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personalized medicine



“Human breastmilk is not only a perfectly adapted nutritional supply

for the infant, but probably the most specific personalized medicine
that he or she is likely to receive, given at a time when gene expression is

being fine tuned for life.”

Victora et al.
The Lancet
Breastfeeding Series (2016)

CESAR VICTORA, WINNER OF THE JOHN DIRKS CANADA GAIRDNER GLOBAL
HEALTH AWARD



Breastmilk is I make milk.
Supe],"food for Co lOStmm What's your superpower?

Babies
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“Milk is really a genius fluid that was (SQ
outrageously understudied. If we @Q
can identify components of human

breast milk that are important, then

we can understand the wisdom of

milk—and take advantage of them.” Naturess first functional food

David Mills, UC Davis Breast milk feeds helpful microbes, fights harmful ones,
provides immunity, and jump-starts a newborn’s life
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Child mortality (<5 years) attributable to suboptimal breastfeeding (2013)
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Eight Great Reasons to Breastfeed Your Baby ¥ ——

Putting children and families first

#1 It’s Convenient - Breast milk is always quick, Mﬂl"hba h

clean, the right temperature and available. #8 Breastfeeding Saves Money - Breastfeeding
helps the family budget, by saving over $1000 a year
#2 It’s Perfect Food For Babies - Breast milk compared to formula.

gives your baby exactly what he or she needs to
grow and develop

#3 Breastfed Babies Are Healthier - Breast milk
contains antibodies that help a baby have fewer
infections and allergies. It is easier to digest so your
baby will have less diarrhea and constipation.

#4 Moms Are Healthier, Too - Medical research
has linked breastfeeding to lowered risk of breast RISh 0 @' Resp'ra torU

Obesity
tract ; in adolescence
#5 Mom Gets Back Into Shape Faster - S@ in fecti ons Diabetes or adulthood

Type1l

and ovarian cancer.

Breastfeeding burns extra calories and triggers the

uterus to contract and return to its normal shape

more quickly.

#6 It’s Better For The Planet - Breastfeeding is

never wasteful. Formula feeding results in discarded

cans and bottles.

#7 Breastfeeding Builds Love - Skin-to-skin

contact brings you and your baby close. It helps your

baby feel secure. !

15-
30%




Eigfit Great Reasons to Breastfeed Your Baby

Nine

MARCH 19, 2013, VOL. 185(5)
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RESEARCH
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hospital admissions
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ANALYSIS
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PRACTICE
Pregnancy and isotretinoin
therapy
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OF SCIENCE

How early life
shapes the
infant gut
microbiome
andrisk of
disease
PAGES 583 & 589

SPACE NEUTRINO PHYSICS 2 NATURE.COM

25 October 2018
REACHING FOR

THE MOON OF THE SUN
Plans for a permanent lunar Neutrino detector probes
base gather momentum solar nuclear reactions

PAGE4TA. PPAGES 486 & 505 ﬁ ¥

Stewartet al. 2018 - TEDDY

Maternal pregnancy wtgain
Maternal diabetes medication 1

THE HEART [

Maternal BMI

Maternal diabetes A
Maternal preeclampsia-
Maternal probiotic-
Birth mode

Preterm 1

Sex 1

Breast milk -

Solid foodH

Probiotic -

Vitamin D
Geographical location-
Household siblings-
Household furry pets-
Child lives on farm
Daycare exposure
Antibiotics-

Coeliac disease

Any acute disease

Any chronic disease-
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Developmental Origins of Health and Disease (DOHaD)

and the Microbiome
Obesity

Allergies
Asthma
Diabetes
Cardiovascular Disease
Mental Disorders
etc...

” YRGS
The Rough Road to
ENERGY

What happens
in the first 1000
days lasts a
lifetime

Azadek



“Human breastmilk is not only a perfectly adapted nutritional supply

for the infant, but probably the most specific personalized medicine
that he or she is likely to receive, given at a time when gene expression

[and the microbiome] is being [me tunQd [or li@.”

,1/’0
Victoraet al. | ?*
The Lancet Breastfeeding =
Series (2016)

What happens
in the first 1000
days lasts a
lifetime



ANTIBROTLASES
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Personalized Nutrition

Matches the changing nutritional
needs of the (human!) infant

Personalized Medicine

Delivers (optimized!) immunity
while infantimmune system develops

Dynamic
Varies diurnally, within feedings,
across lactation, and among mothers
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DID YOU EVER WONDER WHAT'S IN... ?
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Human Milk #+# CHILD

Completed or Underway

Coming Soon N
g QQ

Wish List (Your name here! ©)

Breastmilk

has more of what babies need.

Endocrine Hormones (C. Field, U. Alberta)

Oligosaccharides (L. Bode, UC San Diego)

Microbiota (E. Khafipour, U. Manitoba) 6
Fatty Acids (C. Field, U. Alberta) (b~
Cytokines (J. Marshall, Dalhousie) ?:l/
Peptides (K. Hettinga, Wageningen University) ®Q

Bioactive Proteins (L. Bode, UC San Diego) $
Antigen-specific Immunoglobulins (T. Eiwegger, SickKids & ADI Inc.)
Proteomics (Precision Biomarker Laboratory)

Untargeted Metabolomics (M. Jain, UC San Diego)

Targeted Metabolomics (Biocrates)

Micro & Macro nutrients (L. Allen, USDA)

Toxins, Food Antigens, Artificial Sweeteners, Choline, Cortisol...

Y California Departmant of Public Health, i
California WIC Program wl c
This ins ution s an equal apportunity providar P o



WHAT'S IN HUMAN MILK

Human milk oligosaccharides (HMOs) are food for friendly bacteria like Bifidobacterium
infantis. Shorter chain HMOs in particular are almost entirely consumed by this microbe.

Milk

Macro- and
micronutrients

Water

(Petherick Nature 2010)

Macro-/micronutrients

HMOs

Proteins

Lipids

HMOs

FProportion
Chain eaten by
length B. infantis

Other HMOs
of longer
lengths

HMOs

Non-digestible
carbohydrates
Food for mcrobes
(not for baby!)

Sructurally diverse
& species-spedific
Cows ~40 vs
Humans >100

Highly variable
(How & Why??)

Health Impact?
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HMOs in the CHILD Cohort CHILD

COHORT STUDY %
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HMOs & Infant Food Sensitization CHILD

COHORT STUDY %
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International
Milk Composition

Interventions T aternal
Factors BILL MELINDA

GATES foundation Consortium
MMS Nutrition
RUFS Infection
Nicotinamide Stress
DHA Genetics
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Interventions Maternal
Factors BILL& MELINDA

(GATES foundation

MMS Nutrition
RUFS Infection
Nicotinamide Stress

® International
I M I Milk Composition
Consortium
DHA Genetics —
Choline Contraceptives Infant / Child
Pre/probiotics Age é Laboratory Partners Health
Antibiotics Microbiome 6

Other Other @'
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Fat, Protein, - It
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: : Lactoferrin ' Nutritional
Micronutrients Q Status
Vitamins, Minerals §® Lysozyme
Bioactives Cytokines Sci Gut Health
IvIEZ @ — Poothel
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Bacteria, Fungi miRNAs Pa rtne rs Development
N = 1000 dyads e Immune

Development

Field Site Partners mmune Cells



® International
Milk Composition
Consortium

Nima Aghaeepour
Stanford Medicine

Alan Hubbard
Berkeley Public Health

Causal inference

- 0r"+ Machine learning
* e+ Epidemiology

* Precision medicine

* Bioinformatics

e Multiomics

 Algorithm benchmarking

» Explainable artificial intelligence

1. Split data 2. Train each 3. Predict the outcomas in the
into V blocks candidate learmer validation block based on the

m corresponding training block
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entire dataset '

Super Leamer \




Manitoba
Interdisciplinary
Lactation
Centre

'l ¢ All mothers in Manitoba
Infant Feed'n° & ¢ Report infant feeding at routine vaccination visits

Lactation Database e Data faxed to MILC using Teleform

Meghan Azad PhD MSc
Human Milk & Epidemiology

e General population at selected clinics & hospitals
Human Milk e Targeted clinical studies

Biorepository ¢ Provide milk + additional researchdata

e Macronutrient profile + long-term storage

Manitoba e All mothers-infant dyads in Manitoba
YT EY{ [ M- (e W © Administrative health + sociodemographic data
Data Repository e Linked to all MILC data and samples

Nathan Nickel MPH PhD
Public Health & Biostatistics www.milcresearch.com



/s Manitoba ROBIOME@OURSES
M I LC Interd!scip\inary ﬁ
Lactation
d Centre HORMONES BACTERIA
BREAST MILK SCIENTIFIC

Kn OWI Ed ge ACCESS HAS NOW ENDED: FREE online course ' H’

T I t 4 for health professionals on the science of breast
ra n S a IO n milk. Featuring 7 professors & scientists. 1 L-CERP

& 1 CPD HOUR

ey SPECIAL
TR ) NUTRIENTS 220

The National Acacl'e:izes of

SCIENCES * ENGINE":RING * MEDICINE

Adviiing tne Nation

SCANNING FOR NEW
EVIDENCE ON THE
NUTRIENT CONTENT OF
HUMAN MILK

Community support programs for breastfeeding have changed under COVID-19 restrictions.

, o Breastfeeding is recommended
KATHLEEN M. RASMUSSEN (Chair), Cornell University, Ithaca, New York . . N
MEGHAN AZAD, University of Manitoba, Canada during pandemic, but coronavirus
LARS BODE, University of California, San Diego
MICHELLE MCGUIRE, University of Idaho, Moscow h as c h an g ed su p po rt sySte ms

LAURIE NOMMSEN-RIVERS, University of Cincinnati, Ohio May 7, 2020 3.03pm EDT

IAN J. SALDANHA, Brown University School of Public Health, Rhode Island . o .
Merilee Brockway, Sarah Turner, University of Manitoba



Breastmilk is
Superfood fz:
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“Milk is really a genius fluid that was
outrageously understudied. If we

can identify components of human
breast milk that are important, then
we can understand the wisdom of
milk—and take advantage of them.”

David Mills, UC Davis

Breastfeeding Medicine, Vol. 14, No. 3 | Basic Science

A Pilot Study of Human Milk to Reduce Intestinal
Inflammation After Bone Marrow Transplant

Pooja Khandelwal =], Heidi Andersen, Lindsey Romick-Rosendale, Cynthia B. Taggart, Miki Watanabe, Adam Lane,

Christopher E. Dandoy, Kelly E. Lake, Bridget A. Litts, Ardythe L. Morrow, Martin L. Lee, David B. Haslam, and Stella M. Davies

Published Online: 11 Apr 2019 | hitps://doi.org/10.1089/bfm.2018.0199

O

Received: 28 February 2020 | H.ﬂizl:d:m 2020 | Accepted: 19 May 2020
A\ J

DOl 10.1111/nma.13920 Q

ORIGINAL ARTICLP WILEY

4
Humanﬁlk oligosaccharide supplementation inirritable bowel
syndrome patients: A parallel, randomized, double-blind,
placebo-controlled study

Cristina Iribarren®? @ | Hans Tornblom? | Imran AzizZ*© | Maria K. Magnusson’

Johanna Sundin®® | Louise K. Vigsnas*® | Ingvild Dybdrodt Amundsen*® |
Bruce McConnell* | Dorthe Seitzberg* | Lena Ohman'?® | Magnus Simrén®>



RESEARCH ARTICLE

* B
m/Bn Clinical Science and Epidemiology

Check for
updates

MICROBIOLOGY

BREASTMILK

. 1S A BARY'S SN 4 ; Characterization of SARS-CoV-2 RNA, Antibodies, and Neutralizing
- - Capacity in Milk Produced by Women with COVID-19

(iD)] Ryan M. Pace,® ) Janet E. Williams,? Kirsi M. Jarvinen,< Mandy B. Belfort,® Christina D. W. Pace,® Kimberly A. Lackey,®
Alexandra C. Gogel,? Phuong Nguyen-Contant,® Preshetha Kanagaiah,® Theresa Fitzgerald,® Rita Ferri,© Bridget Young,*
Casey Rosen-Carole,c Nichole Diaz,c Courtney L. Meehan,f Beatrice Caffé,f © Mark Y. Sangster,®  David Topham,*
Mark A. McGuire,P Antti Seppo,©  Michelle K. McGuire®

Breastfeeding
and COVID-19

Breastfeed to protect your infants and
children from getting sick and for their
healthy growth and development.

RESEARCH Lé’[[&ﬂ JAMA May 18,2021 Volume 325, Number 19

SAR -2-Specific Antibodies in Breast Milk
OVID-19 Vaccination of Breastfeeding Women

Breastfeeding is particularly effective

against infectious diseases because it
strengthens the immune system by
transferring antibodies from you.

Apr 24, 2020, 03:26pm EDT | 271,423 views

Breast Milk Studied As Potential
Coronavirus Treatment

Marla Milling Contributor ©

¢ exy World Health
: Health

- ®F Organization
e e HCOVIDTS
wison perer o Estern Mediterranean HCORONAVIRUS

I am a Forbes.com Contributor specializing in geriairic health and women's health articles.



INJRiSIY/INY DO YOU DO RESEARCH IN HUMAN MILK AND LACTATION?

The International Society

for Research in Human JOIN ISRHML To DAY!

Milk and Lactation

WHAT IS ISRHML? WHAT ARE THE MEMBER

A vibrant and growing non-profit BENEFITS?
organization dedicated to the # EDUCATION
promoting excellence in research
and the dissemination of research

-~ COLLABORATION

findings in the field of human milk INVOLVEMENT
and lactation from cell biology to CAREER GROWTH

public policy. $10k
TRAINEE EXPANSION oo
PROGRAM (TEP)
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Meghan Azad, PhD ;Jw CH I L D

O COHORT STUDY %
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Canada Research Chairin Developmental Origins of Chronic Disease
Deputy Director, CHILD Cohort Study ?:\/

Director, International Milk Composition (IMiC) Consortium Q ° AR
co-Director, Manitoba Interdisciplinary Lactation Centre (MILC) (b. @ I M I C Milk Composition
co-Lead, international Perinatal Outcomesin the Pandemic (iPOP&t}dy Consortium
Children’sHospital Research Institute of Manitoba <

Department of Pediatrics & Child Health, University of Man a, Canada
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