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Signal transduction modelling

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

0.07

0.063
0.5%

0.483 ’\

membrane
EFFECTOR
RECEPTOR N , protein
Y
intracellular signaling
proteins



Signal transduction modelling

We can use the same machinery to virtually explore the consequences of
knocking out (or overexpress) a gene in signal transduction.
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Signal transduction modelling

This approach offers a powerful framework to design targeted therapies with
minimum resources
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PathAct Web Tool

http:/pathact-course.clinbioinfosspa.es/

;’,-TQ:’ PathAct Actionable pathway workshop

PathAct

ACTIONABLE PATHWAY WORKSHOP

A Start

PathAct is a web tool that enables the study of the consequences that
Knockouts(KOs) or over-expressions of genes can have over signalling pathways.
PathAct implements robust models of signalling pathways within an advanced
graphical interface that provide a unique interactive working environment in which
actionable genes, that could become potential drug targets, can be easily assayed
alone or in combinations. Also the effect of drugs with known targets over the
different signalling pathways can be studied. Since signals trigger functions across
the pathways, the direct and long-distance functional consequences of interventions
over genes can be straightforwardly revealed through this actionable pathway
scenario.

PathAct v1.1.0
Created by Computational Genomics Department
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PathAct Web Tool

http:/pathact-course.clinbioinfosspa.es/

. >
-g;glgg PathAct Actionable pathway workshop ) Login [ Signup il @

»)

User name:

pda201éciberer
Create new user...

Password:
2

Remember password...

Login as anonymous
All data will be deleted on logout

PathAct v1.1.0
Created by Computational Genomics Department
Principe Felipe Research Center, Valencia, Spain
2016




PathAct Web Tool

Z_j(f PathAct Actionable pathway workshop +f Jobs 20 r & Profile ® Logout ..l @

- —VV

# Runexample

" HCC4006 mutant dmso-hce4006_mutant_dmso.txt

™ 1. Inorder tocreate a job, afile must be selected from the server, if the file is not already in the Pathact-Init Done 28/9/2016 12:44:59 CE
server it should be uploaded first, both actions can be performed using the following button. + HCC4006_mutant_dmso-hcc4006_mutant_dmso.txt
- q Pathact-Init Done 28/9/2016 12:11:39 &
Please click here (£ to read more about the input file format.
+ Example
& Select a expression matrix file.. Pathact-Init Done 28/%/2016 11:54:27 CE3
hee4006_mutant_dmso.txt
™ 2 Now select a sample from your expression matrix file.
[[J Log, transform data matrix
hec4006_mutant_dmso
Total: 3 [CJ Enable job notifications

[™ 3. To finish, set a name for your job, and press the run button.

My HCC4006 mutant dims analys'ls|



PathAct Web Tool

sion Matrix File...
f PathAct_Exercises f

& pda2016ciberer € &Upload W+
» 1@ BRCA_exercise
B KIRC _exercise

W PathAct_Exercises

B gse36807 _exercise

@ gse51835_exercise

Name v Date
& « Example . Sep 28,2014

81.7MBof 1.0GB




PathAct Web Tool

& Upload File

File upload: Selected file:
Choose file... hccd006_mutant_dmso.txt Revalidate

File validation log

(=) Datamatrix expression @ Line Type Message

19766 Empty line.

Errors: 0 1 Info: 0 Lines: 19766




Select data

gene expression data
http://bioinfo.cipf.es/gda16ciberer

File format
Columns: GenelDs + Sample
Rows: EntrezGene (id)

Example

Non-small cell lung cancer (NSCLC)
EGFR mutant

Not treated with Erlotinib (TKIs)

genell hccd4BBE6_mutant_dmso

1 5.90B30927735415

18 4.260R03BB237212

108 7.902B11R7406103

loae B.463B3745767134

l0pp@ S.B2BR13TRBO1263
1080B96TE6 5.95028396323201
leppl 0. 2405443057840

leapz 4.50114481512442

le@e3 Z2.B4730433255402

lopp4 4 5030370038587
leap4Balz 3.2BR1596933055
leaps T.61B74234203705

lepBe B.BT7300BET422145

leae7y 9.6B4BT263257203

leppgE 4 T22RBBT3IBBOSTO

leapo B.B7T53B23201646
10@R93630 9.991646B6B04014
10ppo36e08 Z2.00650126505663
1081 11.4324736716045

lepl@ B.27543304503235
10p1B1467 5.19948516713051
10a1B1938 4.20778055144368
18p11 O.43505129657583
108113487 3.3BB1342172626
le@lz4788 4.559@7367543182
lea1252B8 5.02518075661431
108126784 5.23B30065772242
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http://bioinfo.cipf.es/gda16ciberer/doku.php/program#pathways_analysis
http://bioinfo.cipf.es/gda16ciberer/doku.php/program#pathways_analysis

Select data

Z_}f PathAct Actionable pathway workshop +f Jobs 20 rer & Profile ® Logout ..l @

- —VV

# Runexample

" HCC4006 mutant dmso-hce4006_mutant_dmso.txt
Pathact-Init Done 28/9/2016 12:14:59 ]

Ie

™ 1. Inorder tocreate a job, afile must be selected from the server, if the file is not already in the

server it should be uploaded first, both actions can be performed using the following button. + HCC4006 mutant dmso-hecd006 mutant dmso.txt

- q Pathact-Init Done 28/9/2016 12:11:39 &

Please click here (£ to read more about the input file format.

+ Example

& Select a expression matrix file.. Pathact-Init Done 28/%/2016 11:54:27 CE3

hee4006_mutant_dmso.txt

. Now select a sample from your expression matrix file.
2N lect le fi i trix fil
[[J Log, transform data matrix
hec4006_mutant_dmso

Total: 3 [CJ Enable job notifications

[™ 3. To finish, set a name for your job, and press the run button.

My HCC4006 mutant dims analys'ls|
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Overexpression

t Actionable pathway workshop f Jobs %= Settings gda201éciberer & Profile ® Logout ..l @

[ = | ErbB signaling pathway (hsa04012) Category: Oaltere
¥ Add genes: IEB

Q Adherens junction
CAMKZA Neurogenesis Adipocytokine signaling pathway
PLCGL Adrenergic signaling in cardiomyocytes

AMPHK signaling pathway
Apoptosis

e Ub1corsibgation pathay B cell receptor signaling pathway
TGFA Calcium signaling pathway
cAMP signaling pathway
Cell cycle
cGMP-PKG signaling pathway
Chemokine signaling pathway

EGFR PRECA Apoptosts—#=Biological rhythms

EGF EGFR EGFR

AREG EGFR STATSA Lactation——Teranscription regulation
A& Select gene related drugs:
SRC PTK2 Apgiogenasis

CRK ABL1 Apoptests|/ Cell adhesion Choline metabolism in cancer

BTC ) ErbB signaling pathway
" JUN Frenserdgtion regulal o s
HBEGF) EREBZ ERBEZ NCK1 PAK4 MAPZK? MAPKE
A CHE Fronserigtion regulal  cireyit ist: Oalterer
ABL1

£rif3 ERR3 BAD
Add drugs: CAMEK2A

Q MYC Transcription regula CBLC

SHCZ * S051 HRAS ARAF . MAPK1 CDKN1A

ELK1 Franscridption regulo

CDKN1B
i [REBZ EREB3 GREZ EIF4EBP1

Y ERBB3 ELK1
NRGZ | STATSA bectotior—~Teanscription regulotion

Genes affected by drugs: ELK1
RPSBKB1 Adoptosis ERBB3 ERBB3

MTOR GSK3B
EREBL ERBE4 GAB1 E 1 Transtation regulation
TFacep g JUN

] MYC
NRG3 L Mgoptoss R

PIK3R3 AKT3

EREG)

HRG4 GSK3B Newrogenesis Last update gene list:

tai'{riﬁsr}sz COKN1B gell cygle

COEN1A @ell cydle



Overexpression

I

PathAct Actionable pathway workshop

[+ Newl]] & | ErbB signaling pathway (hsa04012)

¥ Add genes:
Q, EGF

EGFR 0,95 .
EGFREGFR 0,95 .

& Select gene related drugs:
[ Cetuximab
[J Trastuzumab
[J Lidocaine
[ Gefitinib
[ Erlotinib
[J Lapatinib
71 Panitumimah
Add drugs:
Q

Genes affected by drugs:

EGF
TGFA

AREG

BTC )
HBEGF)

EREG)

NRG1

NRGZ )

NRG3

NRG4

Activity value:

EGFR

ERBB2 ERBEZ

ERBBE3 EREB3

ERBBZ ERBE3
o—
ERBB3

EREB4 ERBB4

ER@@BZ

0,95

SHCZ

PIK3RS

PLCGL

~f Jobs

CAMKZA Néurogenesis
PRKCA Apoptosis—#Biological rhythms
CBLC Ubl-conjugation pathway
STATSA Lactation—Transcription regulation
SRC PTKZ Angilogenesis
CRK . Apoptosis|/ Cel]l adhesion
JUN
NCK1 PAK4 MAPZK? MAPKE
ELK1
MYC
s051) » (HRAS) ~ (ARAF . MAPK1
ELK1

STATSA

GAB1

toctotron—~-Teanscription regulation

RPSEKEL #doptosis
MTOR
E.l TFranstation regulation
BAD #Apoptosis
GSK3B Néwrogenasis
. Sell cydle
COKNLA Sell cydle

5= Settings gda201

ciberer & Profile @ Logout ..l @

[£) Showreport eI Daltered

Franserimtion regulas

Franscrimticon riegula:

Franscrimtion regula:

Franscrimtion riegula:

Adherens junction
Adipocytokine signaling pathway
Adrenergic signaling in cardiomyocytes
AMPK signaling pathway
Apoptosis
B cell receptor signaling pathway
Calcium signaling pathway
cAMP signaling pathway
Cell cycle
"KG signaling pathway
ine signaling pathwar

R P

ErbB signaling pathway

R DY |

Circuit list: O altered
ABL1

BAD
CAMK2A
CBLC
CDKN1A
CDKN1B
EIF4EBP1
ELK1

ELK1

ERBB3 ERBB3
GSK3B

JUN

MYC

PR

Last update gene list:
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Overexpression

%= Settings gda201éciberer & Profile ® Logout ..l @

[+New | = | ErbB signaling pathway (hsa04012) Category: 14 altered
¥ Add genes: Igﬂ

Q EGF 2 1 Adherens junction

EGER 0,95 5| x CAMKZA Nedrogenesis ; Choline metabolism in cancer
PLCGL ErbB signaling pathway

EGFREGFR 0,95 e 4

{ Estrogen signaling pathway

PRECA Apoptosis—#Biological rhythms .
Focal adhesion
EGF J=—i Gap j .
r ap junction
~ — ——=(BLC Hbl-corijugation pathway PJ ) )
TGFA b HIF-1 signaling pathway

MAPK signaling pathway

AREG = . STATSA Lactation—Transcription regulation
& Select gene related drugs: // T Oxytocin signaling pathway

[ Cetuximab SRC PTKZ Angiogenasis Pathways |!'| can‘cer

/ PI3K-Akt signaling pathway
[ Trastuzumab Proteoglycans in cancer
[ Lidocaine 4 CRK ABL1 Anoptosis|/ Cell adhesian BlyC

BTC / - Rap1 signaling pathway
Gefitinib = JUN Franscrigtion regula
u - HBEGF EREBZ ERBEZ NCK1 —3 PAKS | —-MAPZK7 — MAPKE ﬂ s
[ Erlotinib / ELK1 Frarserigtion regulas oot jist: 16 altered
i EREG )

[ Lapatinib ) ABL1

71 Panitumimak
£rdB3 ERBB3 BAD

Add drugs: CAMK2A

CBLC

O\ MYC Franserdption regula’ '
SHCZ *2 5081 HRAS. ARAF . MAPKL CDKN1A
ELK1 Franscrigtion regula’
e e CDKN1B

WRGL ERBB2 ERBE3 GRBZ EIF4EBP1

fr—
& ERBB3 ELK1

NRGZ | STATSA toctotton—Teanscription regulotion
1 ELK1

RPSEKB1 #gaptos]s GSK3B
MTOR T JUN

EREBL ERBBL GABL E.l Franstatiion regulation
MYC

] PRKCA
WRG3 BAD Apoptosis —n

PIK3RS AKT3

Genes affected by drugs:

NRG4 GSK3B Newrogenesis Last update gene list:

gene - w-origin

COKN1B Gell cydle EGFR -0.95 - user

E RI\[\EBIZA:-} B2

COKM1A Sell cydle
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Overexpression

Z:?[rig PathAct Actionable pathway workshop  Jobs == Settings gda201éciberer & Profile @ Logout ..l @

m ﬂ ErbB signaling pathway (hsa04012) Category: 14 altered
& Add genes: m

Q, EGF 2 1 Adherens junction
Choline metabolism in cancer
1  ErbB signaling pathway
1 Estrogen signaling pathway
Focal adhesion

EGFR 0,95 5
EGFREGFR 0,95 :

Gap junction

7 HIF-1 signaling pathway
MAPK signaling pathway
& Select gene related drugs: 1 G:v'i;:cm mg_nallng pathway
. athways in cancer
Cet b
L PI13K-Akt signaling pathway
[ Trastuzumab Proteoglycans in cancer
O
Lidocaine @ Ra - -
p1 signaling pathway
[ Gefitinib 4 d_,_,,.-*. Twsc'“iﬁulﬂ LT P —
B — — —‘@9
[J Erlotinib @ . @

Circuit list: 16 altered

[J Lapatinib @ ABL1
[ Panitimimah BAD

Add drugs: CAMK2A
Q 1 CBLC

CDKN1A

CDKN1B

EIFAEBP1

Genes affected by drugs: v

Last update gene list:

gene - w - origin
EGFR - 0.95 - user
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Results interpretation

ge:

o weight:

or:

rlatiom:

dwes

L3

0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1

0,1
0,1
0,1
0,1

L %] L3 L3 L3 L4 L4 L4 L3 L3 L3 L% L% L% L3}

L %]

Auctivator:

Agonist:

Antagonist:

Binder:

Blocker:

Chelator:

Cofactor:

Conversion Inhibitor:
Desensitize The Target:
Incorporation Into And Destabilizatio
Inhibitor:

Inhibitory Allosteric Modulator:
Inverse Agonist:

Metabolizer:

Multitarget:
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Report

Report

Circuit impact

Circuit changes

circuit
Adherens junction: CTNND1
Adherens junction: LEF1 CTNNB1
Estrogen signaling pathway: AKT3*
ErbB signaling pathway: JUM
ErbB signaling pathway: ELK1*

ErbB signaling pathway: CBLC
Owytocin signaling pathway: CDKN1A
Estrogen signaling pathway: ESR1 C00951
Estrogen signaling pathway: ESR1 FOS

Estrogen signaling pathway: ESR1 C0O0951*

& || <|Page| 1 of 15 (> || »

log_fold_change
-1.665
-1.665
0.708
0.708
0.708
0.708
0.708
0.708
0.708

0.708
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Drug action

ot A PathAct Actionable pathway workshop

I
T35 o

1 - et BENEST

Q 1

EGFR
EGF EGFR EGFR
TGFA
— EGFR
& Select gene related drugs:
BTC )
HBEG‘F_' ERBB2 ERBE2
EREG)
EREB3 ERBB3
Add drugs:
Q
Erlotinib x
f— EREB2 ERBE3
’ ERBB3
HRGZ )
Genes affected by drugs:
EGFR 01 :
" 4 . 4 4
& Erlotinibr* antagonist EREC+ ERRB
NRG3
NRG4

[R(@E“- B2

gnaling pathway (hsa04012)

CAMKZA MNeurogengsis
PLCGL
PRKCA, #poptosis—#Biological rhythms
CBLC Ubl-congugation pathway
STATSA tactation—Franscription regulation
SRC PTKZ Angiogenesis
CRK . #poptosis|/ Cell adhesion
JUN
NCK1 PAK4 MAPZK? MAPKE
ELK1
MYC
sHcz . sost) - (Ras) - (arar) iR ekt
ELK1
STATSA tactotion—~Teanscription regulation
RPSEKEL Mgoptosis
MTOR
GAB1 E.l Franstation regulation

BAD #Apoptosis

LR — GSK3B Newrogenssis

. @ell cydle

COKNLA @ell cydle

Transcription

Transcription

Franscription

Franscription

regula

regula

regula

regula

%= Settings gda201é6ciberer & Profile ® Logout ..al @

[2) Show report ST

Oaltered

Adherens junction
Adipocytokine signaling pathway
Adrenergic signaling in cardiomyocytes
AMPK signaling pathway
Apoptosis

B cell receptor signaling pathway
Calcium signaling pathway

cAMP signaling pathway

Cell cycle

cGMP-PKG signaling pathway
Chemokine signaling pathway

Choline metabolism in cancer
ErbB signaling pathway

Circuit list: O altered
ABL1

BAD
CAMK2A
CBLC
CDKN1A
CDKN1B
EIF4EBP1
ELK1

ELK1

ERBB3 ERBB3
GSK3B

JUN

MYC

PP

Last update gene list:
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Drug action

PathAct Actionable pathway workshop

 Jobs

5= Settings gda201éciberer & Profile ® Logout ..l @

[#New | = | ErbB signaling pathway (hsa04012)

¥ Add genes:

Q 1

4 Select gene related drugs:

Add drugs:

Q
Erlotinib *x

Genes affected by drugs:

EGFR 01 b
ALErlotinib * antagonist

#____’__,_,cmzn
PLCGL —
PRICA

Heyrogenesis

CBLC Ubl-corfugation pathway

AREG EGFR & STATSA-Lectottor—TFeanscription regulotion
SRC )= PTK2 Angiogenssis
CRK = ABL1 #poptosie| S Cell adhesion
BTC 7 L
eel/ erde EReey NCKL 9 PAKS \—MAPZK7 —0 MAPKE 0 2
HBEG_IT; o (ELKL
EREG

ERBE3 ERBE3

g

4
EREB2 EREES GRBZ

IPSEKB1

o
\ MTOR
84 ERBA GABL b 5.3
) ~(‘BAD
W F
PIKIRS—=(AKT3) (Cok3d
P4

@Bz g

CDKN1A

STATSA iu(tutiun #Teanscription regulotion

f MYC
SHCZ 1&21 5051 1 HRAS  ARAF .MAPKl —
- ¢ ELK1

#goptos]s

Apoptests—~Biclogical rhythms

Franscrigtion
I

Franscrigtion

Fronscrigtion
I

Franscription

Franstoticn regulation

#ooptosis
Newrogenesis

€ell cydle

€ell cydle

regulaticon
1

regulation

rmegulation
1

regulation

[2) Show report et aes

Adherens junction
Choline metabolism in cancer
1 ErbB signaling pathway
1 Estrogen signaling pathway
Gap junction
HIF-1 signaling pathway
MAPK signaling pathway
1 Oxytocin signaling pathway
Pathways in cancer
1 Proteoglycans in cancer
Adipocvtokine signaling pathway

10 altered

Adrenergic signaling in cardiomyocytes
AMPK signaling pathway

Ak nnin

Circuit list:

1 ABL1

BAD

CAMK2A

CBLC

CDKN1A

CDKN1B

EIFAEBP1

ELK1

1 ELK1
GSK3B

1 JUN
MYC

1 PRKCA

[ ]

nTwa

16 altered

-

Last update gene list:
gene - w-origin
EGFR-0.1-drug
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Thanks for your attention

Any questions?

20
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