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Worldwide Prevalence of Type 2
Diabetes Mellitus (T2DM)
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Underesﬂrnatsd until only recently,
the Chinese diabetes epidemic is
the largest in the world.
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Diabetes is relatively rare Rapid economic Nationwide prevalence now N
in sub-Saharan Africa, development has tops 9%, and is as high .
afflicting only 4.5% of led to soaring as 20% in the relatively ] Ml] [] N ES |A

adults. But prevalence is rates of diabetes, prosperous southern PHILIPPINES

predicted to double over from around 6% cities. The resulting 7M

the next 20 years — the in 1990 to over healthcare costs and

fastest rise of any region 20% in parts depletion of productivity

in the world. today. threaten to undo recent

economic development.

1 346 M people worldwide have diabetes (WHO)
O 7t leading cause of death in 2030 (WHO)

diabetes deaths occur in low-

and middle-income countries,
according to the WHO.

45 o o o 5% O Global cost in 2014 = $612 B ($245 B in US)

Zerohedge. (http://www.zerohedge.com/news/global-diabetes-tsunami-and-why-america-actually-has-it-good (accessed Jan 7, 2015).




A New GLP-1 Based Therapy For Treatment
Of T2DM And The Metabolic Syndrome

Brain
T Neuroprotection
Haart L 4 Appetite
T Cardioprotection
T Cardiac function * |
Stomach |
Intestine

Liver { Gastric emptying

\ Pancreas

. v
J Glucose production Insulin_ _——
sensitivity i
Adipose & L ‘ T Insulin secretion
tissto 1 Glucagon secretion
Muscle —  Insulin biosynthesis
> T Beta-cell proliferation

{ Beta-cell apoptosis
T Glucose uptake and storage

Baggio et al. Gastroenterology (2007)

Mouse Islet of
Langerhans

Red: Insulin / p-Cell
Blue: Glucagon / a-Cell
Green: Somatostatin / §-Cell

— 100 microns

G.G. Holz
SUNY



GLP-1

Glucagon-Like Peptide-1-(7-36)-amide

HAEGTFTSDVSSYLEGOAAKEFIAWLVKG
1

DPP-IV Cleavage Site t,, 2-5 min (i.v. admin.)

Yellow Indicates Amino Acids Identical To Those In Glucagon

Green Indicates Conserved Amino Acids Found In Glucagon




The GLP-1 Receptor Is An Important Target
For T2DM Drug Discovery Efforts
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The Actions Of GLP-1 Are
Mediated By A “Family B”
GPCR Related In Structure
To The Glucagon, PTH,
Secretin, Calcitonin,
PACAP, And VIP
Receptors

GLP-1R Agonists Used In
T2DM Therapeutics Include
Bydureon, Victoza, And Trulicity

New “Dual Agonists” Combine
GLP-1 With Glucagon Or Other
Peptides Such As PYY(3-36)

G.G. Holz
SUNY



GLP-1 Receptors Are Coupled To Diverse
Signaling Pathways In Pancreatic Beta Cells —

Opportunity Exists For GLP-1R “Biased Agonists”
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GLP-1R Agonists Potentiate Glucose-Stimulated

Insulin Secretion From Pancreatic Beta-Cells
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Domain Structures For Epac1 And Epac2
Encoded By RAPGEF3 AND RAPGEF4

Pro-Arg-Ala-Ala Motif Is Analogous
To The cAMP-Binding Domains

Of PKA Regulatory Subunits
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Epac1 and Epac2 Are Implicated In The
Regulation Of Multiple Cellular Functions
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Activation Of Epac GEF Activity Is A Process
Of Disinhibition Initiated By cAMP Binding
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G.G. Holz
Bos Nat. Rev. Molec. Cell Biol. 2003
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AM-Esters Of cAMP Analogs Are
Selective Activators Of Epac And PKA
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Differential Insulin Secretagogue Properties
Of A Non-AM-Ester And An AM-Ester Of
8-pCPT-2"-O-Me-cAMP In Mouse Islets
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Epaci1-Based FRET Reporter H188 For Detection
Of cAMP In Clonal HEK293-H188-C24 Cells
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FRET Donor Em

FLIM-FRET Live-Cell Imaging During UV Flash
Photolysis Of Caged cAMP In HeLa Cells

FLIM-FRET Measures
Donor Fluorescence Decay
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Ratiometric Live-Cell Imaging Of FRET
In Clusters Of HEK293-H188-C24 Cells
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Live-Cell Calibration Of H188 cAMP Sensitivity In
Digitonin-Permeabilized HEK293-H188-C24 Cells
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Microplate Reader Single-Well Detection
Of FRET In HEK293-H188-C24 Cells
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H188 Provides A Platform For Rapid Screening Of
Small Molecule Epac1 Activators And Inhibitors
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Real-Time Analysis Of GLP-1 Receptor Agonist And
Antagonist Action In HEK293-H188-C24 Cells
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Rationale For A “Dual Agonist” Strategy Using GLP-1
And PYY(3-36) To Treat T2DM And Obesity
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Chimeric Peptide EP45 Incorporates Amino Acid
Motifs Present Within GLP-1R Agonist Exendin-4
And NPYZ2R Agonist PYY(3-36)

Peptide Sequence
PYY(1-36) YPIKPEAPGEDASPEELNRYYASLRHYLNLVTRQRY-NH2 36
PYY(3-36) IKPEAPGEDASPEELNRYYASLRHYLNLVTRQRY-NH2 34
EP45 HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSRHYLNLVTRQRY-NH2 45
Ex-4 HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-NH2 39
Ex(9-39) DLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-NH2 31
GLP-1 HAEGTFTSDVSSYLEGQAAKEFIAWLVKG-NH2 30
Glucagon HSQGTFTSDYSKYLDSRRAQDFVQWLMNT 29
GIP YAEGTFISDYSIAMDKIHQQODFVNWLLAQKGKKNDWKHNITQ 42

Chepurny et al. Sci. Rep. 2018
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H188 Adenoviral Transduction For Evaluation Of
GLP-1 Receptor Agonist Action In HEK293-GLP-1R Cells
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GLP-1 Receptor Agonist Properties Of Chimeric
Peptide EP45 In HEK293-GLP-1R Cells
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Chimeric Peptide EP45 Is A Full Agonist At The GLP-1R
But Fails To Activate Glucagon Or GIP Receptors
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NPY2R Is A “Family A” GPCR That
Negatively Regulates cAMP Production

Does EP45 Act As An NPY2R Agonist To
Lower Levels Of cAMP In The FRET Assay?
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A2; Receptors Mediate The Action Of Adenosine To
Stimulate cAMP Production In HEK293-H188-C24 Cells
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EP45 + PYY(3-36) Counteract A2 Receptor-Stimulated

cAMP Production In HEK293-H188-C24 Expressing NPY2R
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Relative Potencies Of EP45 And PYY(3-36) At NYPR2
In Assays Of A2; Receptor-Mediated cAMP Production
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Summary Conclusion —
Dual Agonist Properties Of Chimeric Peptide EP45

Brainstem And Hypothalamic
Neurons Respond To
EP45 Reduces GLP-1 And PYY(3-36) EP45 Reduces
Appetite Via Vagal GLP-1R Appetite Via Central GLP-1R
and NPY2R Activation 7 and NPY2R Activation

!

Vagal Sensory Neurons
Innervate C.N.S.

AN.S. =] Levels Via Beta-Cell

T T Vagal EP45 Lowers Blood Glucose
GLP-1R Activation

Circulating PYY(3-36) and GLP-1
Cross The Blood-Brain Barrier T

Vagal Sensory

Neuron T I——) Pancreas

Enteroendocrine Circulating
L-Cells Release GLP-1 ==  GLP-1
Vagal Sensory Neurons Respond And Peptide YY

To GLP-1 And PYY(3-36)

1

DPP-4 Converts PYY(1-36)
To NPY2R Agonist PYY(3-36)

Pancreatic Beta Cells
Release Insulin In Response
To GLP-1 And Glucose

I

r Alpha Cells Release
NPY2R Mediates An Action GLP-1 When Stressed
Of PYY(3-36) To Stimulate Intestines
GLP-1 Release G.G. Holz
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