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Introduction

> Cell signaling is part of any communication process that governs basic
activities of cells and coordinates multiple-cell actions.
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Signaling pathway
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From cell to pathways
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We seek for a simple transformation from individual gene expression
activity (and functional activity).

Normalized genes

Case Vs Controls

[id TCGA.EW.A10V.01A.11R.A144.07  TCGA.DS.AL43.01A.11R.A115.07
TCGA.BH.AL8V.01A.11R.A12D.07  TCGA.E2.AL4X.01A.11R.A115.07
TCGA/ARALAR.G1A.31R.A137.07  TCGA.AO.A123.61A.21R.A101.07

o . 056.07
TCGALAN.AGAL.01A.11R.A00Z.07  TCGA.BH.ALST.01A.11R.A12D.07
TCGALBH.A18).11A.31R.A12D.07  TCGA.BH.ALET.118.23R.A137.07
TCGAIBH.A18011A.34R1A12D.07  TCGA.BH.AGDD.11A.23R.AL2P.07
TCGA|BH.ABBQ. 11A.33R AL1S. TCGA.BH.AGBC. 11A. 22R
TCGALE9.AING.11A.32R.A14.07  TCGA.BH.ALEW.118.33R.A137.07
TCGA.A7.A0DB. 11A.33R,A089.07  TCGA.E2.AIL7.11A,33R,A134,07
1 e, o

o 2 o 1
0.381683579147373  0.425793715947912  0.372679427153651
315 o ®

0.388083791368954
©.4052156245319
0.29372446451168

®
0.37579101223776 0.300672016383648
0.346222086674989
29974

6.385189655061793 6.338246548533468
o

©.304032131137658
0.203139635990038
0.20227817222352

0.273644141620602
0.30696369178341
©.293400440136702

0.333698893268781
0.338637024705498
6.327621010959654

0.293:
©.293818317372822

o 1
0.264630615242822
87 0.432736371541343

6.412381857466952 6.428077879370001
6.

6
o

0.
0.
0.
e

439672462423337
0.56530616262448
774 ©

2152323196568

6.565240078292040 _0.545139467466753

6.551340543747071
6.531916750607495
o

6.560546873992575
6.583176722022586
o

6.565837617110764
6.506758703778960
®

o o
6.613150401765950  .603354679794198
568 0 o

144:

Signaling pathways /circuits
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Case Vs Controls

Download &
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profiles to profiles of circuit




“Torture the data, and it will confess to anything.”
— Ronald Coase



Pathways layout
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Meaningful subpathways

Effector subpathway
> Subpathway including any node from any receptor to one effector protein




Computing the signal

1) Compute a node score based on the expression.
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Computing the signal

1) Compute a node score based on the expression.
2) Compute signal passing through each node n.

Sp: Signal value through n
S, = Vn.(]__ | | (]__Si)).l |(1_Sj) vp: Node value
siEA sl A: Activation edges
I: Inhibition edges

Function




Signal values

1) Input signal 1 in any input node

2) Compute the signal through each node iteratively
3) Loops can be processed

4) Subpathway signal: last node signal

1 0.5%6
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Functional annotation

Samples

Gene A

Gene B | genes
Gene C




Functional annotation

1) Estimate effector proteins activation
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1) Estimate effector proteins activation
2) Annotate effector proteins functions
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1) Estimate effector proteins activation

2) Annotate effector proteins functions
[0 Uniprot keywords
[0 GO annotation

Gene A
Gene B
Gene C
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High throughput estimation of functional cell activities reveals
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ABSTRACT

Understanding the aspects of the cell functionality that account for disease
or drug action mechanisms is a main challenge for precision medicine. Here we
propose a new method that models cell signaling using biological knowledge
on signal transduction. The method recodes individual gene expression values
(and/or gene mutations) into accurate measurements of changes in the activity
of signaling circuits, which ultimately constitute high-throughput estimations of
cell functionalities caused by gene activity within the pathway. Moreover, such
estimations can be obtained either at cohort-level, in case/control comparisons, or
personalized for individual patients. The accuracy of the method is demonstrated
in an extensive analysis involving 5640 patients from 12 different cancer types.
Circuit activity measurements not only have a high diagnostic value but also can be
related to relevant disease outcomes such as survival, and can be used to assess
therapeutic interventions.
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hiPathia

HIGH THROUGHPUT PATHWAY
INTERPRETATION AND ANALYSIS

Start

HiPathia is a web tool for the interpretation of the consequences of the combined

changes of gene expression levels and/or genomic mutations in the context of
signalling pathways.

Note:
hiPathia web application makes an intensive use of the HTMLS standard and other cutting-edge web technologies such as Web
Components, so only modern web browsers are fully supported.

This website is free and open to all users.

hiPathia v1.5.0
Created by Clinical Bioinformatics Area
Fundacion Progreso y Salud (FPS), Sevilla, Spain
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Case study: Breast Cancer

1) We will work with a Breast Cancer dataset from the repository
The Cancer Genome Atlas:
http://hipathia.babelomics.org/doc/doku.php?id=worked example
differential_example



Perturbation effect tool

In our model, signal transduction is usually modulated through all
nodes between a membrane receptor and an effector protein
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Effector protein

Intracellular signaling proteins



Perturbation effect tool

This approach offers a powerful framework to design targeted
therapies with minimum resources.

Cell adhesion / Wnt signaling pathway
£ g1l )

PTPN1

PTPN6

Wnt signaling pathway




Perturbation effect tool

We can use the same machinery to virtually explore the
consequences of knocking out (or overexpress) a gene in signal
- 7"‘“ transduction.
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CyPathia

The signal propagation model has been implemented also for Cytoscape community

% App Store App ~ Search the App Store

Want an easier way to install apps? Click here to learn how!

~ Go back to home

CyPathia e

High Throughput pathway interpretation and analysis

W % % W % (1) 198 downloads | helpdesk | discussions @

Details Release History

- i Pa— i -
0 b il g & Download
=1~ : R Version 1.0.0
; » : D Released 25 Sep 2019
-

o A - e . Works with Cytoscape 3.7

Download Stats Click here

The first version of CyPathia was developed for Cytoscape (3.6.1 +). It provides a user friendly

and straightforward interface. The CyPathia app is based on Hipathia Bioconductor package, RE
allowing the Cytoscape community for the first time the possibility of using mechanistic models. In

order to call Hipathia , we have to invoke R from Cytoscape. Thus JRI Java/R Interface have © Ask a question
been used (Fig.1). JRI allows to run a R session inside Java applications as a single thread. W Search helpdesk
CyPathia 1.0.0 provides two functionality , first one is the computation of signal transduction
along KEGG signaling pathways from transcriptomic data. The user has to load both of the
expression matrix file and experimental design file which has at least two groups. In the current
version, CyPathia supports 145 networks from KEGG for three species (Human, Mouse and = E-mail
Rat). Next version will support directed networks. CyPathia use wilcoxon test to compare the

signal values -which are already calculated using Hipathia- between different conditions loaded

previously in the experimental design file. The second functionality is to import generated report

(sifs, natt and eatt files) from both hipathia web or Hipathia package.
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