi untuk
melepaskan hubungan antara mutasi gen BRCA2 dengan perkembangan kanker payudara.
Metode ini menggunakan alat simulasi molekuler untuk memahami interaksi biokimia gen
BRCA2 dengan gen onkogenik lainnya. Terakhir, alat docking molekuler dirancang untuk
memberikan informasi interaksi molekuler. Pada akhirnya, struktur 3D dan 2D dari biomarker
dapat dirancang dan disiapkan sebagai cetak biru untuk desain obat. Dapat diimplikasikan
bahwa Computer-Aided Drug Design (CADD) yang berbasis pada alat transkriptomik silico dapat
memberikan informasi yang lengkap mengenai peran pasti gen BRCA2 dalam perkembangan
kanker payudara dan mendapatkan pengetahuan tentang pengembangan obat, terutama
mengenai desain siRNA. Dampak klinis dari penelitian ini hanya dapat diukur setelah percobaan
laboratorium basah dilakukan untuk memvalidasi hasil pendekatan komputasi.

Kata kunci: BRCA2; Bioinformatika; Kanker Payudara; Simulasi Molekuler; Jaringan Gen
Abstract

Breast cancer is one of the most threatening diseases for women. It is found that BRCAZ gene plays
a significant role in breast cancer, provided that mutations occurred. The objective of this study is
to determine whether the bioinformatics approach could provide the gene networking, molecular
simulation, and computational metabolomics information to shed the relation between BRCA2
gene mutation with breast cancer progression. The methods are utilizing molecular simulation
tools to comprehend the biochemical interaction of BRCAZ2 gene with other oncogenic genes. Lastly,
the molecular docking tool is devised to provide the molecular interactions information. It could be
implied that the Computer-Aided Drug Design (CADD)-based in silico transcriptomics tools could
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provide the fine-grained information on the exact role of BRCAZ gene in the progression of breast
cancer. The clinical impact of this study could only be measured after the wet laboratory
experiment is conducted to validate the computational approach results

Keywords: BRCA; Bioinformatics; Breast Cancer; Molecular Simulation; Gene Networking

Introduction

Breast cancer is the most common cancer
among women. It affects more than 1.5
million women each year and causes the
greatest number of cancer-related death
among women. About 570,000 women died
from breast cancer in 2015, which equals to
approximately 15% of all cancer deaths
among women. Breast cancer rates are
increasing globally, as the incidence rates is
various ranging from around 19.3 per
100,000 women in Eastern Africa and 89.7
per 100,000 women in Western Europe.
Moreover, it is concerning as in the
developing countries, the survival rates is
just below 40% (Parikesit et al, 2018a;
Surveillance Epidemiology and End Results
Program, 2019; WHO, 2015) .

The current treatments for breast cancer
include  surgery, radiation therapy,
chemotherapy, and hormone therapy and
are generally based on the type and stage of
the breast cancer. If the breast cancer is still
small and not metastasized, then the cancer
can be removed by surgery. If the cancer has
metastasized, then the common treatment is
radiation therapy and/or chemotherapy.
Radiation therapy and chemotherapy use
high-energy rays (such as x-ray) and drugs,
respectively, for destroying cancer (Cleator
etal., 2007; Spicer, 2005).

Many scientists around the world are still
doing lots of research on breast cancers.
Some of the current areas of research of
breast cancer include: the causes of breast
cancer; new ways to prevent breast cancer;
testing new drug therapies; new methods to

detect cancer; and many other topics. For
example, there is a research about the
possibility of using the volatile organic
compounds (VOCs) from human breath as
biomarkers for breast cancer (Bonofiglio et
al, 2016; Cherigo et al,, 2015; Goncalves et
al, 2014; Wu et al,, 2012).

Some of the current research on breast
cancer involves the use of transcriptomics to
find some new methods to detect and treat
the breast cancer. One of the common cause
of breast cancer is the mutation in BRCA2
gene (Hedau et al, 2015; Petrovic et al,
2017). It is also known that the mutations in
the BRCA2 gene occurred in 5-10% patients
in all type of the breast cancer(Parikesit et
al, 2020; Peshkin et al, 2010). Various
microRNAs are also associated with the gene
expression of BRCAZ and it is a feasible
signature for biomarkers (Petrovic et al,
2017). For example, research on long non-
coding RNA (IncRNA) MIAT (Myocardial
Infarction Associated Transcript) showed
that MIAT expression levels are increased in
several types of cancers, including breast
cancer. This same research (which included
silencing MIAT using specific siRNAs) also
showed that MIAT suppression induced the
growth arrest and increased the basal
apoptosis. It also increased the apoptotic
response of breast cancer cells to a wide
range of apoptotic stimuli (Wheeler et al,,
2015). The interesting phenomenon is the
overexpression of BRCA2 mRNA has been
observed in breast cancer cell, and this
information will serve as a basis for the drug
lead design (Surveillance Epidemiology and
End Results Program, 2019). Moreover,
Computer-Aided Drug Design (CADD)-based
tools are currently applied in biomedical
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research (Valeska et al., 2019). Thus, cancer
omics is the field that within the focus of the
CADD application in bio medics domain
(Anurogo et al, 2019). In the future, this
research might be used to develop new
transcriptomic-based drugs for cancers,
including breast cancer. The utilization of
silencing siRNAs as blocker of oncogenic
genes have been proceeded to the clinical
trials, and some have been marketed but for
breast cancer it is still very scarce (Zaleska,
2015). These drugs might help to enhance
the effectiveness of cancer therapy (Burnett
and Rossi, 2012). This research would
eventually block the progression of the
mRNA expression of the BRCA2 with siRNA
before it is expressed as protein. The
objective of this research is to discover a
possible RNA-based drug candidate for
breast cancer using CADD-based specific
transcriptomics tools with 2D and 3D
molecular simulation approach. The notable
similar work in this area is the development
of the prediction pipeline for cervical cancer
biomarkers albeit the works are limited to
the proteomics-based molecular docking and
the absence of transcriptomics-based
docking pipeline(Arifin et al., 2020; Parikesit
et al, 2018b). Moreover, regarding this
research, a specific scoring function and
molecular simulation methods for RNA
molecules have been established
accordingly(Hashem and Auffinger, 2009;
McDowell et al.,, 2007; Sponer et al., 2018).

Materials and Method

The pipeline of this research was inspired
from the previously published method that
employ = CADD-based approach from
structural bioinformatics studies (Arifin et
al,, 2020; Parikesit, 2018). The BRCA2 breast
cancer genes were downloaded from the
NCBI website
(https://www.ncbi.nlm.nih.gov/) in the
FASTA format. Moreover, the Vienna RNA
package (http://rna.tbi.univie.ac.at/) was
employed to predict and annotate the 2D
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structure of the BRCA2 RNA (Gruber et al,,
2008; TBI, 2016). On those websites, several
online tools/applications (called “servers”
that are related to the secondary and tertiary
structures of RNA could be found. The first
server that would be used is the RNAfold
server (Lorenz et al., 2011). This server is
used for predicting the minimum free energy
structures and base pair probabilities from a
single RNA or DNA sequences. The RNAfold
server will be employed in order to find the
most probable secondary structure/shape of
the breast cancer gene.

The output of the application will be the 2D
structures annotations in the Vienna dot
bracket format. Thus, the modeRNA
application
(http://iimcb.genesilico.pl/modernaserver/)
was employed to predict the 3D structure of
the RNA, with the PDB files as the output
(Rother et al,, 2011). The last step will be
observing the molecular interactions
between the RNA and its respective siRNA
with ClusPro
(https://cluspro.bu.edu/login.php) (Kozakov
et al, 2017). The docking protocol was
validated for RMSD less than 2 A. All
programs were using the default parameters
as mentioned in the documentations.

Result and Discussion

Figure 1 shows the optimal secondary
structure of the BRCA2 gene (Taken from the
NCBI websites with the accession code of
NM_000059.4 in the mRNA section). The
optimal secondary structure is the structure
that has the lowest minimum free energy. In
this case, the optimal secondary structure of
the BRCA2Z gene has a minimum free energy
of -303.20 kcal/mol. This simplified
secondary structure diagram is saved in a
dot-bracket notation. As seen in the figure 1,
the mRNA structure of the BRCAZ is
considered complex with several loops and
bulges, and could be considered a transition
state in a biochemical reaction. It is due to
the unstable nature of the RNA molecule that
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hanged upon the free hydroxyl group in its
backbone.  This condition facilitates
autocatalytic reaction that could destabilize
the RNA molecule accordingly(Davis, 1998;
Eigen et al,, 1988).

e

Sequence display options
@ Plain Sequence
O No Sequence

MFE secondary structure

@ tacepat vt
O Positienal entropy

O None
Figure 1. The diagram of the optimal
secondary structure of BRCA2. The colors
showed the base-pair probabilities of each
base; red stands for high probability and

dark blue stands for low probability.

h-1

Then, the RNAxs server was utilized (Tafer et
al,, 2008). This server will design the siRNAs
(small interfering RNAs) of a certain gene, in
this case the overexpressed BRCA2. The
mRNA sequence of the BRCA2 gene in the
FASTA format was uploaded to the RNAxs
server, and the default parameters were
employed accordingly. The result could be
seen in the Figure 2. Here, an accessibility
plot of the target sequence (a portion of the
BRCA2 gene) and the siRNA molecule could
be observed. The result showed the three
best siRNA molecules for this BRCA2 gene
(Figure 2). The first siRNA sequence is the
only one needed, as it is the most
thermodynamically feasible, and the proof of
submission is notified in the Figure 2a. Based
on the accessibility plot in the Figure 2b, it

3D and 2D RNA...

tends to shift away from 1, toward the value
of 0. It means that there is a huge possibility
that the siRNA will attach to the designated
target. It means that the siRNA would be able
to repress the coding sequence accordingly.
In the Figure 2c, the most feasible siRNA
sequence is highlighted in the black box, and
it is considered as the most favorable siRNA
in the prediction system.

a)

Hereunder you will find a detailed view of the 3 best siRNAs selectioned for
X95152.1H.SAPTIENSBRCA2GENEEXON 2ANDIOINEDCODINGREGION_RNA

A ranked list of all predicted SiRNAs for
X95152.1H.SAPIENSBRCA2GENEEXON2ANDIOINEDCODINGREGION_RNA is available
as text file here

Your results will be deleted on Sep 14, 2018. Find here a Tar Zip archive of your

Results
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Figure 2. The siRNA result of BRCAZ2. Figure
2(a) is the system notification of sequence
acceptance Figure (2b): The black graph
shows the accessibility of the target
sequence and the red graph shows the
accessibility of the siRNA sequence. Figure
(2c) is the siRNA sequence output.
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Next, the Barriers server was applied to
show the folding kinetics of the siRNA
molecule (Flamm et al.,, 2002; Wolfinger et
al, 2004). In order to use this server, it
simply needs to paste the siRNA sequence
into the text box and click “Proceed”. Figure
3 showed the output of the program in form
of the animation of the structural changes of
the BRCA2 siRNA as it is progressing from a
least stable folded conformation until the
stable unfolded one.

Figure 3. Barriers server result on BRCA2
siRNA.

The graph at the top shows the probability of
structure formation. On the left side is the
graph theory representation of the siRNA
sequence and the predicted shape is on the
right. The left side will animate the sequence
graph, by relating each node with related
edges. While the right side of the figure
would show the animated folding of the RNA.

ModeRNA was employed to predict the
three-dimensional tertiary structure of the
BRCA2 gene and its siRNA. The server will
show the 3D prediction result that is linked
to the PDB ID. When the PDB ID is clicked, it
will automatically be redirected to a page in
the PDB’s (Protein Data Bank) website (
http://www.rcsb.org) that shows the 3D
structure of the target sequence (BRCA2)
(PDB ID: 1]J1U)
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After the PDB files of the 3D structures of
both the BRCA2 and the siRNA sequences
were obtained, the ClusPro web server
(https://cluspro.org/home.php) will be
accessed to observe the  docking
configurations for the RNA sequences.
ClusPro would show how the BRCA gene
might bind to its siRNA molecule. The best
conformation is the picture under ‘0’
annotation as it is the most
thermodynamically favorable one. As the
docking RMSD has RMSD less than 2 A.
Value, In this regard, the docking protocol
has shown that the overexpression of the
BRCAZ2 genes in the breast cancer cell could
be swiftly inhibited with its respective siRNA
(Figure 4).

Job Details: 243600
View Model Scores

Download all Models for all Coefficients

Balanced | Electrostatic-favored | Hydrophobic-favored | VdW+Elec

Display Models

Download Displayed Models

If you use these models in a paper, please cite our papers

0 1

Figure 4. ModeRNA RNA 3D models were
computed in the Cluspro server. The result
shows the possible docking configurations
BRCA2 RNA with its siRNA. The pink
molecule is the BRCA2 molecule, while the
green one is the siRNA molecule.
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Conclusion and Suggestion
Conclusion

The utilization of the 2D and 3D prediction of
RNA structure scould be employed in swift
manner. It is concluded that the BRCA2
siRNA-based drug design could be elucidated
with determined bioinformatics tools as
shown by the docking result.

Suggestion

In order to provide a stability
examination of the mRNA-siRNA complex,
molecular dynamics simulation should be
conducted.
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