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Abstract

The results showed that the strongest negative
correlation was peaked at -0.595 (p-value < 0.001); the
miRNA and gene interaction was found between miR-
1307 and CBX7. Then, transcriptomic validation result
also supported the correlation.

Furthermore, the result of miR-1307 — CBX7 pair is
also identified in the previous study through literature
review. It suggests that the prediction accuracy is high.
This study suggests that miR-1307 plays an oncogenic
role and CBX7 potentially function as a tumor
suppressor gene in breast cancer development. Taken
together, correlation, transcriptomic and literature
review study can be a rigorous combination pipeline to
predict microRNA — gene interaction.
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Introduction

Breast cancer is responsible for around 627, 000 deaths
worldwide!’. According to WHO report in 2018, breast
cancer ranks fifth leading cause of death because the
prognosis is relatively favorable. The incidence rate of
female breast cancer is far exceeded in both developed and
developing countries. In Indonesia, breast cancer case is rank
one compared to other types of cancer'®. Previous studies
have shown that aberrant miRNAs expression levels involve
in the tumorigenic process including breast cancer'’.
miRNAs are non-coding RNA that regulate important
biological processes.

Furthermore, miRNAs have the ability to control gene
expression by targeting mRNAS and start either translation
repression or RNA degradation®.  This suggests that
miRNAs play a role as a novel class of oncogene or tumor
suppressor.

In 2005, research that has been conducted by lorio et al,
compared the expression of miRNAs in breast cancer and
normal cancer to identify miRNAs whose expression is
significantly deregulated in cancer versus normal breast
cancer. The result of 15 miRNAs expressions is able to
correctly predict the nature of the sample analyzed which
showed that aberrant expression of miRNA is involved in
breast cancer. Another research conducted by Lee and Jiang*°
used a Bayesian Network (BN) to discover miRNA and gene
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possible interaction in breast cancer pathogenesis. The result
discovered possible interaction of miRNA such as hsa-miR-
21, hsa-miR-10b, hsa-miR-448 and hsa-miR-96 with
oncogenes such as CCND2, ESR1, MET, NOTCH1,
TGFBR2 and TGFBL1 that involve in promoting tumor
metastasis, invasion and cell proliferation.

In recent years, the records of interaction between miRNAs
and gene interactions from wet lab analysis were stored in
web-based miRNA related database such as miRTarBase®.
These databases contain experimentally validated miRNA
and gene interactions with detailed meta-data, experimental
methodologies and conditions. Therefore, miRTarBase and
other miRNA related database can be used to validate the
miRNA-gene interaction. However, the last update of this
website is on September 15, 2017, as we know, the high
throughput sequencing technology such as next-generation
sequencing (NGS) produces a massive amount of dataset
each year. Therefore, the miRNA target interactions
information need to be updated. Moreover, miRNA-target
interactions list in miRTarBase is not based on a specific
population.

Another method to validate the possible interaction between
mMiRNA and gene is by using computer-aided discovery
method such as molecular docking simulation. This method
is used to investigate the binding and changes in the dynamic
behavior of functional region miRNAs and gene®. Molecular
docking is not only predicting the binding affinity of a ligand
and receptor but also demonstrate the binding mode in the
particular active site. Junaid et al® have performed docking
analysis to DIM and miR-21that play a role in various cancer
and other diseases. In the result, they showed that the stability
of both DIM and miR-21 is negatively correlated to each
other in binding condition.

Even though miRTarBase and transcriptomic analysis such
as molecular docking and molecular dynamics can be used to
discover the miRNA and gene interactions, finding the
possible interaction in breast cancer is not an easy task. Most
of the researcher used wet lab analysis in finding the possible
interaction. However, this method is time-consuming,
expensive and not efficient enough. Meanwhile,
computational analysis approach has developed a different
algorithm sometimes demanding a high requirement of a
graphics processing unit (GPU) and big memory space?.

Therefore, this study integrated correlation and
transcriptomic analysis to overcome the problem of time and
space complexity. This proposed method avoids all the
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computation conducted in the transcriptomic analysis which
has a problem in time and space complexity. The result of the
correlation analysis will only be used for further
transcriptomic analysis.

The increasing number of cancer and normal dataset both for
miRNA and gene expression is recorded in TCGA website.
More samples will generate a more valid prediction of a silico
analysis. However, the number of dataset in a specific race
and cancer stage is still limited, particularly for normal
samples. Therefore, the main goal of this study is to propose
a method to predict the interaction of aberrant miRNA with
their target gene in breast cancer by utilizing the TCGA
datasets. Spearman correlation analysis follows by molecular
docking prediction as performed in this study. As a result, this
study can provide a list of potential miRNA-gene pairs
related to breast cancer formation with high accuracy. In a
future study, a specific race and cancer stage will be included.

Material and Methods

Dataset: The RNA-seq gene expression datasets both
normal and cancer patients were downloaded from TCGA
on March 1%, 2019 and can be accessed in this following link
https://portal.gdc.cancer.gov/. Breast invasive carcinoma
(BRCA) cancer type was selected as a tumor model for the
present work. The normalized gene expression unit used
fragments per kilobase million — upper quartile (FPKM-UQ)
and read per million (RPM) for gene and miRNA
respectively. The expression units provide a digital measure
of the abundance of transcripts.

Normalized expression units are necessary to remove
technical biases in sequenced data such as depth of
sequencing (more sequencing depth produces more read
count for gene expressed at the same level) and gene length
(differences in gene length generate unequal reads count for
gene expressed at the same level; longer the gene more the
read count). TCGA assembler package in R programming
software was used for data retrieval. All the information,
software and tutorial can be found in this link
http://www.compgenome.org/TCGA-Assembler/.

Calculating differentially expressed genes and miRNAs:
This study computed the gene expression average, standard
deviation, the average + two standard deviations and the
average — two standard deviations of healthy patients and
also computed the average expression of cancer patients both
in gene and miRNA dataset. In this study, certain genes or
miRNAs are called aberrantly expressed if their expression
in cancer patients is above or below the average expression
of healthy patients +/- two times the standard deviation. All
the calculation was computed using MySQL. As a result,
differentially expressed gene (DEG) and differentially
expressed miRNA (DEM) were determined.

Spearman Correlation computation: After this study
determined the list of DEG and DEM, a correlation study
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was performed to identify the negative interaction of
miRNA-gene pairs. There are two questions which can be
answered by this correlation study. First, whether or not the
down-regulation of DEG is induced by up-regulated DEM.
Second, whether or not the up-regulation of DEG is affected
by down-regulated DEM. First, this study conducted patient
ID matching by TCGA2STAT package and OMICSBind
function in R programming software for retrieving miRNA
and gene expression dataset for the same set of cancer
patients. For more information that function can be accessed
through this link: http://www.liuzlab.org/TCGA2STAT/.
Subsequently, this research developed a MATLAB code to
compute Spearman correlation analysis, retrieved a rho and
p-value from the correlation results. It yields a list of
miRNA-gene pairs with statistically significant negative
correlation.

Transcriptomic analysis: A list of miRNA — gene pairs was
further analyzed using a transcriptomic procedure. First, this
study obtained the sequences of miRNA and 3° UTR of
miRNA-gene pairs from miRTarBase database which is an
experimentally miRNA-gene interaction website that can be
accessed in this link http://mirtarbase.mbc.nctu.edu.tw/
php/index.php®. The current curation of miRTarBase is on
September 15, 2017. It provides 8,510 number of articles, 23
number of species, 23,054 number of target genes, 4,076
number of miRNAs and 422,517 number of miRNA-target
interactions.

The validation method was classified into two, the strong
evidence included reporter assay, western blot and qPCR
and less strong evidence included microarray, NGS,
pSILAC. Second, the prediction of miRNA-target site was
performed by RNAhybrid where it can predict the target site
of miRNAs  (https://bibiserv.cebitec.uni-bielefeld.de/
rnahybrid)®.

It is a tool to discover a minimum free energy hybridization
of a long (target) and a short (query) RNA. The hybridization
was conducted in a kind of domain model. The example is
the short sequence hybridized to the best fitting parts of the
long one. This study visualized the secondary and tertiary
structures of the miRNA, gene and miRNA-mRNA duplex
by RNAfold server that can be used through this link
http://rna.tbi.univie.ac.at/cgibin/RNAWebSuite/RNAfold.c
gi'2 and simRNAweb https://genesilico.pl/SimRNAweb/.313
Lastly, molecular docking was performed to dock miRNA-
MRNA duplex with Argonaute (AGO) protein (PDB
ID:3F73, chain A) using PatchDock  server
(https://bioinfo3d.cs.tau.ac.il/PatchDock/).4”

PatchDock is an algorithm to find the match between two
molecules of any type of dataset included protein, DNA,
peptides and drugs. Given two molecules, the algorithm
works like assembling a jigsaw puzzle to match two pieces
by picking one piece and searching for the complementary
one. The complete procedure of the study is shown in figure
1.
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Figure 1: Flowchart of the present study.

Results and Discussion

A total of 1,095 cancer patients and 99 normal patient dataset
were retrieved for gene expression. Moreover, a total of 765
cancer patients and 63 normal patient dataset were collected
for miRNA expression. The high-throughput sequencing
platform currently sequenced 20,531 and 1,880 genes and
miRNAs respectively.

Given the dataset above, in order to discover a miRNA and
gene biomarker which related to breast cancer formation, this
study compared the mean expression of the cancer patients
with the mean expression of the healthy +/- two standard
deviations. From the normal distribution analysis, it indicates
that the mean expression of the cancer datasets differs from
the mean expression +/- two standard deviations from normal
datasets.

This threshold can be used to determine whether the miRNAs
and genes are upregulated or downregulated. This study
found 122 and 3,735 downregulated genes and upregulated
genes respectively. Moreover, 3 and 440 downregulated
miRNA and upregulated mIiRNA were identified
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respectively. In total, there are 3,857 and 443 aberrant genes
and miRNA respectively.

For those aberrant genes and miRNAs, a correlation
computation was performed to infer a statistically negative
significant correlation. It suggests that once the miRNAs
expression is upregulated, it links with the downregulated
gene expression and vice versa. We computed all the 440
upregulated miRNA with 122 down-regulated genes and
furthermore, we also computed all 3 downregulated miRNAs
with 3,735 upregulated genes. It yields miRNA-gene pair
interactions. The correlation computation yields a Rho and P-
value. For the threshold Rho < -0.2 with p-value < 0.05,
13,919 interactions were identified.

In order to filter the dataset, this study only considers a strong
negative correlation, therefore a threshold with Rho < -0.5
and P-value <0.05 was selected. As a result, this study found
33 interactions as shown in table 1. All the miRNA in table 1
is an upregulated miRNA. Downregulated miRNA with their
gene pair interactions is shown in table 2.
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Table 1
Thirty-three most significant upregulated miRNA-down regulated gene pairs significantly negative
correlation in breast cancer

miRNA Gene Rho P-value
hsa-miR-1307 CBX7 -0.595 <0.0001
hsa-miR-210 CBX7 -0.590 <0.0001
hsa-miR-210 ITM2A -0.589 <0.0001
hsa-miR-301a CBX7 -0.567 <0.0001
hsa-miR-210 SCN4B -0.567 <0.0001
hsa-miR-1307 SCNB4 -0.562 <0.0001
hsa-miR-1307 SPARCL1 -0.560 <0.0001
hsa-miR-130b PCSK4 -0.558 <0.0001
hsa-miR-130b MLPH -0.555 <0.0001
hsa-miR-210 GIPC2 -0.542 <0.0001
hsa-miR-210 IL33 -0.539 <0.0001
hsa-miR-1301 SCB4B -0.533 <0.0001
hsa-miR-190b CHST3 -0.533 <0.0001
hsa-miR-210 SPARCL1 -0.533 <0.0001
hsa-miR-1301 CALCOCO1 -0.531 <0.0001
hsa-miR-130b CALCOCO1 -0.529 <0.0001
hsa-miR-190b A2ML1 -0.518 <0.0001
hsa-miR-210 GPRASP1 -0.516 <0.0001
hsa-miR-301b CBX7 -0.515 <0.0001
hsa-miR-190b PRNP -0.515 <0.0001
hsa-miR-148b CLEC11A -0.512 <0.0001
hsa-miR-3677 CBX7 -0.512 <0.0001
hsa-miR-188 MLPH -0.512 <0.0001
hsa-miR-135b FOXA1 -0.511 <0.0001
hsa-miR-190b KRT16 -0.511 <0.0001
hsa-miR-190b GABBR2 -0.511 <0.0001
hsa-miR-1307 GPRASP1 -0.506 <0.0001
hsa-miR-135b FSIP1 -0.506 <0.0001
hsa-miR-1307 CALCOCO1 -0.504 <0.0001
hsa-miR-130b CBX7 -0.503 <0.0001
hsa-miR-1307 PDGFD -0.502 <0.0001
hsa-miR-1307 JAM3 -0.501 <0.0001
hsa-miR-1301 CBX7 -0.501 <0.0001
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According to table 1 and table 2, a miRNA can target more
than one gene and vice versa. For docking analysis, this study
will only consider the interactions in table 1 since we want to
find the direct effect of miRNA toward gene expression. As
a prediction model, the strongest negative correlation was
selected for further analysis. miR-1307 and CBX7 have the
strongest significantly negative correlation. This interaction
could not be found in miRTarBase which experimentally
validates the miRNA and gene interactions. Moreover, all the
rest of the interactions was not recorded in miRTarBase. It
means that it has not been validated yet in a wet lab
experiment. miR-1307 and CBX7 pair were chosen as a
model to assess the feasibility of the interaction in the
transcriptomic analysis.

This study downloaded the sequence of miR-1307 and
3’UTR of CBX7 from miRTarBase, then miRNA-target site
prediction was performed using RNAhybrid. Based on the
result (figure 2), there was binding between CBX7 mRNA
and miR-1307 at the first position of the UTR region denoted
by 15 pairing nucleotides. Nucleotide bindings happen due to
the hydrogen bonds between C-G (three bonds) and A-U (two
bonds) of the interacting nucleotides.

Moreover, the minimum free energy (MFE) of the binding
was -20.9 kcal/mol showing a favorable interaction. In
addition, the sequences from figure 2 were shown in table 2.

The sequence information from table 3 was used to predict
the secondary structure of all RNA molecules by RNAfold.
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Then, the dot-bracket notations as shown in table 4 were
inputted into sSimRNAweb to predict the 3D structure of the
RNAs. Furthermore, this study also downloaded the AGO
protein sequence from the PDB database. The secondary
structures of the RNAs were shown in figure 3 and the tertiary
mMiRNA-mMRNA duplex and AGO protein structure were
shown in figure 4.

target 5° U A ER
ACG GCCaoUGUCE GC
UaC UaaluaCoal Ca

miRMNaA 3° @ GCUCA 5'

Figure 2: Prediction of miR-1307 binding site on 3’ UTR
of CBX7 mRNA. The second line is the part of the first
line (CBX7) and the third line is the part of the fourth
line (MiR-1307). The interacting nucleotides were placed
near to each other and highlighted by yellow. U: uracil;
A: adenine; G: guanine; C: cytosine

Lastly, using the 3d structure, the miRNA-mRNA duplex
molecule was docked with AGO protein, a significant player
in mRNA silencing process by using PatchDock Server. The
first docking model was then retrieved with the statistical
analysis and visualization in table 5 and figure 5 respectively.
It shows that in PatchDock, the binding affinity is reflected
from the score and ACE. As we took the conformation with
the best score and negative value of ACE, the interaction
must be favorable to happen.

Top three of three downregulated miRNA-upreguIatet;rggrlli i)airs significantly negative correlation in breast cancer
MiRNA Gene Rho P-value
hsa-miR-28 FAML174A -0.406 <0.0001
hsa-miR-28 PAHTM -0.404 <0.0001
hsa-miR-28 TMEM184A -0.373 <0.0001
hsa-miR-10b CDT1 -0.449 <0.0001
hsa-miR-10b CDC45 -0.411 <0.0001
hsa-miR-10b FAMG4A -0.407 <0.0001
hsa-let-7¢ GINS2 -0.420 <0.0001
hsa-let-7¢ PRIM1 -0.403 <0.0001
hsa-let-7¢ UBE2T -0.390 <0.0001
Table 3

Sequences of miR-1307 and its predicted target site on CBX7 mRNA

RNA

Sequences

Mature mir-1307

ACUCGGCGUGGCGUCGGUCGUG

Predicted miRNA ACGUGCCGGUGUCGGCAUC
target site
miRNA-mRNA GUGCUGGCUGCGGUGCGGCUCAA
duplex CGUGCCGGUGUCGGCAUC

20
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Figure 3: Secondary structure of RNA molecules. A: miR-1307; B: miRNA-target site of CBX7; C: miRNA-mRNA
duplex. The colors denoted the conserved region with respect to the structure based on the base-pair probability
parameter, from 0 (blue) to 1 (red)

Figure 4: The tertiary structure of RNA molecules. A: miRNA-mRNA duplex and B: AGO protein. The molecule was
visualized by using PyMol version 2.3.

Table 4
Secondary structure of RNA molecules

RNA Dot-bracket Notation | MFE (kcal/mol)
Mature mir-1307 ((((em)) e -5.20
Predicted miRNA (((((MM)! -8.60

target site
MIRNA-MRNA | ((CCCCCC- G- -23.20
duplex D))

Abbreviation: MFE is denoted Minimum Free Energy

21
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Figure 5: Docking result between miRNA-mRNA duplex with AGO protein. The molecule was visualized
by using PyMol version 2.3

Table 5
Docking scores between miRNA-mRNA duplex with AGO protein

Molecules Score Area ACE Transformation
miR-1307 & | 20576 | 3432.50 | -703.10 | 0.60 0.65 -3.07
CBX7-AGO 28.38 -3.73

39.12

Abbreviation: ACE is denoted as Atomic Contact Energy

Table 5 shows the best candidate complex between user-
specified molecules. It suggests that miR-1307 interacts with
AGO protein to target CBX7. The regulation of miRNA-gene
pairs including the translation process and mRNA stability is
affected by AGO protein [7]. AGO protein is the main actor
of RNA-induced silencing complex (RISC) [4]. The domains
in AGO protein anchor the 3’ and 5’ ends of miRNA and
pointer it into SIRC. Furthermore, the AGO-centered RISC
would bind to the 3° UTR of the target MRNA inhibiting the
translation process*!. This study finding also matches with
previous study result; miR-1307 was found to be upregulated
and plays an oncogenic role through targeting SET and
MYND domain containing 4 (SMYD4) expression in breast
cancer®. Polycomb protein family member CBX7 also played
a critical role in cancer progression. It was found that reduced
CBX7 protein levels were also observed in breast cancer
carcinoma'“.

Taken together, this study identified that miR-1307 is an
oncogenic miRNA which significantly contributes to the
breast cancer tumor formation progression and inhibition and
on the other hand, CBX7 could possibly is a tumor suppressor
gene. Inhibition on miR-1307 can be a strategy to activate
CBX7 which can cause the suppression of breast cancer
initiation and progression.

Conclusion

Integrating correlation study and molecular docking analysis
can be a novel method to accelerate the prediction of miRNA
and gene interaction in cancer formation. The outcome of
this study can suggest a further step that needs to be
conducted to inhibit the potential oncogenic activity of
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microRNA or gene in breast cancer formation. For the future
analysis, the silico study can be conducted by integrating
another molecular biology such as DNA methylation which
has been studied able to inhibit the expression of both coding
and non-coding gene. For the final step, wet lab experiments
can be performed, then the valid results can be designed for
the treatment against cancer.

In a further study, this study will improve the methods to
validate the aberrant miRNA and gene results. Subsequently,
this study also will consider the effect of miRNA regulated
gene in different races, cancer stage, gender etc. It is
justifiable to be implemented since miRNA is one of the
epigenetic cancer actors where its modification is caused by
environmental factors.
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