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DNA sequencing timeline

2003

« Human Genome Project, 10 years, $3 billion

June 1, 2007

« James Watson’s genome is sequenced
« $2 million dollars

 ‘“Scientists ultimately hope to bring the cost down to less
than $10,000, a target price that many believe will be the
turning point in genomic medicine. At that price, many
people could afford to have their genomes sequenced,
and doctors could then use that data to give their patients
more-personalized medical advice.” Technology Review,
2007

Today: $1000’s and a little spit




The Central Biological Dogma
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The New Biological Dogma

Environment; Diet; Air pollution; Geography; Demographics

(VOCs)

EPIGENOME GENOME TRANSCRIPTOME PROTEOME METABOLOME MICROBIOME

Metabolites
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The Omics Revolution




* Large Sample Size
* Replication

* Multiple
Comparison
Correction

* Further Biological
Interrogation




Outline

e Longitudinal Birth Cohorts

* Longitudinal Metabolomes
e Use of Genetics, Microbiome, Exposures

* Large Scale Metabolomics
 Multiple Metabolomes, Multiple Cohorts




Large Scale
Population-
based cohorts
&

The Omics
Revolution

Study design

Multi-omic data collection
Multiple cohorts
Large biospecimen collections

Multiple visits




A VITAMIN D ANTENATAL ASTHMA

REDUCTION TRIAL : ASTHMA
PATHOGENESIS

Genetics, Environmental Exposures, Multiomics
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Lack of vitamin D for children increases the risk of
asthma, study finds

High gquality evidence suggests Vitamin D can reduce asthma a

Vitamin D &
Asthma €he New Pork Eimes e

Vitamin D plays a critical R e gt ey Sl YA SR S
role in Immune 50RO,
response that may | '
reduce inflammation in  jxsM
the airways and the
likelihood of developing
an infection

| Tyl-cell response

| T,-cell activity
t Tl-cell response

(indirect effect)

Monocytes and Dendritic cells Effector or memory T cells B cells or ASCs
macrophages | Maturation 4 IL-2, IFNy, IL-17 , Proliferation
tIL-1 | MHC class Il , Cytotoxicity ; 18G, IgM production
t Proliferation |} €D40, CD80, CD86 ; Proliferation | Plasma-cell
t Cathelicidin } IL-12 , CD4*CD8* T-cell ratio differentiation
t VDR, CYP27B1 tIL-10 * IL-4, IL-10 + VDR

t Tal-cell and T, -cell + CYP24A1

generation

Nature Reviews | Immunology



VDAART Study Design Overview

(\ﬁtamin D Antenatal Asthma Reduction Trial)

“ e

10-18 Weeks 32-26 1 Year 3 Years 6 years Asthma
881 pregnant women
4, 400 vs. 400 IU Vitamin D /

ClinicalTrials.gov |dent|f|er NCT00920621




Maternal Vitamin D reduces the risk of Asthma/Wheeze

Original Investigation

Effect of Prenatal Supplementation With Vitamin D
on Asthma or Recurrent Wheezing in Offspring by Age 3 Years
The VDAART Randomized Clinical Trial

Augusto A. Litonjua, MD, MPH; Vincent J. Carey, PhD; Nancy Laranjo, BA; Benjamin J. Harshfield, BA;
Thomas F. McElrath, MD, PhD; George T. O'Connor, MD, MS; Megan Sandel, MD, MPH;

Ronald E. Iverson Jr, MD, MPH; Aviva Lee-Paritz, MD; Robert C. Strunk, MD, PhD; Leonard B. Bacharier, MD;
George A. Macones, MD, MSCE; Robert S. Zeiger, MD, PhD; Michael Schatz, MD, MS; Bruce W. Hollis, PhD;
Eve Hornsby, PhD; Catherine Hawrylowicz, PhD; Ann Chen Wu, MD, MPH; Scott T. Weiss, MD, MS

Original Investigation

Effect of Vitamin D5 Supplementation During Pregnancy
on Risk of Persistent Wheeze in the Offspring
A Randomized Clinical Trial

Bo L. Chawes, MD, PhD; Klaus Bannelykke, MD, PhD; Jakob Stokholm, MD, PhD; Nadja H. Vissing, MD, PhD;

Elin Bjarnadéttir, MD; Ann-Marie M. Schoos, MD, PhD; Helene M. Wolsk, MD; Tine Marie Pedersen, MD;

Rebecca K. Vinding, MD; Sunna Thorsteinsdéttir, MD; Lambang Arianto, MD; Henrik W. Hallas, MD;

Lene Heickendorff, MD, DMSc; Susanne Brix, MSc, PhD; Morten A. Rasmussen, MSc, PhD; Hans Bisgaard, MD, DMSc

Meta-analysis@®ffhed/DAARTRNALOPSAC,y,,
primaryiindings,B®veralld-valued/itaminDEHD.01

Hazard Ra
HRE®5%CI
o STUDY . L 0.76m0.52,1.12]
COPSACZO10[ﬂn=581),[?er5|stent|3Nheeze_I._ 0.770.59,..00]
VDAART{n=748),Asthma/Recurrent@heeze !

, 0.770.62,M.95]

FixedEffectModel 1 |

Heterogeneity,#2=0%,®au-squared=0,2 075 1 15

p=0.9561



MULTI-OMICS

it .

10-18 Weeks 32-26 1 Year

1

3 Years 6 years

Asthma

/

e GWAS
 Gene Expression (3X)
* Microbiome (5X)

e Stool Metabolome (3X)

Plasma Metabolome (6X)

* Methylation



AART (Vitamin D Antenatal Asthma Reduction Trial)

METABOLOMICS

“AK’

10-18 Weeks 32-26 1 Year 3 Years 6 Years Asthma

‘ Global Metabolomics

@ Targeted Profiling /

666: e &b

)




Multiple Metabolomes

Maternal Metabolomes During
Pregnancy & Childhood Asthma




VDAART: Metabolomics
Mother during pregnancy

876 non-smoking mothers

Asthma/recurrent wheeze in 806 children




VDAART: Metabolomics: early pregnancy &
child asthma/wheeze by 3

vanillactate

tyramine O-sulfate

trigonelline (N'-methylnicotinate)

thyroxine

theophylline

sphingomyelin (d18:2/24:2)*

sphingomyelin (d18:2/24:1, d18:1/24:2)*
quinate

pregnenetriol sulfate*

pregnenediol sulfate (C21H3405S)*

pentose acid*

catechol sulfate

9,10-DiHOME

3-methyl catechol sulfate (1)
3-hydroxypyridine sulfate
1-linoleoyl-2-arachidonoyl-GPC (18:2/20:4n6)*
1-(1-enyl-palmitoyl)-2-linoleoyl-GPC (P-16:0/18:2)*

METABOLITE

1

| ° Direction
. « t
r
2 3 4

-Log10(p)

Model adjusted for: baseline maternal age, gestational age, vitamin D level, asthma history, race, study site, treatment group, SES proxy (education level, income category)



VDAART: Metabolomics: early pregnancy &
child asthma/wheeze by 3

vanillactate o
Trigoneline

Thyroxine
Theophyline *

sphingomyelin (18:2/24:1, A18:1/24:2) ° H 1
. | Direction
pregnenetriol sulfate* ° o *
pregnenediol sulfate (C21H3405S5)* L] o _
pentose acid* °
catechol sulfate
9,10-DiIHOME
3-methyl catechol sulfate (1)
3-hydroxypyridine sulfate
1-linoleoyl-2-arachidonoyl-GPC (18:2/20:4n6)* L
1-(1-enyl-palmitoyl)-2-linoleoyl-GPC (P-16:0/18:2)* e
0 1 2 3 4

-Log10(p)

Model adjusted for: baseline maternal age, gestational age, vitamin D level, asthma history, race, study site, treatment group, SES proxy (education level, income category)

METABOLITE




Theophylline

e Known asthma
bronchodilator

* Anti-inflammatory
effects

* Not commonly used
today
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Caffeine (1,3,7 TMX)
CYP1A2
CYP1A2 CYP1A2
o 3-demethylation CYP2EL
7-demethylation 1-demethylation
J Y i
N N ° N N o N N °
LT (1T {7
" “cH N MSen N "
/ ’ / 3 / Y
H o H,C o H,C o
Theophylline (1,3 bmx) Paraxanthine (1,7 DMX) Theobromine (3,7 DMX)

4% 84% 12%




Caffeine missing in 18.6% samples

Caffeine dichotomized (detectable vs. below LoD)

Presence of caffeine associated with lower odds

Caffeine of age 3 asthma

Metabolite e Beta = -0.45
e P-value =0.038

Additional linear models

Replication Currently underway in independent
cohort (COPSAC)




Metabolomic profile of
habitual coffee intake

**Guertin et al 2015 AJCN (serum)
" Red circle: significant in VDAART

(p<0.05)

Metabolite
Trigonelline
Theophylline
Quinate
Catechol sulfate
3-methyl catechol sulfate

3-hydroxypyridine sulfate

Multiple testing procedure

Total coffee
X

X X X X

X

Bonferroni (7.61 x 10™)

Green coffee beans

Cinnamoylglycinet (56) Benzoate* (23,48-50) Chlorogenic acids
(e.g. caffeoylquinic acids,
i p-courmylquinic acids) (23,48,50, 53)
| - Trigonelline
|
i Caffeine (21.48.47) @Inicotinate) (59

//’ = \L i —— P _
/ ‘ \ / Esterase enzymes from \

1,3,7- 2 / :
Trimethylurate | Theobromine \ [ gut microflora
\ SENS——
< ; (48.47) Caffeate
Paraxanthine Theophylline )
_ Quinate (23.48,54)
(46,47) %47) ¥ -
: 4-Hydroxycinnamic acid
g Dihydrocaffeate :
AMFU 3-Methylxanthine (i.,e.p COLIJmarate)
\L(23,48,54) | (54,55)
(46,47) (46,47) v
| 3-(3-Hydroxyphenyl)- /3 +
‘ | [ propionate 4-Vinylphenol
1-Methylxanthine | - \|/
) S —~ J (53)
| 1,7- iy Catechol sulfate 4-Vinyiphenol
. Dimethylurate sulfate
| y 3-Hydroxyhippurate
(46,47) (52)

N-(2-Furoyl)glycine

7-Methylxanthine | | L N8 /
Roasting products

Lower gastrointestinal tract
4647) | 4 Methylurate |
\ Precursors of N-(2-

N Liver , Catechol (46,51) furoyl)glycine from furan
derivatives (57)

Nicotinate (i.e. nicotinic
acid, niacin, vitamin B3)

Cyclo(leu-pro) (58)

KEGG-based pathway key for metabolites




Metabolomic profile of
habitual coffee intake

**Guertin et al 2015 AJCN (serum)
" Red circle: significant in VDAART

(p<0.05)

Metabolite Total coffee
I Trigonelline X
Theophylline X
I Quinate X
Catechol sulfate X
3-methyl catechol sulfate X
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Multiple Metabolomes:
Child Metabolomes (age 1&3) and Vitamin D




Child Serum Vitamin D & the Plasma Metabolomes
(Age 1, n=451 & Age 3, n=407)

Age 1

Age 3

docosadienoate (22:2n6) Lipid
ergothioneine  Xenobiotics

docosapentaenoate (n3 DPA;
22:5n3)
docosatrienoate (22:3n3) Lipid

Lipid

1,5-anhydroglucitol (1,5-AG) Carbohydrate

sphingomyelin (d18:2/24:2)* Lipid

docosapentaenoate (n6 DPA; L
22:5n6)

dihomo-linoleate (20:2n6) Lipid

erucate (22:1n9) Lipid

4-hydroxychlorothalonil  Xenobiotics

-2.69
-2.53

-2.43
-2.37
-2.36
-2.22
-2.29

-2.17
-2.13

-2.40

4.44E-08
1.91E-06

2.01E-06
2.40E-06
2.69E-06
6.98E-06
7.73E-06

1.17E-05
1.37E-05

2.78E-05

gamma-glutamylglycine Peptide
gamma-glutamylisoleucine* Peptide
alpha-hydroxycaproate Lipid
gamma-glutamylglutamate Peptide
Cofactors
pantothenate Vitamins
1-palmitoyl-2-linoleoyl-GPI e
(16:0/18:2)
gamma-glutamylhistidine Peptide
erythronate* Carbohydrate
glycerophosphoethanolamine Lipid
campesterol Lipid

-2.12
-1.82
-1.79
-1.79

1.85

-1.72

-1.71
-1.69
-1.68
-1.74

1.72E-07
5.49E-06
8.00E-06
8.54E-06

1.21E-05

1.96E-05

2.17E-05
2.28E-05
2.32E-05
2.57E-05




Overlap of Age 1 & Age 3: n-6 PUFA metabolites

e Results for n-6 PUFA metabolites in our data set

_ Age 1 result Age 3 result
Metabolite
Estimated effect P-value Estimated effect P-value
linoleate (18:2n6) -1.67 6.60 x 104 -1.66 4.86 x 107
arachidonate (20:4n6) -1.79 2.91x10* -1.42 4.36 x 10
docosapentaenoate (n6 DPA; 22:5n6) -2.29 7.73 x 10 -1.47 3.38 x 104
linolenate (a or y; 18:3n3 or n6) -1.35 6.15 x 103 -1.55 1.48 x 10
dihomo-linolenate (20:3n3 or n6) -2.12 4.35x 107 -1.30 1.54 x 103

ENT80 cutoff: 6.93 x 10 in age 1 analysis and 7.89 x 10* in age 3 analysis




Replication in independent asthma cohort: CAMP (n=561)

n-6 PUFAs

End of trial results Metabolite Estimated effect P-value
n-6 PUFAs linoleate -2.45 3.82 x 107
y-linolenate -2.37 9.51x 107
docosapentaenoate (DPA) -2.11 4.60 x 104
arachidonate -2.01 1.24 x 103

* Bonferroni correction cutoff: 0.05/501 = 9.98 x 10>
T ENT80 cutoff: 1.42 x 103 in baseline analysis and 1.19 x 103 in end of trial analysis




Results

Primary model:
n-6 PUFAs

n-6 PUFA-derived eicosanoids
have pro-inflammatory and
bronchoconstriction effects

A/

2-series
prostaglandins
PGE,, PGI,, PGD,
PGFy,

2-series
thromboxanes S
TXA,, TXB;

4-series
leukotrienes
LTA4, LTB4, LTCy, ITDy, E

LTE4

RFsol\lrins 5
lipoxins

Hydroxy and

hydroperoxy [
derivatives

Linoleic acid

a-linolenic acid

18:2 n-6 \/ 18:3 n-3
l d-6-

y — Ll bLL desaturase > l/
y-linolenic acid (FADS2) Stearidonic acid
(GLA) v 18:4 1-3

18:3| n-6 ) Elongase
Dihomo._: -lino‘leni(; --------- (BLOVLS) ’ l/
. Y Eicosatetraenoic acid
acid (DGLA) 204 1-3
20:3 n-6 §-5-
L desaturase oo >
‘Arachidonic acid (FADS1) Eicosaltpentaenoic
(AA) \/ acid (EPA)
20:4{ n-6 Elongase 2055 m-3
\L ,,,,,,,,,,, (E]_OVLE) ............ > .
Docosatetraenoic Docosapgztaenmc
acid ad
) 22:5n-3
AN Elongase ’
! (ELOVL2) T 4 ,
Tetracosatetraenoic Tetracosapzntaenmc
acid act
24:4 n-6 5-6- 24:5n-3
( ............. desaturase .............. >. l/
Tetracosapentaenoic (FADS2) Tetracosal‘zzxaenoic
acid acl
24:5 1-6 246 n-3
\I’ LTI ﬁ_OXidation .............. >
Docosape.ntaenoic Docosahexaenoic
acid v acid (DHA)
22:51-6 22:6 1-3

‘/H

3-series
— prostaglandins
PGE;

3-series
thromboxanes

5-series
— leukotrienes
LTBs

v

Resolvins

— ..
lipoxins

Resolvins
neuroprotectins

Schmitz, Ecker 2007 Progress in Lipid Research; Patterson et al. 2012 Journal of
Nutrition and Metabolism



Results

Primary model:
N-6 PUFAS

Western Lifestyle: Indoors,
Sunscreen Dietary Patterns

Linoleic acid
18:2 n-6 \/ 5
. -6-
. J — Ll bLL desaturase
_ y-linolenic acid (FADS2)
2-series (GLA) v
prostaglandins 18:3 1-6 Flongase
PGE,, PGI,, PGD; l. bl e (ELOVL5) G
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— .
lipoxins 22:4 n-6 PR Elongase
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( ............. desaturase .........
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\I,n ( ............. ﬁ_Ode_atlon .........
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18:3 n-3 .
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_______ N l — prostaglandins
Stearidonic acid PGE;
18:4 n-3
_____ ol
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"""" > 3-series
Ficosapentaenoic ‘/ thromboxanes
acid (EPA) ]
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Schmitz, Ecker 2007 Progress in Lipid Research; Patterson et al. 2012 Journal of

Nutrition and Metabolism



Metabolome vs. FFQ,

Exposure:
ASTHMA & ALLEGRY




Metabolome
and Nutrition
ancillary

VDAART
analyses

JAller,

ug 23. pii: $2213-2° 8)30515-4. doi: 10.1016/.jaip..
Dietary and plasma polyunsaturated fatty acids are inversely associated with asthma and atopy
in early childhood.
Lee-Sarwar K', Kelly RS?, Lasky-Su J%, Kachroo P?, Zeiger RS®, O'Connor GT*, Sandel MT®, Bacharier LB®, Beigeiman A°, Laranio N, Gold DR', Weiss
ST, Litonjua AP,

Plasma metabolomics

Dietary PUFA intake (FFQ)

Associations between PUFA and outcomes,
including asthma and/or recurrent wheeze,
allergic sensitization, and total Igk at age 3 years

Also evaluated the combined effects of antenatal
vitamin D and early childhood PUFA on outcomes.




JOlnt ASSOCIatIOnS Asthma Allergic Sensitization Total IgE
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J Allergy Clin Immunol Pract. 2018 Aug 23. pii: $2213-2198(18)30515-4. doi: 10.1016/j.jaip.2018.07.039. [Epub ahead of print]

Dietary and plasma polyunsaturated fatty acids are inversely associated with asthma and atopy
in early childhood.

Lg_ez;aamax_lsﬂ J%aumﬁ? Lasky-Su J?, Kachroo P?, Zeiger RS®, O'Connor GT*, Sandel MT®, Bacharier LB, Beigelman AP, Laranjo N?, Gold DRY, Weiss
T<, Litonjua AA®.
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J0|nt ASSOCIatIOnS Asthma Allergic Sensitization Total IgE

p Value p Value
Test of Trend Test of Trend

Dietary PUFA & L PUFA/ VITD . . .

. . T PUFA/{ VITD E—_— - -]
Vitamin D J PUFA/1 VITD | = .
e - = - |

| ™ PUFA/ VITD

4 n-3 PUFA/{ VITD
™ n-3 PUFA/{ VITD

}—.—“ <0.01 I—H 0.27
d n-3 PUFA/ VITD .
—_

il

[ 7-3 POFA/T VITD * * |
J n-6 PUFA/{ VITD I !
/I\ n'6 PU FA/\I/ VITD }——I—{ 0.01 I—H 0.04 }——l—{
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" RN ) ottt 5%, | o)

J Allergy Clin Immunol Pract. 2018 Aug 23. pii: $2213-2198(18)30515-4. doi: 10.1016/j.jaip.2018.07.039. [Epub ahead of print]

Dietary and plasma polyunsaturated fatty acids are inversely associated with asthma and atopy
in early childhood.

Lg_ez;aamax_lsﬂ J%aumﬁ? Lasky-Su J?, Kachroo P?, Zeiger RS®, O'Connor GT*, Sandel MT®, Bacharier LB, Beigelman AP, Laranjo N?, Gold DRY, Weiss
T<, Litonjua AA®.
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Metabolomes, Gut
Microbiome, Dietary intake:
ASTHMA & ALLERGY
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Intestinal
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E.g.. family )
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= = processed meats
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Integrative Analysis of the

Intestinal Metabolome of
Childhood Asthma

Integrative analyses
revealed significant
interrelationships
between the
intestinal
metabolome and the
intestinal microbiome,
plasma metabolome,
and diet in association
with childhood
asthma.




Copenhagen Prospective Studies on
Asthma in Childhood (COPSAC)

* Analogous pre-birth cohort to VDAART
 Randomized mothers to Vitamin D

e Denmark, all Caucasian

* 517 Children

 Plasma metabolomics at 6 months




The Plasma Metabolome and Asthma
Development by Age 3



Do Genetics and the
Metabolome play a role in the
relationship between vitamin D

and asthma?




ORMDL sphingolipid biosynthesis regulator 3 (ORMDL3)
Located in the Sphingolipid Pathway
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A Large-Scale, Consortium-Based Genomewide Association
Study of Asthma

Miriam F. Moffatt, D.Phil., Ivo G. Gut, Ph.D., Florence Demenais, M.D., David P. Strachan, M.D., Emmanuelle Bouzigon,
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MEDIA IN THIS
BACKGROUND ARTICLE
Susceptibility to asthma is influenced by genes and environment; FIGURE 1
implicated genes may indicate pathways for therapeutic intervention.
Genetic risk factors may be useful in identifying subtypes of asthma
and determining whether intermediate phenotypes, such as elevation
of the total serum IgE level, are causally linked to disease.

Full Text of Background.. Manhattan Plot of
Study Results.
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ORMDL3 is a key regulator
of Sphingolipid biosynthesis

* The asthma associated C-
allele increases expression of
ORMLD3

ORMDL3 inhibits a key step
in sphingolipid metabolism

e Vitamin D shown to activate
sphingolipid metabolism

Sphingolipid metabolism
linked to airway hyper
reactivity, inflammation and
asthma
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Human Airway
Epithelial Cells

* Vitamin D increases
Sphingolipids and this effect
is blocked by ORMDL3

e Overexpression of ORMDL3
showed decreased
production of S1P when
treated with Vitamin D,
relative to vector controls
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' VDAART Metabolomics :
findings to date:

DISEASE PATHOGENSIS
* Key connector of other omics

* Importance of longitudinal
MEENIES

* |[dentify important exposures
* Replication



Large-Scale Metabolomics:

Multiple Metabolomes

Meta-Analysis of BMI in
>88,000 individuals




BMI Metabolomics Meta-Analysis COMETS
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BM| metabolomic meta-analysis

COMETS Analytics Cycle and Features

Meta-Analyses

Centralized analyses of aggregated
cohort data

Cohort-Specific Analyses

Conduct patient level analyses for
data exploration, and approved,
manuscript proposals

Data Integrity

|dentify possible data problems
prior to analyses

Metabolite Harmonization

Create mapping of metabolites
across cohorts and platforms

Data Preparation

Facilitate creation of common input
file
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e Strongest most robust finding: Glutamate
 Based on 50,673 participants from 20 cohorts
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BM| metabolomic meta-analysis

COMETS Analytics Cycle and Features

Meta-Ang

S  Large scale metabolomic meta-analysis
using cohorts from multiple
studies is a reality
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Metabolomics & Prevalent Asthma

Using 2 large population-based cohorts



Metabolomics & Prevalent Asthma

Using 2 large population-based cohorts, RCTs, further
analyses in Partners biobank participants



To identify the metabolomic sighatures of asthma in EPIC-Norfolk cohort
Validate/Replicate the findings in Partners HealthCare Biobank

Assess the impact of ICS use on the biological profile of asthma

Further Replication of top hits in a relevant clinical trial of ICS use: Childhood
Asthma Management Program (CAMP)

Use the biobank for further assessment using EMRs

Aims/Objectives




Discovery cohort

EPIC-Norfolk (Day et al., BrJ Cancer. 1999 )

. 10,754 Subjects Caucasian,
Large multi-center,

longitudinal cohort 661 Cases 53% smoke,
study: nutrition, lifestyle

10,093 Controls 60 years of age

Cohorts:

Asthma &Plasma
Metabolomics

Replication cohort:

Partners HealthCare Biobank
PARTNERS: | gioBANK

HEALTHCARE Large bio-repository 613 Subjects

>100,000 consented patients
linked to EMR

Available Plasma, Serum, DNA

77% Caucasian,
295 Cases 60% smoke,

318 Controls 30 years of age
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Partners Healthcare
EPIC-Norfolk (N=10,754) Biobank (PHB)

Metabolite
P-value* OR P-value**
Dehydroisoandrosterone sulfate 0.65 14x107 036 2 7104
Androgenic  LDHEASS)
o Epiandrosterone sulfate 0.74 1.1x1013 0.46 8.3x10*
Steroid 5alpha-androstan-3beta,17alpha-diol
. ’ 0.81 1.8x10° 0.64 6.3x103
disulfate
To o) 16a-hydroxy-DHEA-disulfate 0.81 2.5x10° 0.66 0.019
L . Tetrahydrocortisol glucuronide 0.68 2.9x10% 0.66 0.025
Association (;?erﬁ'giz' Cortisone 072  7.8x10% 030  3.0x10%
Findings Cortisol 078  33x100 037  83x10°
Tetrahydrocorticosterone glucuronide 0.81 9.9x10°7 0.68 0.024
17-hydroxypregnenolone sulfate 0.74 7.4x10°10 0.65 0.028
Preanenolone 21-hydroxypregnenolone disulfate 0.71 4.5x1016 0.58 9.3x103
gteroi q Pregnenolone sulfate 0.73 3.2x10°12 0.47 2.5x10*
Pregnenetriol sulfate 0.72 1.0x10® 0.55 0.015
5alpha-pregnan-3beta,20alpha-diol 0.78 3.0x107 071 0.047
monosulfate (2)
Androstane  |Androsterone sulfate 0.77 2.1x101% 0.48 2.0x103
Steroid 5-androstenetriol disulfate 0.79 1.5x10/ 0.66 0.036
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Effect of ICS on Steroid Metabolites among

Controls, Asthma (No ICS), Asthma ICS
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SUB-CLINCIAL
ADRENAL Could this be much more common than

SUPRESSION we recognize?

Adrenal gland

* Adrenal glands do not produce
adequate amounts of steroid
hormones, primarily cortisol

e Systemic Absorption from ICS
use leads to sub-clinical adrenal
insufficiency.

Systemic
Absorbtion

e Subtle Symptoms —
underdiagnosed

e Clinical trials to date
insufficient




Replication in CAMP RCT of ICS use

Outcome Estimate P*

Double-blind RCT of Budesoinide (ICS) vs.
inhaler/pacebo

Long follow-up period: 4.8 year post-trial period

Cortisol*age  0.07 0.008 + Metabolomic data (Broad) available for 560
Cortisone -0.61 0.044 asthmatics at baseline & end of trial

age 0.03 0.004 * Cortisol and Cortisone are the only 2 metabolites
available

 Metabolomics is Qualitative
e Use ~100,000 EMRs in PBB for Quantitative data

Cortisol

age -0.009 0.452 .

Cortisone*age 0.07

e Predictor: ICS intake
» Qutcome is metabolite
WVl R o TS race, bmi and ICS*age interaction



PBB: Minimum Cortisol levels in Asthmatics

No ICS vs. ICS

Wilcoxon p-value = 0.0054

M
-
1

=
ok
(o
« 11
.|,

3.55

Minimum Cortisol Level

Asthma, No ICS. Asthma, ICS use




Cortisol levels in all PBB subjects (n=2,214)

e . .
< 20 - .

D 1T ®

()]

— e

9

5 10-

g ——— e

= 5.95 £1% 4.75 54 | ASTHMA AND
£ ICS SYNERGISTIC
s 04 — — L ——

No A/No ICS A/No ICS Asthma/ ICS
N=1,768 N=133 N=197




PBB: ICS Asthmatics with exacerbations have no change in

steroid levels across age compared to those without
exacerbations

A EXACERBATIONS
@ NO EXACERBATIONS

Potential Mechanisms
* |CS concentrations

* More severe asthma
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Bringing
Metabolomics to
the Forefront

of OMICS in
Precision
Medicine

Collect multi-omics continually
Capitalize o :
on Capitalize on study design
. Validate with other derived measures
Validate
and cohorts

Aol Apply novel methodological approaches
Sl 10 |ink omics together

Collaborations with colleagues
Robust findings
Simple tests (VOCs)!
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