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GENETIC FACTORS AND AD

Genome-wide Analys

is of Genetic Loci
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Context Cenome-wide associaton studies (SWAS) have recently identified CE L
FrCAap s, and CRT as novel genes for late-onset Alzheimer dissase (AL

Ohbhjectives To identify and strengthen additonal oo associated with AD and
canfinm these in an independent sample and to examine the contributson of recently
dentified genes to AD risk prediction in 2 3-stage analysis of new and previoushy pub-
lished GWAS on more than 35 000 persons (B371 AD cases).

Design, Setting, and Participants n stage 1, we identfied strong genstc asso-
ciations (F-10-7 in a2 sample of 3006 AD cases and 14 642 controls by combining
new data from the popuelation-based Cohorts for Heart and Aging Ressarch in Ge-
nomic Epidemiology consortium (13267 AD cases [973 incident]) with previowsly re-
parted results from the Translational Senomics Reseanch Institute and the AMayo AL
Cweas We identified 2708 single-nucleatide palymorphisms (SMPS) with P=2107° In
stage 2, we pooled results for these SHPs weith the European AD Initiathve (20323 cacec
amd S532B controls] to identfy 28 SMPs {10 oo weth P=2100% In stage 3, we oomi-
bined datz for these 10 koo with datz from the Cenetic and Environmenial Risk in Al
cansartum {3333 cases and 85995 controks) to sdemtify 4 SMNPs weth S0 .7 =01 005 These
4 SRPs were replicated im a2n independent Spanish sample (1140 AD cases and 1205
caontrols). Sepome-wide assocation analyses werne completed in 2007-2008 and the
metz-analyses and replicatssn in 200608,

Main Outcomre Measure Fresence of Alrheimer d sease.

Results Two loc were dentified to hawe genome-wide s gnficance for the first time:
40373 negr ST (odds ato [(OR]1.13; 95% confidence interval [C0],106-1.21
perocopy of the minor alele; P=1.59x 107"} and rsS97 668 near EXOCIL2/GLOC155 S
AAARMSE (O, 1.18; 85% CI, 1407139 FP=aa4%=10 7). Associations of these 3 oo
plus the previowsly identified oo S0P and AACALAS with AD were confirmed in the
Spanish sample (P - 05). However, althowgh C0L and PACAL A weere confirmed to be
associated with AD in this independent sarmple, they did not improwve the zbility of 2
model that included age, sex, and APCHE to predict inddent AR mprovermsent in area
under the recewer aperating characteristic curve from CUB4F to 0 845 in the Rotter-
dam Study and 002 o O.705 in the Cardaowascular Health Studyl.

Concusions Two genetic oo for A0 wene found for the first time to reach genome-
wide statistical significance. Thess findings were repglicated in an independent popu-
lation. Twa recently reported associations were also confirmed. These boo dod neot omi-
prawe AD sk prediction. While not cinically wseful, they may implicate biologica
pathoscays wseful for future receanch.
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- EIMTORIAL Editorals represent the opintons
of the authors and JAMA and

not those of the Amercan Medical Assodation.

Reaching the Limits of Genome-wide

Significance in Alzheimer Disease
Back to the Environment

“Clearly researchers need to pay much more attention to environmental
risk and protective factors”
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Figure: Population attributable fractions for potentially modifiable risk factors in low-income and middle-income countries
*Our data for Latin America include the data for Cuba, Dominican Republic, Mexico, Peru, Puerto Rico, and Venezuela.
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ENVIRONMENTAL EXPOSURES AS FACTORS IN AD

Occupational risk factors in Alzheimer’s disease: a review
assessing the quality of published epidemiological studies

Miguel Santibafiez, Frandsco Bolumar, Ana M Garcia
Oteyp Environ Med 2007:64723-772. doi: 10,1136 /e, 2004 028309

= Epidemiclgical lierature on Alzbeimer’'s disease and
ccoupaticnal egposures is, in general, scaros.

® Some ogents hove received most of the aotention
[pesticides, sclwwents, elecromognetic Felds, lead and
aluminiuvm ), mosthy in cose—conirael studies.

= In genaml, results are consistent with an increased risk of
Alzbaimer’'s disease in relation to cooupational exposure
to pesticides.

Palicy im plicaticns

= Protection ond surveillonce of workers exposed to
pesticides should consider the potential risk of
Alzbaimer's disease.

» Further ressarch, and mostly follow-up stodies, con
provide more concdusive evidence abowut this associaticon
and other rizks from ccoupational exposures.
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Arch Neurol. 2009;66(7):870-875
ORIGINAL CONTRIBUTION

Elevated Serum Pesticide Levels
and Risk of Parkinson Disease

Jason R. Richardson, PhD; Stuart L. Shalat, ScD; Brian Buckley, PhD; Bozena Winnik, PhD;
Padraig O’Suilleabhain, MD; Ramon Diaz-Arrastia, MD, PhD;
Joan Reisch, PhD; Dwight C. German, PhD

25+
of the patients with PD. The most frequently detected pes- .
ticide was p,p’-DDE; it was detected in 36 of 50 patients 2] *
with PD (72%), in 37 of 43 controls (86%), and in all 20 * .
patients with AD. The levels of p,p’-DDE were not the same S| .
in the 3 study groups (Kruskal-Wallis H=21.31; P<.001), ] .
and nonparametric multiple comparison tests indicated that 5] ¢
the pesticide level was higher in the AD group (median, S . .
5.8 ng/mL; range, 1.29-20.74 ng/mL; mean [SEM], 7.1 [5.4] s : <
ng/mL) compared with the control group (median, 1.44 _E_ § §
ng/mL; range, 0.2-21.85 ng/mL; mean [SEM], 2.66 [4.0] —&- % v
ng/mL) and the PD group (median, 1.06 ng/mL; range, e B 0
0.05-18.56 ng/mL; mean [SEM], 2.4 [4.6] ng/mL), with
P<.05 for the 2 post hoc comparisons (Figure 1). s St D€ s ot i,

disease (AD). Black bars indicate the mean values; red bars, the median values.
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= Organochlorine insecticide

= Lipophilic P.O.P.

m Synthesized in 1850s

m Insecticidal Properties in 1930s
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1940-14972 Production Annual Banned @ Environmental
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1847 ~1.2%10° |lbs ~3.6x10" Ibs ~7%10% lbs 1872 < 30 years 6.91 150-300 ma/kg

Commercial DDT, a mixture of 1somers: e N ot Ao
p.p -DDT (77%)
o,p -DDT (15%) ‘-.
p.p -DDE & DDD (8%)

Insecticidal Mechanism of Action:

B
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Fig. 1. Postsynaptic responses recorded extracellularly from the abdom-
inal nerve cord of the cockroach as evoked by a presynaptic stimulus
applied to the cercal nerve. A, control. B, after application of 28 oM DDT.
Depolarizing after-potential of individual nerve fibers is greatly pro-

longed. From Yamasaki and Ishii (1952).
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Research

Original Investigation

Elevated Serum Pesticide Levels and Risk
for Alzheimer Disease

Jason R. Richardson, PhD; Ananya Roy, ScD: Stuart L. Shalat, ScD; Richard T. von Stein, PhD;
Muhammad M. Hossain, PhD; Brian Buckley, PhD; Marla Gearing, PhD:
Allan |. Levey, MD, PhD; Dwight C. German, PhD
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DDE LEVELS ARE 4X HIGHER IN AD SAMPLES

Figure 1. Serum Levels of Dichlorodiphenyldichloroethylene (DDE)
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Serum levels of DDE are elevated in Alzheimer disease (AD). Data were pooled
from University of Texas Southwestern Medical Center and Emory University.
Levels of DDE are significantly higher in patients with AD (mean [SEM]. 2.64
[O.25]) vs control participants (mean [SEM]. 0.69 [010]: P < .001).
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OR FOR AD DIAGNOSIS INCREASED IN TOP
TERTILE OF DDE LEVELS

Table 2. Odds of AD per Tertile of DDE Distribution

Serum DDE Level, ng/mq Cholesterol/Tertile of Distribution

Variable 0.09-0.26 0.27-1.64 1.66-18.75 PValue®

Odds (95% Cl) of AD diagnosis
(n=160)

Adjusted for age, sex, 1 [Reference] 0.70 (0.19-2.55) 4.18 (2.54-5.82) <001
race/ethnicity, and location

Adjusted for age, sex, 1 [Reference] 0.54 (0.13-2.18) 3.40 (1.70-6.82) <001
race/ethnicity, location,

and covariates®
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DDE LEVELS DIFFER BY RACE/ETHNICITY
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PESTICIDE LEVELS DIFFER BY
RACE/ETHNICITY
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| Quartile of metabolite l:nnuentmltnn:mql 0az mas mas |

WHT= Non-Hispanicwhite,; BLK=MNon-Hispanic black; Mex. Am.=Mexican American
g.p"-0DDT = p,p'-dichlorodiphenyltrichloroethane; p,p-DDE = p,p'- dichlorodiphenyldichloroethylene ; OXY = oxychlordane; HPE= heptachlor epoxide;
TNA = trans-nonachlor; BHC =B-hexachlorocyclohexan
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COGNITIVE DYSFUNCTION ASSOCIATED WITH
PESTICIDE EXPOSURE DIFFER BY
RACE/ETHNICITY

Mean change in DSST Score per
1 loge Serum Concentration (ng/g)

Effect (95 %
Metabolite n ci P-value
All Subjects”
p.p’-DDE 667 1.2 (-0.0, 2.5) 0.0524
p.p’-DDT 618 -2.2 (-4.0, -0.4) 0.0190
Oxychlordane 599 -1.5(-4.2, 1.3) 0.2827
Heptachlor epoxide 591 -1.9 (-3.6, -0.3) 0.0250
Trans-nonachlor 658 -1.3 (-4.0, 1.3) 0.3083
B-hexachlorocyclohexane 654 -0.6 (-1.7,0.4) 0.2230
Non-Hispanic White’
p.p’-DDE 396 1.3 (-0.2,2.7) 0.0824
p.p’-DDT 360 -1.8 (-4.2, 0.7) 0.1583
Oxychlordane 348 -1.4 (-4.5, 1.8) 0.3966
Heptachlor epoxide 345 -2.0 (-3.8,-0.1) 0.0339
Trans-nonachlor 392 -1.4 (-4.3,1.5) 0.3395
B-hexachlorocyclohexane 390 -0.7 (-1.9, 0.5) 0.2719
Non-Hispanic Black®”
p.p’-DDE 87 3.5 (-0.1,7.1) 0.0505
p.p’-DDT 79 -0.8 (-3.4,1.9) 0.5648
Oxychlordane 76 -1.9 (-7.2, 3.5) 0.4835
Heptachlor epoxide 74 -1.9(-5.5,1.7) 0.2863
Trans-nonachlor 85 -1.6 (-6.7, 3.5) 0.5313
B-hexachlorocyclohexane 84 -0.9 (-4.4, 2.5) 0.5947
Mexican American®
p.p’-DDE 142 -1.9 (-3.8, -0.1) 0.0358
p.p’-DDT 141 -3.3 (-5.5,-1.2) 0.0021
Oxychlordane 138 -0.4 (-4.7, 3.9) 0.8500
Heptachlor epoxide 135 -3.1 (-5.6, -0.5) 0.0168
Trans-nonachlor 140 0.5 (-4.0, 4.9) 0.8359
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APP proteolysis 2AB

Non-amyloidogenic Amyloidogenic

sAPFO
sAPPR
Presenilin 1 or 2  a =
Micastrin S e SR
ADAMS, PEN2 ﬂ Amyloid plaques
10 or 17 APH-1 AR /1
M NN D) G ApolipoproteinE
WK (ApoE)
‘g ~~~~~~~~~
“““ Neprilysin
: : : (NEP)
C8a3 AFP  APP 99 AICD
Nature Reviews Neuroscience 8, 499-509 (July 2007) Metzger, J. Neuropath Mol. Neurol, 1998
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DDT INCREASES APP AND AB
SECRETION

SHS3YSY Human Neuroblastoma Cells
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DDT INCREASES AMYLOID-RELATED GENE
EXPRESSION AND PROTEIN IN VIVO

A Hippocampus Frontal Cortex
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DDT INCREASES AB42 IN 3XTG MICE
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AD BRAIN TISSUE WITH HIGH DDE LEVELS
EXHIBIT INCREASED 4G8 STAINING IN THE
FRONTAL CORTEX

Low DDE (17.6 ng/qg) High DDE (43.7 ng/g)
Female 68 years old Female 56 years old
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GENE X ENVIRONMENT INTERACTIONS?

a b
# Gonotypa A # Ganotype A # Ganotype A
@ Genotype B ® Genoctype B ® Genotype B
g g g
2 g E
£ &
e
1 2 1 2 1 2
Ermvironment
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MNature Reviews | Genetics
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APOE GENOTYPE MODIFIES COGNITIVE
EFFECTS OF DDE IN AD

Table 3. APOE4 Polymorphism Modifies the Association Between DDE and MMSE Scores®

P Value for

MMSE B (95% ClI) PValue Interaction
Independent effects in main effects model

DDE (3rd tertile vs 1st tertile) -0.84 (-1.60 to -0.08) 03

APOE4 -3.56 (-4.59 t0 -2.54) <0001
Effect of DDE by APOE genotype-stratified model

APOE4 -1.70(-3.29 t0 -0.11) 04

APOE2/E3 -0.53 (-0.62 t0 -0.43) <0001 04
Interaction model

APOE4 -1.80(-2.30 o -1.28) <0001

APOE2/3 -1.75 (-3.40 to -0.11) 04
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DDT-APOE4 PRODUCES GREATER AB

Control
Tujl 488 nm AR 594 nm
Control
Tujl148B nm AR 594 nm
DDT
Tujl 488 nm APOE 584 nm
DDT

Tujl1 488 nm APOE 584 nm
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GENOTYPE-SPECIFIC IPSC TO STUDY
MECHANISMS

APP=Green 488 Map2=Red 592 Dapi=blue

DDT 500 nM

Control

DDE 500 nM

FLORIDA
F I U INTERNATIONAL
UNIVERSITY



RNASEQ ANALYSIS REVEALS APOE-DDT
INTERACTIONS ON COGNITION AND
CELLULAR SIGNALING

Male

APOE4 DDT vs APOE3 DDT e —

cell-cell signaling

7.853=1073
7.853x10°3
7.853x10°%

earning or memory 8.483=10°3
regulation of metal ion transport 8.483x10°F
D I d regulation of biological quality 1.039=102
own regu ate regulation of transmembrane transporter activity 1.118210°2
215 g regulation of ventricular cardiac muscle cell membrane rep... GO 1.182x10°2
regulation of cation channel activity GO 1.182=102
" membrane repclarization GO 1.182x102
ventricular cardiac muscle cell membrane repolarization GO 1.293=102
. regulation of cation transmembrane transport GO 1.293x102
124 chemical synaptic transmission GO 1.526=10°2
anterograde trans-synaptic signaling GO 1.526=102
- 104 synaptic signaling GO 1.526=1072
trans-synaptic signaling GO 1.526x102
i regulation of cardiac muscle cell membrane repolarization GO 1.526210°2
cardiac muscle cell action potential GO 1.526=102
regulation of ion transport GO 1.526210°2
B regulation of heart contraction GO 1.526x102
. positive regulation of epithelial cell migration GO: 1.615=102
4 regulation of ion transmembrane transgorter activity GO 1.615x10°2
regulation of cardiac muscle cell action potential GO, 1.709>x10°2
regulation of action potential 1.742x102
. cardiac muscle cell membrane repolarization 1.771=102
regulation of system process 1.809x102
renal system process 1.809=1072
regulation of membrane repolarization 2.212=102
503:x10°2
n of renal system process 2.593x10°2
modulation of chemical synaptic transmission 2.593x10°2
regulation of trans-synaptic signaling 593=102
( lation of ion = port 2.593x10°2
behavior 2.593x102
blood circulation 2.593x102
cellular process 2.593x102
heart contraction GO 2593102
circulatory system process GO
heart process GO
regulation of neuron projection development GO
phosphatidyicholine biosynthetic process GO=00
cation transport GO:000
regulation of membrane potential GO:004.
regulation of plasma membrane bounded cell projection or... GO::012
regulation of cell projection organization GO:003
regulation of blood circulation GO:190
action potential GO:000
negative regulation of cytokine secretion involved in immun.. GO:000
positive regulation of cell projection organization GO:003
operant conditioning GO:003
phosphate-containing compound metabolic process GO:000¢ 4966102
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Heterogeneous Disease Population

1

Patient Family History
Demographics

*Genetics (Early-

«Age Onset)
Sex *Shared
*Education Environment

mlmmlmw

Genetic
Screening

*Variants: APOE,
CLU, TREM2,
CD33, ABCAT. CR1,
and more from IGAP

Environmental Lifestyle Identification of Contributing
Exposure Questionnaire Risk Factors

Particulate Matter «Smoking,

*Pesticide Drinking, CVD
Exposure/ DDT *TBI

k4

Biomarker Modification of Biomarker Verification
Screen Risks Removal of Risks if possible

=Neurcimaging: *Remove
PET MRI re
*Serum =Alter lifestyle
Biomarkers

Personalized Therapeutic Intervention

/
\ /

APB Lowering

Identify subsets from the
heterogeneous population
which respond to specific

\ \'l a therapeutics

I Tau Mediated " Combination Inflammation Other Targets

based

Eid, Mhatre and Richardson, 2019 Pharmacol Ther in press
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FRAMEWORK USING DDT AS A MODEL

Genetic
—> Sequencing ] APOE4
Others?
Early
|dentification
Blood/CSF
Biomarkers
Removal of
- Prediction > DDT/DDE?
| Environmental :
Exposures ngh DDE BACEl
History N APP Inhibitor?
Measurements ¢ AB AB antibody?
Neuroimaging

Amyloid
Tau
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OVERALL CONCLUSIONS

Environmental Factors Play a Role in
Neurological Disease and Dysfunction

Interplay between Genetic Susceptibility and
Environment is Likely a Key Mechanism

Identification of Genetic Susceptibility and
Environmental Contributors may Lead to Early
Ildentification

Understanding Mechanisms May Lead to a
Personalized Approach to Prevention/Treatment
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