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Increased age-dependent amyloid pathology

ABSTRACT

Significant changes in microglia and astrocytes CONCLUSIONS
• Synaptic data suggest deficits in synaptic transmission in
5xFAD mice beginning at 4 months, and worsening with
age, this data are complementary to the behavioral
findings;

The Model Organism Development and Evaluation for LateOnset Alzheimer’s Disease (MODEL-AD) has been
established as a consortium consisting of University of
California Irvine, University of Indiana, University of
Pittsburgh, Jackson Laboratory and Sage Bionetworks to
develop the next generation of Alzheimer’s disease
(AD) models and institute a standardized and rigorous
process for characterization of animal models. One of the
goals is to further characterize and deep phenotype well
utilized early onset AD models, such as the 5xFAD model.
This model is known for recapitulating many AD-related
phenotypes and have a relatively early and aggressive
presentation .

• 5xFAD mice exhibit robust plaque deposition, present
throughout the brain by 4 months of age, with plaque
numbers and sizes increasing with age, alongside
increases in detergent soluble and insoluble Aβ40 and
Aβ42 levels in both hippocampus and cortex;
• Concomitant with plaque deposition are increases in
microglia densities, and expression of GFAP by
astrocytes;

METHODS

• Female mice show increased plaque and Aβ burden, and
associated changes in glial cells, compared to male
mice, but this may be due to observed increased
transgene expression from the Thy1 promoter in female
mice;

Behavioral assays, long-term potentiation (LTP) recordings
from
acute
hippocampal
slices,
RNA-seq
immunofluorescent histology, and biochemical assays
were performed in male/female 5xFAD mice and
compared to age-matched littermates (C57Bl/6J) mice at
4, 8, 12 and 18 months.

• All data is publicly available at AD Knowledge Portal.

Age-dependent cognitive impairment
Figure 1. Behavioral tasks
reveal age-related changes
in both WT and 5xFAD mice.
A-F) The open field test
reveals deficits in distance
traveled and velocity at 18
months
5xFAD
(CE,
respectively). G-H) 5xFAD
don’t present changes on Ymaze compared to WT. I-L)4, 8
and 12-month old 5xFAD mice
spend more time in the open
arms and less time in the
closed arms of the elevated
plus maze (I-K, respectively).
M-N) There is no effect of
either age nor genotype on the
contextual fear conditioning. OP) On the rotarod, 4 month old
5xFAD time of latency is higher
than WT, the effect being more
on females. Q-R) 5xFAD at 12and 18- month of age lose
weight, this effect is higher on
females starting at 4 months of
age. Data are represented as
mean ± SEM. *P £ 0.05, **P £
0.01, *** P £ 0.001, **** P £
0.0001, n = 9-10 per group.f

Figure 3. Fibrillar amyloid plaques increase in size and number in 5xFAD aged mice. 5xFAD plaque burden was assessed with Thio-S
staining at each time point. A-B) Representative stitched brain hemispheres of WT and 5xFAD shown with Thio-S staining at the 4- and 18month timepoints, respectively. B) Representative stitched whole brain hemispheres of 5xFAD shown with Thio-S staining at the 4 month
timepoint. C) Representative images of plaques in 5xFAD mice across timepoints displaying a “halo” effect at 12 and 18 months. D)
Representative images of plaques stained for Thios-S/6E10 in 5xFAD mice across timepoints at the subiculum. E-H) Quantification for
number of Thio-S positive plaques and average plaque area in the cortex by genotype and sex. I-L) Quantification for number of Thio-S
positive plaques and average plaque area in the hippocampus by genotype and sex. Data are represented as mean ± SEM. *P £ 0.05, **P £
0.01, *** P £ 0.001, **** P £ 0.0001, n = 6 per group.

Increased amyloid levels

Figure 5. Immunostaining of microglia and astrocytes. Brains of mice at each timepoint were sliced and immunostained for IBA1, GFAP
and S100 to reveal any changes in microglial, astrocytic. A-B) Representative stitched brain hemispheres of WT and 5xFAD shown with
IBA1/Thio-S staining at the 4- and 18-month timepoints, respectively. C-F) IBA1 immunostaining for microglia reveals both age-related
changes in WT and 5xFAD microglial number, and differences between genotypes in cortex and hippocampus. G-H) Representative
stitched brain hemispheres of WT and 5xFAD shown with GFAP/ S100ß/Thio-S staining at the 4- and 18-month timepoints, respectively. IP) Astrocyte number is assessed via GFAP (I-L)) and S100ß staining (M-P) in the cortex and hippocampus. Data are represented as mean
± SEM. *P £ 0.05, **P £ 0.01, *** P £ 0.001, **** P £ 0.0001, n = 6 per group.

Lysossomes changes

• MODEL AD: modelad.org
• AMP-AD knowledge portal: ampadportal.org
• AlzForum research models: alzforum.org/researchmodels
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LTP impairment

Figure 2. Theta burst-induced LTP is impaired in 5xFAD mouse model. Hippocampal slices were prepared from 4, 8, and 12 month old
male and female WT and 5xFAD mice. (A) Time course for theta-burst induced (black arrow) LTP shows that the level of potentiation is
notably reduced in slices from 4 month old 5xFAD mice relative to slices from WT controls. (B) Group summary and separated by sex of
mean potentiation during the last 10 min of). (C) Time course for theta-burst induced LTP shows that the level of potentiation is reduced in
slices from 8 month old 5xFAD mice relative to WT controls. Insets show field synaptic responses collected during baseline (black line) and
1 hour after theta burst stimulation (red line). Scale: 1 mV/ 5 ms. (D) Group summary and separated by sex of mean potentiation during
the last 10 min of recording. (E) Time course for theta-burst induced LTP again shows that the level of potentiation is markedly lower in
slices from 12 month old 5xFAD mice relative to WT controls. (F) Group summary and separated by sex of mean potentiation during the
last 10 min of recording. (G) The input/output curve measuring the amplitude of the fiber volley relative to the fEPSP slope at 12 months
was significantly different between WT and 5xFAD group. (H) Paired-pulse facilitation was measured at 40, 100, and 200 ms intervals.
Scale: 1 mV/ 5 ms.

FURTHER INFORMATION

Figure 4. Protein differences observed with age and in 5xFAD mice. Levels of Ab were quantified in microdissected hippocampi and cortices via
Mesoscale Multiplex technology. A-H) Levels of Aβ40 and Aβ42 were measured in the soluble fraction of cortex and hippocampus, respectively, with
age-related increases in the level of Aβ40 and Aβ42 shown in cortex and hippocampus of 5xfAD mice. I-P) Increases in levels of insoluble Aβ40 and
Aβ42 were seen in cortex and hippocampus with age. Q-T) Increases of plasma levels of Aβ40 at 18 months of age 5xFAD and Aβ42 at 8-, 12- and 18month old 5xFAD. Data are represented as mean ± SEM. *P £ 0.05, **P £ 0.01, *** P £ 0.001, **** P £ 0.0001, n = 6 per group.

Figure 6. Immunostaining of lysosomes. Brains of mice at each timepoint were sliced and immunostained for LAMP1 to determine
any lysosomal changes. A-B) Representative stitched brain hemispheres of WT and 5xFAD shown with LAMP1/Thio-S staining at 4-, 8and 18-months timepoints, respectively. C-D) LAMP1 immunostaining for lysosomes reveals age-related changes of 5xFAD mice in
percent area of the cortex covered by LAMP1. G-H) In quantifying the ratio of LAMP1/Thio-S coverage, there were no age-related or
sex-related changes to the cortical area size. I-J) A ratio of the percent area coverages of LAMP1 and Thio-S reveals age-related
changes in the cortex of 5xFAD mice. K-L) LAMP1 immunostaining for lysosomes reveals age-related changes of 5xFAD mice in percent
area of the hippocampus covered by LAMP1. O-P) In quantifying the ratio of LAMP1/Thio-S coverage, there were no age-related or sexrelated changes to the hippocampal area size. Q-R) A ratio of the percent area coverages of LAMP1 and Thio-S reveals age-related
changes in the hippocampus of 5xFAD mice.

