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ABSTRACT 

Aim: The abnormal accumulation, assembly and deposition of the amyloid β-protein (Aβ) are prominent pathological 
features of patients with Alzheimer’s disease (AD) and related disorders. A number of factors in the brain can influence 
Aβ accumulation and associated pathologies. The aim of the present study was to determine the consequences of delet- 
ing nitric oxide synthase (NOS) 3, the endothelial form of NOS, in Tg-5xFAD mice, a model of parenchymal AD-like 
amyloid pathology. Methods: Tg-5xFAD mice were bred with NOS3−/− mice. Cohorts of Tg-5xFAD mice and bigenic 
Tg-5xFAD/NOS3−/− mice were aged to six months followed by collection of the blood and brain tissues from the mice 
for biochemical and pathological analyses. Results: ELISA analyses show that the absence of NOS3 results in elevated 
levels of cerebral and plasma Aβ peptides in Tg-5xFAD mice. Immunohistochemical analyses show that the absence of 
NOS3 increased the amount of parenchymal Aβ deposition and fibrillar amyloid accumulation in Tg-5xFAD mice. The 
elevated levels of Aβ were not due to changes in the expression levels of transgene encoded human amyloid precursor 
protein (APP), endogenous β-secretase, or increased proteolytic processing of APP. Conclusions: The results from this 
study suggest that the loss of NOS3 activity enhances Aβ pathology in Tg-5xFAD mice. These findings are similar to 
previous studies of NOS2 deletion suggesting that reduced NOS activity and NO levels enhance amyloid-associated 
pathologies in human APP transgenic mice. 
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1. Introduction 

Alzheimer’s disease (AD), a neurodegenerative disorder 
and leading cause of dementia, is presently the 6th lead- 
ing cause of death afflicting over 5 million individuals in 
the United States [1]. Pathologically, the disease is char- 
acterized by a progressive accumulation of cerebral 
amyloid β-protein (Aβ) assemblies and hyperphospory- 
lated tau species leading to neuronal dysfunction and cell 
death culminating in loss of memory and cognitive func- 
tion [2,3]. In AD, cerebral Aβ deposition occurs primar- 
ily in the form of parenchymal amyloid plaques. The 
deposition of Aβ peptides also occurs in cerebral blood 
vessels, a condition known as cerebral amyloid angiopa- 
thy (CAA) [4,5]. 

The amyloid cascade hypothesis proposes that the 
generation and aggregation of Aβ is the initiating event 
that leads to AD [2,3]. The assembly of Aβ into soluble 
oligomeric forms and amyloid plaques is thought to 

promote further pathological events including the forma- 
tion of intraneuronal tau tangles and disruption of synap- 
tic connections. Aβ is a 40-42 amino acid peptide pro- 
duced by proteolytic cleavage of a type I transmembrane 
protein known as amyloid precursor protein (APP) [6,7]. 
The amyloidogenic processing of APP initially involves 
a cleavage at the amino terminus of Aβ peptide sequence 
by β-secretase, an aspartyl proteinase named BACE [8]. 
Subsequent cleavage of the remaining amyloidogenic 
membrane spanning APP carboxyl terminal fragment by 
β-secretase liberates the predominant Aβ40 or Aβ42 
residue peptides. The proteolytic active site of the multi- 
protein β-secretase complex is contained in Presenilin 
(PS) proteins [9,10]. 

Nitric oxide (NO) is a multifunctional molecule that 
possesses both concentration-dependent and cell-specific 
cytoprotective and cytoxic properties [11,12]. For exam- 
ple, NO has been shown to promote oxidative damage by 
reacting with superoxide anion to form peroxynitrite 
[13,14]. Alternatively, NO has been shown to be neuro- *Corresponding author. 
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protective by overexpressing heme oxygenase, promot- 
ing Creb and Akt survival and protecting excitotoxicity 
through S-nitrosylation [15,16].  

Nitric oxide synthases (NOS) are the enzymes respon- 
sible for producing NO in the body. There are three iso- 
forms of NOS present in the brain: NOS1, NOS2 and 
NOS3 [17]. NOS1 is largely constitutively expressed by 
neurons in the brain. NOS2 is found predominantly in 
macrophages and microglia and is inducible. NOS3, 
found in endothelial cells, is closely associated with 
cerebral vascular function. Previous studies showed that 
removing NOS2 in specific APP transgenic mouse mod- 
els enhanced AD-like pathologies including hyperpho- 
sphylated tau and neuronal loss [18,19]. In another study 
it was shown that NOS3−/− mice had increased levels of 
BACE1 and elevated levels of endogenous mouse APP 
compared to wild-type mice [20]. Based on these find- 
ings, the main goal of the present study was to determine 
if the absence of NOS3 modifies development of AD- 
like features in Tg-5xFAD mice, an APP transgenic mou- 
se of parenchymal amyloid pathology. 

Here we show that deletion of NOS3 in Tg-5xFAD 
mice resulted in elevated Aβ levels in brain. This was 
reflected by increased parenchymal Aβ deposition and 
fibrillar amyloid. The elevated Aβ in brain was not due to 
changes in the expression levels of transgene encoded 
human APP, endogenous BACE1, or increased proce- 
ssing of APP. Furthermore, there were increased levels 
of plasma Aß that mirrored the increased levels of brain 
Aβ, suggesting that efflux of cerebral Aβ into blood is 
not impaired in the absence of NOS3. Together, the pre- 
sent findings with NOS3 deletion are similar to the pre- 
vious studies of NOS2 deletion, suggesting that reduced 
NOS activity and NO levels enhance amyloid-associated 
pa- thologies in human APP transgenic mice. 

2. Materials and Methods 

2.1. Animals 

All studies with mice followed NIH guidelines and were 
approved by the Stony Brook University IACUC com- 
mittee. For these studies we used Tg-5x FAD mice, a 
model for AD-like parenchymal amyloid pathology. Tg- 
5xFAD mice co-express human APP695 and human 
presenilin 1 with five familial mutations (APP K670N/ 
M671L + I716V + V717I and PS1 M146L + L286V) and 
develop early-onset Aβ accumulation and fibrillar Aβ 
plaques in brain starting at about two months of age [21]. 
Tg-5xFAD mice and NOS3−/− mice were obtained from 
Jackson Laboratories. Heterozygous Tg-5xFAD mice 
were bred with NOS3−/− to obtain cohorts of heterozgous 
bigenic Tg-5xFAD/NOS3+/− mice. These mice were sub- 
sequently bred to heterozygous NOS3+/− mice to obtain 
heterozygous Tg-5xFAD mice and bigenic heterozygous 

Tg-5xFAD/NOS3−/− mice all on the same background. 
The presence of the Tg-5xFAD transgenes and absence 
of NOS3 were confirmed by PCR genotyping.  

2.2. Tissue Collection  

Prior to termination blood was collected from each 
mouse by retro-orbital bleeding to obtain plasma samples. 
The mice were perfused with cold phosphate-buffered 
saline (PBS), the brains removed and dissected through 
the mid-sagittal plane. One hemisphere was snap frozen 
in liquid nitrogen, pulverized on dry ice and divided into 
three equivalent aliquots for biochemical and molecular 
analyses. The other hemisphere was placed in 70% 
ethanol, followed by xylene treatment and embedding in 
paraffin for immunohistochemical and histological an- 
alyses. 

2.3. Mouse Plasma Isolation 

Mouse blood was collected by retro-orbital bleed from 
anesthetized mice. Blood was collected in one tenth 
volume of 3.8% sodium citrate to prevent coagulation. 
Blood was centrifuged at 8000× g for 5 min at room 
temperature to remove platelets and cellular components. 
Plasma samples were stored at −80˚C until analysis. 

2.4. ELISA Measurement of Aβ Peptides 

Soluble pools of Aβ40 and Aβ42 were determined by 
using specific ELISAs on carbonate extracted mouse 
forebrain tissue and subsequently the insoluble Aβ40 and 
Aβ42 levels were determined by ELISA of guanidine 
lysates of the insoluble pellets resulting from the carbon- 
ate extracted brain tissue as described [22,23]. For 
plasma Aβ analysis, 70 µl of sample was incubated with 
35 µl of 5 M guanidine-HCl for 30 min at room tem- 
perature. The treated plasma samples were then diluted to 
a volume of 350 µl in a buffer of 200 mM Tris-HCl, pH 
6.8 containing 0.25% bovine serum albumin. In the 
sandwich ELISAs Aβ40 and Aβ42 were captured using 
their respective carboxyl-terminal specific antibodies 
m2G3 and m21F12 and biotinylated m3D6, specific for 
human Aβ, was used for detection [22]. Each brain lysate 
or plasma sample was measured in triplicate and com- 
pared to linear standard curves generated with known 
concentrations of human Aβ using a Spectramax M2 
plate reader (Molecular Devices, Sunnyvale, CA). 

2.5. Immunohistochemical Procedures 

For immunolabeling, sections were cut from paraffin- 
embedded mouse brain hemispheres in the sagittal plane 
at 10 µm using a microtome, placed on a flotation water 
bath at 45˚C and then placed onto glass slides. Paraffin 
was removed from the sections by washing with xylene 
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and the tissue sections were rehydrated in decreasing 
concentrations of ethanol. Antigen retrieval was per- 
formed by treating the tissue sections with proteinase K 
(0.2 mg/ml) for 10 min at 22˚C. Deposited Aβ was de- 
tected using an affinity purified rabbit polyclonal anti- 
body directed to residues 1 - 28 of human Aβ (1:250; 
[24]). Primary antibody was detected with HRP-conju- 
gated anti-rabbit secondary antibody (1:1000; GE 
Healthcare, Buckinghamshire, UK) and visualized with a 
stable diaminobenzidine solution as substrate (Spring 
Bioscience, Fremont, CA). Sections were counterstained 
with hematoxylin. Cerebral vessels were identified using 
a rabbit polyclonal antibody to collagen type IV (1:100; 
Research Diagnostics, Flanders, New Jersey) and Alexa 
Fluor 594-conjugated secondary antibody (1:1000; Invi- 
trogen, Eugene, Oregon). Thioflavin-S staining for fi- 
brillar amyloid was performed as described previously 
[25,26]. 

2.6. Immunoblotting 

Aliquots of pulverized mouse forebrain were homo- 
genized in 50 mM Tris-HCl (pH 7.5) containing 150 mM 
NaCl, 1% SDS, 0.5% NP-40, 5 mM EDTA and pro- 
teinase inhibitor cocktail (Roche Biochemicals, Indian- 
apolis, IN, USA). The tissue homogenates were clarified 
by centrifugation at 14,000× g for 10 min. Protein con- 
centrations of the resulting supernatants was determined 
using the BCA Protein Assay kit (Pierce, Rockford, IL, 
USA). 35 μg of total protein from each sample was elec- 
trophoresed in either SDS 10% polyacrylamide gels un- 
der nonreducing conditions and the proteins were trans- 
fered onto Hybond nitrocellulose membranes (Amersham, 
Arlington Heights, IL, USA). Unoccupied sites on the 
membranes were blocked overnight with 5% non-fat 
milk in PBS with 0.05% Tween—20. The following anti- 
bodies were used for detection of target proteins: human 
APP was detected using the human APP-specific 
N-terminal monoclonal antibody P2-1 as described previ- 
ously (1:1000; [26]); BACE1 was detected using a rabbit 
monoclonal antibody (1:1000; Cell Signaling Technol- 
ogy, Danvers, MA, USA); APP C-terminal fragments 
were detected using an affinity purified rabbit polyclonal 
antibody directed to APP695 residues 677 - 695 (1:1000); 
and β-tubulin was detected using a rabbit polyclonal an- 
tibody (1:1000; Abcam, Cambridge, MA, USA). Quan- 
titation of protein bands was performed using a Versa- 
Doc Imaging System (BioRad, Hercules, CA) and the 
manufacturer’s Quantity Oneton software. 

2.7. Stereological Measurements  

Total Aβ deposition and amyloid burden in the regions of 
the fronto-temporal cortex and subiculum were quanti- 

fied on the same set of systematically sampled immu- 
nostained sections and thioflavin-S stained sections, re- 
spectively, using NIH Image J 1.32 software. The num- 
bers of thioflavin-S labeled surface meningeal blood 
vessels in the same fields as above were determined us- 
ing the stereological principles as described as described 
[27,28]. 

2.8. Statistical Analysis 

Data are presented as mean and standard deviation of the 
mean of n = six or more mice per group. The t test was 
performed to determine the statistical difference between 
the groups of Tg-5xFAD mice and Tg-5xFAD/NOS3−/− 
mice. p < 0.05 was considered as significant. 

3. Results 

3.1. Deletion of NOS3 Increases Parenchymal Aβ 
Accumulation in the Brains of Tg-5xFAD 
Mice 

To investigate the effect of NOS3 on cerebral Aβ 
pathology we bred Tg-5xFAD mice, a model of AD-like 
parenchymal Aβ pathology, with NOS3−/− mice. The 
absence of NOS3 in bigenic Tg-5xFAD/NOS3−/− mice 
was confirmed at the genetic level by PCR genotyping 
(data not shown) and at the protein level by immu- 
noblotting brain samples to confirm the absence of NOS3 
protein (Figure 1). It was previously reported that 
NOS3−/− mice exhibit a significant increase in blood 
pressure compared to wild-type mice due to loss of 
endothelial NO and vascular relaxation [29]. Accordingly, 
we found that bigenic Tg-5xFAD/NOS3−/− had elevated 
blood pressure measurements compared to Tg-5xFAD 
mice (186.3 ± 7.4 mmHg vs 154.3 ± 18.3 mmHg systolic 
blood pressure and 152.2 ± 10.7 mmHg vs 120.5 ± 16.0 
mmHg diastolic blood pressure, respectively) further 
confirming the lack of NOS3 in the bigenic animals. 

Groups of Tg-5xFAD mice and bigenic Tg-5x 
FAD/NOS3−/− mice were aged to six months, a point 
where there is marked parenchymal Aβ deposition in this 
APP transgenic line [21]. ELISA analysis was performed 
to determine the levels of soluble and insoluble Aβ40 and 
Aβ42 in brain homogenates prepared from each line. As 
shown in Figure 2, there were increased levels of both 
soluble and insoluble Aβ40 and Aβ42 in the Tg-5x  
 

 

Figure 1. Lack of NOS3 in Tg-5xFAD/NOS3−/− mice. Brain 
homogenates prepared from Tg-5xFAD mice and Tg-5x 
FAD/NOS3−/− mice were subjected to immunoblotting with 
an antibody specific to NOS3. The results confirm that 
Tg-5xFAD/NOS3−/− mice do not express NOS3 protein. 
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FAD/NOS3−/− mice compared with Tg-5xFAD littermate 
controls.  

 

To determine the cerebral distribution of Aβ de- 
position we performed immunostaining on brain sections 
prepared from Tg-5xFAD and Tg-5xFAD/ NOS3−/− mice. 
As shown in Figure 3, Tg-5xFAD mice and Tg-5x 
FAD/NOS3−/− mice exhibited a similar pattern of paren- 
chymal Aβ deposition with abundant plaques in the 
cortex and subiculum. Quantitative image analysis 
confirmed that there was increased Aβ deposition in the 
Tg-5xFAD/NOS3−/− mice compared with Tg-5xFAD 
littermates, consistent with the ELISA results obtained in 
Figure 2. 

To differentiate between Aβ deposition and fibrillar 
amyloid deposition we performed thioflavin S staining of 
brain sections. Figure 4 shows representative images of 
fibrillar amyloid deposition in the cortex and subiculum 
of Tg-5xFAD and Tg-5xFAD/NOS3−/− mouse brains. 
Quantitation of the thioflavin S staining indicated that 
there was significantly higher amounts of fibrillar amy-  

Figure 2. The absence of NOS3 increases Aβ levels in 
Tg-5xFAD mice. ELISA measurements for soluble and 
insoluble forms of Aβ40 and Aβ42 peptides were performed 
on homogenates pre- pared from forebrain hemispheres 
from Tg-5xFAD and Tg-5x FAD/NOS3−/− mice. The results 
show that the levels of Aβ40 and Aβ42 peptides were 
generally higher in the absence of NOS3. ELISA data 
shown are mean ± SD of 6 mice per group. *p < 0.05. 
 

 

Figure 3. The absence of NOS3 increases parenchymal Aβ deposition in Tg-5xFAD mice. Human Aβ deposits were detected 
by immunostaining (brown) in the cortex and subiculum regions of Tg-5xFAD and Tg-5xFAD/NOS3−/− mouse cortex (A) (B) 
respectively and subiculum (D) (E) respectively. Scale bars = 100 μm. Quantitative image analysis of Aβ deposition in 
Tg-5xFAD and Tg-5xFAD/NOS3−/− mouse cortex (C) and subiculum (F) showed elevated levels of Aβ in the absence of NOS3. 
Data presented are the mean ± SD of 6 mice per group. *p < 0.001. 
 

 

Figure 4. The absence of NOS3 increases parenchymal amyloid deposition in Tg-5xFAD mice. Fibrillar amyloid was detected 
using thioflavin-S (green) in the cortex and subiculum regions of Tg-5xFAD and Tg-5xFAD/NOS3−/− mouse cortex (A) (B) 
respectively and subiculum (D) (E) respectively. Scale bars = 100 μm. Quantitative image analysis of fibrillar amyloid 
deposition in Tg-5xFAD and Tg-5xFAD/NOS3−/− mouse cortex (C) and subiculum (F) showed elevated levels of in the absence 
of NOS3. Data presented are the mean ± SD of 6 mice per group. *p < 0.03, **p < 0.0005. 
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loid in both the cortex and subiculum of Tg-5xFAD/ 
NOS3−/− mice compared to Tg-5xFAD littermates. 

Although CAA is not a prominent phenotype in the 
Tg-5xFAD mice, they do develop some meningeal sur- 
face vessel CAA with age. Since NOS3 is expressed in 
endothelial cells and affects vascular function it may 
have an influence on CAA. Therefore, we performed 
double labeling experiments on the mouse brain sections 
where we immunolabeled for collagen IV to identify 
cerebral vessels and stained with thioflavin S to identify 
fibrillar amyloid. As shown in Figure 5, some large 
meningeal vessel amyloid was observed in both Tg-5x 
FAD and Tg-5xFAD/NOS3−/− mice that was somewhat 
elevated in the latter group. Together, these findings 
show that the absence of NOS3 increases the levels of 
cerebral Aβ peptides, parenchymal Aβ deposition and 
fibrillar amyloid in six months old Tg-5xFAD mice. 

3.2. APP Production and Metabolism Are Not 
Affected in the Tg-5xFAD/NOS3−/− Mice 

Since Aβ and fibrillar amyloid levels were elevated in the 
Tg-5xFAD/NOS3−/− mice we next determined if this was 
a result of increased APP production and/or metabolism. 
It was previously reported that the levels of endogenous 
mouse APP are elevated in NOS3−/− mice [20]. However, 
as shown in Figure 6, quantitative immunoblotting 
analysis showed no difference in the levels of transgene 
encoded human APP between Tg-5xFAD and Tg-5xFAD/ 
NOS3−/− mice. 

Similarly, it was reported that endogenous BACE 1 
was increased in NOS3−/− mice [20]. Thus, elevated 
BACE 1 levels could enhance amyloidogenic processing 
of APP causing increased production of Aβ peptides. 
However, quantitative immunoblotting analysis showed 
there was no appreciable change in the levels of BACE 1 
between Tg-5xFAD and Tg-5xFAD/NOS3−/− mice sug- 
gesting that increased processing of APP does not occur 
in the Tg-5xFAD/NOS3−/− mice. This contention was  

further supported by quantitative measures of the C99/ 
C83 APP C-terminal fragments again showing no differ- 
ences between Tg-5xFAD and Tg-5xFAD/NOS3−/− mice 
(Figure 6). Together, these results suggest that the in- 
creased Aβ and parenchymal fibrillar amyloid levels in 
Tg-5xFAD/NOS3−/− mice is not due to elevated APP or 
BACE expression or altered amyloidogenic processing of 
APP. 

3.3. Tg-5xFAD/NOS3−/− Mice Exhibit Increased 
Levels of Plasma Aβ 

An important clearance route of cerebral Aβ is across the 
blood-brain barrier into the circulation [29]. Since the 
absence of NOS3 occurs in endothelial cells at the 
blood-brain barrier it is possible that this efflux pathway 
is altered in Tg-5xFAD/NOS3−/− mice resulting in the 
increased Aβ in brain. However, ELISA measurements 
of plasma Aβ40 and Aβ42 showed that Tg-5xFAD/ 
NOS3−/− mice have significantly higher amounts of 
plasma Aβ compared to Tg-5xFAD mice (Figure 7). 
These higher plasma Aβ levels mirror the higher cerebral 
Aβ levels in the absence of NOS3 suggesting that Aβ 
clearance into the circulation is likely not impaired. 

4. Discussion 

The Aβ cascade hypothesis proposes that the accumula- 
tion of Aβ in the brain promotes deleterious down- 
stream consequences such as neuroinflammation, hyper- 
phosphorylation of tau and neuronal death, which in turn 
causes the cognitive deficits seen in AD [2,3]. Therefore, 
identifying factors that influence the accumulation of Aβ 
in brain is important for understanding mechanisms that 
might underlie the initiation of this pathological process. 
In the present study, we show that the loss of NOS3 in- 
creases cerebral Aβ levels and the amount of deposited 
fibrillar amyloid in Tg-5xFAD mice, a model of AD-like 
parenchymal amyloid pathology. Due to the presence of 
the FAD mutations in Tg-5xFAD mice, Aβ42 is the pre- 
dominant species of the peptide that is produced and ac-  

 

 

Figure 5. The absence of NOS3 increases surface meningeal vessel CAA in Tg-5xFAD mice. CAA was detected using 
thioflavin-S (green) to identify fibrillar amyloid and an antibody to collagen IV (red) to identify cerebral blood vessels. 
Representative images of surface vessel CAA in Tg-5xFAD mice (A) and Tg-5xFAD/NOS3−/− mice (B). (C) Quantitation of the 
percent of surface meningeal vessels affected with CAA in Tg-5xFAD mice and Tg-5xFAD/NOS3−/− mice. Data presented are 
the mean ± SD of 6 mice per group. 
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Figure 6. The absence of NOS3 does not alter APP expre- 
ssion and processing in Tg-5xFAD mice. (A) Representative 
quantitative immunoblots for detecting APP, BACE-1, APP 
CTFs and β-tubulin in forebrain homogenates prepared 
from Tg-5xFAD mice and Tg-5xFAD/NOS3−/− mice; (B) 
Quantitation of protein levels revealed there was no differ- 
ence between Tg-5xFAD mice and Tg-5xFAD/NOS3−/− mice. 
Data presented are the mean ± SD of 6 mice per group. 
 

 

Figure 7. The absence of NOS3 increases plasma Aβ levels 
in Tg-5xFAD mice. ELISA measurements for Aβ40 and 
Aβ42 peptides were performed on plasma samples collected 
from Tg-5xFAD and Tg-5xFAD/NOS3−/− mice. The results 
show that the plasma levels of Aβ40 and Aβ42 peptides were 
significantly elevated in the absence of NOS3. ELISA data 
shown are mean ± SD of 6 mice per group. *p < 0.05. 
 
cumulates in brain. Notably, although increases in both 
Aβ40 and Aβ42 occur in the absence of NOS3 the latter 
remains the predominant form of Aβ that accumulates in 
brain of Tg-5xFAD mice. Since Aβ42 is elevated and 
more fibrillogenic this also explains why there are sig- 
nificant increases in parenchymal fibrillar amyloid depo- 
sition in the absence of NOS3.  

Austin et al. [20] reported that in NOS3−/− mice the 

levels of endogenous mouse APP and the APP process- 
ing enzyme BACE1 were increased. However, when we 
performed quantitative measures of transgene encoded 
human APP and endogenous mouse BACE1 we found no 
appreciable differences between Tg-5xFAD mice and 
bigenic Tg-5xFAD/NOS3−/− mice suggesting that in- 
creased expression and processing of APP was not al- 
tered in the absence of NOS3. This was further supported 
by the lack of changes in the amount of APP C-terminal 
fragments that result from β-secretase processing (C83) 
and β-secretase processing (C99) of APP. The lack of 
changes in APP or BACE1 expression observed in 
Tg-5xFAD/NOS3−/− mice could be due to several differ- 
ent reasons. For example, in the study of NOS3−/− mice 
by Austin et al. [20] they measured endogenous mouse 
APP where in our study we measured transgene encoded 
human APP that is under transcriptional control of the 
thy1 promoter element [21]. Perhaps the effect of in- 
creased APP expression in the absence of NOS3 is re- 
stricted to the activity of the endogenous mouse APP 
promoter element. The absence of increased BACE1 
expression in bigenic Tg-5xFAD/NOS3−/− mice could be 
due to the presence of FAD mutations in APP and PS or 
different background strains of the mice. Overall though, 
the increased levels of cerebral Aβ and parenchymal 
amyloid deposition do not appear to result from en- 
hanced APP expression and amyloidogenic processing. 

The accumulation of Aβ in brain can result from an 
increase in production or decrease in one or more clear- 
ance mechanisms. The present findings argue that dele- 
tion of NOS3 does not appear to increase production of 
Aβ in Tg-5xFAD mice, suggesting that clearance path- 
ways may be impaired. One prominent clearance route 
for cerebral Aβ peptides is transport across the endothe- 
lial blood-brain barrier into the circulation [28]. Since 
NOS3 is expressed in the endothelium and its production 
of NO influences vascular function it is possible that Aβ 
efflux into blood could be impaired in bigenic Tg- 
5xFADx/NOS3−/− mice. However, the plasma levels of 
Aβ40 and Aβ42 were significantly higher in the bigenic 
Tg-5xFAD/NOS3−/− mice compared to the Tg-5xFAD 
mice reflecting the elevated brain levels in the former. 
Thus, the efflux of Aβ out of brain into the circulation 
does not appear to be altered in the absence of NOS3. 
This could suggest that other clearance mechanisms are 
altered in the absence of NOS3. For example, there are a 
number of endogenous Aβ degrading enzymes in brain 
including neprilysin, insulin degrading enzyme and ma- 
trix metalloproteinases [31-33]. It is possible that the 
absence of NOS3 reduces the levels or activities of one 
or more of these enzymes, resulting in increased Aβ lev- 
els. Alternatively, there could be changes in Aβ binding 
proteins that facilitate the assembly and deposition of Aβ. 
For example, the β4 isoform of apolipoprotein E can de- 
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crease the age of onset, increase the severity and promote 
cerebral deposition of fibrillar amyloid [34]. Other fac- 
tors that can influence cerebral Aβ deposition include 
apolipoprotein J, otherwise known as clusterin [23], 
apolipoprotein A-1 [35,36], β1-anti-chymotrypsin [37] 
and transthyretin [38]. In the future it will be important to 
determine if in the absence of NOS3 Aβ-degrading en- 
zymes or Aβ binding proteins are altered in a manner that 
promotes the accumulation and deposition of Aβ in brain. 

In conclusion, our results suggest that NOS3 plays a 
neuroprotective role in the development of Aβ patholo- 
gies. The present findings with NOS3 deletion are similar 
to the previous studies of NOS2 deletion [18,19] sug- 
gesting that reduced NOS activity and NO levels in brain 
enhance amyloid-associated pathologies in human APP 
transgenic mice. 
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