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Al Is Not Enough

Exolainaonle Biology for Irnoroved Therapies




The Hospital for Sick Children
In Toronto,
the Neonatal Intensive Care unit

e Monitoring premature infants'
vital sign data using IBM
InfoSphere Streams

« Each infant generates >1,200
points of data per second

« nearly 90 million points of
data per day






MDA: IBM WATSON & CANCER 4 YEARS AND $62M LATER

Power "Moon Shots" Mission
Aimed at Ending Cancer, Starting

with Leukemia
(Houston - 18 Oct 2013)

Literature vs

Literature + Data + Predictions




Literature vsS
Literature + Data + Predictions




1,862 proteins connected by 2,324edges



Technical — ethical —legal

Heterogeneity — samples, assays, analysis

Biases — data collection, confounding factors, ground truth, bad platforms
» Unknowns — life style,(co-)treatments, missing data
» Fraud (75%), mistakes (<25%)

Statistical significance vs biological/clinical importance

Al/ML issues — transfer learning, drift of cohorts
» performance on the cohort (accuracy) vs confidence in a single prediction

Importance of explanation & modeling, not just classification

Algorithm — Data — System — Use




Medical-AI Systems and Applications:
Future Challenges and Research Directions

Andreas Holzinger®P*, Matthias Dehmer®d,
Frank Emmert-Streib®, Natalia Diaz-Rodriguez!, Chris Biemann
Igor Jurisicabe:i
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> EXpertise, process, standards!



Precision treatments
2 | HTP platforms 3 Data portals 4 | Models
. : . Integration, Analytics .- Improved outcomes
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Urine excretion rates of Angll signature
proteins is increased in patients with
IFTA (interstitial fibrosis/tubular atrophy)

Angll, Angiotensin I

BST1, bone marrow stromal cell antigen 1
GLNA, glutamine synthetase

LAMBZ2, laminin subunit beta-2

LYPLAZL, lysophospholipase |

RHOB, ras homolog family member B
TSP1, thrombospondin-I
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Positive correlation among all urine
excretion rates of Angll-regulated
proteins
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1,062 LUAD RNA samples
241 normal lung samples
63 LUAD aCGH samples
- 85 paradoxical genes




TCGA LUAD: 70/85 genes validated

46/70 paradoxical genes (65.7%) are
targeted by subsets of the
19/24 deregulated miRNAs (p = 4.8E-3)




darker shade significant correlations, p < 0.05
+ causal explanation

- significant correlation, non-causal

TCGA LUAD data

369 co-expressed miRNA:gene pairs (27% of all miIRNA:gene combinations),

362 (98.1%) of which are explanatory



41/70 genes (58.6%) significantly

associated with survival (FDR < 0.05)




Pan-tissue analysis of ELF3 PPI networks disrupted in cancer
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miR-34a-5p:target interactions
Transcription factor:target interactions

Protein:protein interactions

multiple
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Osteoarthritis Data Integration Portal (OsteoDIP):.
A web-based gene and non-coding RNA

expression database
Pastrello, C, Abovsky M, Lu R, Ahmed Z, Kotlyar M, Veillette V, Jurisica I.

Deregulated in at least one
study:

8,905 genes
402 IncRNAs
* 56 microRNAs
58 circRNAs




Gene/Mir Uniprot

CXCL1 P09341
DNASE1L3 Q13609
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Gene/Mir Uniprot
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UP

Drugs

DOWN

Dexamethasome (hormone)
Progesterone (hormone)

Estradiol (hormone)
Trichlostatin A (HDAC inhibitor)

JQ1 compound (BET inhibitor)




Diagnostics
Biomarker discovery
Drug repurposing
Drug target discovery
Drug development
Testing

Clinical trial

vV V V V V V V V

Drug delivery optimization

Target Lead Lead Pre-
2 Discovery Discovery Optimization Clinical



Dr. Stefano Forli
Principal Investigator

>cripps Researeh 300,000,000 simulations
> Rapid deployment 20,000 compounds screened

> 300 days — 100K volunteers '

70 promising compounds

@) world community grid A 4

25 compounds in lab testing
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> Grunenthal Thalidomide (Contergan)

»

“As a result of the thalidomide
scandal, the Health Law in
West Germany was
strengthened and new
requirements for
pharmaceutical testing were
created; the Federal Ministry
of Health was established in

1962.” https://en.wikipedia.org/wiki/Grunenthal
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Insulin Resistant
Insulin Sensitive



National Status of Arthritis in Canada Report ACREU
Arthritis Society: August 2019

http://www.thetimes.co.uk/tto/health/news/article3764026.ece






> Systematically profile and characterize
the “X” spectrum of diseases

> Data availability, quality, annotation
» Standard protocols for sample collection/profiling
» Detaliled clinical information
» Curated databases with relationships

> Explainable models
» Increase trust, improve robustness
» Proper train-test-validate workflow
» ldentify (sub)-cohorts, biomarkers, “missing” data, treatments

Characterize

... from data to models to insights & treatments



Schroeder
@ U H N Arthritis Institute

: Kapoor, Chandran, Gladman, Rahman, Haroon, Veillette, Inman,
Rampersaud, Marshall, Keating, Eder, Passalent, ...
Neuro: Sandmo, Filipcik, Cente, Hanes, Poschmann, Schulze,
Tator, Kalia, Tartaglia, Paus, ...

Cancer: Shepherd, Sound-Tsao, Lam, Singh, Kamel-Reid, Reis, Oza, Hedley,
Mes-Masson, Jurisicova, Kaur, Kislinger, Rogatto, Dick, Minden,
Salmena, Mego, ...

Immunology: Lapointe, Winer, Tsai, Marques, ...

Transplant: Konvalinka, Keshavjee, Martinu, ...

Ph. Activity: Jurisicova, Cameron, Kotsopoulos, ...

Other: Stagljar, Maestro, Mills, Ricard-Blum, Hermjakob, Orchard, Tyers,

Porras Millan, McCulloch, Glogauer, Rigoutsos, Holzinger, Gunning,
DeTitta, Luft, Snell, ...
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