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METABOLISM

The sum total of all the chemical
reactions driving how you feel today
and creating the chemistry

moving you toward future health.



METABOLISM

Directly under the influence of Global
Metabolic Inflammatory Signaling =

Metaflammation drives
Metabolic Dysregulation



Metabolic Networks

Understanding the “disruptors” to
your current metabolic performance
leads to strategies to cut off excessive
inflammatory signals and rejuvenate
health on a cellular level.




Key Tenants of

Aging and

Performance

Oxidative Stress / Inflammation
Hormonal Balance

Stress Hormones

Glucose / Insulin Regulation
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* Damaged cell debris Inflammation

¢ Irritant chemicals Attempts to remove Effect

* Pathogens damaged cell debris, Eliminates the cause Switch off

* Intrinsic cell defect irritants, or pathogens of inflammation inflammation Healing
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Systemic effects
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Sarcopenia -

1 Dynamic muscle perfusion
LICGF1 production and
signalling

1 Neurogenic growth factors
1 Neurogenesis
d Cell plasticity

Insulin resistance "Mitochondrial function

Anaemia TTNF-R1 Osteoporosis and biogenesis

T Hepcidin TTLR4 TNF, IL-1B, IL-6, TNF, IL-1B, and IL-6

L Ferroportin TIAK and RANKL | Respiration and ATP synthesis
L Iron absorption and recycling LIRS1 and IRS2 activation | | T Osteoclasts 4L NAD*:NADH ratio

L EPO production and signalling LInsulin signalling 1 Osteocalcin lPCCla




Review

Clinical Effects of Excessive HPA axis Activation

! Neurogenesis

GnRH
GHRH ! Immune Balance
LH
! GH J
IGF-1 E2
1 (FREE) CORTISOL Te
T Abdominal visceral J Insulin action

T T Blood pressure
adiposity

OUTCOMES:
* (osteopenia, sarcopenia, syndrome X, cognitive decline, immunological compromise)

* (fractures, frailty, cardiovascular disease, memory loss, infectious complications)

Adapted from: Endocrinology and Metabolism Clinics of North America, Elsevier Publishing, ed. Anne R. Cappola. June 2013, vol. 42, no. 2.
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The Current State of Peptide Drug Discovery: Back to the Future?
Antoine Henninot, James C. Collins," and John M. Nuss*®

Ferring Research Institute, 4245 Sorrento Valley Boulevard, San Diego, California 92121, United States

ABSTRACT: Over the past decade, peptide drug discovery e f TORSN 0PIV 7 ) 1 DO
has experienced a revival of interest and scientific momentum,
as the pharmaceutical industry has come to appreciate the role
that peptide therapeutics can play in addressing unmet medical
needs and how this class of compounds can be an excellent
complement or even preferable alternative to small molecule
and biological therapeutics. In this Perspective, we give a
concise description of the recent progress in peptide drug
discovery in a holistic manner, highlighting enabling *
technological advances affecting nearly every aspect of this
field: from lead discovery, to synthesis and optimization, to
peptide drug delivery. An emphasis is placed on describing
research efforts to overcome the inherent weaknesses of peptide drugs, in particular their poor pharmacokinetic properties, and
how these efforts have been critical to the discovery, design, and subsequent development of novel therapeutics.




Number of Peptides Approved or in Active Development




e Cumulative peptide approvals
—i— Peptides entering clinical study

s Peptides entering clinical study: S-year trailing average
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Liposome

polymer
nanoparticle

hlig T, et al. The emergence of peptides in the pharmaceutical business: from exploration to




Tesamorelin
Lucinactant
Pasireotide
Carfilzomib

Linaclotide

Teduglutide

Lixisenatide
Albiglutide
Dulaglutide

Afamelanotide

Etelcalcetide

Plecanatide

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
















Tyr-Ala-Asp-Ala-16-Pra- The-Asn-Sar- TyrArg-Lys- V- Lau-Gly-Gin-Lau-Ser-Ala
Arg-Lys-Lou-Lou-Gin-Asp-l1e-Mat-Ser-Arg-NH
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CJC-1295 + Ipamorelin Dosing

* CJC-1295 w/o DAC + Ipamorelin dosing =

 Supplied as 1mg/1mg per ml (Img CJC1295 + 1mg Ipamorelin per ml),

2mg/2mg per ml and 2mg/1mg per ml

* Dosage = 0.05 ml to 0.1 ml QHS, 5 days out of the week.
* |t is best to dose on an empty stomach, at least 2-3 hours after the last

meal of the day.

* In comparative data, CJC 1295 reported to be more effective at than

Sermorelin

e Sermorelin’s binding time to GHRH receptors was reported to be 8-12

minutes
e CJC 1295’s binding time > 30 minutes
e CJC+ DAC dosing = 600mcg weekly

Walker RF. Sermorelin: a better
approach to management of
adult-onset growth hormone
insufficiency? Clin Interv Aging.
2006;1(4):307-8.






PT-141 (Bremelanotide)

* Melanocortin receptor agonist — stimulates alpha melanocyte
stimulating hormone (a-MSH)

* Highest affinity for MCR-4 (melanocortin receptor-4)

* MC4R stimulation contributes to improved sexual function in both
men (improving penile erections) and women (increasing desire and
arousal)

 Sexual stimulation SE discovered while creating Melanotan II,
synthetic peptide used for tanning

e Unlike PDES inhibitors, PT-141 interacts with CNS and elicits a more
desirous sexual response

Rosen RC, et al. Evaluation of the safety, pharmacokinetics and pharmacodynamic effects of
subcutaneously administered PT-141, a melanocortin receptor agonist, in healthy male subjects and
in patients with an inadequate response to Viagra. Int J Impotence Res. 2004;16:315-42.



PT-141 Dosage

 Supplied as PT-141 for injection, 10mg/ml| 2ml vial

* Dose = 2mg (0.2ml) starting dose, 45 minutes - 1 hour before sex
* Recommended to inject 1Img (0.1ml) for test dose, then add 1mg
(0.1ml) more 30 minutes later

* Titration may be needed to achieve desired response

* Duration of effects after administration is 24-72 hours

* Dose 2 x weekly initially, then may increase if tolerated

Clayton AH, Lucas J, DeRogatis LR, et al. Phase 1 randomized placebo-controlled, double blind study of the safety and
tolerability of bremelanotide coadministered with ethanol in healthy male and female participants. Clin Ther. 2017;39(3):514-
526.

King SH, Mayorov AV, Balse-Srinivasan P, et al. Melanocortin receptors, melanotropic peptides and penile erection. Curr Top
Med Chem. 2007;7(11):1098-1106.



PT-141 = FDA Approved Vyleesi ™

e 2019 FDA approved intranasal PT-141 = Vyleesi™ - Palatin
Technologies in Paramus NJ

* Approved as PRN treatment for premenopausal women with
acquired, generalized hypoactive sexual desire disorder (HSDD)

e Off label uses for male sexual dysfunction
* Use cautiously if taking PDES5 inhibitors — * risk of priapism in men

» Side effects encountered in clinical studies (over 600 patients) were
mild to moderate nausea, flushing and/or headache

Clayton AH, Althof SE, Kingsberg S, et al. Bremelanotide for female sexual dysfunctions in
premenopausal women: a randomized, placebo-controlled dose-finding trial. Women’s Health. 2-
16;12(3):325-337.



Vyleesi ™ Cautions/Warnings

» Using before bedtime may affect sleep patterns

* Contraindicated in patients who have uncontrolled hypertension or
known cardiovascular disease

* Discontinue use if priapism develops in men (an erection lasting longer
than 4 hours).

* |t is NOT recommended to use PT-141 injection concurrently with any
PDES inhibitor in men due to risk of priapism.

* May slow gastric emptying and impact absorption of concomitantly
administered oral medications.

https://www.accessdata.fda.gov/drugsatfda docs/label/2019/210557s000Ibl.pdf




Vyleesi ™ Cautions/Warnings

* Reported to significantly decrease the systemic exposure of orally
administered naltrexone - avoid use with orally administered
naltrexone containing products intended to treat alcohol or opioid
addiction. (Vyleesi FDA approved monograph)

* Hyperpigmentation may occur, including face, gums (gingiva) and
breasts.
* Risk increases in those with darker skin color.
* May be an irreversible process
* Although the concurrent use of PT-141 and alcohol should be
discouraged, a Phase 1 study (n=24 -12 men, 12 women) using SubQ

bremelanotide (PT-141) and ethanol concurrently reported no
synergistic side effects while using both

https://www.accessdata.fda.gov/drugsatfda docs/label/2019/210557s0001bl.pdf










Kisspeptin — Gonadal Axis

e 2005 clinical study reported kisspeptin infusion increased plasma
gonadotropin and testosterone levels

Dhillo WS, et al. Kisspeptin-54 stimulates the hypothalamic-
pituitary gonadal axis in human males. J Clin Endocrinol
Metab. 2005;90:6609-6615.

e 2013 human clinical study reported that continuous kisspeptin infusion restored
pulsatile LH secretion in humans with NKB or NK3R inactivating mutations that
lead to infertility

e Suggests that NKB acts through kisspeptin to modulate downstream effects on
GnRH secretion.

» Kisspeptin may be novel agent for infertility

Young J, et al. Kisspeptin restores pulsatile LH secretion in patients with neurokinin B signaling deficiencies:
physiological, pathophysiological and therapeutic implications. Neuroendocrinology. 2013;97:193-202.






Kisspeptin — Gonadal Axis

A 2017 human study in 29 healthy heterosexual males
* |V kisspeptin (1 nmol/kg/h) or placebo over 75 min

* Reported increases in circulating kisspeptin and enhanced limbic
brain activity

* Specifically in response to sexual and couple-bonding stimuli
* Kisspeptin’s enhancement of limbic brain structures correlate with
psychometric measures of:
* Reward
* Drive
* Mood
* Sexual desire

Comninos AN, et al. Kisspeptin modulates sexual and emotional brain
processing in humans. J Clin Invest. 2017;127(2):709-19.



[ —

Sexual behaviours Qlfaction

- Enhances limbic and paralimbic - Kisspeptin anatomical framework (R, H) [24]

brain activity with correlations to Kisslr and MeA Kissl roles in male olfactory partner
reward, sexual aversion, and preference (R) [30, 31]

positive mood (H) [40] - Opposite-sex urinary adours stimulate RP3V and limbic
— Triggers erections (R) [51] kisspeptin neurones and enhance LH surge (R) [32, 33]

Mood

o Kisspeptin — Antidepressant-like effects (R, H) [40, 44]

— Reduces fear responses L e : :
ey - - - Anxiolytic effects (R, Z) [3]1, 36)
(2) [36-38, 43] signalling - Anxiogenic effects (R) [42]

social behaviours Audition

- MeA kisspeptin neurone apposition - Male rodent ultrasonic vocalisations increase
with dopaminergic and female ARC kisspeptin activity which correlates to
vasopressinergic neuranes (R) [24] the duration of female searching for male (R) [34]

Comninos AN, et al. J Clin
Invest. 2017;127(2):709-19.



Kisspeptin Indications/Uses

* Primary hypogonadism
* Endogenous testosterone support

* Fertility support
* Improving ovulation and egg implantation
* Preventing Ectopic Pregnancy

* Physiologic Hormone Replacement Therapy (HRT)

* Physiologic Gonadotropin Hormone Release

* Diabetes/insulin resistance support

* Potential Adjunct of Metastatic Prevention in Cancer

Clarke H, et al. Comprehensive review on kisspeptin and its role in reproductive disorders.
Endocrinol Metab. 2015;30:124-41.
























MOTS-c

* Mitochondrial-derived protein (MDP)

* Preserves mitochondrial function and cell viability
under stress

* Key role in cellular stress response

* TARGETS =
* Metaflammation
* Metabolic signaling issues
* Anti-aging

Cohen P. Mitochondrial-derived peptides: novel hormones that regulate metabolism during aging.
Innovation Aging. 2018;2(1):333-34.









MOTS-c Uses

* Metaflammatory conditions

* Obesity and weight gain

* Type 2 diabetes / Insulin Resistance
* Anti-aging

* Cytoprotective

* Mitochondrial dysfunction

Lee C, et al. The mitochondrial-derived peptide MOTS-c promotes metabolic homeostasis and reduces
obesity and insulin resistance. Cell Metab. 2015; 21:443-54.



Aging, Stress

Mitochondrial

Fatty acid

‘ Glycolysis/ |

Metabolic Homeostasis




MOTS-c Dosage

10mg SQ three times a week for 4 weeks, then 10mg SQ
weekly

Reported safe in recommended dosages

As with all injections, redness and pain at the site of
injection may be present.

MOTS-c targets folate cycle and de novo purine biosynthesis
pathways

Possible a depletion of intracellular 5-methyl
tetrahydrofolate (5-MTHF) may occur when using MOTS-c
protocols.

Recommended check homocysteine and folate levels in
patients taking MOTS-c

Folinic acid or 5-MTHF, up to 1,200 mcg daily, between
injections in the protocol, especially in those prone to folate
deficiencies

Lee C, et al. The mitochondrial-derived peptide MOTS-c promotes metabolic homeostasis and
reduces obesity and insulin resistance. Cell Metab. 2015; 21:443-54.






Antiinflammatory

NK cell cytotoxicity
§ NF-xB
} Endotoxin lethality

' Inflammatory
cytokines: IL-1p,
IL-1a, TNFa, PAF,
TXB,, MCP-1,
6-keto-PGF1q,
MIP-2, MIP-1 B













Adrenomedullin

e 2000 randomized, double-blind placebo controlled study
* N= 7 CHF patients and 7 normal

* Adrenomedullin (AM) administration decreased mean arterial
pressure, increased HR and increased cardiac index

* Increased urinary volume and sodium excretion

* |V infusion of AM has beneficial hemodynamic and renal effects in
patietns w/ CHF

Nagaya N, et al. Hemodynamic, renal, and hormonal effects of
adrenomedullin infusion in patients with congestive heart failure.
Circulation. 2000;101(5):498-503.






Peptides - BPC-157

* BPC-157 — Body Protection Compound
* Gastric Pentadecapeptide — 15 Amino Acids

* Gly-Glu-Pro-Pro-Pro-Gly-Lys-Pro-Ala-Asp-Asp-Ala-Gly-
Leu-Val

* Derived from human gastric juice
* GUT IMMUNE BRAIN axis
* Cytoprotective

e Anti-inflammatory

Sikiric P, et al. Brain-gut axis and
pentadecapeptide BPC 157: Theoretical and

practical implications. Curr Neuropharmacol. ¢ SU pports GUT mucosal ||n|ng
2016;14:857-65.

Seiwerth S, et al. BPC157 and blood vessels. ° Protects and heals inflamed GUT mucosa

Curr Pharm Des. 2014;20(7):1121-5.















BPC 157 and Colovesical Fistulas — 2016 RAT study

COLOCUTANEOUS FISTULAS

BPC 157 THERAPY

;::?HGE:? ;’:VEEKSNERNAL
FISTULAS
HEAL

Grgic T, et al.
Stable gastric
pentadecapeptic
e BPC 157 heals
rat colovesical
fistula. EurJ
Pharmacol.
COLOCUTANEOUSF FISTULA HEALING OF THE ONE-MONTH-ESTABLISHED 2016;780:1-7.

+2 WEEK SALINE (Smi/kg IP/ once daily) CONTROLS (C) THE BPC 157 THERAPY THROGHOUT THE NEXT




BPC-157

* INJECTION - Prescribing is often based on body weight using 2mcg/kg
to as much as 10mcg/kg twice daily

« Commonly used doses range from 200mcg - 400mcg twice daily
(400mcg to 800mcg daily)

* If used twice daily, intramuscular injection as close to the injury as
possible or via subcutaneously for systemic purposes

e Use for 2-4 weeks before discontinuing; cease therapy for 2weeks,
then restart therapy if needed






