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Outline

* Intro: Systems Pharmacology
e Pipeline: Our solution with R

* Case study: ldentify novel drug-ADR associations
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Flow of Information in a Drug Discovery Pipeline
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The Evolution of the Innovation

The Facts

Reductionism S S3p, i
Key - Lock Model v \: . *. ) e !
Clean Drug oo At T
One drug, one target, one disease _ il | i
System Theory . 8 Target GABRA1 link to

o8 ~40 drugs
Systems Pharmacology . v

ot GABRA! o0 -
Network Pharmacology A ,O.Q
Systems Biology - o‘o‘-. O ®

Drug Olanzapine link to ~11 targets ®

Yildirim,M.A., Goh, k.-I,. Cusick, M.E., Barabasi, A.-l & Vidal, M. (2007) Nat. Biotech. 25, 1119-1126.



Big Data,
Small Details

Topiramate
Crohn's disease, ulcerative colitis

M. Sirota et al., Discovery and preclinical validation
of drug indications using compendia of public
gene expression data. Sci. Transl. Med. 3 (2011).

Diseases



Pipeline of Systems Pharmacology

Preclinical ] | Clinical

Systems Biology

Chemical Biology Systems Pharmacology

GEMMs
Toxicology Human Dose-exposure Therapeutic Economics
PK-PD PK-PD responses index Safety
Network
Target Chemisty Phase | Phase Il Phase IlI Phase IV
Identification lead optimizatio Safety-PK/PD > Dosing > Efficacy > pharmaco-
—; n-? POC-human vigilance

Screening A Animal StudnesA

Initial hits PT(%:D D Current Academic Focus
| Current Industry Focus
l Quantitative and Systems Pharmacology |
Academic Industry
Application of systems biology approaches e Using pharmacodynamic (PD) and
Combining large-scale experimental studies pharmacokinetic (PK) modelling
Model-based computational analyses to e Predicting dose-exposure responses
study drug activities, targets, and effects and evaluating market potential

NIH White Paper by the QSP Workshop Group (Oct, 2011)



Biology's Dry

The explosion of publicly available databases housing sequences,

' Science (2013) 342,
| 186-189.

structures, and images allows life scientists to make fundamental

l discoveries without ever getting their hands "wet” at the lab bench |

“I'm like a kid in a candy store. "You basically don't need a wet lab to
There is so much we can do.” explore biology.”

—Atul Butte, Stanford University School of Medicine —David Heckerman, Microsoft Research



< “Horizontal Integration” >

i Interaction of drug with: |

Target Targetin cells  Cellular Networks  Multicellular Network

Populations

Patients

Animals

Organs

cn.lnlcl-
Cells ‘lology

Purified Cheimnietry
Components

«— “Vertical Integration” —>»
— Interaction of drug with: E—

Integration-based systematic thinking, is the core of QSP.



THE OMES PUZZLE

Where once there was the genome,
now there are thousands of omes.

It's a trend to integrate the Omics
data, numerical or non-numerical,
structural or non-structural,
semantic or non-semantic.

Nature (2013) 494, 416-419.

Established

GENOME

The genetic
material of an

organism

TRANSCRIPTOME
All RNA

expressed
from the genome

PROTEOME

All the proteins
in a system

METABOLOME
All the small
molecules in
a system

Emerging

VARIOME

All genetic
variation across
a population

EPIGENOME

All elements
controlling gene

expression not
encoded in DNA

INTERACTOME

All the molecular
interactions in a
system

FLUXOME

Dynamics of
small molecules
over time

Aspiring

PHENOME

Complete physical
descriptions that
can ideally be
related to genotype

REGULOME

All the regulatory
elements in a cell

INTEGROME

A combination of
multiple ‘omics
data sets

OMNISCIOME”

The entirety of
knowledge about
a cell, organism
or system




The Dawn of A New Era:
B10 Big Data Blossom



Drugbank Database Drug-Target \

DRUGS TARGET PROTEINS
Latf@alol ADRA1B
Risg‘donc LA
ADRB1
an.one
DRD2
Ned @omil
HRH1
Bimateprost CYSLTR?
Fluoxyi@sterone PTGDR
estomerone ADRATA
PRLR
Dromof@nolone
AR
. Mont@ukast ] g
1179 FDA-approved small molecule & biotech e SHBG
drugs (different chemical entities) R ESR1
890 / 1179 has human protein targets390 Human o g
' Nor@strel
Drug Target Proteins for Approved Drugs. "
Mifepfstone PGR

Wishart DS et al., Nucleic Acids Res. 2006 1:3 \ ol E8RD /




KEGG Database e ~
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UniProt Database

Prot ¢

The mission of UniProt is to provide the
scientific community with a comprehensive,
high-quality and freely accessible resource of
protein sequence and functional information.



BioGRID Database

Search the BioGRID PPl network

Search by identifiers, keywords, and gene names...

3 @®”@@

BIOGRID FUNDING AND PARTNERS

3 v
e Y& 4 BBSRC ->

okHEA\Sb ClHR II\.\(

MOUNT SINAI *. C %Eﬂ’;‘f&;‘}‘h Université r"'\
HOSPITAL b de Montréal

% =
N> EiwHb £

more partners

BioGRID is an online interaction repository with data compiled through
comprehensive curation efforts. The current index searches 41,785 publications for
722,541 raw protein and genetic interactions from major model organism species.



M
CTD Database m llluminating how chemicals affect human health.

Comparative Toxicogenomics Database
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The Comparative Toxicogenomics Database (CTD) provides information about
Interactions between environmental chemicals and gene products and their
relationships to diseases. Chemical-gene, chemical-disease and gene-disease
interactions manually curated from the literature are integrated.



Side effect Data for drug PlaceboLabels
123456

SIDER Database

Dyspnoea - =1 28% ““I

Headache 18% “"I
Browse the drugs by name: —

Dizziness -=1 12% ““I
|aba-ami | aml-bec |ben-cab | caf-cef | cel-clo |coc-den | Lightheadedness 12% ““I
lev-mef | meg-met | mex-nap |nar-olm |olo-per |phe-pra

gt (e e s 2oe b s Hypotension - 2% T
Browse the side effects by name: - Arthvthmi
Arr mia
| 5q -abn | abo-acr | act-acu | add-agi | agn-alo | ait-ana |anc-ano |ant-z ) 1% l I
pin-dble |bli | blo | blu-bra |bre |bro-bul | bun-cap | car | cas-cen | cer-ct Bronchospasm o= postmarkeﬁng II
coo-cox | cra-cut | cya-dea | dec-den | dep-det | dev-dia | dif-diu | div-dry s ‘
T L S A o malle IO‘"-Sl Grand mal convulsion postmarketing | “
Downloading data s o=
g Cardiac arrest «=/ postmarketing “
Here, you can download the currentversion  Information T postmarketing I “
versions can be found on the FTP site. ;
Torsade de pointes -« postmarketing I “
- 0 OH
Mapping of labels Loss of consciousness - -+ postmarketing ' I
The package inserts contain information abe YO Ventricular fibrillation = postmarketing “
information, labels were mapped to STITCH ! Bradycardia postmarkeﬁhg “
identifiers. (These compound identifiers mig : . S
) Blood pressure increased postmarketing “
More information: STITCH, PubChem and possibly Wikipedia or Database statistics
Medpedia Number of drugs and side effects
#of SE # of drugs # of drug-SE pairs Pairs with frequency information
ATC Codes: A01ADO05, BO1AC06, N02BAO1 4192 996 99423 40.8%
. ) ) Number of drug-side effect pairs in different frequency ranges
SIDER contains information on marketed P irequent e ”
LA~ ' ith exact da ith ex ata with exact da coreraton
medicines and their recorded ADRs. The e N S M S
. . . . drug 11475 (10316) 9471 (3236) 6650 (2068) 21664 40603
information is extracted from public documents
. . placebo 4330 (4320) 2043 (2043) 1425 (1425) 0 8370
and package Inserts. It contains 99423 drug-ADR
palrs aSSOC|ated Wlth 996 drugs and 41 92 ADRS The current version has been released on October 17, 2012 This release uses the MedDRA dictionary (version 14.0) and
provides access 1o preferred lerms and lower-level terms. The number of drugs has increased from 888 to 996. Compared
. . to the release in March 2012, additional side effects have been retrieved by betler processing of the labels. Sice effects that
MIChael KUhn et al’ MO'GCUlar SyStemS BIOlOgy 201 O (6) 1_6 are mentioned on the label as esher potential or not occurring are removed. SIDER 1 is still avalable via FTP.




CHALLENGE AGGEPTED
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Packages & Web Servers



What do we need for
Systems Pharmacology Modeling”

e |nformation: Multi-scale Representation

* Methodology: Multi-scale Modeling



What does R need”?

* (Good at methodology and modeling, state-of-art
statistical machine learning methods, Bioconductor

* | acks of bio/chem data representation

* A good representation is fundamental and critical



What we did”?

R/Bioconductor packages for

multi-scale molecular representation



protr

Protein Sequence Descriptor Calculation
and Similarity Computation with R



Fourteen [Descripto rsJ
Types

Qualitative Quantitative

Descriptor
ProtrWeb Sets for
20 AA

(CIassiﬁcationJ (PCM Modeling)

Sequence Gene
Alignment [S|m||ar|t)lJ Ontology

Schematic diagram of the protr package.
from Xiao et al., (2014)



What could protr do”

- For regular predictive modeling

* 14 types of commonly used descriptors:
* Bioinformatics (Classification)
e 6 types of PCM descriptors:

* Proteochemometrics (Regression)



What could protr do”

- For similarity-based modeling methods

e Similarity derived by seqguence alignment & GO:
* Similarity-based clustering
 Kernel methods

* elC.



Make protein sequence into a numerical vector

@-:cvy | ([ OES-.- B8 -- D86 --
={} S8 -- DE8-- 68--
={Y,M,T,S}
B crow | | SES-- G88-. 088 -
.:{R,K} ............
= {D,E} ... = V338 ... = V339 ... = V340
. = {C} ) ... = V3q .. = V342 ... = V343
L
Protein Sequence:

SESESasEsassiasrcooeesoaoanannens
" ——" \ Y 7\ Y / " —

[ ]

c f1=53
fo=1
J3=2
Ji=1

fan=1
farr=1
fauz =10

 For algorithmic details, see vignette('protr')



ProtrWeb

e Shiny-based

 Fast implementation: 1 Day



CNeNs) ProtrWeb "

ProtrWeb Get Started Example Input Downloads ~ CBDD Group

ProtrWeb

Step 1. Upload Protein Sequence

Upload FASTA File:

wmf | RESFXH Protein Sequence Feature Extraction with ProtrWeb

Over the past decade, machine learning methods have been successfully employed in the structural, functional

Or Upload Raw Sequence File: and interaction profiles research of proteins and peptides. The structural and physicochemical descriptors
aExE | ARIEFESH have been intensively applied in the research of protein structure and functionalities, including
¢ Predicting protein structural and functional classes
¢ Predicting protein-protein interactions
) ¢ Predicting protein-ligand interactions

Step 2. Select Descriptor(s) ¢ Predicting protein subcellular locations

Descriptor Name (Dim): ¢ |dentifying protein phosphorylation sites
°

Amino Acid Composition (20) Predicting protein crystallization propensity and peptides of

specific properties
Dipeptide Composition (400) peciiicprop

Tripeptide Composition (8000) and many more challetnging problems. As the fundamgntal build‘ing
blocks, sequence-derived structural and physicochemical descriptors
extracted from protein and peptide sequences play a highly critical role in the modeling procedure. Here we

Normalized Moreau-Broto Autocorrelation

(240) present ProtrWeb, a web server based on our R package protr, dedicated to compute such structural and
Moran Autocorrelation (240) physicochemical descriptors. Currently, ProtrWeb offers the functionality for computing 12 different types of
Geary Autocorrelation (240) qualitative descriptors presented in the protr package. The protr package offers more quantitative descriptors,
C/T/D (21 + 21 + 105) miscellaneous tools and datasets, and more customized descriptors could be crafted by accessing the protr

L . package directly.
Conjoint Triad (343)

A Screenshot of ProtrWeb



Rcp1

R/Bioconductor Package for Bioinformatics,
Chemoinformatics & Chemogenomics Research



Molecular

Descriptor

Small
Molecule

FP / MCS
Similarity
Calculation

Combine
Entrywise

Tensor

Pairwise
Interaction

Molecular
Fingerprint
& Similarity
NEETY

Protein
Sequence

Parallelized
Mol / Seq

Retrieval

Auxiliary
Utilities

Represetation

Compound- Protein- Molecular Reading
Protein Protein Format SMILES/SDF
Interaction Interaction Conversion FASTA/PDB

Schematic diagram of the Rcpi package.
from Xiao et al., (2014)



What could Rcpi do”



Sensitivity
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from Xiao et, al. (2014)



Experience & Pitfalls



Dependency Hell

e foreach / doParallel / doMC

e GOSemSim
e ChemmineR
e ChemmineOB

e fmcsR

e rcdk

e Biostrings

« RCurl



Checking Hell

e R CMD check

e BiocCheck




EXPeriences

e Use Roxygen? to generate docs and NAMESPACE
* Cross-platform availability: doParallel / doMC

e Unit Tests



Part |l
Drug-ADR Prediction



|[dentity Novel Drug-ADR
Associations

* |Integrated multiple evidence from multiple levels
» Collaborative filtering and link prediction

 Mainly done by R, some done by Python



summary



summary

* Integrating only in the molecular structure level for now

 With R’'s modelling capabillity, applications promised.



Future Works

protr: Incorporate protein 3D information
Rcpi: Integration of RDKit, ChemoPy
Omics Information (Genome / Proteome / Phenome)

Network-based representations



Our Vision

e Systematic integration

 Comprehensive pipeline



Resources

* protr

http://cran.r-project.org/web/packages/protr/

* Rcpl

http://bioconductor.org/packages/release/bioc/html/Rcpi.html

e ProtrWeb

http://cbdd.csu.edu.cn:8080/protrweb/



http://cran.r-project.org/web/packages/protr/
http://bioconductor.org/packages/release/bioc/html/Rcpi.html
http://cbdd.csu.edu.cn:8080/protrweb/
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Efron, B. (2005). Bayesians, frequentists, and scientists. JASA, 100(469).
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Sometimes, not very often, the planets align for some
lucky discipline, which then blossoms with new ideas and

breath-taking progress. Microbiology is a perfect current
example. The key there was a buildup of interesting

questions concerning cellular processes, followed by new

technology that enabled a much closer look at those

processes 1n action.

Efron, B. (2005). Bayesians, frequentists, and scientists. JASA, 100(469).



Now the planets may be aligning for statistics. New

technology, electronic computation, has broken the

bottleneck of calculation that limited classical statistical
theory. At the same time an onrush of important new
questions has come upon us, in the form of huge data sets
and large-scale inference problems. I believe that the
statisticians of this generation will participate in a new
age of statistical innovation that might rival the golden
age of Fisher, Neyman, Hotelling, and Wald.

Efron, B. (2005). Bayesians, frequentists, and scientists. JASA, 100(469).






