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How Is the Personalized Medicine Revolution Going to 
Evolve?

or
The Quest for Healthy Aging/Longevity



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

üThe reality: my personal journey

üDiagnostics based on Omicanalyses

üThe revolutionary promise of gene therapy

üMay allow us to tackle aging

The Quest for Healthy Aging/Longevity



üGenomic analyses

üMicrobiome analyses (gut, skin,oral)

üMetabolic assays

üAssays for heart/cardiovascular problems 

üAssays for inflammation

üAssays for immune function

üAssays for pre-diabetes/diabetes

üAssays for toxins (metals, moulds)

üImaging assays

üFunctional assays (heart, lung, kidneys etc)

üAssays for aging (telomere, epigenetics, 
senescence)

üNeurological assays

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

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



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

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

ü Ex Chief Medical Officer, Viome(Microbiome) San 
Francisco CA

ü CEO Altum Medical, San Jose CA

üPractices personalized medicine using a data-driven 
healthcare model allowing patients to benefit from 
innovative biomedical technologies.

Helen Messier, MD, PhD

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



My Healthy Aging Journey Started With a Health Assessment

üGoals of Assessment 

üIdentify any existing disease early in order to stabilize 
or reverse it

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

üDetailed medical history, lifestyle assessment and health 
goals
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Health Assessment: Anatomical and Organ Level Functioning
üBody Composition

üBio-impedance analysis: body fat, muscle mass, bone mass, hydration status, cell 
membrane health

üCardiovascular 

üEndothelial function, carotid intima media thickness and plaque screening

üLipid analysis including particle size number and oxidative status

üVascular inflammation markers

üAmbulatory blood pressure 

üLung Function

üPeak flow, spirometry

üMetabolic

üBlood sugar regulation biomarkers, continuous glucose monitor for 24 hr glucose 
measurements
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Health Assessment: Anatomical and Organ Level Functioning

üCancer Screening

üCell free circulating DNA (Grail Galleritest), full body MRI

üMusculoskeletal

üGrip strength which is a robust measure of frailty and aging

üDexaScan for bone density, muscle mass, fat mass, visceral fat Liver

üLiver function blood markers, MRI assessment for liver fat and iron stores

üKidney

üKidney function blood markers, MRI for kidney cysts, stones, tumors

üBrain

üNeurocognitive assessment ςweb based

üBrain MRI for signs of cognitive dysfunction, vascular pathology, aneurysms, 
tumors
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Health Assessment: Anatomical and Organ Level Functioning

üEye

üVisual acuity, retinal scan

üEar

üHearing screening

üOral Health

üOral microbiome pathogen screen

üGut Health

üGut microbiome sequencing, stool metabolites, intestinal barrier assessment 
including zonlulin

üFood sensitivities

üSleep

üOuraring, App based sleep apnea assessment
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Health Assessment: Cellular Health/Hallmarks of Aging

üBiological Age

üEpigenetic age/DNA methylation and Pace of Aging

üAntibody glycation inflammatory age

üBlood marker based phenotypic age

üTelomere length

üFace age based on AI facial assessment

üCell membrane health

üCell membrane fatty acid composition, plasmalogen levels

üMitochondrial function

üYǊŜōΩǎcycle markers, cellular NAD

üOxidative stress

üLipid peroxides, oxidative DNA damage
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Health Assessment: Cellular Health/Hallmarks of Aging

üNutrient sufficiency

üNutrient levels in red cells and blood

üFunctional assessment of enzyme activity requiring nutrient cofactors

üEnvironmental exposures/toxin load

üHeavy metals, organic toxins, mycotoxins

üCellular senescence

üCell senescence blood markers

ü Immune health

üFlow cytometry of immune cell populations

üPathogen immune reactivity screen

ü Inflammation

üBlood based inflammation markers, cytokines
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Health Assessment: Cellular Health/Hallmarks of Aging

üGenetics

üFull genome sequencing with interactive web based interrogation platform

üProteomic assessment

üMolecular You

üMetabolomic assessment

üMolecular You
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üBoston Heart Diagnostics

üAging SOS (Jinfinity)

üPathogen-Associated Immune 
Reactivity Screen (CyrexLaboratories)

üGI360 (stool)

üGlycanAge

üGlyphosate test

üCancer test (Grail)

üHelobacteriapylori

üInflammatory foods 

üMycotox profile

This Health Assessment Involves a Multitude of Tests

üNutrition (Genova)

üZonulinFamily protein

üAntibody test for mycotoxins

üToxic metals

üGlucose monitoring

üBone density

üFull body MRI

üaƻǊŜ ǘƻ ŎƻƳŜΧΧ

This is scary-ŀ тс ȅŜŀǊ ƻƭŘ Ƴŀƴ ƛǎ ƎƻƛƴƎ ǘƻ ƘŀǾŜ ǎƻƳŜ ƛǎǎǳŜǎΧ



Boston Heart Diagnostics



Boston Heart Recommendations



Aging SOS--ÅÁÓÕÒÅÓ Ȱ!ÇÉÎÇȱ "ÉÏÍÁÒËÅÒÓ

Measures risk of age related diseases



Aging SOS Results

Result Action

HDL borderline Omega 3, Coenzyme 
Q10 supplements; 
Statins

Vitamin D low Vitamin D supplements

Reactive oxygen 
metabolites high

Intermittent fasting, 
glutathione supplement

C reactive protein 
borderline

Anti-inflammatory 
supplements 
(curcumin)

NAD levels borderline Niacin supplement



Microbiome-Stool Analysis

Male

Result Action

Yeast, 
blastocytis, 
dysbiosis

Diet, probiotic



Toxins-Herbicide

Test Action

Glyphosate high Eat organic 
foods when 
possible



Cancer

Whew!



Microbiome

Basically OK!



Food Sensitivity

5ƻƴΩǘ Ŝŀǘ ŜƎƎǎ 
or arugula!



Toxins: Moulds

Result Action

High 
mycophenolic 
acid 
(penicillium 
mould)

Limit 
exposure, 
treat with 
NAC, 
glutathione 
to help 
eliminate



Toxins: Toxic Metals in Urine

Basically OK!



Nutrition/Toxins

Finding Action

Folate low Supplement

Vitamin B12 low Supplement

Toxic exposure 
(MTBE, styrene

Supplement 
(glutathione)

High mercury No Tuna

Genova 
Diagnostics



Zonulin Family Protein

Basically OK!



Mycotoxins-Toxins From Moulds

Result Action

Myotoxin
exposure 
(mould)

Supplements 
(NAC, 
glutathione)



I Really Liked This One!



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

Klean Creatine

Creatine supports methylation which is important for many biosyntheses. Your 

homocysteine was high and your choline was low indicating that your methylation 

cycle is being taxed. Creatine is a major product of methylation. 

Liposomal B12

Your vitamin B12 levels were low. B12 is important for energy production, 

nerve/brain activity and is critical in the methylation cycle. 

Advanced B 

Complex

Your organic acid results showed a high need for Vitamins B1, B2, B6, B7, B9 and 

B12. These are all especially important for mitochondrial energy production. You 

also had extremely high FIGLU which is a functional marker of folate (B9) need. 

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

OptiMega-3 Q10

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. Omega 3's 

are the precursor to the anti-inflammatory prostaglandins and are essential to 

control inflammation. Your CRP a marker of inflammation was high. 

Your CoQ10 level was low. This is an important antioxidant and is essential for 

electron transport chain acitivity.



And Am Now Taking Many Supplements
Supplement Reason

Natto NSK MegaThis will decrease the risk of clotting, which for you is essential given your A-fib. 

Liposomal 

Glutathion

Glutathione is the bodies master antioxidant and detoxifier. It is used up quickly during 

detoxification. You have a significant toxic load including high mercury, mold toxins 

(mycophenolic acid), and a number of organic toxins. Toxins are damaging to neurons, 

mitochondria, and immune cells especially. Your levels of glutathione were low and 

you had high markers of oxidative stress all suggesting the need for more glutathione. 

N-Acetyl Cysteine

Support glutathione production, antioxidant, and detoxification. N-Acetyl Cysteine is 

the rate limiting precursor for glutathione production.

SulforaClear

Broccoli extract containing sulforphanewhich turns on the expression of our 

endogenous antioxidants. This is important to address both your toxic load and your 

oxidative stress.

Acetyl L-Carnitine

This is part of the carnitine shuttle which facilitates the entry of fatty acids into your 

mitchondriaso they can be utilized for energy production. You have markers that 

indicate this shuttling of fatty acids is compromised in you.



And Have Changed My Diet

Intermittent Fasting (calorie 
restriction can extend life 
span)

16 hour fasts, every day

No eggs I like eggs!

Gluten free if possible Horrible bread

Avoid pesticides Organic if possible



üGenomics

üProteomics

üBlood

üMetabolomics

üBlood

üUrine

üMicrobiomics

üBlood

Is There An Alternative to Such a Multitude of Tests?
¢ƘŜ άhƳƛŎǎέ

Omicanalyses can provide very accurate diagnostic biomarkers for 
disease



The Reliability of Omic Biomarkers For Disease is Described 
by Receiver-Operator Curves (ROC)

ü Plots sensitivity vs. 1-specificity 

ü Y axis: Sensitivity on a scale of 0-1, 
where 1 indicates that every case 
of the disease is detected

ü X axis: Specificity on a scale of 0-1, 
ǿƘŜǊŜ м ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƴƻ άŦŀƭǎŜ 
ǇƻǎƛǘƛǾŜǎέ ŀǊŜ ŘŜǘŜŎǘŜŘ

ü The area under a ROC curve (AUC) 
is a good measure of the quality of 
the biomarker

ü AUCs of >0.75 are good, AUCs of 
0.5 are terrible, AUCs of 1.00 are 
perfect
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Proteomic and Metabolomic Profiling Can Improve on 
Standard Diagnostic Tests

Esophageal cancer

Urine Samples

AUC = 0.98 (7 metabolites)

Colonic polyps

Urine Samples

AUC = 0.78 (12 metabolites)

Current standard: 

Fecal occult blood 

test ïAUC=0.63

Current standard: 

Carcinogenic embryonic 

antigen test - AUC=0.74



Prostate Specific 

Antigen (PSA) Test

1 ī Specificity (False positive rate)
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Area under the curve (AUC) = 0.932

95% CI: 0.867 ī 0.979

Prostate Cancer blood 

test (3 metabolites)

Proteomic and Metabolomic Data Profiling Can 
Improve on Standard Diagnostic Tests

AUC= 0.93

AUC= 0.65
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We Founded Molecular You to Explore the 
Benefits of OmicAnalyses as Diagnostics

Molecular You OmicProfiling

Genetic Profile Protein Profile Metabolite 
Profile

Exposures Profile

Genetic Analysis:
25,000 SNPs

Analysis of 
proteins in blood:

140 proteins

Analysis of small 
molecules in 

blood:
80 metabolites

Analysis of 
environmental 
exposures in 

blood:
60 metabolites 



Example: Molecular You Multi-OmicAnalysis Diagnoses Autism 
Spectrum Disorder With High Sensitivity And Specificity

Multi -Omic
iTARGETStudy

ASD patients = 38
Age matched 

healthy control = 36

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



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

üThe reality: my personal journey

üDiagnostics based on Omicanalyses

üThe revolutionary promise of gene therapy

üMay allow us to tackle aging

The Quest for Healthy Aging/Longevity



At Some Point, Changes In Diet, Exercise and Supplements Will Not 
Be Enough to Prevent Disease

Current medicines to treat age-related diseases are completely inadequate

The revolutionary potential of gene therapies



What Is Gene Therapy?

Wikipedia: gene therapyis the therapeutic delivery ofnucleic acid (RNA, 
DNA)into a patient's cells as adrug to treat disease

DNA RNA

Cell 



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

Watson and Crick discovered the double helix structure of DNA in 1953, was clear that 
the sequences of bases in the DNA were coding for proteins produced by cells

(Nobel Prize in 1962)



¢ƘŜ ά/ŜƴǘǊŀƭ 5ƻƎƳŀέ ƻŦ aƻƭŜŎǳƭŀǊ .ƛƻƭƻƎȅ

DNA makes RNA makes proteins

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

mRNA



Since 1961 It Has Been Shown That You Can Make mRNA, Inject It 
Into A Cell And The Protein It Codes For Will Be Made, Culminating 

in the COVID-мф Ƴwb! ±ŀŎŎƛƴŜǎ Χ

mRNA

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 cell

1990-2000 Synthetic mRNA injected into an animal for vaccine 
applications did not work (toxic)

2005 Modified mRNA shown to be non-toxic in 
animals

2014 mRNA packaged in lipid nanoparticles (LNP) can produce 
protein in liver

2017 mRNA packaged in LNP makes a very effective vaccine

2021 FDA approval of COVID-19 LNP-mRNA vaccine



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

Drew Weissman Katalin Kariko

Worked together 1997-2013 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 Can 
Control Gene Expression by Binding to mRNA

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

siRNA

Year Event

1998 RNA interference (RNAi) discovered

2001 Short interfering RNA (siRNA) can silence a gene in a cell

2003 siRNA can silence a gene in an animal (inefficient) 

2006 LNP siRNA using an ionizable cationic lipid can silence a 
gene in the liver in animals following i.v.administration

2012 LNP siRNA enters clinical trials to treat transthyretin induced 
amyloidosis (hATTR)

2018 FDA approve first siRNA therapeutic-LNP siRNA to treat 
hereditary transthyretin-induced amyloidosis (hATTR)



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

Andrew Fire Craig Mello

Short interfering RNA 
(siRNA)

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

mRNA: to produce any protein you 
want (e.g. a clotting protein that a 

hemophiliac needs, or a viral protein 
for a vaccine)

siRNA: to inhibit production 
of any protein you want (e.g. 
an oncogene causing cancer)



.ǳǘ ǎƛwb! ŀƴŘ Ƴwb! aƻƭŜŎǳƭŜǎ /ŀƴΩǘ DŜǘ Lƴǘƻ /Ŝƭƭǎ ƻƴ 
Their Own

ǎƛwb! ŀƴŘ Ƴwb! ƴŜŜŘ ŘŜƭƛǾŜǊȅ ǎȅǎǘŜƳǎΧΦ

siRNA

mRNA



Most Attempts at Gene Therapy Have Used 
Engineered Viruses to Deliver the DNA/RNA

Viral vectors have proven to be very 
problematic delivery systems:
üLimited genetic capacity
üDifficult to engineer and 

manufacture
üStimulate an immune response (can 

give only one dose)
üPotential for insertional mutagenesis 

causing cancer
üExtremely expensive (up to $2M per 

dose)
üCan be toxic

üOnly 3 approved drugs in spite of 30 
years of effort, 2500 clinical trials

What is the alternative? 
Lipid nanoparticles!



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

I have spent nearly 50 years working on biological 
ƳŜƳōǊŀƴŜǎ ŀƴŘ ƭƛǇƛŘ ƴŀƴƻǇŀǊǘƛŎƭŜǎΧΦ

Lipids are vital components of biological 
membranes

Lipid nanoparticle



From 1980-1995 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

This was a huge challenge!

Evade uptake by 
immune cells

Package siRNA in LNP



Lƴ ǘƘŜ нлллΩǎΣ ²ƻǊƪƛƴƎ ²ƛǘƘ !ƭƴȅƭŀƳ tƘŀǊƳŀŎŜǳǘƛŎŀƭǎ ό.ƻǎǘƻƴύΣ ²Ŝ 
Developed Lipid Nanoparticles Containing siRNA to Silence a Gene in the 

Liver Following an I.V Administration

siRNA Lipid 
nanoparticle 
(LNP)



In 2012 Alnylam Initiated a Clinical Trial Using This LNP System to Silence a 
Gene Causing Hereditary Amyloid Transthyretin (hATTR) Amyloidosis

hATTRamyloidosis is a multisystem disease caused by extracellular deposits 

of TTR amyloid 

Å~100 mutations in the TTR gene lead to amyloid deposition in:  

üNerves : ~10,000 patients. extensive neuropathies

üHeart: ~40,000 patients, cardiotoxicity leading to heart failure

ÅNo effective therapy, usually fatal within five years of diagnosis

Native TTR
tetramer

Rearranged
tetramer

Monomer Oligomeric, non-fibrillar
and protofibrillar species

Amyloid fibril

n

TTR is a tetrameric protein that is primarily expressed in the liver and 

transports serum retinol binding protein (RBP)



hATTRAmyloidosis: A Rapidly Progressing Disease Usually Fatal 
Within Five Years of Diagnosis



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

Production of mutant 
and wild type TTR

Stabilization and recovery 
from cardiomyopathy, neuropathy

Organ deposition of amyloid fibrils 
prevented, clearance promoted

Unstable circulating TTR 
tetramers reduced

Use LNP containing siRNA to 
silence transthyretin (TTR) 

production in the liver

A potentially simple solution 
to a devastating disease



LNP siTTR(Onpattro) Phase 3 Trial Results Announced September 20, 
2017: Hit Primary Endpoint and All Secondary Endpoints!

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



Then We (Acuitas) Asked If We Can Deliver siRNA to Silence a Gene in the 
Liver, Can We Deliver mRNA Express a Gene in the Liver?

Evade uptake by 
immune cells

Package mRNA in LNP

mRNA expresses a protein
We (Acuitasύ ǿŀƴǘŜŘ ǘƻ ŦƛƴŘ ƻǳǘΧ



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

Injected pigs with LNP mRNA coding for 
erythropoietin

The liver produces most of the proteins in 
your body



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

Drew Weissman Katalin Kariko

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

ά²Ŝ ƘŀǾŜ ŀ ŘŜƭƛǾŜǊȅ ǇǊƻōƭŜƳΦ Iƻǿ Řƻ ǿŜ ƎŜǘ Ƴwb! ŎƻŘƛƴƎ ŦƻǊ ǾƛǊŀƭ 
ǇǊƻǘŜƛƴǎ ƛƴǘƻ ƳǳǎŎƭŜ ŀƴŘ ƛƳƳǳƴŜ ŎŜƭƭǎ ƛƴ ǾƛǾƻΚέ 



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

59

Microcephaly

Pardi, Weissman et al. Nature 543, 248 (2017)

mRNA coding for ZIKV prM-E (Zika virus pre-membrane and 
envelope glycoprotein) 



COVID-19 mRNA Vaccine: In February 2020 Acuitas, BioNTechand 
Pfizer Initiate an LNP mRNA COVID-19 Vaccine Program

mRNA coding for the SARS-
CoV-2 spike glycoprotein

Acuitasbegan working with BioNTechto develop influenza vaccines in 2018. 
BioNTechwas also working with Pfizer on a flu vaccine. All efforts switched to a 

COVID-19 vaccine in February, 2020



Press release Wednesday, November 18, 2020 - 06:59am
ÅPrimary efficacy analysis demonstrates BNT162b2 to be 95% effective against COVID-19 beginning 28 

days after the first dose;170 confirmed cases of COVID-19 were evaluated, with 162 observed in the 
placebo group versus 8 in the vaccine group
ÅEfficacy was consistent across age, gender, race and ethnicity demographics; observed efficacy in 

adults over 65 years of age was over 94%
ÅSafety data milestone required by U.S. Food and Drug Administration (FDA) for Emergency Use 

Authorization (EUA) has been achieved
ÅData 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%
ÅCompanies plan to submit within days to the FDA for EUA and share data with other regulatory 

agencies around the globe
ÅThe companies expect to produce globally up to 50 million vaccine doses in 2020 and up to 1.3 billion 

doses by the end of 2021

Pfizer And BioNTechConclude Phase 3 Study Of Covid-19 Vaccine 
Candidate in November 2020, Meeting All Primary Efficacy Endpoints

Approved by USA, UK, Canada, EU for emergency use December 2020
LNP mRNA are playing a major role in ending the COVID-19 pandemic.



Infectious Diseases (Vaccines):
ÅCOVID-19
ÅHIV
ÅZika
ÅUniversal influenza vaccine
ÅMalaria, etc
Chronic diseases
ÅCancer
ÅHeart disease
Å!ƭȊƘŜƛƳŜǊΩǎΣ etc
Inherited diseases
ÅSickle cell anemia
ÅIǳƴǘƛƴƎǘƻƴΩǎ ŘƛǎŜŀǎŜ
ÅCystic fibrosis, etc

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



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

90% of cancers occur 
in people over 50



Aging is the Dominant Risk Factor for Disease

By age 75 30% of us will 
have heart disease



Aging is the Dominant Risk Factor for Disease

If you manage to 
avoid cancer and 

heart disease, 
dementia awaits 

you!



What Drives the Aging Process?

The proteins in your blood change as you age



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

67

Parabiosis: sharing the blood of a young mouse with an old mouse results in 
ǘƘŜ ƻƭŘ ƳƻǳǎŜ ōŜŎƻƳƛƴƎ άȅƻǳƴƎŜǊέ ŀƴŘ ǘƘŜ ȅƻǳƴƎ ƳƻǳǎŜ ōŜŎƻƳƛƴƎ άƻƭŘŜǊέ

Young blood can make old mice younger


