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BACKGROUND
Alzheimer’s Disease (AD) is a multifactorial disease in which metal/metalloid 

neurotoxicants are suspected modifiers of AD pathobiology. However, the molecular 

mechanisms underlying gene-by-environment (GxE) interactions during aging remain 

unclear, underscoring the importance of investigating the exposome in AD 

pathobiology. Thus, we hypothesize that arsenic (As), cadmium (Cd), and lead (Pb) 

exposures alter neural connections and their roles in cognition and disease, thereby 

potentiating AD pathogenesis in a toxicant-specific, neurodevelopment-sensitive, and 

age-dependent manner.
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METHODS
MODEL-AD humanized mouse models (B6J.hAPOE3.hAβ.hMAPT, 

B6J.hAPOE4.hAβ.hMAPT) were exposed to As, Cd, or Pb via drinking water at 

human-relevant concentrations (e.g., 20, 50, and 200 ppm, respectively). After 

exposure, we performed neuroimaging (PET/CT) to assess amyloid-β (Aβ) deposition 

and neuro-metabolism. Mice were euthanized, perfused, and tissues were harvested. 

Brains were hemisected for further analysis. Using covariance analysis and 

consensus clustering, we evaluated functional connectivity changes across AD 

stages by computing whole-brain entropy, degree distribution, nodal connection 

strength, and clustering coefficients from 18F-FDG images. Finally, we analyzed 18F-

FDG and 18F-AV45 separately for positive and negative regional correlations.

RESULTS

CONCLUSION
MODEL-AD mice exposed to metals/metalloids showed region-specific metabolic alterations in the brain and Aβ plaque deposition. 

These exposures revealed toxicant-specific neurometabolic alterations, enabling us to quantify and correlate them with similar disease 

signatures observed in human patients by assessing metabolic alterations in brain connectivity. Thus, investigating GxE interactions 

highlights the importance of integrating the exposome into the AD field and analyzing its progression with age.
.

Fig.1. Groups: A, 2 MODEL-AD strains 

(B6.APOE4.hAβ.hMAPT, 

B6.APOE3.hAβ.hMAPT) were exposed to Pb, 

Cd, As, or unspiked (control) drinking water at 

human-relevant toxicant doses during two 

clinically-relevant exposure windows: B, Group 

1 (developing brain: prenatal-to-early adult, 4 

m.o.); Group 2 (Brain maturity). All cohorts 

were evaluated for LOAD pathologies and 

phenotypes by MODEL-AD pipeline for 

cognition, frailty, neuroimaging, multi-omic 

analyses, hrMIMS brain mapping, and 

neuropathology for LOAD endpoints (ATN-V, 

NIA-AA framework, toxicant levels/distribution, 

and other LOAD-relevant metrics using a wide 

range of bioanalytical platforms.
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ASSESSMENT OF METAL/METALLOID EXPOSURE IN NEURO-METABOLIC 

FUNCTION AND Aβ DEPOSITION

METAL/METALLOID EXPOSURE IN NEURO-METABOLIC FUNCTION AND Aβ 

DEPOSITION ACROSS GENDER

Fig.3. Metal/Metalloid exposure causes gender-dependent neurometabolic dysregulation and Aβ deposition in B6.APOE3.hAβ.hMAPT mice. Bar graph illustrating the relative uptake of 18F-FDG (a glucose metabolic activity) (A) and 

female 18F-FDG stratified according to estrous cycle (B). 18F-AV45 (Amyloid β deposition) and female 18F-AV45, stratified by estrous cycle (C and D), by brain region in male and female mice. E. Degree distribution (number of connections), 

node density, clustering coefficients (number of sub-networks), positive and negative connection strengths. Blue bar = male mice, red = female. (F) Community ordered adjacency matrices of 18F-FDG PET for 4mo B6.APOE3.hAβ.hMAPT mice 

showed different numbers of modules depending on metal exposure and gender, suggesting that the brain reorganizes its metabolic networks in response to metal and metalloid exposure in a sex-dependent manner. Data with warmer colors 

show positive correlations, while cooler colors show negative correlations. Whole-network metabolic covariance analysis for 4mo B6.APOE3.hAβ.hMAPT mice derived from thresholded networks (p < 0.05). From the perspective of absolute 

path lengths, metal exposure increases the lengths of the shortest paths across all regions relative to controls, thereby reducing metabolic efficiency compared to control animals (G)

Fig.2. B6.APOE4.hAβ.hMAPT female mice exposed to Metal/Metalloid display hypometabolism, Aβ deposition, and reduced brain efficiency. Bar graph 

illustrating the relative uptake of 18F-FDG (a glucose analog representative of metabolic activity) (A) and 18F-AV45 (Amyloid β deposition) (B) by brain region. 

Although changes in tracer uptake can be quantified, this analytical approach is limited in its ability to identify specific cognitive regions that show significant 

alteration. C. Degree distribution (number of connections), node density, clustering coefficients (number of sub-networks), positive and negative connection 

strengths. (D) Community ordered adjacency matrices of 18F-FDG PET for 10mo B6.APOE4.hAβ.hMAPT female mice showed different numbers of modules 

depending on metal exposure. The As group showed a higher number of modules, while the Cd group showed a lower number. This suggests that the brain 

reorganizes its metabolic networks in response to exposure to metals and metalloids. Data with warmer colors show positive correlations, while cooler colors 

show negative correlations. Whole-network metabolic covariance analysis for 10mo B6.APOE4.hAβ.hMAPT female mice derived from thresholded networks (p < 

0.05). (E) From the perspective of absolute path lengths, metal exposure increases the lengths of the shortest paths across all regions relative to controls, 

thereby reducing metabolic efficiency compared to control animals (F). G Representative LA-ICP-TOF-MS analytical maps (MIMS) for As, Cd, Pb, and biometals.

V
IS

A
C

A

R
S

P
a

g
l

R
S

P
d

V
IS

rl

T
E

a

P
E

R
I

C
A

3

E
N

T

P
A

L
c

L
A

T

-10

0

10

20

1
8

F
-A

V
4

5
 P

E
T

/M
R

I
(A

β
 p

la
q

u
e
 -

 z
-s

co
re

)

Control As Cd Pb

***
**

** ** **

**

** ** * *

****

Brain Regions

S
S

p
-t

r

G
U

A
Id

A
Iv

V
IS

a

A
O

N

L
A

F
S

A
T

N

M
R

N

C
B

N

-15

-10

-5

0

5

10

Brain Regions

1
8

F
-F

D
G

 P
E

T
/M

R
I

(G
lu

c
o

s
e

 u
p

ta
k
e

 -
 z

-s
c
o

re
)

Control As Cd Pb

**
*

*** **

**

***

* *

*

*

*

***

***

***

* *

As Cd Pb

As Cd Pb

Relative to Control

As Cd Pb

A

B

C

Fe

Zn

Pb exposureCd exposureAs exposure

Pb

Cd

As

F
e

 c
o

n
c

e
n

tra
tio

n
 (p

p
m

)
Z

n
 c

o
n

c
e
n

tra
tio

n
 (p

p
m

)
P

b
 c

o
n

c
e
n

tra
tio

n
 (p

p
m

)
C

d
 c

o
n

c
e
n

tra
tio

n
 (p

p
m

)
A

s
 c

o
n

c
e
n

tra
tio

n
 (p

p
m

)

FS

S
S

p
-b

fd
_

b
ila

t

S
S

p
-t

r_
b

ila
t

V
IS

_
b

ila
t

R
S

P
a

g
l_

b
ila

t

R
S

P
d

_
b

ila
t

V
IS

a
_

b
ila

t

V
IS

rl
_

b
ila

t

M
O

B
_

b
ila

t

T
T

_
b

ila
t

C
O

A
_

b
ila

t

P
A

A
_

b
ila

t

P
A

_
b

ila
t

S
C

s
_

b
ila

t

M
R

N
_

b
ila

t

M
Y

-s
e

n
_

b
ila

t

-10

-5

0

5

10

15

Brain Regions

1
8

F
-A

V
4
5

 P
E

T
/M

R
I 

 S
U

V
R

(R
e

g
io

n
/W

h
o

le
  

B
ra

in
)

Control As Cd Pb

* *

*

** * * *

* * ***** *** *

S
S

p
-l
l_

b
ila

t

S
S

p
-t

r_
b

ila
t

A
U

D
_

b
ila

t

V
IS

_
b

ila
t

O
R

B
_

b
ila

t

A
Ip

_
b

ila
t

R
S

P
a

g
l_

b
ila

t

R
S

P
d

_
b

ila
t

R
S

P
v
_

b
ila

t

V
IS

a
_

b
ila

t

V
IS

rl
_

b
ila

t

T
E

a
_

b
ila

t

M
O

B
_

b
ila

t

D
P

_
b

ila
t

P
A

A
_

b
ila

t

C
A

2
_

b
ila

t

P
O

S
T

_
b

ila
t

P
R

E
_

b
ila

t

S
U

B
_

b
ila

t

H
A

T
A

_
b

ila
t

L
A

_
b

ila
t

P
A

_
b

ila
t

A
C

B
_

b
ila

t

C
E

A
_

b
ila

t

P
A

L
v
_

b
ila

t

P
A

L
m

_
b

ila
t

S
C

s
_

b
ila

t

M
B

s
ta

_
b

ila
t

V
S

_
b

ila
t

-10

-5

0

5

10

15

Brain Regions

1
8

F
-A

V
4
5

 P
E

T
/M

R
I 

 S
U

V
R

(R
e

g
io

n
/W

h
o

le
  

B
ra

in
)

Control As Cd Pb

*

*

*
* ** * ****

** *

** ** **** ** ****** ********* * * ** ****** ** *

As Cd Pb As Cd Pb

As Cd Pb As Cd Pb

S
S

p
-b

fd
_

b
ila

t

S
S

p
-l
l_

b
ila

t

S
S

p
-u

l_
b

ila
t

S
S

p
-t

r_
b

ila
t

V
IS

C
_

b
ila

t

V
IS

a
_

b
ila

t

V
IS

rl
_

b
ila

t

M
O

B
_

b
ila

t

A
O

B
_

b
ila

t

C
L

A
_

b
ila

t

H
A

T
A

_
b

ila
t

E
P

_
b

ila
t

B
M

A
_

b
ila

t

A
C

B
_

b
ila

t

F
S

_
b

ila
t

A
A

A
_

b
ila

t

C
E

A
_

b
ila

t

M
E

A
_

b
ila

t

P
A

L
v
_

b
ila

t

V
T

A
_

b
ila

t

C
U

N
_

b
ila

t

M
R

N
_

b
ila

t

R
N

_
b

ila
t

M
B

s
ta

_
b

ila
t

-20

-10

0

10

20

Brain Regions

1
8

F
-F

D
G

 P
E

T
/M

R
I 

 S
U

V
R

(R
e

g
io

n
/W

h
o

le
  

B
ra

in
)

Control As Cd Pb

*

*

*

* *

*
*

*

*

***** *

**

* *

***

*

*

* * **

* **

*

Male

S
S

p
-n

_
b

ila
t

S
S

p
-b

fd
_

b
ila

t

S
S

p
-l
l_

b
ila

t

S
S

p
-u

l_
b

ila
t

S
S

p
-t

r_
b

ila
t

S
S

p
-u

n
_

b
ila

t

S
S

s
_

b
ila

t

A
U

D
_

b
ila

t

A
Ip

_
b

ila
t

V
IS

a
_

b
ila

t

V
IS

rl
_

b
ila

t

P
E

R
I_

b
ila

t

E
C

T
_

b
ila

t

P
IR

_
b

ila
t

P
A

A
_

b
ila

t

D
G

_
b

ila
t

H
A

T
A

_
b

ila
t

C
L

A
_

b
ila

t

F
R

P
_

b
ila

t

P
V

R
_

b
ila

t

M
E

Z
_

b
ila

t

IC
_

b
ila

t

C
U

N
_

b
ila

t

M
O

p
_

b
ila

t

P
-m

o
t_

b
ila

t

M
Y

-s
e

n
_

b
ila

t

M
Y

-m
o

t_
b

ila
t

s
c
w

m
_

b
ila

t

e
p

s
_

b
ila

t

-20

-10

0

10

20

Brain Regions

1
8

F
-F

D
G

 P
E

T
/M

R
I 

 S
U

V
R

(R
e

g
io

n
/W

h
o

le
  

B
ra

in
)

Control As Cd Pb

***

*

**** * *

* *** * *** * ** ******* * ***** *

FemaleA
B

D
C

AsControl

Cd Pb

D E GF

E

F G

S
S

p
-u

l_
b

ila
t

V
IS

C
_

b
ila

t

A
Ip

_
b

ila
t

V
IS

rl
_

b
ila

t

T
E

a
_

b
ila

t

P
E

R
I_

b
ila

t

C
O

A
_

b
ila

t

E
N

T
_

b
ila

t

B
M

A
_

b
ila

t

P
A

_
b

ila
t

F
R

P
_

b
ila

t

A
T

N
_

b
ila

t

M
E

D
_

b
ila

t

IL
M

_
b

ila
t

P
V

Z
_

b
ila

t

M
E

Z
_

b
ila

t

IC
_

b
ila

t

M
O

p
_

b
ila

t

M
O

s
_

b
ila

t

-20

-10

0

10

20

Brain Regions

1
8

F
-F

D
G

 P
E

T
/M

R
I 

 S
U

V
R

(R
e

g
io

n
/W

h
o

le
  

B
ra

in
)

Control As Cd Pb

*

*

*** * * * ** * ** *

* *

* * *** **** ***

Female - Proestrus/Estrus

S
S

s
_

b
ila

t

T
R

_
b

ila
t

D
G

_
b

ila
t

E
P

_
b

ila
t

L
A

_
b

ila
t

B
L

A
_

b
ila

t

A
T

N
_

b
ila

t

E
P

I_
b

ila
t

c
b

f_
b

ila
t

m
fb

s
_

b
ila

t

-20

-10

0

10

20

Brain Regions

1
8

F
-F

D
G

 P
E

T
/M

R
I 

 S
U

V
R

(R
e

g
io

n
/W

h
o

le
  

B
ra

in
)

Control As Cd Pb

*** * * * * * * * * *

Female - Metestrus/Diestrus

S
S

p
-n

_
b

ila
t

S
S

p
-b

fd
_

b
ila

t

S
S

p
-t

r_
b

ila
t

V
IS

C
_

b
ila

t

V
IS

a
_

b
ila

t

V
IS

rl
_

b
ila

t

C
A

3
_

b
ila

t

C
E

A
_

b
ila

t

A
T

N
_

b
ila

t

R
T

_
b

ila
t

M
E

Z
_

b
ila

t

IC
_

b
ila

t

C
B

X
_

b
ila

t

e
p

s
_

b
ila

t

-15

-10

-5

0

5

10

15

Brain Regions

1
8

F
-A

V
4
5

 P
E

T
/M

R
I 

 S
U

V
R

(R
e

g
io

n
/W

h
o

le
  

B
ra

in
)

Control As Cd Pb

*

*

*

****

* * *

********* * ***

Female - Metestrus/Diestrus

V
IS

_
b

ila
t

A
Ip

_
b

ila
t

R
S

P
d

_
b

ila
t

V
IS

rl
_

b
ila

t

A
O

N
_

b
ila

t

T
T

_
b

ila
t

E
P

_
b

ila
t

A
C

B
_

b
ila

t

F
S

_
b

ila
t

S
C

s
_

b
ila

t

M
Y

-s
e

n
_

b
ila

t

C
B

X
_

b
ila

t

-10

-5

0

5

10

15

Brain Regions

1
8

F
-A

V
4
5

 P
E

T
/M

R
I 

 S
U

V
R

(R
e

g
io

n
/W

h
o

le
  

B
ra

in
)

Control As Cd Pb

*
*

***

***
**

*** *** ** *

Female - Proestrus/Estrus

mailto:jachong@iu.edu
mailto:pterrito@iu.edu

	Slide 1

