
Circulating Neprilysin Clears Brain Amyloid

Yinxing Liu1, Christa Studzinski1,2, Tina Beckett1,2, M. Paul Murphy1,2, Ronald L. Klein3,
and Louis B. Hersh1
1 Department of Molecular and Cellular Biochemistry, University of Kentucky, College of
Medicine, 741 South Limestone St., Lexington, KY 40536-0509
2 Sanders-Brown Center on Aging, University of Kentucky, College of Medicine, 101 Sanders-
Brown Bldg, Lexington, KY 40536-0509
3 Department of Pharmacology, Toxicology and Neuroscience, Louisiana State University Health
Sciences Center, 1501 Kings Highway, Shreveport, LA 71130-3932

Abstract
The use of the peptidase neprilysin (NEP) as a therapeutic for lowering brain amyloid burden is
receiving increasing attention. We have previously demonstrated that peripheral expression of
NEP on the surface of hindlimb muscle lowers brain amyloid burden in a transgenic mouse model
of Alzheimer’s disease. In this study we now show that using adeno-associated virus expressing a
soluble secreted form of NEP (secNEP-AAV8), NEP secreted into plasma is effective in clearing
brain Aβ. Soluble NEP expression in plasma was sustained over the 3-month time period it was
measured. Secreted NEP decreased plasma Aβ by 30%, soluble brain Aβ by ~28%, insoluble brain
Aβ by ~55%, and Aβ oligomers by 12%. This secNEP did not change plasma levels of substance
P or bradykinin, nor did it alter blood pressure. No NEP was detected in CSF, nor did the AAV
virus produce brain expression of NEP. Thus the lowering of brain Aβ was due to plasma NEP
which altered blood-brain Aβ transport dynamics. Expressing NEP in plasma provides a
convenient way to monitor enzyme activity during the course of its therapeutic testing.
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1. Introduction
The peptidase neprilysin (neutral endopeptidase 24.11, NEP) plays a major role in the
clearance of amyloid beta peptides (Aβ) from the brain (Marr et al., 2004, Maruyama et al.,
2005). Evidence is accumulating that the level of NEP declines with aging leading to
decreased Aβ clearance. Since an accumulation of Aβ is considered to be a major factor in
the etiology of Alzheimer’s disease (AD), the decline in NEP with aging is likely a
contributing factor to the progression of AD (Miners et al., 2006). The use of NEP and other
peptidases as a therapeutic for treating AD has attracted recent attention. It has been shown
that increasing expression of NEP in the brain of mouse models of AD either through the

Corresponding author: Louis B. Hersh, Department of Molecular and Cellular Biochemistry, B283 Biomedical Biological Sciences
Research Building, 741 South Limestone St. Lexington, KY 40536-0509, Phone: 859-323-5549, Fax: 859-323-1727, lhersh@uky.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Mol Cell Neurosci. Author manuscript; available in PMC 2011 October 1.

Published in final edited form as:
Mol Cell Neurosci. 2010 October ; 45(2): 101–107. doi:10.1016/j.mcn.2010.05.014.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



use of lentivirus (Marr et al., 2003) or crossing transgenic mice overexpressing NEP with
hAPP transgenic mice (Leissring et al., 2003) lowers brain Aβ levels.

Although NEP can clear Aβ from the brain, the problem of increasing CNS NEP in an AD
patient is challenging. In an attempt to avoid having to penetrate the brain we considered the
use of peripherally expressed NEP. A dynamic equilibrium between brain Aβ and plasma
Aβ has been shown (Deane et al., 2004b, DeMattos et al., 2001, 2002) where LRP-1
transports Aβ from the brain into plasma, while RAGE transports Aβ from the plasma into
the brain (Deane et al., 2003, 2004a). Disrupting this transport dynamics was exploited using
passive immunization with Aβ antibodies to bind plasma Aβ in immune complexes, prevent
reuptake into the brain, and decrease brain Aβ (DeMattos et al., 2001). Similarly Aβ-binding
proteins, gelsolin and GM1, a soluble form of RAGE, and a soluble domain of LRP all
altered the distribution of Aβ between brain and plasma (Deane et al., 2003, 2008, Matsuoka
et al., 2003). Since these studies demonstrated that brain Aβ could be decreased by
peripheral mechanisms we considered using NEP to clear plasma Aβ through hydrolysis as
an alternative to introducing the enzyme into the brain.

We have demonstrated that NEP attached to red blood cells effectively degraded Aβ
transported from the brain into plasma (Liu et al., 2007). We therefore tested NEP gene
therapy as a means to delivery a therapeutic level of NEP to the periphery. We showed that
NEP when expressed on leukocytes (Guan et al., 2009) or on the surface of hindlimb muscle
cells (Liu et al., 2009) lowered brain Aβ in hAPP mice. These methods, although effective,
either required bone marrow replacement or the need to sacrifice mice to assess the level of
NEP expressed on hind limb muscle. In this study, we show that a soluble form of NEP
secreted into plasma produces an easily quantifiable form of NEP that efficiently reduces Aβ
burden in the brain.

2. Materials and Methods
2.1 Treatment of Mice

AAV8 expressing a secreted soluble form of mouse NEP was injected into the hindlimb
muscle of 3XTg-AD mice (Oddo et al., 2003). Each mouse received 30 μl of NEP-AAV8 by
injecting 5 μl into 6 sites in the hindlimb muscle as previously described (Liu et al., 2009).
At 3 months post injection mice were sacrificed, brains were immediately removed, and
placed on ice. One half brain was used for Aβ peptide measurement and the other half brain
was frozen for tissue sectioning. Other tissues were taken for determination of virus
integration. All procedures were performed according to the National Institutes of Health
Guide for the Care and Use of Laboratory Animals and approved by the University of
Kentucky, KY, Institutional Animal Care and Use Committees.

2.2 Generation of AAV8-secNEP
A gene encoding the extracellular domain of mouse NEP linked to the pepsin secretion
signal (Marr et al., 2003) was cloned into the vector pGFPNW. This form of mouse NEP
(secNEP) is secreted from cells, retains full activity, and remains soluble. The pGFPNW
expression vector contains the cytomegalovirus/chicken β-actin hybrid promoter flanked by
AAV2 terminal repeats. The secNEP plasmid was cross-packaged into an AAV8 vector
using an adenovirus helper plasmid and a packaging vector in HEK293-T cells (Klein et al.,
2006). Virus was purified on a discontinuous iodixanol gradient (Kohlbrenner et al., 2005).

2.3 NEP activity measurements
Recombinant soluble mouse NEP was secreted from HEK293T cells transduced with
lentivirus expressing the extracellular domain and purified by ion exchange chromatography
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on a Source15Q column (Amersham Bioscience) as previously described (Daily et al., 2006,
Marr et al., 2003). NEP activity was measured using the substrate glutaryl-Ala-Ala-Phe-4-
methoxy-2-naphthylamide (Sigma, St. Louis, MO) as previously described (Liu et al., 2009).
Assay mixtures contained 100 μM glutaryl-Ala-Ala-Phe-4-methoxy-2-naphthylamide
(GAAF-MNA), 5 μl of 10-fold diluted plasma, 1 μg of human puromycin sensitive
aminopeptidase (Thompson et al., 2003), and 20 mM MES buffer, pH 6.5 in a total volume
of 200 μl. Reactions were initiated by the addition of plasma and monitored at 37°C at an
excitation of 340 nm and emission of 425 nm. Phosphoramidon (50 μM), an inhibitor of
NEP, blocked the observed activity by more than 90%.

2.4 Isolation of plasma and CSF
To isolate plasma, 100 μl of mouse blood was collected into 5 units of heparin in PBS. The
blood was centrifuged at 100g for 20 min and the supernatant used for determining NEP
activity. Preliminary experiments established that heparin did not affect NEP activity. CSF
was collected from the cisterna magna as described by DeMattos et al. (2001).

2.5 RT-PCR
Total RNA was isolated from tissues using the Qiagen RNeasy kit (Qiagen GmbH,
Germany). cDNA was synthesized from 5 μg of RNA using the SuperScript III First Strand
Synthesis System (Invitrogen, Carlsbad, CA). Forward and reverse primers used for
detecting secreted mouse NEP were: 5′-TGC CAT TCA GGT CAT AGC CT-3′ and 5′-CTG
CTA TCA ATA GCA GAC TC-3′, respectively. β-actin mRNA was measured using as
forward and reverse primers 5′-TGT TTG AGA CCT TCA ACA CC-3′ and 5′-TAG GAG
CCA GAG CAG TAA TC- 3′, respectively. PCR reactions were performed using 2 μl
cDNA and 20, 25, 30 cycles. The expected PCR product sizes are 384 bp for secNEP and
600 bp for β-actin.

2.6 Blood pressure measurements
Systolic blood pressure was measured by the tail cuff method (BP-2000 Visitech Systems)
(Cassis et al., 2005). Measurements were taken with conscious mice restrained on a 37°C
heated stage for five consecutive days at the same time of day each time. We took ten
preliminary measurements and then recorded the next ten measurements.

2.7 Aβ determination
Aβ levels were measured by sandwich ELISA using Ab9 (anti-Aβ1–16) (McGowan et al.,
2005) as the capture antibody and 4G8 (anti-Aβ17–24) (Signet Laboratories, Dedham, MA)
as the detection antibody. Aβ containing samples were prepared from mouse half-brain by
homogenization in RIPA buffer (50 mM Tris-HCl, pH 8, 1% Triton X-100, 0.5%
deoxycholate, 0.1% SDS, 150 mM NaCl, and a protein inhibitor cocktail) (Roche
Diagnostics, Indianapolis, IN). Homogenates were centrifuged at 20,000g for 30 min to
yield a supernatant containing detergent soluble Aβ. The detergent insoluble Aβ fraction
was obtained by sonicating the pellet in 70% formic acid followed by centrifugation at
100,000g for 1 h. To measure Aβ oligomers, brain tissue was homogenized at 200 mg/ml
PBS containing a protein inhibitor cocktail, (Roche Diagnostics, Indianapolis, IN),
centrifuged at 20,000g for 30 min, and the supernatant used to measure buffer soluble
oligomers. The pellet was sonicated in 2% SDS, centrifuged as above, and used to determine
SDS soluble Aβ oligomers. Oligomers were measured using a single site epitope
competition ELISA assay with anti- Aβ antibody 4G8/4G8-biotin (LeVine, 2004a). A
standard curve was generated from synthetic oligomeric Aβ provided by Dr. H. Levine
(University of Kentucky) with molecular weights ranging from 200 to 800 kDa.
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2.8 Determination of APP expression
The RIPA homogenate was subjected to SDS-PAGE followed by Western blot analysis to
determine APP expression. Rabbit anti-human APP (R8666) (obtained from Dr. Maria
Kounnas, Torrey Pines Pharmaceutical Inc., La Jolla, CA) and anti-actin mouse monoclonal
antibody (JLA20, Calbiochem, San Diego, CA) were used. Alexa Fluor 680-conjugated goat
anti-rabbit antibody (Invitrogen, Carlsbad, CA) and IRDye 800-conjugated goat anti-mouse
antibody (Invitrogen, Carlsbad, CA) were used for detection with a Li-COR Odyssey system
(Biosciences, Lincoln, Nebraska). ImageQuant software (Molecular Devices, Pty, Ltd.) was
used for quantitation and the APP to actin ratio calculated.

2.9 Peptide hormone measurements
One ml of blood was collected into 30 μl of PBS containing 1,000 U/ml of heparin and a
protein inhibitor cocktail, (Roche Diagnostics, Indianapolis, IN). Plasma was collected as
noted above and peptide levels determined with commercial ELISA kits for substance P
(Assay Designs, MI) and bradykinin (Phoenix Pharmaceuticals, CA).

2.10 Immunohistochemistry
Immunohistochemistry was performed on cryostat coronal brain sections (16 μm) fixed in
3% paraformaldehyde in PBS. Prior to staining endogenous peroxidase activity was
eliminated by treatment with 3% H2O2, sections were then blocked with 0.1% Triton X-100,
0.1% BSA, and 2% horse serum in PBS for 1 h at room temperature. For Congo red staining
sections were incubated in 0.4% alkaline Congo red in 80% alcohol saturated with sodium
chloride for 20 min at room temperature and rinsed in alcohol. Brain sections were then
incubated at 4°C overnight in PBS containing rabbit anti-mouse glia fibriillary protein
(GFAP, 1:100, Abcam Inc. Cambridge, MA). After washing, sections were incubated with
goat anti-rabbit peroxidase secondary antibody (1:2000, Chemicon, Temecula, CA) for 1 h
at room temperature. Stained sections were developed with Nickel-DAB (Vector
Laboratories, Inc. Burlingame, CA) with images captured with an Olympus Provis AX80
microscope (B&B Microscopes, Ltd., Philadelphia, PA). Quantitative analysis was
performed as described by Oddo et al. (2006a). Images of stained sections were imported
into Image Pro Plus 6.2 software (Media Cybernetics, Inc., MD).

2.11 Thioflavin S staining
Serial sections of each brain (four sections per animal) were incubated in 0.5% solution of
Thioflavine S (Sigma Aldrich) in 50% ethanol for 10 min. Sections were washed twice in
50% ethanol and water, respectively (Oddo et al., 2006b). Quantitative analysis of Aβ
plaques was performed as described above.

2.12 Statistical analysis
Immunohistochemical and ELISA data were analyzed by the two-tailed unpaired student’s t
test using GraphPad Prism 4 software (GraphPad Software, Inc., CA). Values were
considered to be statistically significant with a p value of less than 0.05. Data are presented
as mean ± SEM.

3. Results
3.1 Stability of soluble NEP in plasma

We have previously shown that NEP expressed on the surface of mouse hindlimb muscle
can degrade plasma Aβ and lower brain Aβ (Liu et al., 2009). However in that study it was
impossible to determine the level of NEP expression without sacrificing the mice. We
therefore tested whether NEP, in the absence of viral expression, could be used peripherally
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to clear plasma Aβ. Soluble NEP was produced by secretion of its catalytically active
extracellular domain fused to the pepsin secretion signal (Marr et al., 2003) from HEK293T
cells and purified on a Source 15Q ion exchange chromatography column. The secNEP was
fully active in mouse plasma, Figure 1A, indicating the absence of inhibitors and resistance
to proteolysis by plasma proteases. We next determined the in vivo stability of secNEP by
injecting purified enzyme into mouse tail vein, and sampling plasma at various times. As
shown in Figure 1B the secNEP produced in HEK293 cells was rapidly cleared with half the
activity lost after ~1 hr.

3.2 Gene Delivery of soluble NEP to plasma
As an alternative to direct injection of secNEP into plasma we constructed an AAV8
expression vector encoding secreted NEP, secNEP-AAV8. A single dose of 2×1011 viral
genomes (vg) of secNEP-AAV8 was injected intramuscularly into 3X-Tg-AD mice. At
various times post injection, blood was collected, plasma isolated and NEP activity
determined. One week after intramuscular injection of secNEP-AAV8 activity was detected
in plasma and reached a maximum level of ~350 nmol/min/ml plasma, Figure 1C. This
plasma NEP was sustained for the entire 3 months it was followed, while no plasma NEP
was detectable in untreated control mice. We did not detect any increase in NEP activity in
CSF 6 weeks post intramuscular injection, while NEP activity in plasma differed
dramatically from control plasma or from CSF (p<0.001).

AAV8 has been reported to be able to penetrate the blood vessel barrier, enter the blood, and
be taken up by other tissues (Wang et al., 2005). Therefore we tested for the incorporation of
secNEP-AAV virus into other tissues. Since the NEP is secreted we could not test for
enzymatic activity in tissues, but instead we tested for tissue uptake of secNEP-AAV8 virus
by measuring secNEP mRNA. We used RT-PCR employing a forward primer
corresponding to the pepsin signal peptide linked to NEP and a reverse NEP specific primer
so that only NEP mRNA for secNEP derived from AAV would be detected. Figure 2 shows
that indeed some of the secNEP-AAV injected into muscle went through the blood vessel
barrier and transduced cells in the liver and to a much lesser extent lung. Viral transduction
was not detectable in any other tissue, particularly brain, nor was it found in the contralateral
muscle.

3.3 Plasma NEP decreases Aβ levels
To determine if plasma secNEP can lower plasma Aβ levels and consequently lower brain
Aβ levels, we studied ~9 month old 3XTg-AD mice as they best represent an early to middle
stage of AD. Mice were injected with 2×1011 vg of secNEP-AAV into the hindlimb muscle
and sacrificed three months latter. Plasma Aβ was found to be decreased 30% in secNEP
expressing mice compared to untreated control mice, Figure 3A.

We next determined if peripheral secNEP could lower brain Aβ. Compared to the control
group, secNEP lowered both soluble and insoluble brain Aβ levels by ~28% (p=0.005) and
~55% (p=0.04), respectively, Figure 3B. In agreement with the ELISA data, Thioflavin S
staining showed a ~42% decrease in Aβ deposits (p = 0.02), Figure 4. In contrast the APP
level in the brain showed no difference between treated mice and control as determined by
Western blot analysis.

We examined Aβ oligomer levels using a single epitope ELISA assay (LeVine, 2004b).
Although buffer soluble Aβ oligomers were barely detectable, the SDS soluble Aβ oligomer
fraction showed a small but statistically significant decrease in the secNEP-expressing mice
(p=0.03). Aqueous buffers typically extract only highly soluble, low molecular weight
species of Aβ that are not deposited as insoluble fibrils or plaques in the brain (Murphy et al,
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2007), whereas SDS extracts the less soluble forms. The single site 4G8/4G8 assay only
detects oligomeric species of the peptide with a minimum molecular weight of 40–50 kDa
(Levine, 2004b), indicating that there are no detectable soluble oligomers above 40–50 kDa
in the PBS fraction in these mice.

Hirko et al (2007) showed plasma-expressed recombinant gelsolin reduced brain Aβ
pathology and led to an increase in activated astrocytes in the brain. To determine whether
plasma secNEP might also activate astrocytes, we stained brain sections with an anti-glial
fibrillary acidic protein (GFAP) antibody. We also stained with Congo red to identify
amyloid deposits, since astrocytes are known to surround amyloid deposits. Similar to
treatment with gelsolin (Hirko et al., 2007) we did not observe an increase in the number of
GFAP–positive astrocytes. Although Hirko et al. (2007) observed that in recombinant
gelsolin expressing mice the GFAP–positive astrocytes appeared thicker and contained more
numerous processes, we did we see any difference in the appearance of GFAP–positive
astrocytes in secNEP expressing mice, Figure 5.

3.4 Plasma NEP does not affect blood pressure or peptide hormones
NEP is known to hydrolyze peptides that regulate blood pressure including angiotensin and
atrial natriuretic peptide. We thus tested the effect of secNEP expression on systolic blood
pressure at 3 months post injection of 2×1011 vg secNEP-AAV8 and found no effect. We
also directly measured the effect of peripheral secreted NEP expression on plasma
bradykinin and substance P levels, since these peptides are known substrates for the enzyme.
After 3 months of expression of secNEP, although there was a trend toward lower peptide
levels, the difference did not reach statistical significance. This is in contrast to the
decreased plasma Aβ level shown in figure 3

4. Discussion
Increasing NEP levels in the brain has been shown to lower brain Aβ levels (Hemming et
al., 2007, Marr et al., 2003) and thus NEP has received attention as a therapeutic target for
Alzheimer’s disease. We have shown that NEP expressed peripherally either on the surface
of leukocytes or on the surface of hindlimb muscle lowers brain Aβ levels. In this study we
first tested the direct injection of the soluble active domain of NEP derived from HEK cells
as a way to achieve plasma NEP, however the enzyme was rapidly cleared. This may reflect
either the normal clearance rate for soluble NEP or a low sialic acid content of the
recombinantly produced enzyme (Bork et al., 2009) and rapid clearance by liver asialo-
glycoprotein receptor. On the other hand secreting NEP from mouse hindlimb via secNEP-
AAV8 produced a sustained level of enzyme activity that likely reflects a steady state
between its synthesis and clearance. This sustained level of NEP may reflect expression of a
more stable fully sialylated enzyme or a high rate of production of rapidly cleared enzyme.
Although some of the injected virus entered the bloodstream and was taken up by the liver
and to a lesser extent lung, this is not a problem since both liver and lung already have a
high content of NEP, albeit the membrane associated form.

NEP in plasma is effective in lowering brain Aβ levels by about 30%. That this secNEP-
dependent decrease in brain Aβ is due to increased Aβ clearance is evidenced by the finding
that APP levels remained unaffected. Plasma NEP also produced a small but statistically
significant reduction in SDS extractable Aβ oligomers. The reason that this decrease was
relatively small is not clear, but might be explained by a fraction of these oligomers being
secreted from cells and not derived from extracellular monomeric Aβ. Since the LRP
receptor poorly transports Aβ dimers (Ito et al., 2007) these cell derived oligomers represent
a separate Aβ pool refractory to transport from brain into plasma and thus inaccessible to
plasma NEP.
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Recently Meilandt et al (2009) reported that NEP over-expression in brain reduced amyloid
deposition, but did not reduce Aβ oligomers, and did not reduce cognitive deficits. This
seems surprising in view of reports showing NEP over-expression in brain decreasing
memory impairment in hAPP mice (Poirier et al., 2006, Spencer et al., 2008, Leissring et al.,
2003, El-Amouri et al, 2008). The variance between these studies was suggested by
Meilandt et al. to be attributable to several factors including different expression levels and
different patterns of cellular transgene expression. For example higher NEP expression
levels were achieved in both the Leissring et al. and Poirier et al. studies. Meilandt et al also
noted different times and different patterns of transgene expression. NEP was expressed late
postnatal and predominantly in excitatory neurons in the forebrain in their study compared
to expression at E13.5 and in additional neuronal cells in the study of Poirier et al. This issue
will clearly need to be resolved by additional studies.

The finding that secNEP-AAV8 injected into muscle did not produce secNEP mRNA in
brain shows that the mechanism whereby NEP lowers brain Aβ is due to peripheral
expression, and not brain expression of NEP. Due to the rather large size of NEP the
impermeability of the blood brain barrier would prevent secNEP in plasma from entering the
brain. We suggest that plasma-born secNEP, by hydrolyzing plasma Aβ disrupts brain-blood
Aβ transport between LRP-1 mediated Aβ efflux out of the brain into plasma and RAGE
mediated influx from plasma into the brain. Although it is unlikely that hydrolysis of plasma
Aβ would affect efflux, it would certainly prevent Aβ transport into the brain. The net effect
would be a unidirectional transport of Aβ out of the brain into plasma where it would
hydrolyzed by secNEP.

In studies using peripherally expressed plasma gelsolin, astrocyte activation was observed
(Hirko et al., 2007). This was suggested to be accounted for by either plasma gelsolin
crossing the blood brain barrier and acting in the brain or by plasma gelsolin selectively
activating the immune system. With expression of peripheral secNEP, astrocyte activation
was not seen providing additional evidence that NEP lowers brain Aβ by hydrolyzing
plasma born Aβ.

We found that plasma levels of other neuropeptides, such as bradykinin and substance P,
although being substrates for NEP, were unaffected by plasma NEP. This is somewhat
surprising and suggests that bradykinin and substance P may not be as good a physiological
substrate for NEP as Aβ. Alternatively, there are other peptidases in plasma, such as
aminopeptidases and carboxypeptidases, that degrade neuropeptides more efficiently than
NEP, but don’t cleave Aβ, and therefore increasing plasma NEP has little effect on their
concentration.

In conclusion we show here that a soluble secreted form of NEP when circulating in plasma
can effectively lower brain Aβ levels and prevent Aβ deposition. This opens yet another
therapeutic approach for treating Alzheimer’s disease. The use of soluble secreted NEP has
the distinct advantage that the level of plasma enzyme can be easily determined and
monitored at any time.
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Figure 1.
A. Stability of soluble NEP plasma.
The indicated amounts of purified soluble NEP were diluted into fresh plasma or into PBS
and then assayed for activity using glutaryl-Ala-Ala-Phe-methoxynaphthylamide as
substrate. The data is presented as the mean ± SEM, n=3.
B. Clearance of purified secreted NEP in vivo.
Purified NEP (50 μl) was injected into mice intravascularly and blood collected at the
indicated time points post injection. Plasma was assayed for NEP activity as described
above. Data is presented as the mean ± SEM. n=3.
C. Stability of expression of mouse soluble NEP in plasma.
Nine-month old 3X-Tg-AD mice were injected with 2×1011 secNEP-AAV8 viral genomes
(vg) into the hindlimb. Injections were 5 μl per site using 6 sites. At the indicated times post
injection blood was collected, plasma isolated and assayed for NEP activity as above.
Control mice were injected with GFP-AAV8. Data are presented as the mean ± SEM (n =
3). *** p=<0.001, AAV8-msecNEP 2×1011 vg vs. control mice.
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Figure 2.
Tissue distribution of secNEP mRNA 6 weeks post injection.
Nine-month old 3X-Tg-AD mice were injected with 2×1011 secNEP-AAV8 viral genomes
as described in figure 1. Six weeks post injection mice were sacrificed, tissues dissected, and
RNA extracted. RT-PCR was performed using 20, 25, and 30 cycles. The PCR product sizes
are ~384 bp for secNEP and ~600 bp for β-actin.
C = control mice, im = mice receiving intramuscular injection of AAV8-secNEP.
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Figure 3.
Effect of plasma NEP expression on brain and plasma Aβ.
A. Effect of secNEP on plasma Aβ.
Plasma was isolated as described in methods and assayed for Aβ by sandwich ELISA. Data
is presented as the mean ± SEM (n=5 for NEP group and 9 for control group). **p=0.004 for
the NEP group vs. the control group.
B. Soluble Aβ and insoluble Aβ in mouse brain 3 months post intramuscular injection of
secNEP-AAV8.
The level of Aβ in brain was determined by sandwich ELISA. Data are presented as the
mean ± SEM (n=9 for NEP group and control group). * p=0.005 for soluble Aβ for the NEP
treated group vs. the control group, p= 0.04 for insoluble Aβ between the NEP treated group
vs. the control group.
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Figure 4.
Thioflavin S staining of Aβ in the brain of mice expressing NEP in plasma.
Brain sections were stained with Thioflavin S as described in Methods and quantitated using
Image Pro Plus. (p=0.0235, secNEP vs. Control, n=9). Shown are representative images
from five of the 9 mice studied with each lane showing a different mouse. The scale bar is
100 μm.
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Figure 5.
The effect of peripheral NEP expression on brain astrocytes.
Shown in grey are anti-glial fibrillary acidic protein stained astrocytes in the brains of
control and NEP expressing 3XTg-AD mice, while Congo red stained amyloid deposits are
shown in red. Scale bar = 20 μm
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