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Gene)

• Gain-of-Function (GOF) Screens
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– K-Map



R&D Model for the Discovery and Development of A New 
Oncology Drug

(millions)

(Paul et al, 2010. Nature Rev Drug Discovery 9:203-214)

13.5 years



Targeting mutated genes with Targeted Therapy



Knowledge-Bases 
Drug-Gene Resources

• DrugBank
• PharmGKB
• OncoKB
• Other (Not covered): 

• KEGG-DRUG
• STITCH
• PubChem
• ChEMBL



DrugBank http://www.drugbank.ca/



DrugBank http://www.drugbank.ca/



PharmGKB

http://www.pharmgkb.org
Clinical Pharmacology & Therapeutics (2012) 92(4): 414-417.



PharmGKB



OncoKB

http://oncokb.org/



OncoKB



OncoKB



OncoKB



Perturbagen
Drug Resources

• NCI-60
• Genomics of Drug Sensitivity in 

Cancer (GDSC / COSMIC)
• Cancer Cell Lines Encyclopedia 

(CCLE)
• Cancer Therapeutics Response Portal



Cancer Therapeutics Response Portal 
(CTRP)



Cancer Therapeutics Response 
(CTRP)

Two main considerations:
1) High selectivity for their 
targets 
2 ) Targeting of many distinct 
nodes in cell circuitry

35 FDA-approved drugs
54 clinical candidates
265 probes



Cancer Therapeutics Response 
(CTRP)

Chosen to align with lineages 
studied by TCGA and in 
published genome-wide RNAi
screens

Subset of CCLE

Genetically characterized :
Gene expression
Amplifications/deletions
Somatic mutations in 1645 
cancer genes
Lineage/histological subtypes



Cancer Therapeutics Response 
(CTRP)

Each CCL was grown in its 
preferred media

Treated with compound at 8 
concentrations for 72 hr

Sensitivity assayed using 
CellTiter-Glo to measure 
cellular ATP levels as a 
surrogate for cell number and 
growth

Area under percent viability 
curves (AUC) was computed as 
a measure of sensitivity

AUC reflects both relative 
potency and total level of 
inhibition observed for a 
compound across CCLs



Cancer Therapeutics Response 
(CTRP)

Use AUC as cut-off:
Sensitive (AUC < 3.5) CCLs
Unresponsive (AUC > 5.5) CCLs

For each compound, performed 
statistics-based enrichment 
analysis that combined rank-
based and parametric tests to 
identify genetic alterations and 
cellular features that are 
significantly enriched in sensitive 
or unresponsive CCLs.

>involves individual genetic 
alterations relative to ranked 
sensitivities measured for a single 
compound across many cell lines 
(p-values)
>elastic net regression analysis 
across multiple genetic features



Response of CCLs to Informer Set



Genetic Dependencies Targeted by Small Molecules



Mutations in b-Catenin Associate with Sensitivity to Navitoclax



http://www.broadinstitute.org/ctrp/



Querying Navitoclax in CTRP



Rational Combinations

• Chemical Screening Strategy for 
Drug-Drug Combinations
• NCI-60

• Functional Genetic Screening 
Strategy
• Loss-of-Function (LOF) Screens

• Synthetic Lethality Screens
• Essential Gene Screens

• Gain-of-Function (GOF) Screens





NCI ALMANAC



Examples of Chemical Screening of Drug-Drug Combinations



Examples of Chemical Screening of Drug-Drug Combinations



Functional Genetic Screens



Rational Combinations of MEKi and WNTi



Core	genes	by	GSEA

SL	hits	in	SW480

SL	hits	in	RKO

Core	genes	of	GSEA	and	SL	hits	in	SW480

Core	genes	of	GSEA	and	SL	hits	in	RKO

Legend:

No	hit	by	GSEA	or	SL

SLS	for	Selumetinib	(MEKi)	in	CRC

calcineurin
inhibitor, 

CsA

(Spreafico et al CCR 
2013)



In Vivo Validation study



Translation into Clinical Trial



Clinical Trial Results

Partial Response (PR): 2
Stable disease (SD): 18
Progressive Disease (PD): 10

Combined Clinical Benefit Rate
(CR+PR+SD): 67% 



Essential Gene Screen



Essential Gene Screen



Project Achilles



Cancer Dependency Map



How to Connect Drugs Automatically?
AML

+cytarabine

TP53WT

+nutlin-3

NSCLC
+gefitinib

CRC
+selumetinib

How to find Drugs Automatically?



Google-like Approach

Input:	Gene	expression	profile Output:	Therapeutic	options

1

2

3

4

Rank Drug

+



Connectivity Map



Connectivity Map



Connectivity Map
HDAC inhibitors. We first determined whether a query signature derived from a class of small 
molecules could recover those same compounds in the Connectivity Map. A recent report (14) 
described gene-expression responses of T24 (bladder), MDA 435 (breast carcinoma), and MDA 
468 (breast carcinoma) cells treated with three histone deacetylase (HDAC) inhibitors: vorinostat
(also known as suberoylanilide hydroxamic acid or SAHA), MS-27-275, and trichostatin A. The 
authors of this study defined a 13-gene signature (8 up-regulated and 5 downregulated genes; 
Signature S1) that was used to query our database.



Connectivity Map Webpage

http://www.broadinstitute.org/cmap/



Library of Integrated Network-Based Cellular Signatures 
(NIH LINCS Program)

LINCS aims to create a network-based understanding of biology by cataloging changes in gene expression and 
other cellular processes that occur when cells are exposed to a variety of perturbing agents, and by using 
computational tools to integrate this diverse information into a comprehensive view of normal and disease 
states that can be applied for the development of new biomarkers and therapeutics. By generating and making 
public data that indicates how cells respond to various genetic and environmental stressors, the LINCS project 
will help us gain a more detailed understanding of cell pathways and aid efforts to develop therapies that might 
restore perturbed pathways and networks to their normal states.

LINCS BROAD INSTITUTE http://lincscloud.org/creating-new-data/l1000-platform/



LINCS BROAD INSTITUTE (http://lincscloud.org/)



LINCS BROAD INSTITUTE (https://clue.io/)

https://www.biorxiv.org/content/biorxiv/early/2017/05/10/
136168.full.pdf



LINCS BROAD INSTITUTE (https://clue.io/)



LINCS BROAD INSTITUTE (https://clue.io)



LINCS BROAD INSTITUTE (https://clue.io/)



Fig 2: L1000 Dataset Coverage, Signature Generation & Data Access

(Subramanian et al (2017), Cell 171, 1437 – 1452)



Fig 4. Reference Perturbagen Classes for CMap Discovery

(Subramanian et al (2017), Cell 171, 1437 – 1452)



Fig 6A: Discovery of MOA 
Query: Find compounds that induce the similarity gene expression 
profiles as query signature. 
Unannotated compound BRD-2751 showed strong connectivity to 
the Rho-associated protein kinase (ROCK) PCL, suggesting that it 
might in fact be a ROCK inhibitor.

(Subramanian et al (2017), Cell 171, 1437 – 1452)



Fig 6B: Discovery of Selective 
Compound

Query: Find compounds that induce the similarity gene expression 
profiles as Loss of function (shRNAs CSKN1A1). 
Results: One unannotated compound BRD-1868 showed strong 
connectivity to CSNK1A1 knock-down in two cell types.

(Subramanian et al (2017), Cell 171, 1437 – 1452)



Fig 7B: Connecting Patients data 
to explain resistance mechanisms

(Subramanian et al (2017), Cell 171, 1437 – 1452)



Fig 7C: Connecting Patients data 
to predict therapeutic efficacy

(Subramanian et al (2017), Cell 171, 1437 – 1452)



Take Home Message

• Knowledge-based of pharmacogenomics, drug-gene interactions / relationships 
provide hypothesis-generation for developmental therapeutics research.

• Perturbagen-based resources capture rich phenotypic-gene interactions that could 
be further analyzed to reveal gene-drug interactions.

• Acquired resistance and escape pathways can be identified by chemical and 
functional genomics screens.

• From high-throughput screens, hits could be inhibited by rational combination of 
drugs.

• Gene expression changes could be used as the ‘universal language’ to connect 
between biological systems, genes, and drugs.

• Connectivity map (Cmap) concept provides an innovative approach to connect 
between biological systems, genes and drugs.


