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The Quest for Healthy Aging/Longevity

Preventive, personalized medicine requires
advanced diagnostics to detect disease and

trends towards disease
The reality: my personal journey
Diagnostics based domicanalyses

The revolutionary promise of gene therapy
May allow us to tackle aging




What Diagnostic Tests Should You Take To Practice Preventive, Personalized Med
There Are A Dizzying Array Of Diagnostic Assays Available From Over 1,000 Com

Genomic analyses

Microbiome analyses (guskin,ora)
Metabolic assays

Assays for heart/cardiovascular problems
Assays for inflammation

Assays for immune function

Assays for preliabetes/diabetes

Assays for toxins (metalsioulds

Imaging assays

Functional assays (heart, lung, kidneys
Assays for aging (telomere, epigenetics, e g navigate all this with an MD

senescence) who knows the territory!
Neurological assays
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Helen Messier, MD, PhD

U BSc (Genetics), PhD (Molecular Immunology), MD
(Family Medicine) U. Calgary

U Ex Medical Director Genomics, Human Longevity Inc
San Diego CA

U Ex Chief Medical Officefjome(Microbiome) San
Francisco CA

U CEQAIltum Medical, San Jose CA

U Practices personalized medicine using a d#fgen
healthcare model allowing patients to benefit from
Innovative biomedical technologies.

Have to navigate all this with an MD/PhD who knows the territory!




My Healthy Aging Journey Started With a Health Assessment

U Goals of Assessment

U ldentify any existing disease early in order to stabilize
or reverse It

U Functional assessment of systems to identify any
dysfunctional patterns that can result in disease over
time

U Detailed medical history, lifestyle assessment and health
goals




Health Assessment: Anatomical and Organ Level Functioning

U Body Composition
U Bioimpedance analysis: body fat, muscle mass, bone mass, hydration status, ce|
membrane health

U Cardiovascular
U Endothelial function, carotid intima media thickness and plaque screening
U Lipid analysis including particle size number and oxidative status
U Vascular inflammation markers
U Ambulatory blood pressure

U Lung Function
U Peak flow, spirometry

U Metabolic
U Blood sugar regulation biomarkers, continuous glucose monitor fdw 2dlucose

measurements




Health Assessment: Anatomical and Organ Level Functioning

U Cancer Screening
U Cell free circulating DNA (Gr&élleritest), full body MRI

U Musculoskeletal
U Grip strength which is a robust measure of frailty and aging
U DexaScan for bone density, muscle mass, fat mass, visceral fat Liver
U Liver function blood markers, MRI assessment for liver fat and iron stores

U Kidney

U Kidney function blood markers, MRI for kidney cysts, stones, tumors
U Brain

U Neurocognitive assessmeqiveb based

U Brain MRI for signs of cognitive dysfunction, vascular pathology, aneurysms,
tumors




Health Assessment: Anatomical and Organ Level Functioning

U Eye
U Visual acuity, retinal scan

u Ear
U Hearing screening

U Oral Health
U Oral microbiome pathogen screen

U Gut Health

U Gut microbiome sequencing, stool metabolites, intestinal barrier assessment
Includingzonlulin

U Food sensitivities

U Sleep
U Ouraring, App based sleep apnea assessment




Health Assessment: Cellular Health/Hallmarks of Aging

U Biological Age
U Epigenetic age/DNA methylation and Pace of Aging
U Antibody glycation inflammatory age
U Blood marker based phenotypic age
U Telomere length
U Face age based on Al facial assessment

U Cell membrane health
U Cell membrane fatty acid composition, plasmalogen levels

U Mitochondrial function
U Y NBaydedmarkers, cellular NAD

U Oxidative stress
U Lipid peroxides, oxidative DNA damage




Health Assessment: Cellular Health/Hallmarks of Aging

U Nutrient sufficiency
U Nutrient levels in red cells and blood
U Functional assessment of enzyme activity requiring nutrient cofactors

U Environmental exposures/toxin load
U Heavy metals, organic toxins, mycotoxins

U Cellular senescence
U Cell senescence blood markers

U Immune health
U Flow cytometry of immune cell populations
U Pathogen immune reactivity screen

U Inflammation

+ Blood | inf . | .
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Health Assessment: Cellular Health/Hallmarks of Aging

U Genetics
U Full genome sequencing with interactive web based interrogation platform

U Proteomic assessment
U Molecular You

U Metabolomic assessment
U Molecular You
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This Health Assessment Involves a Multitude of Tests

Boston Heart Diagnostics
Aging SOJJiffinity)

PathogerAssociated Immune Nutrition (Genova)

Reactivity ScreerCyrex aboratories) ' ZonulinFamily protein |

GI360 (stool) Antibody test for mycotoxins

GlycanAge Toxic metals

Glyphosate test Glucose monitoring

Cancer test (Grail) Bone density

Helobacterigpylori Full body MRI .
Inflammatory foods azNBE 42 02YS X(Vg( ¥

Mycotox profile

Thisisscay Tc @SIFINJ 2fR YILyYy A& 3I2Ay




Boston Heart Diagnostics

bOSt(!)n !]—52!} FINAL REPORT
Name: CULLIS, PIETER Provider: HELEN MESSIER MD - Accession No: C2032983
= DOB: 05.12.1946 Gender: M 3 373 S Monroe St Ste 202 g Requisition No: | |
,g Patient ID: 3049947 Fasting: Yes = San Jose, CA 95128 S Report Date & Time: 03.26.2022 1:30 PM
a_u ACC/AHA Risk Score: BM!: 5.? 3 Reoewgd Date & Time: 03.15.2022 1:59 PM
Patient Info: HYPERTENSION Account No: 9901 &' | Collection Date & Time: 03.14.2022 09:00 AM
TNP INCLUDED
Test Name Optimal Borderling  Increased Risk | Fooinotes | Previous oot Nama | Optimal  Borderiine Im:rg&sed Pal-lrt%es mﬁm
Lipid Tests < Boston Heart HDL Map® Test"®
' Total Cholesterol @
200-240 | >240 mg/dL 25-35 | <25 mg/dL
Direct LDL-C %
100-160 | =160 mg/dL 45-55 | <45 mg/dL
HDL-G &
40-50 <40 mg/dL 20-25 =25 mg/dL
Triglycerides -
>200 mg/dL 20-25 |>25mg/dL
Non-HDL-C -
130-190 | =190 mg/dL 20-25 |>25mg/dL
ApoB Interpretation: This HOL map is OPTIMAL and is associated with a lower risk of CVD.
80-120 | >120 mg/dL < Boston Heart Cholesterol Balance ®Test!
LDL-P" Normalized Value (umol x 100/mmol of Total Cholesterol)
Normalized Absolute |romoes
1200-1800 Value Value
HDL-P! <46 | <08 14
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IFLAMMATION
-llzrmms

Boston Heart Recommendations

RN

"
MEDICATIONS . SUPPLEMENTS
Stating Fish Oil (Dmega-3 Fatty Acids)
lower cholesterol, bad cholesterol and . @ lowers fat in the blood and slows the growth
inflammation rate of plague
Cholesterol Absorption Inhibitor (ezetimibe) CoQ10
lowers bad cholesterol in the blood by . helpful for muscle function in patients on statin
reducing cholesteral absorption therapy
Fibrates Soluble Fiber
lowver fat in the blood and may increase qood o stabilizes blood glucose, tends to reduce blood
cholesterol cholesterol and permits better absorption of
ACE inhibitors nufrients

help enlarge arteries making it easier for the
heart to pump blood




Aging SOS- AAOO

N

O

A

What AgingSOS™ tells you

« Your overall wellness status, measured by our

proprietary W-Index™.

« Whether you are at increased risk of developing age-

related diseases.

« Potential solutions to improve your wellness and
reduce your disease risk via lifestyle changes and
nutritional supplementation.

« Whether you are taking the right kind and the right
amount of nutritional supplements.

» Whether your nutritional supplements are providing
the desired health benefits.

« How you can potentially improve management of your

age-related diseases through nutritional

supplements.

Page 7 [/ 40

AgingSOS™
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Age-related
diseases

Improve
wellness

Choose
effective
supplements

Measures risk of age related diseases




Your results breakdown

Aging SOS Results

Optimal Aml|
/# Lab Result P - Penalty
range optimized?
1 Albumin 4.11.ALB 4.0- s 0.0
2 Alkaline phosphatase(ALP) 50.0 2.ALP 20.0-70.0 v 0.0
3 Alanine aminotransferase(ALT) 27.03.ALT 9.0-33.0 4 0.0
\13 Intracellular NAD 22.7ic-nad 34.0 uM - -10.0

Your W-Index score: 77.5

85-100 Excellent
70-85 Very good
65-70 Fair
40-55 Poor
<40</td>

KN—IndexTM range Health/Wellness status

Very poor /

Result

Action

HDL borderline

Omega 3, Coenzyme
Q10 supplements;
Statins

Vitamin D low

Vitamin D supplements

Reactive oxygen
metabolites high

Intermittent fasting,
glutathione supplemen

C reactive protein
borderline

Anti-inflammatory
supplements
(curcumin)

NAD levels borderline

Niacin supplement




Microbiome-Stool Analysis

@' GI360™; stool

D Order: 220321-0208 D> Patient: Pieter Culis
0O 0 RO O Id: P220800169
Client #: 47678 Age: 75 DOB:05/12/1946
Doctor: Helen Messier, MD Sex:Female
Altum Medical

373 S Monroe Street Ste 202
San Jose, CA 95128 U.S.A.

D D

DCCTORS DATA

' Sample Collection Date/Time

Date Collected 03/18/2022
NData Received 03/21/2022
Male eported 03/29/2022

specimens Collected 3

Result

Action

Microbiome Abundance and Diversity Summary

The abundance and diversity of gastrointestinal bacteria provide an
indication of gastrointestinal health, and gut microbial imbalances can
contribute to dysbiosis and other chronic disease states. The GI360™
Microbiome Profile is a gut microbiota DNA analysis tool that identifies and
characterizes more than 45 targeted analytes across six Phyla using PCR
and compares the patient results to a characterized normobiotic reference
population. The web chart illustrates the degree to which an individual's
microbiome profile deviates from normobiosis.

+—less more —» The web image shows the relative diversity

0 +3 and balance among bacteria belonging to the
six primary Phyla. The white shaded area
represents the patient's results compared to
a normobiotic reference population. The
center of the web represents less abundance
while the outer edges represent more than
normobiotic.

[

Actinobacteria

Proteobacteria

Yeast,
blastocytis
dysbiosis

Diet, probiotic

Dysbiosis Index




Toxins-Herbicide

\.l a l.l a \.J G l h t T t

The Great Plains Laboratory, LLC getsg Glypnosate 1es
Requisition #: 1041578 Physician Name: HELEN MESSIER
Patient Name: Pieter Cullis Date of Collection: Mar 14, 2022
Date of Birth: May 12, 1946 Time of Collection: 07:00 AM
Gender: M Print Date: Mar 18, 2022
Specimen Id.: 1041578-2
Glyphosate Profile

Metabolite Result Reference Range Test Action

ug/g creatinine - :
LLOQ 75th 95th Glyphosate high| Eat organic

0.38 18 25 possible

Glyphosate is the world's most widely produced herbicide. It is a broad-spectrum herbicide that is used in more
than 700 different products for agriculture and forestry to home use. Glyphosate was introduced in the 1970s to
kill weeds by targeting the enzymes that produce the amino acids tyrosine, tryptophan, and phenylalanine.
Usage of glyphosate has since amplified, after the introduction of genetically modified (GMO)
glyphosate-resistant crops.

Recent studies have discovered glyphosate exposure to be a cause of many chronic health problems. It can
enter the body by direct absorption through the skin, by eating foods treated with glyphosate, or by drinking
water contaminated with glyphosate. The World Health Organization International Agency for Research on
Cancer published a summary in March 2015 that classified glyphosate as a probably carcinogen in humans.
Possible cancers linked to glyphosate exposure include non-Hodgkin lymphoma, renal tubule carcinoma,




Cancer

‘l‘ G " s ® Pieter Cullis | GRAIL ID: GAL642B0U4
-1 aiieri

Multi-cancer early detection test report

Patient Sample Ordering Provider

Name: Pieter Cullis GRAIL ID: GAL642B0OU4 Name: Helen Maria Messier M.D.

Patient ID: - Report Date: 23-MAR-2022 / 11:14 PT Location: Altum Medical

DOB: 12-MAY-1946 Collection Date: 14-MAR-2022 / 09:00 PT Address: 373 S Monroe St #202

Bio Sex: Male San Jose, CA 95128 I

Email: info@altummed.com Phone: +16509939123 Wh eW -
Fax: +16508786904

Results

Cancer Signal Not Detected

The Galleri® test did not detect DNA methylation signals associated with cancer in the analyzed cell-free DNA obtained from the patient sample.
This does not exclude the presence of cancer. Individuals should be advised to continue with all recommended cancer screening options at
appropriate intervals . If signs or symptoms suggestive of cancer appear after a negative Galleri test result, timely clinical evaluation by a qualified
health care professional is recommended.
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DCCTORS DATA

Microbiome

LAB#: F220321-0206-1
PATIENT: Pieter Cullis
ID: P220800169

SEX: Female

DOB: 05/12/1946

Helicobacter Pylori Stool Antigen

AGE: 75

CLIENT#: 47678

DOCTOR: Helen Messier, MD
Altum Medical

373 S Monroe Street Ste 202
San Jose, CA 95128 U.S.A.

H. pylori

Norma

Abnomal  Reference

Neg

b«

| Neg

The HpSA enzyme immunoassay (EIA) is an in vitro
qudlitative procedure for the detection of H. Pylori
anfigens in the stool. Test results are infended to cid the
diagnosis of H. Pylori infection, and to monitor response
during and post therapy.

Basically OK!




Food Sensitivity

&

KBMO

—— DIAGNOSTICS

Patient Information Sheet: FIT 176 Sample Type: Serum

Name: CULLIS, PIETER Date Drawn: 03/14/2022
Date of Birth: 05/12/1946 Date Completed: 03/18/2022
Accession Number: 136914 Provider: Helen Messier

CULLIS, PIETER 03/18/2022

Restricted Foods

Apple
Turmeric
2+ Items |Flounder
Crab

52y Qi
or arugula!

Stk




Toxins: Moulds

Mycoll mé

The Great Plains Laboratory, LLC LR L At

Requisition #: 1041578 Physician Name: HELEN MESSIER

Patient Name: Pieter Cullis Date of Collection: Mar 14, 2022 R eS u |t ACtI O n
Date of Birth: May 12, 1946 Time of Collection: 07:00 AM

:end.er: N ?10415?8_2 Print Date: Apr 5, 2022 ngh lelt
mycophenolig exposure,

acid treat with

Metabolite Results Normal Range « Abnormal Range . erea

N - ISR | (penicilium | NAC,

mould) glutathione

to help

eliminate

Mycotox Profile

Stachybotrys

“ 0.00
A 0.2
Verrucarin A ' <1.
Page




DCCTOR'S DATAne] -

Toxins: Toxic Metals in Urine

o\ ™~ ORDER: 220316-2441
A~ TEST: U220316-24411
‘$"—"  PATIENT: Pieter Cullis

ID: CULLIS-P-00003
SEX: Male

AGE: 75 DOB: 05/12/1946

Toxic Metals; urine

CLIENT #: 47678

DOCTOR: Helen Messier MD
Altum Medical

373 S Monroe Street Ste 202
San Jose, CA 95128 U.S.A.

RESULT REFERENCE WITHIN

Wg/g Creat INTERVAL REFERENCE | OUTSIDE REFERENCE
Aluminum (Al) 1.8 <15 '_
Antimony (Sb) 0.22 <018 _ _________________________________________________
Arsenic (As) 100 <40 e
Barium (Ba) 4.3 <5 _...--...--...--..---...--.._.-_,
Beryllium (BE‘} <dl| <001
Bismuth (Bi) 0.006 <0.8
Cadmium (Cd) 0.22 <06 |_ __________________________________________________
Cesium (Cs) 6.2 <9 '_

Basically OK!




Nutrition/Toxins

NutrEval® FMV
Genova

Dlag I’]OS.“CSA Comprehensive Test for Identifying

Functional Nutritional Deficiencies and Insufficiencies

[$) DESCRIPTION € ANALYTES % CPT CODES © REQUIREMENTS

Need for Need for Need for Need for
Antioxidant Support Mitochondrial Support Inflammation Support Reduced Exposure

Need for
Methylation Support

Oxidative Stress Mitochondrial Dysfunction Omega Imbalance Toxic Exposure Methylation Imbalance . ] ]
\ /“ N\ Finding Action
6 ) (7) 7)
Folate low Supplement
Cyst(e)ine A| | Glutathione V| | Omega-3 Index V| | Lead ® | [ Methylmalonic Acid @
Lipid Peroxides Al [ CoQ10 ® | | Omega 6/3 Ratio v Mercury A | | Methionine @ . .
8-OHdG ® | | Magnesium @ | | a-Linolenic Acid @ a-Hydroxyisobutyric Acid A | | Glutathione v Vltam I n B 1 2 | OW S u p p I e m e nt
Glutathione V| | FIGLU A | | Arachidonic Acid \% a-Ketophenylacetic Acid @ | | FIGLU A
Taurine ® | | Methylmalonic Acid @ | | Linoleic Acid v Arsenic ® | | Sarcosine A I
Citric Acid @ | | Glutaric Acid ® | | y-Linolenic Acid A Cadmium ® | | vanilmandelic Acid v TOXI C exp OS u re S u p p I e m e nt
cis-Aconitic Acid o Lactic Acid @® | | Dihomo-y-linolenic Acid ¥V Pyroglutamic Acid @ | | Arginine @ 1
. v/ | yone | | (MTBE, styrene (glutathione)
Citric Acid @ Citric Acid ® | | Serine @ ]
cis-Aconitic Acid Lo} cis-Aconitic Acid ® | | Creatinine @
Isocitric Acid A Isocitric Acid A H I g h m e rC u ry N O Tu n a
a-Ketoglutaric Acid @ Glutaric Acid @
Succinic Acid el
Malic Acid A
Adipic Acid A
Suberic Acid A
Manganese v




Zonulin Family Protein

N : LAB #: F220321-0207-1 CLIENT #: 47678
D > PATIENT: Pieter Cullis DOCTOR: Helen Messier, MD
% ID: P220800169 Altum Medical i I
DCCTOR'S DATA SEX: Female 373 S Monroe Street Ste 202 BaSICal ly OK
RIA
DOB: 05/12/1946 AGE: 75 San Jose, CA 95128 U.S.A.

Zonulin Family Protein, stool

REFERENCE
RESULT / UNIT INTERVAL LOW MOD HIGH
Zonulin Family Protein* 30.7 ng/mL < 80.0 —

This test measures a zonulin family protein (ZFP), identified as properdin. Elevated fecal levels of ZFP have been
associated with metabolic syndrome, obesity, and apparently healthy cigarette smokers. High serum levels of ZFP (antigen)
are correlated with abnormal results of the Lactulose Mannitol test; the long-accepted standard for intestinal permeability,
but to date no such correlation has been reported with fecal ZFP. Excessive intake of simple sugars, sodium, emulsifiers,
microbial transglutaminase (food additive) and nano-particles may also be triggers for increased fecal ZFP and intestinal




Mycotoxins-Toxins FromMoulds

1 Mycol PR

Serum Antibody Testing for Mycotoxins

Test results for IgG antibodies
Patient: PEITER CULLIS

05/12/1946

Reference range

Low Moderate ioderately high
0.000 - 0.700 0.701 - 1.600 1.601-2.199

Satratoxin
1.246

Verrucarin and Verrucarol

522

Result Action
Myotoxin Supplements
exposure (NAC,
(mould) glutathione)




| Really Liked This One!

GlycanAge is the first commercial glycan-based test kit that
determines your biological age by looking at the state of your
immune system and inflammation.

Your biological age is

Congratulations! Your biological age is EXCELLENT, and you
are 51 years younger than your chronological age!




And Am Now Taking Many Supplements

Supplement Reason

D-Mulsion 1000 Your vitamin D was low at 29 ng/mL, we want to aim for 50 ng/mL

Creatine supports methylation which is important for mamgsynthesesYour
homocysteine was high and your choline was low indicating that your methy!l

Klean Creatine cycle is being taxed. Creatine is a major product of methylation.
Your vitamin B12 levels were low. B12 is important for energy production,
Liposomal B12 nerve/brain activity and is critical in the methylation cycle.

Your organic acid results showed a high need for Vitamins B1, B2, B6, B7, |
B12. These are all especially important for mitochondrial energy production.
Advanced B | also had extremely high FIGLU which is a functional marker of folate (B9) need.

Complex Taking a B complex provides all the B vitamins in the right ratios.

This has Omega 3 fatty acids and Coenzyme Q10. Your Omega 3 index which
measures the level of Omega 3's in your red cell membranes was low. Ome
are the precursor to the aninflammatory prostaglandins and are essential t
control inflammation. Your CRP a marker of inflammation was high.
Your CoQ10 level was low. This is an important antioxidant and is essential for
OptiMega3 Q1(¢ electron transport chaimcitivity.




And Am Now Taking Many Supplements

Supplement

Reason

Natto NSK Meg

This will decrease the risk of clotting, which for you is essential given yiowr A

Liposomal
Glutathion

Glutathione is the bodies master antioxidant and detoxifier. It is used up quickly
detoxification. You have a significant toxic load including high mercury, mold tg
(mycophenolic acid), and a number of organic toxins. Toxins are damaging to n¢
mitochondria, and immune cells especially. Your levels of glutathione were low
you had high markers of oxidative stress all suggesting the need for more glutat

IXiNS

N-Acetyl Cystein

Support glutathione production, antioxidant, and detoxificatiorAbetyl Cysteine I
the rate limiting precursor for glutathione production.

SulforaClear

Broccoli extract containingulforphanewhich turns on the expression of our
endogenous antioxidants. This is important to address both your toxic load and
oxidative stress.

Acetyl LCarnitine

This is part of the carnitine shuttle which facilitates the entry of fatty acids into \
mitchondriaso they can be utilized for energy production. You have markers tt

nat

Indicate this shuttling of fatty acids is compromised in you.




And Have Changed My Diet

Intermittent Fasting (calorie |16 hour fasts, every day
restriction can extend life

span)
No eggs | like eggs!
Gluten free if possible Horrible bread

Avoid pesticides Organic if possible




Is There An Alternative to Such a Multitude of Tests?
CKS dGhYAO&c¢é

Genomics
Proteomics
Blood
Metabolomics
Blood
Urine
Microbiomics
Blood

Omicanalyses can provide very accurate diagnostic biomarkers for
disease




The Reliability ofOmic Biomarkers For Disease Is Described
by ReceiverOperator Curves (ROC)

sensitivity

=
(my]
T

i - i
bl e e iy

+*
+
D.E“

AUC

—+— 0.5 ]

0.6

08 |

—— 09

—— 1.0

0.2

0.4 0.6
1-specificity

0.

0

0

Plots sensitivity vs.-&pecificity

Y axis: Sensitivity on a scale €f,0
where 1 indicates that every case
of the disease Is detected

X axis: Specificity on a scale €f,0

GKSNE M AYRAOIOSa GKI G
L2 aA0AQDBS&ae FNB RSGSOUG S
The area under a ROC curve (AUC)

IS a good measure of the quality of

the biomarker

AUCs of >0.75 are good, AUCs of
0.5 are terrible, AUCs of 1.00 are
perfect




Proteomic and Metabolomic Profiling Can Improve on
Standard Diagnostic Tests

Colonic polyps Esophageal cancer
Urine Samples Urine Samples
AUC =0.78 (12 metabolites) AUC =0.98 (7 metabolites)
1.00- . e ¢ ?
/ )
@ 0.75- ;
& Vi >
2 /7 2 0
. — . /r *
8 0.50 // = 21
o / 5
g )
= o025 Jf N
/ o)
0.00- f §
0.00 0.25 0.50 0.75 1.00 0.00 0.5 0.0 078 1.00
False Positive Rate 1 - Specificity
Current standard: Current standard.:
Fecal occult blood Carcinogenic embryonic

test T AUC=0.63 antigen test - AUC=0.74



Sensitivity (%)

Proteomic and Metabolomic Data Profiling Can
Improve on Standard Diagnostic Tests

b LE

[CIE

Prostate Specific

|

Antigen (PSA) Test
AUC= 0.65 1

4

L I 1 I
20 40 0l B

1- Specilicity (%)

{L]

Sensitivity (True positive rate)

1.0

0.8

0.6

0.4

0.2

0.0

Prostate Cancer blood
test (3 metabolites)

AUC= 0.93

Area’under the curve (AUC) = 0.932
95% Cl: 0.867 1 O.

- Empirical
—— Smoothed
95% ClI

0.0

| | | | |
0.2 0.4 0.6 0.8 1.0

1 1 Spe calsdpostivetraie) ( F




We Founded Molecular You to Explore the
Benefits ofOmicAnalyses as Diagnostics

Genetic Profile  Protein Profile Metabolite Exposures Profile
Profile

2 5 P

Genetic Analysis Analysis of Analysis of small  Analysis of
25,000 SNPs proteins in blood: molecules In environmental
140 proteins blood: exposures in
80 metabolites blood:
60 metabolites

Molecular YouOmicProfiling



Example: Molecular You MukOmicAnalysis Diagnoses Autism
Spectrum Disorder With High Sensitivity And Specificity

Significant differentiation High specificity and sensitivity

between ASD and control

) Autism | )
Multi-Omic Control % 2
ITARGEBtudy ° o . =
()5 7] ©
ASD patients = 38 1 - O%c? g AUC =0.99
o 8o & () 0 .
Age matched * o ° 8 S . 95% Cl: 0.95 -1
= ° o o b
healthy control = 36 o°3 o So® O s
o g © ) E P
4 . ¢’ 2
QO o
»n S . . . . |
R2 = el = 0:89 Specificity (True False Positive Rate)

Multi-variate analysis identifies a set of molecular biomarkers that clearly
separates ASD patients from healthy controls




The Quest for Healthy Aging/Longevity

Preventive, personalized medicine requires advanced |
diagnostics to detect disease and trends towards disease

The reality: my personal journey
Diagnostics based domicanalyses

The revolutionary promise of gene therapy
May allow us to tackle aging




At Some Point, Changes In Diet, Exercise and Supplements Wil

Be Enough to Prevent Disease
Current medicines to treat ageelated diseases are completely inadequate

The revolutionary potential of gene therapies



What Is Gene Therapy?

DNA

Wikipedia: gene therapys the therapeutic delivery ohucleic acid (RNA,
DNA)Into a patient's cells as drugto treat disease



How Can You Use RNA or DNA Molecules as Medicines?
The Background

B Sugar
Phosphate
Backbone

~Base pair

Adenine

Thymine

Guanine

Cytosine

Watson and Crick discovered the double helix structure of DNA in 19&%; clear that
the sequences of bases in the DNA were coding for proteins produced by cells
(Nobel Prize in 1962)



In 1961 It Was Discovered That DNA Codes for Proteins Via
a Messenger RNA (mRNA) Intermediate

)

0
&) transcription translation folding
ribosome :
protein

amino acid chain

MRNA

DNA makes RNA makes proteins
CKS a/SYaN)yt 523YF¢ 2F a?



Since 1961 It Has Been Shown That You Can Make mRNA, Inje
he Protein It Codes For Will Be Made, Culminati
+ | OOAY Sa

Into A Cell And
inthe COVIBMd Y wb !

Year Event

1961 MRNA discovered as intermediate between DNA and
protein

1978 MRNA injected into a cell makes a protein

1984 MRNA can be synthesized (manufactured) outside a

19902000 | Synthetic mMRNA injected into an animal for vaccine
applications did not work (toxic)

2005 Modified mMRNA shown to be nottoxic in
animals

2014 MRNA packaged in lipid nanoparticles (LNP) can prot
protein in liver

2017 MRNA packaged in LNP makes a very effective vacci

2021 FDA approval of COMVID LNFMRNA vaccine




In 2005 Drew Weissman and Katalin Kariko Discovered How to Make mRNA
Immunogenic (Less Toxic) and More Potent (More Protein Production)

Drew Weissman KatalinKariko

Worked together 19972013 at the University of Pennsylvania and
solved a major problem preventing mRNA being used as a therapeutic



In 1998 Fire & Mello Discovered That Short Pieces of RNA Ca

Year
1998

2001
2003
2006

2012

2018

Control Gene Expression by Binding to mRNA

Event
RNA interference (RNAI) discovered

Short interfering RNA (siRNA) can silence a gene in a ce
SIRNA can silence a gene in an animal (inefficient)

LNP siRNA using an ionizable cationic lipid can silence &
gene in the liver in animals following. administration

LNP siRNA enters clinical trials to treat transthyretin indu
amyloidosisATTR

FDA approve first SIRNA therapetitidP siRNA to treat
hereditary transthyretininduced amyloidosih@T TR

Short interfering RNA with defined sequence can inhibit transcription of a
target mMRNA and thus prevent protein production very specifically



Short Segments of RNA (e.g. siRNA) Can Inhibit
Gene Expression

Short interfering RNA
(SIRNA)
Andrew Fire Craig Mello

Fire and Mello discovered RNA interference in 1998, the fact that particular
sequences of RNA can inhibit translation of target mRNA
(Nobel Prize in 2006)



SIRNA and mRNA are Potential Therapeutics

SIRNA: to inhibit production coding sequence (465 bases) ¥ UTH
of any protein you want (e.g. mRNA: to produce any protein you
an oncogene causing cancer) want (e.g. a clotting protein that a

hemophiliac needs, or a viral protein
for a vaccine)
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Their Own
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Most Attempts at Gene Therapy Have Used
Engineered Viruses to Deliver the DNA/RNA

Viral vectors have proven to be very
problematic delivery systems:
U Limited genetic capacity
u Difficult to engineer and
manufacture
U Stimulate an immune response (can
give only one dose)
U Potential for insertional mutagenesis
causing cancer
U Extremely expensive (up to $2M per
dose)
U Can be toxic

U Only 3 approved drugs in spite of 30

What Is the alternative?
years of effort, 2500 clinical trials Lipid nanoparticles!



What is an Alternative Delivery System?
Lipid Nanoparticles (LNP) For Delivery of DNA/RNA!

Oligosaccharide\ Glycoproteins

Glycolipid

Hydrophobic  proteins
o helix

Phospholipid

Lipids are vital components of biological
membranes

Lipid nanoparticle
| have spent nearly 50 years working on biological
YSYON)YSa YR {tALAR VI



From 19801995 We Developed LNP to Deliver Cancer Drugs
In 1995 Started Research to Develop an LNP System to Deliver
Genetic Drugs (RNA, DNA) to Silence a Gene in the Liver

Package siRNA in LNP

Evade uptake _by
Immune cells

Facilitate ( :‘; g

intracellular .
s fusion and
dellvery drug release

This was a huge challenge!



LY UKS HAannQas 22Nl Ay3 2A0K ! £y
Developed Lipid Nanoparticles Containing siRNA to Silence a Gene in t
Liver Following an .V Administration

SIRNA- Lipid
nanoparticle
(LNP)




In 2012 Alnylam Initiated a Clinical Trial Using This LNP System to Silence
Gene Causing Hereditary Amyloid TransthyretiAT TR Amyloidosis

TTR Is a tetrameric protein that is primarily expressed in the liver and
transports serum retinol binding protein (RBP)

Native TTR Rearranged Monomer Oligomeric nonfibrillar Amyloid fibril

tetramer tetramer and protofibrillar specim i 7
oo of ~H— F ¥ 5

hATTRamyloidosis is a multisystem disease caused by extracellular deposits
of TTR amyloid

A ~100 mutations in the TTR gene lead to amyloid deposition in:
U Nerves : ~10,000 patients. extensive neuropathies
U Heart: ~40,000 patients, cardiotoxicity leading to heart failure
A No effective therapy, usually fatal within five years of diagnosis



hATTRAmMyloidosis: A Rapidly Progressing Disease Usually Fat:
Within Five Years of Diagnosis

Stage 1 —  Stage 2: Early =3 Stage 2:lLate =3 Stage 3




The Clinical Trial Used An LNP Formulation of siRNA to Inhibit
Production of Transthyretin in the Liver

Use LNP containing siRNA to
silence transthyretin (TTR)

Productio, of mutant L) _ . _
and wild type TTR , “ production in the liver

Unstable circulating TTR

tetramers reduced

Organ deposition of amyloid fibrils
prevented, clearance promoted

A potentially Sir_np|e _SOlUtion Stabilization and recovery
to a devastating disease ERIEIURECIeleIsEV ) AET( L)Y



LNPsITTROnpattro) Phase 3 Trial Results Announced September
2017: Hit Primary Endpoint and All Secondary Endpoints!

Primary Endpoint (18 mo.) . pvalue

mNIS+7 Neuropathyimprovementscore 9 26 x 10-24
better than placebo

Secondary Endpoints (18 mo.) m

Norfolk-QoL Quality of life better than placebo 1.10 x 1010
NIS-W  Muscle strength better than placebo  1.40 x 10713
R-ODS Overall disability scale better than placebo  4.07 x 10-16

10MWT Gait speed better than placebo 1.88x10-12
mBMI Nutritional status better than placebo 883 x 10-11
COMPASS-31 Autonomic muscle function better 0.0008

than placebo
Onpattro is a stabilizing, possibly curative therapy for a previously
fatal disease. Approved by FDA in Aug, 2018.



Then We QAcuitag Asked If We Can Deliver siRNA to Silence a Gene in-
Liver, Can We Deliver mRNA Express a Gene In the Liver?

Package mRNA in LNP

Evade upfaké by
iImmune cells

Facilitate
intracellular ;

A fusion and
delivery —drug release

A~ MRNA expresses a.protein
AY R 2

We (Acuita®) @+ YUSR U2 dzi



Found That We Could Make the Liver Make Any Protein We Want
by Injecting LNPs Containing mRNA Coding for That Protein

\ EPO-mRNA dose: 0.06 mg/kg
Regulates
Destroys Procgsses blood
old RBCs nutrients | composition 1 0 3 A
N , A ——— A -
| / ¢ o
. ' — 107 = -
' petoges / Produces ! E
' blood J bile  + B 1017
=
0
5 10
.{‘"EBreaksdowh”?ﬁ Controls 500 Produces w 1 0 -1
. alcohol & metabolic proteins &
'\I_medications processes cholesterol
o é LO?O > -.#- ............. " ................... ' .........
Essential liver functionsI FACTOr pre 6 h 24 h 48 h
The liver produces most of the proteins in Injected pigs with LNP mRNA coding for

your body erythropoietin



Serendipity: We Were Approached in 2014 by Drew Weissman (U Penn) a
Katalin Kariko BioNTeclh Who Needed a Delivery System for mRNA Vaccine

Drew Weissman KatalinKariko

Drew Weissman anlatarinKariko discovered that by modifying mRNA they could
reduce toxicity and increase gene expression, wanted to use mRNA as a vaccine

42S KIS || RSfEADSNE LINROfSYD | 26 R
LINEGSAYa AYyid2 YdzZaOofS FyR AYYdzy



Found That An LNP Containing mRNA Coding for a Surface Proteil
Zika Virus Provided Total Protection Against Zika Virus Infection

_——> Envelope (dimer)
P <
N,
e Membrane protein
\

Single-stranded, )

positive-sense RNA
genome, unse gmented

Enveloped icosahedral
capsid

Genomic large polyprotein

'y
% Yo
Furin q?v Cleavage by host and viral proteases
P

¥

n structural proteins- role in replication and also
invoking cell-mediated immune response

For folgpation of the  Protects E l Envelope

nuchgeapsid  protein during 8YCOProtein, target
for neutralizing

sssembly antibodi

MRNA coding for ZIKWM-E (Zika virus prenembrane and
envelope glycoprotein)

Pardi, Weissman et al. Nature 543, 248 (201739



COVIBE19 mRNA Vaccine: In February 2020uitas BioNTechand
Pfizer Initiate an LNP mRNA COMI® Vaccine Program

SARS-CoV-2

5 UTR__ St ) S2 3"UTR
AAAA

Cap analogue K986P Poly(A) tail
Vae7P

N'-methylpseudouridine modified RNA

MRNA coding for the SARS
Co\f2 spike glycoprotein

Acuitasbegan working withBioNTecho develop influenza vaccines in 2018.
BioNTechwvas also working with Pfizer on a flu vaccine. All efforts switched to a
COVIDB19 vaccine in February, 2020



Pfizer AndBioNTechConclude Phase 3 Study Of Cow@ Vaccine
Candidate in November 2020, Meeting All Primary Efficacy Endpol

Press release Wednesday, November 18, 2006:59am

A Primary efficacy analysis demonstrates BNT162b2 to be 95% effective againstlO®e{inning 28
days after the first dose;170 confirmed cases of C&lIyere evaluated, with 162 observed in the
placebo group versus 8 in the vaccine group

A Efficacy was consistent across age, gender, race and ethnicity demographics; observed efficacy in
adults over 65 years of age was over 94%

A Safety data milestone required by U.S. Food and Drug Administration (FDA) for Emergency Use
Authorization (EUA) has been achieved

A Data demonstrate vaccine was well tolerated across all populations with over 43,000 participants
enrolled; no serious safety concerns observed; the only Grade 3 adverse event greater than 2% in
frequency was fatigue at 3.8% and headache at 2.0%

A Companies plan to submit within days to the FDA for EUA and share data with other regulatory
agencies around the globe

A The companies expect to produce globally up to 50 million vaccine doses in 2020 and up to 1.3 billic
doses by the end of 2021

Approved by USA, UK, Canada, EU for emergency use December 2020
LNP mRNA are playing a major role in ending the CGM[Pandemic.



But Vaccine Applications are Just the Tip of the Iceberg, LNP
MRNA Technology Will Enable a Multitude of Gene Therapies

Infectious Diseases (Vaccines):
COVIB19
HIV
Zika
A Universal influenza vaccine
A Malaria, etc
hronic diseases
Cancer
AHeart disease
Al f1 KSktcSNDES
Inherited diseases
Sickle cell anemia
Al dzyiAy3ia2yos RAZSHAS
ACystic fibrosisetc




Could LNP mRNA Gene Therapies Be Used to Treat Aging?
Aging Is the Dominant Risk Factor for Disease

UK cancer rates

— Males 90% of cancers occur

In people over 50
- Females

Age (years)



Aging Is the Dominant Risk Factor for Disease

England cardiovascular disease
rates

50
40+
35
30

—— Males By age 75 30% of us will
—a— Females have heart disease

Incidence %
N
o

Age (years)



Prevalence %

Aging Is the Dominant Risk Factor for Disease

Europe dementia rates

8588

- N
o O

0
S DA S P @
SPAN TSP S°
$°
Age (years)

—a-Female

- Male

If you manage to
avold cancer and
heart disease,
dementia awaits

you!



What Drives the Aging Process?

Peaks of aging proteins
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The proteins in your blood change as you age



If We Change the Blood Protein Profile We Can Influence the Agi
Process

Ffaralgiosis: shgring the bIooAd of a young mouse with an old mouse results In )

UKS 2fR Y2dzaS 0SO2YAYy3d aez2dzy ASNE | yYR

Young Mouse

X 2550\ | Growth factors?
N\ | Hormones?
V. A . .
Longevity proteinse

v

Tissue regeneration 1
Metabolic diseases |

| Aged Mouse

Young blood can make old mice younger



