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Introduction

The development of human disease involve a highly
dynamic and interactive system of molecular layers
and are influenced by many environmental factors.
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Asthma remains an important public health problem
worldwide because of high morbidity and inadequate
disease control.

Assessing the effect of various exposures on gene
expression would be useful to discover potential
cellular mechanisms through which exposures may
influence the development of Asthma in human
populations.

Environmental Exposures

Environmental exposures affected gene expressions
associated with Asthma much more than genetic
ancestry (Fave, M. J et al. (2018)).
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Aim:
Discovering gene
expression profiles and
their functional roles
associated with Asthma.

Methods:

Differential expressed gene
analysis

Gene set enrichment
analysis

Aim:
Dimension reduction of

Asthma-associated
exposures.

Methods:

Variable selection by elastic
net regularization.

Calculating environmental
risk scores (ERS) for all
selected exposures and

each exposure family.

Aim:
Assessing causality of
environmental exposures
on Asthma by perturbing
gene expression levels.

Methods:

High-dimensional mediation
analysis for evaluation all
genes simultaneously.

a). for single exposure
b). for ERS in each family
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Summarize to gene level when multiple transcripts map to the

Gene ExpreSSiOn same gene

863 DE genes associated with Asthma adjusting covariates
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Variable

Selection

Elastic Net

« Combination of lasso and ridge, deal with correlated intra-
family and inter-family exposures

« Covariates: sex, age, cohort, birth weight, BMI of child and

ethnicity

« 76 exposures in 17 families

Asthma N
Sex 1,007
female
male
Age 1,007
Cohort 1,007
1
2
3
4
5
6

0, N = 905’

436 (48%)
469 (52%)
7.88 (1.48)

133 (15%)
89 (9.8%)
177 (20%)
143 (16%)
220 (24%)
143 (16%)

Birth Weight 1,007 3,386 (510)

BMI of Child 1,007
Ethnicity 1,007
no
yes

"n (%); Mean (SD)

2Pearson's Chi-squared test; Wilcoxon rank sum test

0.41 (1.15)

87 (9.6%)

818 (90%)

1,N=102" p-value?

37 (36%)
65 (64%)
7.95 (1.67)

26 (25%)
20 (20%)
8 (7.8%)
11 (11%)
25 (25%)
12 (12%)

3,393 (589)

0.38 (1.22)

15 (15%)
87 (85%)

0.022

0.9

<0.001

0.8
0.7

0.1

Traffic noise_night
Traffic noise_24h school q

Influential Exposures

PMabs(week) 4
PMabs(year) 4
Access_lines q
Population
Connectivity 4

Land use 4
Walkability 4
Population_school 4
Benzene in 4

PAmoderate
é’/-}zﬂgorouz q
akery prod 4
éjoda b
Fastfood
KIDMED 4

Ready made food 4
Sedentary 4

Bread 4

Cereals q

Fish 4

NDVI 4
Blue_home 4

Social contact
igarette 4

Cotinine

ETS
Smokm?gfparents B
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Traffic density
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0.0 05 10
effect size

family

Air Pollution

Built environment

Indoor air

Lifestyle

Metals

Natural Spaces

Noise

Organochlorines

Organophosphate pesticides

Per- and polyfluoroalkyl substances (PFAS)
Phenols

Phthalates

Polybrominated diphenyl ethers (PBDE)
Social and economic capital

Tobacco Smoke

Traffic

Water DBPs

Air Pollution

Built environment
Indoor air
Lifestyle

Noise

Phenols
Phthalates
Traffic

Water DBPs
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Lifestyle
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Define ERS for all exposures e o
(total risk score) and for each e | . f
family (family-based risk T8 ——o————

Water.DBPs_rs

score)

* Most family-based risk score
are significantly associated with
Asthma -
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Build a mediation model for individual exposure variable

Mediation

Model all mediators simultaneously

AnaIYSIS + 33 exposures reveal significant mediation signals

* Significant mediated effect with FDR < 0.1

Exposure

h_abs_ratio_preg_Log

Mediator Gene(s)
NEO1

Model (1 ) h_pm10_ratio_preg_None SNORD15A
Air Pollution hs_pm10_yr_hs_h_None LRRC28
hs_pm25abs_wk_hs_h_Log CES1
hs_pm25abs_yr_hs_h_Log VPS41
Y — c* + 'Y*X _|_ 61, Built environment h_acces-s-lines300_preg_dic0 TOMM40
h_walkability_mean_preg_None NEO1
R R hs_fastfood_Ter CES1, NDUFA6
Mk _ ck + akX + ek, k _ 1, T ’p hs_mvpa_prd_alt_None TLR10
Y = C —|— f)/X —|— /BIM]. —|— DY + /BpMp + 62, Lifestyle hs_total_bread_Ter LRRC28
hs_total_fish_Ter SNORD15A
where X is exposure, M}, are potential mediators and Y is outcome; hs_total_fruits_Ter T™™A7
hs_total_yog_Ter TMA7
~* represents the total effect of X on Y; hs_as_c_Log2 ces1
. . . . . hs_hg_m_Log2 TLR10
~ represents the direct effect of X on Y after adjusting mediators of interest; Metals hs_mn_c_Log2 T™A7
T . . hs_mo_c_Log2 VPS41
(c1fi,.-.,0pPp)" represents the mediation effect by the path X — M — Y. — h_nei100_preg_None NEOL
hs_blueyn300_h_None TREM1
Noise hs_lden_cat_s_None TLR10
hs_detp_cadj_Log2 ZNF786
Organophosphate pesticides
hs_dmp_cadj_Log2 CES1
Polybrominated dipheny! ethers hs_pbde47_cadj_Log2 PRDX2
(PBDE) hs_pbde47_madj_Log2 SNORA10
Per- and polyfluoroalkyl substances hs_pfhxs_c_Log2 VPS4l
(PFAS) hs_pfhxs_m_Log2 VPS41
hs_bupa_cadj_Log2 CYB5B
Phenols hs_etpa_madj_Log2 BIRC3
hs_mepa_cadj_Log2 ZCCHC14
Phthalates hs_mecpp_madj_Log2 PRDX2
Social and economic capital hs_contactfam_3cat_num_None NEO1
Traffic h_trafnear_preg_pow1lover3 CES1
Water DBPs h_thm_preg_Log SNORA10




Build a mediation model for each family-based ERS

Mediation

Model all mediators simultaneously

AnaIYSIS « 7 exposure families reveal significant mediation signals

Model (2)

Family-based ERS Mediator Gene(s)

Y=c"+9"X+e¢, Air Pollution CES1
My=c+apX+e, k=1,---,p

Organophosphate pesticides ZNF786
Y:c+’yX+/BlM1+"'+,8pMp+€2,
where X is ERS for an exposure family, Polybrominated diphenyl ethers SNORA10
M, are potential mediators and Y is outcome; (PBDE)
~* represents the total effect of X on Y; Per- and polyfluoroalkyl substances
) o . . VPS41
~ represents the direct effect of X on Y after adjusting mediators of interest; (PFAS)
(1B, - - -, 0,B,)T represents the mediation effect by the path X — M — Y. Social and economic capital NEO1
Traffic CES1
Water DBPs SNORA10

* Significant mediated effect with FDR < 0.1
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Volume 383, Issue 9928, 3-9 May 2014, Pages 1581-1592

Series

Outdoor air pollution and asthma

Michael Guarnieri MD # ®, Dr John R Balmes MD * b & =

Natural Products as Modulators of CES1 Activity

Yuli Qian and John S. Markowitz
Drug Metabolism and Disposition October 2020, 48 (10) 993-1007; DOI: https://doi.org/10.1124/dmd.120.000065

1114, No.5 | Research

)" Journal of Allergy and Clinical Immunology [ 7
et sme 14, e 1oy 209, Prgs 941081 £."  Journal of Allergy and Clinical Immunology
== £:8 May 2006, Pages 1014-1020

Bloci{ade of RGMD inhibits allergen-induced

. . Socioeconomic status and inflammatory processes
airways disease

in childhood asthma: The role of psychological
stress

Presence and inter-individual variability of
carboxylesterases (CES1 and CES2) in human lung

Morena Gabriele 2 Paola Puccini ?, Marco Lucchi ¢, Anna Vizziello ¢, Pier Giovanni Gervasi , Vincenzo Longo * & &

Existing Studies for
CES1 and NEO1 with
Asthma

Previous studies have shown
associations of air pollution, CES1
or NEO1 independently
(separately) with asthma

Our mediation analysis results
hypothesize that air or traffic
pollution could possibly alter the
expression levels of the CES1
gene in the human lung putatively
affecting the asthma phenotype,
thus suggesting a potential
pathway or cellular mechanism

Lung injury results in induction of
NEO1 expression and activates
the BMP pathway in bronchial
epithelial cells, potentially
promoting lung inflammation.



International Journal of Hygiene and

Environmental Health
Volume 229, August 2020, 113565

Short communication

PFAS (per- and polyfluoroalkyl substances) and
asthma in young children: NHANES 2013-2014

Medina S. Jackson-Browne 2 & &, Melissa Eliot b Marisa Patti b, Adam ). Spanier €, Joseph M. Braun b

Association of Organophosphate Pesticide Exposure
and a Marker of Asthma Morbidity in an Agricultural
Community

Wande Benka-Coker &, Christine Loftus, Catherine Karr & Sheryl Magzamen

Internationsl Journallof Indoor Environmentiand Health
Original Article & Full Access

Exposure to organophosphate and polybrominated diphenyl
ether flame retardants via indoor dust and childhood asthma

D. Canbaz, M.]J. M. van Velzen, E.Hallner, A. H. Zwinderman, M. Wickman, P.E. G. Leonards, R.van Ree
, L.S.van Rijt i

American Journal of Respiratory and Critical Care Medicine Occupational Asthma
T T S G T A S T A D)

esticides and Atopic and Nonatopic Asthma
ral Health Study

Swimming facilities and work-related asthma

Kenneth D. Rosenman &, MD, FACE, FACPM, Melissa Millerick-May , PhD, Mary Jo Reilly , MS, Jennifer Flattery , MPH,

v
Jane A. Hoppin-, David M. Umbach , Stephanie 1 London 1, Paul K. Henneberger 3, Greg J Kullman 2 Michael C. R Justine Weinberg , MSEHS, CIH, Robert Harrison , MD, MPH, ...show all
Alavania’, and Dale . Sandier

Pages 52-58 | Received 02 Jun 2014, Accepted 26 Jul 2014, Accepted author version posted online: 04 Aug 2014, Published online: 26 Aug 2014

Existing Studies for
other significant
exposure families with
Asthma

* Previous studies have also
shown that Organophosphate
pesticides,

Polybrominated diphenyl ethers
(PBDE), Per-

and polyfluoroalkyl substances
(PFAS) and Water DBPs are
are associated with an
increasing risk of asthma.

* Further studies are needed to
elucidate the mechanism by
which the above families
influence the asthma
phenotype via the mediator
genes.
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Discussion

« Our proposed analysis pipeline jointly models the exposome and
transcriptome data using the framework of mediation analysis

» Account for multiple mediators in high-dimensional case

* Reduce exposure dimensionality by introducing family-based environmental risk
scores and estimated their cumulative effect

* Future work
» Gene pathway/clusters mediation analysis

» Reducing the dimensions of the mediator matrices can be a powerful tool for causal
inference, especially when coupled with literature derived organization of the mediator
matrix by biological pathways

* Incorporate more omics as mediator layers

 Incorporating other omics, e.g., methylome, metabolome, and their interactions with the
transcriptome that are known to affect health outcomes could further explain the
etiology
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» Correlation heatmap for all exposures
» Clear pattern within each exposure family
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Small Mediation Effect

family
h_abs_ratio_preg_Log -
. Air Pollution
h_pm10_ratio_preg_None -
Built environment
hs_pm10_yr_hs_h_None Loty Air.Pollution_rs 4 b
fest . _|
[ ns_pmasas_wk_hs_h_tog CES1 | estyle
hs_pm25abs_yr_hs_h_Log - ° Metals
h_accesslines300_preg_dic0 - ©  Natural Spaces
h_walkability_mean_preg_None - ©  Noise
hs_fastfood_Ter(0.132,0.5] - ©  Organophosphate pesticides Organophosphate.pesticides_rs 1 8
hs_mvpa_prd_alt_None 1 ® Per- and polyfluoroalkyl substances (PFAS)
hs_total_bread_Ter(17.5,1nf] 1 © Phenols
hs_total_fish_Ter(3,Inf] 4 ® Phthalates
i J Polybrominated diphenyl ethers (PBDE . .
hs_total fruits_Ter(7,14.1] Y pheny ) Polybrominated.diphenyl.ethers..PBDE._rs A =
hs_total_yog_Ter(6,8.5] - Social and economic capital gene
hs_as_c_Log2- © Traffic CES1
.
hs_hg_m_Log2+ ¢ Water DBPs
hs_mn_c_Log2- A N EO1
hs_mo_c_Log2- @ gene Per..and.polyfluoroalkyl.substances..PFAS._rs 1 + 2 SNORA1D
h_ndvi100_preg_None - A O SNORA10
hs_blueyn300_h_None1 o o CES1 + VPS41
hs_lden_cat_s_None4+ ¢ A NEO1 B ZNF786
| hs_detp_cadj_Log2{  * ZNF786 | + PRDX2 Social.and.economic.capital_rs4 4
hs_dmp_cadj_Log2 - © x ZCCHC14
hs_pbde47_cadj_Log2 - <  BIRC3
hs_pbde47_madj_Log2 SNORA10 v CYB5B
hs_pfhxs_c_Log2 - = VPS41
hs_pfhxs_m_Log2 | VPS41 % ZNF786 Traffic_rs o .
hs_bupa_cadj_Log2-+ v & TLR10
hs_etpa_madj_Log2- ¢ ® TREM1
hs_mepa_cadj_Log?2 - X & TMA7
hs_mecpp_madj_Log?2 - + ® SNORD{5A Water.DBPs_rs 4 =
I hs_contactfam_3cat_num_NoneLess than once a week - NEO1 ® LRRC28
h_trafnear_preg_pow1over3 - CES1 ®  NDUFA6
i pres oo SNORATO ] ] * TOMM40 0000 0002 0004 0006  0.008
0.00 0.01 0.02 0.03 b ff
abs(effect) abs(effect)
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