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Figure 8. Average plaque size, relative Aβ positive area and number of Aβ plaques per area (mm2) in 
the cortex, corpus callosum, and basal ganglia (bregma 0.62) of APP mice, L vs R effects. All data were 
normalized against the left male sham group and presented as mean ± SEM. A representative photo of 
the Aβ staining of the right hemisphere of the cortex is shown (A1). Average plaque size was decreased 
in the cortex in the right hemisphere compared to the left hemisphere (p<.030) in male stroke mice 
(A2). Relative Aβ positive area was decreased in the right hemisphere compared to the left hemisphere 
(p<.004) in male stroke mice (A3). Number of Aβ plaques per area (mm2) was decreased in the cortex in 
the right hemisphere compared to the left hemisphere (p<.038) in male stroke mice (A4). A representative 
photo of the Aβ staining of the right hemisphere of the corpus callosum is shown (B1). No significant 
differences between the left and right hemisphere were found in the corpus callosum regarding the 
average plaque size (B2) or relative Aβ positive area (B3). Number of Aβ plaques per area (mm2) was 
increased in the corpus callosum in the right hemisphere compared to the left hemisphere (p<.032) in 
male sham mice (B4). A representative photo of the Aβ staining of the right hemisphere of the basal 
ganglia is shown (C1). No significant differences between the left and right hemispheres were found 
in the basal ganglia regarding average plaque size (C2). Relative Aβ positive area was decreased in the 
basal ganglia in the right hemisphere compared to the left hemisphere (p<.042) in female stroke mice 
(C3). No significant differences between the left and right hemisphere were found in the basal ganglia 
regarding the number of Aβ plaques per area (mm2) (C4). 



Nijmegen CNS | VOL 16 | ISSUE 1106

Minou Verhaeg

Figure 9. Average plaque size, relative Aβ positive area and number of Aβ plaques per area (mm2) in the 
cortex, hippocampus, and thalamus (bregma -1.94) of APP mice, sex and surgery effects. All data were 
normalized against the left male sham group and presented as mean ± SEM. Representative photo of the 
Aβ staining of the right hemisphere of the cortex is shown (A1). No significant differences between sex 
or surgery were found in the cortex regarding average plaque size (A2), relative Aβ positive area (A3) 
or number of Aβ plaques per area (mm2) (A4). A representative photo of the Aβ staining of the right 
hemisphere of the hippocampus is shown (B1). No significant differences between sex or surgery were 
found in the hippocampus regarding average plaque size (B2). Relative Aβ positive area was increased 
in the hippocampus in female mice compared to male mice in both the left (p<.044) and right (p<.012) 
hemisphere (B3). Number of Aβ plaques per area (mm2) was increased in the hippocampus in female 
mice compared to male mice in both left (p<.025) and right (p<.019) hemisphere (B4). A representative 
photo of the Aβ staining of the right hemisphere of the thalamus is shown (C1). Average plaque size 
was increased in the thalamus in female mice compared to male mice (p<.042) in the right hemisphere 
(C2). Relative Aβ positive area was increased in the thalamus in female mice compared to male mice in 
both the left (p<.012) and right (p<.003) hemisphere (C3). Number of Aβ plaques per area (mm2) was 
increased in the thalamus in female mice compared to male mice in the left hemisphere (p<.03) (C4). No 
significant differences were found between surgery in any of the regions nor parameters.
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Figure 10. Average plaque size relative Aβ positive area and number of Aβ plaques per area (mm2) in 
the cortex, corpus callosum and basal ganglia (bregma 0.62) of APP mice, sex and surgery effects. All 
data were normalized against the left male sham group and presented as mean ± SEM.  A representative 
photo of the Aβ staining of the right hemisphere of the cortex is shown (A1). No significant differences 
between sex or surgery were found in the cortex regarding average plaque size (A2). Relative Aβ positive 
area was increased in the cortex in female mice compared to male mice in the right (p<.003) hemisphere 
(A3). Number of Aβ plaques per area (mm2) was increased in the cortex in female mice compared 
to male mice in both left (p<.031) and right (p<.001) hemisphere (A4). A representative photo of the 
Aβ staining of the right hemisphere of the corpus callosum is shown (B1). No significant differences 
between sex or surgery were found in the corpus callosum regarding average plaque size (B2), relative 
Aβ positive area (B3) or number of Aβ plaques per area (mm2) (B4). A representative photo of the Aβ 
staining of the right hemisphere of the basal ganglia is shown (C1). Average plaque size was increased 
in the basal ganglia in female mice compared to male mice (p<.033) in the right hemisphere (C2). Also, 
a trend was visible in the average plaque size in the basal ganglia, in which stroke animals have lower 
average plaque size in the right hemisphere than sham animals (p<.073).  Relative Aβ positive area was 
increased in the basal ganglia in female mice compared to male mice in the left hemisphere (p<.004) (C3). 
A trend was visible in the relative Aβ positive area (p<.069), in which the female mice showed a higher 
relative Aβ positive area in the right hemisphere than male mice. Number of Aβ plaques per area (mm2) 
was increased in the basal ganglia in female mice compared to male mice in both the left (p<.001) and 
right (p<.024) hemisphere (C4). No other significant differences were found between surgery in any of 
the regions nor parameters. 
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right (p<.024) hemisphere compared to male mice. 
No other significant differences between surgeries 
were found regarding average plaque size, relative 
Aβ area or number of  Aβ plaques per area (mm2). 
No interactions were found between sex and surgery.

Synaptic density in affected ischemic 
area

Male WT sham mice showed an increased in 
relative synaptophysin mRNA expression in the 
right hemisphere (Fig. 11), compared to the left 
hemisphere (p<.024). Relative synaptophysin mRNA 
expression was decreased in the right hemisphere 
compared to the left hemisphere in the female WT 
sham group (p<.026). 

Data of  synaptophysin mRNA expression 
were split according to genotypeor sex (Fig. 
12). A significant decrease (p<.004) in relative 
synaptophysin expression was shown in the right 
hemisphere in female WT sham mice compared to 
male WT sham mice (Fig. 12A). Furthermore, relative 
synaptophysin expression was decreased (p<.024) in 
female APP mice compared to male APP mice in the 
left hemisphere (Fig. 12B). No significant differences 
were found regarding genotype or surgery in either 
male (Fig. 12C) or female mice (Fig. 12D). 

Discussion

The overall aim of  this longitudinal study was to 
elucidate the long-term effect of  vascular damage, 

caused by stroke, on AD. This report focused on the 
Aβ burden and changes in synaptic density resulting 
from stroke and/or AD. Furthermore, the study used 
both male and female animals to further investigate 
the sex differences present in both AD and stroke. 
Many aspects about the effect of  stroke and AD on 
each other remain unclear, especially regarding the 
long-term effects after the stroke. Therefore, it is 
very important to further investigate the effect of  
stroke and AD markers, such as the Aβ burden.  

Sex differences Aβ burden 

Female APP mice had a higher Aβ burden 
than male APP mice that is present in many brain 
areas, including the thalamus and basal ganglia. 
Furthermore, the protein levels of  Aβ40 were also 
elevated in the anterior part of  the brain, which 
became apparent by the ELISA analysis. These 
results were largely as expected, as an increased Aβ 
burden in the hippocampus in female APP/PS1 
mice has been reported in AD mice studies before 
(Callahan et al., 2001; Wang et al., 2003). Wang et 
al. (2003) reported an increase of  Aβ protein levels 
and Aβ burden in the hippocampus of  12-month-
old female APP/PS1 mice. Callahan et al. (2001) 
demonstrated a similar effect in both enzyme levels 
and senile plaques in a different APP aging mouse 
model in both the hippocampus and neocortex. 
Wang et al. (2003) demonstrated elevated protein 
levels of  Aβ40 and Aβ42, but not the Aβ42/Aβ40 
ratio, in the hippocampus. The current results 

Figure 11. Relative expression of synaptophysin, L vs R effects. All data were normalized against the 
left male WT sham group and presented as mean ± SEM. Relative expression of synaptophysin was 
increased in the right hemisphere compared to the left hemisphere in the male WT sham group (p<.024) 
and decreased right compared to left in the female WT group (p<.026).
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Figure 12. Relative expression of synaptophysin, sex and genotype effects. All data were normalized 
against the left male WT sham group and presented as mean ± SEM. Data were split on either 
genotype (A-B) or gender (C-D). Relative expression of synaptophysin was decreased (p<.004) in the 
right hemisphere in female mice compared to male mice regarding the WT sham group (A). Relative 
expression of synaptophysin was also decreased (p<.024) in the left hemisphere in female APP mice 
compared to male APP mice (B). No significant differences were found between genotype or surgery in 
either male (C) or female mice (D).

showed that the gender effect in Aβ is not limited to 
the hippocampal area, and possibly the cortex, but 
widely spread throughout different brain areas. No 
significant differences in sex regarding Aβ42 were 
found in the current study. Whether this is due to the 
mixture of  tissues that are affected and unaffected 
by the stroke in this analysis or due to an insufficient 
power (alpha = 0.05, power = 0.56) caused by high 
variation in the experimental group, remains unclear. 
But overall, such increased Aβ concentration and Aβ 
burden in female APP mice was found in many brain 
areas and is not restricted to the hippocampus and 
cortex.

The effects of stroke on Aβ burden

The Aβ concentration and Aβ burden did not 
significantly differ between the stroke and sham 
groups, suggesting that the stroke operation had 

no effect on the Aβ burden in APP mice. Notably, 
there was a trend found in the right hemisphere 
of  the basal ganglia, which indicated a decrease in 
the averageplaque size in stroke mice compared to 
sham mice. This effect is most likely due to the high 
amount of  atrophy in the area. The basal ganglia are 
mostly effected by the occlusion of  the MCA, since 
they are directly supplied of  oxygen and glucose 
by this artery (De Reuck, 1971). Supply of  oxygen 
and glucose is severely decreased for a substantial 
amount of  time, resulting in a high rate of  cell 
death and atrophy in this area. The trend found in 
this region could therefore be associated with the 
atrophy and cellular apoptosis in this area.

With exception of  this trend in the basal ganglia, 
the Aβ concentration and Aβ burden did not seem 
to be affected by the stroke and sham operations 
implying that stroke had no direct effect on the Aβ 
burden in the surrounding brain areas at bregma 
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7.	 Add 10 µl of  SYBR Safe DNA stain to the 
flask using a pipette. 

8.	 Mix gently and carefully pour gel. 
9.	 Remove any air bubbles in gel lanes by 

gently pushing the bubbles off  to the sides with 
pipette tip. 

10.	 Allow gel to harden at RT for 20 minutes
11.	 Put gel and TBE buffer in agarose system. 
12.	 Add 5 µl of  loading buffer to each sample. 
13.	 Load 5 µl of  TrackIt 100 bp ladder into the 

first slot. 
14.	 Carefully inject 5 µl of  each sample into the 

slots in the gel. 
15.	 Run gel at 100V. for 30 minutes
16.	 Take a picture of  the gel using the GelDoc

Solutions:
• Invitrogen SYBR Safe DNA Gel Stain (400 µl) 

Life Technologies #S33102
• Invitrogen TrackIt 100 bp ladder (500 µl) Life 

Technologies #10488-058
• Invitrogen UltraPure™ TBE Buffer, 10X (1 L) 

Life Technologies #15581-044
• Invitrogen UltraPure™ Agarose (100 gram) 

Life Technologies #16500-100

Supplementary protocol 8: Protein 
isolation 

 
Day 1 RNA isolation
1.	 Step 1 to 18 from the RNA isolation 

protocol (Labguru, Bram Geenen)
Day 2 DNA en Protein isolation o/n 4oC
1.	 Pipette of  the RNA phase 
2.	 Add 500ul (1:1) 100% Ethanol to precipitate 

DNA and mix 
3.	 Incubate for 5 minutes by 4°C
4.	 Centrifuge 7,500xg at 4°C for 5 min
5.	 Supernatent 1ml (phenol/ethanol fase) to a 

2ml eppendorf  tube for protein isolation
6.	 (Pellet can be used for gDNA isolation)
7.	 Add 1 mL (1:1) of  isopropanol to the 

phenol-ethanol
8.	 Mix and Incubate for 10 minutes at RT
9.	 Centrifuge for 10 minutes at 12,000 × g at 

4°C to pellet the proteins
10.	 Discard the supernatant
11.	 Wash the pellet in 1.5 mL of  wash solution 

(0.3 M guanidine hydrochloride in 95% ethanol)
12.	 Incubate for 20 minutes ad RT. (with 

shaking)
13.	 Centrifuge for 5 minutes at 7500 × g at 4°C
14.	 Discard the supernatant. By poring

15.	 Repeat step 6 step 9 twice (wash three times 
in total)

16.	 Air dry the protein pellet for 5–10 minutes
17.	 Add a tablet Complete protease inhibitor to 

10 ml of  5M Guanidine buffer
18.	 Resuspend the pellet in 500 μL of  5M 

guanidine hydrochloride in Tris-HCl, pH8) by 
pipetting up and down

19.	 Vortex to complete suspension
20.	 Centrifuge for 10 minutes at 10,000 × g at 

4°C to remove insoluble materials
21.	 Transfer the supernatant to a new 1.5 ml 

tube (Guanidine Soluble Fraction)
22.	 Samples are stored at -80oC until the ELISA 

will be performed

0.3M Guanidine buffer:
Dissolve 7.164 gr guanidine HCl in 250ml 95ml 

Ethanol.

 5M Guanidine buffer:
Dissolve 119.4 gr guanidine HCl and 1.5 gr 

Trizma base in 200 ml MQ
Adjust pH to 8.0
Add MQ to a total of  250 ml (expiration date 2 

years)
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Supplementary table 1. Overview of all results. Summary of all significant results found in Aβ and 
synaptophysin expression. 0: no significant results, ↑: significant increase, ↓: significant decrease, ↑#: 
trend which shows an increase, ↓#: trend which shows a decrease.
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Supplementary figure 1. Atrophy in the basal ganglia. Representative photos of the left and right 
thalamus in male sham, female sham, male stroke and female stroke mice.



Nijmegen CNS | VOL 16 | ISSUE 1 123

ALZHEIMER’S DISEASE, STROKE AND GENDER COMBINED

Supplementary figure 2. Neuroinflammation in male mice in the cortices, corpus callosum, caudate 
putamen, hippocampus and thalamus. All data are presented as mean ± SEM. At bregma 0.62 the 
percentage of IBA-1 positive area was significantly increased in stroke mice compared to sham mice in 
the cortex in both the left (p<0.036) and right (p<0.008) hemisphere (A), in the corpus callosum in both 
the left (p<0.004) and right (p<0.014) hemisphere (B) and in the caudate putamen in the right hemisphere 
(p<0.003) (C). The percentage of IBA-1 positive area was also significantly increased at bregma -1.94 in 
the cortex in both the left (p<0.027) and right (p<0.010) hemisphere (D) and the hippocampus in both the 
left (p<0.032) and right (p<0.001) hemispheres (E). No significant differences were found in the thalamus 
(F).
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Supplementary figure 3. Neuroinflammation in female mice in the cortices, corpus callosum, caudate 
putamen, hippocampus and thalamus. All data are presented as mean ± SEM. No significant differences 
in the percentage of IBA-1 positive area were found in the cortex (A) and corpus callosum (B) at bregma 
0.62. The percentage of IBA-1 positive area was significantly increased in stroke mice compared to 
sham mice in the caudate putamen (C) in the right hemisphere (p<0.006). A trend was visible in the 
cortex at bregma -1.94 (D) in which the stroke animals seemed to have an increased percentage of IBA-1 
positive area compared to sham animals in the right hemisphere (p<0.077). In the hippocampus (E) a 
trend was visible in the left hemisphere in which the stroke animals seemed to have in increased in the 
percentage of IBA-1 positive area compared to sham animals (p<0.078). In the right hemisphere of the 
hippocampus, a significant increased in stroke mice compared to sham mice was found (p<0.047). No 
significant differences were found in the thalamus (F).


