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Why neurodegeneration?

Aging may constitute a heightened state of vulnerability to 
neurotoxic agents

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

• 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 

Ambient PM2.5

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 



Pesticides, why we should 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) 



Pesticides linked to PD onset

Brown et al, 2006

Meta-analyses (Priyadarshi et al, 2000, 2001):

Pesticide exposure (study n=19)
Odds Ratio (OR)= 1.9 (1.5 – 2.5)

Rural living (study n=16)
OR = 1.6 (1.2 – 2.1)

Farming (study n=18)
OR = 1.4 (1.1 – 1.9)



Parkinson's, Environment 
and Gene Study (PEG)
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 newly diagnosed cases; were clinically 
evaluated by UCLA movement disorder neurologist 
1-5 times over a 14-year period (Jan 2001- 2015)

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

• Biosamples:
• blood: DNA, RNA, plasma, serum,
• saliva
• urine
• feces 



California Agricultural 
Pesticide Use Reports  
since 1974

Data provided per 1 square mile 
land section

• County: Kern
• Location: 15M28S27E19
• Application date: 2/23/1989
• Commodity: 2503 (Grapes)
• Method: Ground
• Treated: 424 acres
• Product applied: 155 gallons
• Chemical: 00459 (Parathion)
• Percentage: 80%
• Active Ingredient Pounds: 1,241



California Agricultural Pesticide Use 
Reporting  (PUR) exists since 1974

Data provided per 1 square mile land section
• County: Kern
• Location: 15M28S27E19
• Application date: 2/23/1989
• Commodity: 2503 (Grapes)
• Method: Ground
• Treated: 424 acres
• Product applied: 155 gallons
• Chemical: 00459 (Parathion)
• Percentage: 80%
• Active Ingredient Pounds: 1,241

Paraquat Maneb
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Paraquat & Maneb: 
residential address 

occupational address 

Paraquat and Parkinson’s disease

Animal Co-Exposure to 
paraquat & maneb



Gene x Environment Interactions
Paraquat Herbicide

GxE



DAT1 gene variants increase PD susceptibility with 
paraquat/maneb pesticide exposures:

First independent replication of a GxE interaction in PD

Unexposed
Exposed

1

2

3

4

5

6

0 1 2+

O
dd

s 
R

at
io

# of Risk Alleles

Kelada et al.  HMG 2006
Ritz et al. EHP 2009


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
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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





		



Zero/Low

High

# of Risk Alleles

Odds Ratio





Gene x Environment Interactions 
Organophosphate pesticides 

GxE



OPs are detoxified by the 
paraoxonase (PON1) activity of 
the PON1 hydrolyzing enzyme



PD Risk by PON1 Metabolizers Status & OP-Pesticide Exposure 
(genetic variants PON1L55M  & PON1Q192R) 

high

med…
low1

1.5

2

2.5

3

3.5

  Zero
Exposure Low/High

Exposure   Zero
Exposure Low/High

Exposure   Zero
Exposure Low/High

Exposure
  Diazinon

 Chlorpyrifos
  Parathion

PON1 
Metabolizing 

Capacity

PD risk

Ambient OP exposure at residences and workplaces



OPs interact with PON1 (55MM) to 
speed up cognitive decline in PD

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

Decline in cognition (mean 
MMSE score) over 5 years -3.38 pts

-1.35 pts



OPs are related to Cognitive Decline & 
Alzheimer dementia in elderly Hispanics 

(SALSA cohort)



Blood or saliva based 
genome-wide DNA 

Methylation for 839 study 
participants

Ambient Organophosphate Pesticide 
Exposure Assessment

Epigenetic Changes

Mod

Me

Noncoding RNAs

Exposure Related 
Alterations

Histone modificationsMod

DNA methylationMe

Measurement Analysis

OP Epigenetic Profile (EWAS):
Differentially Methylated CpGs

Gene Set 
Overrepresentation 70 CpGs (EWAS p<10e-07)

Muscarinic 
acetylcholine receptor 
1&3 signaling pathway 

GABA-B receptor II signaling 

Endothelin signaling pathway

Nicotinic acetylcholine 
receptor signaling 

pathway 

1077 CpGs (EWAS p<5e-04)

Measure Methylation Changes after long term OP exposures 
PEG  Population-Based Study with 839 samples



Pathway Analysis: Pesticide Exposure Metabolomics

18

Annotation: xMSannotator, 
matched to HMDB, KEGG, 
and LipidMaps with a mass 
error threshold of 10 ppm

Pathway/Module analysis: 
• Mummichog. 

Features previously 
selected by PLS-DA 
were included

• Adjusted p-value <= 
0.05

Visualization: Cytoscape



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

Membrane transporter 
ABCB1

and OP & OC pesticides

Pesticide 
Metabolism

Paraoxonase (PON1) 
metabolizes OPs

DNA Repair 
Base Excision Repair 
(APEX1, OGG1) and 

paraquat

Immune Function 
HLA-DRA variant in MHC-II 

locus and pyrethroids

Dopamine Metabolism
ALDH1 variants and 

Dithiocarbamates (ALDH1 inhibitors)



UPS inhibition
Fungicides & ALDH2

Bronstein lab UCLA

Stronger 
neurotoxi-

city of 
pesticides

OPs 
&PON1

DA, neurotox 
transport

Paraquat & 
DAT

Mitochondrial  DNA 
damage

Greenamyre lab- Pittsburgh

Immune 
response

Tansey lab Emory U

Much of this work would not have happened without a multidisciplinary Center
for Neurodegeneration funded by NIEHS



(UCLA)
Genotyping (“G”)
(NGS Panel, Targeted 
Exome, GWAS)

(UCLA)
Toxicant 
exposure (“E”) KHURANA / Rubin (HMS/BWH)

α-Syn / GBA  carrier derived 
cells  IPS Cells: 
Survival assays under exposure

PEG study 2 3

4

“GxE”1

2 3

1

Current Work: Exposomic pesticide approach meets iPS cell lines



Current Work:  Exposomic approach to pesticide in PD



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



Generate human effect data 
systematically -

Regulate Pesticides like 
Pharmaceuticals

“Pesticidovigilance”



PASIDA
Danish Parkinson’s Disease Study and Air Pollution

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

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

lung

olfactory

brain

Insoluble nano-size 13C access brain 
via olfactory nerve

Neuron-microglia activation in 
Parkinson’s

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



Air Pollution Modelling in PASIDA

picture from AARHUS University, Thor Air pollution modeling

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; 

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

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



Cases/ctrls aOR (95% CI)

All - NO2 (µg/m3)* 1696/1800 1.09 (1.03 – 1.16)

Copenhagen and 
Suburbs 349/473 1.16 (1.05 – 1.27)

Provincial cities 926/903 1.16 (1.05 – 1.29)

Countryside 367/373 0.99 (0.83 – 1.19)

Traffic Related Air Pollution and PD Risk

Odds Ratio per NO2 IQR increase

NO2 IQR

O
dd

s R
at

io

OR
95% CI

*per 1 IQR (2.97 µg/m3) increase
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



Traffic Air Pollution: Incident PD and Inflammatory Gene Variants in PASIDA

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

IL1B AA

Hallmarks of chronic inflammation in PD

• marked increase of cytokines (tumor 
necrosis factor α (TNFα) and 
interleukin-1 (IL-1beta)) found in brain 
and CSF of Parkinson’s patients

 low NO2

high NO2

1.00

2.00

3.00

4.00

IL1B GG+GA



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
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