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Diagnostic Modality Sensitivity (%) Specificity (%) Reference
aClinical Diagnosis 81 70 (Knopmann et al., 2001)

bMRI Atrophy 83 89 (Bloudek et al., 2011)
c 18FDG-PET 90 89 (Bloudek et al., 2011)

d SPECT perfusion 80 85 (Bloudek et al., 2011)
e Aβ-PET 90 85 (Morris et al., 2016)
f tau-PET 100 86 (Wang et al., 2016)

g CSF Aβ42 80 82 (Bloudek et al., 2011)
hCSF P-tau 80 83 (Bloudek et al., 2011)
iCSF T-tau 82 90 (Bloudek et al., 2011)

jBChE neuropathology 100 100 (Macdonald et al., 2017)
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 A summary of mice demographics including age, sex, sample size (n) and 

average injected dose for each radioligand is seen in Table 3.1.      
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Female wild-type (C57BL/ 6J x SJL/J F1; The Jackson Laboratories, Stock # 

100012), male transgenic hemizygous 5XFAD (B6SJL- Tg 

(APPSwFlLon,PSEN1*M146L*L286V) 6799Vas/Mmjax; Mutant Mouse Regional 

Resource Center, 034840-JAX) (Oakley et al., 2006) and heterozygous 

butyrylcholinesterase (B6.129S1- Bchetm1Loc/J; The Jackson Laboratories, Stock # 

008087), referred to here as BChE-het mice, were obtained from 

  Mice were housed in same-sex groups of 1– 5, within polyethylene cages 

, containing a wood-chip bedding and covered by a metal cage top and 

micro-isolator filter. Food (Purina rodent chow, #5001) and tap water were available ad 

libitum.  Animals were kept in normal light/dark cycle.  Homozygous BChE-knockout 

(WT/BChE-KO) mice were produced from BChE-het males and females to maintain the 

strain and produce mice for subsequent study.   
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Female wild-type (WT5XFAD; C57BL/ 6J x SJL/J F1; The Jackson Laboratories, 

Stock # 100012), male transgenic hemizygous 5XFAD (B6SJL- Tg 

(APPSwFlLon,PSEN1*M146L*L286V) 6799Vas/Mmjax; Mutant Mouse Regional 

Resource Center, 034840-JAX) and heterozygous butyrylcholinesterase (B6.129S1- 

Bchetm1Loc/J; The Jackson Laboratories, Stock # 008087), referred to here as BChE-het 

mice, were purchased. Mice were housed in same-sex groups of 1– 5, within 

polyethylene cages , containing a wood-chip bedding and covered by a 

metal cage top and micro-isolator filter. Food (Purina rodent chow, #5001) and tap water 



were available ad libitum. Animals were kept in normal light/dark cycle.  Hemizygous 

5XFAD mice, used for breeding and subsequent experiments, were produced from pairs 

of WT5XFAD female mice bred with 5XFAD male mice. Homozygous BChE-knockout 

(BChE-KO) mice were produced from BChE-het males and females. A three generation 

breeding scheme was used to produce the desired transgenic hemizygous 5XFAD strain 

that were homozygous BChE-knockout (5XFAD/BChE-KO). Hemizygous male 5XFAD 

mice were bred with pairs of BChE-KO females to produce 5XFAD/BChE-het mice. 

Male 5XFAD/BChE-het mice were bred with female BChE-KO mice to produce 

5XFAD/BChE-KO mice. 5XFAD/ BChE-KO males were bred with BChE-KO females 

to maintain the strain and produce mice for subsequent study. 

In the present study, 5 month male mice were used and were comprised of the 

following strains; 5XFAD (n=3), 5XFAD/BChE-KO (n=5), WT5XFAD (n=4) and WTBChE-

KO (n=6).  

genotyped for APP, PS1 and BCHE genes.  An ear punch was used 

to identify mice and collect a skin sample for genotyping.  For DNA isolation, 80  of 

0.025 M sodium hydroxide and 0.2 mM EDTA disodium dihydrate was added to skin 



samples and was incubated at 98°C for 1h with periodic vortexing to digest tissue.  

Following tissue digestion, 80  of a neutralization solution containing 40 mM Tris HCl 

at pH 5.5 was added, vortexed and centrifuged at 4000 rpm for 3min (Truett et al., 2000).  

The supernatant was removed and saved for polymerase chain reaction (PCR).  To each 

PCR tube was added 2.5  PCR buffer (0.2M Tris–HCl and 0.5M KCl pH 8.4), 0.5  

10 mM dNTP mixture (Invitrogen; 10297–018), 0.75  MgCl2, 0.625  primers 5  

DNA isolate, 0.1  Taq (Invitrogen; 10342–020) and 14.9  ultrapure dH2O.  PCR 

samples were amplified on a BIORAD C1000 Touch thermal cycler. For BCHE the 

following protocol was used: 94 °C 2min, 34 times (94°C for 30s, 59°C for 30s, 72°C for 

1min), 4°C for 5min.  For APP and PS1, 94°C 2min, 34 times (94°C for 30s, 65°C for 

30s, 72°C for 1 min), 4 °C for 5 min. PCR products were run on a 2% agarose gel made 

with TAE buffer, containing 0.04 M Tris–acetate and 0.001 M EDTA, with SYBRÓ safe 

DNA gel stain (Invitrogen; S33102, 1:10,000).  Gels were run for 30 min and visualized 

on a Typhoon 9410 Molecular Imager (GE Healthcare). 



 





 



mice were 

euthanized by a lethal intraperitoneal sodium pentobarbital injection, perfused 

transcardially with saline (25 mL, 0.9% NaCl, 0.1% NaNO3) and 50 mL of 4% 

formaldehyde in 0.1M phosphate buffer (PB, pH 7.4).  Brains were removed and post-

fixed for 1.5 h in 4% formaldehyde in PH (pH 7.4), immersed in 30% sucrose in PB with 

0.05% sodium azide and stored at 4 °C until used. Brains were frozen with dry ice and 

cut into 40 m serial coronal sections on a Leica SM2000R microtome with Physitemp 



freezing stage and BFS-30TC controller. Sections were stored at 4 °C in PB with 0.08% 

sodium azide until used for analysis of fibrillar A  with thioflavin-S histofluorescence as 

described previously (Reid & Darvesh, 2015).  Briefly, sections were rinsed in 0.05 M 

Tris-buffered saline pH 7.6 for 30 min, mounted onto glass slides, air-dried overnight, 

rehydrated in dH2O, dehydrated in a series of ethanol washes, cleared in xylene and 

rinsed in 50% ethanol. Sections were then incubated overnight in a solution of 0.05% Th-

S (Sigma–Aldrich, St. Louis, MO, USA) in 50% ethanol, rinsed in 80% aqueous ethanol 

and dH2O and coverslipped with an aqueous mounting medium. 

(CS 5 version 12.0)

Plaque load quantification was performed in ImageJ 1.49d (NIH) and was recorded as a 

percentage of the total area, as described elsewhere (Darvesh et al., 2012).  Briefly, gray-

scale images of sections stained for Thioflavin-S were taken throughout the brain.  An 

intensity threshold level was set such that stained plaques, but not background, was 

selected.  The cortex was outlined with the polygon selection tool and measured for the 

percent area covered by plaque staining.  On average, twelve Thioflavin-S-stained 

sections were quantified per brain.  For each brain, data from each section were summed 

to give a cortical area and the total plaque area measured.  This was used to determine the 



percent plaque load in each brain.  The percent area covered by plaque pathology was 

expressed as a group mean to allow comparison between the 4 groups. 

Unpaired t-tests were applied to determine the difference between means in the areas 

covered by fibrillar Aβ pathology in 5XFAD and 5XFAD/BChE- KO mice.  Results were 

considered significant for p < 0.05.  

In the present study, two transgenic amyloid mouse models (5XFAD and 

5XFAD/BChE-KO) and their respective WT’s (WT5XFAD and WTBChE-KO) were examined 

to determine the effect of fibrillar amyloid deposition on  uptake in the brain.  

Although the animals were imaged first, prior to histological examination, for logical 

interpretation we present the fibrillar Aβ plaque staining first. 
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 PET scans were co-registered with CT and MRI to permit anatomical 

parcellation of the brain.  Semi-quantitative measures of either whole brain or selected 

regional  standard uptake values (SUVs) were obtained in the brains of 5XFAD 

and 5XFAD/BChE-KO mice (Figure 6.2) and corresponding WT counterparts (WT 

images not shown).  

Whole brain ANOVA indicated significant differences were present between 

study groups (F=9.54, p<0.0005).  In 5XFAD mice, a decrease in whole brain  

SUV was observed compared to WT5XFAD counterparts (

XFAD/BChE-KO mice, a similar trend of reduced  retention was 

observed, where 5XFAD/BChE-KO whole brain SUVs were lower than their respective 

WTBChE-KO counterparts ( In spite of a 33% 

reduction of cortical β , no differences in whole brain  

retention between 5XFAD and 5XFAD/BChE-KO mice was demonstrated (Figure 6.3).  

While WT5XFAD and WTBChE-KO



 

 

 



 



 to be affected in AD, including cerebral cortex, thalamus, hippocampal 

formation, amygdala and basal ganglia as well as cerebellum, were selected for 

comparison.  

Regional ANOVAs indicated significant differences were present between study 

groups within each brain region (cerebral cortex: F=9.29, p=0.0005; thalamus: F=8.93, 

p=0.0007; hippocampal formation: F=8.23, p=0.0001; amygdala: F=5.11, p=0.0084; 

basal ganglia: F=8.70, p=0.0007; cerebellum: F=4.89, p=0.01).  As in whole brain 

measurements, in 5XFAD mice, comparable statistically significant decreases in all 

regional SUVs (save cerebellum) were observed compared to WT5XFAD (a reduction in 

regional retention of between 25.9-32.3%, p<0.05) (Figure 6.4).  In 5XFAD/BChE-KO 

mice, however, a more selective regional pattern of reduced retention was observed 

(Figure 6.4).  For example, while decreases in SUVs were observed in the cerebral cortex 

(22.8% decrease, p<0.05) and thalamus (23.6% decrease, p<0.05) compared to WTBChE-

KO, SUVs in the hippocampal formation, amygdala and basal ganglia (as well as 

cerebellum) were conserved when comparing WTBChE-KO and 5XFAD/BChE-KO and were 

not statistically different from one another (Figure 6.4).           

As in whole brain, no significant differences could be discerned in  

uptake between 5XFAD and 5XFAD/BChE-KO mice in these regions examined (Figure 

6.4) nor were WT5XFAD and WTBChE-KO .  
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