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Jayavelu and Bar BMC Genomics
DO 10.1186/512864-015-2260-3

BMC Genomics

@ CromsMark

Reconstruction of temporal activity of
microRNAs from gene expression data in
breast cancer cell line

Naresh Doni Jayavelu” and Nadav Bar™

Abstract

Background: MicroRNAs (miRMNAS) are small nen-coding RNAs that regulate genes at the pest-transcriptional level
in spatioternporal manner. Several miRNAs are identified as prognestic and diagnostic markers in many human
cancers. Estimation of the temporal activities of the miRNAs is an imporant step in the way to understand the
complex interactions of these important requlatory elements with transcription factors (TFs) and target genes (TGs).
However, current research on miRNA activities excludes network dynamics from the studies, disregarding the
important element of time in the regulatory network analysis

Results: In the current study, we combined experimentally verified miRNA-TG interactions with breast cancer
microarray TG expression data to identify key miRNAs and compute their temporal activity using network
component analysis (NCA). The computed activities showed that miRNAs were regulated in a time dependent
manner. Our results allowed constructing a synergistic network of miRNAs using the computed miRNA activities
and their shared regulation of TGs. We further extended this network by incorporating miRNA-TG, miRNA-TF, TF-
miRMA and TF-TG regulaticns in the context of breast cancer. Qur integrated network identified several miRNAsS
known to be involved in breast cancer requlation and revealed several novel miRNAs. Our further analysis detected
substantial involvement of the miRNAs miR-324, miR-93, miR-615 and miR-1 in breast cancer, which was not known
previously. Next, combining our integrated networks with functional annotation of differentially expressed genes
resulted in new sub-networks. These sub-networks allowed us to identify the key miRNAs and their interactions
with TFs and TGs of several biological processes involved in breast cancer. The identified markers are validated for
their potential as prognostic markers for breast cancer through survival analysis.

Conclusions: Our dynamical analysis of the miRNA interactions greatly helps to discover new network based
markers, and is highly applicable (but net limited) to cancer research

Keywords: Network component analysis, microRMAs, Breast cancer, Activity, Data decompesition, Cancer markers,
EGFR signaling, Survival analysis, Kaplan-Meler plots
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Figure 6. Functional enrichment analysis. Network representations of enriched terms among active genes in the respective sub-networks.
Enriched terms are represented as nodes based on their kappa score (=0.3). The node size indicates the significance of the enrichment. (A) IE active

sub-network. (B) ME active sub-network.
d0i:10.1371/journal.pone.0078349.g006

PLOS ONE | www.plosone.org 7 January 2014 | Volume 9 | Issue 1 | e78349
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cellDesigner

What is C_e'IIDesignerﬂ?'

* (CellDesigner (CD) is a process
diagram editor for biochemical

networks. C [ = N
* Supports SBML format. L_ = | 1‘
* SBML lacked layout/rendering I 2% * =iy =
support. N o raae , '
» CD-specific way developed. L"'—— Iy
— - .::-J Prem

CellDesigner model of Yeast M-Phase

28 May2mg [brahim Vazirabad
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CellDesigner view Cytoscape (BiNoM) view

2

CDC2|Th

~ e - ) o
TThril Tyrts . . il
: GDG% el cyclin B1 i s LD
1l MNAT1

I S

EDKTF{:WIIH H* MM AT1J

s O $ CDC2|Th

T Thetgs Ty T ridhes™ i r
] i . 2 :

: cp%ml cyclin B1 ] GDG,%:‘:[ B ]

"""" Gyein BTICDC2 CDC2/cyelin B1*

B1*




Matlab

MATLAB

The Language of Technical Computing

www, hetamaal .com



Matlab

MATLAB
¢ “Heavier” in term of mathematic and
programming
« Modular
« Versatile
« Commercial

« Good support
« Toolboxes
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The Language of Technical Computing
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Particles (4+/- SEM)
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MATLAB

The Language of Technical Computing
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UCSF Chimera

» widely used, highly extensible program for
Interactive 3-D visualization of macromolecular
structures




UCSF Chimera

 Chimera allows properties of molecules such as
electrostatic potential to be visualized with
coloring
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#1.2 1.00 =0.45 =-38947.84
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‘ #1.1 1.00 =0.44 -38924.30

Quit Help

Command: | rainbow models cyan,magenta #1

Active models: ¥ 0 ¥ 1




E-CELL

« “grand aim to make precise whole cell simulation at the
molecular level possible.”

* “Modeling methodologies, formalisms and techniques,
iIncluding technologies to predict, obtain or estimate
parameters such as reaction rates and concentrations of
molecules in the cell.”

* “Numerical simulation algorithms.”

* Modeling methodologies, formalisms and techniques,
iIncluding technologies to predict, obtain or estimate
parameters such as reaction rates and concentrations of
molecules in the cell.

« Mathematical analysis methods.
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General concept and architecture of the ervihrocyie model.

M [ oy 0
GSH Syt

Patlways for de novo G5SH synthesis and export system of GESG.
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