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What is
Epigenetics?




Every cell in your body
has the exact same DNA
sequence.

So how do your cells act
so differently?

Itis due to what DNA
expression is turned on
and turn off!
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Epigenetics is

Histone Non-coding RNA
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What is DNA
Methylation?

Typical mammalian DNA methylation landscape

Transposabie
ahament



https://en.wikipedia.org/wiki/Methyl_group
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Promoter_(genetics)
https://en.wikipedia.org/wiki/Transcription_(genetics)
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What do we measure? How much is measured?

Defiretion of Bata-value and Mvalus
The Beta.value is the ratia of the methylsted prabe
intensity and the overall intensity (sum of methylated
and wnmethylated probe intensities). Following the nota-
tiom used by Mumina methylation assay [12], Beta.value
or an ¥ ntervogated CpG site is defined as:
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adjustment, any negative values will be reset to 0. lllu-

Why should we measure?
The Famous Agouti Mouse Experiment

‘These Two Mice are Genetically Identical and the Same Age

How Methylation Can Influence
Obesity: The Agouti Gene

Whila pregnant, both of their mothers were fed
Bisphenol A (BPA) but DIFFERENT DIETS:
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Methylation as a Biomarker and Treatment Target

Sepsis ~ 1500 1914 1992 2001 2016

Biomarkers have been defined as:
“indicators of biological and
pathogenic processes, or
pharmacologic responses to a
therapeutic intervention that defines
what is normal while predicting or
detecting what is abnormal.”

Biomarker
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Methylation as a Biomarker
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Measurement means nothing without
interpretation of the data
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What can Epigenetic Measurements Tell Us?

Tru's epigenetic methylation methodology can be trained Methylation is different in every cell and
to predict all other multi-omic values each cell has over 26 million CpG

The Multiome methylationlocations.

ey, Due to its large coverage and its place
in the hierarchy of the multi-ome, it is
able to be trained more accurately than
most other multi-omic biomarkers to
predict many different outcomes with a
single test.

Analysis

‘Webolamicy

Beyond disease and phenotypes,
methylation markers have been shown
to predict prior exposures/lifestyle,
future outcomes, and current behaviors

Eprgemomicy

Organzation Agel
Eironment
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Possibly, test ... to replace MANY

health ph @ prognosis, status):
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One test to predict many chronic
diseases, exposures and other

Methylation trainedto predict other omic biomarkers:

omic biomarkers
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Biological aging dominates disease risk
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Aging As a Disease

Aging is the #1 risk factor for
almost ALL chronic diseases.

However, delaying the aging rate
by 7 years would cut the
incidence of disease in half!

If everyone were to increase life
expectancy by 1 year, we would
save $256.7 billion and $8.8
trillion for +10 years life
expectancy.

TruDiagnostic™

Since aging is the greatest risk factor for every disease,
how can we appropriately measure it? Are there better
methods than chronological age?

Chronological age (CA) is a commonly used indicator for

aging. However, life expectancy shows considerable variation L] .
among individuals with equal or similar CAs due to diversity in "
genotypes and in living habits and environments. | ] . -

. »
A 50-year-old individual may have 60-year-old body functions,
and many people look older or younger compared to others at L]
the same CA (even in twins). Therefore, CA is not an optimal »
indicator for the aging progress. . I}
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The History Of Biological Age Measurements

During the past decades, extensive effort has been made to identify such aging biomarkers that, according to the
stage-setting definition (Baker and Sprott, 1988), are “biological parameters of an organism that either alone or in
some multivariate composite will, in the absence of disease, better predict functional capability at some late age, than
will chronological age”. Later on, the American Federation for Aging Research (AFAR) formulated the criteria for aging
biomarkers as follows:

1. It must predict the rate of aging. In other words, it would tell exactly where a person is in their total life span. It must
be a better predictor of life span than chronological age.

2. It must monitor a basic process that underlies the aging process, not the effects of disease.

3. It must be able to be tested repeatedly without harming the person. For example, a blood test or an imaging
technique.

4. It must be something that works in humans and in laboratory animals, such as mice. This is so that it can be tested

. in lab animals before being validated in humans.

L . * However, until 2013, no such marker or marker had emerged.
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How does this compare to telomeres?

“Briefly, t
validated

We need a way to track age... Thankfully we finally have
one. Epigenetics Clocks!




How should someone use Epigenetic Age _

Testing? =

Epigenetic Age = Biggest Risk Factor For Chronic

;_
I
Disease and Death i -
Epigenetic Age = Major correlate of quality of life L II

metrics like 1Q, Balance, Muscle Mass, and Facial
Aging

o Accelerated Aging = Shorter Lifespan and
Healthspan

o Decelerated aging = Longer Lifespan and Healthspan

o Aging starts as soon as we are born. So aging
optimization early can be a great preventative tool.

BIOLOGICAL AGE

POSITIVE PREDICTIVE VALUE

Why wouldn’t everyone try and measure and
treat their major risk factor for all disease? -
(especially if they are currently “healthy”)

The Predictive Power of Epigenetic Aging: Cancer

Cancer is an age-related condition linked to epigenetic
age acceleration

“For each one year increase in the difference between
chronological and epigenetic age (the Aage), there was
a 6% increased risk of developing cancer within three
years and a 17% increased risk of dying of cancer in the
next five years” (Jylhéava et al 2017)

“Some cancers, tumours with fewer somatic mutations,
indicative of more stable genomes, have greater
epigenetic age acceleration” (Horvath & Raj 2018)
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TruDiagnostic’s Focus on Aging
Patient Reports

Telomere Length

Morecorrelated and
predicti




6/10/2022

The History of Epigenetic Clocks
Landscape of Clocks
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We can also tell you your rate of aging!

Your DunedinPACE Value Population Graph

Mo

DunedinPACE Value: 0,88

X
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The DunedinPACE is the Most Predictive Clock

B. Framingham Heart Study Offspring Cohort
1.00

817 had me:

30). This group 075
mple to develop g -~
DunedinPACE.
unedin H mesmrnce
025
— Average
0.00 — Fast
0 3 6 9 12 15
Analysis Time (years)
Number At Risk (Deaths)
Siow DunedinPACE 378 (4) 374 (1) 369 (4) 355 (20) 251 (5) ©

@) 0
Fast DunedinPACE 365 (35) 330 (45) 283 (42) 231 (44) 127 (8) O
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The DunedinPACE is the Most Predictive Clock

. DunedinPACE associations with health-
i little-changed by

— span
= covariate adjustment for the Horvath,
— Hannum, or PhenoAge Clocks. In
s models adjusted for GrimAge,
. DunedinPACE associations with
e o mortality, CVD, and disability were
- attenuated, but remained statistically
e different from zero (mortality HR = 1.24
[1.49-1.74], CVD HR = 1.18 [1.05—
= 1.34], Nagi ADL IRR = 1.27 [1.02—
—— . 1.58], Katz ADL IRR = 1.26 [1.02—
- s 1.54] Rosow-Breslau ADL IRR=1.27 |
== -- - [1.08-1.50]); associations with stroke
e R un 4w s were similar to unadjusted models (HR = | s oo ot
s v e wm e 1:33[1.05-1.69)). Results for all models | =i
SRR RIS are reported i Supple: /file 1C.

‘Thus, Dunedin PACE adds incremental
prediction over and above all clocks
studied here.”

The DunedinPACE is the Most Predictive Clock

Even just being slightly above an aging rate

of 1 biological year/chronological year can — ?/”
increase your risk of death by 56% in the /
next 7 years and increase your risk of a &
O {al Q\
2

chronic disease diagnosis by 54% over the @
next 7 years. 0

In fact, patients who were considered fast agers,

:. . were 16% more likely to die and 23% more likely to
develop a chronic disease. That means they were
-‘,

65% more likely to die in our cohorts than those at
normal or slow aging.

Better Balance

Slower Pace of Aging Faster Pace of Aging

Pace of Aging 26 - 45 R =0.36, p<0.001

Each plotted point represen dy members

TruDiagnostic”

10


https://elifesciences.org/articles/73420/figures#supp1
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Pace of Aging 26 - 45 R=0.07, p=0.033

Each plotted point represents 20 study members

TruDiagnostic”

Pace of Aging 26 - 45 R=0.16, p < 0.001

Each plotted point rey ) study members

TruDiagnostic”

Cortical Thickness and Surface Area of the Brain

11



Slower Pace of Aging Faster Pace of Aging

Pace of Aging 26 - 45 .32, p < 0.001

Each plotted point represents 20 study members

TruDiagnostic”

Significant Variation in Facial Aging

10 slowest-aging 10 average-aging 10 fastest-aging
cohort members cohort members cohort members

&
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The DunedinPACE has the Highest Correlations to Quality of Life
Metrics

Balance
Gait Speed
Steps in Place
Chair Stands
Grip Strength
Motor Coordination
Physical Limitations*
Perceptual Reasoning —_—

Working Memory ——
Processing Speed
Selt-rated Health —_—
Facial Aging" ' |
0 -1 -2 -3 -4 -5

DunedinPACE Effect-size (Pearson r)
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The DunedinPACE has the Highest Correlations to Quality of Life

Metrics
e — L —
Nk LI +
2 L] . . J
. 3 ¢ i !
.

Effect-size - Pearson r
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The DunedinPACE is the Most Precise Clock

i) ;7.' O ._va i ,T-

ACCURACY AND PRECISION

.

cse atFracia f{ ;@?}:ﬁg{?}{%@?y

TrubDiagnostic™

©

The DunedinPACE is modifiable by interventions which we already
KNOW improve healthspan and lifespan

s EXTREMELY important

Biomarker Criteria GrimAge PhenoAge | DunedinPoAm

Horvatl Hany
opigenetic age | epigen

Age : n
Feasible for use in a clinical trial in older adults?

Robustly associated with chronological age
across independent cohorts?

e v H |
Predict age-related change i function, chronic
disease, or death?

Responsive to interventions that beneficially
affoct the biology of aging?

TrubDiagnostic™
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The DunedinPACE is modifiable by interventions which we already
KNOW improve healthspan and lifespan

DunedinPACE

@ AL
21 & CR Change from baseline to 12-
and 24-month follow-up in

DunedinPACE (Pace of Aging)

measures of aging in ad libitum
(AL) and caloric restriction (CR)

groups in CALERIE Trial (Waziry,

R.,etal)

Change in DunedinPACE
o

Baseline 12mo 24mo

TruDiagno!

The DunedinPACE is modifiable by interventions which we already
KNOW improve healthspan and lifespan

CALERIE RCT of caloric restriction (N=197)

Horath || Mannum || PhanoAge | GemAge ||DunedinPoAm3d [DunedinPoAmdx|

azs T
4 Months Since
Treatment 000,z = 3 = X = Treatment
Effect + I 0 = baseline
(Cohen's d) 025 12 =12 mo.
24 =24 mo.

8 2 24 © iz 3 0 2 3 © 12 @ b6 9z @ 0 12

0.

The DunedinPACE is modifiable by interventions which we already
KNOW improve healthspan and lifespan

ADNI Study of ADRD (N=649)

B Horvath || Hannum PhenoAge || GamAge | [DunedinPoAm38] [DunedinPoAmdx

Diagnosis
Age 1 . N
Acceleration oo L. __mm| . L L - m .
(mean=0, L L] . . [ | | Rt}
sD=1) -1l M Dementia
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Leukocyte Telomere Length: Leukocyte DNAMTL (telomere length) is
An Epigenetic Predictor applicable across the entire age spectrum
and is more strongly associated with age
(accuracy/caveats) than measured leukocyte TL (LTL) (r ~0.75
for DNAMTL versus r ~ -0.35 for LTL).

DNA methylation-based estimator of telomere length

ot ? Pei-Ghian Toed ™ Diawil 7 fusiin Guach,' Alex P, Rainer*
i Farmuos,? Litang Hou, ™ Angrea A Baccaret,™ Yun L, Sarah £, Harrs, '3

Chrtes Kacpirarg.

i Goriey, 4 Aele Tayior, ™™ fan J Dears ™™ James D. Stewnt ' Erio . ititaa, 1518

Tt 1718 wei Chen,” Shengeu Li"® Massime Manging, Jortans T, Bell? James G, Wisen™
Aorahan Avie?) Riccardo £, Maron| 2 Keansih a),22” and Siave Horyain™ 2"
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A More Accurate Predictor of Health Outcomes

Leukocyte DNAMTL outperforms LTL

in predicting .

- Time-to-death (p=2.5E-20) Sgg;:&i';;g:;g:rr; .

- T‘rj"e‘to'comna’y heart disease replicative history of cells, but a
(p=6.6E-5) useful marker of age-related

- Time-to-congestive heart failure pathologies that are associated
(p=3.5E-6) with it

- Association with smoking history
(p=121E-17)

Shorter LTL is associated with increased EEAA (r=-
0.16, p=3.1x10-6). LTL is inversely related to
proportions of memory CD8+ T cells (p=4.04x10-
16) and positively related to proportions of naive
CD8+ T cells.

8

Blood that contains more memory CD8+ T cells
and less naive CD8+ T cells would display a
relatively shorter LTL and older DNA methylation
age.

6

Leukocyte Telomere Length (

EEAA is highly predictive of all-cause mortality. . &
Epigenetic mortality risk is strongly associated () )
with telomere length. EEAA (years)

15
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Better together!

From the previous slide we know that ck I I clocks, phy ic clocks, and telomere

length don't really correlate well with each other meaning they represent different processes.

“Bvidence that TL and epigenetic clock estimates are independent predictors of
chronological age and mortality risk was obtained in the study by Marioni et al. (2018)
performed in two Scottish cohorts aged from 70 to 90 years.

variance in age than each of them Ina TL
and DNAm age ined 2.8 and 28.5% of the vari in age, i

and jointly they lained 29.5%. Also in a bined cohort, one standard deviation
increase in a baseline DNAm age was associated with a 25% increased mortality risk (p <
0.001) while in the same model, one standard deviation increase in a baseline TL was
independently associated with an 11% reduced mortality risk only (p = 0.05).”

In both cohorts studied, combined whole-blood TL and DNAm age explained more
Y . o s

The Difficulty in Reversing Aging:

At the moment, it is VERY difficult
to make major differences in aging!

Aging is extremely complex and
multi-factorial. While we would
love to see these age markers
decrease every time we test. This
isn't likely. If it were, we would be
immortal

mitgation o this (uhether by e pr

poui
raviey

peagle lolloving he respeciine trajectotien We can SLOW this process for
now.

Case Studies
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Epigenetic Age Reduction Case Study:
Patient #1

Patient# first epigeneticage testwas in September of 2020,

YOUR INTRINSIC

Ata chronclogical age of 37.28,the patient had the following age metrics on the first test. 51.75
Patientimplemented, Fisetin, Vitamin D, Caloric Restriction, and Stressmaintenance ==l
exercises

Patient | Kit [ ‘ pC

Initials__|Number s Extrinsic_|PCIntrinsic | DunedinPACE

avont [ | 726 7196274 3ses | surasens] 101

6/10/2022

The DunedinPACE is modifiable by interventions which we already
KNOW improve healthspan and lifespan

***This is EXTREMELY important

GrimAge PhenoAge | Duned:

Feasible for use in a clinical trialin older adults?
Robustly associated with chronological age
across independent cohorts?

‘ A
Predict age-related change i function, chronic
disease, or death?

Responsive to interventions that beneficially
affoct the biology of aging?

The DunedinPACE is modifiable by interventions which we already
KNOW improve healthspan and lifespan

DunedinPACE
) @ AL _
S 24 CR Change from baseline to 12-
£ 1 and 24-month follow-up in
2 DunedinPACE (Pace of Aging)
30 measures of aging in ad libitum
£ 4 (AL) and caloric restriction (CR)
% groups in CALERIE Trial (Waziry,
g 2 R, etal.)

Baseline 12mo  24mo

17



The DunedinPACE is modifiable by interventions which we already
KNOW improve healthspan and lifespan

CALERIE RCT of caloric restriction (N=197)

Horath || Hansun || PhencAge || GimAge | DUnSSAPOATIE |DuneSnPOATM)

0z

: Months Since
Treatment 000 | = | = { = = { L} x
et 1 E {
12= 12 mo.

Eff
(Cohen's ) -o25
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Major Diet
Highar diot qualty relates to docelorated epigenatic aging R_ecomm_endaﬂons:
i 1 s s s i renct W Diet Quiality Matters

We calculated the DASH score based on 8 dietary
components: higher intake of vegetables, fruits, nuts
legumes, whole grains, and low-fat dairy and

ower intake of red and processed meat, sugar-
sweetened beverages, an:

um
: Results: A higher DASH score was associated with
‘er levels of:

All 3 epigenetic measures mediated the association
between the DASH score and all-cause mortality, with
mean proportions of 22.1% for DunedinPoAm
(Pmediation = 0.04), 45.1% for GrimAA (Pmediation =
0.001), and 22.9% for PhenoAA (Pmediation = 0.03)

Major Diet Recommendations:

Haathy sating pattama and epigenstic measurss of biological age

R A Diet Quality Matters

Results: All 4 healthy eating indexes had inverse
associations with epigenetic age acceleration, most notably
with PhenoAgeAccel and GrimAgeAccel. Of these, the
strongest associations were for HEI [per 1-SD increase in
S— "] diet quality, PhenoAgeAccel B = -0.5 y (95% Cl: ~0.8 to
e sty amanges s || ~02Y) and GrimAgeAccel B = ~0.4 y (95% Cl: 0.6 to 0.3
y)l Although effect modification was not observed for most
fifestyle factors, in analyses stratified by physical activty,
the benefits of a healthy diet on epigenetic age acceleration
were more pronounced among women who did not meet
physical activity guidelines (reporting <2.5 hiwk of exercise).

Conclusions: Higher diet quality s inversely

with methylation-based measures of biological age.
Improving diet could have the most benefits in lowering
biological age among women with lower levels of physical
activity

18
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e Major Lifestyle Recommendations:
T e P B e oy Reduce Stress

Our results indicate few significant associations between work
stress indicators and epigenetic age acceleration, limited to a
range of +2 years.

PhenoAgeAA was associated with job strain active work (B=-1.301
95%CI -2.391, -0.212), slowing aging of less than 1.5 years, and
working as white-collar slowed aging six months (GrimAgeAA B=-
0,683, 95%Cl -1.264, -0.102) when compared to blue collars.

Association was found for working for more than 40 hours per
week that increased the aging over 1.5 years, (HorvathAA B
=2.058 95%Cl 0.517,3.599, HannumAA B=1.567, 95%Cl
0.415,2.719)

Rate of aging: DunedinPoAm

For the unadjusted fit, we found a statistically significant
association for being working as white-collar - 15, 95%CI -
0.026, -0.003) compared with being blue-collar. Effort (=0.009,
95%CI 0.001,0.018) and evening shift increase the rate of aging of
less than 2% (=0.015, 95%Cl 0.001,0.03).

& TrDiagnestic”

Epigenetic Age Acceleration:
Lifetime Stress fcts fstress on gt aging

Cumulative stress was associated with accelerated Grimage
(P=0.0388) and stress-related physiologic measures of adrenal
sensitivity (Cortisol/ACTH ratio) and insulin resistance (HOMA). After
controlling for demographic and behavioral factors, HOMA correlated
with accelerated GrimAge (P=0.0186).

Remarkably, psychological resilience factors of emotion regulation
and self-control moderated these relationships. Emation regulation
moderated the association between stress and aging (P=882e-4)
such that with worse emation regulation, there was greater stress-
related age acceleration, while stronger emation regulation prevented
any significant effect of stress on GrimAge. Self-control moderated the
relationship between stress and insulin resistance (P=0.00732), with
high self-control blunting this relationship. In the final model, in those
with poor emation regulation, cumulative stress continued to predict
additional GrimAge Acceleration even while accounting for
demographic, physiologic, and behavioral covariates.

These results demonstrate that cumulative stress is associated with
epigenetic aging in a healthy population, and these assaciations
are modified by biobehavioral re: nce factors.

Al In Responss 1o Intersive Relssing Training: A

Epigenetic Age Acceleration: [z,
Relaxing Treatment et

“Moreaver, we compare [ = logi
g, (LTL) and el se. DN, duced
after training in healthy subjects{p = 0.053), but not in patients LTLis

subjects,

decreasein patients (p = 0.051).
The conve betweenLTL

gin both p {p<001)
subjests(p < 0.05) In cur subjects, DNAMAG# s not associated with LTL.

Our 3 s
differentaging molecular mechanisms,i <, DNAmMAgeand LTL witha
rejuvenating ffect.

Ours sveals that DI toel to

cfage-related disease:
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Epigenetic Age Reduction Case Study:
Patient #1

Patient# first epigeneticage testwas in September of 2020,

Ata chronclogical age of 37.26, the patient had the following
age metricson the first test
Patientimplemented, Fisetin, Vitamin D, Caloric Restriction,
and Stress maintenance exercises.

2 VNS | e ——— /NN

Epigenetic Age Reduction Case Study:
Patient #1

Patient#1 first epigenetic age testwas in September of 2020.

PC
Alachr:mo\og\::\aﬁge(o:ZZ26,lhepauenlhadLhe(echwwg Patient Kit Chronological Extrinsi DunedinP/
sgemetricson te first e Initials | Number. Age T ¢ | PCintrinsic
The patienttestedagain 93 years ater e 37.26 78 | sees | suraeen | 101
720
Patientimplermented, Fisetin, Vitamin D, Caloric Restriction, ANON-2 #2 38.19 3719 51.96 95
and Stressmaintenance exercises. Delta 03 02 o054 0213389 006

We saw Age reduction in each marken!
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Diabetes has many markers in the Methylome

Loci Specific methylation can yield clinical insigh

> Epigemmmicn. 2078 Tl 805 -AT i 1022132078555 Epu 2018 Jm .

Critical ion of the DNA ion markers
ABCG1 and SREBF1 for Type 2 diabetes stratification

type 2 diabetes risk
e i

TruDiagnostic”
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Diabetes Risk Repor

DNA methylation at the ABCG1 A DNA methylation score
locus cg06500161in blood DNA of 5.0% or greater at the
was associated with a PHOSPHOL locus

_ 902650017 in blood
increased risk for future

DNA was associated with
a15% decreased risk for

future type 2 diabetes
occurence.
DNA methylation at the
PHOSPHOT locus cg02650017  [[ESINGI—" ABEE1 (0QOES001EL)
lood DNA 1S C Y at ABCG1 locus cg08500161 rerage Beta Value:
) é s an ndcaton of your
with a decreased risk for future [ et e
Gabete, your o .-

= score s 70,19 or greater it is
0.95, P-value associated with a 9%

Jalue = 0.018) after e sk e e 2
adjustment for age, gender,

fasting glucose, and family

relation.
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Response to Caloric Restricton

co15500865
coesie181z

YOUR EPITYPE:

non-respander for

06 i
your PONG gene have been

Smoking & Bissase Risk

Smoking and Drinking
Reports

This can be used as a good
metric to measure patient
adherence.

ekl Cansumptian and DNA Mathylation

o TruDiagnostic
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reliable
estimate of chronic inflammation,
allowing for clear sight n assessing
its relation to health outcomes.

DNAm is a proxy for the proinflammatory
cytokin

pertinent h

outcomes
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e £k e S o Rt
Pt i o] Pt . i
ot mshglar et
s ——

inflammation and its role in cardio-respiratory
discases
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