Using Gene-Environment Interactions and Omics Approaches
to Understand Neurodegenerative Disease Etiology

UCLA Beate Ritz MD, Ph.D. O
FIELDING Epidemiology & Environmental Health, -E H
SCHOOL OF Center for Occupational and Environmental Health, FSPH

PUBLIC HEALTH Neurology, School of Medicine e s

UCLA Environmental

Health



2010 -

10 5 0 5 10

I

1

]
B Moles  ma. |
1

PFremale: mmmm
0

15 10 5 ] 5 10
Population [millions)

Aging may constitute a heightened state of vulnerability to
neurotoxic agents

Healthy aging is important
e Expanding human lifespan & ever growing number of elderly

e Restrictions in cognitive and physical (motor) abilities, and
mood have large impact on health related quality of life,
disability, and high care giver burden



Environmental factors and neurodegeneration

i@} World Health
% Organization
Global Burden of Disease 2010 identifies air pollution

Fine particles contribute annually to over 3.2 million premature
deaths worldwide and over 74 million years of healthy life lost
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Peticides', why we hould care...

Organophosphates:
Insecticides previously and currently used in agriculture have known acute neurotoxicity

1999-2000 NHANES (US population survey, aged 6-59) urine pesticide metabolites:
» Chlorpyrifos (TCPY) > 96% of samples
« Diazinon (IMPY) 29% samples

Neonicotinoids:

Insecticides currently widely used in agriculture
2015-2016 NHANES (US population survey, participants aged 6-59) urine pesticide metabolites :
» Half of the U.S. population 3+ years of age are exposed to neonicotinoids

Barr et al.. Environ Res. 2005 Nov;99(3)
Ospina et al. . Environ. Res. 2019 Nov (176)
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Pesticies linked to PD onset
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Of Pesticides and Men: a California Story of Genes
and Environment in Parkinson’s Disease

Beate R. Ritz** - Kimberly C. Paul’ - Joff M. Bronstein*

Parkinson's, Environment 5 Sam ™
and Gene Study (PEG) L¢ ;5

funded by
NIH/ National Institute of

Environmental Health Sciences
RO1ES10544-A10, 5P01ES016732

Case-control study in three rural California counties
that enrolled and interviewed:

* 849 iPD newl diagnosed cases; were clinically
evaluated by UCLA movement disorder neurologist
1-5 times over a 14-year period (Jan 2001- 2015)

e 1,011 population controls and 193 unaffected
sibling/household controls

e Biosamples:
* blood: DNA, RNA, plasma, serum,
e saliva
e urine
» feces



California Agricultural
Pesticide Use Reports
since 1974

Data provided per 1 square mile
land section

e County: Kern P EEEE

e Location: 15M28S27E19

e Application date: 2/23/1989
e Commodity: 2503 (Grapes)
e Method: Ground

e Treated: 424 acres

e Product applied: 155 gallons

e Chemical: 00459 (Parathion)

e Percentage: 80%

e Active Ingredient Pounds: 1,241




California Department of

Pesticide Reqgulation Paraquat Maneb

California Agricultural Pesticide Use —
Reporting (PUR) exists since 1974

Data provided per 1 square mile land section

e County: Kern

e Location: 15M28S27E19

e Application date: 2/23/1989
e Commodity: 2503 (Grapes)
e Method: Ground

e Treated: 424 acres

e Product applied: 155 gallons

o o Maneb use, 1974-2012
e Chemical: 00459 (Parathion) i N e |
Paraquat Dichloride use, 1974-2012 : e :
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Thiruchelvam M, McCormack A, Richfield EK, Baggs RB, Tank
AW, Di Monte DA, Cory-Slechta DA (2003) Age-related
irreversible progressive nigrostriatal dopaminergic neurotoxic-
ity in the paraquat and maneb model of the Parkinson’s discase
phenotype. Eur J Neurosci 18:589-600
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169(8):919-26.



MPTP

MPP+

Paraquat

Gene X Environment Interactions
Paraquat Herbicide




Tyrosine
Presynaptic Postsynaptic v @
L-DOPA
AADC

DAT1 gene variants increase PD susceptibility with ot
paraquat/maneb pesticide exposures: K wo =D

®</6) .

; 2 A
- First independent replication of a GXE interaction in PD \m\iﬁ/

B Dopamine

@

J

Dopamine

transporter o
°

6 /// — -
5 |- /_./ — —
(@] —
= e o 38 - e — o
T 4 _— ; T
§ 3 v o 2.8 T ] -
e — T
o yay o o
2 1 = ﬁ\ 7 O s
-y _ _ Exposed High
1 - S 4 / Unexposed 08

Zero/lLow
0 1
2+ 0 1
# of Risk Alleles 2+
# of Risk Alleles
Kelada et al. HMG 2006
i oL 15 N 20 30853002 Ritz et al. EHP 2009
5" and 3’ region variability in the dopamine
trans_porte’r gene (SLQ6A3), pestlclde_exposure_and Dopamine Transporter Genetic Variants and Pesticides in Parkinson’s Disease
Parkinson’s disease risk: a hypothesis-generating Beate R. Ritz,"2? Angelika D. Manthripragada,’ Sadie Costello,"* Sarah J. Lincoln,5 Matthew J. Farrer,5
study Myles Cockburn,® and Jeff B in?

Samir N.P. Kelada', Harvey Checkoway'?, Sharon L.R. Kardia®, Christopher S. Carlson®,
Paola Costa-Mallen', David L. Eaton', Jordan Firestone'?, Karen M. Powers’,

Phillip D. Swanson®, Gary M. Franklin'®, W.T. Longstreth Jr*?, Terri-Smith Weller",
Zahra Afsharinejad’ and Lucio G. Costa'®



Chart1

		0		0

		1		1

		2+		2+



Zero/Low

High

# of Risk Alleles

Odds Ratio

1

0.88

0.98

2.99

1.3

4.53



PON1 PEI

				ORIGINAL TABLES FROM PEI														TABLES CHARTS BASED ON										CHARTS AND NEW TABLES FOR SLIDES

				Original Pon1

						Zero Exposure				Low/High Exposure								Original Pon1

				PON1-55		No. case/control		Adjusteda OR (95%CI)		No. case/control		Adjusteda OR (95%CI)						PON1-55				LL+LM		MM

				Diazinon														Diazinon		Zero Exposure		1.00		1.00

				LL+LM		133/164		1		170/164		1.18 (0.83-1.68)								Low/High Exposure		1.18		2.24

				MM		16/20		1.00 (0.49-2.04)		32/15		2.24 (1.12-4.48)						Chlorpyrifos		Zero Exposure		1.00		1.17

				Chlorpyrifos																Low/High Exposure		1.48		2.61

				LL+LM		149/193		1		154/135		1.48 (1.04-2.12)						Parathion		Zero Exposure		1.00		0.9

				MM		21/22		1.17 (0.61-2.25)		27/13		2.61 (1.25-5.44)								Low/High Exposure		1.47		1.21

				Parathion

				LL+LM		157/177		1		146/151		0.90 (0.64-1.28)

				MM		28/21		1.47 (0.78-2.75)		20/14		1.21 (0.57-2.60)

																												PON1-55		Diazinon				Chlorpyrifos				Parathion

																														Zero Exposure		Low/High Exposure		Zero Exposure		Low/High Exposure		Zero Exposure		Low/High Exposure

																												LL+LM		1		1.18 (0.83-1.68)		1		1.48 (1.04-2.12)		1		0.90 (0.64-1.28)

																												MM		1.00 (0.49-2.04)		2.24 (1.12-4.48)		1.17 (0.61-2.25)		2.61 (1.25-5.44)		1.47 (0.78-2.75)		1.21 (0.57-2.60)

				PON1L55M and OP exposure-Caucasian only														PON1L55M and OP exposure-Caucasian only, 2012

						Zero Exposure				Low/High Exposure												LL+LM		MM

				PON1-55		No. case/control		Adjusteda OR (95%CI)		No. case/control		Adjusteda OR (95%CI)						Diazinon		Zero Exposure		1		1.2

				Diazinon																Low/High Exposure		0.91		1.84

				LL+LM		61/121		1		6/16		0.91 (0.33-2.52)						Chlorpyrifos		Zero Exposure		1		1.39

				MM		156/231		1.20 (0.80-1.82)		28/28		1.84 (0.97-3.47)								Low/High Exposure		0.91		2.45

				Chlorpyrifos														Parathion		Zero Exposure		1		1.22

				LL+LM		61/121		1		6/16		0.91 (0.33-2.50)								Low/High Exposure		0.9		1.78

				MM		134/188		1.39 (0.91-2.12)		26/21		2.45 (1.24-4.83)

				Parathion

				LL+LM		61/121		1		6/16		0.90 (0.33-2.48)

				MM		134/194		1.22 (0.80-1.87)		22/21		1.78 (0.89-3.60)

																												PON1-55		Diazinon				Chlorpyrifos				Parathion

																														Zero Exposure		Low/High Exposure		Zero Exposure		Low/High Exposure		Zero Exposure		Low/High Exposure

																												LL+LM		1		0.91 (0.33-2.52)		1		0.91 (0.33-2.50)		1		0.90 (0.33-2.48)

																												MM		1.20 (0.80-1.82)		1.84 (0.97-3.47)		1.39 (0.91-2.12)		2.45 (1.24-4.83)		1.22 (0.80-1.87)		1.78 (0.89-3.60)

				PON1Q192R and OP exposure-Caucasian only														PON1Q192R and OP exposure-Caucasian only, 2012

						Zero Exposure				Low/High Exposure												RR+QR		QQ

				PON1-192		No. case/control		Adjusteda OR (95%CI)		No. case/control		Adjusteda OR (95%CI)						Diazinon		Zero Exposure		1.00		1.33

				Diazinon																Low/High Exposure		1.14		1.53

				RR+QR		33/69		1		32/59		1.14 (0.62-2.09)						Chlorpyrifos		Zero Exposure		1.00		1.48

				QQ		89/124		1.33 (0.78-2.26)		91/107		1.53 (0.90-2.61)								Low/High Exposure		1.14		1.95

				Chlorpyrifos														Parathion		Zero Exposure		1.00		1.34

				RR+QR		33/69		1		32/59		1.14 (0.62-2.09)								Low/High Exposure		1.13		1.65

				QQ		73/100		1.48 (0.86-2.56)		83/82		1.95 (1.13-3.37)

				Parathion

				RR+QR		33/69		1		32/59		1.13 (0.62-2.08)

				QQ		77/109		1.34 (0.78-2.32)		77/82		1.65 (0.95-2.89)

																												PON1-192		Diazinon				Chlorpyrifos				Parathion

																														Zero Exposure		Low/High Exposure		Zero Exposure		Low/High Exposure		Zero Exposure		Low/High Exposure

																												RR+QR		1		1.14 (0.62-2.09)		1		1.14 (0.62-2.09)		1		1.13 (0.62-2.08)

																												QQ		1.33 (0.78-2.26)		1.53 (0.90-2.61)		1.48 (0.86-2.56)		1.95 (1.13-3.37)		1.34 (0.78-2.32)		1.65 (0.95-2.89)

		PON1L55M  and PON1Q192R diplotypes, and OP exposure -Caucasian only																PON1L55M  and PON1Q192R diplotypes, and OP exposure -Caucasian only, 2012

																						RR+LL		Other		QQ+MM

				No. case/control		Adjusteda OR (95%CI)		No. case/control		Adjusteda OR (95%CI)		No. case/control		Adjusteda OR (95%CI)				Diazinon		Zero Exposure		1		1.16		1.16

		Diazinon																		Low/High Exposure		1.1		1.47		2.43

		Zero Exposure		14-Jun		1		53/100		1.16 (0.41-3.27)		6/14		1.16 (0.29-4.62)				Chlorpyrifos		Zero Exposure		1		1.18		1.14

		L/H Exposure		19/33		1.10 (0.35-3.47)		133/175		1.47 (0.53-4.05)		28/23		2.43 (0.78-7.56)						Low/High Exposure		1.19		1.77		3.28

		Chlorpyrifos																Parathion		Zero Exposure		1		1.16		1.14

		Zero Exposure		14-Jun		1		53/100		1.18 (0.42-3.33)		6/14		1.14 (0.29-4.58)						Low/High Exposure		0.99		1.57		2.56

		L/H Exposure		15/28		1.19 (0.36-3.92)		115/137		1.77 (0.64-4.92)		26/17		3.28 (1.02-10.58)

		Parathion

		Zero Exposure		14-Jun		1		53/100		1.16 (0.41-3.28)		6/14		1.14 (0.28-4.55)

		L/H Exposure		15/29		0.99 (0.30-3.25)		117/146		1.57 (0.56-4.37)		22/16		2.56 (0.78-8.39)

																												PON1L55M  and PON1Q192R diplotypes		Diazinon				Chlorpyrifos				Parathion

																														Zero Exposure		Low/High Exposure		Zero Exposure		Low/High Exposure		Zero Exposure		Low/High Exposure

																												RR+LL		1		1.10 (0.35-3.47)		1		1.19 (0.36-3.92)		1		0.99 (0.30-3.25)

																												Other		1.16 (0.41-3.27)		1.47 (0.53-4.05)		1.18 (0.42-3.33)		1.77 (0.64-4.92)		1.16 (0.41-3.28)		1.57 (0.56-4.37)

																												QQ+MM		1.16 (0.29-4.62)		2.43 (0.78-7.56)		1.14 (0.29-4.58)		3.28 (1.02-10.58)		1.14 (0.28-4.55)		2.56 (0.78-8.39)
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				Table 3.  Interaction and joint effect estimates between NOS1 rs2682826 and pesticide exposure in association with PD.

						Homozygous Wild Type (CC)														Variant Carrier (CT+TT)																CC		CT+TT

				Pesticide Exposure		Cases		Controls		Unadj OR		Adj ORa		(95% CI)		P-value				Cases		Controls		Unadj OR		Adj ORa		(95% CI)		P-value						Adj ORa		Adj ORa

				Any Household Pesticide Use																														Any Household Pesticide Use

				Never Use/Rare Use		110		141		1.00		1.00								96		151		0.81		0.83		(0.58-1.20)		0.32				Never/Rare Use		1.00		0.83

				Frequent Useb		68		89		0.98		1.02		(0.68-1.55)		0.91				82		72		1.46		1.54		(1.02-2.33)		0.04				Frequent Use		1.02		1.54

				OR (95%) for interaction																				1.83		1.81		(1.01-3.24)		0.05

				Household OP Pesticide Use																														Household OP Pesticide Use

				Never Use/Rare Use		110		141		1.00		1.00								96		151		0.81		0.83		(0.57-1.20)		0.32				Never/Rare Use		1.00		0.83

				Frequent Useb		36		47		0.98		1.09		(0.65-1.82)		0.76				45		25		2.31		2.37		(1.34-4.18)		0.003				Frequent Use		1.09		2.37

				OR (95%) for interaction																				2.88		2.63		(1.23-5.63)		0.01

				Ambient OP Exposurec																														Ambient OP Exposure (1974-Index)

				None/Low (0-2 OPs)		73		122		1.00		1.00								80		124		1.08		1.09		(0.72-1.65)		0.67				None/Low		1.00		1.09

				Medium (3-12 OPs)		64		81		1.32		1.31		(0.84-2.04)		0.24				57		81		1.18		1.19		(0.75-1.87)		0.46				Medium		1.32		1.24

				High (>12 OPs)		41		28		2.45		2.22		(1.24-3.96)		0.01				41		19		3.61		3.25		(1.73-6.10)		0.00				High		2.30		2.80

				OR1 (95%) for interaction																				0.83		0.83		(0.44-1.56)		0.57

				OR2 (95%) for interaction																				1.37		1.34		(0.58-3.12)		0.50				Ambient OP Exposure (1974-1999)

																																		None/Low		1.00		1.09

																																		Medium		1.31		1.19

																																		High		2.22		3.25

																																																																																																																		Any Household Pesticide				Household OP Pesticides				Ambient OP Exposure

																																																																																																																		Never/Rare Use		Frequent Use		Never/Rare Use		Frequent Use		None/Low		Medium		High

																																				CC		CT+TT																																																																										CC		1.00		1.02 (0.68-1.55)		1.00		1.09 (0.65-1.82)		1.00		1.31 (0.84-2.04)		2.22 (1.24-3.96)

																																Any Household Pesticide Use		Never/Rare Use		1.00		0.83																																																																										CT+TT		0.83 (0.58-1.20)		1.54 (1.02-2.33)		0.83 (0.57-1.20)		2.37 (1.34-4.18)		1.09 (0.72-1.65)		1.19 (0.75-1.87)		3.25 (1.73-6.10)

																																		Frequent Use		1.02		1.54																																																																										Interaction OR1		1.81 (1.01-3.24)				2.63 (1.23-5.63)								0.83 (0.44-1.56)

																																Household OP Pesticide Use		Never/Rare Use		1.00		0.83																																																																										Interaction OR2														1.37 (0.58-3.12)

																																		Frequent Use		1.09		2.37

																																Ambient OP Exposure		None/Low		1.00		1.09

																																		Medium		1.31		1.19

																																		High		2.22		3.25
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						Odds Ratio		LCL		UCL

				Any Pesticide		1.47		0.34		0.45

				Any OP Pesticide		1.71		0.5		0.7

				Organophosphate		1.72		0.54		0.79

				Organothiophosphate		1.95		0.78		1.28

				Chlorpyrifos		2.73		1.7		4.51

				Diazinon		1.58		0.71		1.3

								1.13		1.92

								1.21		2.41

								1.18		2.51

								1.17		3.23

								1.03		7.24

								0.87		2.88

				Pesticide		Original Model		Additionally adjusted for ambient pesticide exposures		Additionally adjusted for Job Exposure Matrix derived exposure to any pesticide

				Any Pesticide		1.47		1.41		1.45

				Any OP Pesticide		1.71		1.59		1.69

				Organophosphate		1.72		1.57		1.70

				Organothiophosphate		1.95		1.95		2.00

		LCL		UCL		LCL		UCL		LCL		UCL

		0.34		0.45		0.33		0.43		0.34		0.45

		0.5		0.7		0.47		0.66		0.50		0.71

		0.54		0.79		0.50		0.73		0.54		0.80

		0.78		1.28		0.78		1.30		0.82		1.39

						1.08		1.84		1.11		1.9

						1.12		2.25		1.19		2.4

						1.07		2.3		1.16		2.5

						1.17		3.25		1.18		3.39

								PON1 192RR +192QR		PON1 192QQ

				Any Household Pesticide		Never/Rare Use		1.00		1.09

						Frequent Use		1.41		1.96

				Any Household Pesticide		Never/Rare Use		1.00		1.09

				Any OP pesticides		Frequent Use		1.03		2.62

				Any Household Pesticide		Never/Rare Use		1.00		1.09

				Organophosphates		Frequent Use		1.26		2.51

				Any Household Pesticide		Never/Rare Use		1.00		1.09

				Organothiophosphate		Frequent Use		0.93		3.71

								Any Household Pesticide		Any Household Pesticide		Any Household Pesticide		Any OP pesticides		Any Household Pesticide		Organophosphates		Any Household Pesticide		Organothiophosphate

								Never/Rare Use		Frequent Use		Never/Rare Use		Frequent Use		Never/Rare Use		Frequent Use		Never/Rare Use		Frequent Use

						PON1 192RR +192QR		1.00		1.41		1.00		1.03		1.00		1.26		1.00		0.93

						PON1 192QQ		1.09		1.96		1.09		2.62		1.09		2.51		1.09		3.71

								(ref.)		(0.90-2.21)		(ref.)		(0.58-1.82)		(ref.)		(0.68-2.33)		(ref.)		(0.41-2.10)

								(0.72-1.65)		(1.23-3.11)		(0.72-1.65)		(1.42-4.83)		(0.72-1.66)		(1.28-4.94)		(0.72-1.66)		(1.42-9.68)





		Any Pesticide		0.45		0.34

		Any OP Pesticide		0.7		0.5

		Organophosphate		0.79		0.54

		Organothiophosphate		1.28		0.78

		Chlorpyrifos		4.51		1.7

		Diazinon		1.3		0.71



Odds Ratio

Odds Ratio

1.47

1.71

1.72

1.95

2.73

1.58



		Any Pesticide		Any Pesticide		Any Pesticide		0.45		0.34		0.43		0.33		0.45		0.34

		Any OP Pesticide		Any OP Pesticide		Any OP Pesticide		0.7		0.5		0.66		0.47		0.71		0.5

		Organophosphate		Organophosphate		Organophosphate		0.79		0.54		0.73		0.5		0.8		0.54

		Organothiophosphate		Organothiophosphate		Organothiophosphate		1.28		0.78		1.3		0.78		1.39		0.82



Original Model

Additionally adjusted for ambient pesticide exposures

Additionally adjusted for Job Exposure Matrix derived exposure to any pesticide

Odds Ratio

1.47

1.41

1.45

1.71

1.59

1.69

1.72

1.57

1.7

1.95

1.95
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		Never/Rare Use		Never/Rare Use

		Frequent Use		Frequent Use



PON1 192RR +192QR

PON1 192QQ

Any Household Pesticide

Odds Ratio

1.00
(ref.)

1.41
(0.90-2.21)

1.09
(0.72-1.65)

1.96
(1.23-3.11)

1

1.09

1.41

1.96



		Never/Rare Use
Any Household Pesticide		Never/Rare Use
Any Household Pesticide

		Frequent Use
Any OP pesticides		Frequent Use
Any OP pesticides



Odds Ratio

1.00
(ref.)

1.03
(0.58-1.82)

1.09 
(0.72-1.65)

2.62
(1.42-4.83)

1

1.09

1.03

2.62



		Never/Rare Use
Any Household Pesticide		Never/Rare Use
Any Household Pesticide

		Frequent Use
Organophosphates		Frequent Use
Organophosphates



Odds Ratio

1.00
(ref.)

1.26
(0.72-1.66)

1.09
(0.72-1.66)

2.51
(1.28-4.94)

1

1.09

1.26

2.51



		Never/Rare Use
Any Household Pesticide		Never/Rare Use
Any Household Pesticide

		Frequent Use
Organothiophosphate		Frequent Use
Organothiophosphate



Odds Ratio

1.00
(ref.)

0.93
(0.41-2.10)

1.09
(0.72-1.66)

3.71
(1.42-9.68)

1

1.09

0.93

3.71



		

				Table 3. Interaction between NOS1 rs2682826 and pesticide exposure

						Homozygous Wild Type (CC)														Variant Carrier (CT+TT)

				Pesticide Exposure		Cases		Controls		Unadj OR		Adj ORa		(95% CI)		P-value				Cases		Controls		Unadj OR		Adj ORa		(95% CI)		P-value

																																				CC		CT+TT				CC		CT+TT

				Any Household Pesticide Use																																Adjusted OR (95%CI)		Adjusted OR (95%CI)				Adjusted OR (95%CI)		Adjusted OR (95%CI)

				Never Use/Rare Use		110		141		1.00		1.00								96		151		0.81		0.83		(0.58-1.20)		0.32				Never/Rare Use		1.00		0.83 (0.57-1.20)		None/Low		1.00		1.09 (0.72-1.65)

				Frequent Useb		68		89		0.98		1.02		(0.68-1.55)		0.91				82		72		1.46		1.54		(1.02-2.33)		0.04				Frequent Use		1.09 (0.65-1.82)		2.37 (1.34-4.18)		Medium		1.35 (0.84-2.04)		1.19 (0.75-1.87)

				OR (95%) for interaction																				1.83		1.81		(1.01-3.24)		0.05				Interaction OR				2.63 (1.23-5.63)		High		2.22 (1.24-3.96)		3.25 (1.73-6.10)

																																								Interaction OR1				0.83 (0.44-1.56)

				Any HPU Organophosphorus (OP) pesticide use																																				Interaction OR2				1.34 (0.58-3.12

				Never Use/Rare Use		110		141		1.00		1.00								96		151		0.81		0.83		(0.57-1.20)		0.32

				Frequent Use		36		47		0.98		1.09		(0.65-1.82)		0.76				45		25		2.31		2.37		(1.34-4.18)		0.003

				OR (95%) for interaction																				2.88		2.63		(1.23-5.63)		0.01

				GRAPES OP Exposurec

				None/Low (0-2 OPs)		73		122		1.00		1.00								80		124		1.08		1.09		(0.72-1.65)		0.67

				Medium (3-13 OPs)		64		81		1.32		1.31		(0.84-2.04)		0.24				57		81		1.18		1.19		(0.75-1.87)		0.46

				High (>13OPs)		41		28		2.45		2.22		(1.24-3.96)		0.01				41		19		3.61		3.25		(1.73-6.10)		0.00

				OR1 (95%) for interaction																				0.83		0.83		(0.44-1.56)		0.57

				OR2 (95%) for interaction																				1.37		1.34		(0.58-3.12)		0.50

				aAdjusted for age(continuous),sex, ever-smoked, and minority status.

				bShilpa weighted scheme

				cAmbient pesticide exposure, counting total number of OPs exposed to at both occupation and residence from 1974-1999

				NOS1 rs2682826 and pesticide exposure

						Homozygous Wildtype (CC)				Variant Carrier (CT+TT)

						No. case/control		Adjusteda OR (95%CI)		No. case/control		Adjusteda OR (95%CI)

				Any Household Pesticide Exposure

				Never/Rare Use		110/141		1.00		96/151		0.83 (0.58-1.20)

				Frequent Use		68/89		1.02 (0.68-1.55)		82/72		1.54 (1.02-2.33)

				Interaction OR								1.81 (1.01-3.24)

				Household OP Exposure

				Never/Rare Use		110/141		1.00		96/151		0.83 (0.57-1.20)

				Frequent Use		36/47		1.09 (0.65-1.82)		45/25		2.37 (1.34-4.18)

				Interaction OR								2.63 (1.23-5.63)

				Ambient OP Exposure

				None/Low		73/122		1.00		80/124		1.09 (0.72-1.65)

				Medium		64/81		1.35 (0.84-2.04)		57/81		1.19 (0.75-1.87)

				High		41/28		2.22 (1.24-3.96)		41/19		3.25 (1.73-6.10)

				Interaction OR1								0.83 (0.44-1.56)

				Interaction OR2								1.34 (0.58-3.12

				aAdjusted for age(continuous),sex, ever-smoked, and minority status.

						Homozygous Wildtype (CC)				Variant Carrier (CT+TT)

						No. case/control		Adjusteda OR (95%CI)		No. case/control		Adjusteda OR (95%CI)

				Never/Rare Use		110/141		1.00		96/151		0.83 (0.58-1.20)

				Frequent Use		68/89		1.02 (0.68-1.55)		82/72		1.54 (1.02-2.33)

				Interaction OR								1.81 (1.01-3.24)

						Homozygous Wildtype (CC)				Variant Carrier (CT+TT)

				Household OP Exposure

				Never/Rare Use		110/141		1.00		96/151		0.83 (0.57-1.20)

				Frequent Use		36/47		1.09 (0.65-1.82)		45/25		2.37 (1.34-4.18)

				Interaction OR								2.63 (1.23-5.63)

				Ambient OP Exposure

				None/Low		73/122		1.00		80/124		1.09 (0.72-1.65)

				Medium		64/81		1.35 (0.84-2.04)		57/81		1.19 (0.75-1.87)

				High		41/28		2.22 (1.24-3.96)		41/19		3.25 (1.73-6.10)

				Interaction OR1								0.83 (0.44-1.56)

				Interaction OR2								1.34 (0.58-3.12





		

				Paraquat & maneb exposure (1974-99) at residences and PD

						0		1		2+

				Zero/Low		1		0.98		1.3

				High		0.88		2.99		4.53

																				MB/PQ Exposure		# of Risk Alleles

																						0		1		2+

																				Zero/Low		ref		0.98 (0.63-1.52)		1.30 (0.85-2.00)

																				High		0.88 (0.22-3.48)		2.99 (0.88-10.21)		4.53 (1.70-12.09)

																						Any Household Pesticide				Household OP Pesticides				Ambient OP Exposure

																						Never/Rare Use		Frequent Use		Never/Rare Use		Frequent Use		None/Low

																				CC		1.00		1.02 (0.68-1.55)		1.00		1.09 (0.65-1.82)		1.00

																				CT+TT		0.83 (0.58-1.20)		1.54 (1.02-2.33)		0.83 (0.57-1.20)		2.37 (1.34-4.18)		1.09 (0.72-1.65)

																				Interaction OR1		1.81 (1.01-3.24)				2.63 (1.23-5.63)

																				Interaction OR2
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Gene X Environment Interactions
Organophosphate pesticides
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10- to 40-fold inherited differences in PON1 enzyme
activity in serum - 2 common polymorphisms in the

PON1 gene contribute to this difference

A

OPs are detoxified by the

paraoxonase (PON1) activity of
the PON1 hydrolyzing enzyme
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Organophosphates
(paraoxon, diazoxon)

Intermediate
metabolizer

Poor metabolizer
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Hydrolysis of
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Cyclic esters
(homocysteine thiolactones)

Ultra-rapid
metabolizer

PON1 - 55-LL 55-LM 55-MM
genotypes

b
192-QQ 156+60 |11.2+50(6.35+1.50 )
192-QR 181+77 [143+28 |-
192-RR 220+94 [164+00 |-

PON1 serum activities for diazoxon (50 mM) by genetic polymorphism: M35L

and Q192R [O'Leary et al 2006]

Metabolism Rate




PD Risk by PON1 Metabolizers Status & OP-Pesticide Exposure

(genetic variants PON1L55M & PON1Q192R)

Ambient OP exposure at residences and workplaces Household OP Pesticide Use
4.00 4
] 3.50
I 3.00 - PON1
~ PONf 2 550 - fa289
.. = 2.50 Slow
-Metabolizing & i
~ Capacity 2 2901
flow -8 1.50 1 2.62
Zero —— // med... W T e e - eepseroressoy e
Exposure Low/H|gh Zero o high ) (1.42-4.83)
| P Exposure Exposure Low/High Zero 050 - 1.00 1.09 1.03
Diazinon | Exposure Exposure Low/High (ref.) (0.72-165) (0.58-1.82)
Chlorpyrifos Exposure 0.00 -
Parathion | Never Use/Rare Use of Frequent Use of
ANY household pesticides any OP pesticides
International Journal of Epidemiology 2013;1-10
doi:10.1093/ije/dyt170
Functional paraoxonase 1 variants modify the risk of Parkinson's Household organophosphorus pesticide use

disease due to organophosphate exposure d Ki < di
Pei-Chen Lee P, Shannon L. Rhodes 2, Janet S. Sinsheimer ¢, Jeff Bronstein 9, Beate Ritz *9-* an Par Inson's disease
Shilpa Narayan,' Zeyan Liew,' Kimberly Paul,' Pei-Chen Lee,' Janet § Sinsheimer,’

Environment International 56 (2013) 42-47 Jeff M Bronstein® and Beate Ritz!*



Environment International 107 (2017) 75-81

Organophosphate pesticides and PON1 L55M in Parkinson's disease O PS i nte ra Ct W It h PON_Z (55MM) to

progression

Kimberly C. Paul”, Janet S. Sinsheimer™, Myles Cockburn’, Jeff M. Bronstein®, Yvette Bordelon®, : : M °
Beae R speead up cognitive deciine In

Repeated measure model predicting change in MMSE score (0-30) over time (age in years)

4 Decline in cognition (mean
-3.38 pts MMSE score) over 5 years
Characteristic Outcome 1: 3.5 P
MMSE .
B coefficient 95% (1 P value 25 -
Age ~ 0.27 (—0.39, —0.15) < 0.0001 2
High OP exposure » age — 0.06 (—0.11, —0.01) 0.037 15 -1.35 pts
Slower PON1 metabolizer # age 0.005 (— 0.04, 0.05) 0.836
High OP exposure — 0.09 (- 0.61, 043) 0730 1-
Slower PON1 metabolizer - 0.38 (— 0,95, 0.19) 0.190
High OP exposure » sower PON1 metabolizer (— 243, —0.09) 0.036 0.5 7
0 -
High OP Exposure, No/Low OP
Slow PON1 exposure, Normal
Metabolizer PON1 Metabolizer

Abbreviations MMSE = Mini-Mental State Exam; UPDRS = Unified Parkinson's Disease Rating Scale; GDS = Geriatric Depression Scale.
Models also controlled for age at PD diagnosis, age + age at PD diagnosis, sex. European ancestry, years of schooling, and age + years of schooling,



Environmental Research 160 (2018) 132-139

Contents lists available at ScienceDirect
environmental

. Environmental Research -

_ SE _.f.k journal homepage: www.elsevier.com/locate/envres v O PS a re re | ated to Cog n itive Decl i n e &

Cognitive decline, mortality, and organophosphorus exposure in aging ) Al VA h e I m e I d e m e N t I a I N e | d e I | y H I S p a N I CS
exican Americans e

. (SALSA cohort)

Kimberly C. Paul®, Chenxiao Ling®, Anne Lee”, Tu My ToP, Myles Cockburn®, Mary Haan™!,
Beate Ritz>% "

Organophosphate Pesticide Use in Sacramento Area, 1993-1998

Table 2
Regression coefficients (longitudinal models: log (errors on Modified Mini Mental State Exam)) and ha
and time to dementia/CIND and mortality.

Placer

Parameters Exposure Assessment 1: OP Count, continuous
(per 1 unit, range 0-9)

Longitudinal Model [ 95% CI P-value
OP Exposure —0.020 (—0.047, 0.007) 0.163
P B et Time (y) 0.064 (0.046, 0.082) < .0001
a0 | OP Exposure x time 0.006 (0.0001, 0.012) 0.030 |
0.63 - 1.06 Cox Models <Time to Event HR 95% CI P-value
M 7 -5.20 Time to Dementia/CIND 1.09 (0.94, 1.25) 0.260

| B
: Time to Death 1.12 (1.03, 1.21) 0.006




Measure Methylation Changes after long term OP exposures

PEG Population-Based Study with 839 samples

i -'g

- k Ambient Organophosphate Pesticide
SN Exposure Assessment

-

. ' OP Epigenetic Profile (EWAS):
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Gene Set
Overrepresentation 70 CpGs (EWAS p<10e-07)
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NNV -
Measurement Analysis 1077 CpGs (EWAS p<5e-04)
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— DNA methylation
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Pathway Analysis: Pesticide Exposure Metabolomics

[ Aminosugars 1
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. y degradation I Glyphosates
were included | Fatty acd actvtion
| Alanine and Aspartate I Purine l Vitamin E
e Adjusted p-value <=
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Visualization: Cytoscape
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Genetic variation in many biologic pathways influence susceptibility to exposure from

pesticides and increase the risk of developing neurodegenerative diseases

Dopamine
transporter
Paraquat and DAT

Organophosphates Aromatic esters Cyclic esters.

romatic Y
(paraoxon, diazoxon ( phenylacetate) (homocysteine thiolactones,

Pesticide

Metabolism
Paraoxonase (PON7)
metabolizes OPs

)

DNA Repair

Base Excision Repair
(APEX1, OGGT1) and
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Immune Function
HLA-DRA variant in MHC-II
locus and pyrethroids
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Stronger . . :

neurotoxi- | DA, heurotox UPS inhibition Immune Mitochondrial DNA
city of transport Fungicides & ALDH2 response damage

pesticides Bronstein lab UCLA Tansey lab Emory U || Greenamyre lab- Pittsburgh

OPs Paraquat &
&PON1

Much of this work would not ha\\/é ﬁappened without a multidisciplinary Center
for Neurodegeneration funded by NIEHS



Current Work: Exposomic pesticide approach meets iPS cell lines

PEG study
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Current Work: Exposomic approach to pesticide in PD

Pesticide Biologic Enrichment:
Single Chemical & PD-Associated Chemical Set

Pesticide Feature Selection

Input: PEG Data Comparative Toxicogenomic Tox21 Assays
GRAPES Pesticide Data DB: Biological Enrichment:
720 chemicals 53 Pesticides in CTDB (Meta p- 45 Pesticides in Tox21 (Meta p-
. value<0.05) value<0.05)
1571 participants
Single Chemicals Single Chemicals
Pesticide Selection: Ao ated Tato

Unsupervised + supervised . Diseases: 4501 unigue diseases ( 713 /
28683) associated terms/records

. Chemical-gene interactions: 12,187

unigue gene symbols, 20154 ( 27630 )
. KEGG pathways: 1296 unigue pathways,
5702 (5702 )
. GO terms: 5024 unigue terms, 27705 (
27705)

PD Association: Chemical Set Enrichment

Meta p-value<0.05: 70
Meta p-value FDR<0.05: 36

6 enriched Tox21 activity assays (p <0.05):
Top: androstane receptor transcriptional factor
activity (Fold enrich=2.97, p=9e-5)

39 enriched GO terms (FDR < 0.05)

Chemical Set Enrichment Top: Progesterone biosynthetic process
(Fold enrichment=21.3, FDR=6e-5)

228 total enriched terms (FDR < 0.05)

Orthogonal PCA

PD Association:

CTD Chem2Disease, 18 terms (PD fdr=0.02)

CTD Chem2Gene, 3 terms (ACHE, GSR, AR)

CTD Pathway, 10 terms (top cyto P450)

Tox21 active, 2 terms (AR, AhR)

Toxin Targets (genes), 25 terms (top ACHE,
PLAUR, CYP2B6)

ToxCast active, 55 assays

TDB

*of 70, 62 matched to CAS RN, 53 found in CTDN,
45 in Tox21



A strong scientific story is important for
regulatory standard setting and public policy




Generate human effect data
systematically -
Regulate Pesticides like
Pharmaceuticals
“Pesticidovigilance”

INSIGHTS

How pharmaceuticals and pesticides are regulated

During early stages of discovery and testing, pharmaceuticals and pesticides are regulated in a similar way,
but in the later stages and after approval, pharmaceuticals are monitored far more effectively.

PHARMACEUTICALS PESTICIDES
Substance discovery  Search for and synthesize molecules, perform biological tests and screening to determine
and development biological activity; determine commercial prospects (e.g., potential for patents).

Preclinical and

Conduct safety, efficacy, and toxicological tests using in vitro and in vivo laboratory trials

prefield testing and computer modeling. PERSPECTIVES
Clinical and field Test effectiveness, determine safety, and Test effectiveness, toxicology, fate, and £
testing identify side effects using three levels of behavior in the environment using laboratory e e T S e
trials [phase 1 (firstin human),2,.and3] ~ and field trials. No equivalent to the phased BRIDGE = MEDICINES AND PESTICID e
with increasing patient numbers, trials used in pharmaceutical testing. S > -8 egulation and monitoring of pharmaceu-
Toward pesticidovigilance g gl L

Registration and

Submit development study results on efficacy, effectiveness, safety, toxicology, fate, and

Can lessons from pharmaceutical monitoring help to

some intriguing parallels with pesticides.
Society depends on pesticides in a similar

approval behavior to regulatory body for license approval. o e

- - - |m rove S[i l 5 I inn? way to how it relies on anti 1|0t|t‘:i._ oth

Postapproval Once licensed, the substance canbeusedin -~ Once licensed, the substance can be used prove pesticide regulat hﬂ"el‘ hf?;\ mﬂnll"aﬂ]“?d Iﬂ“d 5“"":0" to

. . y . . market demand with little care taken to

ITIarl.(Etll:lg. use, and acoolrdance withthe product label. Loqg term in aq:or@ance with the pr{.)dua |a.b9| (MRL By Alice M. Milner' and Ian L. Boyd* | secales, pesticides can harm the environment | consider whether this is sensible. Both are
monitoring monitoring starts (phase 4) to determine monitoring checks compliance with product | (1), but there is a trade-off between this ef- | often used prophylactically or as therapies o

unexpected effects in different categories of
people and the population more generally
(using national and global reporting systems
and pharmacovigilance regulations).

label to protect human health). Ad hoc
reporting of incidents or effects. No post-
approval or long-term monitoring of effects
and no equivalent to pharmacovigilance.



PASIDA
Danish Parkinson’s Disease Study and Air Pollution

Funded by NIEHS - ES013717
B Ritz, UCLA
Pei Chen Lee, Taipei

Ole Raaschou-Nielsen, o
Jorgen Olsen, Johnni Hansen, Christina
Funch Lassen, Mette Sgrensen,

Danish Cancer Society

Matthias Ketzel , EHS Roskilde Denmark

Lene Wermuth, Odense University
Hospital




Inhalation Tox Animal Model Translocation of Inhaled
Ultrafine Particles to the Brain

Oberdoerster et al. 2004

Hald & Lotharius. Exp Neurol 193(2):279-90

LPS MPTP, METH, 6-OHDA

Insoluble nano-size 13C access brain
via olfactory nerve
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Air Pollution Modelling in PASIDA

DMU-ATMI THOR Air Pollution Forecast for 12/11 2002, 12 UTC
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Traffic generated air pollution exposure based on geocoded addresses
starting in 1971:

Sum of:

1.

local air pollution from street traffic, calculated from traffic
intensity and type, emission factors for the car fleet, street and
building geometry and meteorology;

urban background, calculated from data on urban vehicle
emission density, city dimensions and building heights;

regional background, estimated from trends at rural monitoring
stations and from national vehicle emissions.



Traffic Related Air Pollution and PD Risk

5- . 3
| Odds Ratio per NO, IQR increase Cases/ctrls aOR (95% ClI)
d All - NO; (ug/m3)* | 1696/1800 1.09 (1.03-1.16)
o g
e VA Copenhagen and
o« yd 349/473 1.16 (1.05-1.27)
“ S Suburbs
e S
o’ T Provincial cities | 926/903 1.16 (1.05 — 1.29)
I/ — OR Countryside |  367/373 0.99 (0.83 - 1.19)
K 95% Cl
ol *per 1 1QR (2.97 pg/m3) increase
3 ¢ 5 & 7 8 3 W 1 17 B W 1B Adjusted for: for age at first cardinal symptom, gender, education, smoking status (never,

ex-smoker, current smoker), pack-years of smoking, family history of PD, year of birth, and
job history
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Traffic Air Pollution: Incident PD and Inflammatory Gene Variants in PASIDA

Hallmarks of chronic inflammation in PD / —
4.00 T

* marked increase of cytokines (tumor /___—————————_ |
necrosis factor a (TNFa) and 100 |

interleukin-1 (IL-1beta)) found in brain B

and CSF of Parkinson’s patients

2.00 -

—
/" high NO2
//

IL1B AA

1.00 -

IL1B GG+GA

Logistic regression model adjusted for age at first cardinal symptom , gender, education, smoking status (never,
ex-smoker, current smoker), pack-years of smoking, family history of PD, and year of birth, and job history



Standard Setting for Neurotoxic
Environmental Exposures and
Public Policy are Needed to
Reduce Neurodegenerative
Diseases in Aging Populations




Many Thanks to our Funders

Individual donations to our program
from Parkinson’s patients and their
families

National Institute of Environmental Health Sciences
Your Environment. Your Health.

THE MICHAEL ). FOX FOUNDATION
FOR PARKINSON’S RESEARCH

PARKINSONALLIANCE
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Strength in optimism. Hope in progress.
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