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Objectives

1. Define Epigenetics, Lifespan, Healthspan,
Transgenerational Inheritance, and the Human
Microbiome

2. Discuss lifestyle modification for optimizing human
healthspan, microbiota health, and reducing health risks
of stress driven aberrant epigenetic changes






Sarah 62 yo Caucasian Female

CC: Fatigue, weight gain, uncontrolled T2DM, acti\
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A Age 45NSTEMI99% stenosis midRCA and LAD
stenosis

A 250 pounds. BMI 44.3 age 40

A Hypertension

A Hyperlipidemia

Al AaKAY202Qa8 KeLRUOKeéNERA

A T2DM HbA1C 8.5 no medications

A Crohn's disease

A Lupus

A Psoriasis

A Depression, anxiety, insomnia with daytime
hypersomnolence

A Low Vitamin B12 and D3, Low magnesium
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Your DNA Is NO
Your Destiny

(Epigenetics) Fiaiie &

YOUR DNA

Why Your DNA Isn't Your Destingan. 182010



https://search.time.com/results.html?N=46&Nf=p_date_range%7cBTWN+20100101+20101231

These Two Mice are Genetically Identical and the Same Age
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While pregnant, both of their mothers were fed
Bisphenol A (BPA) but DIFFERENT DIETS:

The mother of this mouse The mother of this mouse

Thin received a normal mouse | received a diet supplemented

Healthy diet with choline, folic gcid.
betaine and vitamin B12

/ Photo courtesy Randy L. Jirtle, PhD

2000, Randy Jirtle,Bfessor Duke University



Epigenetics
epigenetics = on top of genetics

chemical modifications of chromosomal DNA and/or structures
that change the pattern of gene expression without altering the

DNA sequence
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Non-Coding RNA DNA Methylation

Chromatin Structure
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Role of environmentally induced epigenetic i
transgenerational inheritance in evolutionary DNA Sequence :
biology: Unified Evolution Theory Histone
Environmental Epigenetics, 2021, 7(1;1P Modiﬁcations

S

-~
4

3
-







In cells, DNA (blue) is wrapped around proteins
called histones (green) and decorated with
chemical tags that affect which genes are turned on
or off.




Changes In prostate gene expression in men undergoing an intensive nutritic
and lifestyle intervention

Pre-intervention Post-intervention

CPMNES
FPIC
CHMP2A
TRAK2
FNEP1L
VPS35
MTMR2
CSNK1G3
AP1GA1
SNAP25
CSNK1A1
KIFC3
RAN
RABBA
CHML
CLTA
EXOCB
COPB2
RAMP1
MALZ
NLMN
RAB14
KPNE1
ARHGEF1
POM121
VCP
MTMRS
DLC1
MTACZ2D1
STX17
PPIE

Epidemiological and prospective
studies indicate that
comprehensive lifestyle changes
may modify the progression of
prostate cancer.

Fig.4. Heat map of the gene ontology group “Intracellular Protein Traffic”
illustrating the down-regulation of these 31 transcripts. Pre- and postcom-
prehensive diet and lifestyle intervention samples are indicated.

www.pnas.orgcgidoil0.1073pnas.0803080105



LIFESTYLE AND NUTRITION FOR FOUR
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. N Transgenerational Inheritance
Famine, Seasonal diet, LPD, Eplgenetlcs |n the Ute”ne EnVIfOnment

HFD, Supplement use
Obesity

l‘“:\ Metabolic
\\ syndrome

Epigenetic modifications
during development

Cardiovascular

Maternal and diseases
paternal genetic
backlground ok ith
weight
Development
illness
Mental
illnesses
Others:
Mat | lifestvle. ART Epigenetics in the Uterine Environment: How Maternal Diet and ART
Lo LR L L May Influence the Epigenome in the Offspring with Long-Term Health
and exposure to Consequences Diabetes
environmental factors

Genes 2022, 13(1), 31; https://doi.org/10.3390/genes13010031



https://doi.org/10.3390/genes13010031

——

—— Mother - 1st generation

/ Fetus - 2nd generation

= Reproductive cells - 3rd generation

Three generations at once are exposed to the same environmental
conditions (diet, toxins, hormones, etc.).




Maternal nutrition
* Over/undernutrition

* Vitamin D status Neonatal and infant nutrition
* Dietary methyl donors e Human milk
* LCPUFA intakes * Formula milk
> Food pollutants — * Prebiotics/probiotics
Nutrition

' "

Maternal microbiota

Mode of delivery * Human genome

Maternal and infant diet _| Microbiome Epigenome ——— « Environmental factors

Antenatal and post-natal
antibiotic exposure
Urban/rural environment
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Healthspan

The period of life
spent in good
health, free from
the chronic
diseases and
disabilities of

aging



65 years Death

+ 65 years First comorbidity  Further comorbidities Death

AL LA

Healthspan

Medium

Care dependency: Low High

Remaining lifespan after 65 years of age is characterised by a sharp decrease in healthspan approximately halfway between 65 years and death. The
further you progress towards the end of your lifespan the more likely you acquire comorbidities which increase your care dependency.
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Life expectancy vs. health expenditure Sl

From 1970 to 2018

Life Expectancy
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Health Expenditure per capita

adjusted for inflation and price differences between countries (PPP)

Data source: OECD — Note: Health spending measures the consumption of health care goods and services, including personal health
care (curative care, rehabilitative care, long-term care, ancillary services, and medical goods) and collective services (prevention and
public health services as well as health administration), but excluding spending on investments.

Shown is total health expenditure (financed by public and private sources). Licensed under CC-BY by the author Max Roser.

OurWorldinData.org - Research and data to make progress against the world’s largest problems.



The 3 main culprits behind

. obesity and chronic iliness are:
Worldwide
obesity has nearly POOR

DIET SEDENTARY
TBIPI@I;E P L.FE;YLE
since SMOKING
| =r
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6 In 10 adults have

at least one chronic disease.
. 'i|

-adults have

at least 2 chronic diseases.

80%
of type 2
The CDC estimates diabetes

eliminatin

o,
smoking, poor diet, 40 A)
and inactivity would of cancer

prevent 80%

of heart
disease



https://www.cdc.gov/chronicdisease/about/index.htm
https://www.cdc.gov/nutrition/
https://www.cdc.gov/physicalactivity/index.html
https://www.cdc.gov/physicalactivity/index.html
https://www.cdc.gov/tobacco/basic_information/index.htm
https://www.cdc.gov/tobacco/basic_information/index.htm
https://www.cdc.gov/alcohol/
https://www.cdc.gov/cancer/dcpc/prevention/screening.htm
https://www.cdc.gov/cancer/dcpc/prevention/screening.htm

RESILIENCE DETERMINES HEALTHSPAN

Population A ———

Population B

Critical
Function

improved critical function

= return to baseline

immediate fatality - early death

Klasa et al. BMC Geriatrics (2021) 21:¢



A Resilience significantly contributes to longevity at all ages
and it becomes even more profound at advanced ages.

A Nurturing your body, brain, and social connectionan
help you bounce back from stress.

A Healthy eating (mostly plants), physical activity, and regul
sleep can improve your overall health, resiliency, and is
your first line of defense against diseases.
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A During the lifetime of an individual, the microbiome is
exposed to challenges such as unhealthy diet, medicatior
and infections.

A Impaired ability to bounce back to the prehallenge
baseline may lead to dysbiosis, decreased resiliency, anc
chronic disease.

Front Microbiol. 2020; 11: 572921. doi: 10.3389/fmicb.2020.572921



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7522446/
https://doi.org/10.3389%2Ffmicb.2020.572921

Data from over 9,000 people reveal a distinct gut microbiome signature that is
associated with healthy aging and survival in the latest decades of life.




Biological age: —
40

Chronological Shorter Healthspan

age 35

Biological age:
30

Longer Healthspan
Chronological g p

age 35






A systematic review of biological, social and
environmental factors
associated with epigenetic clock acceleration

D | GrimAge clock

DEPRESSION
BODY MASS

INDEX

Over 156+ publications
on biological clocks T focoZiom
report that SMOKIN(
the largest predictor
accelerateld aging.

PHYSICAL
ACTIVITY

Ageing Research Reviews 69 (2021) 101348



Major Lifestyle Recommendations
For Increasing Healthspan and Reducing Biological Age

Int J Environ Res Public Health. 2019 Jul; 16(13): 2356. PMCID: PMC6651499
Published online 2019 Jul 3. doi: 10.3390/ijerph16132356 PMID: 31277270

Smoking-Related DNA Methylation is Associated with DNA Methylation Phenotypic
Age Acceleration: The Veterans Affairs Normative Aging Study

Pantel Vokonas,” Joel Schwartz,* and Andrea A. Baccarelli”

Smokers demonstrated a higher aging ratio, an
both male and female smokers were predicted
be twice as old as their chronological age as
compared to nonsmokers.

The results were carried out based on the bloc
profiles of 149,000 adults.




Crosstalk between gut microbiota and
tobacco smoking: a twesample
Mendelian randomization study

BMC Medicinwvolume21, Articlenumber:163(2023)

Snoking affects the gut microbiota by:
A Raising the pH of the intestinal environment

A Inducing chronic lowgrade inflammationand
inflammatory related diseases

A Promoting damaging oxidative stresshich increases
systemic inflammation


https://bmcmedicine.biomedcentral.com/
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Psychological and biological resilience modulates the effects of

stress on epigenetic aging
Translational Psychiatry (2021) 11:601

PERCEIVED . ORGANISMAL - LONG-TERM
ENVIRONMENT RESPONSE - CONSEQUENCES

Psychologlcal -

resilience q Stress- |8
related pooe
physiologic . A

changes .
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Accelerated Aging




Cumulative lifetime stress
IS associated with
accelerated epigenetic

aging

Personal life stress had
greater impact in older
compared to younger
participants

Dialogues Clin Neurosci. 2019 Dec; 21(4): 389i 396.
Epigenetics as a key link between psychosocial stress and aging: concepts,
evidence, mechanisms

Anthony S. Zannas, MD

Biological (eg, epigenetic) age

Accelerated/decelerated
biological aging

. Psychosocial stressors

Nurturing environments
Lifestyle parameters

Genetic risk or resilience

Chronological age


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6952744/
https://pubmed.ncbi.nlm.nih.gov/?term=Zannas%20AS%5BAuthor%5D

\ \
‘ Cross . Talke, y A

An upsei braift €an inform the gut, and an
o Upset gut car\jnform the brain

7 | *‘r ‘““{ _

»




The Role of Microbiome
in Insomnia, Circadian
Disturbance and
Depression Front.
Psychiatry, 05 December
2018

Brain
Mood, Behavior

________

Peripheral /j
Vessel

Vessel
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|
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Common findings:

Bifidobacteria, Akkermansia,

= Roseburia, Lactilobacillus
Supplements i T
Vitamin D, C, e‘\ 1 Firmicutes, Escherichia coli,
probiotics, prebiotics Ruminococcus, Coprococcus
1 VEGF, MCP-1, IL-17, IP-10, IL-12,
CRP, IL-2, TNF, LPS
Fermented
foods

anti-inflammatory
omega-3 rich, low fat,
low carbohydrate

1 Bacteroidetes, Prevotella, SCFA,

Common findings:

T Bacteroides, Bile acids, Bilophila
wadsworth, Enterobacteriaceae,
Firmicutes, Enterobacteriaceae,
Escherichia, Klebsiella, and
Shigella

T LPS, TMAO,
1 Roseburia, SCFA, Bifidobacteria,

Lactobacillus, Bacteroidetes,
Lactic acid, Enterococcus

foods
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exercises for at least five minutes, three to five times a

epression, improve memory,

and improve vagal
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Patients with
myocardial
infarction
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Relaxing Individual U P

Response (RR) Relaxing
Training in T 0 Practices at 1§ 1
hospital home
- DNAmAge - DNAmAge

-LTL
- Telomerase

-LTL
- Telomerase

Healthy
Subjects

Exploring Epigenetic Age in Response to Intensive Relaxing Training: A Pilot Study to Slow Down Biological Age
Int. J. Environ. Res. Public Health 2019, 16, 3074; doi:10.3390/ijerph16173074
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A 23 metaanalyses published between
1994 and 2021, which include 1,187
longitudinal and crosssectional studies
with more than 1,458 million
participants

A Loneliness is comparable to smoking up
to 15 cigarettes a day

A Low social support is a significant
predictor of inflammation.

A hronic inflammation associated with
low social integration impacts multiple
diseases that represent the leading
causes of disability and mortality
worldwide, including cardiovascular
disease, cancer, diabetes mellitus,
chronic kidney disease, nealcoholic
liver disease, and autoimmune and

neurodegenerative disorders.

Support and Longevity: MedaalysisBased Evidence and Psychobiological Mecha
5.//doi.org/10.3389/fpsyq.2021.717164



https://doi.org/10.3389/fpsyg.2021.717164

ALower levels of loneliness and higher
levels of wisdom, compassion, social
support, and social engagement were
associated with greater diversity of the
' gut microbiome

Alncreased gut microbial diversity is
associated with greater emotional well
' being, particularly positive affect, larger
social networks, andmproved health and
ngevity

.
-

oneliness and Wisdom With Gut Microbial Diversity and Composition: An Exploratory
ry, 25 N?rch 2021






Epigenetic aging is accelerated in alcohol use disorder and regulated by ger

variation in APOL2
Neuropsychopharmacology (2020) 45:32 836

A Epigenetic clock alcohol study on 331 individuals with Alcohol Us
Disorder (AUD) and 201 healthy controls.

A Heavy, chronic alcohol consumption caused epigenetic age
acceleration (EAA)



Paracellular

Alcoh‘ol

Transepithelial

Alcohol\
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Villi
Tight
Epithelial Junction
Cells

Increased Gut Leakage

Alcohol and Intestinal Microbiota studies show thaicohol promotes both dysbiosis and bacterial
overgrowth which in turn leads to an increase in the release of endotoxins, produced by gnagative bacteria

Volume 38 Issue 21 January 2017 Alcohol and Gut -Derived Inflammation



https://arcr.niaaa.nih.gov/volume/38/2







