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What is so special with Systems Biology?
What it delivers?
Examples from cancer studies
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Overview

- Cancer is a systemic disease

-Systemic analysis tools
Data presentation
Clustering
Analysis of dependencies
Modeling
Interrogation

-Examples of systemic analysis
Carcinogenesis studies
Clinical applications
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Breast cancer

Europe
detected cases - 350.000/year*
deaths - 130.000/year*

* Find novel mechanisms of tumorigenesis

* Find novel anti-cancer drug targets
* Devel opmentdrugf Osmart o

* Find markers of breast cancer

*estimates for 2000; Tyczynski et al., ENCR CFS, 2, 2002



Human breast and lesions

ANATOMIC STRUCTURES Blicttlosiomacint

Terminal duct

Jobular unit Terminal duct

Lobule

Adipose tissue

Segmental duct
Lactiferous duct

Lactiferous sinus

LESIONS
Flbroadegt;r;: }
*Robbins, Pathologic basis of disease, 1994
Histopathological type of invasive Frequency
breast carcinoma
Invasive ductal carcinoma, not otherwise ~ 50-80%
specified
Invasive lobular carcinoma 5-15%
Mixed type, lobular and ductal features 4-5%
Tubular/invasive cribriform carcinoma 1-6%
Mucinous carcinoma <5%
Medullary carcinoma 1-7%
Invasive papillary carcinoma <1-2%
Invasive micropapillary carcinoma <3%
Metaplastic carcinoma <5%
Adenoid cystic carcinoma 0.1%
Invasive aprocrine carcinoma 0.3-4%
Neuroendocrine carcinoma 2-5%
Secretory carcinoma 0.01-0.15%
Lipid-rich carcinoma <1-6%
Acinic-cell carcinoma 7 cases
Glycogen-rich, clear-cell carcinoma 1-83%
Sebaceaous carcinoma 4 cases

*Weigelt et al., Nature Rev. Cancer, 2005



Breast cancer

treatments

(stages of tumorigenesis)

Normal
epithelium

Hyperplasia

in situ
carcinoma
ﬂgd Metastatic
ﬁg" carcinoma

Primary =p

@ Transformed cell

PRIMARY Clonal expansion,

TUMOR OQ growth, diversification
tumor IO
QQQODQ%Q
eI NOR S S

Invasive
tumor

BRCA1 g
BRCA2 ¥
BRCA3 .=
pRb &
p53 S

Estrogen (excess)
EGF/TGFa /erbB2/neu (a
PDGF

FGF - int-2 (amplification)
c-ras (amplification)
c-myc (amplification)

TGFpireceptors/Smads

(inactivation or overexpression)

K‘——S Extracellular
trix ~
mat SN Adhesion to and
invasion of basement
membrane

S

Passage t
extracellular matrix

Intravasation

Interaction with host
lymphoid cells

Tumor cell

Adhesion to basement
membrane

Extravasation

Metastatic
deposit

METASTATIC
TUMOR

*Robbins, Pathologic basis of disease, 1994

New drugs and markers come
from in-depth and omics studies

Markers Drugs
mplification) BRCA1 CA125 ;aér;;?(ﬂlenn
BRCA2 CAl12-3
ER/PgR BR 27.29
p53 CSHMT Fulverstrant
uPA Tbx3 )
PAI-1 utrophin Herceptin
ErbB2/neu Trastuzumab
CEA ZD1839 |
*examples
Detection + Treatments
Surgery
Mammography Radiotherapy
Chemotherapy
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Deliverables of Proteomics

Molecular
mechanisms
of tumorigenesis

*CellProDe
*Drug development

Profiling of tumors
(clinical studies)

Breast
cancer

Markers for detection,
diagnostics
and monitoring




Ways to study molecular mechanisms

of breast cancer

Clinical samples
tissues, tumors,
blood/plasma

Human
primary cells
Immortalization-specific
proteins have been identified

Cancer Onor mall e 2007
(IDC) tissue
g“ 4!.."-\
W vl
"Z’v R o "": -
Expression

Cancer (IDC)

Phosphoproteins

Zakharchenko et al, 2007, Lomnytska et al., 2007

Animal models
Xenografts,
Proteomics of cells
and tumors formed
in animals

Sjoblom, Yakymovych et al.,2004, Cunha et al., 2008

Cultured cells
Expression and PTMs

—— Normal
~ ¥ | (184A, HMEC)
W i
** ~|High proliferation
3 dysplasia;
(MCF10A)
.;;,.;_ g
v
— Tumorigenic
(MCF7)

;| Metastatic
-
Woksepp, Bhaskaran, Jia, Lin, Yakmovych,
Zakharchenko, Stasyk, Dubrovska,

What proteomics generates?
type of data and informational value

LIST OF PROTEINS

Comprehensive vs selected

“

All proteins
(e.g. total extraction)

Enrichment/purification

- by PTMs

- by PTMs chemistry
- by chemical modifications
(peptide backbone, e.g. ICAT)

- by activity (ABPP)
- by purification

(PTMs and complexes)



Deposition of information
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Clustering:

Functional /alphabet/
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Gene Product Search Results
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Filter search results 8

[~Filter Gene Products by Associations
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T 1F7.245 protein from Trypanasorma brucer

r 2 protein from Trypanasoma brucei
Methyltransfelragle, putative

I 27H14.40 protein from Trypancsama brucel

protein from Trypanosoma brucel

(RS el S

protein from Trypanosoma brucei
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Gene Product Search Results
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Data source
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17-beta-hsd 1

hsd17b1

edh17b2

MGG2803 Proteins
cpnl0

hspel Presented in the
hsp10

krt10

hmg-14

hmg-17

hmgnl

anxal L.

e .... But it is based on genes.
mna

Imnl

emd?2

fpld

cmdla

hgps . . .
:?gglb Protein Ontology IS under construction
r

krt10

racsidL http://www.ebi.ac.uk/

ropl

m4sl

micl8

ly74

mnda

Clustering:

Time points




Clustering:
Structural Groups

organelles

Nucleosome - /
proteins =3

s Now TAP-tag data (A)

Previously known
intoractions (B)

d
! ’u Ng 1 \
\ ] B \
S cocz cots !
Replication ~ ~ ~ Ghos /
’
< /

Overtap
(A)and (B)

complex proteins

Clustering:

Functional

Jansen et al. (2003) A Bayesian Networks Approach
for Predicting Protein-Protein Interactions from
Genomic Data. Science, Vol. 302. no. 5644,

pp. 449 - 453

/sentences/

Example:
GoMiner

http://discover.nci.nih.gov/gominer/

10
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GoMiner can generate hypotheses to guide additional research.

New Features

o Latestll Get faster performance more easily - Get a local GO
database and Golviner in a single download package

Latest!! We have updated our documentation to provide a
guides on which GoMiner version and database configuration to
use

New Startup Wizard

False Discovery Rate in the GLI|

SVG Support for Firefox

Other Recent GoMiner Highlights

To get started using GoMiner

» Choose the right GoMiner version for your situation

Choose the right database configuration for your situation

Read the instructions, and verify that your environment satisifes

the system requirements

For Classic or GUI Gohdiner, download the program file,

gominer jar or go to the High-Throughput Gobdiner web page.

+ Read the Quick Start and try out the sample files

« You can also take a Powerpoint tour of the major features of
GoMiner. (~15Mb)

Receive Updates

GoMiner™ is a tool for biological interpretation of 'omic' data — including data from gene expression microarrays. Omic experiments often generate lists of dozens or hundreds of
genes that differ in expression between samples, raising the question

What does it all mean biologically?

To answer this question, Goliner leverages the Gene Ontology (GO) to identify the biological processes, functions and components represented inthese lists. Instead of analyzing
microarray results with a gene-by-gene approach, GoMiner classifies the genes into biolagically coherent categories and assesses these categories. The insights gained through

‘e have updated our Getting Started section with guidance on chosing between GoMiner and High-Throughput Gotvliner

GoMiner displays the genes within the framework of the Gene Ontology hierarchy in two ways

In the form of a tree, similar to that in AmiGO Inthe form of a Directed Acyclic Graph' (DAG)
Size of the box is prapotional |

TG apoplosls regulator (14 3.1 1.9 2
(4 BAD(mgi)
{4 BAG1(magi)
|-& BAK1(mgi)
acl a0

Click image ta view screenshot
The program also provides:

Quantitative and statistical analysis Seamless integration with important public databases
Under Over Change P-Value
2 7 001
2 s 7 o001 -
2 s 7 001
£ i 0.01

Click image to view screenshot

&oore

@ tornet

Clustering:

Overview of TGFb targets
common for both cell lines,

or specific for 184A1

*DAGs represent funtional clusters of common and specific proteins

11



Clusteri ng: Different pattern of TGFb-dependent regulation
of the cell cycle

cell cycle cell cycle
.I\.
184A1
MCF10A / |
L (S ]
[ I|I|
|II ll'll'\\ II|
i ||Il_||‘\\ Hoom
\Y ‘
|\r|| ‘\ |\| o
\ W .
| m\ regulation of cell cycle (1.00)
. | i .
reguiation of cellcycle 11.00 gt TGFBAMG] RGO ZEIN UnProt
g . niProt)* | CULS5 (VACM1|CULS) - (ZFIN,RGD, UniProt, MGI)*
STAT1(UniProt RGD.MGI,ZFIN)* i .
PA2(34S[Llrr1‘|IiPrr%l.MGI.RGD) ) 'n,‘ AK1(RGD, MG, UniProt, FB, GeneDE_Spombe, TAIR, SG[

MYCN(UniProt RGD)* \
NME1(RGD, UniProt MGI,SGD) = a
CCT2(UNIPROT SGD,ZFIN,MGI,FB,GeneDB_Spompe)*
NUSAP1(ZFIN,MGI,UniPrat)

**Primary data were generated by Hanna Woksepp (184A1 cells)
and Nimesh Bhaskaran (MCF10A cells)

-0traditional 6 analysi s
- large-scale analysis without analysis of dependencies

- systemic analysis

Systemic analysis is a study of properties
which appear as a result of interaction of

components

(60it takes two to tangoo, or

12



Systemic Analysis

Functional analysis

0 Botituwpm OTdpownod

Results — Process Process — Results

Explanations Explanations

How much of TGFb signalling is induced by TGHb?

8 °
-| Fas p
http://www.biobase.de/pages/

(ExPlain Analysis System)
6-

2h

Rank, -

0 Botituwmd

Results — Process

l

Explanations

1 1
7 g

Zubarev et al., unpublished observation



http://www.biobase.de/pages/

How much of TGFb signalling is induced by TGHb?

Rank, -

Zubarev et al., unpublished observation

How much of TGFb signalling is induced by TGHb?
INK p .

Stress p °

° RANKL p

p38p )
°

Rank, -

T T T T T 1
0 1 2

7
Zubarev et al., unpublished observation

14



Conclusion:

TGFb regulates targets which are not
considered to be TGFb targets by majority
of TGFb scientists.

Shall TGFb signalling change its shape?

systemic analysis

Functional analysis

OTdpowno

Process —> Results

l

Explanations

Example:
Ingenuity Pathway Analysis (http://www.ingenuity.com)

In application to TGFbeta-regulated proteins in human breast epithelial cells

15


http://www.ingenuity.com/

Cells,

Workflow

Treated or not with TGFbeta

2D gels

Image analysis
(statistics)

Identification
(mass spectrometry)

rosoft Internet Explorer

Edt Vien Favortes Tooks Help

O O BEG Pmdroes @3- % H-UE 3

Address @ it s, ingenuity comj
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INGENUITY'

Ingenuity Systems
Joins Biomarkers
Consortium

Ingenuity Systems Launches Mew
Metabolomics Solution Within IPA

Stgma-Aldrich and Ingenuity Systems
Announce Partnership to Create E-Commerce

Search Solution Based on Biological knowledge

XD Selects Ingenuity Systems IPA 5.0 for
Pathuays Solution

Ingenuity Toxicogenomics Article
Featured in GEN Magazine.

= Read the article

Home | Products & Services | Library | News & Events | Partriers | About Us | Careers

Customer suppart

IPA 5.5 1S HERE!
> LEARN MORE

“UPA was very hetpful in the analysis of ovr dota Leating to o publication in
Hature Medicine (seebelon]. Thanks for cregting such
@ fantastie discovery tools”

Maris Britschgi, P.D.
Stanford University

Classification and linical Alzheimer’s on

customer sin n (oo (o | (Y

IPA-Metabolomics™ is Here

1PA-Metabolomicsfets you
understand your metabo-
fomics data with dynamic
pathways analysis, and
Integrate transcriptomics,
proteomkcs, and metabolo-
mics data fora complete
systems understanding.

THURSDAY TRAININGS

IPA Data Analysis using Functions and

Pathways
November 1, 7am FST

plasma signaling proteins
PNature Meticin e Published online! 14 October 2007

& international team of scientists led by Tony Wyss-Coray of Stanford
University has identified an Aizheimer's-specifiz plasma biemarker signature
that not only identifies patients usith the disease, but is als effective in
predicting the onset of Aizheimer's years before patients besome
symptamatic. Notably, bislogieal analysis of the 18-pratein signature using
Ingenuity Pathways Analysis (IP4) generated insights into the molecular
mechanisms underlying the develapment of Alzheimer's diszase. IPAnetwarks
centered on several of the proteins in the sighature, including TNF-c, M-
C5F, and EGF, and indicated disruptions to hematopoiesis, immune response
pathways, and apoptosis. This work may eventualy result in the first
noninvasive chinical test for AZneimer's disease and presents a viable:
strategy for discovery of navel biomatker Signatures for ather
neurodegenerative disorders. Future clinical studies employing this

also orove useful for manitaring individual patient resoanse to

IPA Data Anal
November & , 7am PST

Biomarker Filter and Comparison Analysis

November 15, 7am PST

Motecular Toxicology Analysis

November 23, 7am PST

AFFYMETRIX UNIVERSITY

i Iﬁﬁm

Data Analysie Fast Track

!ﬁﬁnr:ﬁﬁl

using Network Analysis

Go | Liks >

@ settingsw &
a
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1 i R

R ‘Enter gene names/symbols/IDs or chemicalfdrug names here ‘

1844, all, HW data - 2007-11-07 09:35 AM e E
REFR Summary | Networks ', Functions ', Canenical Pathways | Lists ' Pathways ', Molecules ', Network Explorer ', Overlapping Metworks ',
Top Networks
n Associated Network Functions Score
1 View Cancer, Cellular Grawth and Proliferation, Cel-To-Cell Signaling and Interaction 40
L Top Bio Functions
Diseases and Disorders
Name p-value # Molecules
Cancer 6.15E-07 - 20002 6
Cardiovascular Disease B47E-06- 20502 5
Qrganismal Injury and Abnormalities B47E-06- 1ISEDZ 4
Gastrointestinal Disease B43E-05- 194602 4
Dermatological Diseases and Conditions 2.76E-04 - 1L.04E-D2 2
Molecular and Cellular Functions
Name prvalue # Molecules
Cell-To-Cell Signaling and Interaction 6.48E-06 - 197602 4
Gellular Growth and Prolferation B.51E-06 - 194602 7
Cell signaling LE4E-04- 20002 6§
Molecular Transpert LE4E-04- 20002 4
ies Small Molecule Biochemistry 1.64E-04 - 1.91E-D2 8
Physiological System Development and Function
Name prvalue # Molecules
Tissue Developmert 6.48E-06 - 1.86E-02 4
Tissue Morphology B47E-06 - 162602 3
Hematological System Development and Function L7IE-0S - 202602 4
Immune and Lymphatic System Development and Function L7IE0S- 1L97E02 4
Connective Tissue Development and Function 276E-04- 1L94E02 4
Top Canonical Pathways
Mame o-value Ratio
Coagulation System 9.62E-03 135 (0.029)
Fructose and Mannose Metabolism 1.43E-02 1/140 (0.007)
Androgen and Estrogen Metabolism 2.276-02 1/137 (0.007)
P38 MAPK Signaling 2.59E-02 1195 (0.011)
Apoptosis Signaling 2.86E-02 11110 (0.009)
Top Molecules
This analysis has no expression valuss, | |

Functions affected by TGFbeta-regulated proteins

ic

Cancer
Cell Signaling

Proliferation

Abnormalities
Tissue Morphology
Function

Interaction
Tissue Development

-log(p-value)
O = N oW s oUW o
Cell-To-Cell Signaling and
Cardiovascular Disease
Organismal Injury and
Cellular Growth and
Hematological System
Development and Function
Immune and Lymphat
System Development and _
Gastrointestinal Disease



Regulatory connections of

proteins regulated by TGFb
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CK2-dependent sub-network
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Other tools are available as well....

http://funcoup.sbc.su.se
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