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Abstract

Amyloid beta (Ap) peptides, 36-43 amino acids in length, are produced from - and y-secretase
cleavage of the amyloid precursor protein (ABPP), and are one of the causative agents of
Alzheimer disease (AD). Here we show that an ELISA can detect total rodent Ap without
interference from physiological concentrations of human AB. In cultured dissociated rat cortical
neurons and rat and mouse hippocampal organotypic slices, we apply the assay to measure the
production of A in response to treatment with hydrogen peroxide, a known stimulator of AB
secretion, or human A dimer/trimer (ABd/t), fractionated from the culture medium of 7PA2 cells.
Peroxide increases Af secretion by about 2 fold, similar to results from previous reports that used
a different assay. Of greater significance is that physiologically relevant concentrations (~250 pM)
of human ABd/t increase rodent AP secretion from cultured rat cortical neurons by >3 fold over 4
days. Surprisingly, neither treatment with peroxide nor human ABd/t leads to accumulation of
intracellular Ap. Human Apd/t increased >2 fold the AP secreted by organotypic hippocampal
slices from tau knock-out mice whether or not they expressed a human tau transgene, suggesting
tau plays no role in enhanced Ap secretion. Together, these results support an Ap-mediated feed-
forward mechanism in AD progression.
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Introduction

Alzheimer disease (AD) is the major form of dementia that affects the aged. It has about a
50% probability of occurrence in every person living to age 85 and beyond [1]. The
pathological hallmarks of the disease are extracellular amyloid plaques, composed primarily
of the amyloid beta (AB) peptide, and striated neuropil threads and neurofibrillary tangles
formed from hyperphosphorylated tau [2]. Familial AD, representing 1% or less of AD
cases, arises from mutations in genes affecting the production or clearance in the brain of the
amyloid beta (Ap) peptides [3], which are excised from the transmembrane amyloid
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precursor protein (APPP) through the actions of - and y-secretases [4—7] and range from 36
to 43 amino acids. However, AB peptides also accumulate in the other 99% of AD cases,
called sporadic AD, although mechanisms driving their production are unclear [3,6].

Different isoforms and different conformations or aggregation states of the AB peptides
deliver different signals to neurons and have remarkably different neuro- and synapto-
toxicities. The AP1.42 peptides are more amyloidogenic than the AB1.4¢ peptides and
correlate better with AD and its progression [8,9]. Fibrillar forms of the A species are less
toxic than the soluble oligomeric forms [10]. An oligomeric fraction, called AB-derived
diffusible ligands (ADDLSs), affects synapses at submicromolar concentrations [10].
However, an even more active form of A, with maximal activity at subnanomolar
concentrations, is secreted from a cultured Chinese hamster ovary cell line (7PA2 cells)
expressing a mutated form of human ABPP [11]. This material contains SDS-stable human
AP (HAB) dimers and trimers (HABd/t), which can be isolated by gel filtration; the isolated
HApd/t has a marked effect on synaptic function, both in cultured slices and when injected
into rodent brain [12-15]. An SDS-stable HAPB dimer, the major soluble species extracted
from postmortem AD brain, is also active at subnanomolar concentrations [16]. In fact, the
presence of this SDS-stable HAP dimer strongly correlates with AD type dementia [17].

Excessive production of HApP from ABPP occurs in familial AD due to mutations in ABPP
and its processing enzymes or in proteins that normally clear the excess HAB, but the factors
causing excess HAP production in sporadic AD are less well understood. Within 60 min of
treatment, synthetic HAP oligomers at 2 pM inhibit axonal transport of mitochondria and
vesicles containing neurotrophin receptors in mouse hippocampal neurons [18]. Transport
inhibition is dependent on the presence of the microtubule-binding and stabilizing protein
tau. It has been proposed that stalled vesicles containing ABPP might be the sites for
enhanced production of HAP [19], since up to 70% of the AP secreted from cells arises from
- and y-secretase cleavage of ABPP within the lipid environment of endosomes [20-23].

Enzyme-linked immunosorbant assays (ELISAS) are the standard means for quantifying
either ABq.49 or APq.42 from rodents or humans [24-26]. Here we characterize and apply an
ELISA for total rodent Ap (RAP) that can be used in the presence of physiologically relevant
amounts of HABd/t to show that both peroxide and HABd/t increase RAB secretion but not
internal A pools in cultured neurons.

Materials and Methods

Reagents

Unless otherwise noted, all chemicals are reagent grade and were obtained from Sigma-
Aldrich Co. (St. Louis, MO), and all tissue culture reagents were obtained from Life
Technologies (Carlsbad, CA). Synthetic human amyloid beta (HAB1.42) was obtained from
AnaSpec, Inc. (San Jose, CA), and synthetic rodent amyloid beta (RAB1.42 and RAB1.40)
were gifts from Covance (Princeton, NJ). As previously described [27], the HAB monomer
(HABm) and HABd/t fractions (Supplementary Figure 1) were isolated by size-exclusion
chromatography from conditioned culture medium of Chinese hamster ovary (CHO) cells,
clone 7PA2 (a gift from Dennis Selkoe, Harvard Medical School), which express a mutant
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human ABPP [11]. Unless otherwise noted, these were used at the equivalent of 1x
concentration (for HAPm this value is ~800 pM and for HABd/t ~250 pM as determined by
dot blots). Medium from wild type CHO cells was fractionated identically by size-exclusion,
and fractions eluting at the equivalent position of HABd/t were used as one control.

Dot-blot assay for quantifying Ap in 7PA2 cell medium

HAP was quantified in 7PA2 cell culture medium using dot blots with synthetic HAP1.42 as
a standard [28]. Briefly, samples were applied to nitrocellulose (0.1 um), the membrane was
boiled 10 min in phosphate buffered saline (PBS) [29], and HAP was detected after
overnight incubation at 4°C with 6E10 antibody (Covance, Emoryville, CA) followed by a
goat-anti-mouse antibody conjugated to DyLight 680 (1:15,000 for 45 min; Thermo
Scientific, Rockford, IL). Spots were imaged with a LI-COR Odyssey IR Imaging System,
and intensities quantified using TotalLab software (Nonlinear Dynamics, Newcastle Upon
Tyne, UK).

Sandwich ELISA

Synthetic RAB1.49 and RAPB1-42 Were solubilized to 1 mg/mL in 0.1% ammonium hydroxide.
Aliquots (10 uL) were dried in a speed-vac and pellets were stored at —80°C. Costar 96-well
white solid plates were coated with 100 pL of 2, 5, or 10 pg/mL of capture antibody, a rabbit
polyclonal raised against RAB (Covance, SIG-39153). The detection antibody is horseradish
peroxidase-conjugated mouse monoclonal, (4G8; Covance) that is reactive to both HAB and
RAP. Other details of the ELISA are in Supplementary Information.

Aliquots of culture medium from dissociated primary neurons, N2a cells or organotypic
hippocampal slice cultures were diluted appropriately with PBS containing Tween and BSA
(PBSTB; Covance), and 100 uL was used per well in the RAB ELISA. The intracellular
pools of RAB were measured in peroxide or HABd/t stressed cells and unstressed control
cells after the medium was removed and the cells were washed in PBS. Cells were lysed in
PBSTB containing 0.1% NP-40 for 5 min at room temperature, and the lysate was used
directly in the RAP ELISA.

Human A interference in rodent AB ELISA

Synthetic HAB1.42 (AnaSpec) was solubilized with 1,1,1,3,3,3-Hexafluoro-2-propanol to 1
mg/mL, air dried, and stored at —80°C. Pellets were solubilized with 10 pL
dimethylsulfoxide (DMSQ) and diluted with Neurobasal medium containing B27
supplement (Life Technologies, Carlsbad, CA) to their desired concentration. In one set of
experiments, RAPB1.42 was maintained at 150 pg/mL and the amount of HAB4.4» was varied
from 10 pg/mL to 1 pg/mL. In a second set of experiments, HAB,_4» was maintained at 1.9
ng/mL (equal to the highest concentration of HABd/t used in cell treatments), and RAB was
varied. Tubes containing mixed H/RAB1_4o were incubated at 37°C for 72 hrs, the time in
which rodent cells are exposed to HAB, to determine if possible co-oligomerization between
HAP and RAB might affect the ELISA results. Detection antibody at a final concentration of
1 ug/mL was added to the samples, and after incubation for 30 min, samples were added to
sandwich ELISA plates and processed as described for Sandwich ELISA.
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Calf thymus DNA was solubilized with 100 mM Tris, 10 mM EDTA, pH 8.0 (TE buffer).
Its final concentration determined spectrophotmetrically using an extinction coefficient of
0.02 pg/mL~t.cm=1 at 260 nm [30]. Cells grown in Lab-Tek 8 well chamber slides were
lysed with 200 pL of DNA lysis buffer (25 mM NaOH, 10 mM EDTA, pH 12.0) and wells
were washed 2x with 300 pL of TE buffer, which was added to the lysate. Standards and
samples were diluted appropriately with TE buffer containing 1:10,000 SybrGreen | (Life
Technologies). Lysates from the dissociated neuronal cell cultures were diluted 1:50 in TE
buffer containing SybrGreen I. Organotypic mouse hippocampal slices were removed from
the coverslip, lysed in 200 pL of DNA lysis buffer for 30 min at room temperature, and 600
uL of TE buffer was added. Slice lysates were further diluted 1:200 in TE buffer containing
SybrGreen |. Samples and standards were added at 100 uL per well onto 96-well white solid
plates (Costar, Corning Inc.). Fluorescence was quantified for 0.1 s per well on a Perkin-
Elmer Victor V multi-mode microplate reader equipped with fluorescein filters. Complete
cell lysis was confirmed by fluorescence microscopy of wells stained with SyberGreen |I.

Neuronal cell culture

All studies with tissue and cells from mice and rats were performed according to the
National Research Council’s guide for the care and use of laboratory animals by following
protocols approved by the Institutional Animal Care and Use Committee. E18 rat cortical
and hippocampal neurons were obtained from timed-pregnant dams purchased from Harlan
(Indianapolis, IN) and were prepared as previously described [31]. After counting, 300,000
cells were plated per well onto poly-D-lysine coated, 8-well chamber slides (Lab-Tek,
Thermo Scientific, Portsmouth, NH). Neurons were cultured in 400 pL of Neurobasal
medium supplemented with 1x B27, 2 mM GlutaMAX, and 100 pg/mL penicillin/
streptomycin (Pen/Strep; Life Technologies).

Mouse N2a neuroblastoma cells were obtained from ATCC and cultured in Dulbecco’s
Modified Eagle Medium (D-MEM) with 4.5 g/L D-glucose, 2 mM L-glutamine, 110 mg/L
sodium pyruvate, and 10% fetal bovine serum. Cells were plated at 5,000 cells per well onto
8-well chamber slides. One day after plating, cells were stressed with varying concentrations
of hydrogen peroxide.

Organotypic hippocampal slice cultures

Hippocampal slices (400 um thick) were prepared from P6 Sprague Dawley rat pups [32]
and cultured on membranes in 6-well dishes as previously described [33]. Using a procedure
[34] with modifications described in detail in Supplementary Information, hippocampal
slices (300 um thick) on glass coverslips were prepared from P7 mouse pups (TAU™/~
(B6.Cg-MaptM(EGFP)KIY). jackson Labs, Bar Harbor, ME) and TAU™~ mice carrying
human tau transgene (B6.Cg- Mapttm1{(EGFP)KIt To(MAPT)8cPdav/J). The original slice
medium (per 205 mL: 50 mL horse serum, 50 mL Hanks BSS, 4 mL 25% glucose, 100 mL
minimum essential medium containing GlutaMAX (250 uL/100 mL), HEPES (4.76g/L) and
Pen/Strep (1 mL)) was replaced on day 2 with Neurobasal A medium containing (per 50
mL: 48 mL Neurobasal A, 180 pL 25% glucose, 625 pL GlutaMAX, 1 mL B27 supplements
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and 250 pL Pen/Strep). This medium was changed every 2-3 days thereafter. After
dissection, slices were allowed to recover for at least 1 week before treatment.

All experiments were performed multiple times (number (n) listed in figure legends) with at
least triplicate samples for every point. However, because data sets were nearly identical, in
many figures data are shown from only one experiment. Error bars on each plot are standard
deviations, and p values were determined from paired two-tailed t tests.

Determining the maximum level of HAB that does not interfere in RAB ELISA

RAP and HAP peptide sequences differ in only three residues: Arg5, Tyr10, and His13 in
human Ap are Gly5, Phel0, and Arg13 in rodent AB. All are located within the epitope
recognized by the RAP capture antibody. By inference, the epitope recognized by the
detection antibody is subject to interference by Ap from non-rodent species. To utilize the
ELISA to detect RAB in the presence of HAB, the maximum level of HAB that would not
interfere in the assay needed to be determined. A constant level of RAB1_42 (150 pg/mL) was
maintained in the assay while human ApB1_4o was added from 10 pg/mL to 1 pg/mL (Figure
1A). Human AB;.42 at <5 ng/mL had no effect on the ability of the ELISA to quantify
correctly the RAB. The increased signal obtained at concentrations of HAB >10 ng/mL could
arise either from a weak affinity of capture antibody for HAB, or from co-oligomerization
between RAB and HAB that might occur at higher Ap concentrations [35,36].

We also performed the RAB ELISA using constant HAP (1.9 ng/mL, about the maximum
concentration in the HABd/t fraction) with increasing concentrations of RAp (from 10
pg/mL to 1 ug/mL). At concentrations of RAB <600 pg/mL, the presence of HAP had no
effect on the standard curve, demonstrating that within its linear region (10-600 pg/mL,
Supplementary Figure 2) the ELISA is specific for RAS (Figure 1B).

Measurement of secreted A from a rodent cell line

A human neuroblastoma cell line was used previously to demonstrate that peroxide induces
AP secretion through INK-dependent activation of y-secretase [37]. Therefore, we first
utilized the ELISA with a mouse neuroblastoma cell line (N2a) to detect RAB in culture
medium of cells stressed for 3 days with varying levels of hydrogen peroxide (0.5 mM to 10
mM). A significant increase (p<0.05) in secreted RAB was measured for peroxide
concentrations above 0.5 mM with a maximum of ~5 fold for cells treated with 2 mM
peroxide (Figure 2). However, microscopic observation of the wells showed significant cell
loss at peroxide concentrations above 2 mM.

To normalize AP secretion to cell number, the DNA level in each well was quantified using
SybrGreen | (Supplementary Figure 3), a specific DNA-binding fluorescent dye [38]. After
medium was removed from the wells to analyze for RAB, the remaining cells were lysed,
DNA was quantified, and the RAP secreted per ng DNA was calculated. Secretion of RAB
per ng DNA increased with increasing peroxide up to a plateau at 2 mM (Figure 2).
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Application of the rodent AB ELISA to primary neurons

Primary E18 rat cortical neurons, cultured in 8-well chamber slides for 3 days, were left
untreated or treated with varying concentrations of peroxide on day 3. After three days of
treatment culture medium was removed and assayed for RAB, and cells were lysed to
quantify either DNA or the internal pool of AB. Untreated neurons secreted 63 £+ 5 pg (n=3)
of AP per well (0.4 mL), or 157.0 pg/mL (35 pM) over the course of three days. The DNA
content of each well (1.72 + .09 ug) can be used to calculate that there are 0.036 pg Ap/ng of
DNA. To calculate the number of molecules of AP secreted by each cell, one can assume
that there are 6.5 pg of DNA/cell [39]; therefore, over a three day period, each cell secretes
220 ag of AP (or ~29,000 molecules), which equals about 6—7 A peptides secreted per min
per neuron under non-stress growth conditions.

Cortical neurons stressed for three days with various concentrations of hydrogen peroxide
showed a significant (p<0.05) increase in AP secreted per cell only at or above peroxide
concentrations of 100 uM. The maximal secretion was observed at 2 mM peroxide, resulting
ina 2.4 £ 0.2 fold increase over untreated neurons (Figure 3A). Concentrations of peroxide
over 2 mM resulted in increasing cell death, manifested by a DNA decline (data not shown).
Our measured increase in A secreted is similar to the increase (2.4 + 0.6) observed in chick
tectal neurons exposed to only 10-20 uM peroxide for 20 h [40]. It is important to note that
we maintained the B27 supplements in our neuronal culture medium because the
supplements contain factors in addition to antioxidants that help keep the cells viable over
the 3 day culture period. Our use of B27 likely explains why much higher concentrations of
peroxide were required to induce the same levels of secretion as in experiments with chick
tectal neurons.

An increase in the internal pool of A has been reported in neurons responding to certain
types of stress [41] and has been associated with synaptic dysfunction in mouse models of
AD [42,43]. Thus, we quantified the internal pool of AB in lysed neurons untreated or
treated with peroxide. Untreated neurons contained 4.3 + 0.6 pg of Af} per ng DNA and 2
mM peroxide-treated neurons contained 4.9 + 0.8 pg of Af per ng DNA. These values do
not differ significantly.

We next determined the time course of AB production in cortical neurons stressed with 2
mM peroxide. Although increased secretion was observed as early as 12 h after treatment,
the increase was not statistically significant (p < 0.05) until 50 h, with maximal secretion
obtained at 72 h (Figure 3B).

Because dissociated neurons might behave differently from neurons maintained in an
environment closer to in situ, we also determined how peroxide affected RAf secretion from
rat hippocampal organotypic slices, an easily manipulated ex vivo model. Each untreated
slice secretes 85 + 8 pg (n=3) of AP over the course of 3 days. The secretion is increased
2.1+ 0.3 fold by 2 mM peroxide treatment. This is a 1.5 + 0.3 fold increase when normalized
for DNA, still significant but less than the 2.3 to 2.4 fold increase that was obtained for
dissociated cortical neurons (Figures 3A and 4). The reduced value in slices might arise
from the DNA contribution of non-neuronal cells or from less exposure of the neurons
within the slice from the peroxide added to the underlying medium.
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HAB dimer/trimer induces secretion of RAB

If traditionally prepared synthetic HAP oligomers are used, >45 ng/mL (10 nM) are needed
to obtain physiological or morphological effects on neurons [19]. These concentrations are
far above the levels that interfere in the RAP ELISA. However, the secreted form of HAp,
containing SDS-stable dimers and trimers (HABd/t) [11,] and HAP dimers extracted from
postmortem AD brain [16], are effective in a far lower range, that of pM [15], which does
not interfere with the ELISA. Thus, we can for the first time directly assay the effects of
physiologically relevant amounts of HAB on RAp secretion.

The amounts (in monomer equivalents) of HAPm or HABd/t were quantified using a dot blot
assay because the membrane could be boiled. Boiling is essential for exposing epitopes of
the HABd/t for detection. This step is essential because oligomers are inefficiently measured
by ELISA [44]. Because RAp does not oligomerize at its secreted concentrations, heating
samples of culture medium or cell extracts prior to the RAB ELISA is not required. HABm at
3.6 ng/mL (0.8 nM) and HABd/t at 1.1 ng/mL (about 0.25 nM), as well as their respective
controls (equivalent fractions from gel filtration of medium from wild type CHO cells), were
added to 3 day old cultures of rat cortical neurons. Secreted RAB per ng DNA was
quantified at 0, 24, 48, 72 and 96 h (Figure 5). The presence of HAB did not interfere in the
RAP ELISA, as shown in Figure 1B for synthetic peptide and it was confirmed here for the
secreted peptides: untreated and HAP-treated groups at time zero are identical (Figure 5).
Treatment of neurons for 4 days with HABd/t, but not HABm, induced 3-fold greater
secretion of RAP than did fractions from control CHO cell medium or untreated cells.
Because of potential co-oligomerization between HABd/t and RAp that could have altered
the ELISA results, we boiled some of the samples before performing the RAB ELISA, but
detected no differences between boiled and unboiled samples (data not shown). By 96 h the
amount of RAp secreted (>600 pg/mL) was over half the amount of added HABd/, so if co-
oligomerization had occurred an altered signal after boiling should have been detected.

The effects of HABm and HAPBd/t on the secretion of A from rat hippocampal organotypic
slices was also determined (Figure 4). When compared to untreated slices on a per slice
basis, HAPm treatment caused no increase (0.9 + 0.2 fold) in RAP secretion, whereas
HApd/t treatment significantly (p<0.05) increased secretion (1.8 + 0.2 fold). This increase is
similar to that observed in dissociated cortical neuronal cultures.

There were no significant differences in the amount of RAp in the intracellular pools
measured in lysates of control cells and cells treated with HABd/t. Untreated neurons
contained 5.1 £ 0.4, cells treated with HAPm contained 4.8 + 0.3, and cells treated with
HABd/t contained 5.4 £ 0.5 pg RAB/ng DNA. These values are similar to the intracellular
RAPB amounts reported above (4.3 to 4.9 + 0.8 pg/ng DNA) for control and peroxide treated
neurons.

To determine if the effects of HABd/t on RAP secretion are dependent on the microtubule
protein tau, we treated organotypic hippocampal slices from transgenic mice that are either
tau null (TAU™) or TAU™/~ carrying a human tau transgene. Stabilized slices were stressed
with 2 mM peroxide, HABm (3.6 ng/ml), or HABd/t (1.1 ng/ml). After 3 days of treatment
RAGB levels per ng DNA were quantified (Figure 6). Untreated TAU™~ slices secreted 46+6
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pa/slice/3 days, which is about half the 8548 pg/slice/3 days we obtained from the rat
hippocampal slices. However, this value is quite comparable considering their difference in
size. The mouse slices are 25% thinner to allow better aeration, which is needed when
grown on coverslips instead of membranes. There was no difference in Af secretion
between untreated slices not expressing or expressing the human tau transgene. Tau null
slices and those expressing the transgenic human tau showed a nearly identical increase over
unstressed slices in levels of secreted RAB when stressed with peroxide (1.6 £ 0.2 and 1.5 +
0.2 fold respectively). Slices treated with HApm showed no change in secreted RAp levels
compared to untreated slices. RAP secreted from slices treated with HABd/t increased 2.1 +
0.3 fold (tau null) and 2.3 £ 0.3 fold (transgenic human tau). Taken together, these results
suggest that RA secretion is not dependent on tau and that rat and mouse hippocampal
slices secrete similar levels of RAB.

Discussion

We have developed an ELISA that allows us to test directly the effects of various HAB
species on AP production. With it we have discovered that the HABd/t drives a feed-forward
cycle of AP secretion. Recent studies show the dimer is the major soluble form of SDS-
stable AP oligomer extracted from human AD brain and is the minimal synaptotoxic species
[11,12,15,16]. Our results add to the importance of the AB dimer by showing that it is the
minimal species able to stimulate the feed-forward response in Ap production. The dimer is
found in AD brain, but not in brains of stroke patients or patients diagnosed with diseases
unrelated to AB overproduction [16], and its presence is correlated with severity of AD
dementia [17]. It is of interest to note that HABm does not show any detrimental effects on
synaptic function. In fact it has a role in neuroprotection [45], perhaps acting as a scavenger
for metal induced oxidative stress [46]. Here we show that HABm does not cause an increase
in RAP secretion, providing additional support that HABm is not a pathogenic species in
AD.

Transgenic mice expressing human mutant ABPP are commonly used for AD research. In
fact, AP secretion in response to different effectors has been studied in cultured neurons
overexpressing human ABPP [47,48]. However, quantifying the effects of HAP on the
secretion of HAP from these neurons, as well as from chicken neurons which express
identical Ap peptides to human [49,50], would be difficult because we would be measuring
small increases in the secreted HA pool on top of the levels of HAB used to stimulate the
cells. Further complicating the assay is the fact that the chicken and human AP peptides
undergo oligomerization. Oligomers are not efficiently measured by a typical ELISA [44]
unless samples are denatured by boiling or treated with denaturants, both of which increase
the complexity and decrease the accuracy of their determination. In addition, our results
suggest that the positive feedback loop through which secreted HABd/t enhances further AB
secretion could result in artificially high levels of secreted AB in response to non-Af
effectors. High density cultures of untreated cortical neurons are secreting AP at about 50
pg/mL per day which amounts to >200 pg/mL over four days. HABd/t stimulated neurons
show an increase in secretion of >3 fold over controls. They would produce over 600 pg/mL,
which is more than half of the 1.1 ng/mL of HABd/t used to initiate the secretion. The 600
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pa/mL, if present as Apd/t, would have significant biological effects on the actin
cytoskeleton in hippocampal neurons [28].

Thus we developed and characterized an ELISA assay for measuring total RAp, which can
be used when stressing cells with physiologically relevant concentrations of HABd/t. The
advantages of using rodent neurons from non-transgenic animals are several fold: (1) they
are easier to obtain and maintain than transgenic animals [51]; (2) rodent neurons
(hippocampal and cortical) are the standard model system for studying the behavioral effects
of HAB treatment, both electrophysiologically and morphologically [12,14-16, 52]; (3) the
AP they produce does not oligomerize eliminating the need to boil or otherwise denature
higher order complexes before their quantification [53,54]; (4) both rat and mouse AB
peptides have the identical sequences and either species can be used for these assays [55].
We demonstrated the applicability of this assay to peroxide treated cortical neurons, which
show a 2.3 fold increase in RAP secretion, similar to the 2.4 fold increase reported in
peroxide-treated chick neurons measured using immunoprecipitation and Western blotting
[40]. In our peroxide treatments, which were performed in the presence of the B27
antioxidants, we obtained no effect on A production until we exceeded 100 uM hydrogen
peroxide, demonstrating the protection provided by the B27 supplement and explaining why
we require higher levels of peroxide than did the previous study.

When using the ELISA to look at HAB-induced RAp secretion, it is necessary to use the
highly active naturally secreted HAB dimer-containing fractions (either from AD brain or
7PA2 conditioned medium). Traditionally prepared synthetic AB oligomers are 4000 fold
less potent in biological effectiveness [28], requiring that they be used at concentrations well
above those that interfere with the RAB ELISA.

AP rapidly inhibits fast axonal transport in many hippocampal neurons, although in tau null
neurons transport is not inhibited following AP treatment [18] suggesting that Af requires
tau for its effects on vesicle transport. Between 40 and 70% of A secreted by neurons is
produced following endocytosis of ABPP [23]. Following endocytosis much of the ABPP
and vesicular AB is trafficked to lysosomes and digested after endosome-lysosome fusion
[56] so disruption of this transport may be one means to generate enhanced A production.
However, we found no significant differences in RA secreted in response to HABd/t from
organotypic slices from tau null mice either expressing or not expressing human tau,
suggesting that tau-dependent transport inhibition per se plays no significant role in HABd/t-
induced RAP secretion. However, transport-inhibiting cofilin-actin rods are induced in axons
and dendrites of ~19% of hippocampal neurons by 1 uM synthetic AP oligomers [19] and
~30% of hippocampal neurons in response to 250 pM ABd/t [28]. These AB-induced rods are
mostly in neurons localized to the dentate gyrus and mossy fiber tract. These rods could be
responsible for a non-tau-dependent transport inhibition that enhances AP secretion,
however further work will be required to test this hypothesis.

In addition to enhanced AP production following endocytosis of ABPP [23], there are several
Ap-induced signaling pathways that could promote a feed-forward mechanism. One of the
best characterized of these is a pathway dependent upon phosphorylated c-Jun N-terminal
kinase (JNK), which can be activated by oxidative stress [37] or via many other upstream
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signals [57]. JNK serves as an activator for the transcription of both beta- and gamma-
secretase [37,57]. Different forms of AB working extracellularly may signal through a
number of different receptors to activate the INK pathway [57]. Because different neuronal
populations may express these receptors in different ratios, the exact signaling mechanism
responsible for the enhanced AP production is complex and may vary in different regions of
the brain. Furthermore, there is evidence for an intracellular AB pool that contributes to
mitochondrial dysfunction and enhanced oxidative stress [58], which may also be enhanced
in certain neuronal subpopulations.

In conclusion, our results show for the first time that the SDS-stable ABd/t fraction of
secreted human Af enhances the secretion of rodent A} from both dissociated rat cortical
neurons and cultured rat and mouse hippocampal slices. This finding suggests the feed-
forward response, generated by the HAB species that correlates most with severity of
dementia [17], could play a key role in the progression of AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Effects of human A on therodent AR ELISA
(A) Effects of variable amounts of human A4, on the ELISA detection of a fixed amount

(150 pg/ml) of rodent AB1.42. Sample mixtures were incubated at 37°C to allow possible co-
oligomerization to occur before the addition of detection antibody. Points are averages of
triplicate samples; the standard deviation shown by the error bars is less than symbol size for
concentrations below 10 ng/mL. (B) Effects of a fixed amount of human AB1.42 (1.9 ng/ml)
on the rodent Ap ELISA standard curve. Samples of each concentration were incubated at
37°C for 3 days before assay to mimic the incubation conditions for secreted RAS in the
presence of the HABd/t. Points are averages of triplicate samples. n=2
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Figure 2. Normalizing the amounts of secreted RAP to cell numbers allows better comparisons

between samples

N2a cells were treated with different concentrations of hydrogen peroxide and the total RAB
secreted was determined after 3 days and normalized to levels secreted from untreated cells.
An apparent decline in secreted RAB occurred at peroxide concentrations above 2 mM.
However, after correcting for cell loss by normalizing secreted RAS to DNA in each well,
the production of RAP reached a plateau at or above 2 mM peroxide. * values of p < 0.05
compared to untreated samples. n=3
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Figure 3. Hydrogen peroxide enhances secretion of RAB from primary cortical neurons
(A) Dose-response of hydrogen peroxide-induced RAp secretion after 3 days in rat E18

cortical neurons, normalized for DNA content. Values are normalized to untreated samples.
Points are averages of triplicate samples. * values with p <0.05 compared to untreated. RAS
secretion reached a peak with the addition of 2 mM peroxide. n=5 (B) Time course of RAf
secretion from rat E18 cortical neurons in response to 2 mM hydrogen peroxide and
normalized for DNA content. Values shown are relative to the zero time sample. Points are
averages of triplicate samples. * values with p <0.05 compared to O time. n=5
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Figure 4. Relative effects of hydrogen peroxide (2 mM), HAPm, and HABd/t on RAP secretion
from dissociated cortical neuronsand or ganotypic hippocampal slices

Values are triplicate samples normalized for DNA content and are expressed relative to
untreated samples. * values with p < 0.05 compared to their untreated control. n=3
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Figure5. Time course of RAB secretion from rat cortical neurons, untreated or treated with

HABm or HABd/t

Rat cortical neurons grown 3 days before treatment were left untreated (controls) or were
treated with fractions containing HAPm (3.6 ng/mL), HABd/t (1.1 ng/mL) or equivalent
volumes of the same fractions from wild type CHO cell culture medium. All controls using
fractionated medium from wild type CHO cells were not significantly different from the
untreated controls of the same time point so only untreated controls are shown. Values
shown are from triplicate samples and are relative to the zero time control. * values with p <
0.05, or ** p < 0.05, compared to their untreated control. n=3
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Figure 6. Tau has no effect on RAB secretion induced by either peroxide or HABd/t
Triplicate samples each containing two organotypic hippocampal slices from mice that are

either TAU™/~ or TAU™/~ but expressing a human tau transgene were cultured for 10 or
more days and treated with 2 mM peroxide, HABm (3.6 ng/mL) or HBd/t (1.1 ng/mL). After
3 days, secreted RAP was quantified and normalized to DNA per sample. Values shown are
averages from the triplicate samples relative to untreated (control) slices from the same
genotype, but there was no significant difference in the control amounts secreted for each
genotype (Mouse TAU™~ 4646 pg/slice/3 days, Mouse TAU™~ + Human TAU 488 pg/
slice/3 days). * values with p 0.05 compared with mouse TAU™~ control. n=2
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