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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
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Signal transduction modelling

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




Signal transduction modelling

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

http://pathact2.babelomics.org

},:jo'? PathAct Actionable pathway warkshop il @

PathAct

ACTIONABLE PATHWAY WORKSHOP

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.

PathActv1.1.0
Created by Computational Genomics Department
Principe Felipe Research Center, Valencia, Spain
2016




PathAct Web Tool

http://pathact2.babelomics.org

PathAct Actionable pathway workshop M login [ Signup il @

)

User name:

gda2016ciberer
Create new user...

Password:
treessnnsnsans 9™

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

%"g PathAct Actionable pathway workshop 3= Settings gda201éciberer & Profile & Logout .l @

# Runexample

+ HCC4006 mutant dmso-hcc4006_mutant_dmso.txt

-Ini 114: i
™ 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 12:14:59 e

server it should be uploaded first, both actions can be performed using the following button. v HCC4006_mutant_dmso-hccd006_mutant_dmso.txt
~ : Pathact-Init Done 28/%/2016 12:11:3% = &
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 w &
heed006_mutant_dmso.txt
™ 2 Nowselect a sample from your expression matrix file.
O Log, transform data matrix
hee4006_mutant_dmso

Total: 3 [CJ Enable job notifications

™ 3. Tofinish, set a name for your job, and press the run button.

My HCC4006 mutant dims analys'ls|



PathAct Web Tool

ion Matrix File...

f PathAct_Exercises f

~ & gda2016ciberer € @OUpload e+
+ @ BRCA_exercise
I KIRC_exercise

W PathAct_Exercises

B g5e36807_exercise

I pse51835_exercise

Mame ~ Date

4 + Example : Sep 28,2016

81.7MBof 1.0GB




PathAct Web Tool

& Upload File

File upload: Selected file:
Choose file... hcc4006_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/gdal6ciberer

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

Example

Non-small cell lung cancer (NSCLC)
EGFR mutant

Not treated with Erlotinib (TKISs)

genell hcc4BBE6_mutant_dmso

1 5.00B3R027735415

18 4.2609Q03B8237212

l0@ 7.902B1107406103

1000 B.463B3745767134

le0p8 5.B2BR13TRBO1263
102009676 5.05028306323201
leppl 0. 240544B83057840

leapz 4.50114481512442

leae3 Z2.B4730433250402

leap4 4. 5935937R03B5B77
legp4galz 3.2BR15960833855
leaps T.61B74234203705

10806 B.6B7350667422145

leap7y O.6B4RT263257203

loppE 4 T2ZREBT3IBBOSTO

leaeg B.B7T53B23201646
102093630 O.001646BE6ER4014
10PP9360E Z.90B5R126505663
1081 11.4324736716045

lep1@ B.27543304503235
108101467 5.19948516713051
lealnlose 4. 20778055144368
1ep11 0.435@85129657583
lea113487 3.3BB1342172626
108124700 4 L50BT7367543182
108125288 5.92518075661431
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

-ﬁ@g PathAct Actionable pathway workshop

%= Settings gda2016ciberer & Profile @ Logout ..l @

# Runexample

™ 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.

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

& Select a expression matrix file...

heed006_mutant_dmso.txt

™ 2 Nowselect a sample from your expression matrix file.
O Log, transform data matrix

hee4006_mutant_dmso

™ 3. Tofinish, set a name for your job, and press the run button.

My HCC4006 mutant dims analys'ls|

+ HCC4006 mutant dmso-hcc4006_mutant_dmso.txt

Pathact-Init Done 28/9/2016 12:14:59 w&
+ HCC4006_mutant_dmso-hcc4006_mutant_dmso.txt

Pathact-Init Done 28/%/2016 12:11:3% &
+ Example

Pathact-Init Done 28/%/2016 11:54:27 w&
Total: 3 [CJ Enable job notifications
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Overexpression

PathAct Actionable pathway workshop o Jobs 2= Settings gda201éciberer & Profile ® Logout ..l @

B2l ErbB signaling pathway (hsa04012) Category: Oaltere
¥ Add genes: m

Q i Adherens junction
CAMKZA Nedrogenesis Adipocytokine signaling pathway
PLCGY Adrenergic signaling in cardiomyocytes
: . AMPK signaling pathway
EGFR PRECA Apoptosts—#Biological rhythms 3
Apoptosis
EGF EGFR EGFR : > ¢
> e dbi—eerstlgati) pathway Bcelll recs:-ptor‘swgnahng pathway
TGFA Calcium signaling pathway
AREG EGFR STATEA tactation——Tmanscription regulation cAMP signaling pathway
- I
A& Select gene related drugs: Cell cycle . it
SRC PTKZ. A ogenesis cGMP-PKG signaling pathway
Chemokine signaling pathway
g " g
e spoptesiml/ Ce1] adhesion Choline metabolism in cancer

ErbB signaling pathway

Endmomon aimmnelinos mobbssm:

BTC )

- ’ CJUN Franserdgtion regula
HBEGF EREBZ ERBEZ NCK1 PAK4 MAPZK? MAPKE
o

ELK1 Franserimtion megulol i ict Oultered

ABL1
ERBE3 EREG3 BAD
& Add drugs: CAMK2A

Q MYC Fronserimtion regula CBLC

sHcz (HRAS. - ( ARAF . MAPKL o ~ ) .| CDKN1A
L ranscrigtion regulo CDKNiB

EIF4EBP1
ERBB3

NREZ\. STATSA tactotror—~TFeanscription regulation ey
& Genes affected by drugs: ELK1
RPSEKBL #goptos]s ERBB3 ERBB3

MTOR GSK3B
EREB4 ERBE4 GABL E 1 Translation regulation
Tragse JUN

] MYC
NRG3 e Spuntosis B

PIK3RS AKT3
) Gt Nerrogenesis Last update gene list:

EREG)

TRABZ EREB3
NRG1 Sl

fell cydle

FR{ERBB£}E2
) COKN1A gelll cydle



Overexpression

e,

PathAct Actionable pathway workshop

[ +Newl|] 2 | ErbB signaling pathway (hsa04012)

¥ Add genes:
Q EGF

EGFR 0,95
EGFREGFR 0,95

4 Select gene related drugs:

[ Cetuximab
[ Trastuzumab
[ Lidocaine

] Gefitinib

[ Erlotinib

[ Lapatinib

M) Banitumumah
& Add drugs:

Q

¥ Genes affected by drugs:

EGF
TGFA

AREG

BTC )
HBEGF)

EREG)

NRGL

NRGZ )

MRG3

(WRG4 )

EGFR

ERBBZ EREBZ

EREB3 ERBE3

EREBZ ERBG3
e
ERBBE3

ERBB4 ERBO4

ER(ERBBL)E2

f Jobs

CAMKZA Névrogenesis
PLCG1
PRKCA Apoptosis—#Biological rhythms
CBLC Hbl—conjugation pathway
"'\Ct"'“'_:'*" pale STATSA Lactation—Transcription regulation
| 095 2
w —~a d SRC PTK2 Angiogenesis
; CRK Apoptosis|/ Cell adhesion
JUN
NCK1 PAK4 MAPZK? MAPKE
ELK1
SHCZ ) 5051 'HRAS ' ( ARAF . MAPKL :
- - (ELKL
STATSA Eactattonr——F#anscription regulation
RPSEKBL #goptosis
| MTOR
GAB1 E’l Franslation regulation
"BAD ) #poptosis
&y Akts 'GSBB Newrogenesis
@ Sell cydle
COKNLIA #elll cydle

= Settings

Franscrimtion regulo’

Franscrimtion riegula:

Franseridption regulas

Franscrimtion riegula:

gda201éciberer & Profile ® Logout ..l @

[2) Show report [EeFT=Tsa

Daltered

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 aamakab oo s i

ErbB signaling pathway

o JAyy | S TR

Circuit list: 0 altered
ABL1

BAD
CAMK2A
CBLC
CDKN1A
CDKN1B
EIF4EBP1
ELK1

ELK1

ERBB3 ERBB3
GSK3B

JUN

MYC

mELee A

Last update gene list:
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Overexpression

t Actionable pathway workshop

%=Settings gda201

& Profile ® Logout ..l @

[+ New | 2 | ErbB signaling pathway (hsa04012)

% Add genes:
Q EGF 2

EGFR 0,95 z

flee——
EGFREGFR 0,95 : > =

EGF )~
—  —————»{Thit
TGRAY = = . . :
R . N — Y
4 Select gene related drugs: // =
[J Cetuximab —B(sre
[ Trastuzumab / :
Lidocaine 4 CRIC -
g BTC /
Gefitinib =
(e EREBZ ERBEZ NekDh —»-(Pard
[ Erlotinib 7
[J Lapatinib EREG )
71 Panitumimah
EREB3 ERBE3
4 Add drugs:
Q F -
sHcz m‘ 5051 HRAS
NRGL EREBZ ERBB3 1%
. ERBB3 . !
NRGZ ) STATSA
¥ Genes affected by drugs:
MTOR
EREB4 ERBB4 GAB1
NRG3 B
T PIK3RS KTS T
ERL:{I_!BB;)BZ CoRN1E
COKN1A

- Camxza

Nédrogenesis

*{PRKCA Apoptosis—+Biological rhythms
bbl-comjugation pathway
Lactation—Franscription regulation

Afgilogenaesis

Apoptosis|/ Cell adhesion

JUN
—— (e — PR —"
T (Ek1
Mrc
ARAF . MAPKL
: ELK1

tactatiom——TF#anscrigtion regulation

RPSEKBL

FIF4EBP1

#ootosis

Franstation regulation

Apoptosis

Néwrogenasis

@ell cydle

@elll cydle

Franscription regulad

Franscription regula’

Franscrigtion regula:

Franscription regula’

14 altered

Category:

1 Adherens junction
Choline metabolism in cancer
1  ErbB signaling pathway
{ Estrogen signaling pathway
Focal adhesion
Gap junction
HIF-1 signaling pathway
MAPK signaling pathway
{ Oxytocin signaling pathway
Pathways in cancer
PI3K-Akt signaling pathway
Proteoglycans in cancer
Rap1 signaling pathway

Mor cimoclice ;ndboa.

Circuit list: 16 altered
ABL1
BAD
CAMK2A

1 CBLC
CDKN1A
CDKN1B
EIF4EBP1
ELK1

T ELK1
GSK3B

T JUN
MYC
PRKCA

e

Last update gene list:

gene - w - origin
EGFR - 0.95 - user
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Overexpression

" Actionable pathway workshop f Jobs %= Settings gda201éciberer & Profile ® Logout ..l @
2 a C

E N ErbB signaling pathway (hsa04012) Category: e
% Add genes: IEE

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

@ HIF-1 signaling pathway
MAPK signaling pathway
A& Select gene related drugs: 1 O:grtt:cm s:g-nalmg pathway
3 athways in cancer
Ceti b
5 Bchnir PI13K-Akt signaling pathway
g Trastiumab Proteoglycans in cancer
Lidocaine @ Ra - B
p1 signaling pathway
D) Getiint . -t ke e
. — i —p. PKB
[ Erlotinib @ . @ ‘@

Circuit list: 16 altered

[ Lapatinib @ ABL1
M Panitumiumah BAD

Add drugs: CAMK2A
Q 1 CBLC

CDKN1A

CDKN1B

EIF4EBP1

EGFR 0,95 S
EGFREGFR 0,95 S

¥ Genes affected by drugs: it

Last update gene list:
gene - w - origin
EGFR - 0.95 - user

15



Results interpretation

Configure fold change:
2

Configure drug action weight:
Acetylation:
Adduct:
Allosteric Modulator:
Antibody:
Binding:
Chaperone:
Cleavage:
Compaonent Of:
Cross-Linking/Alkvylation:
Inactivator:
Inducer:
Inhibitor, Competitive:
Intercalation:
Ligand:
Modulator:
MNegative Modulator:
Other:

Partial Agonist:

Positive Allosteric Modulator:

Activator:

Agonist:

Antagonist:

Binder:

Blocker:

Chelator:

Cofactor:
Conversion Inhibitor:

Desensitize The Target:

Incorporation Into And Destabilization:

Inhibitor:

Inhibitory Allosteric Modulator:
Inverse Agonist:

Metabolizer:

Multitarget:

MNeutralizer:

Other/Unknown:

Partial Antagonist:

Positive Modulator:

16



Report

Report

Circuit impact
Circuit changes

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

ErbB signaling pathway: CBLC
Owytocin signaling pathway: CDEKN1A
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

17



Drug action

PathAct Actionable pathway workshop

5= Settings gda201éciberer & Profile ® Logout .l @

T35 [0

7 - et BENEST

Q 1

EGFR
EGF EGFR EGFR
TGFA
AREG CEeRR
& Select gene related drugs: ) a—
BTC )
HBEGF) ERBB2 ERBBZ
A
EREG)
ERBB3 ERBE3
& Add drugs:
Q 1
Erlotinib x
NRGL LREB2 ERBE3
v ERBB3
NRGZ )
¥ Genes affected by drugs:
EGFR 11 i
LErlotinibr* antagonist FaJc ERpae
HRG3
NRG4

ER(EREBL B2

gnaling pathway (hsa04012)

CAMKZA Newrogenesis
PLCGL
PRECA Apoptosts—#Biological rhythms
CBLC Ubl-conjugation pathway
STATS\.A Lactatton—TFpanscription regulation
{ SRC PTK2 Angiogenesis
CRK Apoptosis| / Cel]l adnhesion
NCK1 PAK4 MAPZK? MAPKE
> ELK1
MYC
sHcz @ S051 aar) S el
\ 3 ELK1
STATSA toctotton——Feanscription regulation
RPSEKB1L #gaotosls
. MTOR.
GAB1 E.l Transtation regulation
_.BAD #poptosis
LT — GSK3E Newrogenesis

@ell cydle

@ell cydle

0 altered

Category:

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
Franscrigtion regula =

Franserigtion regula

Circuit list: Oaltered

ABL1
BAD
CAMK2A
CBLC
CDKN1A
CDKN1B
EIF4EBP1
ELK1
ELK1
ERBB3 ERBB3
GSK3B
JUN

MYC

ARLesa

Franscrigtion regula

Franscrigtion regula

Last update gene list:

18



Drug action

PathAct Actionable pathway workshop

 Jobs

%= Settings gda201éciberer & Profile ® Logout .1l @

[+New | & | ErbB signaling pathway (hsa04012)

¥ Add genes:
Q 1

Narogenasis

f______,l:mzu

PLCGL

.CBLC Hil—econjugotion pathway
STATSA -toctation——Teanscription regulation

Anglogenesis
A& Select gene related drugs:

#poptosie| / Cell adhesion

\‘\‘*FRKCA Apoptesis—#Biological rhythms

BTC /
o £ \ JUN TFranscription
)/ cidliner \ NCK1 -=( PAKS | —mmPADZK7 —2~ MAPKE '}~ 1
& o » ELK1 Franscrigtion
ERgE3 ERBE3
- Franscripgtion
— I
- 4 ELKL Franscripgtion
o Add drugs:
Q
o STATSA Lectotton—TFeanscription regulotion
Erlotinib ® : -
¥ _APSEKEL Agoptosis
MTOR
GABL A4 E“: Franstation regulation
N " (BaD #poptosis
¥ Genes affected by drugs: ' F
@.PIBRS — lAKT3 ) Gskag Meurogenesis
EGFR 01 b & g =
4Erlotinibr* antagonist 5%5952 % el cydle
CDKN1A felll cydle

regulaticn
{

rmegulation

regulaticn
{

regulation

10 altered

[2 Show report [EetT et

Adherens junction
Choline metabolism in cancer
| 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 nathway
Adrenergic signaling in cardiomyocytes
AMPK signaling pathway

P PSS

Circuit list: 16 altered

1 ABL1
BAD

1 CAMK2A

1 cBLC
CDKN1A
CDKN1B
EIFAEBP1
ELK1

1 ELK1
GSK3B

1 JUN
MYC

1 PRKCA

e

Last update gene list:

Eene - w-origin
EGFR-0.1-drug
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Thanks for your attention

Any guestions?

20
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