Centenarian: Epigenomic resilience to
environmental challenges

Healthy Life And Longevity: Centenarians In Italy
And Israeli Lifestyle, Nutrition, Clinical, and Genetics
Museum of Natural History, Tel Aviv, Israel,
December 2"9, 2019

Gil Atzmon, Ph.D, Einstein Faculty of Medicine and
Genetics, USA and Faculty of Natural Sciences, University
of Haifa, Israel.



Acknowledgement

Weizmann, Rehovot

University of Haifa
Danny Ben Avraham

Lital Sharvit
Gab! Lidzbarsky Regeneron
Danielle Gutman Alan Shuldiner
Huda Adwan
Gil Ben David S
Mariana Andrawes support
Elina Dubinin
Ghadeer Falach A ' ISRAEL
o ( ‘ SCIENCE
Einstein , NY FOUNDATION
Nir Barzilai National Institute
Sofiya Milman on Aging
Temurl BUdagOV NATHAN SHOCK CENTERS
Rambam, Haifa A S RIOLOGY GR LG -
Tzvi Dwolatzky
Irina Sabin - ETEEE

Dani Kirshner & ﬁﬁ%

Elad Rubin (O el






Candidate gene approach: Proven longevity
assoclated genes

CETP X X JAMA 2003

APOC3 X X X PLoS B. 2006

Adiponectin X X X J. Geron. 2008

TSH X X JCEM 2009

MTP X(-) X(-) X(-) X(-) J. Geron. 2012

d3GHR X X X Science Adv. 2017
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|_ongevity associated genes effect

Gene polymorphism Delay age associated disease

CETP CVD and cerebrovascular events, Hypertension,
Cognition and Alzheimer Disease

APOC3 CVD, Pre-diabetes and Hypertension

Adiponectin Not determined

TSH Not determined

MTP (-) Triglyceride, VLDL and Chylomicron

d3GHR Diabetes, Cancer



—log10(p-value) of SNP associations

Manhattan plot displaying the meta-analysis of
four extreme longevity cohort GWAS
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Comparison of median values of ClinVar SNPs
between offspring, control and centenarians
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Comparison of median values of disease associated
SNPs between offspring, control and centenarians
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Monthly health care expenditures within

1 year of death
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| Ages 66-69: !
| 0.1 million |
i i

Ages 70-74: | Ages 75-79: : Ages 80-84:

0.2 million

i+ 0.2 million

T

! 0.2 million

Ages 85-89:
0.3 million

v 0.2 millien

| Ages 90-94: ! Ages 95-99;

i <0.1 million

Ages 100+

i €01 million

SOURCE: Kaiser Family Foundation, “Medicare Spending at the End of Life: A Snapshot of Beneficiaries Who Died
in 2014 and the Cost of Their Care,” July 2016.



Centenarian and their Offspring are healthier
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Clinical Phenotype of Families with Longevity
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Exceptional Longevity and life style

Table 1. Mean Maximum Body Mass Index (BMI) and Prevalence of Overweight and Obesity During Lifetime in
People with Exceptional Longevity and the National Health and Nutrition Examination Survey (NHANES) I Population

Men Women
With Exceptional NHANES | With Exceptional NHANES |
BMI, kg.ﬂ'm2 Longevity (n = 90) (n = 5,254) P-Value Longevity (n = 249) (n=17,924) P-Value
Maximum, mean + standard deviation 254 + 2.8 256 + 4.0 .63 25.0 £ 3.5 249 + 54 .90
<25.0, % 52.2 45.0 19 56.2 58.8 33
>25.0, % 47.8 55.0 3 43.8 412 71
25.0-29.9 (overweight), % 43.3 429 .89 34.2 25.0 .001
>30.0 (obese), % 4.5 1241 .03 9.6 16.2 .006
43.8 vs. 41.2
p=NS

Rajpathak SN. et al. J Am Geriatr Soc. 2011



Exceptional Longevity and life style, con.

Table 2. Lifestyle Factors in Ashkenazi Centenarians and National Health and Nutrition Examination Survey
(NHANES) I Population

Men Women
Exceptional NHANES | Exceptional NHANES I
Longevity (n=1,497) Longevity (n=1,667)
Lifestyle Factor (n =90) (%) (%) P-Value* (n = 356) (%) (%) P-Value™

Smoked >100 cigarettes during life 59.6 74.5 .003 29.9 26.2 .25
Consumed alcohol daily 23.9 224 g7 121 11.3 .80
Reported regular moderate physical activity 431 57.2 .07 47.0 441 .76
Reported low-calorie diet 20.8 21.1 .32 27.3 27.1 14
Reporting low-fat diet 29.1 411 a7 354 38.5 .22
Reporting low-salt diet 32.1 34.3 .80 30.5 30.1 .67

* Derived from Student t-test or chi-square test.

® Smoke and drink the same as 70 years younger control
® Doesn't exercise

® No special diet

® Almost half, are either obese or overweight

Rajpathak SN. et al. J Am Geriatr Soc. 2011 .
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Cognitive function and longevity

www.impactaging.com

AGING, May 2012, Vol. 4. No 5

Research Paper

Positive attitude towards life and emotional expression as personality
phenotypes for centenarians

Kaori Kato™?, Richard Zweigl, Nir Barzilai®, and Gil Atzmon?

www.impactaging.com AGING, March 2013, Vol. 5 No 3
Research Paper

Personality, self-rated health, and cognition in centenarians: Do

personality and self-rated health relate to cognitive function in

advanced age?

Kaori Kato', Richard Zweig’, Clyde B. Schechter?, Joe Verghese®’, Nir Barzilai*®, and Gil Atzmon®®

Aging & Mental Health, 2015

Positive attitude toward life, emotional expression, self-rated health, and depressive symptoms
among centenarians and near-centenarians

Kaori Kato™*, Richard Zweig®, Clyde B. Schechter®, Nir Barzilai® and Gil Atzmon®*

® Personality as well as self-rated health

may play important roles in cognitive
function in advanced age.

Centenarians in both self- and
informant-report groups tended to be
optimistic, easygoing, and outgoing
and to consider laughter as an
important part of their life

® Ppositive attitudes/affect and favorable

personality in conjunction with self-
rated health may play an important
role in mental health outcomes in
advanced age.




Longevity Summary

_ Centenarian Control

Disease Prevalence + +
Life Style + +
Physical Activity + +
Spiritually +

Cognition + +
Appearance + +

Centenarians are resilience to environmental effects



Environment vs. Genetics

20-30% of phenotypic
variance.
? 70-80%

4

Environment X Genetic = Epigenetic




DNA-Environment interaction




Methylation Fraction
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Methylation with age con.

70 - y =0.2208x + 13.879
r=0.36, p<0.005
£ 60 - o
g ®
g 50 n ° ®
c ° ®
2 40 - °c° o
_: o of ° o 4.—.’"
£ ® 9 - o ® %
30 - ._.._,/‘—”T. o %
p= o0 o0 . o
S 20 - . :
o
S °
10 -
0 I I I I ]
60 70 80 90 100

Age in years

110



Conclusion:

Epigenetic may play a crucial role in the way
we all aged especially in healthy cognitive

long life demonstrated by centenarian.



Few suggestions
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