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ChEMBL — Data for Drug Discovery

1. Scientific facts 3. Insight, tools and resources for translational drug discovery
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2. Organization, curation and standardization of pharmacology data
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 The world’s largest
primary public
database of medicinal
chemistry data
— ~1.4 million
compounds, ~9,000
targets, ~12 million
bioactivities
* Truly Open Data - CC-
BY-SA license

e ChEMBL data also
loaded into
BindingDB, PubChem
BioAssay and BARD
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MyChEMBL - 8GB FOSS!

“* myChEMBL LaunchPad

Welcome to the myChEMBL LaunchPad, providing access to all resources distributed with the

« Web Interface

This web interface provides quick access to the
myChEMBL data without any prior knowledge
of SQL or RDKit.

~ |IPython Notebooks

A selection of programmatic tutorials written in
Python and presented using interactive IPython
Notebooks.

myChEMBL virtual machine.

« phpPgAdmin Console

Use the phpPgAdmin console to explore the
myChEMBL PostgreSQL database and run SQL
queries (user: mychembl, password: read).

o KNIME Integration

Learn how to connect the KNIME workbench to
myChEMBL and also how to start processing
ChEMBL data within a workflow environment.

« Web Services

Access to a local version of the official ChEMBL
Web Services, which connect to the myChEMBL
PostgreSQL database.

~ More Information

For more details on the myChEMBL project,
including background, acknowledgements and
references.



ChEMBL - Added Value in Curation

Annotation of approved drug and

USAN information P

— Small molecules and biotherapeutics C\i%

— Human and pathogen targets g %>\

— Direct molecular targets

— Mode of action assigned < oy | -
Standardization and correction of et
chemical structures W ' e
Classification of assays % o nT

— assay type, format, organisms, cell-lines ‘:?'}’ P i % ’;ﬁ%ﬁ
Standardlzahon and Valldatlon Of PDE5S GABA‘-A r\e;ceptor Muscarini:recgptors

assay endpoints
— unit conversion, identification of errors,
duplicates
Detailed representation of
molecular targets

— single proteins vs. protein complexes,
protein-protein interactions etc. and
protein family classification

E =enzyme

MR = membrane receptor
IC =ion channel

TF = transcription factor
T =transporter

PO = protein, other
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Target Class Data
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Drug Approvals
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Different Types of Drugs

Synthetic small molecule

Drugs Approved 2013 Assigned USANs 2013

Natural product-derived
small molecule

Monoclonal antibody

Other protein

Polymer

Peptide

Oligonucleotide

Oligosaccharide

Inorganic

Other

Other

Santos et al, unpublished
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Filling The Gaps — Exposure Data
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* Large ‘tides’ of target exposure during
dosing schedule
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Filppula et al, Clin. Pharmacol & Therap (2013) 94 383-389



Filling the Gaps — Exposure Data
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Introduction

Tmatinib is the 4- hyl-1-piperazinyl) methyl]-N-[4-methyl-
3-{[4-3-pyridinyl)-2-pyrimi mvu amine] pheyl bensamids, wich

s represented by the following structure (Figure |

hich gt v oo procscn s s roth e,

Figure 1
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differentiation, adhesion and apoptosis [1,2]. Deregulation of protein
tyrosine kinase activity has been associated with the pathogenesis of
various cancers, including chronic myeloid leukemia (CML) and
gastrointestinal stromal tumour (GIST), as well as other proliferative
diseases (3],

CMLis a hematologic stem-cell disorder associated with a specific
chromosomal translocation known as the Philadelphia Chromosome

(Ph). Ph s detected in 95% of patients with CMI. from which 20% of

of the P translocation is the fusion of the Abl (Abelson leukemia
virus) proto-oncogen on chromasome 9 to the Ber (breakpoint cluster
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Only ~1% of Genome is a Drug Target

The human targets of FDA-approved oral drugs

{HHi
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Drug Targets and Drugs

Targets Drugs
Drug target Total Small- Biotherapeutic | Total Small Biotherapeutics
Class targets molecule drug target drugs | molecules
drug targets
Human
315 243 86 1133 951 182

Protein
Pathogen

52 49 4 205 200 5
Protein
Other human

15 3 13 75 50 25
biomolecules
Other
pathogen 8 7 2 102 99 3
biomolecules

Santos et al, unpublished




Innovation in Drug Approvals

Stomatologlcal preparations

Blood glucose lowering
drugs, excl. insulins

Corticosteroids —__

Antiglaucoma
Ophthalmologicals antiinfectives—

,——Antithrombotic agents

Antihistamines ——

Inhalants for obstructive

airway disease — o@j"
?g_?(:%
Descongestants —
Q- ,——Agents for hemorrhoids
foug T 1135%)

g S | — o

03¢ 8

PO?B

::ch

g Q 7} = . e
2 ,——Lipid modifying agents
s 8
s o 2(1.2%) 4(2.6%)
[
o — =
5
=z 8 |

S 14 (22%)
Antidepressants 3 -
© - ~——Corticosteroids
7TM1 Nuclear receptor  lon channel Kinase

Antipsychotics —

Gynecological
antiinfectives

S

Antiepileptics —

~——Urologicals

~—— Corticosteroids

/

Immunosuppressants—————/ " Other beta-lactam

antibacterials

; i ) .
Antineoplasticagents Direct acting antivirals

Approval year: [l2011-2015 [0 2006-2010 [ 2001-2005 []1996-2000 [ 1991-1995 [ before 1990



Privileged Target Families

Rhodopsin-like GPCR lon channels Nuclear receptors Protein kinases
PDBe: 3sn6 PDBe: 4kfm PDBe: 3e00 PDBe: 4foc

22% of drug targets 12% of drug targets 6% of drug targets 13% of drug targets
33% of small mol drugs 18% of small mol drugs 17% of small mol drugs 2.4% of small mol drugs

Over 53% of all targets and 70% of drugs modulate these four target classes



Footprint of Target Classes Across Disease

Ligand-gated ion channels

Protein kinases

\ oo

oo
oo*

| oo7 O

D08

D10

Goz

4 o3

Nervous
system

L
NP
RS

Cancer and inflammation
Santos et al, unpublished



Privileged Target Families

ChEMBL17 Drugs

® 7™ ® kinase ' protease @ nuclear receptor @ hydrolase ® CYP450 @ VGIC @ redutase
transporter electrochem @ LGIC ® PDE @ phosphatase ® lyase @ isomerase 7TM2 @ 7TM3
@ NTPase ' transferase @ TRP KIR TLR @ SUR @ ligase other

Santos, unpublished



Domain-level Binding Site Annotation

Frequency of domains containing binding sites
Depleted and Enriched Pfam Domains

Neur_chan_memb -1.63

.7t 1 zf-C4 -0.94

- ANF _receptor -0.88

W Pkinase SH2 -0.83

i Pkinase_Tyr Pkinase_C -0.70

& Neur_chan_LBD fn3 -0.53
i lon_trans SH3_1 -0.51

- Lig_chan -0.50

& Hormone_recep C2 -0.50

 p4s0 C1_1 -0.50

B Trypsin Guanylate_cyc -0.46

HATPase ¢ -0.46

i Beta-lactamase I-set 044

 Peptidase_C1 adh_short -0.39

& Carb_anhydrase PH -0.39

“SNE Ank -0.39
& Hist_deacetyl Metallophos 0.35
HAsp Phospholip_A2_1 0.38
i Peptidase_M10 Peptidase_M10 0.41
& phospholip_A2_1 Asp 0.45
. SNF 0.48
Metallophos Hist_deacetyl 0.48
 Lipocalin Carb_anhydrase 0.50
WGST_N Peptidase_C1 0.51
& PDEase | Trypsin 0.51
- Beta-lactamase 0.57

& COesterase p450 1.00
“Y_phosphatase Hormone_recep 1.19
& Transpeptidase lon_trans 1.66
BDHFR 1 Ne.ur_chan_LBD 2.02
- Pkinase_Tyr 212

- PI3_PI4_kinase Pkinase 587
& peptidase_M1 7tm_1 7.30




Clinical Kinome

CAMK
Overington, Al-Lazikani & Wennerberg, unpublished

® Approved
® Phase 3
® Phase 2
O Phase 1



Clinical Kinome

e 399 Clinical stage human kinase inhibitors

— 31 Approved small molecule kinase inhibitors
e 17 -tinib — tyrosine kinase inhibitors
* 5-rolimus —mTor inhibitors

4 -rafenib — Raf inhibitors

2 -anib — angiogenesis inhibitors

1 -metinib — met inhibitor

1 brutinib — Bruton tyrosine kinase inhbitors

1 -dil — Rho kinase inhibitor (Japan only)

— 38 Phase 3
— 143 Phase 2
— 189 Phase 1

 Phase 1:2 ratio is atypical due to many kinase inhibitor trials
being phase 1/2 oncology trials
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Kinase Inhibitor Polypharmacology

Staurosporine Sunitinib
(no trials)

US launched
Erlotinib Gefitinib

O:M “ @

&
2 o]
@ ‘ » @
*
© L L
° [

Adapted from Ghoreschi et al, Nature Immunology 10, 356 - 360 (2009)

Sorafenib

Lapatinib

Imatinib Dasatinib
o
]
)
&)
Tofacitinib Tozasertib
(Ph. 1)
* ©




25

20

Kinase Inhibitor Attrition

Kinase USANs Cumulative Kinase USANs

582838485868788899091 9!{59495969.79899 0 01 02 03 04 05 06 07 08 09 10 11 12 13 0 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13
Kinase Drugs Cumulative Kinase Drugs
120
100
80
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40
20
0 ]
81 82 83 94 85 86 87 88 89 90 91 92 93 94 95 96 10 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13

Overington, unpublished



Kinase Inhibitor Attrition

USAN to approved fraction! —~0.2 is long term mean for all drugs across all classes

0.5
0.4
0.3
0.2

0.1

0

1998 2000 2002 2004 2006 2008 2010 2012

Overington, unpublished



Kinase Inhibitor Productivity

7 O Pfizer
6
5
§ 4
% 3 O Novartis
z o
2 oo o BMS O AstraZeneca
1 oooo o Roche
Lilly
—-0-00-00-0H0—00 N
v 0 5 10 15 20 25 30 35 40 45

Number Pipeline

Overington, unpublished



Modern Drug Discovery Assay Cascade

Biochemical Cell-based Functional 3::;::; Human
8y screen assay model clinical trial

* Move from ‘quick, low-cost, less predictive’ assays to ‘slow, high-cost, more
predictive’ assays
* Make selections on which compounds to progress to later assays on basis of

positive activity in earlier screens
* Early, cheap assays are used a lot of times, later expensive assays rarely

e Attrition — failure of compounds in that pipeline



Efficacy Assay Cascade
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disease
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Efficacy Assay Cascad
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ChEMBL Bioassay Annotation Strategy

ChEMBL

Hingorani & Casas
UCL/Farr

Neurology
_ Biochemical | Cell
(B) (FC)
HeCaTos ’
. Tissue .
(FT)

GSK/
ChEMBL L R . .
Assay classification  Assay sub-classification ~ Assay adjacency Assay network & Curated directed
BAO BAO matrix biomarkers bioassay cascade
Al-Lazikani
Oncology |
Cooper

WADI




Assay Networks — Adjacency Matrix

CHEMBL875045.8
CHEMBL653648.8
CHEMBL653626.8
CHEMBL651939.8
CHEMBL841625.F
CHEMBL653650.8
CHEMBL651340.8
CHEMBL651943.8
CHEMBL653627.8
CHEMBL655032.8
CHEMBL653633.8
CHEMBL651945.8
CHEMBL651942.B
CHEMBLB42684.F
CHEMBL717113.F
CHEMBL653651.F
CHEMBL653628.F
CHEMBL651944.F
CHEMBL651941.F
CHEMBLB42685.F
CHEMBLB00024.F
CHEMBL717111.F
CHEMBL803356.8
CHEMBL800023.8
CHEMBL753361.8
CHEMBL717112.F
CHEMBL717115.F
CHEMBL717114.F
CHEMBLB05052.F
CHEMBL802093.F
CHEMBL771728.F
CHEMBL768987.F
CHEMBL766608.F
CHEMBL764059.F
CHEMBL746197.F
CHEMBL705167.F
CHEMBL677095.F
CHEMBL676466.F
CHEMBL676371.F
CHEMBL663434.F
CHEMBL636105.F
CHEMBL634244.A

Assay network topology for data from
pubmed id=6341590
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CHEMBL663434.F

CHEMBL636105.F

CHEMBLE34244 A

Order: | by Cluster $
Color: | Solid

This matrix diagram visualizes
compound co-occurrences
between assays in document.

Each colored cell represents
number of compounds common
to assays; darker cells indicate
Larger set of common
compounds.

Number of assays: 42

Number of assay data points:

2893
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EGFR Assay Cascades from ChEMBL

Physicochemical properties for cSrc EGFR pathway inhibitors
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F. Krueger (unpublished)



SureChEMBL

e EMBL-EBI acquired the
SureChem product from
Digital Science

— 15 million chemical structures

— Automatically extracted
chemical structures from full-
text patent

* Research community wants
open access to patent data

— Patent literature 2-3 years
ahead of published literature

— Better competitive position
* Plan to provide ongoing free,

Open resource to entire
community

EMBL-EBI




SureChEMBL Data Coverage

EP applications

EP granted

WO applications

US applications

US granted

JP applications

JP granted

90+ countries

Data

Bib. data
Full text

Bib. data
Full text

Bib. data
Full text
Bib. data
Full text
Bib. data
Full text
Bib. data

Full text

Bib. data

Bib. data

Description & Languages

DocDB + Original
Original (EN, DE, FR)

DocDB + Original
Original (EN, DE, FR)
DocDB + Original
Original (EN, DE, FR, ES, RU)
DocDB + Original
Original (EN)

DocDB + Original
Original (EN)

DocDB
PAJ - English abstracts/titles

DocDB

DocDB

Years

from 1978

From 1980

From 1978
From 1978
From 2001
From 2001
From 1920
From 1976
From 1973
From 1976

From 1994

From 1920



SureChEMBL Chemistry Data Coverage

* Exemplified structures from patent title,
description, abstract and claims

e Structures from text 1976 onwards
e Structures from images 2007 onwards

 USPTO have provided ‘Complex Work Units’
since 2001
— CWU file types include MOL and CDX
— CWUs processed as part of pipeline



SureChEMBL Plans

UniChem/ChEMBL integration

Enhanced entity extraction

— Tag commonly used identifiers UniProt,
ChEMBL, ChEBI, PubChem, PDB,
Research codes

Proteins, diseases, animal models, cell
lines, assays

New search methods

— Protein sequence-based searching,
including biotherapeutics

IMI Open PHACTS funding
refactor SureChEMBL API

— RDF Conversion and semantic tagging ->
EBI RDF Platform

Status
— Database running and updated
Legacy API running
— Front-end running
— Legacy user account system removed

Patent
Offices

_ s i
‘o amazon hadedede Ll LD L DL DL L Ll L Ll Ll DL L LD DL LD 1
services 1 SureChEMBL System

Molfiles in
patent

y- N\
3-{[(dimethylamino)
carbonyl]oxy}-N,N,N-
trimethylbenzenaminium

Chemistry
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I
I
I
I
I
I
I
: Database

I
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I

I

|

Entity Name to :
Structure I
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I
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I

Recognition
(five methods)

Database

Image to
Structure

(one method)

Application

Server

Patent
PDFs
(service)
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ChEMBL - for drug discovery
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Interesting histogram of distribution of
drug and #ChEMBL compound heavy
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ADME studies are focused on understanding the disposition of a compound within an organism and the results of such studies play a
critical role in the drug development process. ADME studies (more commonly referred to as pharmacokinetic or PK studies) are
focused on 4 main areas: Absorption, Distribution, Metabolism and Excretion. More information on the PK measurement types can
be found here.

Comparisons of PK data across species is a potential problem drug researchers need to deal with, as model organism studies are
the primary source of such data. For example, in an animal model study, which may be carried out on a compound as it passes
through the drug development pipeline, is it meaningful to compare clearance or bioavailability data from a mouse or rat to
human? Clearly there are many differences (physical, metabolic, genetic,..), which make answering these types of questions
difficult. Building tools which guide researchers to potential answers or provide a better understanding of the inter-species
differences are of great value - leading us nicely to the focus of this blog post.

http://chembl.blogspot.com



