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OBJECTIVE
The emergence of anti-amyloid therapies has heightened interest in 
their broader pharmacodynamic effects within the brain and 
peripheral biomarker profiles. Mechanistic studies using multi-omics 
approaches are essential to dissect treatment effects at the molecular 
level. Improving the predictive validity of preclinical Alzheimer’s 
disease (AD) models is critical for evaluating therapeutic safety and 
efficacy, including sex-specific responses. Furthermore, 
understanding the brain molecular landscape after amyloid clearance 
remains a priority, as disease progression and cognitive decline 
persist despite plaque reduction. In the present study, we examined 
molecular signatures associated with amyloid lowering by 
aducanumab and explore their translational implications.
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METHODOLOGY
Male and Female 5XFAD mice were treated weekly with murinized 
aducanumab (chAdu) beginning at 8 months of age and compared to 
sex-matched murine treated with saline and IgG2ak isotype (IgG) 
controls.Post-treatment, transcriptomic (bulk RNA-seq) and proteomics 
analyses (with TMT mass spectrometry, DIA mass spectrometry and 
Alamar NULISA) were performed on homogenized brain tissue, 
cerebrospinal fluid, and plasma to assess molecular pathways 
associated with chAdu and IgG exposure following 17-week treatment.

We compared molecular alterations in 5XFAD mice with those seen in 
human Alzheimer’s disease [1-4] and assessed how aducanumab 
treatment mitigated these changes in the mouse model. Finally, we 
utilized AD biological domains [5] developed by 
Emory/Sage/SGC/JAX (https://treatad.org/emory-sage-sgc/) TREAT-
AD Center to categorized enriched GO terms into biological domains.
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SUMMARY

• This study identified the molecular signatures that remain dysregulated 
even after amyloid clearance.

• Brain proteomes show reduction in amyloid-associated ECM and 
Matrisome modules after ADU treatment.

• CSF proteomes are not well modeled by 5XFAD, but ADU reverses AD-
associated blood-brain barrier signal.

• Plasma Alamar NULISA™ panel shows sex-specific reversal of 5XFAD 
signatures.

• However, off-target changes across compartments indicate potential 
risks, emphasizing the need to balance therapeutic benefits with 
mechanistic liabilities and to consider sex as a critical variable in 
Alzheimer’s disease treatment strategies.

BRAIN TRANSCRIPTOMICS

We observed very limited beneficial responses in AD-associated gene modules; 
increased neuroinflammation, especially in female mice.

Transcriptomic Alignment of mouse models
to Human AD-associated modules
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Scatter plots correlating the expression changes of proteins within the M42_Matrisome module 

M
1_

B
B

B

M
7_

EC
M

M
10

_P
er

ox
id

as
e

M
4_

U
bi

qu
iti

na
tio

n

M
3_

C
ol

la
ge

n

M
9_

Ly
so

so
m

e_
M

ye
lin

M
8_

Sy
na

pt
ic

Pl
as

tic
ity

M
5_

G
ly

co
ly

si
s

M
2_

Po
st

sy
na

pt
ic

M
6_

A
xo

no
ge

ne
si

s

IgG vs Saline (Male)

High Adu vs Saline (Male)

Mid Adu vs Saline (Male)

Low Adu vs Saline (Male)

5XFAD vs WT (Male)

IgG vs Saline (Female)

High Adu vs Saline (Female)

Mid Adu vs Saline (Female)

Low Adu vs Saline (Female)

5XFAD vs WT (Female)

Human CSF Proteomics Modules

Correlation (r)

−0.50

−0.25

0.00

0.25

0.50

Heatmap showing the expression changes of CSF biomarker proteins 

Ccl17

Ccl20

Chi3l1

Csf2

Csf3

Cxcl1

Cxcl11

Cxcl9

Eno2

Gfap

Ifna2

Ifng

Il17b

Il17f

Il19

Il1a

Il27

Il6

Mapt

Nefh

Nefl

pSnca−129

Scg2

Snca

Vegfa

Vegfb

Vsnl1

r = 0.02
p = 0.846

−0.5

0.0

0.5

1.0

1.5

−1 0 1 2 3
Estimate: 5XFAD

Es
tim

at
e:

 L
ow

.D
os

e

Male | 5XFAD vs Low.Dose

Ccl20

Chi3l1

Csf3

Cxcl1

Cxcl9

Eno2

Epo

Gfap

Ifna2

Ifng

Il17a

Il17b
Il17f

Il22

Il27
Il6

Mapt

Nefh

Nefl

Pdcd1lg2

pSnca−129

Scg2

Snca

Vegfa

Vegfb

r = 0.11
p = 0.229

−1.5

−1.0

−0.5

0.0

0.5

1.0

−1 0 1 2 3
Estimate: 5XFAD

Es
tim

at
e:

 M
id

.D
os

e

Male | 5XFAD vs Mid.Dose

Ccl19

Ccl20

Ccl27

Chi3l1

Csf3

Cxcl1

Cxcl9

Eno2

Epo

Gfap

Ifna2

Ifng

Il17b

Il17f

Il22

Il27

Il31

Il6

Il7

Mapt

Nampt

Nefh

Nefl

Pdcd1lg2 Prl
pSnca−129

Scg2

Snca

Vegfa

Vegfb

r = 0.13
p = 0.142

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

−1 0 1 2 3
Estimate: 5XFAD

Es
tim

at
e:

 H
ig

h.
D

os
e

Male | 5XFAD vs High.Dose
Each point = one protein  |  colored by functional category

5XFAD effect vs treatment doses − Male model

Function
Cell Death
Chemokines
Cytokines
Differentiation & Growth Factors
Growth Factors
Immune Checkpoint
Injury & Vascular: TBI, Stroke
Members
Movement: PD, HD, MS, ALS, Epilepsy
Regulatory/Signaling

Ccl20

Ccl24
Ccl3

Chi3l1

Csf3

Ctla4 Cxcl5

Flt3lg

GfapGzmb

Ifna1

Ifng

Il10
Il12b

Il17a

Il17b

Il17f

Il1b

Il22

Il5

Il6

Il9

Mif

Nefh

Nefl

Pdgfb

Prl

pSnca−129

pTau−181

pTau−217

Scg2

Snca

Wnt16

r = −0.22
p = 0.018

−1

0

1

2

−2 0 2
Estimate: 5XFAD

Es
tim

at
e:

 L
ow

.D
os

e

Female | 5XFAD vs Low.Dose

Ccl20

Ccl24

Ccl3

Cd40lg

Csf3

Ctla4

Cxcl13

Flt3lg

Gfap
Ifna1

Il10Il12b

Il13
Il17a

Il17b

Il17f

Il19
Il1b

Il22

Il31

Il5
Il6

Il7Il9

Mif

Nefh

Nefl

pSnca−129

pTau−217

Scg2

Snca

Wnt16

r = −0.19
p = 0.041

−0.5

0.0

0.5

1.0

1.5

−2 0 2
Estimate: 5XFAD

Es
tim

at
e:

 M
id

.D
os

e

Female | 5XFAD vs Mid.Dose

Ccl20

Ccl24

Ccl3

Cd40lg

Chi3l1

Csf3

Ctla4

Cxcl13

Cxcl5

Cxcl9

Flt3lg

Gfap

Hgf

Ifna1

Ifng

Il10
Il12b

Il17a

Il17b

Il22

Il31

Il4

Il5 Il6

Il9
Mif

Mmp8

Nefh

Nefl

Pdgfb

pSnca−129

pTau−217

pTau−231S100a4

S100b

Scg2

Snca

Wnt16

r = 0.14
p = 0.134

−1

0

1

2

−2 0 2
Estimate: 5XFAD

Es
tim

at
e:

 H
ig

h.
D

os
e

Female | 5XFAD vs High.Dose
Each point = one protein  |  colored by functional category

5XFAD effect vs treatment doses − Female model

Function
Cell Death
Chemokines
Cytokines
Differentiation & Growth Factors
Growth Factors
Immune Checkpoint
Injury & Vascular: TBI, Stroke
Members
Movement: PD, HD, MS, ALS, Epilepsy
Regulatory/Signaling

PLASMA DIA PROTEOMICS

Csf3

Cxcl1

Flt3lg

Gfap

Ifna1

Ifna2

Ifng

Il12b

Il17f

Il22

Nefh

Nefl

r = 0.52
p < 0.001

n = 120

−2

0

2

4

−2 0 2 4
Estimate − Male

Es
tim

at
e 
− 

Fe
m

al
e

Male (x) vs Female (y)
5xFAD vs WT

Ccl12

Cdh1

Chi3l1

Csf2

Cxcl11

Cxcl2

Ifng

Il15

Il19

Il5

Il9

Tnfsf9

Vegfa

Wnt16

r = −0.03
p = 0.777

n = 120

−2

−1

0

1

2

3

−2 −1 0 1 2 3
Estimate − Male

Es
tim

at
e 
− 

Fe
m

al
e

Male (x) vs Female (y)
Low dose vs Saline

Cd274
Cd40lg

Cxcl2

Cxcl9

Epo

Flt3lg

Il31

Il4

Il5

Mmp8

Pdcd1lg2

Rab10

r = 0.13
p = 0.148

n = 120

−1

0

1

2

3

−1 0 1 2 3
Estimate − Male

Es
tim

at
e 
− 

Fe
m

al
e

Male (x) vs Female (y)
High dose vs Saline

Function

Cell Death

Chemokines

Cytokines

Differentiation & Growth Factors

Growth Factors

Immune Checkpoint

Injury & Vascular: TBI, Stroke

Members

Movement: PD, HD, MS, ALS, Epilepsy

Regulatory/Signaling

Dashed diagonal = perfect concordance  |  Shaded = discordant quadrants  |  Colored by function
Male vs Female protein effects

Consensus Cluster A
(ECM organization)

Consensus Cluster B
(Immune system)

Consensus Cluster C
(Neuronal system)

Consensus Cluster D
(Cell Cycle, NMD)

Consensus Cluster E
(Organelle Biogensis,

Cellular stress response)

TC
Xb
lu
e

PH
G
ye
llo
w

IF
G
ye
llo
w

D
LP
FC

bl
ue

C
BE

tu
rq
uo
is
e

ST
G
bl
ue

PH
G
tu
rq
uo
is
e

IF
G
tu
rq
uo
is
e

TC
Xt
ur
qu
oi
se

FP
tu
rq
uo
is
e

IF
G
br
ow
n

ST
G
br
ow
n

D
LP
FC

ye
llo
w

TC
Xg
re
en

FP
ye
llo
w

C
BE

ye
llo
w

PH
G
br
ow
n

D
LP
FC

br
ow
n

ST
G
ye
llo
w

PH
G
gr
ee
n

C
BE

br
ow
n

TC
Xy
el
lo
w

IF
G
bl
ue

FP
bl
ue

FP
br
ow
n

C
BE

bl
ue

D
LP
FC

tu
rq
uo
is
e

TC
Xb
ro
w
n

ST
G
tu
rq
uo
is
e

PH
G
bl
ue

IgG vs Saline (Male)

High chAdu vs Saline (Male)

Middle chAdu vs Saline (Male)

Low chAdu vs Saline (Male)

5XFAD vs WT (Male)

IgG vs Saline (Female)

High chAdu vs Saline (Female)

Middle chAdu vs Saline (Female)

Low chAdu vs Saline (Female)

5XFAD vs WT (Female)

Correlation

−0.5

0.0

0.5

https://treatad.org/emory-sage-sgc/
https://treatad.org/emory-sage-sgc/
https://treatad.org/emory-sage-sgc/
https://treatad.org/emory-sage-sgc/
https://treatad.org/emory-sage-sgc/
https://treatad.org/emory-sage-sgc/
https://treatad.org/emory-sage-sgc/
https://treatad.org/emory-sage-sgc/
https://treatad.org/emory-sage-sgc/

