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Abstract
Metabolism of β-amyloid peptide (Aβ) is closely associated with the pathology and etiology of
Alzheimer’s disease (AD). Our previous studies on aging primates and rodents have revealed that
early life lead exposure increases the expression of the β-amyloid precursor protein (AβPP),
elevates Aβ levels, and promotes neurodegeneration in old age. These effects were attributed to de
novo synthetic pathways; however, the impact on Aβ degradation was not explored. Neprilysin
(NEP), a rate-limiting catabolic peptidase is involved in Aβ metabolism in vivo. In the present
study we sought to investigate whether accumulation of Aβ induced by Pb exposure is partially
due to its ability to subdue NEP expression and consequently NEP activity. SH-SY5Y cells were
exposed to Pb concentrations of 0, 5, 10, 20, and 50 μM for 48 h and AβPP, NEP protein and
mRNA levels were measured. Additionally, NEP enzymatic activity and Aβ levels were also
assessed. Western blot and RT-PCR analysis indicated significant increases in the protein and
mRNA expression of AβPP, which appeared to be concentration and time-dependent, while the
protein and mRNA expression of NEP as well as NEP activity declined. These actions of Pb were
specific and were not observed when substituted by another metal. These results suggest that Pb
causes both the overexpression of AβPP and repression of NEP resulting in the buildup of Aβ.
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1. Introduction
Alzheimer's disease (AD) is the most common form of dementia that affects aging
individuals. This age-related disease is characterized by a range of changes in brain
anatomy, biology, and function (Goedert and Spillantini, 2006; Lahiri et al., 2003;
Sambamurti et al. 2006; Selkoe, 1991; Tanzi and Bertram, 2008). Currently, about 25
million people worldwide are affected by this disorder, of which 4.5 million people live in
the United States (Hebert et al., 2003). Similar to many other neurodegenerative diseases,
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AD is a genetically complex and heterogeneous disorder. The majority of AD cases (~95%)
are non-familial, late onset sporadic forms (LOAD, >65 years) that possess no clear genetic
association (Migliore and Coppede, 2009). Nutritional, metabolic, environmental and social
factors have been linked with the onset and progression of the disease, but, despite the extent
of inquiry in this area, the cause of LOAD remains obscure.

Lead (Pb) is widely recognized as a potent central neurotoxin that interferes with neuronal
functions and causes a wide variety of long lasting adverse effects, especially in developing
brains (Toscano and Guilarte, 2005; White et al., 2007). Epidemiological investigations have
repeatedly associated developmental Pb exposure with several adverse effects on the
neurobehavioral system (Counter et al., 2005; Shih et al., 2007). Furthermore, past and
recent research have established a definite relationship between prenatal and postnatal low
level Pb exposure and children’s cognitive functional disabilities (Braun et al., 2006; Lidsky
and Schneider, 2003; McGlothan et al., 2008). Although it has been restricted three decades
ago in the United States, Pb remains one of the most widespread and insidious
environmental burdens (White et al., 2007).

Previous work from our lab has shown that expression of AD-related genes as well as their
transcriptional regulator specificity protein 1 (Sp1) are altered in rodents and primates
exposed to Pb as infants. These characteristics were manifested by an increase in the
expression of the β-amyloid precursor protein (AβPP), β-amyloid cleaving enzyme (BACE)
and the β-amyloid peptide (Aβ), followed by increased levels of oxidative damage to DNA,
and a reduction in DNA methyltransferase activity (Wu et al., 2008). Studies have been
devoted to support a linkage between Pb exposure and the pathogenesis of LOAD; however,
the underlying molecular mechanisms behind the subtle neurotoxic effects of lower levels of
Pb and the onset of LOAD are not fully defined.

It is well established that the extracellular deposition of Aβ peptide plays a central role in the
development of AD (Kayed et al., 2003; Kounnas et al., 2010; Roher et al., 1996). The
steady state levels of Aβ are determined by the metabolic balance between its rate of
synthesis and its rate of clearance. Synthesis of Aβ is determined by the levels of AβPP from
which it is processed and that is also dependent on the de novo synthesis of AβPP as well as
its stability. On the other hand, proteases like neprilysin (NEP) and insulin degrading
enzyme (IDE), along with others, have been implicated in Aβ degradation (El-Amouri et al.,
2008; Higuchi et al., 2005; Iwata et al., 2001; Marr et al., 2004; Miners et al., 2006).

In this study we have focused on AβPP as a generator of Aβ and on NEP as a remover of
Aβ. AβPP is an integral membrane protein with a role in neurite outgrowth, post-natal
somatic growth and neurobehavioral development (Glass et al., 2010; Heber et al., 2000).
Proteolytic processing of AβPP by secretases results in the production of Aβ peptide
(Gervais et al., 1999). NEP is a 97 kDa type II membrane-associated protein which is
predominantly localized at the presynaptic terminal and is involved in degrading the
monomeric and the oligomeric forms of Aβ peptide (El-Amouri et al., 2007; Kanemitsu et
al., 2003).

In order to test the impact of Pb on both the synthetic and degradative pathways of Aβ, we
exposed differentiated SH-SY5Y cells to a series of Pb concentrations and monitored the
expressions of AβPP and NEP, two primary proteins that regulate Aβ levels.
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2. Materials and methods
2.1. Cell culture

SH-SY5Y cells were obtained from American Type Culture Collection (ATCC, VA) and
were cultured in Dulbecco’s Modified Eagle Medium (DMEM)/F12 medium (Invitrogen,
MD) supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin, 100 μg/ml
streptomycin, and 2mM L-glutamine in a CO2 incubator maintained at 5% CO2 and 37°C. In
order to differentiate SH-SY5Y cells, they were stimulated with 10 μM all-trans retinoic
acid (Sigma-Aldrich, MO) in DMEM/F12 medium containing 1% FBS, 100 U/ml penicillin,
100 μg/ml streptomycin, and 2 mM L-glutamine in the dark, and were examined for neurite
outgrowth at 48, 72 h, and 6 days (Jamsa et al., 2004). The medium was changed every 3
days. The morphology of cultured cells was examined and photomicrographs were obtained
with a 200× objective lens on a Nikon ECLIPSE camera (TE2000-E) adapted to the
microscope.

2.2. Pb exposure
Differentiated SH-SY5Y cells were exposed to Pb as follows: A 10 mM Pb stock solution
was prepared by dissolving the appropriate amount of Pb-acetate in sterile double-distilled
H2O. Experimental Pb concentrations were prepared by dilution of stock solution in
DMEM/F12 medium containing 1% FBS, sodium pyruvate, 100 U/ml penicillin, 100 μg/ml
streptomycin, and 2 mM L-glutamine. Furthermore, differentiated cells were incubated with
0, 5, 10, 20, 50 μM of Pb for different time periods (24, 48 and 72 h) at 37 C, with 0 μM Pb
samples serving as the control group.

2.3. Cell viability assay
3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazoliumbromide (MTT) was obtained from
Sigma-Aldrich, MO (Product No. TOX1-1KT). After the third passage, 1×104 cells/well
were seeded and differentiated on collagen coated 96-well plates with eight replicates per
treatment group. Cells were exposed for 24, 48, or 72 h to a series of Pb concentrations (0, 1,
5, 10, 50, 100, 500, 10000, 1, 5, 10, 50, 100, 500, 2000, and 5000 μM Pb) and were
incubated at 37 C with 5% CO2 and 90% humidity. A 5mM Pb working solution was
prepared by dilution of 10mM stock solution in the ratio of 1:1 in 2% FBS, hence keeping
the concentration of the nutrient comparable to control. After incubation for the appropriate
time points, 10 μl of MTT-labeling reagent (included with the kit) was added to each well.
Plates were incubated with MTT-labeling reagent for 4 h, followed by addition of 100 μl of
solubilizing solution (included with the kit) to each well. Plates were incubated overnight
and on the following day absorbance of samples was measured using a microplate reader
(Spectra max M2, Molecular Devices, CA). The wavelength for measuring formazan
product was 570 nm, and the reference wavelength was 690 nm.

2.4. Western blot analysis
For AβPP protein, cells were lysed with RIPA lysis buffer (150 mM NaCl, 25 mM Tris-HCl
at pH 8.0, 1% NP-40, 10 mM NaF, 1mM Na3VO4) containing 1% protease inhibitors.
Homogenates were sonicated and vortexed for 5 min before centrifugation at 10,000 × g for
20 min. For NEP protein, the total membrane protein proportion of SH-SY5Y cells was
extracted by Eukaryotic Membrane Extraction Reagent Kit (Pierce, IL). Total protein
concentration was determined by using BCA kit (Thermo Scientific, IL) and samples were
electrophoresed on 8% SDS/PAGE and then transferred to polyvinylidiene diflouride
(PVDF) membrane at 20 V for 30 min. Non-specific binding was blocked by incubation
with 5% BSA in TBST at room temperature for 1 h. Membranes were incubated with
MAB348 N-terminal specific antibody mouse mAb overnight (diluted at 1:1000, Millipore,
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MA) or neprilysin (56C6) antibody (diluted at 1:1000, Abcam, MA) with gentle agitation on
a shaker at 4°C. On the following day, membranes were washed and exposed to HRP
conjugated anti-mouse antibody (diluted at 1:5000, Pierce Biotechnology, IL) for 1 h. The
blots were developed using Amersham ECL plus system and exposed with Typhoon™ 9410
MultiMode Imager (GE Healthcare Biosciences, NJ). As a control for equal protein loading,
membranes were stripped and reprobed with rabbit β-actin antibody (diluted at 1:2500,
Sigma-Aldrich, MO) and exposed to HRP conjugated anti-rabbit antibody (diluted at
1:5000, Pierce Biotechnology, IL).

2.5. RNA Isolation and Real-time PCR
Total RNA from control and exposed cells was extracted with the TRIzol reagent
(Invitrogen, CA). First-strand cDNA was synthesized from 1.5 μg of total RNA using the
iScript cDNA kit (Bio-Rad, CA). cDNA was then amplified using real-time PCR. The
SYBR Green qRT-PCR assay was performed in 25 μl reactions in replicates using 1.5 μl of
cDNA template, 1×SYBR Green master mix, 0.4 μM forward and reverse primers, and
deionized H2O. The following primer pairs were used: AβPP forward primer 5′-GCC AAA
GAG ACA TGC AGT GA -3′, reverse primer 5′-CCA GAC ATC CGA GTC ATC CT -3′;
NEP forward primer 5′-CCC AGT GCA TGG TGT ATC AG -3′, reverse primer 5′-TGG
CCT ATA GGT TCC ACA CC -3′; GAPDH forward primer 5′-AGC TGA ACG GGA AGC
TCA CT -3′, reverse primer 5′-AGG TCC ACC ACT GAC ACG TTG -3′. Amplification
was undertaken on the ABI PRISM 7500 machine (Applied Biosystems, CA) with Sequence
Detection Software (SDS) version 1.3, and expression was reported relative to GAPDH
mRNA with 2-ΔΔCt method.

2.6. Sandwich ELISA measurement of Aβ1–40
Cells were grown to ~80% confluence in 60 mm dishes. After differentiation, the culture
medium was replaced with 4 ml fresh culture medium with Pb. The cells were further
cultured for 48 h and the culture medium was collected. Human Aβ1–40 was detected in the
collected culture medium by ELISA using human Aβ1–40 assay kit JP27713 (IBL, Gunma,
Japan). Briefly, 100 μg of total protein from medium samples were placed in each well of a
96-well plate coated with monoclonal antibody specific for the human Aβ35–40 (1A10) and
was incubated overnight at 4°C. On the following day, the 96-well plate was given extensive
washings with EIA buffer for 7 times followed by addition of 100 μl of labeled antibody to
each well containing sample or standard and incubated at 4°C for 1 h. The wells were again
washed 9 times with EIA buffer followed by the addition of 100 μl TMB solution and were
incubated in the dark for 30 min at room temperature. The reaction was terminated by
adding 100 μl of 1NH2SO4 and the colorimetric absorption was taken at 450 nm. The levels
of Aβ1–40 in the test samples were calculated relative to the standard curve generated for
each plate.

2.7. Fluorometric assay of NEP activity
Proteolytic enzymes have a fundamental role in multiple biological processes and are
associated with several pathological conditions. Therefore, targeting these enzymes may be
important for a better understanding of their function and development of therapeutic
inhibitors. Fluorescence Resonance Energy Transfer (FRET) peptides are convenient tools
for the study of peptidases specificity as they allow monitoring of the reaction on a
continuous basis, providing a rapid method for the determination of enzymatic activity.
FRET is a distance-dependent excited state interaction in which emission of one fluorohore
is coupled to the excitation of another. It occurs primarily because the acceptor dipole
interacts or resonates with the donor dipole. The use of FRET is to obtain structural maps of
complex biological structures, primarily proteins and other macromolecular assemblies such
as ribosomes and nucleosomes. Measurements of energy transfer can provide intra- or
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intermolecular distance data for proteins and their ligands in the range 10–100 Angstrom.
Also, FRET can detect change in distance (1–2 Angstrom) between loci in proteins; hence it
is a sensitive measure of conformational change.

In order to determine NEP enzymatic activity by FRET method we used the substrate N-
dansyl -d-Ala- Gly -p-(nitro)- Phe-Gly (DAGNPG, Sigma-Aldrich, MO), which is
principally degraded by NEP, and to a smaller extent by angiotensin-converting enzyme
(ACE). Differentiated cells were homogenized in 6 volumes of 50 mM Tris (pH 7.4) and
debris was removed by centrifugation at 1000 × g for 10 min. To prevent the fluorogenic
substrate cleavage by ACE, 100 μg of cell lysate was pre-incubated with the ACE inhibitor
enalapril for 30 min at 37°C in the presence or absence of phosphoramidon, a specific NEP
inhibitor. Following this pre-incubation, 50 μM DAGNPG was added and samples were
incubated for an additional 1 h in a volume of 200 μl at 37°C. Reactions were terminated by
heating samples at 100°C for 5 min, followed by centrifugation at 5000 × g for 5 min to
remove the denatured protein. The supernatant was diluted up to 400 μl with 50 mM Tris
(pH 7.4) and the fluorescence was determined using a microplate reader (excitation, 342 nm;
emission, 562 nm).

2.8. Statistical analysis
All results are represented as mean ± SEM. Statistical analyses were performed with one-
way ANOVA followed by significant difference post hoc analysis and t-test with a threshold
value of P < 0.05. All statistical analyses were performed using SPSS 12.0 software.

3. Results
3.1. Cytotoxicity of Pb

Recent in vivo studies have demonstrated that low-level Pb exposure during development
does not result in neuronal death (Jones et al., 2008); however, we wanted to establish that
the Pb concentrations used do not induce cytotoxicity in our in vitro system. Differentiated
SH-SY5Y cells were exposed to a series of Pb concentrations (0–5000 μM) and cell viability
was assessed using MTT assay following 24, 48 or 72 h of exposure. There was no
significant cytotoxicity for 1, 5, 10, 20 and 50 μM of Pb at either 48 or 72 h (Fig. 1A). At the
highest concentration of Pb exposure (> 1000 μM) for 72 h, cell viability was significantly
reduced and cell damage was enhanced by ~2 fold compared to the control group (P < 0.01).
Marked morphological changes in the form of loss of neurites and reduction in the number
of cells bearing neurites was also observed at these concentrations at 72 h (Fig. 1B). Thus,
Pb exposure at concentrations of 0, 5, 10, 20 and 50 μM for 24 and 48 h were considered
low and appropriate for further studies.

3.2. Pb altered protein expression and mRNA levels of AβPP and NEP
Western blot analysis using an antibody directed against AβPP or NEP was used to study the
protein expression of AβPP and NEP in control and Pb exposed cells. Our results indicated
an increase in AβPP protein expression within 48 h of Pb exposure, with a significant
elevation observed at 20 μM and 50 μM Pb concentrations (P < 0.05) (Fig. 2A). We also
observed a decline in NEP protein expression following Pb exposure in these cells with the
most significant decrease at 48 h for the 20 μM and 50 μM Pb (P < 0.05) (Fig. 2B).

The cellular effects of Pb are widespread and are elicited through a variety of different
mechanisms, including altered gene transcription (Garza et al., 2006). Pb is thought to
interfere with gene expression by competing for the metal binding sites of transcription
factors, such as zinc finger proteins (Basha et al., 2003; Zawia, 2003). We performed
quantitative real-time RT-PCR to evaluate the effects of Pb on intracellular AβPP and NEP
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mRNA levels, relative to GAPDH. Fig. 3 depicts an increase in AβPP mRNA levels
following exposure to 5, 10, 20, and 50 μM Pb for 48 h, which was observed to be
significant in the range of 10–50 μM (P < 0.05). However for NEP, the mRNA expression
was down-regulated following Pb exposure. Our data further revealed that relative
intensities of NEP mRNA were more sensitive to Pb than AβPP, which was depicted by a
significant decrease in NEP mRNA levels at 5–10 μM of Pb for 48 h (P < 0.05). No further
decline in NEP was observed with higher Pb concentrations (20–50 μM).

3.3. Effect of Pb on secreted Aβ1–40
The above data displayed that increased AβPP expression is associated with decreased NEP
expression at 48 h following Pb exposure. We thus predicted that a corresponding increase
in Aβ1–40 levels would occur since both AβPP and NEP play a central role in regulating Aβ
metabolism. We compared secreted Aβ1–40 levels in the control and Pb-exposed cells. SH-
SY5Y cells were exposed to 5–50 μM Pb for 48 h and the Aβ1–40 secreted into the medium
was measured by ELISA (Fig. 4A). Our results indicate increased Aβ1–40 levels in response
to Pb exposure in a concentration-dependent manner. Thus, the observed increase in Aβ1–40
levels can be correlated with the increased AβPP and decreased NEP expression after 48 h
of exposure to Pb.

3.4. NEP activity is altered following Pb exposure
Next, we investigated NEP activity after exposure of differentiated SH-SY5Y cells to
various Pb concentrations. A significant decrease of ~42% and ~51% was observed in NEP
activity after the addition of 5 or 10 μM Pb for 48 h in comparison to the control group (P <
0.05) (Fig. 4B). No further decline in NEP activity was observed at higher concentrations of
Pb (20 μM or 50 μM). In order to further determine the time course for Pb action, we
exposed cells with 10 μM Pb for different time periods. As shown in Fig. 5A, NEP activity
was not changed after exposure for up to 24 h; however, at the 48 h time point, NEP activity
was down-regulated significantly (P < 0.05). To further scrutinize the specificity of Pb-
induced decrease in NEP activity, we exposed cells to 10 μM magnesium (Mg) as a negative
control. Compared to the controls, NEP activity was lowered by ~50% in cells exposed to
Pb, while no decrease was observed in those exposed to Mg (Fig. 5B).

4. Discussion
Cerebral deposition of Aβ, an invariant feature of AD, reflects an imbalance between the
rates of Aβ production and clearance (Farris et al., 2007). The causes of Aβ elevation in
LOAD are largely unknown, although many endogenous metals such as zinc (Zn), copper
(Cu), iron (Fe), and Mg are suspected to contribute to the pathogenesis of AD (Lovell et al.,
1998; Maynard et al., 2002; Rivera-Mancia et al., 2010). Few studies have focused on
environmental heavy metals that are not part of cellular factors. Among such heavy metals,
Pb poses widespread public concern. Exposure to Pb occurs through paint, glazed
earthenware, lead piping, solder in food containers, moonshine whiskey, and automobile
battery casings. Previous reports from our lab have demonstrated that AβPP mRNA and
protein expression in the cerebral cortex increases with age and are abnormally elevated in
aged rats or primates exposed to Pb as infants (Basha et al., 2005; Wu et al., 2008).

Consistent with our earlier in vivo studies, the present in vitro experiments also displayed a
significant increase in AβPP protein expression and mRNA levels following exposure to Pb
at 48 h, which was gradually followed by an increase in Aβ levels. Since the steady state
levels of the cleavage products of AβPP are dependent on the de novo synthesis of AβPP,
proteolytic processing, as well as the clearance of these products (Murphy and Levine,
2009), we also measured NEP levels and found them to be decreased in cells exposed to
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different concentrations of Pb. Thus our data suggest that Pb interferes in multiple ways to
alter the turnover of AβPP and its Aβ products.

NEP is a plasma membrane glycoprotein of the neutral Zn metalloendopeptidase and is also
known as physiologically important Aβ-degrading enzyme in mammalian central nervous
system (El-Amouri, 2007; Roques et al., 1980; Zou et al., 2006). NEP expression and
activity is modulated by various factors that are associated with AD. An inverse relationship
between NEP immunoreactivity and amyloid plaque formation in various brain regions of
control and AD patients has been reported (Akiyama et al., 2001). NEP is susceptible to
oxidative damage by metal-mediated oxidation and that can increase its susceptibility to
proteolysis (Adlard and Bush, 2006).

It has been reported that the expression or activity of NEP was reduced in the rat brain by
aluminum (Al) (Luo et al., 2009) and also down-regulated by Cu in WT-7 cells (Li et al.,
2010). However, little is known about the impact of Pb on NEP expression. Furthermore,
NEP activity was also decreased at 48 h following Pb exposure suggesting that the decrease
in activity is a direct result of lowered NEP protein levels and not a direct effect of the metal
on the enzyme. Along with the lowered NEP protein levels and activity, there was also a
significant down-regulation of NEP mRNA expression. The decrease in mRNA and protein,
and activity all occurred after 48 hours suggesting that reduction of NEP gene expression
was responsible for the lowering of NEP protein and activity. This decreased Aβ-catabolic
activity of NEP induced by Pb would thus result in reduced Aβ degradation, which
ultimately leads to enhanced Aβ accumulation. It was particularly interesting to note that we
still can detect a gradual rise in Aβ at low levels of Pb exposure (5–10 μM). In recent years,
some attention about Aβ buildup has been shifted from AβPP cleavage to the processes
responsible for peptide degradation.

Emerging evidence also suggest a regulatory link between Aβ production and regulation of
the NEP gene. A direct link to Aβ production and NEP gene regulation was proposed by
Pardossi-Piquard and coworkers (2005), as they postulated that the NEP gene was
transcriptionally regulated by one of the products of AβPP metabolism, the amyloid
intracellular domain (AICD). In addition, recent studies by Belyaev et al. (2009) have
verified a direct interaction of AICD with the NEP promoters by binding histone acetylation
markers (H4K8, H4K16) in NB7 cells. Furthermore, it was shown that the chromatin of
NEP promoter was associated with histone deacetylase binding in SH-SY5Y cells by
chromatin immunoprecipitation analysis. Hence, they proposed unique insights into the
mechanisms underlying the NEP expression regulation by the chromatin acetylation status
of its promoter.

A question posed by these findings relates to how Pb exposure can result in alternate effects
on gene expression. While it is still not understood how Pb can induce the expression of
some genes and repress that of others, gene array studies on primates in our lab have shown
that 80% of the genes altered late in life due to infantile Pb exposure were down-regulated,
whilst 20% were up-regulated (data submitted for publication). Genome-wide expression
profiling in mice brains also displayed similar results (data submitted for publication).

In conclusion, the present results indicate that the accumulation of Aβ is a product of
disturbances in two different pathways: one associated with Aβ production and the other
with its elimination. Exposure to Pb up-regulates the expression of the AβPP gene, which is
then translated into more AβPP protein products and subsequent Aβ processing. On the
other hand, Pb down-regulates the NEP gene, causing a reduction in NEP protein levels and
thus reduces available active enzyme acting to degrade Aβ. Both pathways converge and
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result in the overproduction of Aβ. Future studies will decipher how Pb can have such
alternate effects on gene expression.
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Fig. 1.
Pb exposure and cytotoxicity in differentiated SH-SY5Y cells. Cells were exposed for 24,
48, or 72 h to a series of Pb concentrations and cell viability was monitored using the MTT
assay. After cells were exposed to Pb (0–5000 μM), images were collected with a Nikon
ECLIPSE phase-contrast microscope (200×). Viability data shown in (A) are for the mean ±
SEM. *P<0.05. (B) Photomicrographs showing the morphological effects of 5 mM Pb on
SH-SY5Y cells after 72 h.
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Fig. 2.
AβPP and NEP levels in SH-SY5Y cells after exposure to different concentrations of Pb.
Cells were exposed to Pb (0–50 μM) for 48 h. Above are representative Western blots of
AβPP (A) and NEP (B) and below is their quantification after normalization to β-actin
levels. Data shown are for the mean ± SEM for each protein. Three independent experiments
were performed in triplicate; *P < 0.05 versus control at same time points.

Huang et al. Page 12

Neurotoxicology. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3.
Effect of Pb exposure on the mRNA levels of AβPP and NEP in SH-SY5Y cells. Cells were
exposed to Pb (0–50 μM) for 48 h. Total mRNA levels were analyzed by real-time RT-PCR
and normalized to GAPDH. Results shown are for the mean ± SEM of relative mRNA level
to control values. Three independent experiments were performed in triplicate; *P < 0.05
versus control at same time points.
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Fig. 4.
Quantification of Aβ levels and NEP activity in SH-SY5Y cells in response to Pb. Cells
were exposed for 48h to Pb (0–50 μM). Extracellular Aβ was measured by sandwich
ELISA. Whole cells were harvested and NEP activity was analyzed for each group by
fluorescence resonance energy transfer. Specific NEP activity was calculated by subtracting
residual fluorescent intensity after incubation with the NEP inhibitor phosphoramidon. (A)
Aβ levels, (B) NEP enzyme activity. Values expressed as a percent of control for the mean ±
SEM. Three independent experiments were performed in triplicate; *P < 0.05 versus control.
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Fig. 5.
Time course and specificity of the action of Pb on NEP activity in SH-SY5Y cells. Whole
cells were harvested and NEP activity was analyzed for each group by fluorescence
resonance energy transfer. (A) NEP activity at various times following exposure to 10 μM
Pb. (B) NEP activity after exposure to 10 μM Pb or Mg for 48 h. Values are for the mean ±
SEM expressed as the percentage of controls. Three independent experiments were
performed in triplicate; *P < 0.05 versus control.
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