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Today’s agenda:

~20 min presentation
~10 min Q&A

Introduction to the world of Science & Epigenetics
Deep dive into Epigenetics and Ageing

What epigenetic clocks can tell us about our health
InflammAge as a case study

The role of epigenetics clocks in the diagnostic journey
summary

Q&A

ol G215 LD ) [ =

HURDLE



Biology in a nutshell - Nature vs Nurture

Our bodies are made up of cells, each with the same DNA inside
that we inherit from our parents.

Our genetic makeup is fixed at birth

e DNA code ATCG, 3 billion letters per copy, 23 x 2 y
chromosomes % o
PN

T -

Central dogma of Biology: :?‘rﬂu/ﬁ

e DNA -> RNA -> Protein i{é

e Gene = stretch of DNA that can be “expressed” to create a stone
functional product (e.g. an enzyme)

Epigenetics refers to the layer of non-genetic influences on gene
expression and can change over time.
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What is epigenetics?

Nucleosomes
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RNA

Chromosome

Image: BPS Bioscience 2023
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What is epigenetics?

Chromosome

Epigenetic modification alters
which genes are on or off

Image: BPS Bioscience 2023

DNA

M AAAAAAAAA
RNA

* Definition:

Molecular variation that is beyond changes in the DNA
sequence, that is inherited after cell division and that regulates
gene expression.

DNA methylation.
Histone modifications.

Others (non-coding RNAs?).
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Epigenetics and physiology

Early development
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Images: 1. Zhang et al. 2020, Nature Mol Cel Biol; 2. Australian Academy of Science 2023; 3. Cantone & Fisher 2013, Nature Struc Mol Biol;
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Epigenetics and physiology
Cell differentiation

Early development
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Epigenetics and physiology

Early development Cell differentiation Ageing

Ageing

» Genomic instability

* Mitochondrial malfunction

* Metabolic imbalance

* Chronic inflammation

* Accumulation of
senescent cells and SASP

* Stem cell exhaustion

Young old
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Epigenetics integrates genetics x environment

Identical twins

Mark and Scott Kelly

Diurnal/Seasonal
correlations

Disease
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) Source: https://www.nasa.gov/feature/nasa-twins-study-
Kankerhan et al. Front. Cell Dev. Biol., 2014 conﬁrms-preliminary-ﬁndings
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Modern Ageing - Lifespan vs healthspan

« We are living longer:

Almost 2X lifespan since 200 years ago.

‘[ « Yet sicker: rise of NCDs:

Al Cardiovascular, cancer, diabetes, neurodegenerative, ...
L (1 | Largely preventable through lifestyle interventions.

L Focus - extend healthspan.

HURDLE

The Lancet, vol. 374, no. 9696, pp. 1196-1208, Oct. 2009



Ageing is composed of many molecular mechanisms (hallmarks)

Agevrcla!ed d"seases

Ageing
Ageing mechanism Disease
Stem cell
regeneration
A 4,
\ Epigenetics Metabolism
Wo: h
Mortality Rate "‘\/\v Inflammation
N "/
Wos :
Stress Proteostasis
, N
We Macromolecular
damage

e How can we measure biological ageing?
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Source: Martin Herranz, D. E. (2019). On the epigenetic ageing clock in humans. https;//doi.org/10.17863/CAM. 44841,


https://doi.org/10.17863/CAM.44841

DNA methylation - the archetypal epigenetic modification

DNA Methylation Typical mammalian DNA methylation landscape

Methylating the cytosine of a CpG
motif silences genes
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Cytosine 5' Methyl-cytosine

e  The first molecular epigenetic mechanism discovered (early as 1948)
e  DNA methyltransferase (DNMT) enzymes - attach methyl group to carbon 5 of cytosine on CpG motifs
e  Most common cytosine modifications in mammals are 5-methylcytosine (5-mc) and 5-hydroxymethylcytosine (5-hmc)

e  There are circa 30 million CpG sites across the human genome
e  Methylation of CpG sites can promote or repress gene expression

Images: 1. Wikipedia 2023; 2. Samir 2013 Alcohol res: curr rev;
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DNA methylation as a source of biomarkers

Images: 1. Diagenode 2023; 2. Biostars 2023; 3. Li et al. 2023, PNAS; 4. Slieker et al. 2018, Epi & Chrom;
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DNA methylation as a source of biomarkers

Measuring methylation
patterns

33030
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Images: 1. Diagenode 2023; 2. Biostars 2023; 3. Li et al. 2023, PNAS; 4. Slieker et al. 2018, Epi & Chrom;
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DNA methylation as a source of biomarkers

Measuring methylation Quantifying methylation
patterns levels

Histogram of % CpG methylation
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Images: 1. Diagenode 2023; 2. Biostars 2023; 3. Li et al. 2023, PNAS; 4. Slieker et al. 2018, Epi & Chrom;
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DNA methylation as a source of biomarkers

Measuring methylation

patterns
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DNA methylation as a source of biomarkers

Measuring methylation
patterns levels

Histogram of % CpG methylation

6°000:6:0 37 ™
©

Bisulfite convert

6:0 1000

600
1

Frequency
400
1

Sequence/PCR
(=]
v S 4
[/ [ )
Compare with reference genome o -

0 20 40 60 80 100

% methylation per base

'L.L.\Il
= .
By

Machine learning

Quantifying methylation

Cell type deconvolution

integumentary O
ectoderm()-endocrine O

nerve O

digestive O

endoderm(Q)
treeO respiratory O

endocrine)
endocrineQ

muscularQO

urinaryO

mesoderm
erroductiveO

lymphaticO

circulatory O
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DNA methylation as a source of biomarkers

Measuring methylation
patterns levels

Histogram of % CpG methylation
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Measuring the ageing process with epigenetics

‘Older’ epigenome

« Epigenetic clocks:

Average
epigenome at
chronological age
x : .
The most accurate biomarkers of the ageing process.

They measure your biological age.

Biological age (years)

Development of anti-ageing therapies.

Chronomics epigenetic clock - saliva

‘Younger' epigenome

10 20 30 40 50 60 70 80 90 100
Chronological age (years)

Nature Rev. Mol. Cell Biology, vol. 16, no. 10, pp. 593-610, 2015.
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Epigenetic clocks and their clinical relevance

« Epigenetic age acceleration (EAA) is associated with meaningful variables in humans.

Biological aging methylation ‘clocks’

100 - Age acceleration
Normal aging

Age deceleration

Biological Age

0 L] L] L] L] 1
0 20 40 60 80 100

Chronological Age

Images: 1. Yu er al. 2019, Cancer Research; 2. Fasanelli et al. 2015, Nat Comms

Clinical
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Nat. Review Genetics, vol. 19, pp. 371-384, 2018.
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Epigenetic clocks and their clinical relevance

« Epigenetic age acceleration (EAA) is associated with meaningful variables in humans.

Pre-clinical / lifestyle factors

Extrinsic
Epigenetic Age

| Fish

| Fruits & vegetables
| Moderate alcohol

| Education & mcome

| Exercise

&

Intrinsic
T Insulin & glucose Eplgenetlc Age
I C-reactive protein
1 BMI & Waist-to-hip ratio
1 Triglycerides
1 Systolic blood pressure
| HDL cholesterol
| Poultry

Aging, vol. 9, pp. 419-446, 2017.

Clinical

All-cause mortality
Obesity

Cancer

Cardiovascular disease
Alzheimer’s

Werner’s syndrome
Huntington’s disease
Down syndrome

Sotos syndrome

HIV infection

Nat. Review Genetics, vol. 19, pp. 371-384, 2018.
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Epigenetic clocks and their clinical relevance
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Epigenetic clocks to track intervention success

B Your biological age over time
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Preventive healthcare and epigenetics - InflammAge

e At Hurdle we trained a novel DNA methylation aging clock using biologically informed by features related to
systemic chronic inflammation. This work was supported by Bayer Consumer Health

Inflammation age

. . . . . HURDLE.BIO We've analysed thousands of sites on your
e First biomarker of its kind rooted in e e
biology of chronic inflammation and . :
logy tic asi Biological Age
eplgene IC agl ng Monitor your cellular health with
the latest epigenetic technologies
e Non-invasive and accessible saliva test
O @ Disease risk
. . s RLE | sseuRe Ageing is one of the biggest risk factors for
e Easily deployable as screening self test o sl
cardiovascular disease, type 2 diabetes
or neurodegenerative pathologies.
e Captures long term inflammation
trends (think HbA1c vs glucose) !

e Actionable measurement of a major
driver of biological-age related chronic
disease risk g
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Preventive healthcare and epigenetics - InflammAge
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Preventive healthcare and epigenetics - InflammAge

Built saliva DNAm proxies Trained age predictor ML model
for blood SCI markers using 42 SCI saliva DNAm proxies:
novel InflammAge biomarker
Blood IL-6 N=338, MAE=3.8337
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Images: 1. Stevenson et al. 2021, J. Gerontol A Biol;
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Preventive healthcare and epigenetics - InflammAge

Built saliva DNAm proxies Trained age predictor ML model InflammAge acceleration is associated with: We demonstrated actionability
for blood SCI markers using 42 SCI saliva DNAm proxies: - Blood markers out of clinical reference ranges (=61 with InflammAge reduction in a
novel InflammAge biomarker - Chronic pro- inflammatory disease (HLV, nutraceutical interventional trial
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Preventive healthcare and epigenetics

Prevention/risk

HURDLE

° AI/ML models for risk factor quantification - 1000s of DNAm sites
. Integrate environmental risk exposures, aging, physiological stress with genetics
. Classified as wellness test by FDA - faster to market + wider reach

Validate as risk stratification biomarkers against clinical endpoints
Risk factors become actionable focus - earlier pre-clinical intervention - prevention of morbidity

Morbidity
Addressable Burning Rock Dx
population Cardio®’ . nucLen Mortality
Diagnostics Ivy@ene®
_______________________ epl () ?
! i d . i p Coion €
' ! ! i £ %} INFINITY 7 —
1 \ \
H ' ! 2 o LondonHealth @€ PISIQN
! - —— i °°'9§,9,$‘59.Jg Sciences Centre pI>1g
Prevention : ) Treatment
Riskfactor Physiological ~ Risk Screening/Ceiy Diagnosis  osease Prognosis  stratificationg  |'eatment IR5E
exposures risk factors stratification detection classification prediction monitoring survi
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Deconvoluting epigenetic biological age for preventative healthcare

© © o
q q q q Treatment selection and
S and early detection

Lipids and cholesterol test.

. X Polygemc risk score for ECG and t_roponm plood test Coagulation screening to
Cardiovascular disease c_ar_dlovascular disease. (myocardial infarction). monitor antiplatelet and
Lipids and cholesterol test. CT or MRI (stroke). anticoagulant therapies.
Type 2 diabetes HbAIc test HbAIC test HbAIc and glucose test
yp
> 2 Z
Smoke Icohol Sleep
exposure  consumption
L
@ b FIT stool test (colorectal . . .
Metsboc | chronie s cancer) Colono)scopy (colorectal Cc;m;t)ad nion diagnostic to
cancer, select drug.
Cancer plamipediaehlbreast Tissue biopsy cfDNA test to monitor

cancer)

. . recurrent or residual disease.
Galleri test (multi-cancer)

And much, much more...
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Summary

1. Epigenetics can integrate genetics and environment to quantify complex traits like aging and
disease risk

2. DNA methylation is an accessible, dynamic data source for next gen AI/ML built biomarkers

3. Biological age biomarkers such as InflammAge can track the effect of interventions

4. DNA methylation biomarkers could link prevention, risk stratification, and early detection for
tomorrow’s population-health screening strategies
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Disclaimer

© 2023 Chronomics Limited. Hurdle is a trademark of Chronomics Ltd, Registered Company no. 11120038 in England and Wales.

All rights reserved. Registered address: Bizspace Wimbledon, 8 Lombard Road, London, United Kingdom, SW19 3TZ. VAT number:
GB308876274

Our Services and Results Are Not a Substitute for Medical Judgement. The services, bio-infrastructure, test kits and test results are
not intended as a substitute for any medical advice or professional judgement of health status. Chronomics does not employ
clinicians, nor provide medical advice, nor directly administer any diagnostic medical tests, prescriptions, or other healthcare
interventions. Chronomics makes no endorsement or representation as to the accreditation, licensing or good-standing of any
healthcare provider under applicable laws. Recipients of the services and test results should exercise (or obtain) professional

judgement in evaluating the test results when undertaking any course of action or inaction based on the test results.

Except as prohibited by applicable law, Chronomics (and its group, affiliates and representatives) expressly disclaims any and all
liability for any consequential, indirect, incidental, special or exemplary damages, including without limitation any loss of revenues or
profits or any loss of use of data, arising out of or connected in any way with the services, bio-infrastructure, test kits or test result;
and Chronomics shall not be liable for acts, omissions or conduct of any third party (including without limitation any laboratories,
healthcare providers, clinicians, contractors or otherwise) from the risk of harm or any damages from the services rendered or test

kits manufactured, distributed, dispensed or sold by any third party.

Except as prohibited by applicable law, the services, bio-infrastructure, test kits and test results that are made available through or

via Chronomics are provided ‘as-is’ and without any warranty, representations, assurances, or guarantees of any kind whatsoever,
whether express or implied (either in fact or by operation of law).
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Epigenetic drivers and fingerprints of disease

Neurodegenerative disease
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Deploying the biomarker in Hurdle’s DaaS platform for global scale

—» Our Customers
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