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Network pharmacology

Network pharmacology: the next paradigm in
drug discovery

Amalrcw | Hoodsns

e 2 Expanding opportunity for drug H
sscovery space with polypharmacoiogy. A subset
of the network data shown in Figure 1 for
literature targets associated with asthma. Drug
targets are represented as nodes, and chemical
matter that binds to two or more nodes is
represented as edges. Targets are colored by gene
family. The color of the edges represents the
strength of the chemical network between two
Largets as defined by the number of shared
compournds that are active dgamst both targets
below an affinity of 1 uM- fght blue (1 to
10 compounds) to black (~ ] 000 compounds),
Of the 44 targets described in the Iiterature

as potential drug targets for the treatment of
asthma, 44 share pol,

combinations across -

7 this portfotio. Thus, by considering both
single-target and dyaf oa‘wmaco!my Approaches
af least 181 potential profite opportunities can '
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The information to deliver

* Network could be drug target

Jianghui Xiong etc., Pre-clinical drug prioritization via prognosis-g
PloS ONE 2010

“For more than a decade, scientists in systems biology have
promised that real breakthrough In genetic medicine will
come when we stop mapping individual genes to
phenotzpes and instead start looking at interacting
networks. Yet, not much has happened. The field is still
struggling to define relevant networks and to interpret data
in terms of those networks.

The 1paper by Xiong et al adds considerably to the
progress of network-based genetic medicine. It Is highly relevant,
or|g|nal and interesting.”


http://www.plosone.org/article/info:doi/10.1371/journal.pone.0013937
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0013937
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0013937
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Oncology Drug Development
One of most challenging scientific problems

Table 2 | Cancer Phase | response

Tumour type Response number/
total (%)
Colorectal 2/476 (0.4%)
Lung 10/196 (5.1%)
Kidney 6/147 (4.1%)
Breast 5/94 (5.3%)
Prostate 4/88 (4.5%)
Sarcoma 2/86 (2.3%)
Ovarian 2/124 (1.6%)
Head and neck 1/41 (2.5%)
Melanoma 4/97 (4.1%)
Other 9/218 (4.1%)
Total 45/1612 (2.8%)

“Trials conducted between 1999 and 2002
according to standard clinical response criteria
(from REEF. 4). Note that due to dose-escalation

protocols, drug dose in many patients in Phase |
triala ie halow the taraet-inhihitinn dnee (eee text)

What’s wrong with our cancer models? NATURE REVIEWS DRUG DISCOVERY,



What's wrong with our Disease

Models

S The current models used for pre-clinical drug testing Do NOT
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3 accurately predict how new treatments will act in clinical
o L]
8 trials
3
17 . . . .
£ — Heterogeneity in patient populations
— . .
@ — llnnredictahle nhvsipology
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Drug Discov Today Dis Models, 2008
What’s wrong with our cancer models? NATURE REVIEWS DRUG DISCOVERY,
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Our proposal

o Hypothesis

— Considering gene networks associated with
cancer outcome in heterogeneous patient
populations

— The difficulty of identify effective cancer cures (as
evidenced by drug resistance) may be a
consequence of the robustness of this network

— Network (robustness) as drug target

6 Pre-clinical in silico Cancer Models for Drug action
study

— Incorporating heterogeneity and in vivo physiology
information, which MISSING in pre-clinical cancer models
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EDITORIALS

Synthetic Lethality — A New Direction in Cancer-Drug

Development

a Synthetic lethality

A Mormal Cells
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repair recombination

N /
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SOD (Synergistic Outcome Determination)
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SOD (Synergistic Outcome Determination)
vs Synthetic Lethality

o parecg JL
Phenotype  Survival outcome of Cell death/growth
individual patient
Level Individual Cell
Data Human population Yeast (SGA);
Accessible  (via computation)

Human cell lines;

Herrarpeptaten




The pipeline

Gene Module

Database m

Compound in vitro
screen data

Gene Signature for
Compound Sensitivity

NCI 60 panel gene
Expression data
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What is Gene Module?
And Why We use it instead of the single genes?

Gene Module: Gene Module:
a group of genes robust/reproducible features rather than single gene
WhiCh A 0.14 10
share similar function N
Gene Module 1 i 1N i |
Gene Module 2 25 \\ Lo g
O 5§ 0,08 \ o _":I_’
 Gene Module 3 § oot y -

O ------ 0.0 1g=10
O Gene Module 4 0 — i |
O | 7 Subnitwork Singhe-gene Singhe=gaena

marers miarkers Mmarkers
""" (controd for size)  (provious shudins)
O O Gene Module n B .75 Subnetwork
5 / markers
07 Y Single-gena markers
: \ jcontrol for size)
T e Msig DB
g 1R ‘\..'______._.-
i =,
O A single gene 0.6
0.55 .2
0.5 o =
Randam

subnelworks
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letwork-based classification of breast cancer
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Gene Module Database

Gene Module
Database
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Prognosis Data
-- data associated gene expression with
patients’ proghosis

Prognosis Data Instance

a “wound response” gene
expression signature in predicting
breast cancer progression

A

DI N NE b serum

Quiescent

Quiescant

E 8 B -

o
[3

Activated
IZIZ‘E
| P=56 x10°

0 4 ] 2

Fraction Surviving O

aQ

Years after Surgery

Fraction Met- free )

o B ® B B

Activated

\ms:i

Activated

P=8.4 x10*°

4 B

Years after Surgery

2

Benefit of Prognosis Data

* Natural population
- Heterogeneity

Tumor tissue
- Microenvironment reflection

* Final point phenotype
- Survival time

* Comprehensive genomic
characterization

* Large Data Set

Chang HY et al. PNAS 2005;102:3738-3743
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Module-module cooperation network

Gene Module
Database

For each
gene

Candidate
Module
B

Candidate
Module
C

SIN A

Pool
Together

Gene-Gene
SIN analysis

Whole Gene Set (M
genes

p=Fix|M.EN =

- ;)
A

M-K
N-i

)

]

Candidate
Module
B

SIN A
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Module
C

SIN A

Cooperation
Module
B

Cooperation
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Inter-Module Cooperation Network (IMCN)
for lung cancer suggests that the network robustness highly
dependent on gatekeeper modules

* PN:CBEL subnetwork

* PHN:SYK subnetwork

® PM:INSR subnetwork
PMN:RAC1 subnetwork
b s gl g * PN:CRK subnetwork

* PN:RAF1 subnetwork * PA:Adherens junction
& PN:CSNK2AZ subnetwork
*  PN:LCK subnetwork | ; *  PN:STAT3 subnetwork
G " k = PM:UBE2l subnetwork
atekeeper ‘ ===
P . BP:digestion ' - ¢ = PC:C complex splicecsome
MOdUIe ' ! * CC:nuclear membrane
®  MR:hsa-miR-490-5p target * PN:ACTB subnetwork
' 1 . = PN:HCK subnetwork
o PN:PRKCD subhetwork A o | = MF:SH3 domain binding
g . * PN:PTK2B subnetwork
# PA:Pentose and glucuronate interconversions . 3 ’ * PN:ACTA1 subnetwork
. * PN:S051 subnetwork
Checkpomt ®  PN:PLCG1 subnetwork 1’ = PH:PSEN1 subnetwork
Module

-
# PN:CD4 subnetwork

.' PA:Metabolism of xenobiotics by eytoechrome P450

i.F BP:complement activation, classical pathway
* PN:CREKL subnetwork
*  MF:ATP-dependent helicase activity
*  MF:cysteine-type endopeptidase activity
* PHN:RHOA subnetwork

*  PN.VAV1 subnetwork
*  PN:IRS1 subnetwork
&« BP:positive regulation of I-kappaB kinase/NF-kappaB cascade
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Characterization of the Inter-Module Cooperation Network (IMCN)

Cancer type | GEO data set
Lung cancer (NSCLC) | GSE3S593
Breast cancer | GsE2034
Ovarian cancer | GsE3rae
AML GSE12417

‘Gatekeeper’ modules for lung cancer

P MN:ITGI e

PM:JAKL subnetwork

M F:chloride ion binding
PA:p53 signaling pathway
BP:xencbiotic metabolic process

Drug accessibility
* (Digestion, metabolism)

BP:response to calcium ion
PN:ROCK1 subnetwork
PM:MYOC subnetwork
PM:CDCZ subnetwork
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PM:FYM subnetwork

PN:EGFR subnetwork
PM:UBQLNS subnetwork

T Tumor
BP:cellular calcium ion homeostasis oo microenvironment
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CC:lysosome

PA:androgen and estrogen metabolism
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PA:Pentose and glucuronate interconversions 553 -~
PA:-Metabolism of xenobiotics by cytochrome P450 558 -

BP:chemotaxiz 561 -

MF:cytokine activity 564~ -4 Immune
' MF:serine-type e ndopeptidase activity 566 system

AN

BP:complement activation, classical pathway | 567 ..

Major

Biologicd
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Breast cancer

PM:PTPRC subnetwork

PM:GRB2 subnetwork

PA:-Metabolism of xenobiotics by eytochrome PA50
PM:EGFR subnetwork

PM:LCK subnetwork

PM:FYN subnetwork

PM:CD247 subnetwork

PMN:CD4 subnetwork

MF:cytokine activity
MF:monooxygenase activity
BP:chemotaxis

MF:serine-type endopeptidase activity

PMN:MMP2 subnetwork
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PA:Bladdercancer

BP:homophilic cell adhesion
PN:CD4subnetwork

BP:digestion

PA:Nicotinate and nicotinamide metabolism
BP:embryonic limb morphogenesis
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MF: cytokine activity

PA-Focaladhesion | 1 BP:complement activation, classical pathway
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MF:proteinkinase inhibitor activiy —T— g5
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PN:UBQLNS subnetwork s 376
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Contribution of various evidence sources
for gene module definition

Gene Ontologdy -
" Biological process
s Gene Ontologdy -

Moelecular functon

Gene Ontologdy -
. Cellular componen

« Protein complex

» Protein subnetwork

1%

« KEGG pathway

. microRNA target
genes
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Comparing genetic (somatic mutation) and epigenetic (DNA methylation)
aberration rate (in tumor vs. normal) of two types of modules

samatic mutation DA methylation abberrant
a.r . . 0.14 r :
P=0.0005
012
oA P=0.0002

[r—

0.05 +

006

Incident rate
Incident rate

0.

0.0

10 20 10 ull
Top pencertage Top pencertage

I ecpoint module
[ [eE eaper mocle

Top 10% or 20% of genes which highly used (i.e. one gene involved in
multiple gene modules) as representative of each types of modules



Compound action on cells

Connectivity MAP

BIOLOGICAL STATE AEFEREMCE DATABASE CONMECTIONS
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netwark presentation
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raported I
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Nature Precedings : doi:10.1038/npre.2010.5343.1 : Posted 30 Nov 2010

Use Perturbation Index (Pl) to

quantify Drug action
Hypothesis

— To disrupt/perturb cancer network, the key to success is to simultaneously
perturbs the corresponding gatekeeper modules with the checkpoint

modules
L (H; x L
PI(c) = Zf‘lé(c)x )

* Hi -- the number of hits by compound ¢

* Li -- the active links ( i.e. links in which both
source node and target node are matched by
compound ¢)

* N -- the number of gatekeeper modules

*A4

Drug 2
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Benchmarking for pre-clinical drug prioritizing

Why test?

— Assess the potential application for prioritizing compounds for
clinical trials, based on the information available in pre-clinical
stage

‘Standard Agent Database’

— Originally created by Boyd [29] and ultimately finalized by the
NCI

— Compounds which have been submitted to the FDA for review
as a New Drug Application

— OR compounds that have reached a particular high stage of
interest at the NCI

Successful drug list - FDA approved and routinely used drugs
Candidate list - the remainder
Test what?

— Whether we could statistically discriminate between these two compound
lists using the perturbation index
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Bootstrapping-based assessment of Perturbation Index on
discriminating successful drugs from the candidate

N c d
. (H; X L;
PI(C) _ 1—1( i I) 300! P=0.0132 300 |
G(c) 250} 250
F o
e 200} e 200t
o o
3 2 |
@ 150} g 150}
[ e
100+ 100}
50+ 50!
0 : e 0
0 2 4 6 0 2 4 6 8
Perturbation index (Gatekeeper module hits*active links) Checkpoint module hits*active links
e f
P =0.0443 0|
300+
300+
) 2
® 200} ®
4 & 200
L L
- o
100 100}
) i i ¥ P ol . L )
0 0.005 0.01 0.015 0.02 05 1 1.5 2

Gatekeeper module hits Checkpoint module hits
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Rank of drugs and agents in clinical deve opment for lung cancer

according to thair Perturibation I ndex

d Perturbation index

Temsiralimus [mTOR)

i Cisplztin [DNA dzmags)
Erlotinib (EGFR inhibitar)

Rapamycin [mTOR, immunosuppressant)
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Paditzxe || Mitotic inhibitar)

Bortezomib | Proteasomeinhibitor)
Gemdtabine [DNA synthesis inhibitor)
Gefitinib (EG FRinhibitar)

Vorinostat |HDAC)

Vinorelbine (Mitoticinhibitor)

Sorsfenit | RAF, KIT,FLT-3, VEGRFs, PDGFR)
Sunitznib [ VEG FR,PDGFR,c-KIT, FLT-3)
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5.00

1000

20,00
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How to quantify synergqistic effect of Drug
Combination?

Drug Perturbation
Gene list A

|

Drug Perturbation
Gene list B

J

Natyre Precedings : doi:10.1038/npre 20T0.5343x
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The Perturbation Index of
pair-wise combination of lung cancer agents

* Validity of Bortezomib-

Gemcitabine

- Notable survival benefits in lung
cancer patients using a Bortezomib +
gemcitabine/carboplatin combination
as first-line treatment (phase Il
clinical trial reported)

Davies, A.M. et al. J Thorac Oncol 4, 87-92 (2009)

* Validity of Bortezomib-

Paclitaxel

— In an RNA interference (RNAi)-based
synthetic lethal screen for seeking
paclitaxel chemosensitizer genes in
human NSCLC cell line, proteasome is

the most enriched gene group
Whitehurst, A.W. et al. Nature 446, 815-819 (2007)
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Bortezomib-Gemcitabine Combination
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Discussion (1)
Asapreclinical in silico modding tool

~ pa _""_hn.. rempareg] | 1terModule T

\ 4

— Mirroring drug behavior on natural populations
— Cost-effectiveness

— Easy to integrate drug action
mechanisms/patterns
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Discussion (2)
Strategy against cancer

Etiology-based strategy E Prediction-based strategy

* Gatekeeper modules as rate-limiting steps in therapeutic treatment

b P ke
T et

e P — O Drug metabolism and accessibility
P 0E | — O Microenvironment
\ ooty Bysenmes O immune system modulation
kS [ * Epigenetic plasticity on gatekeeper modules could exploited by
T iy tumor for attaining resistance to treatment
R . — Drug accessibility ~ <- Multi Drug Resistance
P i it ilire — Microenvironment <- Inflammatory
ﬂ-m»---u--- — Immune modulation <- Complement activation
R — * Battle against cancer
e *  know the history of tumorigenesis <etiology>

* know future survival strategy of tumor under therapeutic
interventions

* Systems biology modeling could provide prediction of the
tumor survival strategy
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A new perspective to understand principle of drug

combination in

Traditional Chinese Medicine ?

The Inter-Module Network

Primary
drug

s AL

.A4

A1
Secondary
drug 1

=2

A2

Ton2

Sacondary
drug 2
*A3

- King

- Minister

- Assistant

- Ambassador
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