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Mission

Significantly improve the lives of all people

with Down syndrome through advanced
biomedical research

Vision

Provide the world’s first fully integrated institute
for Down syndrome with the highest quality
basic, translational and clinical research, clinical
trials, therapeutic development, medical care,

education and advocacy in the pursuit of the
mission.



Individuals with Down syndrome
have alterations in disease incidence
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Trisomy 21,the molecular cause of Down
syndrome, is defined by 3 copies of
chromosome 21 rather than 2
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We know very little about how
trisomy 21 causes Down syndrome

Trisomy 21
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Each person is dealing with Down syndrome
in his/’her own unique, personal way
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They are more awesome than
different!



The Crnic Institute’s Human Trisome Project™ (HTP)
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UNLEASHING THE POWER OF TRISOMY 21
TO ADVANCE BIOMEDICAL RESEARCH

The largest and most comprehensive study of its kind, The Human Trisome Project will help us
understand why individuals with Down syndrome (trisomy 21) are protected from some medical
conditions, such as cancer, while highly predisposed to others, such as Alzheimer's disease.

This research will serve first and foremost the population with Down syndrome, but also the millions

of individuals without Down syndrome who are affected by the many medical conditions modulated
by trisomy 21.

www.trisome.org



Project goals

1. To enable a Precision Medicine
approach to Down syndrome.

2. To define how trisomy 21 causes a
novel disease spectrum.

3. To develop novel diagnostic and
therapeutic tools that will benefit those
with trisomy 21, and also millions of
typical individuals.



1.

2.

Project goals — short term

To massively accelerate the pace of
Down syndrome research.

To complete a comprehensive cohort
study of a population of individuals with
trisomy 21.

. To create a large, user-friendly public

database for Down syndrome research.

. To create a comprehensive biobank of

biological samples for future Down
syndrome research.



Crnic Institute Human Trisome Project™
(www.trisome.org)
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Crnic Institute Human Trisome Project™

(www.trisome.org)

The Power of Multidimensional Datasets

Going beyond the blueprint
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All this information from a single blood

draw and a mouth swab!
691 participants to date!
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A massive ‘research accelerator’

>15,000 biological samples banked

>5,300

plasma aliquots

\ >3,900

white blood cell aliquots

. >4,100
red blood cell aliquots

>350
DNA samples

>450
RNA samples

>550

tongue swabs

>1,400 datasets generated
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Any cool results yet?



Everywhere we look, it is clear that
trisomy 21 causes increased Interferon signaling

Trisomy 21 consistently activates the
interferon response

Kelly D Sullivan%3#**, Hannah C Lewis'?, Amanda A Hill'?, Ahwan Pandey'?3*,
Leisa P Jackson'?*, Joseph M Cabral’**, Keith P Smith’, L Alexander Liggett'®,
Eliana B Gomez'?*, Matthew D Galbraith'?3#, James DeGregori'**7:%7,

Joaquin M Espinosa’?34* | '7
2016 \‘\\)" el

Trisomy 21 causes changes in the
circulating proteome indicative of
chronic autoinflammation

Kelly D. Sullivan®?, Donald Evans?, Ahwan Pandey’?, Thomas H. Hraha?, Keith P. Smith?, Neil
Markham?, Angela L. Rachubinski®, Kristine Wolter-Warmerdam®, Francis Hickey®, Joaquin M.

" SCIENTIFIC REPLIRTS

Trisomy 21 induces the kynurenine pathway
via increased dosage of interferon receptor genes

Rani K Powers, =) Kelly D Sullivan, Rachel Culp-Hill, Michael P. Ludwig, Keith P Smith, Katherine A Waugh,
Ross Minter, & Kathryn D. Tuttle, Angela L Rachubinski, Ross E Granrath, Rebecca B Wilkerson,
Angelo D'Alessandro, James C Costello, ' Joaquin M Espinosa

doi: hetps://doi.org/10.1101/403642 b \L\/¥
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What is interferon signaling?

* Interferon signaling is
an important part of the
Immune system

* |nterferons activate
many different types of
Immune cells

 Interferon signaling is
important to fight off
viruses and tumors




4 of the 6 IFN receptors are encoded on chr21!!

Type-I Type-II Type-lIl
IFNB1/A1/A2 IFNG IFNLI

Outside the cell

Cell membrane

Inside the cell . Chr21 gene
Human chromosome 21
APP IFN receptors DYRK1A DSCAM
* *kxk * *
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When too much of a good thing
can be bad

Cells from people with Down syndrome are ‘hypersensitive’ to
Interferons.

The immune system of people with Down syndrome is ‘super-
charged’, which may have both beneficial and harmful
effects.

Some aspects of the immune system may be stronger (e.qg.
anti-tumoral activities), other aspects would be exhausted
(antibacterial defenses).




What could be the impact of
hyperactive Interferon
on the immune system?



Understanding Down syndrome as an
immune disorder

Trisomy 21 causes changes in the
circulating proteome indicative of
chronic autoinflammation

Kelly D. Sullivan?, Donald Evans?, Ahwan Pandey’?, Thomas H. Hraha?, Keith P. Smith?, Neil
Markham?, Angela L. Rachubinski®, Kristine Wolter-Warmerdam?®, Francis Hickey®, Joaquin M.
Espinosal?® & Thomas Blumenthal’®’

SCIENTIFIC REPg}RTS

Published November 1st | 2017



People with Down syndrome show much elevated
levels of ‘inflammatory markers’

129 subjects, 75 with trisomy 21

IP10 TNFa CRP IL6 B Cytokine Score
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IP10:
Interferon-inducible protein 10

Each of these inflammatory markers is induced by Interferon signaling

Each of these has been positively correlated with risk and/or
progression of autoimmune disorders and
Alzheimer’s disease in the typical population.



Inflammation

Adults with Down syndrome
have global immune dysregulation

Inflammation HSPCs

Fibrocytes

Monocytes Dendrl tic cells
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Immune cells in charge of fighting viruses and
tumors are much more active!

T cell
Type | IFN Score _ _
0<0.0001 T cells are key players in the anti-
3907 o viral and anti-tumor response
300 o
250 — T cells with trisomy 21 show much
20— elevated ‘Interferon scores’, a sign
: of hyperactivation
E 150 — o o
100 ° This hyperactive state could drive
504 @ autoimmune disorders
ol ole
..!’ D21: typical control
T21: participant with trisomy 21




What could be the impact of
hyperactive Interferon
on the brain?



People with Down syndrome display
elevated levels of neurotoxic metabolites

Plasma metabolomics measuring 91 metabolites
120 participants, 72 with trisomy 21
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Quinolinic acid is a neurotoxin

* Quinolinic acid is a very ‘neurotoxic’ metabolite
capable of inducing the death of neurons.

 Circulating levels of Quinolinic acid were
associated with lower cognition in older
adults with Alzheimer’s in the typical
population.

* Quinolinic acid is a potent convulsant involved
in the etiology of epilepsy and seizures,
conditions that often accompany Alzheimer’s
disease.

Quinolinic acid, the inescapable neurotoxin [ 33255
ournal

Gilles J. Guillemin'2




People with Down syndrome display
activation of the ‘kynurenine pathway’

This metabolic pathway is activated by Interferon,
leading to conversion of the amino acid tryptophan
iInto quinolinic acid

Tryptophan Catabolic Pathways
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The IDO1 enzyme is much elevated in the blood of people with Down syndrome



Can drugs that block the Interferon
response have therapeutic benefits
in Down syndrome?



Blocking the Interferon response with JAK inhibitors

Type-I Type-lI Type-lIll
IFNB1/A1/A2 IFNG IFNLI

Outside the cell

Cell membrane

Inside the cell

Protein Kinases JAK1, JAK2, TYK2 |— JAK inhibitors

'

Transcription Factors _

Interferon Stimulated Genes (ISGs)

IFIT2 CMPK2 ILT1A MYH6

IDO1 IFI27 IFl44L RSAD2
OASH1 IFITM1  TNFSF10 HERCS6
OAS2 BST2 IFI6 ISG15

. Genes encoded on chromosome 21



Alopecia areata, treated with JAK inhibitors
in people with Down syndrome!

Hypothyroidism

Ezcema

Patchy AA
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Intralesional Kenalog injections |—|
Tofacitinib ==

Before treatment 2 months

Rachubinski et al, JADCR 2019



Launching a clinical trial for JAK inhibition
in Down syndrome

Partnering with top dermatologists to complete the first
clinical trial of a JAK inhibitor in Down syndrome

- David Norris, MD

::,; Chairman and Professor
® 4 Dermatology

!

Drs. Norris and Dunnick have participated in many clinical trials of
JAK inhibitors in typical people

Cory Dunnick, MD
® Associate Professor
"~ Dermatology

Primary endpoint: Safety

Secondary endpoint: to lower inflammation and cure skin
disease

Tertiary endpoint: changes in cognition and quality of life



Work ahead

1.To define the impact of immune
dysregulation on the various traits of Down
syndrome.

2.To test the safety and efficacy of immune
therapies for Down syndrome.

Both activities will require a combination of approaches,
including animal and human research, and the full spectrum
of basic science to clinical trials.



‘People with Down syndrome are a gift. By studying their biology
we can help them and the rest of humankind.’
-Tom Blumenthal

‘Nothing is impossible. The impossible just takes a little longer.’
- Winston Churchill
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