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From Data to Discovery
How Al is Finding Hidden Cures — and Making them Human
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Introduction

I'm the CEO at TXI

| am one of the co-organizers of this week’s conference
(thank you to TriFork and Slalom for organizing)

| am one of the board members of Rare Hopes.
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Disclosures

| am a full-time employee and shareholder in AbbVie.

| am the President and Founder of Rare Hopes NFP, a
non-profit organization targeting the use of knowledge to
generate and release hypotheses for drug repurposing in the
treatment of rare diseases.

AbbVie and RareHopes share no affiliation.

The opinions expressed are my own and are not official
statements or representative of AbbVie.
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How Data Becomes Knowledge

Filter, Connect,

Recognize Contextualize  Judge with
Normalize, Understand Similarities with Empathy —
and Apply and Extract and Derive Experience Take Action

Context

Patterns and Expertise
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Observe, Preserve, and Acquire
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What is a knowledge graph?

Nodes: store details about entities, such as people, places, objects, or
institutions.

Relationships (or Edges): The link between two nodes that shows how
they are related. Like nodes, each relationship has a label identifying
the relationship type and may optionally have one or more properties.

Organizing principle: a framework that organizes nodes and
relationships. Unlike many data designs, knowledge graphs can easily
incorporate multiple organizing principles.
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Data
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Now you try...

Part of the benefit of this conference is
building connections and community.

Turn the people near you and find 3-5
ways that you connect and can build
your network.

Mark Rickmeier

\ Hace thic

MC1R Gene Mutations

/ Hac thic

Brian Martin
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Now you try...

Mark Rickmeier
Part of the benefit of this conference is s
building connections and community.
Turn the people near you and find 3-5 e Chiceso
ways that you connect and can build /
Magtere Degree from

your network.

Brian Martin
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METCALFES LAW
THENNVE oF M .. NETWORK. IS

Metcalfe's Law | lElpEetacial

THE. NUMBER. OF . USERS,
— ROBERT METCALFE

IF EACHNEW NODE CONNECTS
TO ALL THE EXSTING NODES . -

Let’s apply it to our knowledge of
human medicine and biology...

=

.. THE NUMBER.OF CONNECTIONS
START TO INCREASE RAPIDLY

CONNECTIONS /
NOLUE

NODES iN THE NETWORK.
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The Rare Hope...

What if a disease is so rare that it will never receive the significant investment
of time and resources necessary to research and develop a treatment?

What if an approved, on-market drug can be connected to an existing rare
disease through public literature and evidence?

What if we could put the power of Al and graphs to work to make these type
of hypotheses and evidence available to doctors and researchers?

patient

—_— ) ————
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A new life conceived...

It's 1998 - somewhere in the world, a
new life begins.

A girl will be born, with her whole life
ahead of her.

patient
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An undetected mutation...

Unbeknownst to anyone, her DNA has
experienced from either an inherited

condition or a spontaneous mutation, a
variation in chromosome 17924.2 found in
the human gene PRKAR1TA.

patient variant gene

s as
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A rare disease...

First described in 1985, Carney Complex is a disorder which
causes the growth of small benign tumors in various parts of the
body. These tumors range from simple aesthetic nuisance to
potentially life threatening.

Carney Complex is in most cases caused by this specific mutation
of the PRKARTA gene.

She is now one of less than 650 individuals ever reported.

There is no approved treatment known.

patient INENS variant gene
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In the neighborhood...

Ligand-gated lon Channel
Transport

The PRKAR1TA gene acts as a catalyst for another gene
called PRKACA as part of the cAMP signaling pathway -

which has connections to oncology as a known cancer
related gene.

Back in 2014, a single paper pointed out the potential for
PRKACA inhibitors as a treatment of other diseases similar
to Carney Complex.

Synthesis of PA

Citric Acid Cycle/TCA Cycle

No further research has been identified on this association.

Triglyceride Biosynthesis

Intrinsic Pathway

INENS variant gene pathway gene compound
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Heading in the right direction...

PRKARTA and PRKACA are related
by sharing a pathway called the
cAMP PKA subunit.

This means if you can affect
PRKACA in the right way, you can
impact the potential issues with
PRKAR1A's failure to perform its
role in regulating things.

8 Catalytically active

Csubunits

gene pathway gene

@0~
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Unrelated researach...

A 2019 Nature publication includes research shared as
"Chemical proteomics reveals target selectivity of clinical JAK
inhibitors in human primary cells”

In the study, researchers examined how selective the JAK
inhibitor class of compounds are within the JAK family of genes.

They found lots of off-target activity of these drugs against
other genes, but activity against JAK1/2 was the purpose of the

study.

gene gene compound

O« =
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An existing drug...

Enter Ruxolitinib - a JAK1 inhibitor. '\{\\
C
Not designed, targeted, or tested for endocrine tumor H 'N—N
conditions, it was first approved in 2011 for the treatment of N \
myelofibrosis.
NT X N\
However, that unrelated research from 2019 shows it has t _
.. . N N
off-target activity against PRKACA. H

gene gene compound drug

O« <« <«
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Potential...

So, if Ruxolitinib as an approved JAK inhibitor
compound also affects PRKACA and causes an

effect through the cAMP pathway on PRKARTA 4
which mitigates the impact of the variant in -
chromosome 17924.2, could it enable the '@ |

patient’s body to catalyze proteins correctly and Carney

prevent the formation of tumors?

INENS variant gene pathway gene compound drug
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It works.

MATCH Overview ?
(d:Drug)-[r1:CONTAINS]->(c:Compound), i Node labels
(c)-[r2:HAS_ACTIVITY_AGAINST]->(gl:Gene), T @) Cd
(g1)-[r3:SHARES_PATHWAY_WITH]-(g2:Gene), Dissse 1)
(g2)-[r4:HAS_VARIANT]->(v:Variant), = ) _— Relationship Types
(v)-[P5:ASSOCIATED_WITH]->(di:Disease) S oomwe) e e oo ) (e . @

WHERE = B
r1.STRENGTH>@ and ri.CONFIDENCE=1.0 and N B
r2.STRENGTH>3 and r2.CONFIDENCE>0.8 and M\j Displaying 5 nodes, 0 relationships.

r3.STRENGTH>@ and r3.CONFIDENCE>0.7 and
r4.STRENGTH>@ and r4.CONFIDENCE>0.5 and
r5.STRENGTH>@ and r5.CONFIDENCE>0.5 and
di.PREFERRED_NAME=‘Carney Complex’ and
d.MAX_PHASE>3 and

NOT EXISTS (d) -[:APPROVED_TREATMENT] -(d) =1 result: d.PREFERRED_NAME="RUXOLITINIB’

patient INENS variant gene pathway gene compound
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Closing the loop...

A doctor or researcher, armed with sufficient
evidence and belief, can consider and pursue
the potential of an off-label use of the drug or
provide their own knowledge on why the
hypothesis of a treatment might be invalid.

A community space where that knowledge
can be captured and shared creates an
opportunity to close the loop on a hypothesis.

patient IN-EN] variant gene pathway
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And so much more...

A (DD3): ﬁ + Has Activity §+ Related To @
MATCH o Related To E

(d:Drug)-[r1:CONTAINS]->(c:Compound),

Clinical Evidence? F
(c)-[r2:HAS_ACTIVITY_AGAINST]->(gl:Gene), Ciical E ‘ :ge,, N
(g1)-[r3:SHARES_PATHWAY_WITH]-(g2:Gene), . E o

5y as Activi ot jas Varian
(g2)-[r4:HAS_VARIANT]->(v:Variant), B (DD4): E ';;;g .

(v)-[r5:ASSOCIATED WITH]->(di:Disease) /N Gene
WHERE C vidence? @ Associated With

r1.STRENGTH>@ and r1.CONFIDENCE=1.0 and
r2.STRENGTH>3 and r2.CONFIDENCE>0.8 and

r3.STRENGTH>@ and r3.CONFIDENCE>@.7 and — B tesny (§) o ( 7= A https://www.biorxiv.org/
r4.STRENGTH>@ and r4.CONFIDENCE>@.5 and ' &) ™ reloed s \E \_ content/10.1101/2022.1
r5.STRENGTH>@ and r5.CONFIDENCE>@.5 and 2.20.521235v1
di.PREFERRED_NAME=‘Carney Complex’ and @) . () Lt

d.MAX_PHASE>3 and
NOT EXISTS (d)-[:APPROVED TREATMENT]-(di)

> 800,000 drug+disease hypotheses

patient INENS variant pathway gene compound
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The platform...

.

9% From Research to Hope

Hope for Every Patient, Every Family

AdvanCing _ Behind every rare disease is a person with hopes,

Therapeutic
Discovery for Rare w:

Diseases 5; E

By mapping the connections between genes and diseases
in a powerful knowledge graph, we uncover new paths for . y,-
treatment—Dbringing rare disease research closer to real T
hope for patients and families. A\ M‘

Search by Disease
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The platform...

Rare Hopes

Carney Complex (CNC)

Carney Complex (CNC). CNC is a rare multiple endocrine neoplasia (MEN) syndrome inherited in an autosomal-dominant
2% From Research to Hope manner and characterized by cardiac and noncardiac myxomatous tumors, multiple endocrine tumors, and distinctive
pigmented lesions of the skin. According to the National Organization for Rare Diseases (NORD), approximately 600

Hope for Every Patier|
affected individuals have been reported since the disorder was first described in the medical literature in 1985.

Adva nCi ng Behind every rare disease is

dreams, and the determina

Thera peutic ; PRKACA Gene Relationship
Discovery for Rare

L3
Dlsea Ses ' 1 Carney Complex is caused by inactivating mutations in PRKAR1A, which normally regulates the catalytic subunit
/ - A PRKACA. Loss of PRKAR1A function leads to uncontrolled PRKACA activity and excessive PKA-dependent cAMP
signaling, driving the disease pathophysiology including multiple endocrine neoplasias and hypercortisolism.
By mapping the connections between genes and diseases While PRKACA has been recognized as a therapeutic target for Carney Complex since 2014, no specific inhibitors
in a powerful knowledge graph, we uncover new paths for ] 5 have been developed. However, there is evidence suggesting compelling drug repurposing opportunities.
treatment—bringing rare disease research closer to real £
hope for patients and families.

Search by Disease

Select a drug to review p ial repurposing hypotheses:

* High Interest * High Interest * New

Ruxolitnib 5 Baricitinib 5 Kaideninib
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For professionals...

PRKAR1A - PRKACA

amey PRKARTA H PRKACA ‘
Complex

PRKACA may be highly relevant to therapeutic intervention within this pathway. PRKAR1A is a
rotein, and the inactivating mutations in PRKAR1A disrupt the interaction with PRKACA and lead to
latalytic activity of the PRKACA oncogene. It has been further demonstrated that mutations in

Carney COmpleX = Ruxont"“b Treatment ResearCh € Graph t disrupt binding to the PRKAR1A regulatory domain also increase PKA-dependent cAMP signaling

hd in patients with Cushing Syndrome and other adrenocortical disorders.

e pieces of genetic evidence support the potential of PRKACA inhibitors in the treatment of Carney
d other forms of hypercortisolism, and in fact the use of small molecule PRKACA inhibitors in this
—_—— — ing was postulated as far back as 2014.

Camey PRKARTA PRKACA Ruxolitinib
Complex

Inactivating mutations in the Protein Kinase cAMP-Dependent Type | Regulatory Subunit Alpha (PRKAR1A) tratakis CA

protein are known to be associated with the development of Carney Complex and other Multiple Endocrine : PH(;\ORCW,”%Z?HZ‘ '4‘“2“\?”,9:“‘” unctions
ogy. 2004;145(12):5452-5458

Neoplasia (MEN) syndromes

Carney Complex - PRKAR1A

A. E pluribus unu
otein kinase A catalytic subunit (PRKACA), a likely oncogene, and cortisol-producing tumors
References berinol Metab. 2014;99(10):3629-3633
s CA
e P AR1A: normal and abnormal functions
Endocrinology. 2004;145(12):5452-5458

stasiou L, Fo! ulakis S, Voulgaris N, et al Ruxolitnib
el mutation of the PRKARTA gene in a patient with Carney complex with significant osteoporosis and

recurrer f o ( ) (
. S (A 2016;15(1):129-135 PRKAR1A PRKACA Ruxolitinib

Annotations @) Private lar evidence for off-target activity of Ruxolitinib against PRKACA (protein kinase A catalytic subunit
moproteomics profiling using kinobeads revealed that ruxolitinib binds to PRKACA as an off-target
n profiled against 250 protein kinases in human PBMC lysates using dose-dependent competition
guantitative mass spectrometry, ruxolitinib was found to have multiple off-targets beyond its

K family targets. PRKACA, a member of the AGC kinase family, was specifically identified as one of
ping off-targets shared between ruxolitinib and baricitinib (which have the same pyrazole-
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For families...

ot Supporting 10K Rare Diseases

Find Hope
in Research

By mapping the connections between genes and rare
diseases in a powerful knowledge graph, we uncover new
paths for treatment. Discover the latest scientific
developments.

Search by Disease
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For families...

-
Rare Hopes

upporting 10K Rare Diseases

Find Hope
in Research

By mapping the connections between genes and rare
diseases in a powerful knowledge graph, we uncover new
paths for treatment. Discover the latest scientific
developments.

Search by Disease
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Carney Complex (CNC)

Carney Complex (CNC). CNC is a rare multiple endocrine neoplasia (MEN)
syndrome inherited in an autosomal-dominant manner and characterized
by cardiac and noncardiac myxomatous tumors, multiple endocrine tumors,
and distinctive pigmented lesions of the skin. According to the National
Organization for Rare Diseases (NORD), approximately 600 affected
individuals have been reported since the disorder was first described in the
medical literature in 1985.

Quick Facts
Gene: PRKARCA
Prevalence: <750

Primary Effect: Spotty skin
pigmentation

Treatments Researchers
Treatments Researchers Knowledge Gr

. . Leading Researchers
Potential Treatment Hypothesis

Carney Complex is a rare disease caused by|
subunit PRKACA. Loss of PRKAR1A function
signaling, driving the disease pathophysiolo
While PRKACA has been recognized as a thg Baylor Scott & White
been developed. However, there is evidence|

Treatments

* High Interest 5
Rolf Brian

Ruxolitinib Rare Hopes

Carney
il PRKAR1TA PRKACA
Complex

Dr. Sarah Chen

Neurology ~ Gene Therapy

Neurology ~ Gene Therapy

Knowledge Graph

B Publications £ Contact

B3 Contact
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Professionals who have taken lead in researching deeper into this disease.

Alan Chen, PhD
NIH

Neurology ~ Gene Therapy

B Publications B39 Contact
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Why is this topic relevant to this community?

Chicago coming together to make Rare Hopes happen... bigger than
any one company or individual.

Networks are key to this kind of innovation (what we can do together).

Communities like this are critical for networks to form.

What happens if we reduce not just silos in our data, but also in our
networks?
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il

Follow . , Support
Rare Hopes NFP Sharing hope for those with rare and Rare Hopes NFP
; neglected diseases.
Linked [ 7 Zelle

Grateful for support from all of our partners

_— N\, — °
n \/
-
cLoup=rA +tellic M2K3C neod)
"\
Rare Hopes NFP is a registered 501(c)(3) organization. Donations are tax-deductible to the fullest extent permitted by law. EIN: 93-3126918
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QUESTIONS?

ASK ME IN THE APP




PLEASE RATE
MY SESSION




