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Abstract

Introduction: Identifying CSF-based biomarkers for the B-amyloidosis that initiates Alzheimer’s
disease (AD) could provide inexpensive and dynamic tests to distinguish AD from normal aging
and predict future cognitive decline.

Methods: We developed immunoassays specifically detecting all C-terminal variants of secreted
amyloid B-protein and identified a novel biomarker, the Ap 37/42 ratio, that outperforms

the canonical AP42/40 ratio as a means to evaluate the y-secretase activity and brain AB
accumulation.

Results: We show that AR 37/42 can distinguish physiological and pathological status in 1)
presenilin-1 mutant vs. wild-type cultured cells, 2) AD vs. control brain tissue, and 3) AD vs.
cognitively normal (CN) subjects in CSF, where 37/42 (AUC 0.9622) outperformed 42/40 (AUC
0.8651) in distinguishing CN from AD.

Discussion: We conclude that the AB 37/42 ratio sensitively detects presenilin/y-secretase
dysfunction and better distinguishes CN from AD than Ap42/40 in CSF. Measuring this

novel ratio alongside promising phospho-tau analytes may provide highly discriminatory fluid
biomarkers for AD.
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Introduction

Over the last three decades, many genetic, neuropathological, biochemical, and biomarker
analyses have converged on the concept that accumulation of the 42-residue amyloid -
protein (AP 42) is an early and pathogenically critical event in both familial and ‘sporadic’
Alzheimer’s disease (AD). Sequential cleavages of the B-amyloid precursor protein (APP)
by B- and -y-secretases yield a heterogeneous array of small peptides, the longer forms of
which (Ap 42 and Ap 43) are highly prone to self-aggregation into initially soluble and then
insoluble oligomers and fibrils, accompanied by progressive neuritic/synaptic, microglial,
and astrocytic changes. Despite this emerging understanding of a key mechanistic role for
AP 42, there remain questions about how well measurements of this and other related A
peptides in biological fluids, like cerebrospinal fluid (CSF), can accurately reflect alterations
of APP processing and A deposition in the patient’s brain and thus predict a clinical
diagnosis of AD.

v-Secretase, a unique intramembrane aspartyl protease, is a hetero-tetramer consisting of
the proteins presenilin (PS), nicastrin (NCT), anterior pharynx defective-1 (APH-1) and
presenilin enhancer-2 (PEN-2) [1-3]. The two presenilin homologs, PS1 and PS2, each
have nine transmembrane domains (TMDs); following their auto-proteolytic cleavage, they
become the catalytic subunit of -y-secretase that contains the active-site aspartates in TMD
6 and 7 [4]. -y-Secretase processes its substrates (>100 different type-I transmembrane
proteins to date) [5] by a series of sequential hydrolytic cleavages within the TMDs, i.e.,

in the hydrophobic environment of the lipid bilayer. Following the initial shedding of the
large ectodomain of a substrate by a-secretase (e.g., ADAM10 or ADAM17) or B-secretase
(BACEL or 2), the presenilin/y-secretase complex then catalyzes multiple intramembrane
cleavages. In the case of the substrate APP, this step releases the heterogeneous p3 and

AP peptides. Recent evidence suggests that y-secretase functions within a high molecular
weight, multi-secretase complex that also contains either a.- or p-secretase, thus allowing
efficient sequential processing of substrates by a/y or p/y complexes to the final products
[6, 7].

Following the a- or B-secretase cuts, -y-secretase processes the resultant membrane-
anchored C-terminal fragments by an initial endo-proteolytic () cleavage followed by

a series of carboxypeptidase-like trimming steps (y-cleavages). The e-cleavage generates
long peptides (AP 48 and AP 49) that remain membrane-anchored and undergo stepwise
v-cleavages every 3 amino acids until the respective Ap 42 and AP 40 peptides are released.
We have reported that this -y-secretase processing requires the stabilization of an enzyme-
substrate scission complex that uses 3 amino acid binding pockets (S1°-S2°-S3’) in the
presenilin active site. Substrate occupancy of these 3 pockets occurs after its initial binding
(“docking™) but precedes catalysis, indicating that a conformational change (“unwinding”)
in the bound helical substrate is needed to allow e-cleavage [8]. It is now clear that
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secreted AP peptides are produced by y-secretase along two proteolytic pathways: Ap
49—46—43—40—37 and Ap 48—45—42—39, 38 or 37 [9, 10]. The existence of the
shortest AP peptides, Ap 37, Ap 38, and Ap 39, has been demonstrated [11-17], but these
have been little studied. Ap 38 and 39 were found to result mainly from cleavage of AB
42 by removal of a tetra-peptide or tripeptide, respectively. Ap 37 was described to result
either from cleavage of AP 42 or from cleavage of AP 40 by removal of a pentapeptide or
tripeptide, respectively.

Based on extensive biochemical, biophysical, and structural studies of -y-secretase, it has
emerged that y-secretase requires at least 6 steps to achieve the hydrolysis of a substrate: 1)
initial activation of PS by an auto-proteolysis that generates the active PS heterodimer; 2)
the docking of the substrate TMD to the -y-secretase complex; 3) substrate TMD unwinding
and binding to the active site; 4) endopeptidase (&) activity; 5) successive carboxypeptidase-
like (y) cleavages, and 6) release of the final products into the luminal and extracellular
compartments. Although recent advanced cryo-EM analysis of y-secretase has provided
impressive structural information about the complex [18, 19], the still somewhat limited
resolution of cryo-EM means that the fine details of PS1 residues and how they contribute
to PS proteolytic function remain unclear. Through detailed measurement of all secreted

AP products generated by wild-type or mutant PS1, we recently discovered that hydrophilic
loop 1 of PS1 is required for proper sequential -y-secretase processivity by modulating the
affinity between APP (substrate) and PS1 (enzyme) [20]. These findings should promote the
rational design of the next generation of y-secretase modulators to lower Ap amyloidogenic
peptides in the human brain without blocking substrate cleavage. However, further details of
the critical carboxypeptidase-like (y) proteolytic events and the availability of the resultant
products in biological fluids as potential biomarkers remain to be clarified.

For many years, Ap CSF and plasma biomarkers have focused on Ap42 and Ap40, with
AP40 being the major secreted form and Ap42 being a minor (~10%) secreted form that can
under some circumstances give rise to Ap42 oligomerization and amyloid plaque formation
in the brain. Here, we take advantage of our newly developed sensitive immunoassays to
detect all six secreted C-terminal variants of AR (Ap43, Ap42, Ap40, Ap39, Ap38, and
AB37), enabling us to study the carboxypeptidase-like (y) products in detail. We asked
whether a more comprehensive analysis of all AR peptides in human CSF would help us
understand and better predict amyloid neuropathology and its clinical consequences, rather
than relying solely on the canonical AB42/40 ratio.

Material and Methods

Participants for CSF analysis

The Mayo Clinic Study of Aging (MCSA\) is a population-based, prospective study of
residents living in Olmsted County, MN. Details of study design and participant recruitment
are published [21, 22]. In 2004, the Rochester Epidemiology Project (REP) medical records
linkage system was used to enumerate Olmsted County residents between the ages of 70 and
89, as described [23]. In 2012, the MCSA was extended to include those aged 50 and older.
The present analyses included 79 participants (38 CN, 25 MCI, and 16 AD) in whom we
measured CSF Ap peptides. Subject enrollment, sample collection, and sharing of samples
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across sites were approved by the Mayo Clinic and the Olmsted Medical Center. Table 2
shows demographic characteristics and further details about the cohorts. The institutional
review boards of the Mayo Clinic and the Olmsted Medical Center approved all study
protocols and written informed consent was obtained from all participants.

Clinical categorization of participants

Subjects were designated as Alzheimer’s disease (AD), Mild cognitive impairment (MCI),
or Cognitive normal (CN) based on a clinical and cognitive assessment every 15 months
that includes separate assessments by a study coordinator, physician, and neuropsychologist.
These visits included an interview by a study coordinator/nurse, a neurologic exam, and
neuropsychological testing [22]. The neuropsychological battery included 9 tests covering

4 domains (memory, language, executive function, and visuospatial function), as described
[22].

CSF analysis

CSF samples were obtained by lumbar puncture between the L3 and L4 intervertebral space.
Lumbar puncture was performed early in the morning after fasting. CSF was collected and
stored at —80°C in polypropylene tubes. All samples were thawed once before analysis. CSF
samples were analyzed by sandwich immunoassays.

Generation of FAD PS1 expression vectors

A pcDNA3.1 vector harboring the WT human PS1 was used as the template to generate
FAD PS1 expression vectors. To introduce mutations, the template was amplified by PCR
into 2 DNA fragments with an overlapping sequence containing the mutated locus. Overlap
PCR was done to generate the whole open-reading frame containing the mutation. PCR
products were sub-cloned into the pcDNA3.1 vector for expression under a CMV promoter.
Vectors were sequenced from both 5 and 3’ ends to confirm successful mutagenesis.

Tissue culture and transfection of adherent cells

Adherent HEK cells were cultured in complete growth medium: Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 2 mM L-
glutamine, 10 units/mL penicillin, and 10 mg/mL streptomycin (all from Life Technologies).
For transfection, adherent HEK cells were seeded in 24-well dishes at a density of 5x10°
cells per well. Transfection was carried out with PEI MAX reagent (Polysciences). Cells
were incubated for 24 hours and media was changed for conditioning another 24 hours, at
which time, media was harvested for ELISA, and cells were harvested for western blot.

NGN2-iN generation.

Induced neurons (iNs) were generated following as published [24] with minor modifications
[25]. In brief, iPSCs were plated at a density of 95,000 cells/cm? on a growth factor

reduced matrigel (Corning #354230) coated plate and then were transduced with three
lentiviruses: pTet-O-NGN2-puro (Addgene plasmid #52047, a gift from Marius Wernig),
Tet-O-FUW-EGFP (Addgene plasmid #30130, a gift from Marius Wernig), and FUdeltaGW-
rtTA (Addgene plasmid #19780, a gift from Konrad Hochedlinger). The cells were then
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dissociated with Accutase, plated at 200,000 cells/cm? using Stemflex (Thermofisher) and
ROCK inhibitor (10 uM) (D0). From D1 to D3, the media was gradually switched from
KSR media [Knockout DMEM, 15% KOSR, 1x MEM-NEAA, 55 uM B-mercaptoethanol,
and 1x GlutaMAX (Thermofisher)] to N2B media [DMEM/F12, 1x GlutaMAX, 1x N2
supplement B (Stemcell Technologies), 0.3% dextrose (Sigma)]. D1 media was 100% KSR,
D2 was 50% KSR, 50% N2B, D3 was 100% N2B. Doxycycline (2 pg/ml, Sigma) was
added from D1 to the end of the differentiation, and puromycin (5 pg/ml, Gibco) was
added from D2 to the end of the differentiation. On D3, B27 supplement (1:100) (Life
Technologies) was added. On D4, cells are replated at 50,000 cells/cm? and from D4 to

the end of differentiation D21, cells were cultured with NBM media (Neurobasal medium,
0.5x MEM-NEAA, 1x GlutaMAX, 0.3% dextrose) + 1:50 B27 + BDNF, GDNF, CNTF (10
ng/ml, Peprotech) and fed every 2-3 days.

Sequential human brain extractions for Ag analyses

The medial prefrontal cortex (BA9/46) (mPFC) was obtained for 59 participants of the
Religious Order Study or Memory and Aging Project [26]. Individuals were selected based
on clinical and pathological diagnoses of AD. LP-NCI (low pathology non-cognitively
impaired) had neither a clinical nor pathological diagnosis of AD or other dementias.
HP-NCI (high pathology NCI) had a pathological diagnosis of AD but not a clinical
diagnosis. AD had both a clinical and pathological diagnosis of AD. No participants had a
clinical diagnosis of dementia with Lewy bodies or a pathological diagnosis of hippocampal
sclerosis. For analyses of Ap levels in the mPFC, the grey matter was dissected and
homogenized in Tris-buffered saline (TBS) and centrifuged at 100,000 g for 30 minutes. The
supernatant was collected (“TBS-soluble™) and the pellet homogenized in 1% Triton X-100
in TBS and centrifuged at 100,000 g. The supernatant was collected (“Triton-soluble™)

and the pellet homogenized in 6M guanidine hydrochloride (GuCl) using a sonicator and
centrifuged at 100,000 g, with the supernatant collected (“GuCl-soluble™).

AP immunoassay (MSD)

Conditioned media from cultured cells, human brain extracts, and human CSF were

diluted with 1% BSA in wash buffer (TBS supplemented with 0.05% Tween). For Ap
x-37138/39/40/42/43 assays, each well of an uncoated 96-well multi-array plate (MesoScale
Discovery, #L.15XA-3) was coated with 30 uL of a PBS solution containing 3 pg/mL of

266 capture antibody to the mid-region of soluble AB (original gift of P. Seubert, Elan, plc)
and incubated at room temperature overnight. Detection antibody solutions were prepared to
contain biotinylated monoclonal antibodies specifically recognizing the C-terminal residue
of each Ap isoform, plus 100 ng/mL Streptavidin Sulfo-TAG (MesoScale Discovery,
#R32AD-5), and 1% BSA diluted in wash buffer. Following overnight incubation for capture
antibody coating, 25 uL/well of the sample, followed by 25 pL/well of detection antibody
solution was incubated for 2 hr at RT with shaking at >300 rpm, and washing of wells with
wash buffer (TBS supplemented with 0.05% Tween) between incubations. The plate was
read and analyzed according to the MSD manufacturer’s manual.
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Immunostaining of human brain sections

Autopsied brain sections were provided by the Neuropathology Division of the
Department of Pathology, Brigham and Women’s Hospital. Formalin-fixed paraffin-
embedded sections (5 um) of temporal cortices from 3 AD patients were used in this

study. Immunohistochemistry was carried out as described [27]. Briefly, the rehydrated
sections were incubated with 88% formic acid for 20 minutes, and endogenous peroxidases
were inactivated by treatment with 0.3% H,05 in PBS containing 0.3% Triton X-100.

The sections were incubated with primary antibody at 4°C overnight and then with
biotinylated secondary antibodies for 1 hour. For visualization, the sections were treated
with avidin-biotin-HRP complex (Vector) and then with DAB substrate (TCI) with or
without intensification by nickel ammonium sulfide. Photomicrographs were taken with

an ECLIPSE E600 microscope (Nikon) equipped with Michrome 5 Pro camera (Tucsen) and
brightness/contrast were adjusted with ImageJ (NIH).

Quantification and statistical analysis

Results

All statistical analyses were performed using GraphPad Prism 9 software. Statistical details
of experiments are described in the text and/or figure legends.

AB42/40 is insufficient in distinguishing some PS1 enzymatic changes caused by FAD

mutations

To date, 341 distinct missense mutations in PS1 or PS2 have been found to cause early-onset
familial AD (FAD), highlighting the critical role of PS1/2 structure-function relationships in
AD pathogenesis. Each of the PS1 or PS2 mutations associated with clinical AD induces

a conformational change of the protein within the y-secretase complex that alters its
proteolytic activity. As regards APP processing, these PS structural changes are reflected

in quantitative analyses of the products of PS/y-secretase: AP peptides of differing lengths
and the complementary tri-, tetra-, and penta-peptides that arise from sequential hydrolyses
from the e- to the various y-cleavage sites. The latter hydrophobic peptides are released

into the cytosol or retained in the transmembrane and are difficult to isolate and quantify
accurately, whereas AR monomers are aqueously soluble and measurable.

We have used CRISPR/Cas9 on human HEK-293 cells to generate PS1/2 dKO cells in order
to eliminate endogenous PS activity. As previously characterized [20], the best 293 dKO line
obtained, had no detectable PS1 and PS2 expression by immunoblot band, generated < 10%
of the total AR levels made by wild type (WT) 293 cells. Next, we built a library of PS1
expression constructs for 131 distinct FAD mutations. Then, we overexpressed each of these
FAD mutants together with WT APP-C99 (the immediate substrate of y-secretase) in the
dKO 293 cells and performed detailed measurements of all secreted C-terminal variants of
AB. We built sensitive and specific sandwich immunoassays to detect Ap43, Ap42, Ap40,
AB39, AB38, and ApP37, as shown in Fig. 1a, which is a schematic representation of the APP
transmembrane protein sequence, the assay antibody epitopes, and the processive cleavage
pathways. We further demonstrated the performance of each assay (including its LLoQ) on
synthetic AP calibrators in Fig. S1a. Further, we validated the specificity of each assay by
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testing if an assay cross-reacted with the other 5 AB calibrators, as shown in Fig. S1b. We
found that 1) A x-37, 38, 39, 40, and 43 assays were very specifically recognizing only

the cognate synthetic AP peptide they ought to recognize; 2) Ap x-42 assay could recognize
AP43 as well, but with much lower affinity, which is consistent with a previous report on the
same antibody 21F12 [28].

We measured all six secreted C-terminal variants from dKO cells expressing each of

the 131 FAD PS1 mutations, for all of which the approximate age of onset (AOO) of

their clinical AD symptoms is known. Compared to WT PS1 transfectants, the FAD PS1
transfectants generally secreted less short-Af peptides (x-37, x-38, x-39, x-40) and more
long-Ap peptides (x-42, x-43) (Fig. 1b and Table 1). AR x-42 levels themselves showed a
significant correlation with AOO (p < 0.0001 by Pearson correlation). As the WT or mutant
PS1 were transiently expressed in the cells, to normalize the amount of secreted ABs from
different transfectants, we further used the ratio between a specific secreted Ap and the total
secreted Ap C-terminal variants (37+38+39+40+42+43), as shown in Fig. S2a. We found
that, after this normalization, secreted Ap x-37, 38, 40, 42, and 43 all significantly correlated
with AOO, with the statistical analysis of the data in Fig. 1b and Fig. S2a compared in Fig.
S2b.

Next, we calculated the classic AB42/40 ratio shown by numerous groups including ours

to be increased by FAD PS1 mutations (e.g., [7, 20, 29-33]). There was a strong inverse
correlation between ApP42/40 level in the conditioned medium (CM) and that mutant’s
estimated clinical AOO (Fig.1c, 15t panel). Compared to WT PS1 (mean ratio=0.098), most
FAD PS1 mutations increased the 42/40 ratio in CM (Fig. 1c), but 22 (~20%) of the 131
mutations had 42/40 ratios within + 20% of WT PS1. Hence, AB42/40 is not sufficiently
sensitive to distinguish PS1 enzymatic changes caused by some FAD mutations. To search
for a more sensitive correlation, we hypothesized that Ap37 as the final end-product of
processive y-secretase cleavages would be a better indicator of the loss of presenilin
carboxypeptidase-like function from FAD mutations [34, 35]. In accord with this concept,
we found that the Ap37/42 ratio in the CM strongly differentiated WT from FAD mutant
PS1 effects (Fig. 1c, right panel); > 75% of the PS1 mutations produced an AB37/42 ratio
lower than 50% of the WT PS1 ratio. Moreover, only 6 of 131 mutants had a 37/42 ratio at
or above the level of WT PS1 (Fig. 1c, right panel). Thus, Ap37/42 was the best benchmark
for differentiating FAD mutants from WT PS1, a result consistent with a much smaller
collection of FAD mutations analyzed in our recent report [20].

Extracellular AB37/42 ratio as a novel biomarker for presenilin activity in iPSC-derived
patient neurons bearing AD-causing PS1 mutations

Considering the limitations of the transient and non-neural HEK293 over-expression system,
we next examined iPSC-derived human neurons from two independent FAD mutation
carriers and their unaffected family members (from the DIAN study [36]) as a far more
physiological system. These NGN2-induced neurons are highly useful tools to analyze

PS1 proteolytic functions in culture, as they reflect what may happen in the patient’s

brain, without artifacts from gene copy numbers or transfection efficiency and relying

on entirely endogenous components [37]. We measured the concentrations of Apx-37,
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APx-40, and APx-42 as well as the AB37/40, AB42/40 and AP37/40 ratios (Fig. 2a). The
ratios of peptides secreted by the non-carrier (WT) neurons were similar, demonstrating

the consistency of this analytical culture system. AB37/40, Ap42/40, and AP37/42 ratios
significantly distinguished carriers of PS1 mutations G217R and H163R from their WT
relatives, with 37/42 showing the largest difference between WT and mutant, consistent with
the HEK293 cell data.

AB37 production is more sensitive to pharmacological inhibition and modulation of -y-

secretase

We next explored the y-secretase proteolytic properties reflected by the novel AB37/42 ratio,
which already serves as a highly sensitive read-out of PS dysfunction across our large,
diverse panel of FAD mutations mentioned above. First, we used a well-characterized y-
secretase inhibitor (GSI), DAPT, to treat HEK293 cells expressing the APP KM670/671NL
(*Swedish) FAD mutation (HEK293-APPsw), which markedly enhances p-secretase
cleavage and thus total AR production. We applied serially diluted DAPT doses ranging
from 1.12 pM up to 10 pM. Secreted APx-37, x-38, x-40, and x-42 were quantified in

the conditioned media (Fig. 2b). We observed the “paradoxical” increase of AP generation,
especially x-42, in the 20 nM to 200 nM low dose range of DAPT, an effect reported
multiple times with GSls (e.g., [38]). Further analysis of the pattern of DAPT inhibition
showed that AB37 was more suppressed by DAPT than Ap40 or AB42, suggesting that
AB37 production is somewhat more sensitive to the pharmacological action of a -y-secretase
inhibitor. We, therefore, turned to -y-secretase modulators (GSMs), which appears as an
attractive small-molecule therapeutic approach targeting the p-amyloidosis of AD, as they
allow -y-cleavage of all substrates to occur but shift the specific cleavages in the APP TMD
toward shorter AR peptides such as Ap37 and 38, probably by enhancing the substrate

and enzyme affinity [20]. This GSM approach has the twin advantages of lowering the
strongly pro-aggregating Ap42 and 43 peptides and raising the levels of the demonstrably
anti-aggregating AB37 and 38 peptides [39]. We treated both the HEK293-APPsw and

the iPSC-derived neurons with a very potent GSM, GSM4 (Fig. 2c), as reported [40];

this compound was resynthesized and characterized by us recently [41]. We observed the
expected dose-dependent increase in short ABs (37, 38) and decrease in long ABs (40, 42)
(Fig. 2d, e). In the HEK293-APPsw cells, GSM4 at as low as 0.29 pM could elevate AB37
by 118% but only decrease AB42 by 23% (Fig. 2d). This striking difference suggests Ap37
production is more sensitive to the chemical modulation of y-secretase, as it also is to the
DAPT inhibitor (above). Based on these GSI and GSM sensitivities, we propose that AB37
production and the “short-to-long” Ap37/42 ratio could have special utility in analyzing
PS/y-secretase dysfunction in biological samples, including in human extracellular fluids.

The AP 37/42 ratio correlates with neuropathology in ‘sporadic’ AD

Although autosomal dominant FAD represents < 0.1% of all AD cases, it may offer a
unique opportunity to gain insights into the molecular mechanisms underlying cases of
‘sporadic’ Alzheimer’s disease (SAD), where PS and APP are both WT. To search for
common mechanistic ground between the Ap biochemistry of FAD and SAD, we asked
whether -y-activity could be a driving factor in the latter cases, as well. Earlier studies have
suggested that the process of aging in the brains of both lower primates and humans might
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alter PS/y-secretase function, as observed in /n vitro y-secretase proteolytic assays from
brain tissue extracts coupled with ELISAs of AB42/40, Ap43/40, and AB38/42 [42-44]. We
quantified Ap37/42 together with the classic Ap42/40 ratio in the postmortem brain tissue
of 59 participants of the Religious Order Study (ROS) or the Rush Memory and Aging
Project (MAP), two longitudinal studies of aging and dementia (demographics in Table

2). These 59 brains were categorized by ROS-MAP into 3 AD-relevant neuropathological
groups: low-pathology with no cognitive impairment (LP-NCI), high-pathology with no
cognitive impairment (HP-NCI), and Alzheimer’s disease (AD). We performed sequential
extractions of frozen cerebral cortex into 3 fractions: TBS-soluble, 1% Triton-soluble, and 6
M guanidine HCI (GnCl)-soluble, and measured ABx-37, x-40, and x-42 in each.

In the TBS-soluble extracts, HP-NCI and AD cortex had significantly more Apx-37 than
did LP-NCI, while Apx-40 and x-42 did not significantly distinguish the groups (Fig. 3a).
The canonical AB42/40 ratio was significantly lower overall in LP-NCI than in HP-NCI and
AD, while AB 37/42 was significantly higher overall in LP-NCI than in HP-NCI and AD
and showed greater differences between the groups; only a few LP-NCI subjects were down
in the range of the HP-NCI and AD brains (Fig. 3a, far right). Next, in the Triton-soluble
extracts (Fig. 3b), Ap42/40 showed no significant differences between the LP-NCI and AD,
whereas AP 37/42 was again very significantly higher in LP-NCI than both the HP-NCI

and AD brains. In the GnCl soluble extracts, Ap37/42 was again markedly (> 60-fold) and
significantly higher in the LP-NCI brains than the HP-NCI and AD brain, whereas the 42/40
ratio showed smaller mean differences among the groups (Fig. 3c). Collectively, the data

in Fig. 3 reveals that the strongly elevated AP37/42 ratio in all three sequential extracts
significantly distinguishes LP-NCI from HP-NCI and AD brain tissue, especially in the
TBS-soluble and Triton-soluble fractions. Importantly, the 37/42 ratio shows less overlap of
values between brains with low and high AD-type pathology than does the classical 42/40
ratio (Fig. 3a—c).

We also found that there was little AB37 peptide aggregation into plaques in the AD brain.
Immunohistochemistry for AB37 vs. Ap42 (antibody 21F12) on formalin-fixed paraffin
sections showed that Ap37 was mainly found in cerebral blood vessels such as arterial

walls, while AB42 was deposited in plaques (S3a-b). To further validate this finding, we also
assessed AP37 (DAB+Ni; purple) and AB42 (DAB; brown) by double-labeling the same AD
brain section (Fig. S3c—d). This finding is consistent with previous reports using MALDI
imaging mass spectrometry [45], and immunohistochemistry [11]. Interestingly, we have
recently obtained evidence that the ratio of secreted AB37/42 in the conditioned media of
iPSC-derived human neurons generated from various ROS-MAP subjects correlates strongly
with the subject’s AD-type neuropathology [37]. The cumulative findings from the ROS-
MAP collection of rigorously phenotyped brains support our hypothesis that the AB37/42
ratio is strongly associated with SAD, as it is with FAD.

AB37/42 ratio as a biomarker for AD in CSF

In light of the above evidence that the AB37/42 ratio can distinguish AD brains from
low-pathology control brains, we asked whether this ratio could also serve as a potential
fluid biomarker for AD patients. We quantified all detectable soluble AR species (Apx-37,
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x-38, x-39, x-40, x-42, and x-43) in 79 cerebrospinal fluid (CSF) samples collected from

a cohort of clinically well-defined patients from the Mayo Clinic Alzheimer’s Disease
Research Center (demographics in Table 2) divided into 3 groups: cognitively normal (CN),
mild cognitive impairment (MCI) and Alzheimer’s disease (AD), as shown in Fig. 4a. First,
we validated our ABx-37 assay for measuring human CSF (Fig. S4a—b). We made serial
dilutions of a pooled CSF sample from 2- to 32-fold and observed perfect linearity of signals
so that the signal was still above LLoQ at 32-fold dilution. The recovery ratio was 100 +
6%, indicating no significant matrix effects in CSF for this specific assay. Furthermore, we
immunodepleted (ID) Ap37 using anti-total Ap (4G8) from a pooled CSF sample and found
> 70% depletion of signals, with an anti-Ap42 (21F12) antibody serving as a good negative
control for the ID (Fig. S4b). These data indicate that the Apx-37 assay is specific, linear,
and reliable for complex human biological fluids such as CSF.

We observed significant reductions of all 6 AB species in MCI and AD CSF compared to the
CN group (Fig. 4a and Table 3). It should be pointed out that the biological mechanisms may
differ among the peptides: reduced long A species such as Ap40, 42, and 43 may reflect
their aggregation in MCI and AD brain tissue, whereas reduced short Af species such as
AB37, 38, and 39 may reflect the relative loss of production due to impaired y-processivity
that drives final cleavage towards AP 37. Next, we calculated peptide ratios, as we had for
conditioned media and human brain extracts (Fig. 4b). Compared to the Ap42/40 ratio, we
again found the “short:long” AP ratio better distinguished CN and AD or CN and MCI,

as demonstrated by analysis of receiver operating characteristic (ROC) curves (Fig. 5a).

The short:long Ap ratios outperformed the AB42/40 ratio, with AB37/42 ratio as the best
short:long ratio, having an impressive ROC AUC of 0.9622 in distinguishing between CN
and AD. Further analysis of this dataset revealed that 1) two short:long Ap ratios (37/42

and 38/43) strongly correlate with each other in CSF (Fig. 5b); and 2) both the 37/42 and
38/43 ratios correlate significantly with the Mini-Mental State Examination (MMSE) scores
measured when the CSF samples were drawn (Fig. 5b), while 42/40 ratio also correlates
with MMSE scores, but less significantly (r = 0.3532, p=0.0016).

Discussion

Our data from cultured cells, human brain and CSF all support the hypothesis that the
AB37/42 ratio, validated here for the first time, is a novel metric for the common pathogenic
features of APP processing in FAD and SAD. From recent SAD clinical trials of four

AP antibodies that each lower brain levels of Ap (aducanumab; gantenerumab; lecanemab;
donanemab), we have learned that factors associated with positive biomarker signals and
some apparent clinical benefit include high antibody exposure over prolonged intervals and
early initiation of treatment, preferably at the early symptomatic or even pre-symptomatic
phases. Given the genetic, neuropathological and biomarker evidence that Ap accumulation
begins long before symptoms, an inexpensive set of fluid biomarkers that can help predict
future cognitive dysfunction at early stages of AR deposition could be highly advantageous
for AD therapeutic development and management. To address this goal, we need a deeper
understanding of APP processing and A metabolism in normal and AD subjects. In this
study, we provide data supporting a new and improved biomarker, Apx-37, and specifically
its ratio to APx-42, as a compelling means to evaluate y-secretase processivity and brain
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and CSF Ap accumulation. When ratioed to Ap42 in the same sample, Ap37 was able
to sensitively distinguish physiological from pathological status in 1) PS1 mutant vs. WT
cultured cells; 2) sporadic AD vs. control brain tissue; and 3) AD vs. normal CSF.

Practical fluid biomarkers for quantifying Ap accumulation were heretofore described
exclusively as Ap42 and Ap40. Recent studies suggest that the AB42/40 ratio in plasma

is decreased by 10-20% in AD patients vs. age-matched controls [46—48]. This is a small
difference, considerably less than the >30% fall in this ratio in AD CSF [47, 49-51]. Here,
we propose a novel ratio between the final (shortest) product of processive y-secretase
cleavage, Ap 37, and the longer, more hydrophobic and self-aggregating pathogenic species,
AP42. We document an increase of the mean AB37/42 ratio by ~70% (0.3816 to 0.6610)

in AD CSF (Fig. 4b). Moreover, the Ap 37/42 ratios from CSF correlated significantly

with MMSE, a widely used basic measure of cognitive function that has responded to

AP antibody treatment in some clinical trials, making 37/42 a unique biomarker, since the
42/40 ratio in plasma has been quantitatively correlated with Ap pathology (amyloid-PET
positivity) [46, 47] but not level of cognitive function. Previous studies reported impaired
y-secretase activity with age by analyzing non-human primate brains aged 4-36 years

[43] as well as in aged human brains that correlated with the level of Ap pathology [42].
Impaired -y-secretase processivity could also be implicated in diverse cellular functions, as
its hundreds of substrates are involved in many different cellular events. Regarding Ap, we
find that the Ap 37/42 ratio correlates with 1) age of onset of clinical symptoms in FAD PS1
mutant carriers; 2) brain pathology of SAD patients; and 3) cognitive consequences of AD
pathology.

An important advantage of our AB37 analyte is that its immunoassay is highly practical and
reproducible, with low CVs. It can be performed on a standard immunoassay platform,

in our case the MesoScale Discovery instrument, without the need for an expensive
ultrasensitive (e.g., bead-based) platform. This technical advantage will help ensure that
AB37 is measured accurately and reproducibly by clinical labs in the future. Moreover,

a conceptual advantage of the assay is that it creates a ratio of the shortest product of
presenilin-mediated processive processing of APP to the longest such product (Ap42; Ap43
is often undetectable in human biofluids), thereby maximizing the ability to detect a delta in
y-secretase trimming efficiency. Taking advantage of this highly sensitive and specific assay
(Fig. 5a), we now plan to analyze larger longitudinal cohorts of CSF and also translate this
assay into plasma, in order to quantify AB dyshomeostasis in brain and biofluids at earlier
stages of AD pathogenesis.

In conclusion, the comprehensive immunochemical quantification of all Ag C-terminal
variants in cultured cells, brain tissue and CSF has led to the identification and validation of
the novel AB37/42 ratio that holds promise as a more sensitive and specific CSF biomarker
for clinical diagnosis in this head-to-head comparison (Fig. 5a) with the AB42/40 ratio, an
already compelling and increasingly used biomarker of p-amyloidosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RESEARCH IN CONTEXT

Systematic review: To better understand the dynamic of A in the
pathogenesis of AD, rigorous characterization and quantification of all
secreted Ap from human brains and biofluids are critical and essential. To
date, there have been no study fully characterized all six secreted C-terminal
variants of Ap in brain and CSF systematically.

Interpretation: Through a systematic analysis using culture cells including
human iPSC derived neurons, human brain tissues and CSF, we provide
an improved biomarker, AR 37/42 ratio. It sensitively detects presenilin/y-
secretase dysfunction; correlates with brain amyloid deposition and better
distinguishes CN from AD than AB42/40 in CSF.

Future directions: These findings support and encourage further research

in the development of plasma AP37/42 ratios in combination with other
surrogate biomarkers of cortical Ap deposition to facilitate the development
and clinical implementation of novel drug candidates against AD.
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PSEN1/2 DKO HEK293 cells transiently expressing FAD PSEN1 mutations (n =131)

Figure 1. Ap 37/42 is an analyte more sensitive to PS1 enzymatic changes caused by FAD
mutations.

a) Schematic of APP transmembrane region protein sequence, assay antibody epitopes,

and the AB49 (red arrows) and 48 (purple arrows) processive cleavage pathways. b-c)
Measurements of concentrations and ratios of APs secreted from transfectants of 131 FAD
mutants in PS1/2 dKO HEK293 cells, with the levels from WT-PS1 transfectants labeled as
the red dotted line.
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Aps secretion from PS dKO 293 cells co-transfected with WT or mutant PSEN1 and APP-C99 (pg/ml)

Table 1.

AOO (yrs) | ABx-37 | ABx-38 | ABx-39 | ABx-40 | ABx-42 | Apx-43
WT-PSEN1 154654 | 147858 | 947.71 | 1094549 | 183206 | 28.05
WT-PSEN1 142456 | 1521.39 | 846.68 | 20513.23 | 202634 | 31.15
WT-PSEN1 1367.12 | 1368.03 | 86340 | 16696.32 | 174590 | 20.95
D40del (delGAC) 48.00 1492.97 | 1636.89 | 1072.35 | 20615.23 | 1988.16 | 34.76
E69D 55.00 976.90 | 1123.85 | 704.64 | 1367339 | 1319.32 | 22.52
ATV 53.00 605.65 | 154353 | 610.41 | 13205.98 | 1589.18 | 35.90
v82L 53.00 39856 | 639.00 | 740.00 | 27083.21 | 2073.23 | 284.99
183T 55.00 672.28 | 907.30 | 593.69 | 16218.21 | 2051.43 | 40.15
L85P 20.00 290.93 | 468.71 | 444.23 | 11827.96 | 262052 | 363.14
V8IL (G>C) 46.00 625.01 | 1407.48 | 644.92 | 1448576 | 2403.17 | 43.10
c92s 53.50 79428 | 122615 | 877.23 | 26838.88 | 4006.24 | 56.56
V94M 53.00 981.35 | 1062.39 | 621.72 | 12736550 | 1270.96 | 27.14
V96F 52.50 711.19 0.00 683.74 | 15341.04 | 3403.84 | 4853
Vo7L 36.50 922.72 | 1036.18 | 813.71 | 1744585 | 2012.16 | 29.87
T99A 43.00 1392.16 | 1650.27 | 985.70 | 25047.81 | 2916.71 | 56.56
F1051 53.00 92533 | 1131.90 | 1073.06 | 20655.24 | 2999.07 | 45.89
F105V 52.00 71759 | 849.09 | 906.59 | 17628.17 | 2347.69 | 41.16
L113P 43.00 648.77 | 43420 | 971.31 | 621550 | 151577 | 11.93
Y115D 29.00 642.87 | 1292.59 | 1171.87 | 19089.38 | 9167.92 | 109.59
Y115H 35.00 438.87 | 40568 | 55827 | 6179.35 | 1526.73 | 34.76
T116N 35.00 612.20 | 81537 | 686.76 | 9435.60 | 2464.06 | 22.52
T116l 48.00 528.93 | 1395.08 | 605.99 | 9469.68 | 2122.29 | 11.93
T116R 35.00 317.01 | 31865 | 412.02 | 8548.74 | 5111.09 | 178.09
P117A 35.00 177.26 | 393.95 | 24603 | 3299.15 | 1278.66 | 22.52
P117L 30.25 622.35 | 1100.84 | 740.94 | 14392.16 | 4980.74 | 44.97
E120D (A>T) 48.00 920.11 | 1462.01 | 101548 | 2204557 | 3963.11 | 51.06
E120K 39.00 39408 | 389.60 | 548.73 | 14054.53 | 6895.07 | 127.82
183_M84del 36.00 406.87 | 759.44 | 590.30 | 26730.13 | 504451 | 733.95
E120G 30.00 7707 | 16010 | 249.06 | 258338 | 801.98 | 11.93
L134R 53.00 1204.35 | 2090.92 | 927.85 | 24127.90 | 3780.80 | 58.05
N135D 35.00 297.76 | 407.35 | 504.90 | 8317.60 | 1951.06 | 44.05
N135Y 32.00 477.90 | 35512 | 44423 | 11388.10 | 5490.94 | 231.68
N135S 33.00 209.07 | 23258 | 264.49 | 5361.16 | 1807.99 | 4853
M139T 49.00 807.04 | 859.80 | 812.83 | 13961.76 | 2062.33 | 27.14
M1391 37.00 1577.28 | 100553 | 2096.57 | 18302.15 | 3898.40 | 20.78
M139K 37.00 396.88 | 481.47 | 298.63 | 10516.99 | 1754.42 | 58.79
M139V 41.00 1266.82 | 72321 | 1280.09 | 15074.84 | 3165.84 | 32.40
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AOO (yrs) | ABx-37 | ABx-38 | ABx-39 | ABx-40 | ABx-42 | ABx-43

1143N 47.50 432.78 | 1275.87 | 279.24 | 448532 | 1958.70 | 18.92
1143M 50.00 464.09 | 1087.71 | 384.61 | 8034.80 | 1499.32 | 11.93
1143V 55.00 789.77 | 1354.78 | 679.03 | 12497.59 | 1911.76 | 29.87
11437 35.00 591.71 | 1094.57 | 441.38 | 7771.47 | 224430 | 20.78
1143F 55.00 349.38 | 893.97 | 35555 | 9068.61 | 1247.87 | 18.92
M146V 40.00 583.19 985.19 563.38 | 17117.29 | 2609.66 34.76
M1461 45.00 492.76 | 967.76 | 512.13 | 1448576 | 2040.52 | 34.76
M146L 43.00 39249 | 604.90 | 377.11 | 9150.66 | 1670.19 | 14.58
TI471 42.00 508.29 | 1089.76 | 1340.52 | 7827.06 | 2536.88 0.00

T147P 32.00 1179.10 | 1362.78 899.59 | 23960.35 | 2068.87 41.16
L150P 60.00 584.89 | 3256.36 | 524.70 | 25857.23 | 2927.55 | 921.04
L153V 36.00 608.59 1164.25 656.10 | 18447.80 | 4692.06 58.79
Y154C 41.00 25554 | 384.73 | 365.07 | 7412.62 | 975.66 | 430.89
Y154N 40.00 265.76 581.63 423.46 | 18960.09 | 3110.63 | 434.89
H163P 33.00 237.08 | 405.68 | 422.48 | 13600.92 | 422069 | 91.26
H163R 45.00 25150 | 524.26 | 379.27 | 10482.86 | 1736.93 | 24.14
H163Y 47.00 327.94 | 70557 | 463.32 | 12615.87 | 1657.06 | 28.53
A164V 75.00 926,58 | 840.14 | 590.30 | 11165.17 | 973.45 16.87
W165G 36.00 1277.43 | 1037.67 | 3563.53 | 24429.23 | 7449.12 | 52.68
W165C 42.00 3089.53 | 1182.58 | 4801.76 | 27899.21 | 5727.84 | 46.78
L166del 38.00 411.36 | 753.14 | 932.06 | 8040.98 | 1879.00 | 20.78
L166V 42.00 11213 | 17227 | 242.97 | 4767.79 | 885.02 38.08
L166H 30.00 397.63 | 5249.21 | 589.92 | 16246.34 | 9568.57 | 59.51
L166R 37.00 36147 | 366.21 | 34524 | 1313511 | 3096.55 | 763.49
L166P 15.00 212,08 | 21958 | 335.86 | 4949.36 | 2087.41 | 464.24
1167del 38.00 1279.00 | 2180.40 | 1938.94 | 26983.90 | 5831.77 44.97
S169del 42.00 98542 | 1991.05 | 1924.98 | 30664.73 | 7890.59 | 63.03
S169L 31.00 813.09 704.49 546.32 | 11730.80 | 5266.73 35.90
S169P 31.00 1871.47 | 1792.84 | 2431.81 | 19077.62 | 8039.78 | 33.60
L171P 38.00 642.68 | 368.70 | 2139.92 | 12098.54 | 2021.98 | 22.52
L173F 50.00 1028.02 | 294.91 | 568.07 | 8773.80 | 1389.61 0.00

L173W 26.00 1318.53 | 422.16 | 553.12 | 12811.22 | 843597 | 34.76
L174R 48.00 414.82 | 297.41 | 37168 | 15294.97 | 5171.21 | 140.98
L174M 59.00 537.24 | 2396.63 | 351.57 | 12942.79 | 1995.80 | 55.04
F175S 61.00 116551 | 2226.42 | 1157.34 | 21737.70 | 2870.09 | 28.53
F176L 51.00 921.78 | 1313.38 | 726.70 | 19432.52 | 2001.19 | 16.49
F177S 30.00 990.85 | 690.97 | 1348.35 | 13573.62 | 5504.69 | 29.59
E184D 42.00 717.46 | 1011.29 | 850.15 | 20280.72 | 3278.52 | 32.50
1202F 54.00 1040.80 | 1006.18 | 974.83 | 14710.44 | 1736.55 6.32
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AOO (yrs) | ABx-37 | ABx-38 | ABx-39 | ABx-40 | ABx-42 | ABx-43
G206A 55.00 52371 | 608.72 | 48422 | 7659.71 | 98851 | 0.00
G206D 33.00 49456 | 715.02 | 76256 | 10576.88 | 1911.97 | 13.84
G206V 30.00 41564 | 27491 | 80578 | 6768.73 | 2207.52 [ 0.00
G206S 32.00 503.19 | 58325 | 956.78 | 9633.85 | 2263.48 | 16.49
G209R 46.00 25115 | 23013 | 207.53 | 5293.68 | 2729.45 | 179.81
G209V 41.30 456.36 | 362.49 | 36853 | 12096.31 | 447052 | 3250
G209A 40.00 48364 | 647.15 | 70374 | 9594.65 | 2605.26 | 16.49
G209E 43.00 167.36 | 189.48 | 23589 | 2397.42 | 57580 | 0.00
s212Y 46.50 618.80 | 917.03 | 608.23 | 15112.27 | 216502 | 31.08
1213F 33.00 34280 | 364.18 | 484.64 | 2441583 | 6829.26 | 241.09
1213T 45.00 85543 | 623.90 | 515.66 | 14708.16 | 1533.98 | 16.49
H214N 46.00 449.95 | 893.03 | 506.84 | 12122.80 | 1868.39 | 24.71
H214Y 41.00 360.04 | 62225 | 42559 | 11447.28 | 148097 | 16.49
H214D 55.00 73353 | 52054 | 46851 | 11869.31 | 126043 | 2289
G217D 36.00 776.16 | 1110.67 | 827.80 | 24482.49 | 374534 | 69.84
Q222H 35.00 500.79 | 721.01 | 76256 | 25424.62 | 4361.24 | 117.52
L226F 33.00 13643 | 17433 | 164.86 | 5117.69 | 129478 | 28.05
S230R 58.00 38587 | 33275 | 29265 | 680469 | 796.47 | 31.08
A231P 53.00 466.69 | 50092 | 571.04 | 22119.75 | 3315.71 | 115.61
A231T 52.00 397.03 | 47237 | 264.48 | 850963 | 96869 | 0.0
M233T 38.00 1123.48 | 2991.78 | 1028.37 | 848556 | 3937.30 | 6.32
M2331 28.00 635.86 | 1110.79 | 884.00 | 14164.60 | 614256 | 0.00
M233V 31.00 26395 | 478.70 | 33658 | 4338.23 | 168359 | 0.00
M223L 46.00 21933 | 35014 | 11442 | 537500 | 837.20 | 0.0
L235P 33.00 187.19 | 24683 | 23514 | 813671 | 1879.80 | 36.49
L235R 45.00 21479 | 23325 | 20249 | 680244 | 194932 | 80.86
L235V 47.00 683.34 | 59437 | 59023 | 1141250 | 1464.33 | 26.42
F2371 46.00 51498 | 38437 | 28178 | 845247 | 87479 | 0.00
F237L 47.00 75222 | 53315 | 43161 | 11610.62 | 1311.43 | 18.83
Q223R 33.00 40142 | 553.44 | 619.65 | 27300.18 | 5861.76 | 1393.90
L248pP 42.00 79217 | 1158.82 | 877.00 | 20660.37 | 4487.02 | 35.20
L248R 54.00 48843 | 37611 | 31166 | 862473 | 906.10 | 6.32
A246P 47.00 54204 | 894.98 | 708.99 | 17439.46 | 6312.23 | 88.96
Y2565 25.00 69223 | 1315.93 | 352.04 | 1043268 | 3902.22 | 799.69
P267A 45.00 918.07 | 1402.97 | 867.08 | 31142.12 | 454371 | 91.33
P267L 59.00 43828 | 384.17 | 237.39 | 986154 | 1021.88 | 16.49
P267S 35.00 22075 | 27081 | 225.98 | 8621.72 | 1860.09 | 69.84
R278I 50.00 16481 | 164.07 | 19386 | 2787.89 | 35131 | 212.18
R278S 39.00 14406 | 299.88 | 159.79 | 6151.93 | 1206.30 | 182.45
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AOO (yrs) | ABx-37 | ABx-38 | ABx-39 | ABx-40 | ABx-42 | ABx-43
R278T 37.00 17179 | 328.12 | 20502 | 7183.98 | 1465.37 | 256.96
R278K 40.00 169.53 | 437.78 | 162.85 | 9649.68 | 174175 | 239.27
E280A 48.00 418.70 | 904.10 | 485.47 | 1442495 | 2706.68 | 76.20
E280K 48.00 687.49 1402.97 604.03 | 20808.60 | 2943.58 99.25
L282R 43.00 209.49 | 303.56 | 240.36 | 11095.80 | 1089.63 | 133.66
L282Vv 44.30 619.28 739.30 708.69 | 30128.05 | 4166.33 62.94
L282F 49.00 47406 | 539.66 | 517.65 | 26497.82 | 2517.26 | 118.47
V272A 31.00 402.85 | 315.84 | 301.35 | 16799.08 | 3407.66 | 80.21
V272D 43.00 249.44 | 207.12 | 196.48 | 5926.89 | 782.89 | 117.52
F386S 48.00 289.09 | 491.61 | 35528 | 14768.92 | 3907.38 | 612.41
F388L 43.00 609.74 | 466.37 | 361.16 | 10166.28 | 1088.59 | 13.84
F3861 50.00 268.88 | 447.98 | 221.29 | 8340.43 | 1581.78 | 69.10
G384A 34.00 384.43 | 434.87 | 22129 | 5354.11 | 1784.31 | 124.01
L424F 57.00 930.85 | 1089.01 | 646.99 | 19611.88 | 2465.48 | 40.14
L424H 40.00 386.82 | 489.22 | 477.47 | 19637.83 | 4384.95 | 121.72
L424R 33.00 240.06 363.55 232.88 | 13283.99 | 3529.54 154.05
L424V 30.00 434.27 | 587.81 | 515.66 | 26126.44 | 4094.13 | 195.17
E318G 61.00 988.89 1063.06 555.84 | 12872.48 | 1213.58 16.49
E9 Del 45.00 21015 | 34540 | 192.10 | 6476.67 | 1207.34 | 173.08
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Table 2.

Patient demographics in current study

LP-NCI HP-NCI AD

Brain samples (n=24) (n=18) (n=17)

Age of death (SD), y 887(5.1) 92.2(6.1)  90.9 (6.4)

Yearsof education (SD),y ~ 17.3(4.4) 155(28) 159 (3.1)

Sex, female (%) 11(45.8%) 17 (944%) 12 (70.6%)
CN MCI AD
CSF samples (n=38) (=25  (n=16)
Age (SD), y 749(64) 749(83) 752(10.2)
Sex, female (%) 12(316%) 11(44%) 5 (3L.1%)
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Table 3.
Concentration of Aps in CSF samples (pg/ml)
Diagnosisgroup | ABpx-37 | ABx-38 | ABx-39 | ABx-40 | ABx-42 | AB x-43
CN 417.18 2247.26 31151 9792.00 1151.73 280.28
532.15 3424.53 492.67 14263.50 | 1658.32 519.83
522.50 3596.65 442.86 15162.53 | 1042.51 392.01
542.80 3191.45 426.05 13675.80 | 1662.17 310.26
423.73 2373.97 281.08 9069.03 1292.72 250.18
740.41 3296.89 450.68 13659.09 | 2203.85 276.66
632.63 3518.88 466.32 14508.52 | 1989.48 493.77
471.16 2854.43 389.79 12847.65 | 1954.71 445.23
914.71 4043.02 528.91 15174.66 | 1870.35 603.55
422.18 3134.90 400.24 11390.10 976.41 329.76
480.07 3734.71 410.67 13069.90 | 1111.41 394.09
843.47 4177.56 453.54 18120.41 | 2182.51 632.28
398.67 2317.82 318.03 10411.02 | 1090.00 330.07
554.95 2658.80 342.79 9269.79 1997.16 443.33
648.22 3397.28 351.94 10707.56 | 2288.72 446.79
543.50 3112.73 319.71 13331.40 | 1941.29 480.36
563.96 2945.23 393.68 12081.20 | 1122.82 323.53
467.26 3548.06 461.69 13850.32 | 1346.44 503.41
287.46 2816.36 386.86 12704.69 838.43 305.52
647.25 3718.82 466.91 14520.59 | 2408.23 637.12
581.44 3414.57 485.08 13919.62 | 1839.99 520.50
434.32 2167.86 220.43 8106.18 1237.42 233.73
795.66 4076.53 569.91 17106.30 | 1649.12 507.98
440.39 2618.42 359.09 10458.33 826.45 456.83
906.59 3689.51 510.72 14202.41 | 2668.89 681.50
757.54 3288.65 431.33 11084.78 | 1935.45 474.37
614.00 3072.17 392.40 11641.10 | 1638.55 380.55
693.06 3818.41 468.86 13629.38 | 2034.54 525.71
421.99 2235.97 254.33 8376.03 1323.46 292.89
760.99 3650.27 432.92 12823.03 | 1969.20 424.82
226.00 2732.93 359.48 11654.32 340.71 92.13
516.26 2022.45 231.94 6788.11 1221.29 158.87
383.29 4169.24 527.16 17758.74 861.35 392.60
576.77 3075.22 351.98 10758.54 | 1354.18 352.51
461.62 2099.05 221.76 8327.96 1210.59 326.21
396.74 3140.49 431.71 13424.11 853.92 327.45
340.15 3982.95 510.81 16829.75 914.40 403.06
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Diagnosisgroup | ABx-37 | Apx-38 | ABx-39 | Apx-40 | Apx-42 | ABx-43
538.88 2512.88 304.09 | 10619.54 | 1587.37 384.16
MCI 380.18 2655.13 366.04 | 11898.55 | 742.68 376.01
476.32 2952.76 42494 | 15198.18 | 1351.95 544.10
463.58 3192.76 398.04 | 13992.01 | 616.71 183.21
458.78 3351.87 417.03 | 12780.46 | 403.16 100.75
1030.20 | 6206.62 916.21 20144.54 | 3029.10 756.75
439.19 2559.47 323.42 10195.33 | 467.01 135.00
308.25 3085.19 401.43 | 13571.47 | 678.10 309.25
348.60 2344.63 294.42 9919.30 466.41 125.83
309.54 | 1986.79 | 220.29 | 7943.94 | 736.66 | 251.99
395.77 3337.77 398.37 12331.13 | 1231.21 451.67
666.62 | 2882.59 | 337.23 | 9059.61 | 875.12 169.90
248.06 1791.05 123.02 5677.27 282.24 86.05
639.70 3526.33 479.08 | 13742.62 | 934.28 228.33
366.13 2478.88 329.18 9597.11 859.03 248.68
901.08 | 2932.80 | 379.73 | 11450.60 | 2433.89 | 435.99
200.30 1375.39 174.80 6398.26 560.59 141.75
356.12 3047.69 384.22 11409.94 | 456.19 160.43
191.91 1309.30 152.49 5238.66 301.40 110.72
483.65 | 2453.00 | 300.97 | 961041 | 1153.73 | 225.07
313.45 2078.56 251.04 | 10146.69 | 461.52 167.30
279.87 | 2290.59 | 309.68 | 9966.47 | 657.02 308.64
227.17 1568.49 153.18 6456.95 584.55 151.07
267.76 1672.94 214.33 6670.59 493.89 149.64
670.85 5446.76 403.78 | 23809.43 | 2052.33 856.88
459.45 3210.46 282.53 9676.74 405.72 101.33
AD 737.04 3851.94 | 481.96 | 16339.13 | 1407.18 566.24
226.63 | 1586.25 | 188.55 | 6351.89 | 459.73 133.95
207.19 1257.66 68.91 5178.71 381.52 30.82
207.45 | 1699.71 | 198.47 | 6959.08 | 268.48 102.98
323.20 1632.90 215.27 6453.81 589.69 115.46
506.41 | 226049 | 334.82 | 8787.39 | 806.86 92.03
233.45 1848.20 230.08 7388.39 407.44 106.45
535.53 | 2382.84 | 259.58 | 9163.66 | 847.38 151.40
334.11 2586.74 345.17 11468.01 | 469.09 84.56
296.91 3065.58 407.81 13454.80 | 426.31 126.88
616.37 3124.12 369.84 | 12677.18 | 687.38 134.47
348.52 1432.58 179.34 6677.23 620.90 71.21
275.97 1406.93 216.17 6703.41 269.28 73.01
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Diagnosisgroup | ABx-37 | Apx-38 | ABx-39 | Apx-40 | Apx-42 | ABx-43
324.45 2219.50 256.61 9234.34 720.00 338.64
674.76 3993.89 528.15 | 13804.31 | 667.63 119.22
520.55 2757.47 342.98 | 11708.41 | 1040.77 212.80
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