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What is Informatics?

 Informatics studies the representation, processing, and communication
of information in natural and engineered systems

« It has computational, cognitive and social aspects

» The central notion is the transformation of information - whether by
computation or communication, whether by organisms or artifacts.

THE UNIVERSITY of EDINBURGH
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Ancient Informatics: The Genome

A New Approach to Treating Inflammatory Disease
The Melanocortin System

Incognito Escrow: A Modest Proposal
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base pairs

base pairs

Ancient Informatics

ENCODING

Composition

* A quaternary code
* 4 nucleotides
e AuT / T:A
e G:C/C:G
* Anti-parallel configuration

* 3 billion base pairs

* ~1.5GB equivalent

(P) phosphate gy, nitrogen-

0. containing

< 7 sugar E _m bases

© Encyclopzaedia Britannica, Inc.
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Ancient Informatics

INCONCEIVABLE
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~2 M/cell ~30 trillion cells/body ~60 billion KM/total ~6 billion KM/sun to Pluto




Ancient Informatics
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Ancient Informatics

ANOTHER GENOME

More Processors

Mitochondrial DNA



THE LENGTH SCALE OF BIOLOGY

from atoms, DNA, proteins, viruses, bacteria, mitochondria, animal and
plant cells, single-celled organisms, fruit fly, organs, to our bodies
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TRANSCRIPTION
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Central Dogma
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Central Dogma

ncient Informatics

TRANSCRIPTION

GENE

5!

Ribosomal Transcription

Binding Site Open Reading Frame (ORF) Termination
(Prokaryotes) Codmg Sequnce (CDS)

/
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Promoter 5 Stal‘t COdon

, Stop Codon ;

Transcribed Sequence
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SPLICING

Expanded Dogma

Intron 1

Exon 2

Exon 1
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Transcribed Sequence

UTR:



Ancient Info

lopling pue usdisa(

)\

(=
@
>
(]

T

o
o
=
(=]
o
(@)
O
wn
~
(=)}
n
(12]
(32]
n
a

©
dreamstime.com




Current Informatics

Hardware and Software

LEVELS OF COMPLEXITY

Increasing order of Complexity

<+

Increasing order of Abstraction

Application

Programming Language

Assembly Language

Machine Code

Devices (Transistors)

Layers of Abstraction

Software

Hardware




ORGANIC INTELLIGENCE

Ancient Informatics
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Ancient Informatics

Self Aware

GENETIC MODIFICATION




Future Informatics
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The Melanocortin System

Ancient Functions

ANCIENT BIOLOGY

Animal ( Vertebrate) Phylogeny

i\

h

fishes

Tunicates
Agnathans
Bony fishes
Reptiles

Feathers

Cartilaginous
Amphibians
¥ Mammals

Amniotic egg

Lungs or lung derivatives
Jaws

‘ Vertebrae ’

Copyright & 2004 Pearson Education, Inc., hing as Beryamin Ci




The Melanocortin System
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The Melanocortin System
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The Melanocortin System

on

t

INFLAMMATION
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Cardiovascular

homeostasis

Inflammation




The Melanocortin System

Models of Inflammation

Inflammatory Ophthalmic Diseases

Cataracts Diabetic Retinopathy
Dry Eye Glaucoma

Corneal Injury Diabetic Macular Edema

Uveitis

Inflammatory Diseases

Acne COPD
Ankylosing Spondylitis Crohn's disease

Alzheimer's Diabetic complications
Asthma Gout

Atherosclerosis Idiopathic lung fibrosis

Burns Interstitial Cystitis

Chemotherapeutic cytokine storm Keloids
Contact Dermatitis Lupus

EFFECTIVE IN AWIDE RANGE OF MODELS

Multiple Sclerosis Seborrhea
NASH Sepsis
Nephritis Stroke
Osteoarthritis Traumatic shock
Parkinson’s Ulcerative colitis
Psoriasis Vasculitis
Rheumatoid Arthritis Vitiligo
Scleroderma Wound Healing

Inflammation models confirmed with Palatin compounds




The Melanocortin System
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Unstressed State Insult Surveillance

A complex network of organs, cells Homeostasis

and proteins that defend the body
against infection, injury, and
oncogenic events, whilst protecting
the body's own cells



The Melanocortin System

RESPONDS

Immune System

Innate, adaptive acquired, and highly
specific responses deployed

Inflammation persists until threat is
neutralized

Insult or Pathogen

Tissue Based Cells

Stress

signals
released

Immune Cells
8) £ 2
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Tissue cells signaling stress to
activate the immune response

Stressed State

Inflammation

mounts a response

Activation

Sensing the cellular stress
signal, the immune system



The Melanocortin System

Immune Cells
Stress i - By
signals ‘_) Q \‘2)

released
¢ CL

Tissue Based Cells

DISEASE

Sensing the cellular stress
signal, the immune system
mounts a response

Tissue cells signaling stress to
activate the immune response

Immune System
(]

Anti-inflammatory
medications

StressedQState A

Reduction in
* The immune system attacking the body's Infl .
own tissues, resulting in inflammation ntlammation

*  Anti-inflammatory medicines block
aspects of the immune response
reducing inflammatory disease



The Melanocortin System

Anti-inflammatory
medications

BLOCKING

Anti-inflammatory medicines:

* Block aspects of the immune response

* May impede the immune response in uninvolved tissues
* Inhibiting this required system can lead to adverse events

* Long term use increases risk

* Efficacy must be balanced against safety

Anti-Inflammatory Medicines



The Melanocortin System MCR Agonism
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e MCR agonism reduces tissue MCR agonism biases immune
C stress signaling to immune cell phenotypes to non-
© system inflammatory state
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= Unstressed State Clearance of Inflammation

« Palatin’s compounds harness the Homeostasis

Melanocortin System in diseased patients
to return them to a healthier state
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DRY EYE DISEASE




Corneal Fluorescein Staining

The Melanocortin System

5.400

EFFICACY : SIGNS
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The Melanocortin System

Dry Eye Disease

EFFICACY : SYMPTOMS
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The Melanocortin System

Dry Eye Disease

SAFETY AND TOLERABILITY

Approved Products

PL9643

Phase 2 Study
(N=160)

Restasis PL9643
[((\EE:10)]

Ocular Burning

Xiidra

Instillation Site Irritation 18% 0%
Dysgeusia 13% 0%
Reduced Visual Acuity 4.7% 0%
Instillation Site Pain 22% 0%
Conjunctival hyperemia 6% 0%
Instillation Site Pain

Sneezing 82% 0%
Cough 5-16% 0%
Throat Irritation 5-16% 0%
Site Instillation Irritation 5-16% 0%
Blurry Vision 1-3% 0%
Conjunctival Redness 1-3% 0%

Phase 3 Lead-In Cases (N=120)

Vehicle PL9643 Vehicle (N=60)
(N=80) (N=60)

0% 0%

0% 0% 0%
0% 0% 0%
1% 0% 0%
9% 0% 0%
0% 0% 0%
9% 0% 0%
0% 0% 0%
0% 0% 0%
0% 0% 0%
0% 0% 0%
0% 0% 0%
0% 0% 0%




The Melanocortin System

Retinal pigmented epithelium

Rod photoreceptor cell Outer Nuclear Layer

Cone photoreceptor cell

Outer Plexiform Layer

Retinopathy

Horizontal cell
RETINA
Bipolar cell Inner Nuclear layer
Amacrine cell
Inner Plexiform Layer
Muller glia

Displaced amacrine cell
Ganglion Cell Layer

Retinal ganglion cell

Optic nerve



The Melanocortin System
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Diabetic Retinopathy
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The Melanocortin System
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Subcutaneous

6+

@ Vehicle
2- 4 PL9654 0.05mg/kg
= PL9654 0.1mg/kg
¥ PL9654 0.5 mg/kg

Grating Contrast Threshold ~' (%)

CONTRAST VISION

T T T T T 1
44 58 72 86 100 114
Day

Diabetic Retinopathy

Topical

*kkk

Grating Contrast Threshold ™' (%)
~

| @ Vehicle
= PL9655 (0.1 mg/ml)

Contrast vision preserved by MCR agonists

D:13 D’I57 DI71 DI85 DI99 D1I13
Animals remain diabetic throughout the experiment >



The Melanocortin System

Healthy
(non-hyperglycemic
animals)
Vehicle
51 (hyperglycemic animals)

RETINAL GENE EXPRESSION

PC2: 14% variance
o

Diabetic Retinopathy

PL9654
-3 (in hyperglycemic
animals)
¢ PCA of combined snRNAseq data 15 10 5 0 5
* PL9654 dosed animals were still challenged PC1: 65% variance

by diabetic stress (HG) type @ 0.05mg/kg PL9654 @ Healthy @ Vehicle



The Melanocortin System

>
- 6
i)
- 5
o 2
@) S
- 5)
e} & 3
= CELL POPULATIONS )
= &
)
) 0
'(% Miller Glia Microglia
'5 W PL9654 0.05mg/kg m Healthy m Vehicle
Maller glia: Microglia:
Responsible for the homeostatic and Pro-resolution AND pro-inflammation
metabolic support of retinal neurons State dependent

Regulate the tightness of the blood-
retinal barrier



The Melanocortin System
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* Activation of microglial cells leads to production of pro-
resolving cytokines and mobility to reach inflamed tissues



The Melanocortin System

Pathway Regulation

HALLMARK NOTCH_SIGNALING
HALLMARK_MYC TARGETS V2
HALLMARK TV RESPONSE DN
HALLMARK ILZ STAT5 SIGNALING
HALLMARK KRAS SIGNALING DN
HALLMARK_ESTROGEN_RESPONSE EARLY
ALLMARK_GLYCOLYSIS
HALLMARK_MITOTIC SPINDLE
HALLMARK TGF BETA SGNALING

ICAL
HALLMARK BILE ACID METABOI

LISM

HALLMARK SPERRATOGENESIS

I M M U N E HALLMARK VT BETA CATENI SIGRALIG
H LLMA

RK GZM CHECKPOINT
HALLMARK HYP
HALLMARK APICAL TUNCTION

HALLMARK MYOGENESIS

HALLMARK KRAS STGNALING UP
ALLMARK INE| SMMA o

—

~  HALLMARK PEROXISOME

HALLMARK UV RESPONSE UP

HALLMARK' E2F TARGETS

HALLMARK XENOBIOTIC METABOLISM
HALLMARK HEDGEHOG_SIGNALI ING
HALLMARK PROTEIN"SECRETION

HALLMARK ANGIOGENESIS
HALLMARK_EPITHELIAL_MESENCHYMAL TRANSITION
RK P53 PATHWAY

HALLMARK_UNFOLDED PROTEIN RESPONSE
AGULATION

HALLMARK_TNFA SIGNAEING VIA NFKB

HALLMARK DNA REPAIR

HALLMARK ADIPOGENESIS

HALLMARK ANDROGEN RESPONSE

“HALLMARK IL6 JAK”STAT3 SIGNALING
HALLMARK_INTERFERON "ALPHA  RESPONSE

HALLMARK ALLOGRAFT REJECTION

HALLMARK_OXIDATIVE PHOSPHORYLATION
~ HALLMARK_MYC_TARGETS V1

Hallmark pathways NES from GSEA (labeled clusters)

0
Normalized Enrichment Score

Hallmark pathways NES from GSEA (unlabeled clusters)

HALLMARK TV_RESPONSE DN
HALLMARK KRAS SIGNALING DN
HALLMARK- KRAS” SIGNALING, UP
HALLMARK TL2 STATS_SIGNALING
HALLMARKTGF EEI'A SIGNALING

HALLMARK G2M_CHECKPOINT

HALLMARK’APIGL UNCTION

HALLMARR_HYPOXIA

HALLMARK_MITOTIC SPINDLE

HALLMARK ESTROGEN RESPONSE EARLY
HALLMARK_WNT BETA CATENIN SIGNALING
HALT 'LMAR'K SPERMATOGENESIS

HACLMARK GLYCOLYSIS

HALLMARK APICAL SURFACE

HALLMARK BILE ACID METABOLISM
HALLMARK INFLAMMATORY RESPONSE
HALLMERK PANCREAS BETA CELLS

HALLMARK FITORCL SIGNALING

HALLMARK ESTROGEN. RESPONSE LATE
. HALLMARK UV RESPONSE UP

MARK N
_ HALLMARK MVOGENES!S

ALLMARK XENDBIOTIC MEI'ABOLISM
HALLMARK_EPITHELIAL_MESENCHYMAL TRANSITION
HALLMARK ANGIOGENES!S
HALLMARK E2F TARGETS
HALLMARK_TNFA SIGNALING VIA NFKB
HALTMARK ADIPOGENESIS
HALLMARK‘ P53 PATHWAY
HALLMARK UNFOLDE NSE

Pathway

HALLMARK PI3K_AKT MTOR SIGNALING
"HALCMARK”APOPTOSIS
HALLMARK COMPLEMENT

HALLMARK INTERFERON ALPHA RESPONSE
HALLMARK INTERFERON GAMMA RESPONSE
HALtMARK ILBKK%GSTAU SIGNALING

HALLMARK_OX\DATIVE BEOSPIORILATION
HALLMARK_MYC_TARGETS V1

Apoptosis, MTORC1 signaling, Interferon gamma response, Myc targets, oxidative
phosphorylation are pathways significantly negatively enriched in annotated cell clusters

-40

padj < 0.05
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The Melanocortin System
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expression to move away from diseased towards healthy p<0.01,7** p<0.005, **** p<0.001 ns: not significant



The Melanocortin System

Differentially Expressed Proteins

Protein 1 plays a role in
inflammation, apoptosis and
angiogenesis

* Protein 2 is a well-established
biomarker of astrocyte injury and
considered one of the early signs of
retinal metabolic stress

IMMUNE SYSTEM

* Protein 3 upregulation reported in the
vitreous and neovascular retina of
patients with diabetic retinopathy

PL9654 treatment causes key immune response
proteins to move away from diseased towards healthy

Vehicle

PLIESA, 0.5mgrkg

PLI654, 0.1mg/kg

PLI654, 0.05mg/kg

e 7-

Vehicle

PLI654, 0.5mg/kg

PL9654, 0.1mg/kg

PL9654, 0.05mg/kg

11
Normalized protein expression

Vehicle

PLI6SA, 0.5mg/kg

PL9654, 0.1mg/kg

PLIB54, 0.05mg/kg

Healthy




The Melanocortin System

MODEL

Ischemia/Reperfusion

* Model Damages anatomical structure and cells
» PL9654 protects ganglia that form the optic nerve

Viable Retinal Ganglion Cells

(brn3a Positive )

%k %k k k

% 3k %k %k

100~ *ok ok ok *ok ok ok
E | I 1
e 80+
| &
g -~ W =
5 604
S
= 40~
&
c 20+
-
m
0-

L) L)
,§@\ ,beé\ ,5@6 23 cgoo’b‘ qu’%
SRR SR SR

****P < 0.001




. Nai Vehicl
The Melanocortin System alve Shiee

GCL

NEUROPROTECTION

Ischemia/Reperfusion

m GCL

PL9654

GCL: Ganglion Cell Layer



The Melanocortin System

7p)
c
9 Inflammatory Ophthalmic Diseases
-'C-(; Cataracts Diabetic Retinopathy Corneal Injury Diabetic Macular Edema
9 Dry Eye Glaucoma Uveitis
O
- .
— Inflammatory Diseases
9 Acne COPD Multiple Sclerosis Seborrhea
) Ankylosing Spondylitis Crohn's disease NASH Sepsis
5 Alzheimer's Diabetic complications Nephritis Stroke
L Asthma Gout Osteoarthritis Traumatic shock
Atherosclerosis |diopathic lung fibrosis Parkinson’s Ulcerative colitis
Burns Interstitial Cystitis Psoriasis Vasculitis
Chemotherapeutic cytokine storm Keloids Rheumatoid Arthritis Vitiligo
Contact Dermatitis Lupus Scleroderma Wound Healing

Inflammation models confirmed with Palatin compounds

EFFECTIVE IN AWIDE RANGE OF MODELS






Incognito Escrow

OPPORTUNITY




Incogn ito Escrow A.Public Data Sharing

> Centralized
Repository

Sharer

Big Data

SHARING MODES

C.Clique Sharing ?

/—\‘ Researcher
l[‘u i

not part of
clique

B. Controlled Access Sharing

B Cel

‘,

Sharer

Review Reques(s /

/ Approve Requesls

@.

Data Access Committee

D. Sharing Upon

Requester \
Requester /

Requester

Repository

[ SR

A/' Requester

ntralized

Requester

\o

Requester

Request

@% -

Sharer \ R'quester

Requester



CHALLENGE 7 N ay”
e 4 Petabytes of data =

-

¢ Most data never re leased
- Structure
‘ nnotatlon
Privacy
- Security
Intellectual Property
Analysis




Incognito Escrow

INCOGNITO POOL

Participants provide complex omics data sets
All relevant data queried regardless of ownership
Summary results returned

Original data never revealed




Incognito Escrow

* Recruiting initial partners
* Funding

/ * Designing the black box
* Defining data parameters
* Security model

* Legal model

* Adapting analysis code

- * Creating actionable reports




Incognito Escrow

Petabytes of data
Available for analysis
Unified structure
Improved annotation
Privacy maintained
Security elevated
Improved IP

* Improved analysis

Big Data

OPPORTUNITIES

Benefits




Investigation &
understanding

Incognito Escrow

Science

Technology

Big Data

The Universe

Modeling &
understanding
Buipuejsiapun
» uone|ndiuep

OPPORTUNITIES

Mathematics

Engineering

Problem-solving

Model for other disciplines

B eneﬁts
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