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Abstract
Sporadic Alzheimer’s disease (AD) patients have low amyloid-β peptide (Aβ) clearance in the
central nervous system (CNS). The peripheral Aβ clearance may also be important but its role in
AD remains unclear. We aimed to study the Aβ degrading proteases including insulin degrading
enzyme (IDE), angiotensin converting enzyme (ACE) and others in blood. Using the fluorogenic
substrate V—a substrate of IDE and other metalloproteases, we showed that human serum
degraded the substrate V, and the activity was inhibited by adding increasing dose of Aβ. The
existence of IDE activity was demonstrated by the inhibition of insulin, amylin or EDTA, and
further confirmed by immunocapture of IDE using monoclonal antibodies. The involvement of
ACE was indicated by the ability of the ACE inhibitor, lisinopril, to inhibit the substrate V
degradation. To test the variations of substrate V degradation in humans, we used serum samples
from a homebound elderly population with cognitive diagnoses. Compared with the elderly who
had normal cognition, those with probable AD and amnestic mild cognitive impairment (amnestic
MCI) had lower peptidase activities. Probable AD or amnestic MCI as an outcome remained
negatively associated with serum substrate V degradation activity after adjusting for the
confounders. The elderly with probable AD had lower serum substrate V degradation activity
compared with those who had vascular dementia. The blood proteases mediating Aβ degradation
may be important for the AD pathogenesis. More studies are needed to specify each Aβ degrading
protease in blood as a useful biomarker and a possible treatment target for AD.
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Introduction
The hallmark of Alzhiemer’s disease (AD) is the presence of extracellular amyloid-β peptide
(Aβ) in the form of brain amyloid plaques and angiopathy [1]. The actual amount of
neurotoxic Aβ in the brain is determined by the balance between the production of Aβ from
the amyloid precursor protein (APP) processing and the degradation and clearance of Aβ
after it is produced. Early onset AD patients have either increased overall Aβ production,
especially the highly amyloidogenic, 42-amino-acid form of Aβ (Aβ42). However, the
majority of AD cases is sporadic and late onset, and does not show increased Aβ production.
Unlike early onset AD, sporadic AD patients have decreased clearance of Aβ in the central
nervous system (CNS) [2]. Since Aβ can pass through the blood brain barrier (BBB) into the
blood [3], and plasma Aβ levels are associated with the risk of AD [4], the peripheral Aβ
clearance may also be important but its role in AD remains unclear. Using APP transgenic
mice, an artificially engineered secreted protease, neprelysin, into blood can lower the AD
pathology in the brain [5]. Thus the natural existing proteases in blood which can mediate
the Aβ degradation could be of interest and importance in the AD pathogenesis.

Several proteases are shown to degrade Aβ including insulin degrading enzyme (IDE) [6–9],
angiotensin converting enzyme (ACE) [10, 11], neprilysin and endothelin-converting
enzyme-1 (ECE-1), but it is unclear whether all of them are present in blood. Neprilysin
effectively degrades Aβ in vivo [12], however, most studies show that neprilysin is present
within cells and thus may not exist in blood naturally. ECE–1 is shown to degrade Aβ [13]
and could be a candidate protease to degrade Aβ in blood. Although ACE is well
documented to be present in blood, it is unclear whether blood ACE mediates the Aβ
degradation. Using cell cultures, IDE is found outside the cell and in the rough endoplasmic
reticulum (RER) and the plasma membrane [8] [14, 15]. We identified intact IDE in human
cerebral spinal fluid (CSF) [8], but it is still unknown whether IDE is secreted in human
serum to be involved in the Aβ metabolism.

Substrate V, which is a short peptide, mimics Aβ to be an effective substrate of IDE in the
cell culture [16] and can also serve as a substrate for recombinant ACE, ECE and neprilysin
(manufacture information). In this study we used the fluorogenic substrate V, together with
inhibitor profiling, to establish assays to examine the presence of these specific protease
activities in human serum. Using homebound elderly subjects who had specific clinical
diagnoses for cognitive impairments in a cross-sectional study, we aimed to explore whether
serum protease activity, if proved to exist, is associated with the diagnosis of AD and the
prodromal stage of AD. The homebound elderly population in the Boston area which we
have been studying has high rates of dementia including AD and mild cognitive impairment
(MCI) [17].

Materials
Materials

Fluorogenic substrate V, Mca-RPPGFSAFK (Dnp)-OH and recombinant human IDE (R&D
System, Inc. Minneapolis, MN, USA), synthetic peptides of amylin, Aβ1–40 (Ana Spec,
CA, USA) and insulin (Sigma, MO, USA), and the protease inhibitors of phosphoramidon
disodium salt and lisinopril (Sigma, MO, USA) were obtained.

Characterizing Protease Activities Mediating Aβ Degradation in Human Serum
To characterize protease activity in human serum, we added 10 μM fluorogenic substrate V,
Mca-RPPGFSAFK (Dnp)-OH [16].[18] to incubate with different amount of serum in the
presence of PBS at 37°C for various periods of time. Fluorometry with excitation at 320 nm
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and emission at 405 nm was used to measure the fluorescent intensity. Each human serum
sample was duplicated for each data point when using the NAME study samples described
below.

The inhibition of IDE activity was examined by pre-incubation of insulin (10 μM) or amylin
(10 μM) or EDTA (0.5 mM) at 37°C for 3 hours followed by adding 10 μM fluorogenic
substrate V to be further incubated, and the fluorescent intensity was measured. Similarly,
the activity of ECE was detected by pre-incubation of 1 or 10 μM phosphoramidon
inhibitor; the activity of ACE was detected by pre-incubation of ACE inhibitor, lisinopril
(10 μM). To prove that this substrate V assay could be used to evaluate Aβ degradation
mediated by these proteases, we pre-incubated serum with 10 ng/ml synthetic Aβ1–40 at
37°C for 3 hours followed by adding substrate V and the continuation of incubation to
examine the inhibition by Aβ. To calculate the inhibition, we used the plateau level of the
fluorescent intensity with 6 μl of serum in the experiment as 100%. The relative levels of the
fluorescent intensities in the absence of serum or in the presence of different inhibitors were
divided by the plateau level and the percentages were calculated accordingly (Figures 2, 3B
and 4).

The presence of serum IDE was visualized by using Western Blot with human IDE specific
antibody, 6H9, and the recombinant IDE (lane 1) was used as a control (Figure 3A). To
specifically determine whether Aβ degrading activity in serum was IDE, plates were coated
with IDE 6A1 antibody [19] overnight at 4°C. Serum samples (50 μl) were loaded and
incubated overnight at 4°C followed by washing with ice-cold PBS for 6 times for the
immunocapture of IDE and then adding the fluorogenic substrate V to further incubate at
37°C for overnight before the measurement of the fluorescent intensity. To confirm the
specific IDE activity, the immunocaptured IDE was pre-incubations with EDTA, insulin,
amylin or Aβ at 37°C for 3 hours before adding substrate V in the assay described above.
Each sample assay was repeated 3 times for each data point. To evaluate the relative
increase of IDE activity, we treated the background fluorescence (in the absence of serum)
as one and the relative increase of fluorescent intensity with immunocaptured IDE to the
background level was calculated under each experimental condition (Figure 3C).

Other measurements
A 244 bp of the ApoE gene, which included the two polymorphic sites was amplified by
PCR using a robotic Thermal Cycler (ABI 877, Perkin-Elmer/ Applied Biosystems). The
PCR products were digested with 5 units of Hha I, and the fragments were separated by
electrophoresis. The allelic fragments were: E2,; E3, and E4. ApoE4 was defined by E4/4,
E3/4 or E2/4. Plasma insulin concentrations were measured by radioimmunoassay in the
clinical laboratory at Tufts Medical Center. ELISA was used to measure amylin
concentration in plasma according to the manufacture’s instructions (LINCO Research, St.
Charles, Missouri).

Study Sample and Diagnoses
We studied a subgroup of 352 subjects, who underwent clinical evaluation by physicians,
including brain MRI, from a population-based study, the Nutrition, Aging and Memory in
the Elderly (NAME) study [20]. The NAME study was based on the clients of four
homecare agencies for the city of Boston. Anyone receiving homecare services is registered
with one of these agencies if he/she lives in the city of Boston, has an annual income <
$18,890 and needs homecare service. All homebound elders aged 60 and older receiving
services from the four agencies were invited to participate in the study. Of all eligible
subjects, 66% enrolled in the study, and gave informed consent approved by the Institutional
Review Boards of Tufts University New England Medical Center [21] and Boston
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University. Those with Mini-Mental State Examination (MMSE) ≤ 10 or verbal IQ < 75
were not eligible to continue in the study. 1262 subjects completed the neuropsychological
evaluation during the home visits and were asked whether they would be willing to
participate in the second phase of the study, which was to undergo brain MRI. Of this
number, 352 agreed and were recruited.

Diagnosis of Dementia—The diagnosis of dementia was based on the DSM-IV criteria.
NINCDS-ADRDA guidelines [22] were used to determine if the criteria was met for a
diagnosis of possible or probable AD. Possible AD is marked by differences in clinical
features and course in addition to the MRI imaging data so that the etiology of dementia is
not certain for AD compared with probable AD. The major feature of possible AD in our
study sample was the presence of cerebrovascular pathology. NINDS-AIREN criteria was
used for the diagnosis of possible or probable vascular dementia [23].

Diagnosis of MCI—The diagnostic criteria for MCI were based on Petersen et al. 1999
guidelines with some modifications to broaden the concept of MCI [24]: 1) no dementia; 2)
self-reported forgetfulness in daily activities or for recent events; 3) normal general
cognitive functioning as assessed by the MMSE, that is, a score less than 1 SD below the
mean of an age- and education-matched sample after exclusion of present dementia at entry;
4) objective memory impairment or impairment in other cognitive domains as assessed by
performance on neuropsychological tests not more than 1.5 SD from the mean of an age-
and education-matched sample; 5) ability to independently perform basic activities of daily
living. The neuropsychological battery included WMS-III Word List Learning, WMS-III
Logical Memory, verbal fluency, WAIS-III Block Design, WAIS-III Digit Span, and Trails
A and Trails B. Those with memory impairment only or cognitive impairment including
memory and other domains were considered to have amnestic MCI; those without
forgetfulness and with impairments in other cognitive domains, such as executive and
visuospatial dysfunction, were considered to have non-amnestic MCI.

Definition of the Controls—Subjects were considered cognitively intact if they were not
demented and scored no more than 1 SD below the mean of age and education defined strata
on MMSE and no more than 1.5 SD below the mean of age and education defined strata on
the neuropsychological tests.

Brain MRI and volumetric measurements
MRI scans were performed on a 1.5 Tesla magnet (Siemens’ Symphony; Islin, NJ). All
subjects had the following imaging protocol: 1) Intermediate (TE=20 ms) and T2-weighted
(TE=80 ms) conventional spin-echo axial images (TR=3000 ms); 2) Fluid Attenuation
Inversion Recovery (FLAIR) axial images; 3) Magnetization Prepared Rapid Acquisition
Gradient Echo (MPRAGE) coronal 3D images with section thickness of 1.5 mm [25].

The study radiologist evaluated images for the presence of brain infarcts including large and
small vessel infarcts. Large vessel infarcts were defined as infarcts larger than 1.5 cm in size
or in a major vascular territory such as cortex [25]. Small vessel infarcts were in the
subcortical region and defined as a focal brain lesion hyperintense on T2-weighted images
with a minimum diameter of 3 mm and a maximum diameter of 1.5 cm.

All Images were analyzed using image analysis software (AnalyzeDirect, Inc. Overland,
KS) by trained readers/analysts who were blinded to the subjects’ clinical status and under
the supervision of a board-certified neuroradiologist (R.B.) [25]. The margins of
hippocampus and amygdala were traced by a mouse-driven cursor on consecutive images of
MPRAGE 3D sequence on which these structures were seen. For volume measurement,
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ANALYZE software was used to count the number of voxels within each slice and
multiplied by voxel volume to derive a numeric value in cubic millimeters. Measurements
were made on both sides. The boundaries of amygdala were defined by gray/white matter
borders, by CSF in the uncal cistern, or by uncal recess of the temporal horn or the alveus
covering the hippocampal head, as appropriate. The anterior boundaries of the hippocampus
were defined by the dentate gyrus and the subiculum, and were separated from the amygdala
by visualizing either the shape of hippocampal digitations and the uncal recess of the
temporal horn or by the high signal-intensity generated by the white matter of alveus. The
posterior boundary of the hippocampus was chosen at the level where both cruces of the
fornix were seen [25]. The volumes (left + right sides) of amygdala or hippocampus were
normalized by the total intracranial volume to compensate for variations in total brain size
[25]. The measurements of hippocampal and amygdala volumes had an inter-reader
correlation of 0.92 (p<0.001).

Statistical Analysis
Statistical analysis was performed using SAS (version 9.1, SAS Institute Inc., Cary, North
Carolina). To compare Aβ degradation and other key variables between the control subgroup
and another diagnostic subgroup, mean ± SD and T-test were used for the variables with a
normal distribution, and median (Q1, Q3) and Wilcoxon rank sum test were used for the
variables with a skewed distribution. Chi-square test was applied to evaluate frequencies.
Multivariate linear regression was performed to evaluate the association between a diagnosis
as an outcome and serum substrate V degradation after adjusting for potential confounding
by age, gender, ethnicity, BMI, education and ApoE4. For all analyses, level of significance
was α = 0.05.

Results
Amino acid sequences of insulin, amylin, Aβ and substrate V, Mca-RPPGFSAFK, are
compared (Figure 1A). The cleavage sites of Aβ by IDE and ACE in the alignment of the
substrate V sequences are shown. The fluorogenic substrate V was incubated with
decreasing amounts of serum from 95 to 1.5 μl at 37°C for different periods of time, but
only 0 and 24 hours were shown (Figure 1B). The conditioned medium (CM) of BV-2
microglial cells, which release a high level of IDE to degrade Aβ [8], was used as a positive
control. Relative to the time 0, a large magnitude of fluorescence was generated at 24 hours
when 1.5–12 μl serum was used in this experiment. In contrast, when 24–95 μl serum was
used, there was little or no difference in the fluorescence generated between time 0 and 24
hours. This could be attributed by the endogenous fluorogenic activity in serum which
caused high background fluorescence or due to some endogenous inhibitors of proteases in
serum to inhibit fluorescence generation. To examine whether this substrate V assay could
reflect the degradation of Aβ in serum, serum (6 μl) was pre-incubated with synthetic Aβ1–
40 (10 ng/ml) followed by adding substrate V for additional incubation. We observed a
decrease of fluorescence (40%) in a time-dependent pattern compared to the absence of Aβ
in the pre-incubation (Figure 2).

To illustrate the presence of IDE in human serum, different amounts of serum were loaded
and the specific band was shown with human IDE specific antibody, 6H9, in a western blot
(Figure 3A), to be consistent with the cytosol IDE in size. To further show that IDE was
involved in the substrate V degradation, serum (6 μl) was pre-incubated with 10 μM of
insulin or amylin, both are the substrates of IDE, followed by adding substrate V to examine
the degradation. We observed a marked decrease of fluorescence in a time-dependent pattern
(Figure 3B). To confirm that IDE is present in serum and serves as a secreted protease to
degrade Aβ, we used a 96 well plate coated with the IDE specific antibody, 6A1 [19], to do
an immunocapture of IDE in human serum, followed by incubation with substrate V at 37°C
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for different times. The result of this experiment revealed a dose-dependent fluorogenic
activity in serum and inhibition by Aβ1–40 (Figure 3C). The immunocaptured IDE activity
was inhibited by pre-incubation of EDTA, insulin, and amylin, further confirming that the
fluorescence generated was indeed mediated by IDE in human serum. Another IDE
antibody, 6H9, was used to confirm this result, in contrast, an unrelated antibody did not
show any activity in the immunocapture assay (data not shown).

A set of 4 serum samples with low vs. another set of 4 serum samples with high substrate V
degradation activities were chosen and compared (Figure 4A). The immunocaptured IDE
activities from these samples (Figure 4B) and the Western Blot of these samples (Figure 4C)
were paralleled to their serum substrate V degradation abilities. However, while the average
of serum substrate V degradation in the high activity samples were more than double the one
in the low activity samples, the average of immunocaptured IDE activity in the high activity
samples was only approximately 20% more than the one in the low activity samples,
suggesting other serum protease(s) involved in the substrate V degradation. The substrate V
serves as a substrate for other metelloproteases including ACE, ECE-1 and neprilysin, and
we applied a variety of specific inhibitors to this assay to differentiate the activities of these
proteases in serum. Lisinopril (10 μM), an ACE inhibitor, was applied to the reaction and
revealed significant inhibition of substrate V degradation (Figure 5A), indicating the
involvement of ACE in the assay. In contrast, phosphoramidon (1 μM), a specific inhibitor
for ECE-1 and NEP, did not inhibit the degradation of substrate V in this assay (Figure 5B).
Other metalloprotease inhibitors such as EDTA (Figure 5B) also inhibited the serum
degradation in this assay. Additionally, the MMP inhibitor, FN-439, did not inhibit this
activity (data not shown). All of this data suggested that both IDE and ACE were the major
proteases in serum to mediate the degradation of substrate V.

To study whether the protease activity of substrate V degradation reflecting the Aβ
degradation would reveal variations in human samples for an AD diagnosis, we performed
this substrate V assay using human serum samples with different clinical diagnoses. The
individuals with the serum samples were from a population-based study, the NAME study,
and were examined by physicians to receive a consensus diagnosis on cognition (n = 365)
[20]. The clinical diagnoses included the control with normal cognition (n = 159), amnestic
MCI (n = 19), probable AD (n = 16), possible AD (n = 32) and vascular dementia (n = 24)
(Table 1). These subjects had a brain MRI, and the brain volumetric measurements were
consistent with the diagnoses of amnestic MCI and probable AD (Table 2). Compared to the
elderly with normal cognitive function, those with probable AD were older, and a higher
percentage of these subjects were African Americans and had lower education. Compared
with the control group, there were more males in the group of amnestic MCI. There were no
differences of ApoE4 alleles, BMI, diabetes, ACE inhibitor or insulin use, or concentrations
of IDE substrates including insulin and amylin across all the diagnostic groups.

The fluorescence generated by adding substrate V to the serum samples was measured and
plotted for each participant and compared by diagnostic status (Figure 6). The average
serum substrate V degradation for 24 hours (mean ± SD) in the probable AD group (40752.9
± 7584.5, p = 0.0001) or in the amnestic MCI group (43720.6 ± 6129.9, p = 0.02) was
significantly lower than in the control group (48138.4 ± 8651.3). One serum sample was
measured in each batch of measurements and used as a control, equivalent to 1 unit (U), to
adjust all the samples. Multivariate regression analysis showed that probable AD (β =
−0.194, SE = 0.077, p = 0.01) or amnestic MCI (β = −0.182, SE = 0.084, p = 0.03) as an
outcome remained negatively associated with adjusted serum substrate V degradation (U)
after adjusting for age, gender, ethnicity, education, ApoE4, BMI and infarcts (Table 3A). In
the same model, adding ACE inhibitor use or diabetes and insulin use did not affect the
relationship between probable AD and substrate V degradation; adding the concentrations of
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insulin and amylin strengthened the relationship (β = −0.214, SE = 0.079, p = 0.007) (Table
3B).

The average serum substrate V degradation (mean ± SD) in the probable AD group was
significantly lower when compared with the vascular dementia group (40752.9 ± 7584.5 vs.
48680.2 ± 5830.0, p = 0.002) (Figure 7). After adjusting for age, gender, ethnicity,
education, ApoE4 and BMI, multivariate regression analysis showed that unlike probable
AD, vascular dementia was not associated with adjusted serum degradation activity, but
with brain infarcts (Table 3A). In the same model, the infarct number was negatively
associated with amnestic MCI as an outcome of this study sample.

Discussion
Considering that there will be 16–18 million AD patients by 2050 in the US alone, it is
necessary and pressing to develop some simple diagnostic or screen tests using a peripheral
blood sample for the disease. Although the current substrate V assay may not yet serve as a
diagnosis test for the disease, our data at least suggested that the serum Aβ degradation
activity is worthy and needed to be further studied for AD as Aβ clearance in CNS is
impaired in sporadic AD [2]. To the best of our knowledge, this study was the first to show
that IDE and ACE are the major proteases in serum to mediate substrate V degradation,
which can reflect the Aβ degradation mediated by these proteases. Elderly patients with
probable AD and prodromal stage of AD had lower substrate V degradation in serum than
those with normal cognition, probably indicating low serum Aβ degradation in the disease.
Additionally, the serum substrate V degradation assay may be useful to help differentiate
AD from vascular dementia.

Our data demonstrated that IDE is one of the proteases to mediate Aβ degradation in serum
(Figure 2C). IDE has been shown to degrade Aβ [6, 8] and to influence brain Aβ levels in
vivo [26]. Our previous study showed the presence of IDE in human CSF [8] and the data
from this study demonstrated the existence of IDE in serum (Figure 3). Since extracellular
Aβ aggregation is the hallmark of AD pathology and Aβ is not found in cytosol,
extracellular IDE may play a key role in the clearance of Aβ and can relate to the AD
pathology. IDE can be secreted through an exosome [27] and is regulated by nerve growth
factor in PC12 cells [14]. The statin treatment enhances IDE secretion without affecting its
expression [28]. ApoE is a secreted lipid protein in the extracellular compartment and
enhances IDE activity [29], and the major risk factor of AD. Compared to ApoE 2 or ApoE3
alleles, ApoE4 has the least enhancement to IDE activity.

Our study demonstrated the involvement of ACE in the serum Aβ degradation (Figure 5).
ACE degrades Aβ and reduces Aβ aggregation [10]; ACE also converts Aβ42 to Aβ40 [30].
While some studies have demonstrated that blood ACE activity is associated with AD [31]
and the age of AD onset [32], other studies do not show the difference between AD and the
controls [33]. One study shows that long term (6 months) use of ACE inhibitor, Captapril,
increases Aβ deposition in the brain of the APP transgenic mice [34].

As substrate V was degraded by the proteases like IDE and ACE that were inhibited by
adding Aβ, we were able to establish a simple and non-invasive assay and demonstrate that
there is Aβ degradation activity mediated by these proteases in human serum (Figures 1 and
2). Other studies have shown that impaired clearance of Aβ in AD is probably caused by
decreased catabolism of Aβ via reduced proteolysis or microglial phagocytosis, or by
impaired transport across the blood-brain barrier into the blood [35]. Our study showed that,
compared to the elderly with normal cognition, those with amnestic MCI and probable AD
had lower Aβ degradation activity in blood (Figures 6 and 7). Minors et al. found that the
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immunocaptured IDE activity from the AD brain tissue is higher, not lower, than the
controls [36]. The same study failed to find any difference in the ACE activity between AD
and the controls. One possibility is that Aβ catabolizing proteases interact with other factors
to cause AD. For example, other substrates of IDE, like insulin and amylin in type 2
diabetes, could compete with Aβ for the IDE degradation, but the immunocaptured IDE
cannot illustrate the competition for the enzyme. The presence of ACE inhibitor, which is a
common antihypertensive medication, or its effects on ACE activity in the brain, can also
not be observed in the immunocapture assay. While some genetic studies show that AD is
related to IDE and ACE polymorphisms, other studies do not show the same relationship
[37], suggesting that the interaction between these genes and other factors may be crucial for
the disease.

In this study sample vascular dementia (Figure 7) had higher serum substrate V degradation
than those with probable AD with no or very little cerebrovascular pathology. Increased
ACE expression leads to cardiovascular pathology [38], which is associated with
cerebrovascular pathology and vascular dementia. Endothelial cells express IDE which
mediates Aβ degradation [39]. One study shows that cerebral ischemic insult to rats results
in increased expression of IDE [40]. Another study shows that statin increases IDE secretion
[28], and many patients with vascular diseases are treated with statins. The homebound
elderly population we used for this study had high rates of cerebrovascular and
cardiovascular pathologies [17]. Although it is unclear if ACE or IDE is increased in
cerebrovascular pathology, the serum substrate V degradation assay could be useful to
differentiate AD from vascular dementia. However, this assay may be limited in its ability to
detect AD comorbid with cerebrovascular pathology.

This study has other limitations. Substrate V is not specific for one particular protease, but
the advantage of substrate V is to specifically rule in few proteases for the Aβ degradation in
blood. The assay could not detect all the proteases involved in the Aβ degradation. Some
elderly with normal cognition still had low substrate V degradation in our study sample
(Figure 6); thus this may not serve as a diagnostic assay and without a longitudinal study we
cannot yet conclude that this assay can be a prognostic biomarker of AD. Nevertheless, our
discoveries have found the existence of IDE plus ACE to be involved in the Aβ catabolism
in human serum, which may lead to a new target for the AD treatment. One recent study
illustrates that engineered recombinant neprelysin which can be secreted into blood can
lower the brain AD pathology in APP transgenic mice [5]. Our study warrants prospective
studies to examine whether peripheral substrate V degradation mediated by IDE and ACE is
related to brain pathology, and predicts the onset of cognitive decline and AD in this and
other populations.
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Figure 1. Serum activity of substrate V degradation
The sequences of insulin, amylin and Aβ1–40 along with the sequence of substrate V are
shown and compared (A). Cleavage sites of Aβ1–40 by IDE (yellow) and ACE (red) are
illustrated. Different amounts of serum were incubated with substrate V at 37°C for time 0
and 24 hours (24 hr) and the degradation activity assessed by the fluorescence generation
(B). BV-2 condition medium (CM) was used as a positive control.
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Figure 2. Inhibition of substrate V degradation by A
β
6 μl human serum was pre-incubated with Aβ1–40 (10 ng/ml) at 37°C for 3 hours then
followed by adding substrate V for continuation of different time points and the generated
fluorescence were measured.
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Figure 3. Characterization of IDE in human serum
Decreasing amounts of serum were detected for IDE using the human IDE specific antibody,
6H9, in Western Blot, and the cytosol IDE was used as a positive control (A). 6 μl human
serum was pre-incubated with or insulin (10 μM) or amylin (10 μM) at 37°C for 3 hours
then followed by adding substrate V for continuation of different time points and the
generated fluorescence were measured (B). IDE molecules from different amounts serum
were immunocaptured by IDE antibody, 6A1, followed by adding and incubating with
substrate V at 37°C for 3 hours, and the generated fluorescence was measured in the
presence of different inhibitors. The background fluorescence without serum was used as the
standard 1 and the times of enhanced fluorescence generated by the presence of serum
relative to the background were calculated and illustrated. Insulin, amylin, Aβ1–40 or EDTA
was applied to the assay to observe the specific inhibition of IDE (C).
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Figure 4. Characterization of IDE in human serum samples
A set of 4 serum samples (6 μl) with low vs. a set of 4 serum samples (6 μl) with high
substrate V degradation were compared (A). IDE molecules from these serum samples (50
μl) were immunocaptured by IDE antibody, 6A1, followed by adding and incubating with
substrate V at 37°C for 3 hours, and the generated fluorescence was measured (B). These
samples were detected for IDE using the human IDE specific antibody, 6H9, in Western
Blot (C).
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Figure 5. Characterization of ACE and other protease activities in human serum
6 μl human serum was pre-incubated with ACE inhibitor, Lisinopril, at 37°C for 3 hours
then followed by adding substrate V for continuation of different time points and the
generated fluorescence were measured (A). 6 μl human serum was pre-incubated with
phospheramidon, the inhibitor of neprilysin and ECE-1, or EDTA at 37°C for 3 hours then
followed by adding substrate V for continuation of different time points and the generated
fluorescence were measured (B).
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Figure 6. Measurements of substrate V degradation activity in probable AD, amnestic MCI and
the controls
6 μl serum samples were incubated with substrate V at 37°C for 24 hours and the generated
fluorescence were measured. The average number from the duplicates of each individual
sample in the subgroups of the control, amnestic MCI and probable AD was calculated and
illustrated.
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Figure 7. Measurements of substrate V degradation activity in probable AD and vascular
dementia
6 μl serum samples were incubated with substrate V at 37°C for 24 hours and the generated
fluorescence were measured. The average number from the duplicates of each individual
sample in the subgroups of probable AD vs. vascular dementia was calculated and
illustrated.
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Table 1

General information of the study sample

N = 365

Age, year, Mean ± SD 73.2 ± 8.3

Female, n/total (%) 266/365 (73%)

African American, n/total (%) 130/365 (36%)

High School and above, years, n/total (%) 274/364 (75%)

ApoE4, n/total (%) 89/355 (25%)

BMI, Mean ± SD 30.9 ± 7.9

Diabetes, n/total (%) 111/351 (32%)

ACE inhibitor use, n/total (%) 136/362 (38%)

Insulin use, n/total (%) 20/362 (6%)

Amnestic MCI, n/total (%) 19/364 (5%)

Non-Amnestic MCI, n/total (%) 101/365 (28%)

Dementia, n/total (%) 89/365 (24%)

 Probable AD, n/total (%) 16/89 (18%)

 Possible AD, n/total (%) 32/89 (36%)

 Vascular dementia, n/total (%) 24/89 (26%)

 Other dementia, n/total (%) 17/89 (19%)
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