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1. Targeting human host factors for infectious diseases

2. Multi-omics data analysis of human protein-metabolite
Interactions



Host-microbe Interactions: The Immune System Balancing Act

= Microbiome and pathogens interact with the host in different ways.
= Complex immune pathways have evolved to orchestrate an effective defense against a wide range of

pathogens while still promoting colonization of beneficial microbes for dietary energy and immune
homeostasis.
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The Rationale for Host Defense Targets

. . ) Severe respiratory infections
= Pathogens can readily mutate into multi-drug (viral & bacterial)

resistant strains while interactions with human
targets are less susceptible to selection pressures.

= Potential to mitigate collateral tissue damage caused
by overactive immune response to infection.

= Potential for broad applicability across multiple,
genetically diverse pathogens.

. Opportunities for intervention
= Broader range of human drug targets and chemical EP

matter in pharma inventories.

= Compared to drugs targeting the pathogen, entities
that modulate human targets have lower effective

— &H—

: : . . Viral/bacterial Overactive i ..
dosing levels (potentially de-risking drug toxicity). infe/ction 2 immune response Tissue injury
replication

= Minimize collateral damage to the microbiome.



Host Response to Respiratory Viral Infections

OPIN G ACCESS Freely available online PloSone
SECIDstseaLkEI b Rev I Viness: [ lamsiZocatanaty Identification of Common Biological Pathways and Dru
y - - -
sample Targets Across Multiple Respiratory Viruses Based on
Size andidate i i
Dotaset Human Host Gene Expression Analysis
Filtering

Treatment Cell type

Steven B. Smith™?, William Dampier’, Aydin Tozeren®’, James R. Brown™, Michal Magid-Slav® 201 2
At least 4 full datasets and 4

comparison groups removed

Steve Smith (M.Sc. Student;
Data Scientist, Labcorp)
Will Dampier

Aydin Tozeren

ﬂ .= Analysis of human gene expression studies across seven common respiratory tract viruses

omparison groups remained

= Respiratory synovial virus (RSV); Metapneumonia virus; Influenza A virus;

0 e Coronavirus (SARS); Rhinovirus; Coxsackievirus; Cytomegalovirus
B = Public RNA-array datasets with matched infected and un-infected human cell-types
= Extensive QC criteria
|

= Performed pathway enrichment and druggable target analyses

Fold

change Differential

Sapresn = 67 pathways in common among all seven viruses

east w
squares  Significance
mean

s ®m Multiple novel anti-viral and tissue damage targets (from Drug Bank and literature)
. ﬂ :> e e = |L1B — Antagonists such as Canakinumab
= TNF — Antagonists such as Pranlukast
A o = CASP1 — Antagonists to reduce inflammatory damage
ﬂ — = MMP9 — Antagonists to modulate NLRP3 inflammasome

Common Pathway Analysis Smlth et al. 2012 PLOS One. e33174



Novel Pathways for Infectious Diseases

= PARK2 (now called PRKN) encodes parkin RBR
s 9 E3 ubiquitin protein ligase, a component of
the Parkin-Ubiquitin Proteasomal System

PARKZ2 in-
. 2o« (Parkin-UPS) pathway.
\ Synphilin 1 g g DORFIN

= Pathway enriched across 5 of 7 viruses based
2 ) 9 sﬁ on human mRNA microarray analysis.

g , | = Mutations in PARK2 are known to cause
Parkinson disease and autosomal recessive
juvenile Parkinson disease.

B «
_% 2 P 2 :
g ' Sepins - Nbinbes/  Tuniinspha = |In humans, PARK2 gene variants are also

Alpha-synuclein

. | associated with susceptibility to leprosy,
o« ¢ ! (Pt Jo— 9 typhoid and paratyphoid fever (i et al 2006 ciin. Exp.
o - PAELR S0 proSSeny Immunol. 144:425).

(19S regulator)

Smith et al. 2012 PLoS One. e33174



Tuberculosis (TB) Infection Interactions with Host Immunity

= Globally TB is one of the most prevalent
infectious diseases (WHO).
Entry into = 1.8 billion people infected

new host
Multiplication in = In 2022, 10.6 million fell ill and 1.6 million died
unique niche

Transmission

= High unmet medical need

= The bacterium Mycobacterium tuberculosis
ndividua (MTB) is the causative agent of TB.

macrophages

>

= Intra-cellular pathogen of lung macrophages.

= Latent MTB can be a long term infection
Ripansfon requiring several months of treatment with

in innate

90| multiple antibiotics:
_: J = Increase in multidrug-resistant (MDR) TB strains
Z>, = Urgent need for new therapies
® aranuioma = Similar to viruses, MTB proliferation depends

maturation
upon:

= Evasion and/or subversion of host immune responses

Granuloma
necrosis with
extracellular
replication

@ @ @ Lymphocytes

= Manipulation of the macrophage microenvironment



Meta-analysis of Human Gene Response to M. tuberculosis J=ERY

Wang et al. 2018. BMC Syst Biol. 12:3

Dataset collection
- ‘Tuberculosis’, ‘Homo sapiens’,

‘Expression profiling by array’ from GEO

(n=85)

Dataset selection

- in vivo datasets (9 PTB and 5 LTB) (n=9)
- in vitro datasets of dendritic cells (n=3)

- les!

- HIV subjects complicated (n=4)

Excluded (n=73)
s than 3 samples per group (n=6)

- no human data (n=5)
- no patients data (n=4)
no healthy control data (n=11)
- Quality control failed (n=7)
- other factors (n=36)

Y

Data processing

- Quality control (Kernel density,
MAD, Correlation, PCA)
- Log transformation and auto-scaling

Y

Statistical meta-analysis
- Batch effect removal (ComBat)

- Differential expression analysis (limma)

- Meta-analysis (FDR P<0.01, INMEX)

Validation analysis

- Independent datasets (n=4)
- PLS-DA with 7-fold cross validation

A

- 1,655 DEGs

Y

- 407 DEGs with Ifold
changel>1.5

A

Y

Y

Pathway enrichment analysis

- Pathway analysis (MetaCore, FDR P<0.01)
- PPI network analytsis (NetworkAnalyst)

Genetic analysis (GWAS)

- GRASP and FANTOM5
(Genome-wide significant P<5e-8)

Drug repurposing analysis

- DrugBank analysis
- Connectivity Map analysis (Enrichment
score<0, P<0.05, Specificity<0.1)

v

- 90 pathways
- 1,727 edges, 740 nodes,

v

61 SNPs associated
with 48 DEGs

v

- 14 DrugBank compounds
- 13 CMAP compounds

Dr. Zhang Wang,
Early Talent PDF;
CB Scientist GSK;
Professor Southern
China Normal U.

Dr. Seda Arat
Co-op Graduate Student;
Comp. Toxicologist, Pfizer

Human transcriptome meta-analysis of 7 published
human transcriptome during active pulmonary TB
infection (PTB) datasets

= Health control groups
= No co-occurring infections
= Pass QC and sample size criteria

Complete re-analysis of RNA-seq datasets for
differentially expressed genes (DEGS)

Meta-analysis of individual studies then looking at
overlapping gene sets

Pathway enrichment
Targets reviewed for genetic (GWAS) associations

Drug repurposing analysis



Enriched Human Pathways in PTB Infections

GSE65517

GSE34608

GSE54992

GSE19435

GSE19439 II

GSE19444

.

0 2 4 6 810
-log P value

Inhibitory PD—-1 signaling in T cells (4)

LRRK2 and immune function in Parkinsons disease (5)

GSE29536 I

Role of Parkin in the Ubiquitin—Proteasomal Pathway (4)
Bacterial infections in CF airways (7)

Thrombopoetin signaling via JAK-STAT pathway (6)
Transcriptional regulation of megakaryopoiesis (4)

Cytokine—mediated regulation of megakaryopoiesis (6)

Role of PKR in stress-induced antiviral cell response (7)

Wang et al. 2018. BMC Syst Biol. 12:3

= 54 pathways found enriched for 4 or
more out of 7 datasets

m Apoptosis and survival
m Blood coagulation
E Cell adhesion

m Development

B Immune response
u Other
Proteolysis

= Signal transduction

Transcription

= Parkin-Ubiquitin Proteasomal System,
involved in the progression of
Parkinson disease



LRRK2 in Parkinson’s Disease (PD) and Tuberculosis

= Several Parkinson’s Disease core pathways are

AL ’—_I .
Y )Y g () =% modulated in TB.
k = 1.38-fold risk of Parkinson’s Disease in TB patients
’ |ndependent Of Other Cllnlcal faCtOFS (Shen et al. 2016. Medicine [Baltimore]
. - ¢ 95:¢2883).
’ : X
0 b, A0000000 R : = 58 genetic variants associated with PD proximal
¢ @ S o — to 407 Differential Expressed Genes (DEGs) in TB.
X ; N\ ] expressen
Vi) L B A . . . .
Y Noococe SR o -l el (9 = LRRK2 (leucine rich repeat kinase 2) mutations
o LRRK2 @ associated with PD; considered a potential target.
3‘0.3_ Feees e ,‘wlé""""” [ 1 e = LRRK2 has wide immune regulatory functions and
o e ( Y associates with the mitochondria
y 5 A;.T.;;:La‘ Pslr J’-’-’ = LRRK2 highly expressed in the lung and linked to gut-
/ a | 1 I " 4 .. .
. . > @ = ® & :“': braln |mmun|ty (Peter & Strober. 2023. J. Parkinsons Dis.)
& e ' = GSK/Crick collaboration support LRRK2 as a
wafle | [ A— potential TB target
T : = LRRK2 deficiency in mice resulted in a significant
) decrease in M. tuberculosis burdens early during the

infection (Hartiova et al. 2018. B0 1. 37).
Wang et al. 2018. BMC Syst Biol. 12:3
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Inhibitory PD-1 Signaling in T-cells

#MHC class | * MHCclass Il

o0

00 @

. A r g ¥
00 » B

& : oo = Pathway significantly enriched in 4 PTB datasets. PD-
il ° L N " ... | L1 gene significantly up-regulated in 5 PTB datasets.
Meu-::early \ S AT ‘B@? 0 Q Q . :
i [m";?m""na] ‘ Bfﬂd%g | 02-%
S ° | H‘ tT Y el [ = The PD-1/PD-L1 pathway has been shown to inhibit

e T cell effector function during PTB infections (vinetal.
@ ‘P 2014. Tuberculosis 94:131)

@
o
| ee
+ 3
=
-

o G A = Suggests Mtb exploits PD-1/PD-L1 pathway to
g@;’ P Ggq( R e evade host immune response.

KT ‘

- (ADAP) -
PD-1-induced inhibition .| Attenuation | _| PD-1-induced inhibition
of CD28 signaling | of AKT signaling of TCR signaling

¥

= : [““""j“f""“] L2 = QOvercoming T-cell exhaustion is the basis of cancer

TN TSE immuno-therapy and might be a strategy for TB.

. u Inhibition ‘*G’Az O) s @ ¢ ¥ ? ‘ ,,&G . . . oL - . .

L S/ “’*Aﬁd -« g@Ag L = Potential to test PD-1 check point inhibitors clinically
i. = i A : differentiation Chich '\o > @ olfn glrltjgt:?:e . : H H

Fogttion f } used for immuno-oncology (i.e., Pembrolizumab

S @ oA} potes o

I w.mxw' [Keytruda]) for activity against active PTB.
|

Proteins M Eom erm
? 23 - P
v [cS <Y ="M Inhibition of T cell e —
T cell apoptosis ° effector functions - Ameneiona
. e e degradation

s :
bk Wang et al. 2018. BMC Syst Biol. 12:3 1



Potential Drug Repurposing For TB Therapy

Targets and compounds proposed in this study

Compounds Targets/ Evidence
Pathways
LRRK2 inhibitor LRRK2 LRRK2 pathway significantly upregulated
pathway in TB. LRRK2 genetically associated with
susceptibility of M. leprae infection.
Cormobidities between TB and
Parkinson’s disease.
PD-L1 inhibitor PD-1/PD-L1  PD-1/PD-L1 significantly upregulated
(Atezolizumab) pathway in TB, and inhibit TB-specific T-cell and
macrophage functions.
Carfizomib PSMBS, PSMBS8, PSMB9 significantly upregulated
PSMB9, in TB, with strong genetic association
PSMBI10, with TB infection.
PSMB2
Intraveneous FCGR2A, FCGR2A, FCGR3A, C5 significantly
Immunoglobulin (Vig) FCGR3A, C5  upregulated in TB. Efficacy of IVig in
reducing bacterial load in TB infection.
Disopyramide SCN5A, Top compound in CMAP analysis.
ORM1 SCN5A regulates spatial and temporal
calcium signaling during Mtb
phagocytosis.
Flunarizine HRHT, Top compound in CMAP analysis.
CACNAIG, Potential efficacy in restricting Mtb
CACNATH, growth.
CACNATI,
CALMT

= Drug repurposing hypotheses —two methods.

= 407 DEGs searched for associations with known drugs
listed in the Drug Bank database
https://go.drugbank.com/ .

= 19 drug-target links identified involving 14 drugs
and 16 differentially expressed genes (DEGs).

= Connectivity MAP (L1000 CMAP https://clue.io/)
analysis utilizes the anti-correlation relationships
between gene expression (RNA-seq) signatures in
diseases and drug perturbations.

= 13 drugs with significantly anti-correlated signatures
to the PTB signature

Wang et al. 2018. BMC Syst Biol. 12:3
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https://go.drugbank.com/
https://clue.io/

1. Targeting human host factors for infectious diseases

2. Multi-omics data analysis of human protein-metabolite
Interactions
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Metabolites: The Currency of Microbial Crosstalk with

Host Signaling Functions

Commensal bacteria make GPCR ligands
that mimic human signalling molecules

Louis J. Cohen'2, Daria Esterhazy?, Seong- Hwan Kim!, Christophe Lemetre', Rhiannon R. Aguilar', EmmaA. Gordon',
Amanda J. Pickard?, Justin R. Cross*, Ana B. Emiliano®, Sun M. Han!, John Chu!, Xavier Vila-Farres!, Jeremy Kaplitt!,
Aneta Rogoz®, Paula Y. Calle', Craig Hunter®, J. Kipchirchir Bitok! & Sean F. Brady’

48 | NATURE | VOL 549 | 7 SEPTEMBER 2017

A Forward Chemical Genetic Screen
Reveals Gut Microbiota Metabolites
That Modulate Host Physiology

Haiwei Chen,' Phu-Khat Nwe,? Yi Yang,' Connor E. Rosen,! Agata A. Bielecka," Manik Kuchroo,®> Gary W. Cline,*
Andrew C. Kruse,® Aaron M. Ring,' Jason M. Crawford,?¢ and Noah W. Palm'-7-*

Cell 177,1217-1231, May 16, 2019

OPEN a ACCESS Freely available online

@ PLOS | BIOLOGY

Production of a-Galactosylceramide by a Prominent
Member of the Human Gut Microbiota

Laura C. Wieland Brown"z’, Cristina Penaranda3", Purna C. Kashyap“, Brianna B. WiIIiams‘, Jon Clardyz,

Mitchell Kronenberg®, Justin L. Sonnenburg®, Laurie E. Comstock®, Jeffrey A. Bluestone®*,

Michael A. Fischbach'* July 2013 | Volume 11 | Issue 7 | 1001610

(Natural Killer Cell Agonists)

@PLOS | ONE

RESEARCH ARTICLE

Human gut bacteria as potent class | histone
deacetylase inhibitors in vitro through
production of butyric acid and valeric acid

Samantha Yuille, Nicole Reichardt, Suchita Panda, Hayley Dunbar, Imke E. Mulder*

4DPhama Research Ltd., Aberdeen, United Kingdom

PLOS ONE | https://doi.org/10.1371/journal.pone.0201073 July 27,2018
MucosalImmunology

www.nature.com/mi

®

Chack for
“pdatos

ARTICLE

A screen of Crohn’s disease-associated microbial metabolites
1dentifies ascorbate as a novel metabolic inhibitor of activated
human T cells

Yu-Ling Chang"?, Maura Rossetti?, Hera Vlamakis®, David Casero?, Gemalene Sunga?® Nicholas Harre?, Shelley Miller?,
Romney Humphriesz, Thaddeus Stappenbeck’®, Kenneth W. Simpsons, R. Balfour Sartor®, Gary Wu’, James Lewis®, Frederic Bushman®,
Dermot P. B. McGovern'?, Nita Salzman'', James Borneman'?, Ramnik Xavier?, Curtis Huttenhower® and Jonathan Braun?

Mucosal Immunol. 2018 Apr 25. doi: 10.1038/s41385-018-0022-7.
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The Apothecary Within: Targeting Human-Microbial Crosstalk

= Microbiome metabolism of dietary fibers generates many
diverse metabolites with positive immuno-modulatory

Gut lumen
effects. ) . :
Dietary Fiber Tryptophan Plant Flavonoids
= Metabolites are advantageous starting points for drug -~ ~
discovery: Microbiota :
= Known modulators of host immunity (i.e., cohen etal. 2017. ,’V\ }N\ |

Epithelial cells

!

Nature 549:48).

= 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).

= 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?

Saha et al. 2016. Drug Discovery Today 21:692
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Metabolites Reported As Immuno-modulators

Microbial Metabolite Known Target (if any)

Propionate o‘\%
Butyrate e VO,
Hexanoate HSCW\fO
Benzoate 6
Niacin 0
Urolithin -A E O O B

Protocatechuic Acid (PCA)

Equol

8-Prenylnaringenin
(8-PN)

Indole Y

G-protein coupled receptors

G-protein coupled receptors

G-protein coupled receptors

Unknown

G-protein coupled receptors

Cytochrome P450s family 1B1

Unknown

cAMP-protein kinase A
Estrogen receptors

Unknown

Voltage Gated K+ channels

CCC(=0)[0O]
SMILE String 2D
Conversion

> (0.8 Tanimoto
score

Search GSK 4.5 M
compound collection

!

Retrieve metabolite-mimics

!

Retrieve associated human
protein assay data

!

Dr. Somdutta Saha, Early

Talent PDF

Bix Scientist, SpringWorks

m Propionate

m Butyrate

B Hexanoate

® Benzoate

® Niacin

m Urolithin -A
PCA

= Equol
8-PN

Indole

® Cytochrome

m Cytokine

EGPCR

mlon Channel

mKinase

mNuclear Receptor
Other Enzyme

m Other Receptor

Output:
1. Cpds highly similar to microbial
metabolites.

2. Their 2D chemical structures.
3. Putative protein ligands.

Protease

Transporter

101 putative metabolite-receptor
ligand relationships

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

i)
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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

Metabolomics . .
. e Machine Genome-wide GWAS
(548 metabolites verified in HMDB, —~— ) A T ] Catalo
Human Metabolome Database) learning — G/le association studies " guk
- T oo ” biobank
- i’:i/k consensus scoring) ¢ S improvig the hesth fuure generations
- u e
g 0 “

o

Metabolite-target
pair evaluation

Functlonal Cpd-target
_, — Analog cpds assays pair w/MOA
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

* identified in the Human Metabolome Database [HMDB] Nuzzo...Brown. 2021. Commun. Biol. (Nature). 4:288 18



Metabolomics and Transcriptomics in IBD Samples

Metabolites diagnosis Gene Expression
b  After MLanalyses, top quartile (n = 192) to downstream analysis) . CD Total DEGs n = 2107 of which 820 DEGs shared between CD & UC
cD uc .
! uc
1.00 Nicotinuric acid O‘Ieoylcarnitine Nicotinuric acid b D e
L . 100
Tetradecanedioic acid 7-Methylguanine
1° Oleoylcarnitine HCARS /.\ SAA
i Ol AQP9
0.75 Stearoylcarnitine—e Putrescine  1e4radecanedioic acid / . o FCGR3B Q \
—Acetyl- Putrescine = +-SAA1 e o

o CE(22:4(72,102,13¢,162))¢ Hexadecanedioic g 7 ° N
= wrw putrescine T SERPINB7 » SERPINB7
8 e ® o ~acid  Taurine ® ® »SAA2
o o o ¢ 2 . Taurine Porp(lllnogen , g Methyl- > U N
2 os0 Loe foi,“ 3 / . 17 guanine s o% o® e—CSF3 ‘ DEFB4A
2o PR Y TG(16:0/16:1(92)/16:0) R BEFE %, g)‘
g a4 : g . SE\.PINB4 ~ ‘ IL24 'NB4
o = DOCK9-AS1 , =1 SERP'N 3

0.25 8 2 LCT \91/ Booms, o \

: i 4 pex :;_. SERPINB3 o
sSLC10 & KERd
"®  KRT6A
o o . 0 GeP
0.00 % -5 0 5 10 -5 0 5 10
Log, FC

-1 0 1 -1 0 1
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 19



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

23

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 “

= 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 AM« Chenodeoxycholic acid -
Interleukin-13 signaling ’ Né%‘la(;l;ﬁlteecsyt:ﬂsliates - glycine conjugate 21-Deoxycortisol
Signalitig by Interleuki L-Argimine R o 7-Ketode
.. COXYER€ act Hyode6xycholic acid
J— N-a-Acetyl-L-arginine i ~~ Glycocholic acid
. @ CHEMBL2s6147 S %
Inflammatory skin disease i i : Tauro-b-muricholic acid
N 082 K‘.:JL:N\L)\“ e 'cgis Taurodemacholic acid
L-Targinine o e
o ‘ - . , v)K:IN'\r- Crustecd‘sone
Chroxlncmﬂamm;'tlo:y dgeahs;? Cytokine Signaling in . Lithocholic acid glycine
_(ankylosing spondylitis, Crohn's Immune system S conjugate
ease, psoriasis, primary sclerosing Immune System
chofan {lS_, gfcetz;nve colitis) Cholic acid
eiotropy
Relaion wngh b B =) ey WO
. . en undance glycine conjugate aurochenodesoxycholic
== Molecular Similarity Direction & Chenodeoxycholic acid acid
. _— == Positive Modulation —— Strong B Low
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in vitro Validation Assays for Selected Metabolites

Nuzzo...Brown. 2021. Commun. Biol. (Nature). 4:288
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= OAis a connected ligand of GABRG2, PTPN7 and GPBAR1
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Summary and Future Directions

= Multi-omics analyses of human-microbe interactions can assist in drug discovery:
= Novel targets.
= Mechanism of action.
= Biomarkers.
= Drug repositioning.
= Precision medicine — ldentify potential disease subtypes in patient populations.
= Find common targets and pathways across diverse disease etiologies.

= Future areas
= New frontier for 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.

= For any computational hypothesis, it is essential to have experimental and clinical validation.
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