






TARGET SYNOPSES

One of the most popular uses of canSAR is retrieving
instant summaries about a particular target of interest.
To enhance this ability, we have developed a new ‘wiki’-
style summary page (Figure 2a) that distils the key infor-
mation about the target in a human-readable summary
form and covers function, cellular localization, drugs
and clinical candidates, cancer mutations, RNAi data,
expression levels in cancer and nontransformed cell lines
and drug or chemical probe bioactivity information
among others. Each section is linkable and explorable
with drill-down capabilities. The cell-line matrix displays
all available information for the specific target in all cell
lines, so in one table, the user can see the mutation state,
expression level, and, where it exists, RNAi information
(Figure 2f). The interactive protein-interaction networks
provide a powerful resource that not only identifies

protein interactions of the target of interest, but also
provides chemical biology annotation and genomic infor-
mation in an ‘at-a-glance’ form so that the user can im-
mediately identify any drug targets in the network, or
targets with known bioactive chemical probes, that are
RNAi screen hits or that have known mutations in
cancer (Figure 2e). Each protein in the network is
colored according to its chemical tractability, thus high-
lighting proteins within the immediate network of the
target of interest that would be most amenable to drug
discovery.

CELL-LINE SYNOPSES

We have developed a synopsis page for each cell line in
canSAR (Figure 3a) covering cancer and nontransformed
cell lines. These cell-line synopses summarize key

Figure 3. The new Cell Line synopsis summarizes the data stored about particular cell lines. (a) The overview page presents the highlights including
a banner of icons indicating availability and status of different data such as mutations, bioactivities, RNAi and gene expression. All data can be
explored in detail including (b) reported mutations, (c) listing of ‘genetically’ similar cell lines based on mutational status, (d) highest and lowest
expressed genes and (e) drug sensitivity profiles compiled from different sources.
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information about a cell line including its tissue of
origins, key mutations and gene copy-number variations,
the highest and lowest expressing genes, the number and
the activity of drugs or chemical probes tested against it,
among other descriptors. In addition, detail is provided
including full mutation reports and comparison with
other cell lines (Figure 3) to enable rapid identification
of genetically similar or complementary cells, drug/
chemical probes sensitivity profiles and RNAi experimen-
tal data summaries.

PROTEIN FAMILY SYNOPSES

It is often useful to view the information around a target
family as opposed to individual targets. This can be the
case when multiple family members are involved in the
same biological process or when, say in a drug discovery
context, the chemical modulation of certain family
members needs to be avoided to prevent adverse reactions.
To enable the full chemogenomic exploration of protein
families, we have developed protein family synopsis pages
(Figure 4) that summarize the number of family members,
the number of members that are druggable, that have bio-
active compounds and that are known to have mutations
in cancer. The family definitions for these pages are cur-
rently obtained from Uniprot (14) annotations with plans
to expand them into Pfam (15) families in the near future.
All the numbers are then linkable to the full detailed in-
formation to enable viewing and sorting family members,

their bioactive compounds or their 3D structures
(Figure 4).

canSAR-3D

3D structure is a powerful tool in understanding the mo-
lecular mechanisms of disease and the design and develop-
ment of new drugs. As well as having access to the large
number of protein structures (>93 000) in the Protein Data
Bank (PDB) (7), it is important to know how the different
structures compare, what domains within the protein are
structurally characterized, what ligands or drugs they bind
and where druggable pockets potentially exist. canSAR-
3D, the 3D structural component of canSAR, contains
annotated PDB structures where each structure is linked
to the protein and full genomic information, on the one
hand, and the full chemical information for its ligand on
the other (Figure 5). We have curated the ligands in the
PDB into five categories to better distinguish those that
are genuine small molecule endogenous ligands or
chemical modulators of protein function from biologically
unimportant small molecules such as surfactants. The
categorization of small molecule ligands is computationally
assigned based on the presence of >6 non-Hydrogen
atoms. Exceptions to this rule and the surfactants in this
list are further classified bymanual curation. There is a per-
protein structural summary page that graphically repre-
sents the structures available for a protein and regions
they cover, together with structures of homologues depend-
ing on similarity criteria set by the user (Figure 5a).

Figure 4. The Protein Family synopsis summarizes the data held about a particular family, including the number of druggable members, the number
of members that have bioactive compounds and those members that are known to have mutations in cancer. These are linked directly to the full
chemical bioactivity data and their publications and full mutation data as well as other annotation. All subfamilies and individual proteins can be
reached through an interactive family tree.
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The full structural complement for each protein is dis-
played in an interactive browser that allows comparison of
the structures and viewing of ligand-interaction maps
(Figure 5b, c). 3D structure superposition may also be

carried out on-the-fly. The 3D-druggability scores
(12,16) for all identified pockets within each structure
are automatically calculated and updated in canSAR on
a weekly basis. For some families of special interest, we

Figure 5. Snapshots of some components of canSAR-3D. (a) The 3D explorer shows all structures available for a target (in this case EGFR) and
allows filtering based on the availability of bound drugs (as shown) or other ligands, and on structure-based druggability. (b) Ligand interaction
maps, 3D structural inspection and (c) superpositions viewers are available and all are linked seamlessly to chemical bioactivity and protein, genetic
and functional data.
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are introducing additional curation and analyses. For
example, protein kinase structures are tagged with the
activation state of the structure (Figure 5).

USING canSAR

Single portal for multidisciplinary data

Users often utilize canSAR as a single-point portal to
access broad data available for a gene, protein, drug or
cell line. The target, compound and cell line synopses are
typical access points for these. More complex use cases
typically performed in canSAR include the following
examples.

Identifying tools for probing a target’s activity

For a gene or protein of interest, the user can identify
available evidence for disease association through
altered mutation or expression in patient tissue on the
target synopsis. In this same page, the user can identify
which cancer cell lines will be useful to use as model
systems to study this target, and what are the genetic
states of these cellular models. Furthermore, using
both the target synopsis and bioactivity exploration, or
the cell line synopses, the user can identify which drugs
have shown activity against their target or their model cell
lines.

Prioritizing lists of genes for further experiments

For a list of genes from a functional RNAi screen, their
proteins can be assessed for ‘druggability’ based on up-to-
date structural and chemical information to identify which
are the most druggable targets and also what chemical
probes have been published for them. These can be
investigated individually through the target synopses or
in batches of up to 500 genes using the Cancer
Protein Annotation Tool in canSAR. This tool provides
the user with a spreadsheet summarizing the evidence
for druggability, and the availability of structural and
chemical probes.

What is known about a cell line of interest

Using the cell line synopsis, users can explore the genetic
and transcriptional make up of a cell line. The user can
also identify other cell lines with shared mutations as well
as examine drug sensitivity profiles and identify which
drugs a cell is sensitive or resistant to.

Multidisciplinary network analysis

For a target of interest, the user can utilize the protein
interaction network to identify druggable targets within
the immediate network of the protein of interest. Also,
in the same place, the users can identify whether these
network neighbors have been reported as hits in a
cancer RNAi screen or whether they are mutated in
cancer.

CONCLUDING REMARKS AND FUTURE
DEVELOPMENT

Since its initial release, canSAR has grown both in content
and functionality. Through the integrated data in
canSAR, users can rapidly answer complex scientific ques-
tions as exemplified above. Furthermore, examples of
using canSAR in this way to identify novel druggable
cancer targets have recently been described (16). These
and some further examples and use cases are published
on the canSAR online documentation pages (http://
cansar.icr.ac.uk/cansar/documentation/) and we will be
adding to them over time.
Future plans for canSAR include further data growth,

especially around the annotation of patient-derived ex-
perimental data, cancer clinical trial information,
increased integration with the IMEx consortium (2) for
the annotation of protein-network data and introducing
tissue imaging data. Furthermore, a number of additional
expert tools are planned including the introduction of
Kaplan–Meier plot tools to identify correlation between
underlying genetics and patient, mutation impact
summaries and pathway exploration tools—all of which
have been requested by our users. We will also develop
interactive gene/protein visualization tools, specific cancer
disease browsing and cancer clinical trial navigation tools
in addition to further enhancements and functionality in
response to feedback from our users.
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