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e What is Systems Biology Pages 3-6

e Example #1 CNS: Creutzfeldt-Jakob disease physiopathology deciphered Pages 7-27
e Modelling living systems? The 3 issues/problems/limits Pages 28-39
e Classical Systems Biology concepts, tools and issues. Pages 40-51
e Another way of thinking to address the issues. Pages 52-57
e CADI Discovery concept and workflow deciphered. Pages 58-65
e Example #2 Cancer: The two approaches outputs compared. Pages 66-73
e Example #3 Infectious diseases: Multiple Resistance Bacteria's solution. Pages 74-81

This training session is designed to be presented to professional students. The missing oral comments, PPT
animations, and the “funny moppet's show part” context may be more difficult to understand for non-french
readers. This is why we are open to organize specific training sessions or webinars.
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sustems  What Is “Systems Biology”?

It is an analytical approach that utilises biological data to deduce interaction
networks and biological functions that are then integrated to construct models
predictive of the physiological consequences resulting from defined functional

alternation of these networks

HSC70
+ ATP

Systems biology isn't domain-dependent but is information-dependent.
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g} o What is an Integrated Predictive Model?

It is a detailed map of the mechanisms associated with a defined

biological state, allowing the direct identification of:

@ the key mechanisms, and

required to produce the physiological events driving this state.

] EeEEs

But a model can only be an
APPROXIMATION of REALITY
and
the more complex this reality is,

the coarser the model will be.
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&EQ@WS What is the use of an integrated
predictive model?

It predicts which components/mechanisms should be targeted

@ When,
@ Where,

@ How, and
@ Why

To produce defined effects upon a given biological state.

An understanding of the mechanisms directly leads to:

1) Identification of the most relevant biomarkers (positives AND negatives);

2) The discovery of potential means of therapeutic intervention.
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M .
sustems  But there are NO magic wands!

As long as it is not biologically validated,
a model merely remains
an exercise in science-fiction.

Moreover

A model only is an assistance to thoughts
and NOT a substitute for thoughts!

By definition, a model, even biologically “validated”, cannot, by any
means, be regarded as “correct” in the absolute.

But, how Is a “model” constructed and
what does It look like?
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\ 5infems Exemple # 1

In vivo mechanisms of Creutzfeldt-Jakob Disease (CJD)
pathogenesis & progression.

Initial model constructed from:
Scientific publications only.

(Simultaneous modelling in neurons, glial cells, astrocytes & vasculature)

Validated in vivo (molecular & functional levels) IN:
- the mouse;
- the hamster.

Academic collaboration BM-Systems / CEA (Fontenay-aux-Roses)

This model addresses an organ composed of a multitude of poorly
characterised cell populations in constant communications.

This constitutes a truly complex system the model of
which was tested in vivo.

Iris F. (2012); Pharmacopsych. 45 (Suppl. 1): S12-21.
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(@ BM

<ysustems  CJD: A few facts.

e Progressive neurodegenerative disease, invariably fatal.

o

N

e Long asymptomatic incubation phase (30 years + in man)

» Short clinical phase (death within 6 months - 2 years)

e Pathological agent: abnormally folded form of the PrP protein
e Pathological mechanisms : Unknown

e Mode of propagation within the CNS: Unknown

e Clinical progression mechanisms : Unknown

e Therapeutic or preventive means: Unknown

e Pathogenesis Biomarkers: Clinical symptoms + CNS spongiosis (post-mortem)

© BMSystems  Confidential www.bmsystems.net



BM Mechanisms of Neurodegenerescence?
sysrems

Histopathological lesions confined

to the central nervous system : Tripartite implication:
— Massive neuronal death —The neurons
— Spongiosis —The astrocytes
— Reactive Astrogliosis —The microglial cells

— Inconstant amyloid plaques

Spongiose Astrogliose Plaque amyloide

Limits of the exclusively experimental approach
~

I « Step by step » Research
=< Exhaustive bibliographic analyses impossible

(october 2008 : Prion = 12.095 articles, Brain = 1 894.937 articles, Metabolism = 5.912.125 articles)
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Creutzfeldt-Jakob Disease.

Phase 1: Initial model.

PrPres or derived peptides
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) aysrems

(s em_ Experimental validation (in vivo) e

Objectives

e Three targets:
— Ezrine
— Moesine
— Serine Racemase

e Two complementary approaches:
- Patterns of gene expression
- Localisation in issues & cells
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® BM  Results: Targets expression gz

sysrems
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&BM Immuno-histochimical evaluation (2)
Y

susrems

Control Mouse

L
¢))
=
O
=
O
Q
)
O
u(l_)
—

Moésine Alexa 488 nm Vimentine Alexa 568 nm Super_p05|t|9n Moe§|ne—
Vimentine-dapi

© BMSystems  Confidential www.bmsystems.net




Systems Validation outcome.

PrPres ou peptides dérivés

v
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Early Phases

Late Phases

Phase 2: Revised model

PrPres or derived peptides

—
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® BM
" sysrems

The main driving
mechanism.

1I-1b & TGFb-mediated

signalling in

hippocampus astrocytes )l;

The pathways through which
chronic neuronal stress signalling
and concurrent glial pro-
inflammatory responses lead to
reactive astrocyte activation
(GFAP + Vim) associated with
cytoskeleton reorganisation
(ezrin). This leads to a major

switch in Cx targeting &

distribution, resulting in the
formation of an astrocytic
syncytium with massively altered

diffusive properties and
neurotrophic functions.
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gBM Synapses, astrocytes & connexins.

Susltems

Connexins

?,

Astrocytes — ¢4*

AN

Synaptic cleft

Neurons

17
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<y suens, IMmunohistochemical Evaluation @
Connexins

\ -

Non Infected mice

Infected mice

Half brain Connexin 30 Hippocampus Connexin 30 [Hippocampus ca3 Connexin 30
1PU ‘ :




Evaluation of intercellular diffusion
'ms processes associated with modifications of

glial connexions.

Stereotaxic Injection of 500nl fluorescent traceur < 1000d

Healthy hamster

280pum

. Stereotaxic Injection of 500nl fluorescent traceur < 1000d
Scrapies hamster

1080um
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® BM Functionnal alterations linked with
] Sustems modifications of glial connections.

—— Non infected Mice AntiCX

—=— Non infected Mice NaCl

Healthy mice

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

—— Prion Infected Mice AntiCX

—-— Prion Infected Mice NaCl Scraples m ICe
(asymptomatic phase).

@ NaCl

B Anticonnexin

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
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(¢ BM  The CJD pathological process. @

aysrems

1- PrPres of external origin interact with neuronal PrPc, producing endogenous PrPres.

2- PrPres fragments (endogenous origin) induce auto-infection waves of ever increasing amplitude, leading to
internal neuronal dysfunction, chronic neuronal stress signalling & local microglial activation.

3- The activated microglia secretes IL-1b, inducing TGFb secretion in astrocytes.

4- Paracrine and autocrine responses of astrocytes to IL-1b & TGFb induces local astrocytes activation,
together with a radical shift in Cx expression and trafficking.

5- This induces the local constitution of a 3D activated astrocyte sheets within which Ca2+ waves propagate
in an aberrant manner, leading to local failure of neuro-supportive activities.

6- Distant activation foci slowly merge, forming a continuously growing activated astrocyte sheet
constitutively secreting pro-inflammatory and cytotoxic molecules while disseminating the infective agent
(slow process).

7- Ever more uncoupled neuronal activities exacerbates neuronal stress signalling, reinforcing glia-
mediated astrocyte activation & creating a vicious circle of highly toxic responses. These slow processes
correspond to approx 2/3ds of the asymptomatic phase.

8- Healthy neurons and glial cells are killed at ever increasing frequencies (spongiosis) through bystander
effects: clinical symptoms appear (failure of internal functional redundancies, abnormal, ever deteriorating EEG
patterns) followed by death within a few months.
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(@ .
g% Sstems Practical consequences. eSS

One of the roles of connexins is to dampen neuronal synchronisation.

—— Non infected Mice AntiCX

\D | N Healthy mice

AR SEEENESA S EEPSENE S G Aa m Nacl

B Anticonnexin

In healthy animals, pharmacological blockade of Cx activity results in quantitative EEG
patterns closely resembling an epileptic crisis
(frequency range-specific hyper-synchronisations).

This CEA/BMSystems collaborative research in CNS (psychiatric and neurological disorders)
led to the co-owned patent W0201029131 (Use of anti-connexin agents for modulating
the therapeutic effect of psychotropic drugs). Sept, 2008.



(® BM
S

‘Qﬁ ustems The net reSUItS @:J

CJD is not a neurological disease stricto sensus.

It is a disease that primarily affects astrocytes structures and functions which, over
time, lethally affects healthy glial & neuronal cells through « bystander effects »,
leading to widespread CNS disorganisation (spongiosis) and functional failure.

But this model also provides an understanding of key mechanisms
associated with psychiatric & neurology disorders.

An entirely new approach for their effective treatment was designed, tested in vivo and validated.

Patent covering novel therapeutics for psychiatry & neurodegenerative disorder (CEA/BMSystems).

This CEA/BMSystems collaborative research in CNS (psychiatric and neurological disorders) led to

the co-owned patent WO201029131 with a worldwide exclusive license to Theranexus CEA’s spin-
off currently in Phase Il

Neither of which have much to do with CID per se... BioIT World
This work received a Bio-IT World « Best Practices » award PEcetlscgs
from the Cambridge HealthTech Institute (USA). D

AND

Was selected as 1 of the 3 pan-European « state of the art examples of systems
biology approaches of benefit to medicine » by the European Commission’s
© Bioodeing Sems DG Research, Directorate of Health (June 2010).


http://www.bmsystems.net/download/PRESS-RELEASE-CEA-BMSystems-CEA-open-new-therapeutic-strategies-for-psychiatric-disorders-english-10072013.pdf
https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2010029131
http://www.theranexus.com/

® BM Analytical approaches: what must be

Suslems i
- avolded at all costs.

This Bayesian model of CJD
was published in 2009

(Hwang D et al. Mol Syst Biol. 5:252. PMID: ,, |
19308092) activatio

Constructed from a list
of 333 shared DEGs
together with protein—
protein interactions
information from novel
targeted experiments
and public databases, it
describes the networks
that are potentially
involved in the
activation of microglia
and astrocytes.
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sysrems

. . ) (3 G g R L -
Although it certainly does lead to sub-networks Q Oz e O iz S
that do make some sense,

These cannot

7Alpha-
hydroxylation of
pregnenolone or

1) be distinguished from Alzheimer’s Disease, also ) ,JDHEA
characterised by astrogliosis, nor

2) begin to explain why neurons are killed in the
CNS and never in the spinal cord, nor

Plasma P
membrane ° Arachidonate/prostaglandin/leukotriene metabolism

/ ’ Inactivate
{1 Regulate 20-OH LTB‘ -_— LTA‘ @
Trf - Fe tor -LTB, 4 @ 4" Activate Inactivate

3) why the disease is characterised by a =1 | |‘/ ) PGF, s 15-keto-PGF,
. . . Oxidative stress? [R‘F‘-\ i o @ D1 A P I
spongiosis absent in other T

I
Endocytosis
| TR

Fex*+———+ Fe?* +— Feritin- Fe

Sy Arachidonate ——=+ PGH, — PGE, — 15-keto-PGF,
neurodegenerative disorders, nor i - @ . 3
g L r— ] l @ — F...,,.jL.p...u
] ‘/"’ SL 1;‘/'/{ u@u ociacilon 1.2-Diacylglycerol - [ ® ATP

4) why the disease progresses / o . {3 ‘ ©

. .'! s A1 Bilirubit PI(4,5)P, ki AMP «— cAMP
silently for many years f_oIIowed by | @ »l@m e e 'S e cacum g
a Sudden Very rapld Cllnlcal '\ Fe2+ i dt:m:?l:“ide Phosphatidylinositol metabolism -
progression. - T
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As compared to the heuristic model
of CJD finalised in early 2008

Which predicts and explains the pathological mechanisms at

1118, o; 11-6
| TNFa
TGF-p, TNFa,
PAF, AA, etc..
A = ; cnged obstruction
Prolonged opening of rolonged opening of of MSgium channels
= Calcium channels Calcivum channels
= Trafé-PI3K-PDKI-PKC Accumulation of PrPres
= Activation of pathways activated Glutamate :
= PLA2-PLC Loss of ER & vesicle
) thy RhoA-ROCK-Fak- transpart functions
e palhways pathways inhibited o
= » Prolonged
F:l . 7 Cytoskeleton modifications |\ NMDAR NMDA
Secretiorrraccumulation Moesint+FEzrin \ Activation
of Pro-inflammatory GFAP, Vi CYP +Cox1/2
molecules TGFp pathways activated
- e Prolonged gi'g;:l IL-1 Excitotoxicity.
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- lling of inter o
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] pathways activated it
- PrPres processir
.:] + A { De-afferentation
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Recruitment Prolifer(ion : Neuronal death €
Microglial cells Astrocytes Neurons

Functional modifications of glial connexions

Healthy hamster
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© BMSystems

Confidential

both molecular and physioloaical levels.

Immunohistochimical Evaluation

Connexins

Non Infected mice

Infected mice

Half brain A Connexin

CA3 Hippocampus A Connexin

Hippocampus A Connexin

Functionnal EEG alterations linked with

meodifications of glial connections.

ol ) :
A/l T aliliv mic
N NN : Healthy mice

B anERERELES CREFSESSLSSr SN T

Scrapies mice
(asvmptomatic phase)

Source:

BMSys & CEA L

B NaCl

B Anticonnexin
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(o Susrems
2 ) Sustems

Modelling living systems?
How?



usrems
IS first and foremost a matter of integrating
huge masses of information.

&E}M Modelling living systems...
N S

But there are first THREE problems & ONE paradox to resolve.

Problem 1. The nature of information

All that goes by the name « Information » is not necessarily
Useful and/or Utilisable!

In the bio-medical realm, the information available is ALWAYS:
- Incomplete, to an unknown extent;
to an unknown extent; and
to an unknown extent.

This has very serious consequences!

© BMSystems  Confidential www.bmsystems.net



s | Palais de I'El SF‘P

THEATRE DE GUIGNOL,

. T S

%
The same place under 2 different names (one better known than the other)?
The same residing entities?
The same functional characteristics?

IMPORTANT TO UNDERSTAND: For non-french citizens: In France the “Palais de I'Elysée” is the house

of the President of the State and Theatre de Guignol is a popular french muppet show for children and

adults © BMSystems  Confidential ~ www.bmsystems.net
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® BM
" sysrems

The same place?

Well, there are
apparent
similarities.

systems.net



(@ . .

P E.Q-; - The same residing entities, passed & present?
Sustems

Y

There too, there are

TO UNDERSTAND: The muppets of our political apparent similarities....
leaders in the Guignols de l'info a famous
muppet show on TV

© BMSystems  Confidential www.bmsystems.net
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® BM
R systems

The same functional
characteristics?

Yet again, more
apparent
similarities....

© BMSystems  Confidential www.bmsystems.net



And these bias led to erroneous conclusions, making the distinction between
appearances and reality ever more difficult to discern.

‘

We have the very same problem in biology!

© BMSystems  Confidential www.bmsystems.net



sysrems
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This takes particular significance in drugs development

Pre-clinical
research

Clinical
Research

|

Vv Functional
genomics
VExpression
analysis

Vv Proteomics
v Structural
genomics

v Pathway
discovery

!

VExpression
analysis
(arrays)

Vv Proteomics
v Structural
genomics

v Pathway
discovery
vPharmaco-
genomics

l

VExpression
(arrays)

Vv Proteomics
v Pathway
discovery
VHTS

|

v Combi.
chemistry
VExpression
(arrays)

Vv Proteomics
v Structural
genomics

VAnimal vExpression
models (arrays)

Vin siliso vPharmaco-
S|mulat|on_s genomics
VEXxpression

(arrays)

Vv Proteomics

v Pathway

discovery

A process generating a flood of heterogeneous information

© BMSystems
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S omens  Therapeutic success.

The success of a therapeutic approach largely arises from the coherent manipulation of
a physiological system as a whole

and not from that of a target in a molecular context.

X Dynamin ) @
Dynamin Polymerized
clathrin

d Scission
molecule

ﬁ;

Polymerized
clathrin

Assembled
dynamin + GTP
Uncoating

proteins ==

(z
{

HSC70
+ ATP

Therefore, medical problems are best approached from a systems standpoint.

However, the available information is always heterogeneous AND incomplete....
© BMSystems  Confidential  www.bmsystems.net



BM  Problem 2: The nature of the system.

sysrems: . . .
- Living Systems: the properties of ensembles
cannot be deduced from those of components!

Characteristics of Complex Systems

A 'complex’ system —|

Emergent behavior that cannot
= be smply inferred from the

LLLLl

= behavior of the components b
Complex Systems | }#“ 3
[ S g
— w
o 4 o]

: - _m nce 1% Fine Scoles Influence

= - = 1 g Large Scale Behavior
| Many f ' o S | [Herarchies] |2
Components [ N / 1%
- o //\ /\\ /;\ [Seif-Organization | 18
/ \ T

L

= Dynamically
Interacting

| Control Structures

||
' Y[Composi |
D=1 O

+&?
~@
=
~©
-
=0
~Q
-
. 4
~@
*.

Substructure
= Decomposability

and giving rise to

- e oo ] Atsmple
system
which exhibit
| Common Trandisciplinary Concepts
Behaviors

Across Types of Systems,
Across Scales, and thus
Across Disciplines A

Multiple scalar levels concurrently present.
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M Problem 3. the behaviours of the system.

ysrems

From genes to physiological functions:

Three series of deconvolutions and discontinuities

One gene = several different physiological functions

Gene

= MRNA 1

—>

MRNA 3

MRNA n

© BMSystems

Protein

\

Confidential

)

Functional
Protein 1

Functional
Protein 2

A complex, non-linear & integrative system.
(27000 genes = over 1 000 000 protein functions)

www.bmsystems.net
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They arise because other events could
NOT!!

Spatial representation of cellular processes arlsmg fromtwo independent signals

The biological effects result from the differential integration of ALL these events.
© BMSystems  Confidential www.bmsystems.net




%? g:,fsrems The paradox that must be resolved.

If you dream to create the Be sure to use the appropriate
first operational model of a modeling concepts & tools. If not...
bird...

... a “basic” living Complex ...you’ll get a Complicated
system that not only flies... “Cartesian” system. It does fly,
but...

According to this “model’: 1) birds carry highly explosive eggs; 2) when a bird flies, its rear end
becomes extremely hot; 3) to land safely, a bird requires three legs; etc...

© BMSystems  Confidential ~ www.bmsystems.net



Yet, to analyse the data & build a model
we must all utilise similar tools.

 Display antries
In multiple formats
(source, XML,
FASTA, stc)

o . Admin Tool
Data flat-file ek

tasks using &
Wob-based intorface

- ',_‘._’-_ ". ":
>~

: "&i... >er e

n %

Networks construction
© BMSystems  Confidential www.bmsystems.net

Visualisation tools




e Thousands of
pathways and networks,
documenting

e Millions of
Interactions between
proteins, genes, small
molecules..

(http://pathguide.org/)

Currently, some 317 web resources
(databases) provide access to

%) Pathguide: the pathway resource list - Mozilla Firefox

EEX
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Signalir Page précédente Actusliser Accueil
Pathway 5 i 3
e [ Les plus visités @@ Débuter avec Firefox 5| Alaune [ Linkedin Myi Public Pr... [ Linkedin: Inbox Nl oot
Gene —
letwor] T Pathguide: the pathway resource...E | (@ MEDPRO final version.pof (Objet applic...
e T T WYY S R e T .
Interact] TECR - Thermodynamics of Enzyme-Catalyzed Reactions Details Fre
Genetid] The SEED - Details Free
lNetwor UM-BBD - Biocatalysis/Biodegradation Database Details Free
Protein WikiPathways - WikiPathways Details Fre
[ucime WT - What s There? Details X
ther Yeast network- A ¢ reconstruction of yeast Dotalls B
| Searct | metabolism °
Organis) Backto the Top
All
Availans Signaling Pathways
Al Database Name (Order: slphabetically | by web popularity o) Full Record  Awailability Standards
Standar|
All Arabidopsis Reactome - A curated knowledgebase of plant biological pathways  Details Free
BioModels - BioModels Database Details Free
CA1Neuron - Pathways ofthe hippocampal CA1 neuron Details Fr
Cancer Cell Map - The Cancer Cell Map Details Fre
g:’e";.“ CellML Repository - CellML Model Repository Details  Fiee
Sugges COPE - Cytokines and Cells Online Pathfinder Encyclopedia Details Fi
Always CPDB - ConsensusPathDB Details SR
CSNDB - Cell Signaling Metworks Database Details X
CST - Cell Signaling Technology Pathway Database Details Fiee
DOQCS - Database of Quantitative Cellular Signaling Details
DS - Dynamic Signaling Maps Details
eMIM - Electronic Molecular Interaction Map Details
GeneNet - Genetic Networks Fi
GenMAPP - Gene MicroArray Pathway Profiler Details Free
Terming GO - Gene Ontology Details Free
GOLD.db - Genomics of Lipid-associated Disorders Details Fi
GON - Genomic Object Net Details Free
HCPIN - Human Cancer Protein Interaction Network Details Fi
Hedgehog - Hedgehog Signaling Pathway Database Details AR
InnateDB - A Knowledge Resource for Innate Immunity Interactions and Detat
Pathways N
INOH - Integrating Network Objects with Hierarchies Details Free
iPath - Invitrogen iPath Details Fr
JWS Online - Online Cellular Systems Madelling Details Free
MetaCore - MetaCore pathway database Details %
Millipore Pathways - Your online source for visualizing metabolic and signaling Details Froe
pathways “
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< Sustems 1N practical terms, it means extracting as much

iInformation as possible from archived records.

UniPror 3 » UniProtKBe
L

Search Blast * Align * Retrieve
Search in Query
[Protein Knowledgsbase (UniProtkB) =] [ACEPA]

ID Mapping *

|So=rch|

“ Reviewed, UniProtkKB/Swiss-Prot QIMASS (ACBP4_ARATH)
Last modified March 2, 2010, Version 58. [} History...

PubMedID: 16707716

Keywords Title: New and future fllgrame therapy.
Biclogical process Transport
ul n roplasm Abstract:
A . S Modern neuroscience advancad our understanding of putative machanisms, which led to improved thera ics, Indeed,
Coding sequence dhersity | Alternative spiicing mechanism-based acute migraine therapy gained steam in the early 1990s after the introduction of the triptans D
Domain Coiled coil agonists). Post-tnptans, novel ) antagonists, nhibitors of axcitatory
Keich repeat tamatergic receptors, and inhibitors are leading the pack in this exploding field of discovery
Fepaa research. In contrast, novel therapeutic targets for prevenbion are lacking despite a hugely unmet need. To date,
Ligand Lipid-binding prophylactc drugs are advanced based on expanded indicabons for already approved pharmaceutcals (e.g., topiramate,
. Phosphoprotain valproate, propranolol, and tmolol). An improved understanding of the pradisposition to an attack, mic discoveres, valid and
rehable biomarkers and surrogates, and predicbve prachnical models likely will unravel the neuronal substrates for central
Technical term Complste proteoms and nociceptive dysmodulation, hopefully leading us to better mechanism-based targets for prevention, and
ulbmately yielding drugs with optimal therapeutic ratios or indices.
Gane Ontology (GO)

Biological praceas lipsd transport | 5= Legand:

nforred from direct zsay. Source: TAIR GENERSEBROTEIN »£T4E0LITE BACTERIA ORGAN SYMPTOM or DISEASE
PROCEDUREBNDICATOR]

- P HENRO M ENOD,

reaponss to sthylans stimulya [ =

erred from exprassion pattern. Source UmProtkKB Acronym
responge o jasmonic acid stimulus | FelC |
nferred from expression pattam. Source: UniProtkB Journal: Pharmacol. Ther. 2006;112(1):199-212

Author(s): Rama

response to light stimulus dan NM, (M
rot<B Mesh Heading(s): Humans, Migrane Disorders, Migraine Disorders -- drug therapy, Migrane Disorders -- prevention & control

Traceable suthor statemem

Show ‘lage 3cale’ relerancas »

[ “ACBP4 and ACBPS, navel Arabidopsis acyl-CaA hinding proteins with keich maotifs that bind oleoyi-CoA.”

Leung K.-C, LiH.-Y_, Mishra G, Chye M -L

Plant Mol Biol. 55 207-30%2004) [PubMed. 15604582] [Abatract]

Citad fr: FUNCTION, MUTAGENESIS OF GLY-24. LEU-25. BER-28. LEU45; TYR-48: GLN-52. LYS-74 AND PHE-S2
[5] “Ethylena- and p 9 - acyl-Cod binding pratein 4 intaracts with an athylona respans

LiH-Y XaoS._ Chye ML

J Exp Bot 50 3997-4005{2008) [Publled. 13335139) [Abstiact]

Cilad fy. SUBCELLULAR LOCATION, INDUCTION BY ETHYLENE . JASMONATE AND BOTRYTIS CINEREA, TISSUE
[7] “Arabidopsis acyl -CoA binding preteina ACBP4 and ACBPS aro subzslbularly localizad ta the cytosal and ACB

XiaoS.LiH-Y._ Zhang J P Chan S -W _ Chye M.-L

Plant Mal. Biel. 53.571-683:2008) [PubMed. 18773301] [Abstract]

Cilag fy«. FUNCTION, SUBCELLULAR LOCATION.

http:/Avwsw. uniprot.org
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This data mining approach pre-supposes that

e There are well defined rules for expressing relationships between
components and they are practically always obeyed by authors.

e Distance of co-occurrence :
Hence the systematic application

(G) .N_ (G')0
of Iog H
mining algorithms % N i (G et G )° 7
such as
N e Functional relationships

(G1, G, R)

to all ‘omics data, from transcriptomics to proteomics & metabolomics

phr phr

phr

This generates vast amounts of spurious correlations requiring
human intervention (curating).
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It also leads to a highly misleading vision of
protein interactions & networks.

onin Cl’ I‘f - . .
o Aceelamnt & LT N How can single hub proteins bind so many
ANumb/NL ety .
e = udoae; different partners?
®Sypaptojani =
.AAKlé\MK 4 'IL'ir‘:::membrane - .
. i “oeenscag  1hE problem is largely non-existent and

ey P | ) resides in the construction and the
Sorting nexin ~ ? SN Hub . . . .
\ SESAP = T e— " representation of protein interaction
Yoo, — *Intersectmhz IP1/HIPTRY, /| Cigihn o
o, ‘;pm-,EpmsﬂAﬂ_H:f_n_ l % networks within data-bases.
(‘@/)78 — \ﬁDynamm . Hsc70
L Proteins derived from a single gene, even if
® cdc42 naptotagmin . . . .
muse o sna2s different, are clustered in maps into a single
A, watdn ) node.

This leads to the impression that a single protein binds to
a very large number of partners.

In reality, it does not.

Protein networks reflect confusions involving combinations of functional
plasticity addressing a same protein together with distinct physiological roles
of different proteins encoded by one gene.
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One protein = Functional plasticity
Post-transcriptional modification of Actin

] Suystems

Actin His 73 methylation = ATP exchange rate increased, ATP hydrolysis and
phosphate release prior to and independent of filament formation;

h Polymer formation delayed.

Tight state

AR Sl T
el & M
L—&L 72 LP > k( : Lv'&l £
b Cytoskeleton dynamics significantly altered.

D CD44 glycosylation patterns = drastically different effects on regulation of immune cells.
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? BM And the more complex the organism being analysed,
]y Sustems the worse it gets.

Protein-Stress Association Network

125,000
Metric | Min Max
100,000
E IP 0.01 347 .26
& 75,000
s 0.01 26.86
< so0,000
N 1 600
25,000
0

00 05 1.0 15 20 25 30 35 4D 45 50 55
TM_SCORE

* 3145 proteins linked to 32 stresses by 10777 relations
* Onaverage
* each protein associated with 3.4 stresses
* each stress associated with 337 proteins
*  Filtering associations based on three scoring metrics IP, M and N
*  Which metric and cut-off are most suited for filtering noise?
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g BM This significantly affects the Classical analytical Process

‘(o\ Sub—\‘en]b— Séquences 1, 2,3 ...n

Identified

componentsg /

C1,C2,C3 ... Cn

MEDLine Indexed
‘\/

Data of interest Data
acquisition \

A
N — ]

SPAD
P ————— components
~~——" Identification

OMIM - Nucleic acids

. Proteines, etc..

— filters DB

Exploitation
What constitutes a GOOD filter? )
What constitutes a GOOD indexation strategy? Accumulation
ALL information entered into the DB is ALWAYS of inconsistencies
biased, . eérroneous, etc...
/
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As a result, this generates coherence issues affecting the entire
analytical chain of events, irrespective of the visualisation and

manipulation tools finally used!

Heterogeneous Clients/Tools
Data Sources Data Mapping
- Transformation Core Methods ——
e .- T Frontend
UniProt w—  Parser g
| J @ Accession c
— -8 ™ oscape
<ol . = g g yt p
—_— =
OBO Parser g of Name based Taverna
—— k=3 B | —
e L il BLAST 3
KEGG p— [ oroer ;6 %
o g - Text Mining Data Exchange
MEDLINE Parser % —p OXL/RDF
Lucene WebService
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One-di

<y Sustems

As a consequence, when it comes to
really complex systems and poorly
defined physiological processes,
such as those associated with
functions within the CNS and
disorders thereof, Bayesian
approaches lead to nearly
intractable difficulties.

Systems biology approach

Mathematical models are remarkable validation/fine-tuning tools when applied to well defined processes.

They are inadequate discovery tools when applied to poorly understood multicellular processes.

The challenge is clearly not a question of technologies only!
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g BM The paradox that must be resolved.

N Sustems

If you dream to create the Be sure to use the appropriate
first operational bird model... modeling concepts & tools. If not...

... a “basic” living Complex ...you get a Complicated “Cartesian”
system that not only flies... U system. It does fly, but...

How to escape the paradox whereby we have NO OTHER CHOICE but
utilise tools that CANNOT enable the goal to be reached?

$

By changing our intellectual approach!
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* M Another way of thinking:
/7T The capim Integration & Modelling principles.

Y
Séquences 1, 2,3 ...n

Data

acquisition \

Data of Interest components

Identification
N Nucleic acids
S ———— Proteines, etc..

SPAD -
Identified

M
< » components J/

OMIM Filt
S < lters
N— Indexed C1,C2,C3 ... Cn
MEDLine DB

. Index

visualisation
manipulatio

The DB contents are
analytically

Negative Selection IRRELEVANT
of hypotheses

This constitutes a heuristic approach!
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(@ 8M __The differences between « heuristic »
~ and « mathematical » approaches.
Heuristics:

A problems solving approach evaluating each step in a process, searching for
satisfactory solutions rather than for optimal solutions, using all available gualitative
information instead of quantitative information.

Thus,

Heuristic modelling starts from accumulated information to produce a model capable of describing
the mechanisms that generated the observed outcome / data and predict their modifications
associated with a different outcome;

It plays the role of an architect

While

mathematical (Bayesian) modelling starts from quantitative data to produce models
capable of reiterating this data and predict the outcome of a different experimental
paradigm.

It plays the role of an engineer

and

Far from being incompatible, these two approaches can be complementary.
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(® BM Bayesian and Heuristic approaches can be

C

) SUSH

=" complementary, provided they are harnessed
In the proper order.

Bayesian approaches are of limited usefulness when applied to poorly defined multicellular
physiological systems because they cannot efficiently reveal & define the functional states within

such a system (cross-talks alterations, etc...).

b But heuristic approaches are very efficient at doing precisely this.

Heuristic models are of limited usefulness when addressing the dynamics of defined complex
physiological pathways structures and cross-talks because they are not open to mathematical
manipulations.

hBut Bayesian models are very efficient at doing precisely this.

To efficiently address the translation of systems biology to clinical & medical
interventions (dominated by patient's data heterogeneity and largely
unstructured documents), ways to achieve synergy between Heuristic and

Bayesian approaches can be effectively designed.
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g BM The heuristic analytical process must

N Susiems S
g follow a « relativistic » approach.
: ~d
RM ERI .
’ NN 4B
‘\i': ’11 l \
gl £h ™
e o’Vé‘ ! 1 k- _"‘-..
L '\-.\
%%Afcs‘:::" -~
P LA/GRA IN i — _- E ,'
& e o g
/!/ i UNCH W y
~cu - =, ~ - — 51% o \\\
L\t—-:"‘. - TIRE WEAR e 32% [~ A
T GNEAS A OF EO MY c
- -

Within this framework, Non-linearity, Irrelevance, Wear,
Relative weights & Contexts are key concepts.
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g BM Why? Because of a very simple set of rules
Y 2Usiems \which imposes « relativistic » approaches.

Events tell contexts how to evolve

Contexts tell components how to behave

Components tell events how to arise

Analyses in terms of biological components and functions are
now IRRELEVANT.

EVENT-DRIVEN (relativistic) analytical approaches become
necessary.
This, in turn, imposes analytical procedures based upon the
negative selection of working hypotheses.
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‘% BM Why “negative selection” of working hypotheses?

(e Susrems
X ) 2ustems

“While it is not always possible to demonstrate that a statement is true, it is
always possible to demonstrate it to be false” «kari popper, 1963.

Mathematical approaches are based on “positive selection”: it is assumed that every
data-set/statement is actually valid.

Yet, “an estimated 85% of current published research findings are
false or exaggerated”

J.P.A Joannidis, 2014 [PLoS Med. 11(10): e1001747]; F. Prinz et al., 2011 [Nat Rev Drug Discov. 10 (9):712]

Positive selection becomes a killer!

How to identify what is NOT false and/or exaggerated?

By doing every thing possible to destroy working hypotheses!

Only hypotheses that resist destruction are worth retaining.

Hence, what is demonstrated “False” can now be used to
discover what could be “True”.
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The CADI ™ Integration workflow
What is FALSE allows to discover what could be TRUE!

.0.. Data I’\NL: s
acquisitio k,.-----....... -t
- ...
Data ,...
analysis _ .
Experimental

Biological
Validation
) )

verification

Identified

\d » ey || k2
’¢"‘ biological 4"" Hypothetic ] [
A:" events Physiological K.
. *
PP Mechanism / +*
“"‘
““
. L o** * Y"
Literature e ot 1 .

H .
Searching R .,

RS Biological .
o Modeling %

”“ “““-I---Il.l..........
Il L" .
1
i i _
T Production
LTS of working Components
ypotheses Interactions
maps
. \ Destructive
% hypotheses
‘q testing

s
: '--.......--'7
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MCF-7/MCF-7 ras

Differentially Expressed Genes  |mowerespressed

acquisition [ | Under-expressed

over 600 genes
dentified TGF b-masking protein Profilin 1
TCP 1q
HPS 1
Agrin / Follistatin Thymosin b4 51-PK(s)
PTK7 ARP-1 -
Cytokeratin 18 and 19 b and g actin
Rab 6 homologue L-Plastin it :
HSP 70 9 Podocalixin Ubiquitin-Thiolesterase
NRNP-M Area PP4 (regulatory subunit
Dipeptidyl peptidase Il Cathepsin D RMB-6 (regulatory subuni)
Ubiquitin Protein 14.3.3. e
_ HsN3 _ _ MA-3
Annexin VI Olfactomedin-like Reticulocalbin TFF-1 Bax.a DAGKZ
SAP49 TACE NHE3RF
Calpain (small subunit) LAR DKK-1 Rack 1
- - Ki
. Fibulin / Fibrillin ~ 1d-1 p38 d kinase Elf-3
p80 coilin Swap2 57| R
HDAC-3 FKBP-52 STES caMKK b
PRP 16 ORS-1 MDC15 Dead Box X C lin 1
HSP 47 CD 24 e s
HSP 27 -
i- nm23-H2 MRG1
RCC-1 SSRP1 Ki-67 RbAp 46

Gadal F. etal. (2003) Nucleic Acids Research 19 (31): 5789-5804
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sustems Information Retrieval & Extraction

acquisition

Gene
Identification

Identified
events

i i rofilin 1
Set of genes T Toraq 1O e poeBe
grin / Follista mhnRNP—E-[ ymosmARP 3
PTK7 ARP-1 cytokeratin 18 and 19y and g actin
Rab 6 homologue . _kePlastitipiquitin-Thiolesterase
S _r(;nRNP—M CathepsinAlj aRMB-G PP4 (regulatory subunit)
Dipeptidyl peptidase Il Ubiquitin Protein 14.3.3. e

Annexin VI offacto edin_||i—|kSeN3ReticqucaIbinTFF-l Bax-a DAGK z
Calpain (spdll subunifpr , DKK-1 SAP49 TACE . ,NHESRF
o Fibulin / Fibrillehl | p38 d kinase  E|f-3
p80 coilin8wap2
6/AR / HDAG-3 FKBP52 STE5 -~ MKK b
PRPA6 ORS-1 :
MPC15 ¢ 24 Dead Box XCaveolin 1

HSPATHSP/27 Ese-la
RCCY  adnpy Ki6] RiAD 46{nm2 H2 MRGl/

HSP 70

MA-3

Set of papers

4d 4 £

Cellular Associated Interacting| ...
location events partners

Gadal F. etal. (2003) Nucleic Acids Research 19 (31): 5789-5804
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Information MEDLINE

text only

Ul - 98057316

Tl - The human 37-kDa laminin receptor precursor
interacts with the prion protein in eukaryotic cells.

AU - Rieger R

AU - Edenhofer F

AU - Lasmezas CI

AU - Weiss S

LA -eng

MH - Actins/metabolism

MH - Animal

MH - Binding Sites

MH - COS Cells

MH - Cell Line

MH - Eukaryotic Cells

MH - Hamsters

MH - Human

MH - Mice

MH - Mice, Inbred C57BL

MH - PrPSc Proteins/*metabolism

MH — ProteiPrecursors/chemistry/*metabolism
MH - Rabbits

MH - Laminin/chemistry/genetics/*metabolism
MH - Saccharomyces cerevisiae/metabolism
MH - Spodoptera/cytology

SO - Nat Med 1997 Dec;3(12):1383-8.

© BMSystems

AB - Prions are thought to consist of infectious proteins that
cause transmissible spongiform encephalopathies.
According to overwhelming evidence, the pathogenic prion
protein PrPSc converts its host encoded isoform PrPC into
insoluble aggregates of PrPSc, concomitant with
pathological modifications (for review, see refs. 1-3).
Although the physiological role of PrPC is poorly
understood, studies with PrP knockout mice demonstrated
that PrPC is required for the development of prion diseases.
Using the yeast two-hybrid technology in Saccharomyces
cerevisiae, we identified the 37-kDa laminin receptor
precursor (LRP) as interacting with the cellular prion protein
PrPC. Mapping analysis of the LRP-PrP interaction site in S.
cerevisiae revealed that PrP and laminin share the same
binding domain (amino acids 161 to 180) on LRP. The LRP-
PrP interaction was confirmed in vivo in insect (Sf9) and
mammalian cells (COS-7). The LRP level was increased in
scrapie-infected murine N2a cells and in brain and spleen of
scrapie-infected mice. In contrast, the LRP concentration
was not significantly altered in these organs from mice
infected with the bovine spongiform encephalopathic agent
(BSE), which have a lower PrPSc accumulation. LRP levels,
however, were dramatically increased in brain and pancreas,
slightly increased in the spleen and not altered in the liver of
crapie-infected hamsters. ...
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\ Sitems Information MEDLINE
text only

Prions
laminin receptor precursor
interacts prion
PrPSc PrpC
PrPSc
PrpC
PrP
PrpC
laminin receptor
precursor LRP interacting
PrPC LRP PrP interaction
PrP laminin
binding LRP LRP
PrP interaction
LRP
LRP
PrPSc LRP
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Data
acquisition

Identification

Identified
events

Database
Searching

Working
hypotheses

Apoptosis
& cell survival

Generating hypotheses &
systematic destructive testing.

Index visualisation & manipulation

fei e HDAC1, RABP

RNA Splicing
& expression

.
© BMSystems
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Literature

This iterative process does
three things:

- It largely resolves the
coherence issues attached to
the classical approach;

Interaction
maps

- It reveals hitherto unknown
mechanisms/processes, and

- It allows the translation of
systems biology to clinical &
medical interventions.

The CADI™ Integration & Modelling Process.

Query
[ | e
DB DH

r::>[ Web IR ]<:|

1

Processing 1
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The CADI™ Integration & Modelling Process.

Interaction
maps

This iterative process does

three things:

- It largely resolves the
coherence issues attached to
the classical approach;

- It reveals hitherto unknown
mechanisms/processes, and

- It allows the translation of
systems biology to clinical &
medical interventions.

<
e Web IR <:|

Eic.. U
ey

Processing 2
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DB DH

Processing 1
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%Bﬁ"l A concrete example #2.

The ADAM-15 RGD peptide

v 10 amino acids fragment (GCGGRGDGGC) derived from the
metaloprotease Adam 15.

v Induces cytostasis (dormancy) in very aggressive metastatic breast
cancer cells both /n vitro and in vivo.

v The target of this peptide appears to be integrin-containing structures
(cell adhesion) but not integrins alone (anti-integrins antibodies have no
such effects).

@ What is (are) the target (s) of this peptide?
@ What mechanisms does if affect? and
@ Why does it induce cytostasis?

This model addresses the mode of action of a potential treatment.

Collaboration BMSystems-INSERM U 553 (Hoépital St Louis)
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Given the problem, one may
wish to start by working on
the integrins-associated
mechanisms of metastasis,
using already partly
corroborated interaction
networks issued from
multiple gene expression
analyses (affimetrix chips
guantitative data) on which
one might superimpose
newly generated data.

You start by first locating the
most appropriate database
through the « Pathguide »
web resource.

In the present case

« Cancer Cell Map » which
regroups the results from
several hundred quantitative
gene expression studies.

The classical Bayesian attack.

) pathguide: the pathway resource list - Mozilla Firefox

Fichier Edition Affichage Historique Marque-pages Outils 2
e £y hetp:f) thouide.org/: availabiity=slBstand. I icBDEID=none ] - ¥,
Page précédente Actualiser Accueil
[ Les plus visités @@ Débuter avec Firefox 5| Alaune [ Linkedin Myi Public Pr... [ Linkedin Inbox Nouv;l e
4 pathguide: the pathway resource...d | (@ MEDPRO final version.pdf (Objet applic. .. =
| eBio | | «c | ]
POThg U Id @€ | the pathway resource list
e ) pathguide: the pathway resource list - Mozilla Firefox
Protein] Fichier Edtion Affichage Historique Marque-pages Outls 2
Interact|
Metabol o & httpsijh thuide. orgf: lecsvailability=alstand I beticBDBID=none RIEE
Signali Page précédente Actualiser Accueil
::::::‘ [ Les plus visités @@ Débuter avec Firefox 5| Alaune [ Linkedin Myi Public Pr... [ Linkedin: Inbox Nouv;l e
Gene
lletworf  F Pathguide: the pathway resource...Ed | (@ MEDPRO final version.pdf (Objet applic...
e e e L P i
Interact] TECR - Thermodynamics of Enzyme-Catalyzed Reactions Details Free
Genetid] The SEED - Details Fr
Networ Un-BBD - Biocatalysis/Biodegradation Database Details Fiee
Protein WikiPathways - WikiPathways Details Fr
Dé s WIT - What s There? Details X
Other Yeast co network - A rec 1ofyeast Details
| Searc| metabolism ¢
Organiq Back o the Top
All
Avallab) Signaling Pathways
Al Database Name (Order: alphabetically | by web popularity ) Full Record  Availability Standards
Standar]
All Arabidopsis Reactome - A curated knowledgebase of plant biological pathways ~ Details Fr
Resd
= BioModels - BioModels Database Details
Statist]
Anthh CA1Neuron - Pathways of the hippocampal CA1 neuron Details Fiee
Conta Cancer Cell Map - The Cancer Cell Map Details ~ Fic
g:::l‘:e CellML Repository - CellWL Model Repository Details
Sugges| COPE - Cytokines and Cells Online Pathfinder Encyclopedia Details
Always CPDB - ConsensusPathDB Details (=R
CSNDB - Cell Signaling Networks Database Details X
CS8T- Cell Signaling Technology Pathway Database Details Fi
DOQCS - Database of Quantitative Cellular Signaling Details Fre
DSM - Dynamic Signaling Maps Details »
eMIM - Electronic Molecular Interaction Map Details Fr
GeneNet - Genetic Networks Details Fre
GenMAPP - Gene MicroArray Pathway Profiler Details Fi
Terminé GO - Gene Ontology Details F
GOLD.db - Genomics of Lipid-associated Disorders. Details Fr
GON - Genomic Object Net Details Fr
HCPIN - Human Cancer Protein Interaction Network Details Fi
Hedgehog - Hedgehoyg Signaling Pathway Database Details L
InnateDB - A Knowledge Resource for Innate Immunity Interactions and Details Free
Pathways
INOH - Integrating Network Objects with Hierarchies Details Fi
iPath - Invitrogen iPath Details Fi
JWS Online - Online Cellular Systems Modelling Details Fr
MetaCare - MetaCore pathway database Details »
Millipore Pathways - Your online source for visualizing metabolic and signaling Details A
pathways
Terming
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And you find that you have
access to 10 pathways,
including the integrins a6b4
pathway which turns-out to be
of primary interest.

You open the link to
this pathway

And you are faced with a
tabulation of biochemical
and catalysis reactions that
gives all the « known »
components and their
aliases but no idea of actual
flow.

You then realise that, to really
exploit this resource, you first
need to load and activate the
« Cytoscape » analytical tool
(one of the 61 different freely
accessible tools currently
available).

BM So, you open the web link to « Cancer Cell Map »

) CellMap::Home - Mozilla Firefox

Fichier

Page précédente Actualiser Accue:

w1 0

[

g T i

Terminé

[ Les plus visités 4 Débuter ave Firefox

Edtion Affichage Historique Marque-pages Qutls 2

c ha @ httpiffcancer celmap.orgjcelmap) ~ -~ [ y.

\ Alaune [ Uinkedin Myl Public Pr... [0 LinkedIn: Inbox
) CellMap::Alpha6Betadintegrin - Mozilla Firefox
Fichier Edtion  Affichage Historique Marque-pages Outils 2

- c L & http:jjcancer.cellmap. orgjcelimap/record.do?id=1 a3 B2
Page précédente  Page suivante Actualiser Accuel

(8] Les plus visités i Débuter avec Firefox 5 Alaune [ Linkedin Myi Public Pr... [1] Linkedin: Inbox o e
J celiMap::AlphabBetadIntegrin B @ MEDPRO final version.pdf (Objet applic...
and tissue morphogenesis.,
view Expression Data on this Pathway

Contains the Following Molecules {Showing 1 - 20 of 55) [display all]

ABL1 AKT1 AR BAD BPAG1 CASP3 CD151 CLCA1 CLCAZ BPAG2 DSP EGFR EIF4E 4EBP1 ERBB2 ERBIN PTK2 FRAP1 FYN GRB2

Contains the Following Interactions / Pathways (Showing 1 - 20 of 85) [display all

Biochemical Reaction(s)
View Details ITGB4 — ITGB4
View Details PTK2 — PTK2 (Phosphorylated)
View Details ITGB4 — ITGB4 (Phosphorylated)
view Details AKT1 — AKT1 (Phosphorylated)
Yiew Detasils 4EBP1 — 4EBP1 (Phosphorylated)
Yiew Details 1TGB4 — ITGB4 (Phosphorylated)
View i SR EREB2 (Phosphorylated) in cytoplasm
view Details ITGAG — IT! Also known as:
View Details MBP — MBP| = NEL
Yiew Details BAD — BAD
View Details AKT1 — AK
View Details ITGB% — IT4 roatures:
View Details ITGB4 — ITY
view Details MSTIR — MSTI1R (Phosphorylated)
talysi S
View Details ERBBZ activates [ERBB2 — ERBBZ (Phosphorylated)]
view Details PRKCD activates [ITGAE — ITGAG (Phosphorylated)]
View Details PIK3R1 activates [AKT1 — AKT1 (Phosphorylated)]
View Details MMP? activates [[TGB4 — ITGB4]
Vi il AKT1 activates [MSTIR — MSTIR (Phosphorylated)]
View Details AKT1 activates [BAD — BAD (Phosphorylated)]

The Cancer Cell Map was created by the Computational Biology Center at Memorial Sloan-Kettering Cancer Center and the Institute of Bicinformatics. Powered by the cPath pathway database software.

Leqal Disclaimer / Privacy Notice
Copyright @ 2006 Memorial Sloan-Kettering Cancer Center.

hitps{fcancer.celimap orglcelmapirecord.do7id=99

ES
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You install that tool, and you finally gain access to a spatial
representation of the pathway, the links and biological
Interactions between its components.

Having started to explore the
I|nkS Wlthln thIS dlagram, yOU & Cytoscape Desktop (Session Name: AlphaéBetadIntegrin.cys)
suddenly realise that this T R

ap é = Lff,ﬁ b4 @x @ammmg v
does not make any ?"“Pa“” ) B Alpha6Betadintegrin
d IStI nCtiO n betWeen the I Cyhscde Desktop (Session Ne: TNF -alpha-NF -kB.cys)
various processes in which 2k i g AN P .
the a6b4 system could be LT ) LR _ BEE crreee O
involved, such as cell '
proliferation, differentiation, / o
apoptosis, migration and s A /24 [ et

S ecrR1L

tissue morphogenesis. W G I . e

g@@ CytoPanel 3 %)

oo Expression Viewer Plugin

=

Network Hodes Edges & 29 visual Legend O about
[ ] BiphagBeEsAtoERg 1 70(0)  185(0) e 5 ExpressionData | 65" Node Details
B T aphafNFKE  760(0)  978(0) 5 7 (@ pathway List |
48 7e0(1)  978(0) |

To make some sense of all this, T LA RO i

you need to attach a closely .~ S N » e
connected pathway which, S SRR N comlr, kot

. responsible for the TNF

together with the a6b4 system, WAYE 71 s: _, ggiap‘;gg;ggmm

. . . @ il 1 % The free NF-ka|

may help to better distinguish PRV = /@ \P) arscpatia t e G
H = P =, e 4 and induces expression of

the major components of ‘ T e adeptor melec Iiact

metastasis. In the present

case, the TNFa/NF-kB

with TNFR 1 and recruits
pathway.

the additional adaptor
proteins lke RIP, TRAF2,
and FADD, which in turn
recruit additional key
components to TNFR 1
responsible for initiating
downstream events and
mediating programmed cel
death signaiing and
NF-kappaB activation. This

YOU Open thiS Ilnk, and.... Hekominl . r i 2 .. e VJ 7. - { A, pathway is involved in the

requlation of a wide
spectrum of biological
processes including cell

apoptosis, lipid metabolism,

SHOCK! B . WA, % S

|
|
|
proliferation, differentation, |
|

2

You are confronted with a « star map »!!... © BMSystems  Confidential  www.bmsystems.net



® BM Sure, you can navigate in the « star map ».
Systems You can even zoom into specific regions..

File Edit View Select

S 4

CytoPanel 1 O/P é
E:Network | File Edt View Select Layout Plugins Help

————— CyloPanel1 i
[ wetwork L 9P é o7 "—‘&
= s Metwork | Fie Edi View Select Layout Phugins Help

= - [etwork  CWioPanel 1 4
] 760)([ ] T Network . | Fle Edt View Select Layout Plugns Help
r- | r
6@] Netuwark ks { GyoPanel1 7 :!5 = ﬁ LA @ x @iwmuj -
&. , Wy
rr————— E )| coranelz a1}

10 et [
m 760(35) %)

TNE alphajiiFkB  760(0) 9

1700) 18] Yo Network |
Network w CyioPanel 1 EAN B 1F alphaniF-kB &)
" @@ Expression Yiewer Plugln

J ] 170) T Network
] 4 170(0) 188(0)
SfNF-kB  760(26) 8(31)
I | :

760(1)  978(0)

(% Pathway List
59 visual Legend O aou ||
S Expression Data | 6 Node Details

Select a node to view detals...

T,

R

i

a Ny
n gl

ey

But since this map, just as the previous one, does not distinguish between cell proliferation, differentiation,
motility and apoptosis, you are now even further away from a solution to your problem than you were with the

first map alone!
© BMSystems  Confidential ~ www.bmsystems.net
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Sustems Consequences of massive ADAM-15 RGD binding.

Stable adhesions
(bereft of Calp 1)
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M Practical outcome.

sysrems (Validated in vitro & in vivo by Inserm U 553)

r.uj

Treatment with the ADAM-15 RGD peptide massively triggers the integrins-associated, b-
arrestin-dependent endocytotic mechanisms.

This effectively abolishes integrins-dependent cytokinesis mechanisms while inducing
cytostasis in cells where these mechanisms are being implemented.

But this does NOT solely address metastasis, where integrin-dependent mechanisms are
inappropriately activated.

It will also address and inhibit physiologically coherent integrins-dependent cytokinesis
mechanisms, such as fibroblasts migration during wound healing, or repair of damaged
capillaries.

Thus, the potential therapeutic benefits of ADAM-15 RGD (inhibition of integrin-dependent
metastasis) are annihilated by direct, highly undesirable effects (failure of wound healing and
thus serious risks of gangrene; failure of vascular repair and thus serious risks of multiple
organ failures; etc.).

In spite of high efficacy, the therapeutic potential of the ADAM-15 RGD
peptide is extremely low. Reconsider therapeutic development.
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Example #3:

Understanding the co-evolutionary interplays between Dbacteria and
bacteriophages leads to the discovery of the means whereby undefined
multi-resistant bacterial pathogens can be efficiently controlled.

The questions (French Defence)

« How to rapidly (less than 30 min) and efficiently detect the presence of any
given LIVE bacterial pathogen?

- How to rapidly and efficiently destroy any unknown bacterial pathogen or
emerging strain without using

A) Antibiotics: too many resistant strains, and
very rapid resistance acquisition.

B) Vaccines: much too slow to act, and small
strain variations often lead to inefficacy.

In other words, what is required is a “detector-killer”.

© Bio-Modeling Systems www.bmsystems.net



== The first apparent answer

Bacteriophages, the natural predators of bacteria, could present the best
potential to act as detectors-Killers.

- Many are very host-specific,
- They only replicate in LIVE bacterial cells,
- Many Kkill the cells in which they replicate,

- As the phage progeny population increases that of the target
diminishes (in a « closed » environment, few targets, if any, should escape), and

- They are extremely numerous and varied (they probably
represent the most numerous « life forms » on the planet).

BUT the matter is NOT as simple as it first
appears!

© Bio-Modeling Systems www.bmsystems.net



QB Co-evolution versus

unidirectional predatory pressure.

Natural
Phage

Natural
Hosts

pool

Continuous

Continuous Ever increasin )
d co-evolution

co-evolution evolutionary
divergence

+
Ever decreasing chances to
find a new efficient lytic phage.

Bacteria have existed for nearly 4 BILLION Years. They have so far resisted to EVERYTHING.
And it is certainly NOT for lack of phages!
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%%  The model-derived solution.

e What, in essence, is the problem?

The bacterial targets will try anything to escape predation and we have no idea what

will be the successful strategy. Furthermore, this strategy is likely to vary between
locations (populations) for a same target.

e What do we need to achieve?

We must be capable of always preceding the targets escape strategies, no matter
what they could be.

e The best-fit solution (model-derived):
we MUST adopt a stochastic approach.

It becomes necessary to
e abandon all idea of « natural phage pools » and,

 stochastically engineer phage banks in order to produce particles
capable of targeting anything and everything while maintaining their
capacity to replicate in the face of targets evasion attempts.

© Bio-Modeling Systems www.bmsystems.net
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3, 5, 27, 29 ,26, 28 ,48, 54

a1 N

How to modify any of these proteins in N different regions, at X different sites, in Z
different manners, all this simultaneously and then recombine the multitude of
variants generated in a population of obligate lytic phages?

© Bio-Modeling Systems www.bmsystems.net
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® BM .
&u The technological answers.

Three proprietary technologies (invented at BMSystems) allowing the
production of stochastically engineered phage banks.

TAPE™P) (WO 2008/093009):

A technology allowing to rapidly & simultaneously introduce defined densities of random
mutations in any number of selected regions within a gene while conserving intact any
number of defined coding domains in this same gene.

Applicable to any known coding sequence.

RipH™ ® (WO 2009/090081):

A technology allowing to reversibly inactivate the genome of an obligate lytic phage within
its host and carry out high efficiency homologous recombinations targeting multiple genes
simultaneously without adversely affecting the host bacteria and the replicative capacity of
the phage.

Ab-ACCUS™(P) (WO 2008/093010)
A recombination technology allowing the rapid & efficient production of lytic phage banks in
which every individual differs from all others for any number of selected genes or other
sequences.

Applicable to any phage and to any known sequence.

© Bio-Modeling Systems www.bmsystems.net
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The results.

While T4 is specific to a narrow range of E. coli strains,

An engineered T4 bank contains variants capable of detecting and killing gram™

Yersinia sp.

A

Dilution

LPs

No lysis

bacteria far removed from E. coli.

Pseudomonas sp.

A

Mutation

levels .
No lysis

0.6%

1%

LPs

2%

Pouillot F, Blois H & Iris F (2010); Biosecur Bioterror. 8 (2): 155-1609.
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&% Practical consequences

(besides high-profile publications)

e Three technological patents with broad applications,

e Creation and financing of a Bio-Pharma company (Pherecydes Pharma) specialised in
biodefense & biosecurity (40% owned by BM-Systems),

¥ DLHERECYDES
PHARMA

e Research program with French civil and defence health-services,

e Discussions with US food industry firms,

e Contract with anti-bodies producer & discussions with enzymes producers.

All this in less than 3 years.

From our point of view, under the street light is definitely not the right place to search!
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But how far can we go?



g BM
(= SLISIems
2 ) Sustems

Reconstruct, from differential quantitative proteomics data (300 +

proteins), the brain mechanisms associated with chronic anxiety (forms of
synaptic plasticity deregulation + metabolic & mitochondrial adaptations + differential
effects upon signal versus noise discrimination + differential effects upon neuronal networks
+ effects upon learning capacity + etc...)

Iris F, Filiou M & Turck CW (2014): Am J Psychiat Neurosci, 2: 25-42.
Online access: ISSN: 2330-426X.

Or, discover a novel treatment for Parkinson’s disease that should be
directly applicable to human patients without prior animal trials

Two long known, entirely non-toxic drugs given at different times (no possibilities of adverse
drugs interactions).

Or, decipher sex-specific embryological phenomena that have resisted
elucidation for well over 60 years.

Iris F. et al. (2009); Med Sci. 25: 608-616.
Etc...
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Suskems.

For more information: Publications to date

Publications in prestigious peer-reviewed journals: (click on the links to get the pdf)

> American Journal of Psychiatry and Neuroscience. Second publications with the Max
Planck Institute of Psychiatry in Munich: Differential proteomics analyses reveal anxiety-associated molecular and cellular
mechanisms in cingulate cortex synapses. The first output of the DECIUS CNS research program.

: PharmacoPsychiatry publishes the first review describing a productive vision
of Systems Medicine that will change R&D organization and interactions between clinicians & researchers & reveals how the
world's first explanation of the mechanisms of the Creutzfeldt-Jakob disease led to the discovery of a truly innovative psychiatric
treatment.

: Pharmaco Psychiatry publication: Proteome-Based Pathway Modelling of Psychiatric Disorders.
Publication with The max Planck Institute of Psychiatry in Munich

: Biosecurity and Bioterrorism: Biodefense Strategy, Practice, and Science :Genetically Engineered
Virulent Phage Banks in the Detection and Control of Emergent Pathogenic Bacteria. Publication with Pherecydes-Pharma.

: Médecine & Sciences: Millerian duct regression explanation. Integrative systems biology &
experimental Biology. Publication with CNRS experimental data.

: Journal of molecular Endocrinology: Integrative analysis of gene expression patterns predicts specific
modulations of defined cell functions by estrogen and Tamoxifen in MCF7 breast cancer cells. Publication in collaboration with
INSERM unit 553.

> Nucleic Acids Research: Integrated transcriptome analysis of the cellular mechanisms associated with H-ras-
dependent malignant transformation of the human breast epithelial MCF7 cell line. Publication in collaboration with INSERM unit
553. World first. First in-silico model of a complex human disease validated in-vitro and published.

Collaboration to scientific reference books:

The first reference book on “Computational Biophysics of the Skin” edited by Prof. Bernard Querleux ,
scientific chairperson of the International Society for Biophysics and Imaging of the Skin
book published by . Chapter 8: Genetically Engineered Virulent Phage Banks for the Detection
and Control of Bacterial Biosecurity Threats.
: Biomarkers for Psychiatric Disorders. (Ref. ISBN: 978-0-387-79250-7, November 2008). Dr. Frangois Iris, is the author of the
Integrative Biology chapter of the book. The editor, Prof. Christoph W. Turck, is head of the Proteomics and Biomarkers branch at the Max
Planck Institute for Psychiatry
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http://www.bmsystems.net/download/Psychiatric-Systems-Medicine-PharmacoPsychiatry-creutzfeldt-jakob-CNS-neurodegenerative-bmsystems-2012.pdf
http://www.bmsystems.net/download/Psychiatric-Systems-Medicine-PharmacoPsychiatry-creutzfeldt-jakob-CNS-neurodegenerative-bmsystems-2012.pdf
http://www.bmsystems.net/download/Pharmacopsychiatry-bmsystems-max-planck-publication-biomarkers-cns.pdf
http://www.bmsystems.net/download/Pherecydes-Pharma-bmsystems-biodefense-Publication.pdf
http://www.bmsystems.net/download/papier-CADI-canal-muller-Med-Sci-june2009.pdf
http://www.bmsystems.net/download/Tamoxifen-resistance-publication.pdf
http://www.bmsystems.net/download/article-NARcancer-ras.pdf
http://www.crcpress.com/product/isbn/9789814463843
http://pubs.rsc.org/en/content/chapter/bk9780854041848-00175/978-0-85404-184-8
http://www.vetmed.auburn.edu/faculty/petrenko-valery/
http://www.springer.com/biomed/neuroscience/book/978-0-387-79250-7

® BM
< N Sustems

Nevertheless, it MUST be remembered that

A model is an ASSISTANCE to thoughts

and certainly NOT a substitute for thoughts.
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Q) Sustems Our collaborative R&D programs & their outputs

This list excludes our contractual research programs with our clients

CEA : “Creutzfeld-Jacob Disease CID” World’s first in vivo validation of the mechanisms of Creutzfeldt-Jakob disease
pathogenesis & progression. US, EU & French Awards; Awards (2009 and 2010) . CEA SEPIA department.
Successfully completed; 1 publication.

CEA: CNS disorders. Collaborative research program that led to a novel therapeutic strateqy for the treatment of
psychiatric and neurological disorders. Copatent WO/2010/029131- Use of anti-connexin agents for modulating
the therapeutic effect of psychotropic drugs. September, 2008 CEA/BMSystems,

Pherecydes-Pharma BMSystems’ spin-off created in 2006, novel M.R. anti-bacterial nano-agents biotherapies 3
patents. Two indications: Multi-resistant Skin infections and osteo-articular infections.
‘/ PHERECYDES

PHARMA
Max Planck Institute (Munich): Project “Chronic Anxiety”.

Successfully completed; 3 publications & a Reference Book “Biomarkers for Psychiatric disorders” chapter 19.

I"{ Inserm INSERM: 3 Projects “Tumoral Progression”; “Therapeutic Resistance”; “RGD 15 & Metastasis”.
L - .
e All 3 successfully completed, 3 publications.

de la santé et de la recherche médicale

DE LA RECHERCHE

% CENTRE NATIONAL CNRS: Project “Mullerian Regression” Tissue differentiation
SCIENTIFIOUE Successfully completed, 1 publication.

f:g’:,‘ff;‘ﬁ'}ama. I Foundation FondaMental: Project “Bipolar Disorders & Schizophrenia”.

Immuno-inflammatory hypothesis. On going, 1 publication pending
Uﬁ Em s
L’OREAL Arkema, Rhodia/Solvay ARD : “Synthons” Government funded feasibility Program at IAR cluster Industrial Biotech
|_'OR EAI_ Feasibility study Completed 16 molecules evaluated, 2 strains built, 1 program with 1 patent (industrial partner only)

- Skin Homeostasis: Reference book “Computational Biophysics of Skin” chapter 15 with Dr. Querleux ( L'Oréal)

‘j Centre of excellence in Epigenetics IISER Pune India: Project “Etiology & Epigenetic for metabolic disorders”

. Etiology & Epigenetic for metabolic disorders, on going 1 publication pending
IISER PUNE
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http://www.pherecydes-pharma.com/
http://www.phagoburn.eu/
http://www.bmsystems.net/download/PRESS-RELEASE-CEA-BMSystems-CEA-open-new-therapeutic-strategies-for-psychiatric-disorders-english-10072013.pdf
https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2010029131
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