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Exposome Throughout Human Evolutionary History
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Gero-Exposome for cats & dogs
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Low SES shortens lifespan: earlier onset of most diseases
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What are the gerogens in poverty?



Cigarette Smoking by SES: education and poverty
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https://www.cdc.gov/tobacco/disparities/low-ses/index.htm



Factors of companion animal neglect in the

family environment in Pinhais Brazll
Monsalve 2018 Preventive Vet Med

 Animal abuse reports 2016, cats & dogs

Table 3

Logistic régreassion for the ocoumence of companion animal neglect of the cases

investigated by the Protection Smimal Divdsion of Pinhais, Brasil.

Variable OR LI - 95% Wald test
P-walnea

Number of dogs and cats

1 -2 animals

2 - b animals 272 {.85-8.5649 .09

7 - 11 amimals 1.71 114349 1654

> 10 animals .12 .02 067 0.016
Beanomie difficulties L7 1.07- 2408 0.041
Prasenie of disabled persan Lo 1.15-30.27 LIRIEL]

OF: Ahdjusted Odds ratie, O Confidendcs interial.



Animal shelter dog intake varies by owner SES
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Geospatial analysis of Pet Surrender to
Shelters and Human Social Deprivation
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Multi-factorial associations of pet surrender include
owner health, housing, income, and ethnicity



|_ead exposure

gasoline 1945-1975: 3 gm Pb/gallon
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2020: paint contributes up to 70% of children’s Pb elevations

Dignam J Publ Health Manag Pract 2019



Flint Michigan blood Pb in 284 dogs
blood Pb >50 ppb in 2%; >20 ppb in 7%

no clinical grade lead toxicity
residential wards dogs

Legend Legend
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Langlois J Am Vet Assoc 2017

Lead poisoning in dog Is hot common



Stray dogs & cats, Naples Italy
[Esposito Env Sci Poll Res Int 2019]

Subgroups had high Pb & Cd in liver & kidney ;
median levels 5-fold > Spanish samples

* Dogs eat lead-shot game. No reports on toxicity
[Hogasen BMC Vet Res 2016]

 |lead-paint toxicity of dogs-cats: few case reports



Calderon-Garciduenas: Canines as Sentinel Species

AirPoll in Mexico City (MC) vs coastal city (CTL)
higher PM2.5 & poly aromatic hydrocarbons (PAH)

neuron density, myocardium
brain stem olivary nucleus silica-like crystals
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Canine brain aging
Urfer GeroScience 2021

Brain amyloid AB42 increases with aging
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Cognitive dysfunctions correlate with amyloid AB42
Does 2" hand cigarette smoke increase AB42?



Alaskan sled dogs
large VO2 max & high fat diet

Witkop Env Intern 2021
PM2.5 exposure from Alaskan wildfire PM2.5>35 pg/m3

plasma SOD: 5-fold transient increase
blunted by anti-oxidant (phycocyanobilin).

Montrose Sci Total Env 2015

Dog kennels differing 6-fold in PM2.5 exposures:
(16, 48, 96 ug/m3)

No difference in total DNAmMe




Global Mortality: Air Pollution and Cigarette Smoke
>2x Other Top Causes

Mortality, Loss of life References
million/y expectancy, y

air pollution, ambient2  EKRY/ Lellieveld 2020;
WHO 2020a

cigarette smoke 7.2 2.2 Lelieveld 2020
primary (direct) 6 WHO 2020b
second-hand 1.2

Infections® 6.7 WHO 2018
Road injuries 1.4 WHO 2018



high PM,, c attributable AD: 10-20%

WIMS-US: Cacciottolo et al Trans Psychiatr, 2017
Ontario Canada: Chen et al Lancet, 2017

Smoking attributable AD: 11%-14%

meta-analysis 23 prospective studies,
Barnes & Yaffe, Lancet Neurol, 2011



Carotid artery disease: CIMT

tobacco PM2.5: 4% thicker/10 ug/m3

ey Medscapes www.medscape.com
e Formar smokars y = 0138 - D1ET; r=0 37, o -a0 000 %

o mae
e Cyrrend smokers; v o= 0140w - O0968; =041, p =00000 e
[}
Freracton, p= ne %*::n
0 o133
B 4101
B w2108
—
.
-

i R\ —

log pal.'.:h-'_raan;

Baldassarre 2009 Stroke Kunzli 2010 PLoS



« PM2.5 & with lower verbal learning
(B=-0.32 per 10 ug/m3 PM2.5).

* NO, >20 ppb, lower logical memory.

* O; >49 ppb, lower executive function

Gatto et al Components of air pollution and cognitive function in
middle-aged & older adults in Los Angeles. Neurotoxicology, 2014.
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Amyloid metabolism genes in ApoE-TR mice:
ApoE3-females respond more to nPM

A, Amyloidogenesis genes
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Mouse brain transcriptome responses to inhaled air pollution
matter differed by sex & APOE in Nrf2-Nfkb interactions

Urban air pollution
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Gestational AirPoll exposure alters adult
neurochemistry, behaviors, & body
metabolism by sex

« Adult neurogenesis and neural stem cells
« Adipose depot response to fatty diet

o Cerebral cortex transcriptome

* Anxiety-depressive behaviors



Gestational nPM exposure impairs adult neurogenesis
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Haghani eLif .
ooon Gestational PM
nPM Batch 2012

high fat diet induced more adult obesity & glucose intolerance
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Defining active components in AirPoll
pPOlycyclic aromatic hydrocarbons (PAH)

Compare total PM2.5 (sPM) vs nPM lacking PAH

Higher in sPM

Overlap

Higher in nPM

Chemical composition

« Transition metals, post-

transition metals, ions,
black carbon, microbial
load

* PAHs

Adult exposure

» Decrease of TLR4
mRNA

*+ NF-B nuclear
localization

Gestational exposure

« Change in
glutamatergic genes

In vitro

* Higher inflammatory

response in microglia
and monocyte cells

ﬁemical composition
« Transition metals, organic carbons (other than PAH),

black carbon, other elements, ions, endotoxins

Adult exposure

» Neuroinflammation: changes in IL13, IFNy, IL2, NF-
KB/p65 proteins, TLR4, and MyD88 mRNA at different
levels

Gestational exposure

+ Weight gain

* Depressive behavior

In vitro

* NF-kB mediated inflammation in microglial and
monocyte cells

* Nitric oxide production in mixed glial cells

\

Chemical composition
» Non-metals, alkali and

alkaline metals

Adult exposure

* Decrease of GluA1
mMRNA

* Increase of cytosolic
NF-kB

Gestational exposure

» Change in fat gain

* Increase of insulin
resistance

In vitro

* NF-kB response
reduction by
PolymixinB
neutralization

/

Haghani, 2020 Environ Int



Cerebral cortex Nrf2 & NFxB1 Serum cytokines
divergent responses to nPM & sPM mostly parallel responses
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Mal-convergent Smokes in CigPoll:
Air pollution (AAP) & Cigarettes (CS)

1.1 fold excess

Aguilera 2016; Liu 2015 Hansen 2016, Huang 2016
Hartiala 2016; Kaufman 2016 Benziger 2016, Nicoll 2016
g Burnett 2014
2.2fold excess
2014
1.3 fold excess
Wolf 2016, Thiering 2016 weak or no association

McConnell 2015 McConnell 2015

1.9 fold excess

Chen 2015
Casanova 2016 Karama 2015;
Prom-Wormley 2015 .
Ailshire 2014 Cacciottolo 2017: Alilshire 2014

Cacciottolo 2016; Oudin 2016; Barnes 2011; Durazzo 2014;
Jung 2015; Kulick 2020 Deochand 2016

Sheers 2015; Wang 2014 O’Donnell 2011;

Forman & Finch Free Rad Biol Med 2018



Fossil fuels and cigarettes

* Fine particles (PM2.5u) deposited in lungs
* Incompletely burned carbon
carcinogens: polyaromatic hydrocarbons (PAH)

benzene benz[a]anthracene (BaA) benzo[a]pyrene (BaP) chrysene (Chry)
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e Toxic metals: iron, copper



Detox pathways shared in Cig-Poll

stimulators
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