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Key Stages and Timelines in Drug Development

1215 years

Target validation, |

\\

Target T?)rg,ettr as:layn hits-to-leads Phase I P?gse L p'f‘f‘”e i | FDA review
identification | SOt UCHO medicinal safety S b4 and approval
and screening safety safety |

chemistry safety |

Efficacy proof of concept

Ta rget 1
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Target screen Safety package 4 .,
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Roses. 2008. Nature Rev Drug Disc. 7:807. https://www.nature.com/articles/nrd2593

Nature Reviews | Drug Discovery

* Rennane et al. 2022. Inquiry. 58: 004695802. https://journals.sagepub.com/doi/10.1177/00469580211059731

Estimated R&D
costs per drug
range from
S133M to
S6B.*

Clinical phases
are the most
costly stages

Need to “fail
early” and "fail
fast”


https://journals.sagepub.com/doi/10.1177/00469580211059731
https://www.nature.com/articles/nrd2593

Challenges of Drug Discovery and Development

* From 2017-2022, among 10 major Probability of Success? by Clinical Trial Phase and Therapeutic Area
therapy areas the top two as measured
by prlo portizczln(yof cligipafl trti_als aI(‘je. P1toP2 P2toP3 P3toApproval Overall
2)1n2c<;)<)3'gy( 6) and infectious disease Oncoloay - 37 oo
Metabolic/Endocrinology 76.2 59.7 51.6 19.6
* Oncology drugs also have the lowest Cardiovascular 73.3 65.7 62.2 25.5
clinical trial success rate (3.4%). Central Nervous System 73.2 51.9 51.1 15.0
Autoimmune/Inflammation 69.8 45.7 63.7 15.1

e Vaccines for infectious diseases have

the highest clinical trial success rate Genitourinary 68.7 57.1 66.5 21.6
(33.4%). Infectious Disease 70.1 58.3 7158 25.2
Ophthalmology 87.1 60.7 74.9 32.6

* Main reqsonifor drug failures: Vaccines (Infectious Disease) 76.8 58.2 85.4 @
> E‘;ff'gf;}! Overall 66.4 48.6 59.0 13.8
3. Commercial / financial Overall (Excluding Oncology) 73.0 55.7 63.6 20.9

* .
* Can be Part'a”V addressed by Source: Chi Heem Wong, Kien Wei Siah, Andrew W Lo. "Estimation of clinical trial success rates and related
ComPUtatlonaI approaches parameters." Biostatistics 20(2): April 2019, Pages 273-286. Published online: 31 January 2018. DOI:

https://doi.org/10.1093/biostatistics/kxx069

10 Trends and Statistics for Clinical Trials in 2023: https://xtalks.com/10-trends-and-statistics-for-clinical-trials-in-2023-3377/ 5



https://xtalks.com/10-trends-and-statistics-for-clinical-trials-in-2023-3377/
https://doi.org/10.1093/biostatistics/kxx069

Key Features of a “Good” Drug Target

Addresses An * Target has a causal role in the disease

Unmet Medical < Targetis expressed in disease tissue

Need * Linked to human disease epidemiology and any potential sub-type cohorts are known
Efficacy * Modulating the target has the potential to change the disease phenotype through a known

mechanism of action (MOA)
* Target linked to disease related pathways
 Human genetic phenotypes exist that might inform about target-disease associations
* Understanding potential target redundancies and other drug-resistance mechanisms
* Having informative pre-clinical in vitro, ex vivo and in vivo models for clinical translation

Druggability * Target gene, transcript or protein can be modulated in the desired direction and intensity
* Known drug modalities for modulating the target (i.e., small molecule, mAb, vaccine, siRNA, protein
degradation, cell-gene therapy, CRISPR, etc.)
* For any particular modality, the target is accessible and therapeutic dosing is tolerable and efficacious

Safety e Assessments of potential off-target effects of the drug
* Existence of suitable pre-clinical models for toxicity testing
* An understanding of potential genetic factors that could impact drug tolerance and safety



Sources of Novel Therapeutic Targets: Finding the Best Candidate
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Target Evidence: Multiple Approaches

* Importance of in silico approaches for prioritizing therapeutic targets

De-risking and prioritization before devoting time and resources for lab studies
Precision medicine — targets specific to certain patient sub-populations
Increasing the probability of clinical success

* Key areas for target evidence

Human genetics — disease-to-gene linkages in genome-wide association studies (GWAS)
Genomics — expression of the target in diseased tissues

Known drugs or tool compounds

Clinical trial status

Model organism phenotypes

Large scale genome-wide gene knock-out and/or overexpression datasets

* Tremendous growth in genomics technologies, databases, analytical tools and query
interfaces



Example: The Apothecary Within — Targeting Human-Microbial Crosstalk =S4

= Microbiome metabolism of dietary fibers generates many
diverse metabolites with positive immuno-modulatory
effects. Gut lumen

. . . Dietary Fibe Tryptophan Plant Flavonoids
= Metabolites are advantageous starting points for drug RO e an I

discovery: N— &N

= Known modulators of host immunity (ie., cohen etal. 2017. WAL
Nature 549:48). \ /\ ‘..’V\ V

= Well-tolerated as endogenous molecules.

= Evolutionary optimized metabolite-receptor pairing for
selectivity and specificity.

= Many successfully launched drugs have “metabolite-
like” properties (Dobson et al. 2009 Drug Discovery Today 14:31).

Epithelial cells

!

= Challenge: Low-throughput of current experimental
approaches to identify potential metabolite ligand-receptor
linkages.

= Can we accelerate the discovery of useful metabolite-
protein ligand pairings via in silico hypothesis generation?

= Then test/validate some predictions with in vitro cellular assays.

Saha et al. 2016. Drug Discovery Today 21:692



The Human Microbiome Project 2 (HMP2)

= |nflammatory bowel disease (IBD) patients: Dr. Andrea Nuzzo,
Early Talent PDF;

Assoc. Dir., GSK

% j

=  CD: Crohn’s disease

= UC: Ulcerative colitis iHMpp

n MUIt|—Om|CS IO”g'tUdlnaI assayS' NIH Integrative Hagman Microbiome Project
Suiets Shmple Colleetion >
= Human host genetics (though underpowered for GWAS) ° .
=  RNASeq from human biopsies
= Metagenome, metatranscriptome, metaproteome & stool o =" £ B
metabolome M @  enm—
Controls Crohn’s  Ulcerative .. m o O ———
(nonIBD) disease (CD) colitis (UC) 'l - P e
Participants 26 49 30 | 105 ’I"""“ il &= ittt
Metagenomic e E. -
samples 429 750 459 | 1638 r-f—
Metabolomio 435 265 146 | 546 ————
Samp es 17 Bucod samoien [ I ]
RNAseq samples 91 127 74 | 2562
vuwm@wm -uu. G adeveiin alum
'mw @D comrsmnmecone 11 voa

Cell Host & Microbe, 2014, 16:3, 276-289, https://doi.org/10.1016/j.chom.2014.08.014 T tmoryUmwersty O Guncinan crasrens ot [l Bter Comege of Messcine



https://doi.org/10.1016/j.chom.2014.08.014

Computational and In vitro Validation Workflow

Genome-wide association

Metabolomics Machine .
(548 metabolites verified in HMDB, —S—— ac : i studies (GWAS)
learnin o Pathway Mapping
Human Metabolome Database) €ad 8 — /le GWAS
N ———  (XGBoost & % ' reactome Catal
Q consensus scoring) ’,)) S
. u o
LA %5 \ _—biobank’
™, o//} 6msm«wmwm
(N ’
Funct I Metabolite-target
unctiona Cpd-target pair evaluation
_. —>  Analog cpds assays pair w/MOA
B databases 4

N1CCN(CC1)C(C(F)=C2)=CC(= CZC4-O)N(CGCCS)C-CAC( -0)0 *

Chemoinformatics
metabolite analogs
Tanimoto similarity > 0.85
Tverskya-o.05 similarity =2 0.95

Human biopsy transcriptomics D|fferent|al expressmn and
(43870 transcripts) pathway enrichment analysis

\ 4

In vitro validation

* jdentified in the Human Metabolome Database [HMDB] Nuzzo...Brown. 2021. Commun. Biol. (Nature). 4:288 1



Consensus score

Metabolomics and Transcriptomics in IBD Samples

Metabolites diagnosis Differentially Expressed Genes (DEGs)
After ML analyses, top quartile (n = 192) to downstream analysis) . cD Total DEGs n = 2107 of which 820 DEGs shared between CD & UC
cD uc
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Differential abundance in disease compared to controls

= Differential abundance of metabolites and gene RNA-seq in CD and UC patients compared to non-IBD subjects
= Prioritized known metabolites reported in the Human Metabolome Database.

= Gene transcripts were aligned to Genome Reference Consortium Human Build 37 (GRCh37).
Nuzzo...Brown. 2021. Commun. Biol. (Nature). 4:288 1



Connecting Metabolites and Drug Targets

b 800  Phenylpropanoids and polyketides

Organoheterocyclic —— ﬁ s

Nuzzo...Brown. 2021. Commun. Biol. (Nature). 4:288

compounds -
Organic oxygen -
compounds
Organic nitrogen Target classes
600 compounds
Organic acids 2 NA
and derivatives
3 Transporter
Nucleosides, 1
nucleotides, Transcriptional_Factor
% and analogues 3 . Protease
-§ 400 Not Available 5 . Other
E’ . Nuclear Receptor
£
7 . Kinase_Protein

Lipids and lipid-like molecules—

16 . lon Channel

. Enzyme_all_others

. 7TM_Group1

200
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Benzenoids —

Alkaloids and derivatives

Metabolite class Interaction type Target class

= After filtering, 135 metabolites provisionally connected to 80 perspective proteins.

= Distribution of connections between metabolite classes, modulation type and drug target classes (numbers represent
unique targets per drug target class [ n = 61]). Some genes and metabolites have multiple interactions)
= Filtered for metabolite-protein pairs with high binding affinity (i.e., either pIC50 or pEC50 values >5.5)
= Highly pleiotropic metabolites and targets (> 20 predicted interactions) were removed.



Metabolite Co-directionality with Target Gene Expression GSK

= Reversing transcriptomic disease signature using candidate modulators

Metabolite abundance Proposed Target expression
in disease modulation in disease
Linoleoylethanol- Activator GPR119
e amide analog i ' Lowers inflammato
Lowers dermatitis in D)) (lin IBD) states by releasingw
mice® GLP-1Z
Accelerates L-arginine Inhibitor NOS2
resolution from UC8 (| in IBD) analog (1 in IBD) Pro-inflammatory nitric
oxide synthase 2
Nicotinic acid
(] in IBD)
Activators of HCAR22 Activator HCAR2" *HCARZ2 higher

analogs (17 in IBD) expression mediates

Trigonelline UC inflammation 2

(1 in IBD)

Nuzzo...Brown. 2021. Commun. Biol. (Nature). 4:288


https://doi.org/10.1038/s41598-017-07280-y
https://doi.org/10.1038/s41598-017-07280-y
https://doi.org/10.1016/j.ejphar.2012.11.030
https://doi.org/10.1155/2016/3094642
https://doi.org/10.1172/jci126923

Linkages to Disease Genetics

= Metabolites passing thresholds and tractable targets with genetic evidence

(GWAS and IBD-specifc genetic studies I

= Retrieved 808 genes with genetic associations to IBD _
& & GABA receptor gamma?2 e b el
= |dentified 464 potential pairings between genetic targets with metabolite
modulators, 13 with known modulation mechanisms e
a Glycoursodeoxycholic acid GAB RG 2
Interleukin-4 and itri q i »-Jk-/\/\(ko- Chenod holic acid .
Interleulgin—l3 sfaglilaling ’ Ng&;ﬁteec;n(ﬂslgms . . glr;'(::hig)::}(;;jl?g:t:(:l 21-Deoxycortisol
: : . L-Argimine 7-Ketode
Signaling by Interleukins SRS
Nea-Acetyl-L-arginine Deoxycholic acid Hyod xycholicGalci d ) ;
el g o : ycocholic aci
. @ CHEMBL2s6147 S s
Inflammatory skin disease I i Tauro-b-muricholic acid
N 082 K‘.:JL:N\L)\“ e 'cgis Taurr(l)fie(()))géllf(l)lic acid
L-Targinine o e
‘ . , *)L'I’\’:Y' Crustecd‘sone
Chronic inflammatory diseases : : o - . Y .
(ankylosing spondylie, Crohwrs ¥ Sintng in @ O e 27
ease, psoriasis, primary sclerosing Immune System
chofan {lS_, ufcetz;tlve colitis) Cholic acid
eiotropy
Relation Cortigster one Deoxycholic acid Epiandrosterone
. . Streneth undance glycine conjugate Taurochenodesoxycholic
== Molecular Similarity Direction & Abund Chenodeoxycholic acid acid
) == Positive Modulation —— Strong B Low
== Pathway enrichment _ )
= Negative Modulation —— Medium @ High

==Genetic association Nuzzo...Brown. 2021. Commun. Biol. (Nature). 4:288 .



in vitro Validation Assays for Selected Metabolites

Nuzzo...Brown. 2021. Commun. Biol. (Nature). 4:288

= Selected 11 metabolites for d
profiling in human primary cell- 0.25
based phenotypic assays
(BioMAP® Diversity PLUS panel) S 0.00 V \
: . g =
= 8 metabolites showed significant g
modulation of immune ©=0-25 v
biomarkers in one or more cellular © U
systems. $-0.50
-
= Summary 075
= 135 metabolites provisionall &2 <5 ~Tw 90 § Oleanolic
G080 Mfterent | TR 2 oo < B,
connected to ITferent 882U o8 L% oo o O3ZSsLiZSalT—c 7O
. Sog--0Te dZsi<isa SS9  S80985Tacialofaa 0
targets in IBD £33 2 OSEILS2CorhTHEN NoT=S oD nl=s Sh== !
. . 20555 "2 22585334 18058<E gSRGRO0RK == & F-
= 983 potential metabolite- 8=a o S8EEROOFTISMSE?  ogo T ESC E
target interactions identified e O8z= 0% i
= Immuno-modulating S~ Biomarkers
metabolites and targets are Metabolite concentration - -
potential starting points for (log mM)
drug discovery o o &°
= In vitro assays lend support = Qleanolic acid (OA) showed activity in T-cell dependent B-cell activation (BT),
to this approach coronary artery smooth muscle (CASM3C), fibroblasts (HDF3CGF) assays

= OAis a connected ligand of GABRG2, PTPN7 and GPBAR1

16
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Integrative vs Specialized Biomedical Databases and Interfaces

* Integrative biomedical databases — consolidate multiple specialized databases:
* NCBI*: https://www.ncbi.nim.nih.gov/ (gene viewer)
* Open Targets™®: https://www.opentargets.org/
» ENSEMBL.: https://useast.ensembl.org/index.html

* Demos covered in this workshop

» Specialty resources:
*  Human Genetics — GWAS Catalogue*: https://www.ebi.ac.uk/gwas/
* Mouse phenotypes — Mouse Phenome Database (Jackson Lab): https://phenome.jax.org/
* RNA expression — GTEX": https://gtexportal.org/home/ ; Single Expression Atlas: https://www.ebi.ac.uk/gxa/sc/release-notes.html
* Protein Atlas — protein expression®: https://www.proteinatlas.org/
+ Pathways — Reactome™: hitps://reactome.org/ ; WikiPathways: https://www.wikipathways.org/ ; IntAct: hitps://www.ebi.ac.uk/intact/home
* Protein annotations — UniProt*: https://www.uniprot.org/
» Protein-protein interactions — String*: https://string-db.org/
* Metabolomics — The Human Metabolome Database®: https://hmdb.ca/

* Clinical trials and tool compounds:
+ Clinical trials -- ClinicalTrials.gov*: https://clinicaltrials.gov/
* Drugs and targets — DrugBank*: https://go.drugbank.com/
» Bioactive molecules and interactions: Chembl*: https://www.ebi.ac.uk/chembl/

« Cancer:
* The Cancer Genome Atlas Program (TCGA)
+ Integrative data-sources for cancer functional genomics — Xenabrowser*: https://xenabrowser.net/
» Cancer dependency map -- DepMap*: hitps://depmap.org/portal/
» Cancer cell lines — Cancer Cell Line Encyclopedia (CCLE) *: https://sites.broadinstitute.org/ccle/

18
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NCBI Gene: General Gene Info National Library of Medicine

National Center for Biotechnology Information

« NCBI “gene” is a good starting point: hitps://www.ncbi.nim.nih.gov/
 NOS2 as an example: https://www.ncbi.nlm.nih.gov/gene/4843 <:| Gene ID #4843

m National Library of Medicine

National Center for Biotechnology Information

Gene Gene v | | @

Advanced Help

Full Report « Send to: « Hide sidebar >>
ey e . . Table of contents =
NOS2 nitric oxide synthase 2 [ Homo sapiens (human) ] 4. Download Datasets

Summary
II Gene ID: 4843, updated on 22-Jan-2024 I

Genomic context

= Summary A|? Genomic regions, transcripts, and products
Expression
Official Symbol NOS2 provided by HGNC o
Official Full Name nitric oxide synthase 2 provided by HGNC Bibliography
Primary source  HGNC:HGNC:7873 Phenotypes
See related Ensembl:ENSG00000007171 MIM:163730; AllianceGenome:HGNC:787: G e n e n a m e a I |a ses o
Gene type protein coding Variation

RefSeq status REVIEWED
Organism Homo sapiens

HIV-1 interactions

. . . . . . . . Pathways from PubChem
uteleostomi; Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini; Hominidae; Homo

Interactions
ummary Nitric oxide Is a reactive free radical which acts as a biologic mediator in several processes, including neurotransmission and antimicrobial and antitumoral activities. This gene
encodes a nitric oxide synthase which is expressed in liver and is inducible by a combination of lipopolysaccharide and certain cytokines. Three related pseudogenes are located
within the Smith-Magenis syndrome region on chromosome 17. [provided by RefSeq, Jul 2008]
Expression Biased expression in small intestine (RPKM 10.3), appendix (RPKM 7.9) and 5 other tissues See more General protein information
Orthologs mouse all

General gene information
Markers, Related pseudogene(s), Homology, Gene Ontology

NCBI Reference Sequences (RefSeq)
Try the new Gene table

Related sequences
Try the new Transcript table

Additional links



https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/gene/4843

-
Open Targets Platform B Open Targets

Identlfymg eV|dence Impllcatmg drug A Data model B Entity annotation D Applications and data access

targets with diseases or phenotypes : : : | |
. ) Dr Graphical user interface
is @ major challenge. Drug

Open Targets (OT) is a public-private | , D : : p—

Evidence jSease . ® cacumam
partnership between the EMBL / EBI ~ Prononpe a pLe § (A -

and several pharma companies.

C Evidence generation and association scoring

The OT Platform organizes public . o R P e e

Evidence sources Target identification Target prioritisation
Programmatic access

d ata 'SO u rces I n O rd e r to e n h a n Ce Genetic i) Ontology expansion i) Evidence scoring

. associations
open-source target discovery and — -
exploration. — - a w

Known drugs ﬂ

LT,

. oy . Pathways/ I ’
Fo ur main e nt|t Ies in OT: systems biology iii) Data source scoring iv) Overall association scoring Dve:;agc‘))w:;?f;s Dét:ogtl);vgiggizr\:a
A. Data model RNA expression =-=1b[s o =
- = - Prioritisation =</>:
. . T based on ke ——
B. E ntlty a n nOtatlon Text mining = - [:> b7 ) T —— attributes: o || |
- @ H H 0
. . . T e Tractability
C. Evidence and association T — o Safety GraphQL API
. e - z, e Expression
scoring 20

D. Applications and data access https://platform-docs.opentargets.org/getting-started



https://platform-docs.opentargets.org/getting-started
https://platform.opentargets.org/

a
Open Targets Platform o Open Targets

A. The OT Data Model focuses on three main entities:
A. Target understood as any candidate for drug binding molecule

B. Disease or Phenotype including any disease indications, phenotypes, measurements, biological processes and other relevant traits.
C. Drug molecules that can act as medicinal products.

B. Entity annotations

A. Target tractability assessment
Target safety
Baseline expression
Molecular interactions
Clinical signs and symptoms
Pharmacovigilance
G. Bibliography

mmoow

C. Evidence generation and association scoring
A. Target-disease evidence
B. Target-disease associations

D. Applications and data access
A. Web interface
B. Data access — programmatic
21
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Open Targets Platform D Open Targets
'

L Open Targets Platform
v

Q Search... ]

BRAF IL2RA Pneumonia Leukemia ACETAMINOPHEN ROFECOXIB

Last update: December 2023 (23.12)

* Query entry for “gene”, “disease” or “drug”

e Caveat — OT is human “non-communicable” disease centric
* Infectious diseases and pathogen genomics are not represented

* Example using gene “PDCD1” (alias PD1) which encodes “Programmed cell death protein 1”
* One of the most successful targets for cancer immuno-therapies (i.e., Merck’s Pembrolizumab [Keytruda] )

23
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a
Open Targets Platform e Open Targets

* Try and contrast the results of the 3 types of initial search queries:

 Gene name: (PDCD1)
https://platform.opentargets.org/target/ENSG00000188389/associations

* Drug name: (Pembrolizumab)
https://platform.opentargets.org/drug/CHEMBL3137343

* Disease: (melanoma)
https://platform.opentargets.org/disease/EFO 0000756/classic-associations

* Evidence and association scoring — approximation to prioritize and sort evidence
* Note different sources associated with each query type.
* Take a deeper dive:

» “Associated targets”: Use evidence specific filters

* “Profile”: explore features for gene, drug and disease searches
24
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Human Genetics: GWAS Catalogue

* Some studies suggest that targets with genetic evidence for disease have a two-fold greater probability for clinical success
(Nelson et al.. 2015. Nature Genetics 47:856)

« GWAS Catalogue is a central repository of genome-wide association studies: https://www.ebi.ac.uk/gwas/home
EMBL-EBI m) e

)|
lil
Ukin

* Flexible search queries include disease, SNP ID,
study author, human chromosome localization,
gene name and genomic coordinates

GWAS Catalog

The NHGRI-EBI Catalog of human genome-wide association studies

Search the catalog
Examples: breast carcinoma, rs7329174, Yao, 2q37.1, HBS1L, 6:16000000-25000000

* Example using gene name “NOS2”:
https://www.ebi.ac.uk/gwas/search?query=NQOS2

New GWAS Catalog search pages with faster page loading and new features to
help you find summary statistics, read all about it in our blog.

* Available data:
. Assocnatlons. of DNA variants (variant and +. Download L Summary statistics < Submit
risk allele) with Traits o SN e e e Sy s 1 e
 Studies behind the data

versions of the GWAS diagram in SVG format.
* Traits summary
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Other Sources of Drug-Target Information

Drug Bank https://go.drugbank.com/
* Open source knowledgebase for 500,000+ drugs and drug products

CD RUG BAN K * Query searches for drugs, targets, pathways and indications

* Large scale data downloads are free for academic research; surcharges for commercial use.

* Example, gene: PDCD1
The Human Metabolome Database https://hmdb.ca/

)
M * Open source knowledgebase for human metabolites and their interactions
h m d b * Query searches for metabolites, diseases, proteins pathways and reactions indications
e Homen Metanolome ot * Example, metabolite: L-tryptophan ; gene: IDO1

Chembl https://www.ebi.ac.uk/chembl/

* Extensive and well-curated reference db for bioactive molecules
(I ChEMBl— * Query searches for drugs, genes, proteins, tissue, compound structure
* Example, gene: NOS2, UniProt ID: P35228

ClinicalTrials.gov https://clinicaltrials.gov/
\N|H Ei"ﬁ?i’%‘%’?ﬂ?jgf‘f‘,?df'“ » Database of global clinical trials — targets with launched drugs are the most validated targets!

ClinicalTrials.gov * Clinical query terms. Not directly linked to gene name or id.

* Example, gene: EFGR, PD-1 -


https://go.drugbank.com/
https://hmdb.ca/
https://www.ebi.ac.uk/chembl/
https://clinicaltrials.gov/

Exercise 1: Human Centric Databases

* Try a few searches for one or more of the platforms
* You can use the suggested example queries or try your own favorite genes, drugs, metabolites and/or disease:

1. Searching Opentargets: https://platform.opentargets.org/
1. Gene name: (PDCD1)
2.  Drugname: (Pembrolizumab)
3. Disease: (melanoma)

2. Search GWAS Catalogue and contrast the number of coding variants for PDCD1 vs NOS2

3.  Search Drug Bank https://go.drugbank.com/
1. Example, gene: PDCD1

4. Search The Human Metabolome Database https://hmdb.ca/
1. Example, metabolite: L-tryptophan ; gene: IDO1

5. Search Chembl https://www.ebi.ac.uk/chembl/
1. Example, gene: NOS2 UniProt ID: P35228

6. Search ClinicalTrials.gov https://clinicaltrials.gov/
1. Example, gene: EFGR
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Deep Dive Into a Target Hypothesis

« Example: Oncology immunotherapy (Ol) is a highly active area for novel therapeutics.

« Modulation of T cell and natural killer (NK) responses by inhibiting any immune suppressor mechanisms of the

tumor cell is an important strategy.

* Inhibition of CLEC2D and CD161 (KLRB1) interaction could re-activate T cell and NK cell killing of tumor cells.

a Tumor cell/macrophage b APC/tumor cell € Tumor cell/macrophage/DC
outcc?)zrﬁggied >
for CD155 and IFN-y strongly
VNS s LUl Nod 0 R Nl e
°°°°°°°°°°°°°°°° T, e

""" Inhibition
of tumor
cell killing

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

‘............... o 0000000 000000000000000000000000000000 WOUOOUOO0O0 DOCOOOOO0U 000000009 90000 000¢ | 0000000 OTIPCOP00000000000000000000000000. IGO0 000000000000000000

Inhibition of Inhibition of
activation and o® Tand NK cell
cytokine secretion | function
T/NK cell T/NKcell  Affinity for CD155 T/NK cell

Inhibitory receptors shared by T cells and NK cells along with tumor cell receptor partners.

Kyrysyuk & Wucherpfennig. 2023. Annu. Rev. Immunol. 41:17
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CD161 (KLRB1) and CLEC2D Genomic Organization [S) Nationa! Library of Medicine

* CD161 now called KLRB1 (killer cell lectin like receptor B1): https://www.ncbi.nlm.nih.gov/gene/3820

* Genomic regions, transcripts, and products
* Genome browser allows visualization of customize “tracks” for mapping features onto the gene.
» Defaults is gene-centric view with ClinVar variants; RNA-seq exon coverage, RNA-seq intron features
* More options under “Tools” and “Tracks” .
* Zoom in “+” to level of nucleotides or Zoom out “—” to exploring neighboring genes and features

NC_000012.12:9422301..9780160 Homo sapiens chromosome 12, GRCh38.p14 Primary Assembly

9,780 K |9,760 K |9,740 K [9,720 K |9,700 K |9,680 K |9,660 K |9,640 K [9.620 K 9,600 K |9.580 K [9.560 K |9,540 K [9.520 K |9,500 K |9,480 K [9.460 K |9,440 K
NCBI RefSeq Annotation GCF_000001405.40-RS_2023_10
CLECL1P I NPM1P7 LOC374443 LOC408186
NR_172485.1 ——+ —ll < —| NR_046450.1 HHHHHHHA— —HH——H— — i I e f————] NR_153413.2
CD69 LINC02390 H+— _|?F|‘ "(‘)%354?“149-2 exon ll NR_033399.1 ——H—HHHH-H-
NM_001781.2—HH NP_001772.1 Bl XR_931347.3 II Hecl NR_ 0464441 LOC
-+ -1 NR_002814.2 [
=~ NR_046445.1
=~ NR_046446.1

 KLRB1 and CLEC2D are protein ligands,

LOC105369728 W0 GOT2P3

NR_157802.1 1 KLRB1 K I— R B 1

CLEC2D CLEC2D

EK§—«f—4—<— NR_036693.3
NP_001004419.1 [« H~f—s——<— NM_001004419.5
NP_037401.1 [« H-f—é——<— NM_013269.6
NP_001184247 1 | < |—¢———<—— NM_001197318.3
NP_001184246.1 [« H-———<—— NM_001197317.3
NP_001184248.1 [« |—¢————<—— NM_001197319.3

NM_002258.3 F=>»—+HH NP_002249.1
RNU6-700P |

also in chromosomal proximity

Many homologous or related CLEC and

KLR genes near-by
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https://www.ncbi.nlm.nih.gov/gene/3820

National Library of Medicine

National Center for Biotechnology Information

Gene Level Transcript Variants: Alternative

Transcripts Which Might Encode Protein Isoforms

 Human CLEC2D encodes 5, possibly 6, mRNAs which results in potential protein isoforms with different AA lengths
* https://www.ncbi.nlm.nih.gov/datasets/gene/id/29121/products/

Transcripts and Proteins

CLEC2D - C-type lectin domain family 2 member D
Homo sapiens (human)

Download v ‘ Select columns

Gene ID Gene Symbol Transcript Length (nt) Protein Length (aa) JProtein name Isoform

29121 CLEC2D NM_013269.6 5277 NP_037401.1 191 C-type lectind... 1

29121 CLEC2D NM_001004419.5 5359 NP_001004419.1 194 C-type lectind.. 2

29121 CLEC2D NM_001197317.3 5166 NP_001184246.1 154 C-type lectind.. 3

29121 CLEC2D NM_001197318.3 5173 NP_001184247.1 132 C-type lectind.. 4

29121 CLEC2D NM_001197319.3 5062 NP_001184248.1 95 C-type lectind.. 5

29121 CLEC2D NR_036693.3 5248 -



https://www.ncbi.nlm.nih.gov/datasets/gene/id/29121/products/

Open Targets Platform D Open Targets
'

Gene name: (KLRB1)
https://platform.opentargets.org/target/ENSG00000111796/classic-associations

Gene name: (CLEC2D)
https://platform.opentargets.org/target/ENSG00000069493/classic-associations

Associated Diseases Tab
Profile Tab — Summaries complied from multiple sources:

Known Drugs @ Tractability Safety ‘ Pharmacogenetics Chemical Probes @ Baseline Expression
@ Cancer DepMap e Subcellular Location @ Gene Ontology @ Genetic Constraint @ ProtVista @ Molecular Interactions
Pathways C Hallmark Mouse Phenotypes Comparative Bibliograph
cancer alimarks
Yy ' yp Genomics grapny
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Tissue Specific Gene Expression National Library of Medicine

» KLRB1 killer cell lectin like receptor B1 [ Homo sapiens (human) ] https://www.ncbi.nlm.nih.gov/gene/3820
* RNA-seq data from tissue samples taken from 95 human individuals representing 27 different tissues

R ?

“ Expression

See details

[ HPA RNA-seq normal tissues v]

* Project title: HPA RNA-seq normal tissues
» Description: RNA-seq was performed of tissue samples from 95 human individuals representing 27 different tissues in order to determine tissue-specificity of all protein-coding genes

» BioProject: PRIEB4337

« Publication: PMID 24309898

» Analysis date: Wed Apr 4 07:08:55 2018
80
70
60

50

40

RPKM
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https://www.ncbi.nlm.nih.gov/gene/3820

Genotype-Tissue Expression (GTEx) Project GTEXPorta

» The most definitive gene expression db is GTEX: https://gtexportal.org/home/

» (GTEX) project is an ongoing effort to build a comprehensive public resource to study tissue-specific gene
expression and regulation.

« Samples were collected from 54 non-diseased tissue sites across nearly 1000 individuals, primarily for
molecular assays including WGS, WES, and RNA-Seq..

» Remaining samples are available from the GTEx Biobank upon request.
» The GTEXx Portal provides open access to data including gene expression, QTLs, and histology images.

« Can browser and search all data by:
+ Gene
* Genetic variant
+ Tissue

* GTEx histology images
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Bulk Tissue Gene Expression (mMRNA): CLEC2D ~Zileil=>'¢=slar=

https://gtexportal.org/home/gene/CLEC2D Filters: Subset = none; Scale = log; Tissue sort; Median sort. Outliers = on

EBulk tissue gene expression for CLEC2D (ENSG00000069493.14)

Data Source: GTEx Analysis Release V8 (dbGaP Accession phs000424.v8.p2)
Data nraraccina and normalization @
Download the plot

lg Y SUBSET‘ None | Sex SCALE ‘E Linear TISSUESORT & v MEDIAN SORT = = E' OUTLIERS‘ On | Off ° Bulk Tissue Expression

Bulk tissue gene expression for CLEC2D (ENSG00000069493.14) * SI ng I € Ce I I EXp ression
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https://gtexportal.org/home/gene/CLEC2D

Bulk Tissue Gene Expression (mMRNA): KLRB1 el =>¢=slaf=

https://gtexportal.org/home/gene/KLRB1 Filters: Subset = none; Scale = log; Tissue sort; Median sort. Outliers = on

Bulk tissue gene expression for KLRB1 (ENSG00000111796.3)
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https://gtexportal.org/home/gene/KLRB1

Human Protein Atlas HUMAN PRUTE'N ATLAS”

« The Human Protein Atlas (HPA) maps all the human proteins in cells, tissues, and organs using an integration

of various ‘omics technologies, including antibody-based imaging, mass spectrometry-based proteomics,
transcriptomics, and systems biology. https://www.proteinatlas.org/

 The HPA has 12 separate sections — gene names as the initial query.
« CLEC2D example: https://www.proteinatlas.org/search/CLEC2D

PROTEIN EXPRESSION OVERVIEW!

Organ Alphabetical

Score
High —

Medium —

. “—IJ“—|
Not I I 1 1 I 1 I I 1 I I I I 1 . 1 I I 1 1

I 1 1 1
> @ L o @ 2 @ DD F o OO 22 L2 AL o Q@ @ 9 & 2 D DN S @ S @ 2
e S S S S S T S S ST EEE S ST E G T EL IS TS LSS
FofEE Q‘Fé’g"q\"qaﬁ"so"?@“-b“é‘ S USSTFFEF e TELE F&8 T LY &g SO
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https://www.proteinatlas.org/ENSG00000069493-CLEC2D/tissue ¥
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Exercise 2: Multi-omics Databases

* Try a few searches for one or more of the ‘omics platforms
* You can use the shown examples or try your own favorite genes:

1. For a given gene, look-up its genomic structure, gene expression and transcript variants using NCBI,
“gene”: https://www.ncbi.nlm.nih.gov/gene/

2. For the same gene, contrast the results in Open Targets: https://platform.opentargets.org/
3. Reconstruct tissue specific expression using GTEx: https://gtexportal.org/home/

1.  Produce a figure where tissue expression levels are plotted by log values and ordered from high to low.

4. Produce a plot of proteomics expression by organs / tissues using The Human Protein Atlas:
https://www.proteinatlas.org/
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UniProt

* UniProt https://www.uniprot.org/
* A comprehensive and well-curated resource for protein sequence and functional information

* Query entry point can be protein name, gene name, species, organism or protein ID
* Extensive entry information
e Customize columns allows to select and re-order data for downloading

* Multiple tools enabling sequence searches
* BLAST
* Align
* Peptide Search
* ID mapping

* Example, Genes: KLRB1 & CLEC2D:

e https://www.uniprot.org/uniprotkb?query=KLRB1

* https://www.uniprot.org/uniprotkb?query=CLEC2D
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Protein Interaction Databases @STRING |ﬂtACt J.

* Receptor-ligand relationships, also called protein-protein interactions
(PPIs), have a central role in all cellular functions.

* Dysfunctional PPIs are associated with many diseases — thus PPIs are
potential therapeutic targets.

* Most integrative databases }i.e., NCBI, Open Targets & Uniprot) include
PPIs evidence in their gene / protein annotations.

* These PPl annotations are pulled from one or more primary sources of
curated or predicted PPIs such as:

e STRING-db https://string-db.org/
* Protein-Protein Interaction Networks & Functional Enrichment Analysis
v12.0: 12535 organisms; 59.2 MIn proteins; >20 BIn Interactions
Query search by gene or protein name
Multi-data formats for downloading (graphical, tabular, etc.).
Example, gene: KLRB1

Select “Homo sapiens”
Cluster view -- Click-on“More”; “Legend”; “Viewers”; “Export”

&
* |ntAct https://www.ebi.ac.uk/intact/ .

e All interactions are derived from literature curation or direct user submissions

* Biogrid https://thebiogrid.org/
* Includes Open Repository of CRISPR Screens (ORCS) 41
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Pathway Mapping and Analyses

Reactome: https://reactome.org/
* Open source, curated pathway database

* Query by gene, protein, metabolite,
pathway name or ID

* Example, gene: KLRB1
Pathway ontology
Subcellular location
Links to pathway map

Also see: @
* KEGG Pathways:

https://www.genome.jp/kegg/

é& S%
o WikiPathways: & WIKIPATHWAYS
https://www.wikipathways.org/

® KLRB1 [plasma membrane]

Stable Identifier
Type

Species
Compartment
Synonyms

R-HSA-2132225

Protein [EntityWithAccessionedSequence]

Homo sapiens

plasma membrane

Killer cell lectin-like receptor subfamily B member 1, KLRB1_HUMAN

Locations in the PathwayBrowser

@ <& Immune System (Homo sapiens)
- Adaptive Immune System (Homo sapiens)
Lz Immunoregulatory interactions between a Lymphoid and a non-Lymphoid cell (Homo sapiens)
L CLEC2D binds KLRB1 (Homo sapiens)
& CLEC2D dimer:KLRB1 dimer [plasma membrane] (Homo sapiens)

L 2 KLRB1 dimer [plasma membrane] (Homo sapiens)
L @ KLRB1 [plasma membrane] (Homo sapiens)
& KLRB1 dimer [plasma membrane] (Homo sapiens)
L @ KLRB1 [plasma membrane] (Homo sapiens)
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Pathway Mapping and Analyses

https://reactome.org/PathwayBrowser/#/R-HSA-198933
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Exercise 3: Protein Characterization and Interactions Databases

* Try a few searches for one or more of the protein-focused platforms
* You can use the shown examples or try your own favorite genes:

1. For a given protein, look-up its record and select about 4 or 5 different records (could be the
homologs in different species) using UniProt: https://www.uniprot.org/

1. Create a customized table of several features then download the CSV formatted file (readable by MS Excel)

2. Create a simple protein interaction network using STRING-db: https://string-db.org/

3. For agiven gene, look-up its associated pathways in Reactome: https://reactome.org/

1. If you have time, compare differences in output using WikiPathways (https://www.wikipathways.org/ ), IntAct
(https://www.ebi.ac.uk/intact/ ) and/or Biogrid (https://thebiogrid.org/)
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Comparative Genomics and Phylogenomics

* Key questions in drug discovery which might be
Intracellular Models Multicellular Models Human Disease Models

addressable by comparative genomics ellular
B:ochem(s{ry Embryov Develqpment anatomy / toxicology
Molecular Biolology Genetic Physiology

* Inter-species homology: How similar is the targeted ~7 i * g m " Q»\Q @

neuralogical / viral

prOtgin between human and mOdEI Organism E. coli ea fruit fly fish amphibians  reptiles birds mice primates
species? T \ ‘
: : S 68+ \
* Disease translation from preclinical in vivo \
model organisms through to humans Qe \
* Interpretation of drug efficacy and safety in s “‘\&
sentinel species (mouse, rat, dog, NHPs) S 250 4 \ “Neutral’/Non-coding DNA
* For infectious diseases, evaluate target i: \ 75% 56% 40%
variation across highly mutable pathogens 2 500 -
S
* Intra-species homology: Within the human genome, 1.000-
do any other proteins have significant sequence .
similarity to the target protein? 2,000 1 . . it DI
. 32% 20% 10% 5%
* Design of counter screens to reduce off-target eies TR BRlA
i i ifici 4,000 + + + + + i
effects and increase drug targeting specificity from o o o7 o % 0 B%
* |dentify potential target and pathway Average Change in DNA

redundancies which might impact drug efficacy
https://www.practicallyscience.com/model-organisms-and-dnas-molecular-clock/
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The Quest for Novel Antibiotics

S8
SmuthKline Beecham G S K

Bactroban’

i i roenels:
Mupirocing Cata g tortient:
Unguento Mapirocine 7009

2% Bpentectp | G
Caja con 1 tubo on 59

Monic Acid 9-Hydroxynonanoic acid
I OH i I
HO 0\/\\/\\/'\\/\
¢Hy, | |/ CO,H
Hacy’\p\ «*"K/O CH, O
| H h )
Cp Cs

Pseudononic aicd A (Mupirocin)

In the late 1990’s SmithKlineBeecham (later GSK)

launched a genomics-based approach for the discovery of
novel targets for antibiotics

Bactroban is a highly successful topical antibiotic

The compound pseudomonic acid (Mupriocin™) is a
specific inhibitor of bacterial isoleucyl-tRNA synthetase
(lleRs), one of 20 amino-acyl tRNA synthetases (AA-tRS).

In late 1990’s, GSK(fSB) had a new initiative focused on

developing novel inhibitors of other AAtRSs for oral
and/or IV delivered antibacterials.
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Trans-Domain Horizontal Gene Transfer (HGT

SB

SmuthKline Beecham

@

a1 Saccharomyces cerevisiae mt.
- 62 Synechocystis sp. PCC6803
100 Escherichia co¥
100 Haemophius nfluenzae
:mm
~170 80 Pseudomonas fluorescens
Helicobacterpylor
e M—
57
Thermotoga martima o1

Bacteria
T. maritima
A. pyrophlius
C. jejuni
H. pylori
M. genitalium
M. pneumoniae
Synechocystis
P.” fluorescens
S. cerevisiae mt
C. elegans mt
H. sapiens mt
H. influenzae
E. coli
N. gonorrhoeae
subtilis
S. pneumoniae
S. aureus
IRS-HR
S. aureus
C. acetobutylicum
M. tuberculosis
T. pallidum
B. burgdofert
C. trachomatis

Eucarya
S. cerevisiae
T. thermophila
H. sapiens
C. elegans
N. locustae
Archaea

M. thermoautotrophicum
M. jannaschii

P. furiosus

A. fulgidus

S. acidocaldarius

EKMLDTLDVWIDSCASFEYIT
RKEEDILDVWFDSCCSHASY
EKVYDILDVWFDSCSTFNAVL
EKIMHILDVWFDSCSTFKAVL
HKEIDTLDVWFDSCSSYNVL
KKETDTLEVWFDSCSTYNVL
RKCEDTMDVWFDSCSSWAAVA
DKISDTLDVWFDSCTTHWHVL

TKREDHPFPLDNYLECSDOHRC
IRPLCFEXADLYLECSDOHRG
NSCLYDACEKRASNYLECSDOHRC
EDYHCEKCOQSPSDVILECSD!
EINKYCSTADLYIECSD
ISNKLNFPADLYLECSD
NAKNRPLKYPVDNYLECSDOH!
RCSHPMCHETCPRADLYLECSDOHRC

CRSQDTMDVWFDSCSSWSVIKDFYEKSLKLSKLPSPLYQVCLECSDOHRC

EKNTD IMDVWLDSCLAWHAAR
VPCODILDIWFDSCTSWSYV

RKVPDTLDVWFDSCSTYSSVV
VKVPDTLDVWFDSCSTHSSVV
DKLPDTMDVWFDSCSTHYSVV
TKEQD IMDVWFDSCSSHQAVL
KKETD IMDVWFDSCSSWNCVV
TKETD IMDVWFDSCSSHRCVL

SRVEEV I DVWFDSCSMPFAQHHYPFL

TRTEEVIDCWFDSCSNPFAQL
RRIPDVLDVWFDSCSMPYAQ
RRVPEVLDCWFESCAMPYAQQ
IRTSEVLDCWFESCAMPYASN

RRIPYVFDCWNFDSCAMPYAQNHYFY

KRIEEVFDCWFESCSMPYASQHYFY

RRIDEVFDCWFESCSMPYCQQ
HRISEVFDCWFESCSMPYAQV
KRVSEVFDCWFESCSMPYAQN
RRIEEVFDCWFESCCMPYAQR

DNDTEREHVADVVLECVDOFRC
LPCPDORADLYLECKDOLCC
ANRLEFNCQDIDNYLECSDOHRGC
DVRPEFACHAADNYLECSDO
KQREELEWPADLYLECSDOH!
EERDDLVRPADLYLECSDOYRC
VNRPELTYPADLYLECSDOYRC
ETRPELSFPADNYLECSDOQYRC

NOQKIFNQHFPADF IAECVDOTRGC
NKEVFENTFPAQF ISEAVDOTRC
~-NLDWFQCHYPCDF IVEY 1COTRG
HATDFERYFPAHF 1SECLDOTRGC
NEINFKNIFPADF IAECLDOTRC
RAEETEACFPADF IAECLDOTRC

NTEKFDERVPANF 1SECLDOTRGC
SMNEEEFSKRFPADF ICECIDOTRC
NKREFEDAFPADF IAECIDOTRC
NRKIFEDNFPADF IAECIDOTRC

CDNLCLPADFVAECVDOTRG

KRTPDVLDVWIDSCVACWAALHYPRE - - KELFSEWFPYDF ITECHDOTRC

KRVPDVLDVWFDSCLAPYASICV
RRVKDVVDVWFDSCIASWASLCYPR- -NKELFE
RRVPDVFDVWFDSCVASWCSIAYPL - -RKDKF

KELKKADF ITECHDOVTK
KLWPADF IVECEDOVTK
ELWPADF ITECHDOTRC

RRISDVADVWFDSCVAFFASLCQDW- -RKR-WSELCPVDLVLECHDOLRC
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Curent Biology

Brown et al. 1998. Current Biol. 8:365

= Genomes of certain key pathogens (i.e.,
Staph, anthrax) harbor two copies of [leRS
= A bacterial-like IleRS — mupirocin-
sensitive
= An eukaryote-like IleRS — mupirocin-
high resistant (IRS-HR)
= |RS-HR loci was not evident in available
published Staph genomes but found in
> 30% of clinical isolates used by GSK.

= Subsequently,
similar HGT
events found for

AAtRSS (Brown et al.
2003. EMBO Reports.
4:692)

e 10

= |n 2022, GSK announced positive results
for Ph2a trial of GSK30336656 an inhibitor
of Mycobacterium tuberculosis LeuRsS.
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Targeting Aurora Kinases in Cancer: Evolutionary Factors GSK

COS_~ Sus scrofa
87
- \ﬁE Bos taurus

(79) 98 H .
'0mo sapiens
= P Aurora-B
Rattus norvegicus AuroraA  FEIGRPLGKGKFGNVYLAREKQSKFILALKVLFKAQLEKAGV 174
—l ¥ Mus musculus AuroraB  FEIGRPLGKGKFGNVYLAREKKSHFIVALKVLFKSQIEKEGV 118
* AuroraC  FEIGRPLGKGKFGNVYLARLKESHFIVALKVLFKSQIEKEGL 84
[ Rattus norvegicus * kkkk * * *
*
. L—— Mus musculus Aurora-C AuroraA  EHQLRREVEIQSHLRHPNILRLYGYFHDATRVYLILEYAPLG 216
% ) AuroraB EHQLRREIEIQAHLHHPNILRLYNYFYDRRRIYLILEYAPRG 160
Homo sapiens AuroraC HQLRREIEIQAHLQHPNILRLYNYFHDARRVYLILEYAPRG 126
76 _|: Danio rerio * Fkkkk x
- *
@ Takifugu rubripes | Aurora-BC AuroraA  TVYRELQKLSKFDEQRTANLYNRIANALSYCHSKRVIHRDIK 258
oo ‘ AuroraB  ELYKELQKSCTFDEQRTATIMEELADALMYCHGKKVIHRDIK 202
| L : Xenopus laevis AuroraC  ELYKELQKSEKLDEQRTATIIEEVADALTYCHDKKVIHRDIK 168
Rattus norvegicus *
* ) AuroraA  PENLLLGSAGELKIADFGWSVHAPSSRRTTLCGTLDYLPPEM 300
67] = us musculus AuroraB  PENLLLGLKGELKIADFGWSVHAPSLRRKTMCGTLDYLPPEM 244
-] 50 Homo sapiens - AuroraC  PENLLLGFRGEVKIADFGWSVHTPLPERKTMCGTLDYLPPEM 210
u
- %158 X *k kk * ok ok
Xenopus laevis
, . AuroraA  IEGRMHDEKVDLWSLGVLCYEFLVGKPPFEANTYQETYKRIS 342
Takifugu rubripes AuroraB  IEGRMHNEKVDLWCIGVLCYELLVGNPPFESASHNETYRRIV 286
Ciona intestinalis AuroraC  IEGRTYDEKVDLWCIGVLCYELLVGYPPFESASHSETYRRIL 252

AuroralA RVEFTFPDFVTEGARDLISRLLKHNPSQRPMLREVLEHPW 382
AuroraB KVDLKFPASVPTGAQDLISKLLRHNPSERLPLAQVSAHPW 326
AuroraC KVDVRFPLSMPLGARDLISRLLRYQPLERLPLAQILKHPW 292

Oryza sativa (9i:31415939)
& 1 Arabidopsis thaliana (gi-15225495)
[(?%)] _EOryza sativa (gi:9049474)
0.1 Arabidopsis thaliana (gi:15233958)

{ Anopheles gambiae (gi:21288893)
*
Drosophila melanogaster Aurora A (Original)

, Caenorhablts elegans AIRK = Aurora Ser/Thr kinases are key regulators of mitotic chromosome segregation.
R 133 Drosophila melanogaster Aurora B . . . . .
;fg}l—Anophe/esgambfae(gf.-zvsooozs) = Targeting specific Aurora family members (Aurora A, B or C) is a goal for cancer therapies.
66 Caenorhabditis elegans AIRK2
& Setizosacoharomyces pombe ARK1 = Phylogenomic analyses suggests Aurora-A occurs throughout eukaryotes while Aurora B
(0] Neurospora crassa and Cevolved via two gene duplications, first in vertebrates and, second in mammals.
Saccharomyces cerevisiae Ipl1p
* Encephalitozoon cunicul = Structurally, the druggable ATP-binding domain of Aurora A differs by only 3 amino acids to
Leishmania major those of of Aurora B and C, which have identical domains to each other.
” Homo sapiens
P PIkd = Complicates the development of specific ATP inhibitors for each Aurora family but
Takifugu rubripes

supports inhibition AurA alone or AurB plus AurC.

Drosophila melanogaster

Brown et al. 2004. BMC Evol Biol 4:39 49



Inter-Species Orthologs and Paralogs onhoD v11

* OrthoDB - Hierarchical catalog of orthologs: https://www.orthodb.org/

* KLRB1 Orthologs: https://www.orthodb.org/?nchi=3820 (originally found in NCBI Gene record: https://www.nchi.nlm.nih.gov/gene/3820 )
* CLEC2D Orthologs: https://www.orthodb.org/?ncbi=29121

* Potential impact on in vivo translational studies: Four homologs in rodents vs only one in human and other primates.
* Explore mouse phenotypes associated with each gene for an indication of functional similarity

* Best practice is to confirm using BLAST > Multiple sequence alignments (MSAs) > phylogenetic analyses.

Homo sapiens (Human)
KLRB1 (Q12918 ) Killer cell lectin-like receptor subfamily B member 1§ 225 (O IPR016187 16186 01304 33992

Orthologs in example species Get Ortholog_Groups

search species (by name)

Pan troglodytes - group 13709at9604 at Hominidae level

KLRB1 (AOA6D2XVA3 ) AOA6D2XVA3_PANTR 225 QO IPR016187 16186 01304 33992
Macaca mulatta (rhesus macaque;rhesus macaques;rhesus monkeys) - group 89220at9443 at Primates level
KLRB1 (AOA1D5R310 ) C-type lectin domain-containing protein [ 227 Q IPR016187 16186 01304 33992 (@
Rattus norvegicus (brown rat;rat;rats) - group 183878at314146 at Euarchontoglires level b .-
1 Kirblb (A4KWA1 ) Killer cell lectin-like receptor subfamily B member 1B allele Af§ 223 QO IPR016187 16186 01304 33992 (__Mouse Phenome Database
2 Kirbif (Q63378 ) Killer cell lectin-like receptor subfamily B member 1F 217 QO IPR016187 16186 01304 33992 N e
3 Kirbl (QOZUPOQ ) Killer cell lectin-like receptor subfamily B member 1 214 QO IPR016187 16186 01304 33992 Mouse Gene Phenotypes
4 Kirbla (BZTYLO ) Kirbla§ 223 QO IPR016187 16186 01304 33992 .
Mus musculus (mouse) - group 183878at314146 at Euarchontoglires level httDS://Dhenome.laX.Org/
1 Klirbl (AOA1USW1A8 ) KiIrb1 ) 243 QO IPR016187 16186 01304 33992
2 Kirbif (I3QI43 ) Kirb1f 217 QO IPR016187 16186 01304 33992
3 Kirblc (E9Q3U6 ) Kirb1cfy 271 QO IPR016187 16186 01304 33992
4 Kirbla (B7ZN67 ) Kirbla 233 QO IPR016187 16186 33992 01304
5 Kirblb (AOA1U9W1A4 ) Kirb1b £ 223 QO IPR016187 16186 33992 01304 50



https://www.orthodb.org/
https://www.orthodb.org/?ncbi=3820
https://www.ncbi.nlm.nih.gov/gene/3820
https://www.orthodb.org/?ncbi=29121
https://phenome.jax.org/

Exercise 4: Inter-Species Orthologs and Paralogs

1. Try searching for gene orthologs for a particular gene via NCBI gene:
https://www.ncbi.nlm.nih.gov/gene/
1.  You can use the shown examples or your own favorite genes (can be non-human).
2 Scroll down to the section called, “General Gene Information”
3. Compare outputs from OrthoDB and NCBI Ortholog
4 Any potential incidences of gene duplication or loss?

2. Look up mouse phenotypes using The Mouse Phenome Database: https://phenome.jax.org/
1.  Works best if you have the mouse gene name — can be retrieved using the Ortholog databases
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https://www.ncbi.nlm.nih.gov/gene/
https://phenome.jax.org/

Outline

1.
2.
3.
4.
5,
6.
7.
8.

Overview of drug research and development

Integrative biomedical databases

Human centric data (genetics, clinical trials, drug and tool compounds)
Multi-omics evidence databases

Protein characterization and interactions databases

Comparative genomics and model organism database and strategies
Cancer relevant databases

Concluding remarks & discussion
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Cancer Genomics Resources

The Cancer Genome Atlas (TCGA)

NATIONAL CANCER INSTITUTE
* Active from 2006 to 2018 — data available via Genomic Data Commons TC GA @ GENOMIC DATA"COMMONS

and Xena browser (facilitates analyses as well) y/

*WHOLE GENOMES

o
* Concluding project is called The Pan-Cancer Analysis of Whole ﬁ ?SAWYG
Genomes (PCAWG)

#NCIGDC

International Cancer Genomics Consortium (ICGC) Cancer Cell Line

Encyclopedia

% <. UNIVERSITY OF CALIFORNIA
7 N

SANTR GRUI _a¥er depmap portal

* |CGC Data Portal closing down June 2024 but data available via Xena

Cancer Cell Line Encyclopedia (CCLE)

Catalogue of Somatic Mutations in Cancer (COSMIC)

Integrative cancer genomics resources (to be discussed)

* UCSC Xena browser for clinical cancer genomics

* Depmap portal for cell-types and cancer dependencies UCSC Xena
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Cancer Nomenclature

* Mutation types — coding and non-coding regions
* SNPs (single nucleotide polymorphisms) and small INDELs (nucleotide insertions or deletions)
* Copy number variants (CNVs)
* Gene fusions

 Large structural variants
* Gene-, Transcript-, Exon-, Protein-, LncRNA-, and miRNA-expression
* Epigenetics — DNA methylation

* Synthetic lethality — Pairs of genes for which an aberration in either gene alone is non-lethal, but co-occurrence of the aberrations

is lethal to the cell

* Cancer types

* TCGA coding and abbreviations: https://gdc.cancer.gov/resources-tcga-users/tcga-code-tables/tcga-study-abbreviations
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https://gdc.cancer.gov/resources-tcga-users/tcga-code-tables/tcga-study-abbreviations

The Cancer Genome Atlas Program (TCGA)

NATIONAL CANCER INSTITUTE
Center for Cancer Genomics

* TCGA: https://www.cancer.gov/ccg/research/genome-sequencing/tcga

* Initiated in 2006, molecularly characterized 20K+ primary cancer and matched normal samples for 33 cancer types.
* Program closed in 2018 but data remains available via the Genomic Data Commons — Data Portal:

https://portal.gdc.cancer.gov/

Genomic Data Commons
Data Portal

Harmonized Cancer Datasets
A repository and computational platform for cancer researchers who need to
understand cancer, its clinical progression, and response to therapy.

Explore Our Cancer Datasets

Data Portal Summary
7 Data Release 39.0 - December 04, 2023

_%- 4

= 2 ® &
79 69 44 .45] 986,114 22,534

Projects Primary Sites Cases Files Genes

®

2,930,136

Mutations

Adrenal Gland
Bile Duct

. 1 Bladder
Bone

Bone Marrow and Blood
Brain

Breast

Cervix

Colorectal

Esophagus

b Eye
wl Head and Neck
Kidney
Liver

| Lung
I/ Lymph Nodes
Nervous System

Ovary

Pancreas

Pleura

l | Prostate
|| Skin
l [ Soft Tissue
Stomach
I Testis
i Thymus
i Thyroid
Uterus

Cases by Mq_]or Primary Site

T
B 55
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https://www.cancer.gov/ccg/research/genome-sequencing/tcga
https://portal.gdc.cancer.gov/

NIVERSITY OF CALIFORNIA

Xena Functional Genomics Explorer INTH ORI

» Xena: https://xena.ucsc.edu/ Xena supports a wide variety of data types
* Graphical interface to multiple cancer genomics data-types including:
* Both on-line and downloadable desktop versions
* TGCA * SNPs and small INDELs
* TCGA Pan-Cancer Atlas (PANCAN) — Recommended for most analysis e Large structural variants
* TCGA data from Genomic Data Commons (GDC) . d b | |
* TCGA & GTEX data from the UCSC RNA-seq Recompute Compendium Segmented copy number, gene-level copy
+ Legacy TCGA data number
* International Cancer Genome Consortium (ICGC) * Gene-, Transcript-, Exon-, Protein-, LncRNA-,
e Pan-Cancer Analysis of Whole Genomes (PCAWG) study and miRNA-expression
« GDC * DNA methylation (genes and probes)
* MET500 (metastatic cancer study * Phenotype, clinical data
 CCLE » Signature scores, classifications, derived
e Pediatric data: parameters
e KidsFirst
* Target

* Treehouse Consortium
* Can add and view your own data

https://ucsc-xena.gitbook.io/project/public-data-we-host
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https://xena.ucsc.edu/
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UNIVERSITY OF CALIFORNIA

Xena Functional Genomics Explorer SHNIH EHH

* Xena: https://xena.ucsc.edu/

UNIVERSITY OF CALIFORNIA

UCSC Xena

See the bigger picture

* Recommend reviewing
tutorials and walkthroughs

e Python and R APIs

* I n Sta I I a Ioca I h u b to a n a Iyze An online exploration tool for public and private,

you r own data multi-omic and clinical/phenotype data Xena Public

Launch Xena

* Goldman, M.J., Craft, B., Hastie, M.
et al. Visualizing and interpreting
cancer genomics data via the Xena

platform. Nat Biotechnol (2020).
Tutorials and walkthroughs

httpS //d Oi Org/lo 1038/541587- Don't know where to start? Jump in with one of
020'0546‘8 our tutorials or "How do | .." walkthroughs
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https://xena.ucsc.edu/
https://doi.org/10.1038/s41587-020-0546-8
https://doi.org/10.1038/s41587-020-0546-8

UNIVERSITY OF CALIFORNIA

Xena: Exploring EGFR Mutations in Lung Cancer L2 SANTR CRI

* Xena: https://xena.ucsc.edu/ Overview Of EGFR in Lung Cancer

* Dosamples that have  EGFR aberrations (mutations e
aberrations in EGFR have B . F
statistically higher expression or amplifications) are present in P rrurereossrorores
than those without aberrations? 10-35% of Lung /@ &)\

* Is there a survival difference Adenocarcinoma patients

between these two groups?

 EGFR inhibitors are currently

* s there a gender difference in being used in the clinic
the occurrences of EFGR _
aberrations?  Aberrations are more common
in women Cell survival Cell proliferation

Apoptosis inhibition
Saletti, et al 2015

https://ucsc-xena.gitbook.io/project/tutorials/basic-tutorial-section-1 53



https://xena.ucsc.edu/
https://ucsc-xena.gitbook.io/project/tutorials/basic-tutorial-section-1

UNIVERSITY OF CALIFORNIA

Xena: Building a Visual Spreadsheet LESANTA CRU

GDC TCGA Lung Adenocarcinoma (LU... c X {mis OR infra) OR C>0.5 2 =0
* Xena: https://xena.ucsc.edu/
* Create a visual spreadsheet
A B H (o] H D H E : F

1 - Loa d St u dy- Sa m p I e d ata : ;l G D C TCGA Lu n g Sample ID Subgroup copy number ... gene expressi... somatic mutation (SNPs and small INDELs) - MuTect2 V...

Adenoca rC|n0ma (LUAD) samples gender.demo... (mis OR infra)... EGFR EGFR EGFR
2- Va riable: Genotype tEG FR’; G.ene ExpreSSion, CO py samples gender.demographic " 0:>I0n.:a] . L EG'RIIIH# Iiﬂlﬂ!_ LR LR L AL R .mnl

Number, and Somatic Mutation data I I T 1 .

3. Filter-out ‘null’ samples

4. Add new subgroups: =
1. EFGR Aberrations (‘(mis OR infra) OR C:>0.5’) —
2.  No EFGR Aberrations —_—
; E— i -
5. Add ‘Gender.demographic’ | ] | ) ik
6. Screenshot of completed data-table
7. Generate Kaplan-Meir survival plots
8. Generate box or violin comparison plots
9. Differential gene expression :ma‘e :EFGF”*'W'”ns 4B Wsa sl Hln . Variant Impact
female No EFGR Abber... log2(copy-number/ log2(fpkm-ug+1) D ;
2) [ splice

[l Missenselinframe

[ silent 59
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https://xena.ucsc.edu/

Xena Functional Genomics Explorer

UNIVERSITY OF CALIFORNIA

il

* Xena: https://xena.ucsc.edu/ Kaplan Meier Subgroup

e Share your tables via Bookmarks (bookmarks 1
are only guaranteed for 3 months):
https://xenabrowser.net/?bookmark=1eb2cbad
fe4a36d0d1dd47d18d2c24cc 075-

» Differential gene expression and pathway
enrichment analyses between EFGR +/- 0.5-

2 & 0
(mis OR infra) OR C=>0.5
P-value = 0.1927

Log-rank test statistics = 1.697
Overall survival

3650

aberrations datasets (access by clicking on 3- %
dots Subgroup col. C): 3
http://analysis.xenahubs.net/3e53da9a208490 025§
1f83dc09510c9e65b09086ac2e/ g

* Alternative to archive analysis results: OOW
* Download data & plots At risk

* Create your own local data-hub by download -

and installing a local copy of Xena -

* See Xena’s Advanced Tutorials for more
information

I I 1 1 J 1 | Idays
500 1,000 1,500 2,000 2,500 3,000 3,500

(mis OR infra) OR C>0.5
288 124 67 41 26 14 O mmmNo EFGR Aberrations (n=438)
38 17 4 2 1 1 0 w=smEFGR Aberrations (n=57)
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https://xena.ucsc.edu/
https://xenabrowser.net/?bookmark=1eb2cbadfe4a36d0d1dd47d18d2c24cc
https://xenabrowser.net/?bookmark=1eb2cbadfe4a36d0d1dd47d18d2c24cc
http://analysis.xenahubs.net/3e53da9a2084901f83dc09510c9e65b09086ac2e/
http://analysis.xenahubs.net/3e53da9a2084901f83dc09510c9e65b09086ac2e/

DepMap (Dependencies Map) /k/ depmap portal

* DepMap: https://depmap.org/portal/home/#/

* Builds on the original Cancer Cell Line Encyclopedia (CCLE) project, which characterized 1000 cell line models. To date, more than

2000 models have been collected: https://sites.broadinstitute.org/ccle/

» Data explorer: https://depmap.org/portal/interactive/

Our mission

Represent all human cancer genetic Identify and understand the landscape Create a resource for drug target and
and molecular diversity of cancer dependencies biomarker discovery
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https://depmap.org/portal/home/
https://sites.broadinstitute.org/ccle/
https://depmap.org/portal/interactive/

DepMap Example: Genes EGFR

tiated &g{;i‘ :‘pcgﬁ & - — e
* DepMap Data explorer: 'deésugm.%@ismg & e _——r— -
https://depmap.org/portal/ °maR,,aie1;£§ e PRI P
interactive/ s S b% TR et
- X- Axis G R e
* Select gene: EGFR %aaaoéen"?"l 3{[{ je @ s et wmmremsem— e
* Select dataset: Expression ,s,&r;au?ermlﬁ.al G TS T - cemmstea - e v+ )
public 23Q4 e b e -
« View options: Group by ;Pfs"&is:‘v\s e o
primary disease ‘%en.ng;l e e e = —

+ Add cell-line labels via ! ’Mﬁg&

euroen crlne umo r
om

C||Ck vasnve B%'e %a{rcwﬁﬁ' — %
ys |c eoplasn
* Downloadable data & atic RasndYmenem
f' epatoce r g["stO’ n
igures on
g osﬁt.ceo.seavgé L
ulLun: o e @ 0 o Y o
St”“‘ foEarEinem MR =
a‘i aarcmnI PPy . P ~O~' pea P o ° HSC1
é‘ mo lrc ®
jmo s o BT eTEmS® e 5 D &
%’ar&aﬁ' uc..y“arc..gﬂrl  [8e  co ®omveavasmmese e el o
nuam°ﬁ’ e' E:L:3 i Te . - — i UBLC1
csﬁ i o 'as"th'iéia . - . \
3er ﬁeg arcinoma . ————
ic Leukem)a Larc Rgm% Losg > .
napastlccPI!\ T H‘E ncer -9 gl —
a arcnnoma — . ° ® —
;ggﬁ\no 0'1( fereae e s °
Acu?nﬁyelouﬁeu emia @ oo °
-4 -2 0 2 4 6 8 10 12 14
62

EGFR log2(TPM+1)
Expression Public 23Q4


https://depmap.org/portal/interactive/
https://depmap.org/portal/interactive/

DepMap Example: EGFR and GRB2 Co-dependency

EGFR overview:
https://depmap.org/portal/gene/E
GFR?tab=overview

CRISPR Gene effects summary
suggests that EGFR and GRB2 are
co-dependent

Score of “0” is equivalent to the
gene not being essential

Whereas a score of “-1”
corresponds to the mean of all
essential genes.

Several cell-lines have values < -1
for both genes.

GRB2 Gene Effect (Chronos)

1
0.5 °
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click these legends
Well-Differentiated Thyroid Cancer
Uterine Sarcoma/Mesenchymal
Urethral Cancer

Undifferentiated Pleomorphic Sarcoma/Malignant Fibrous Histiocytoma/High-Grade Spindle Cell Sarcoma

T-Lymphoblastic Leukemia/Lymphoma
Synovial Sarcoma

Squamous Cell Carcinoma of the Vulva/Vagina
Sarcoma, NOS

Salivary Carcinoma
Rhabdomyosarcoma

Rhabdoid Cancer

Retinoblastoma

Renal Cell Carcinoma

Prostate Adenocarcinoma

Poorly Differentiated Thyroid Cancer
Pleural Mesothelioma

Pancreatic Adenocarcinoma

Ovarian Germ Cell Tumor

Ovarian Epithelial Tumor
Osteosarcoma

Ocular Melanoma

Non-Small Cell Lung Cancer
Non-Seminomatous Germ Cell Tumor
Non-Hodgkin Lymphoma
Non-Cancerous

Neuroblastoma

Nerve Sheath Tumor
Myeloproliferative Neoplasms
Myelodysplastic Syndromes

Mucosal Melanoma of the Vulva/Vagina
Mixed Cervical Carcinoma

Merkel Cell Carcinoma
Meningothelial Tumor

Melanoma

Mature T and NK Neoplasms

Mature B-Cell Neoplasms

Lung Neuroendocrine Tumor

Liposarcoma
0.5 1 1.5

EGFR Gene Effect (Chronos)

CRISPR (DepMap Public 23Q4+Score, Chronos)


https://depmap.org/portal/gene/EGFR?tab=overview
https://depmap.org/portal/gene/EGFR?tab=overview

DepMap Example: Genes EGFR and GRB1 Co-expression

click these legends
Well-Differentiated Thyroid Cancer
Uterine Sarcoma/Mesenchymal
Urethral Cancer
Undifferentiated Pleomorphic Sarcoma/Malignant Fibrous Histiocytoma/High-Grade Spindle Cell Sarcoma
T-Lymphoblastic Leukemia/Lymphoma
Synovial Sarcoma
Squamous Cell Carcinoma of the Vulva/Vagina
Small Bowel Cancer
Sarcoma, NOS
Rhabdomyosarcoma
Rhabdoid Cancer
Retinoblastoma
Renal Cell Carcinoma
Prostate Small Cell Carcinoma
Prostate Adenocarcinoma
Poorly Differentiated Thyroid Cancer
Pleural Mesothelioma
Pancreatic Neuroendocrine Tumor
Pancreatic Adenocarcinoma
Ovarian Germ Cell Tumor
Ovarian Epithelial Tumor
Ovarian Cancer, Other
Osteosarcoma
Ocular Melanoma
Non-Small Cell Lung Cancer
Non-Seminomatous Germ Cell Tumor
Non-Hodgkin Lymphoma
Non-Cancerous
Neuroblastoma
Nerve Sheath Tumor
Myeloproliferative Neoplasms
Myelodysplastic Syndromes
Mucosal Melanoma of the Vulva/Vagina
Mixed Cervical Carcinoma
Merkel Cell Carcinoma
Meningothelial Tumor
Melanoma
Medullary Thyroid Cancer
0 5 10 15 20
EGFR log2(TPM+1)
Expression Public 23Q4

DepMap Data explorer: .
https://depmap.org/portal/interactive/

10

EGFR & GRB1 co-expression:
X — Axis
* Select gene: EGFR
* Select dataset: Expression public 2304
* Y -—Axis
* Select gene: GRB1
* Select dataset: Expression public 2304
* View options: Group by primary disease
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https://depmap.org/portal/interactive/

DepMap: Celligher — Tumor + Cell Line Model Alignment

* DepMap: https://depmap.org/portal/celligner/
* Integrated CCLE and tumor expression datasets with calculated distance metrics for overall similarity

* Rank cell lines for selected tumors
* Find most similar tumors for a given cell line
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https://depmap.org/portal/celligner/

Catalogue Of Somatic Mutations in Cancer (COSMIC) [iJeoN) 1@

Catalogue Of Somatic Mutations In Cancer

* Cosmic: https://cancer.sanger.ac.uk/cosmic (outdated?)

* Initial COSMIC Search results for gene CLEC2D: https://cancer.sanger.ac.uk/cosmic/search?q=CLEC2D
* Gene view link: https://cancer.sanger.ac.uk/cosmic/gene/analysis?In=CLEC2D

Mutation distribution |

This section displays a series of charts that show the distribution of different types of mutations for CLEC2D. Show more

Summary Substitutions

An overview of the types of mutation observed. A breakdown of the observed substitution mutations.

Colour Mutation type Number of Colour Mutation Number of
samples (%) type samples (%)
Nonsense substitution 0 (0.00%) A A>C 0 (0.00%)

Missense substitution 5 (20.83%) A>G 2 (25.00%)

o
4

. Synonymous substitution 3 (12.50%) . A>T 1 (12.50%)
[ inframe insertion 0 (0.00%) B ca 0 (0.00%)

[ Frameshift insertion 0 (0.00%) B o 1 (12.50%)
B inframe deletion 0 (0.00%) B coc 0 (0.00%)

I Frameshift deletion 0 (0.00%) B Gea 2 (25.00%)
[ complex mutation 0 (0.00%) B c>c 0 (0.00%)
Il other 5 (20.83%) B et 0 (0.00%)
Total unique samples 24 B A 0 (0.00%)

B c 2 (25.00%)
B 16 0 (0.00%)

Total unique samples 8

Deletions Insertions 66

There are no observed deletion mutations. There are no observed insertion mutations.


https://cancer.sanger.ac.uk/cosmic
https://cancer.sanger.ac.uk/cosmic/search?q=CLEC2D
https://cancer.sanger.ac.uk/cosmic/gene/analysis?ln=CLEC2D

Exercise 4: Cancer Databases

1. Recreate the example of EGFR mutations in lung adenocarcinoma using Xena: https://xena.ucsc.edu

1.  Hint: this is Basic Tutorial Section 1: https://ucsc-xena.gitbook.io/project/tutorials/basic-tutorial-section-1

2. Forthe genes EGFR and GRB1, recreate CRISPR co-dependency and co-expression plots using
DepMap data explorer: https://depmap.org/portal/interactive/
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Outline

1.
2.
3.
4.
5,
6.
7.
8.

Overview of drug research and development

Integrative biomedical databases

Human centric data (genetics, clinical trials, drug and tool compounds)
Multi-omics evidence databases

Protein characterization and interactions databases

Comparative genomics and model organism database and strategies
Cancer relevant databases

Concluding remarks & discussion
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Future Directions

* Further innovations in functional genomics assays (i.e. single-cell genomics, spatial genomics, CRISPR)
* Growth of clinical datasets with deep genomic analyses and precision medicine focus

* The future of Al/Machine Learning and Drug Target Discovery/Validation

Entering a new era of Al enabled target discovery
* Large language models (LLMs) trained on diverse chemical, biological and clinical datasets
* Understanding feature selection and the underlying drivers of Al model predictions could be insightful

* Applications of Al to multi-omics analyses are exciting yet still evolving
* Bzdok et al. 2024. Neuron. Data science opportunities of large language models for neuroscience and biomedicine
https://doi.org/10.1016/j.neuron.2024.01.016
* Ren et al. 2024 Nature Biotechnology. A small-molecule TNIK inhibitor targets fibrosis in preclinical and clinical models
https://doi.org/10.1038/s41587-024-02143-0

* Cautionary notes on applying machine learning to Clinical Prediction (Chekroud et al. 2024. Science 383:164.
https://www.science.org/doi/10.1126/science.adg8538 )
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Concluding Remarks

* Caveats
* Critically evaluate any results and cross check using multiple sources.

* Be mindful of the lag time between discovery in the literature and incorporation in public databases.

* Many databases are very human or mammalian centric:
* Pathogens have their own resources as does the microbiome.

* These web-tools are initial starting points. Leading towards greater more in-depth computational biology analyses such as
phylogenomic analyses of orthologs or differentially expressed gene analyses.

* Most of these databases have excellent free tutorials as well as helpful community blogs and discussion groups.
* For any computational hypothesis, it is essential to have experimental and/or clinical validation.

* Thank you!!
* Questions?

* | am available for 1x1 meetings today and tomorrow (E-mail: jb4633@drexel.edu )
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