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What is Inflammaging?
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Advances in Geroscience: Impact on Healthspan and Chronic Disease Perspective

Chronic Inflammation (Inflammaging) and Its Potential

Contribution to Age-Associated Diseases “In fl ammag in gll describes the low-
. | grade, chronic, systemic
i e R T L inflammation in aging in the
absence of overt infection
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Hmmnglsmwlm low-grade inflammation, and this phenomenca has been termed as “inflam.
maging”™ lafammaging is a highly significant risk factor for both morbidity and moctality in the clderly poople, as most
if mot all age-related discases share an inflammatory pathogenesis. Nevertheless, the precise ctiology of inflammaging
and its potestial causal role in contributing 10 adverse health = largely unk The sdentification of
pathways that control age-related inflammation across multiple systems is thorefore important im onder %0 undentand
whether that modulse infl aging may be beneficial in old poople, The ion oo infl ion of the
Mvumm(}tmmmuhrldlthhamdImmnno("alMauomllnﬁnw«lAprumB«hndam
October 30 and 31, 2013 was simod at defining these important unans d qu sbout infl ping. This anicle
roports the main of this '
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Why Care About Inflammation?

»Chronic inflammation is associated with
degenerative aging

» Cancer
» Autoimmunity
» Arthritis
» Atherosclerosis
» Dementia

» As we chronologically move forward, our ability to
resolve inflammation diminishes

The Journals of Gerontology: Series A, Volume 69, Issue Suppl_1, 1 June 2014, Pages S4-S9 ;..i’&;’. IFE
Frontiers in Immunology: 2018 Apr 9;9:586. doi: 10.3389/fimmu.2018.00586 SR EXTENSION®
The Journal of Immunoloyg: 2014 Oct 15; 193 (8), doi: 10.4049/jimmunol.1401313 The Science of a Healthier Life™
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What is Inflammation?

» Inflammation is an important & complex
response to things that can harm us...
> Infection
» Trauma
» Toxins / Irritants

» Inflammation is like a tornado

» Acute versus Chronic Inflammation
» Acute lasts minutes to days

» Subacute lasts two to six weeks
» Chronic lasts months to years
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Chronic Inflammation. Roma Pahwa; Anand Singh; Ishwarlal Jialal. StatPearls Publishing. 2019
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Acute Inflammation is GOOD Inflammation

Aulus Cornelius Celsus, Roman Encyclopedist of 15t century A.D, developed the
“Celsus Tetrad of Inflammation”

Rubor (redness)
Calor (heat)

Dolor (pain)

Tumor (swelling)
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What About Chronic Inflammation?

» Chronic inflammation is similar to acute inflammation, except...
» Persistent
» Results in tissue damage

» AND... Inflammaging

Tissue Repair
&
Regeneration

Tissue Acute

Damage Inflammation

sk of Interrupting Resolution of
Repair Process Inflammation

Target of Inflammation ‘ Ri

Disruption can lead to chronic inflammation

0)

The Journals of Gerontology: Series A, Volume 69, Issue Suppl_1, 1 June 2014, Pages S4-S9, https://doi.org/10.1093/gerona/glu057
Journal of the American Society of Nephrology: February 2016, 27 (2) 371-379; DOI: https://doi.org/10.1681/ASN.2015030261
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Major Players in Inflammation

e Created from FATS Created from AMINO ACIDS
(protein)

e Have a LOCAL effect
e Have a SYSTEMIC effect

e Examples:
e Prostaglandins, Leukotrienes, * Examples:
Thromboxanes e Interferons, Interleukins, TNF-

a, NF-Kappa B, CRP
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How it Works

Inflammatory Cascade

Fatty Acids
Arachidonic acid (AA)
Omega 3
Omega 6

||f||1|f| TllT
gy

Enzymes
Cox / Lox

Mediator Mediator
Eicosanoids (Fat) Cytokines (Protein)
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But... | Take Curcumin

To better understand the pathways by which arachidonic acid can cause
arthritic, carcinogenic, and cardiovascular conditions, the flow chart below shows how

ARACHIDONIC ACID

amwbymmmmmmummmwx

‘ 5-LIPOXYGENASE

(inhibited by (inhibited by fish oil,

(maousoxmsu) (mosmcunom E2 | [ LEUKOTRIENEB4 | | S-HETE |

AbnandPlalob( hudmwlhcu:u )
== (==
Alhomoduoul.and Cell Death (Apoptosis) o,

Tissue
Damage

Tissue Repair
Inflammation &
Regeneration

Target of Inflammatioi Risk of Interrupting ‘ Resolution of

Repair Process Inflammation

Journal of the American Society of Nephrology: February 2016, 27 (2) 371-379; DOI: https://doi.org/10.1681/ASN.2015030261
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Resolution of Inflammation

Acute Tissue Repair &

UiESUE DETEE: Inflammation Regeneration

(] p Target of Inflammation Risk of Interrupting Resolution of

Repair Process Inflammation

1. Remove (Cleanup) 2. Restore (Balance) 3. Renew (Rebuild)
Cellular debris left over from Maintain beneficial cytokine Support healthy tissue
inflammation balance for whole-body rejuvenation
health

Vs EXTENSION®
Journal of the American Society of Nephrology: February 2016, 27 (2) 371-379; DOI: https://doi.org/10.1681/ASN.2015030261 The Science of a Healthier Life™
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Specialized Pro-Resolving Mediators (SPMs)
The Missing Piece

Published in final edited form as:
Curr Opin Clin Nutr Metab Care. 2017 March ; 20(2): 145-152. doi: 10.1097/MCO 0000000000000353.

Resolving Inflammation by using Nutrition Therapy: Roles for ”R eéso l u tl on o f acu te I n f l amma tl on

Specialized Pro-Resolving Mediators

Lucy V Norling!, Lucy Ly'2, and Jesmond Dalli'2 is a protective, highly coordinated
The Wilkam Harvey Research Institute, Queen Mary University of London, Charterhouse . . ”
cellular and biochemical process.

Square, London EC1M 6BQ, United Kingdom
2QMUL Lipid Mediator Unit, Barts and The London School of Medicine and Dentistry, Queen
Mary University of London, Charterhouse Square, London EC1M 68Q, United Kingdom .
“This fundamental process
orchestrated by a novel genus of
e e . G sy < o lipid mediators, termed specialized

Recent findings —The SPM genus is composed of four mediator families, the lipoxins g d g V4
resolvins, protectins and maresins. These molecules potently and stercosclectively promote the prO'reSO/Vlng me Iators.
termination of inflammation, tissue repair, and regeneration. Recent studies suggest that in disease,
SPM production becomes dysregulated giving rise to a status of failed resolution. Of note, several
studies found that omega-3 fatty acid supplementation, at doses within the recommended daily
allowance, led to increases in several SPM families that correlate with enhanced white blood cell
responsces in humans and reduced inflammation in mice.

Summary— Given the potent biological actions of SPM in organ protection and promoting
bacterial clearance, nutritional therapies enriched in omega-3 fatty acids hold promise as a
potential co-therapy approach when coupled with functional lipid mediator profiling.

Structured Abstract

Purpose of Review —Inflammation is a unifying component of many of the discases that afflict
western civilizations. Nutrition therapy and in particular essential fatty acid (EFA)
supplementation is onc of the approaches that is currently in use for the treatment and
management of many inflammatory conditions. The purpose of the present review is to discuss the
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Meet the Mediators

Resolvins, Protectins, Maresins

18-HEPE « Resolvins /

» Resolvins
* Protectins

* Maresins

Copyright ©Life Extension®. Confidential and proprietary.

» Made when needed
» Precursors are required

» Precursors include:
» 18-HEPE, 17-HDHA, 14-HDHA

» Precursors are metabolites of
EPA & DHA
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What Do They Do?

1. Remove (Cleanup) 2. Restore (Balance) 3. Renew (Rebuild)
Cellular debris left over from Maintain beneficial Support healthy tissue
inflammation inflammation balance for rejuvenation

whole-body health

SPMs support activation of SPMs inhibit pro-inflammatory

SPMs stimulate

macrophage. cytokines endothelial nitric oxide
The immune cells that (IL-6, TNF-alpha, IL1beta, MCP- to enhance blood flow to
“clean up” cellular debris. 1) support tissue

to support “balance” to the
iQflammatory responge

“rebuilding”

N
> 4 ' ®
Curr Opin Clin Nutr Metab Care: 2017 Mar;20(2):145-152. doi: 10.1097/MCO.0000000000000353 " EXTENSION
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Review of Studies

‘ Arthritis, Atherosclerosis, Autoimmune, & Alzheimer’s Disease
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Arthritis (Osteoarthritis) Study

Human Study:

The researchers concluded:

“Our novel finding that 17-HDHA can modulate SCIENTIFIC RE Pg}RTS

pain responses in humans suggest that OPEN  Association of the resolvin

. . . . precursor 17-HDHA, but not D- or
exogenous administration of 17-HDHA in | E- series resolvins, with heat pain

humans may also be ana/gesic_” I sensitivity and osteoarthritis painin

humans

Ana M._Valdes**', Srinivasarac Ravipati*#, Cristina X 2, Sarah
WJIWHW Ayrun Nessa’®, ansM.K\'ﬁllbms ﬁnosww
Doherty?, Victoria Chapman™ ’V‘INMA.B.MG

Resolvins are omega-3 fatty acid derived p bi ive lipids that tve infl. tion and

“Another possibility is that the inhibitory effects e
of 17-HDHA are all due to RvD4.” e

(beta = 0.075; 95% C10.026, 0.126; p < o.oo“). 17-HDHA was
umwﬂhwwmmumm —0.4 L”“ H)‘O 0.12; p < 0.005; adjusted

forc ov-rht.u)butnot-ﬁﬂl diograp The of 17-HDHA with heat pain
y and pain were indep of DHA levels.
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Atherosclerosis Study

Mouse Study:

Atheroscierosis 250 (2016) 158 - 965

Contents lists available at ScienceDirect

Atherosclerosis

journal homepage: www.elsevier.com/locate/atherosclerosis

Resolvin E1 attenuates atherosclerosis in absence of cholesterol- @wu
lowering effects and on top of atorvastatin

“RVE1 attenuates atherogenesis both alone
yering & fects P ¢ i o and on top of a statin. The local effects of

Robert Kleemann - Per Glorstrup - Teake Koolstras 1101 - 11 clmen s Lum W

e S Bt At Ot A o B o s, 2 i RVE1 are demonstrated by the modulated

Netheriand
* Department of Microbiolegy and Systemus Bology, Netherfands Orpanisstion for Applied e (VoL ey 48 T°04 ME Zetst. The
Netherfands

T e, . 5 et e, o 1, aortic expression of genes involved in

S e inflammatory and immune responses,
mi’mﬂ$ mm& wmlhe‘mmmywdlmuﬁ::cmwmm

- co e e st T Sy s e 3y S8t without altering plasma cholesterol.”

a cholesterol-lowering statin.
Methods: AgoE*ILeiden mice were fed a hypercholesterolemic diet for 9 weeks and subsequently treated
with RvE1-Jow (1 mg/kgiday), RVE1-Righ (S mg/igiday), asorvastatin (15 mg/kg/'day) or the combination

L of atorvastatin and RVE!-low for the following 16 weeks.

Infamenatioe Results: RvE1-low and RvE] - hummmmmnmﬂzm( 35X p < 005)

Resolstion attenuated the formation of severe lesions, also seen as 2 poop in the pr of mild

Seatin m;mummmzwmmmwmawmmmm
sclerosis (- 27X, p < 005), and the combination of RvE1 and ator further d lesion size
( 511p<ul)nﬂwmmdmmhﬂﬁmaﬂmmmtam

VCAMIotMCF-IM > . ans g o loulexpmmno(pw—
(e;aucaa (‘d) CaSmdAdmnln nd sSgnincIny .

'N-y(p<0.00l)andml(p<o.00|)wnmm

Conclusions: RvEl attenuates atherogenesis both alone and on top of a statin. The local effeces of RvE!

are de d by the dul a0rtic expression of genes invohved & inflammatory and immuse

responses, without akering plasma cholesterol or ciroalating SAA
© 2016 The Authors, Publshed by Elsevier Ireland Lid. This is an opes access article wader the CC BY-NC-
ND Ecense (ht1p://creativecommons.org licensesby-ac-nd 4.0/
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Autoimmune (Sjogren’s) Study

Mouse Study:

Published in final edited form as:
J Rheum Dis Treat. 2015 ; 1(4): .

Aspirin-Triggered Resolvin D1 Versus Dexamethasone in the

;t'?d';“e“' of Sjogren’s Syndrome-Like NOD/ShiLtJ Mice - A Pilot “Both AT-RvD1 and DEX caused downregulation of SS-
Sustin'T Eastey. ool W Nelson. Fachel £ Mellas. Saian hunhua Wo, Bryan associated inflammatory genes and reduction of
e sy of Uta, Salt Lake Gity, UT 84108-1201, USA apoptosis. Results from this pilot study suggest that a
Abstract systemic treatment with AT-RvD1 and DEX alone
emoditon icive om docomsnzaemeio i, OFARtht comeo e corstion mad mngriinds f attenuated inflammatory responses observed in the
inflammation in models of complex diseases. Our previous studies demonstrated that RvD1- . . .
medited signalog patwiys e exprosoed snd seveinsalivesy ghads from sodents and hsuecs. NOD/ShiLt] mice; therefore, they may be considered as
Furthermore, treatment of salivary cells with RvD1 blocked TNF-a-mediated inflammatory . . . . .
cgnalsand improved epthliaintgrty. The pupose of s pild sy wastodetermine te potential therapeutic tools in treating SS patients when
lymphocyti infitration, cytokine expression nd apoptosis) obscrved in submandibular glands used alone or in combination.”

(SMG) from the NOD/ShiLtJ Sjogren’s syndrome (SS) mouse model before experimenting with a
larger population. NOD/ShiL.tJ mice were treated intravenously with NaCl (0.9%, negative
control), AT-RvD1 (0.01-0.1 mg/kg) or DEX (4.125-8.25 mg/kg) twice a week for 14 weeks
beginning at 4 weeks of age. At 18 weeks of age, SMG were collected for pathological analysis
mddaecuonofss-usocuted' “RvD1 ueumenlnla)edndlulﬂ'ect
on seen in NOD/Shil.u mice while DEX partially
iltration. Interestingly, both AT-RvD1 and DEX caused downregulation of SS-associated
inflammatory genes and reduction of apoptosis. Results from this pilot study suggest that a
systemic treatment with AT-RvD1 and DEX alone attenuated inflammatory responses observed in
the NOD/ShiltJ mice; therefore, they may be considered as potential therapeutic tools in treating
SS patients when used alone or in combination.
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Autoimmune (Psoriasis) Study

The researchers concluded:

“The amounts of SPMs within psoriasis lesions
were not produced in high enough concentrations

to resolve the inflammation in the skin suggesting
that increasing SPMs in psoriasis may represent a
goal for new therapeutic interventions.”

Copyright ©Life Extension®. Confidential and proprietary.

Human Study:

Published in final edited form as:
J Clin Lipidol. 2018 ; 12(4): 1047-1060. doi:10.1016/].jacl 2018.03.091.

Identification of pro-resolving and inflammatory lipid mediators
in human psoriasis

Alexander V. Sorokin', Paul Norris2, Justin English?, Amit K. Dey’, Abhishek Chaturvedi’,
Yvonne Baumer', Joanna Silverman’, Martin P. Playford’, Charles N. Serhan?, and Nehal N.
Mehta'

*Section of Inflammation and Cardiometabolic Diseases, Cardio-Pulmonary Branch, National
Heart, Lung and Blood Institute, National Institutes of Health, Bethesda, MD

2Center for Experimental Therapeutics and Reperfusion Injury, Department of Anesthesiology,
Perioperative, and Pain Medicine, Harvard Institutes of Medicine, Brigham and Women's Hospital
and Harvard Medical School, Boston, MA

Abstract

Background — Psoriasis (PSO) is an immune-mediated inflammatory disease associated with
metabolic and cardiovascular comorbidities. It is now known that resolution of inflammation is an
active process locally controlled by specialized pro-resolving mediators, (SPMs), named resolvins
(Rv), protectins (PD) and maresins (MaR).

Objective—It is unknown whether these potent lipid mediators (LLM) are involved in PSO
pathophysiology and if skin and blood have discase specific SPMs phenotype profiles.

Methods —We used liquid chromatography-tandem mass spectrometry (LC-MS-MS)-based LM

bololipidomics to obtain skin and peripheral blood LM profiles from PSO compared to
healthy subjects. Some LM were tested in cell culture experiments with corresponding gene
expression and protein concentration analyses.

Results —The levels of several LM were significantly elevated in lesional PSO skin compared to
non-lesional and skin from healthy subjects. Particularly, RvDS, PDx and aspirin-triggered (AT)
forms of lipoxin (1.X) were present only in lesional PSO skin whereas protectin D1 was present in
non-lesional PSO skin. To determine specific roles of SPMs on skin-related inflammatory
cytokines, RvD1 and RvDS were incubated with h keratinocytes. RvD1 and RvDS reduced

£33 LIFE
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Alzheimer's Disease Study

Mouse Study:

J Mol Newrosci (2015) 55:396-405
DOL 10.1007/512031-014-0346-2

Insufficient Resolution Response in the Hippocampus
of a Senescence-Accelerated Mouse Model — SAMPS

Xiuzhe Wang + Elena Puerta - Angel Cedazo-Minguez -
Erik Hjorth - Marianae Schultzberg

Received: § May 2014 / Accepted: 28 May 2014 /Publishod online: 10 June 2014
© The Authoe(s) 2014, This acticle is publishod with open access &t Springerlink.com

Abstract Aging is the primary risk factor for Alzheimer's
discase (AD), and it is known that inflammation is associated
with both aging and AD. To resolve inflammation, biosynthe-
sis of the specialized pro-resolving mediators (SPMs) is en-
hanced in a programmed and active manner. We investigasted
the effect of age on resolution by analyzing hippocampal
tissue from 2- and 9-month-old senescence-accelerated mouse

prone 8 (SAMPS), as well as age-matched senescence-
accelerated mouse resistant 1 (SAMRI1). Pro-inflammatory
markers increased upon age in SAMPE mice and were also
higher than those in age-matched SAMRI mice. However,
necither SPMs nor their receptors were enhanced upon age in
SAMPE mice compared to age-matchod SAMRI mice. Anal-
ysis of SPM biosynthetic enzymes revealed clevated levels of
leukocyte type 12-lipoxygenase (L12-LOX) and decreased 5-

. Confidential and proprietary.

Keywords Aging - Alzheimer - Lipoxygenase - LXA, -
Resolution of inflammation - RvD! - Tau

Introduction

Increased proportion of aged individuals is a global phenom-
enon, raising concems about age-relased discases, inchoding
Alzhcimer’s discase (AD). AD is the most common type of
dementia and a progressive ncurodegencrative discase with no
cure up to date. The ctiology of AD is still not clear, despite
the fact that the two pathological hallmarks, increased senile
plagues consisting of amyloid B (ApB) and neurofibrillary
tangles composed of hyperphosphorylated tau (P-taw), have
been known for over 100 years, While genctic factors that

The researchers concluded:

“In summary, we provided data on how the
resolution pathway in the brain is regulated to
meet inflammation during normal aging using
an animal model. Moreover, during abnormal

aging, accompanied by AD-like pathologies,
there was insufficient resolution to resolve the
excessive inflammation compared to normal

aging.”
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Is Taking Fish Oil Enough?

Inflammation Response Post-Inflammation Response

Inflammatory Cascade

Fatty Acids
Arachidonic acid (AA)
Omega 3
Omega 6

Tr—— RARNANAN

— g

Enzymes
Cox / Lox

).y
Mediator
Eicosanoids (Fat)

SPMs are made
ON DEMAND

in the cells
during the resolution phase of

inflammation. Do you have enough s*sLIFE
Vi3Y EXTENSION®
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Thank You!

Questions?
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