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Abstract

Immunotherapy against amyloid-beta (Af) is a promising option for the treatment of Alzheimer’s disease (AD). Ap exists
as various species, including monomers, oligomers, protofibrils, and insoluble fibrils in plaques. Oligomers and protofi-
brils have been shown to be toxic, and removal of these aggregates might represent an effective treatment for AD. We have
characterized the binding properties of lecanemab, aducanumab, and gantenerumab to different AP species with inhibition
ELISA, immunodepletion, and surface plasmon resonance. All three antibodies bound monomers with low affinity. However,
lecanemab and aducanumab had very weak binding to monomers, and gantenerumab somewhat stronger binding. Lecanemab
was distinctive as it had tenfold stronger binding to protofibrils compared to fibrils. Aducanumab and gantenerumab preferred
binding to fibrils over protofibrils. Our results show different binding profiles of lecanemab, aducanumab, and gantenerumab

that may explain clinical results observed for these antibodies regarding both efficacy and side effects.
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Introduction

According to the amyloid hypothesis, amyloid-beta (Ap),
the main constituent of extracellular plaques found in Alz-
heimer’s disease (AD) brains [1, 2], initiates the disease
process and is therefore an attractive target for therapeutic
intervention [3].

AP exists as various species, including monomers, solu-
ble aggregates of varying size (e.g., oligomers and protofi-
brils), and insoluble fibrils in plaques [4, 5]. Studies of A
with the Arctic mutation showed that the peptide had an
increased propensity to form soluble A protofibrils and data
indicated that these protofibrils were neurotoxic and contrib-
uted to the disease process [6—8]. Furthermore, it has been
shown that soluble Af aggregates are more neurotoxic than
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monomers and insoluble fibrils [9, 10]. It could therefore be
hypothesized that removal of these soluble AP aggregates
would represent an effective approach for the treatment of
AD[11, 12].

Immunotherapy has emerged as a promising treatment
option for AD, although many challenges remain. Several
monoclonal antibodies have entered clinical trials with var-
ying degree of success. The clinical program of bapineu-
zumab [13], a monoclonal antibody with a high affinity for
all forms of AP, was terminated since the desired clinical
effect was not achieved [14]. Solanezumab was developed
to target the mid-region of soluble, monomeric Af. In phase
3 studies, solanezumab failed to meet primary clinical end-
points [15]. Crenezumab, a monoclonal IgG4 antibody,
which binds both monomeric and oligomeric forms of Ap,
was investigated in a phase 3 trial with similar results [16,
17]. Results from the clinical trials with solanezumab and
crenezumab showed no, or limited, clinical effect signals and
limited plaque clearance.

There are currently four monoclonal antibodies targeting
Ap in late-phase clinical development, lecanemab, aduca-
numab, gantenerumab, and donanemab. All four are mono-
clonal IgG1 antibodies targeting aggregated forms of Ap.
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Lecanemab is a humanized version of the murine mAb158
antibody targeting soluble AP aggregates (oligomers and
protofibrils) with high selectivity [10, 18, 19]. mAb158 was
generated at Uppsala University, and lecanemab was fur-
ther developed by BioArctic and Eisai. Lecanemab showed
profound plaque clearance and efficacy signals in a phase
2b clinical study [20]. Aducanumab, developed by Biogen,
is a recombinant human antibody that binds to amino acids
3-7 of the AP peptide. Development of aducanumab was
halted in 2019 after analysis of the data from two phase
3 trials indicated that the primary endpoint would not be
met. Further analysis of the data showed profound plaque
clearance and an efficacy signal supporting progression of
the clinical program, and aducanumab was approved in the
USA by FDA in 2021 [21-24]. Gantenerumab was identi-
fied from a human combinatorial antibody library and is
being developed by Roche. It differs from the other three in
that it targets both the N-terminal, 3—11, and mid-regions,
18-27, of the AP peptide [25]. Two phase 3 clinical trials
with gantenerumab were stopped in 2014 after an interim
futility analysis reported no efficacy on primary or second-
ary endpoints. The antibody has since then reentered clini-
cal development and is currently in two phase 3 trials with
readouts expected in the fall of 2022.

Data from late phase clinical trials indicates that Ap
immunotherapy can have positive effects. However, amy-
loid-related imaging abnormalities, mainly with edema
(ARIA-E), have been observed. The main risk factors identi-
fied for developing ARIA-E have been antibody dose and the
presence of the apolipoprotein E4 (ApoE4) allele [26]. The
exact mechanism for the occurrence of ARIA-E has not been
elucidated, but probable explanations involve direct binding
of Ap antibodies to cerebral amyloid angiopathy (CAA) [27,
28], or accelerated formation of CAA [29]. CAA is a pathol-
ogy consisting of fibrillar A, mainly AB1-40 [30], deposited
in the blood vessel walls and is a common occurrence in
AD [31, 32]. ARIA-E has been observed with the follow-
ing frequencies: lecanemab 10% [20, 33], aducanumab 35%
[21-24], gantenerumab 30% [23], and donanemab 27% [34].

In the present study, we report on in vitro, side-by-side
comparisons of binding characteristics of three of the anti-
bodies in late-phase clinical development, lecanemab, aduca-
numab, and gantenerumab. Donanemab was excluded since
it does not bind N-terminal full-length Ap, the peptide used
in our studies [34, 35]. Binding of the antibodies to A mon-
omers, cross-linked oligomers, small and large protofibrils,
and fibrils (Table 1) have been examined using inhibition
ELISA, immunodepletion, and surface plasmon resonance
(SPR). The data, while corroborating that all three antibod-
ies are highly aggregate selective, show also that there are
distinct differences. Aducanumab and gantenerumab demon-
strated selectivity towards fibrils over protofibrils, whereas
lecanemab showed stronger binding to protofibrils than to
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Table 1 Size comparison of AP species used in this study

AP species Approx. size (kDa)
Monomer
AP1-28 33
AP1-40 4.3
Oligomer
2-3-mer 9-14
6-8-mer 27-36
8—12-mer 36-54
Protofibril
Small 75-400
Large 300-5000
Fibril Insoluble

fibrils. These data are in line with previous published data
on mAb158, the murine precursor of lecanemab [18]. To our
knowledge, this is the first study where the binding profiles
of the three antibodies have been compared side-by-side. It
is possible that the differences seen in the binding profiles
of lecanemab, aducanumab, and gantenerumab may explain
the variation in efficacy and frequency of ARIA-E observed
in the clinical trials.

Material and Methods
Generation of Anti-Ap Antibodies

Based on publicly available sequence information on aduca-
numab [36] and gantenerumab [37], analogues were recom-
binantly produced. Gantenerumab was produced transiently
in HEK293 cells using the Absolute Antibody HEXpress™
antibody expression platform and proprietary vectors
(Absolute Antibody, Oxford, UK). Purification was done
by affinity chromatography and size exclusion chromatog-
raphy (SEC). The final buffer was PBS, pH 7.2 (Gibco, Cat.
No. 20012-019). Aducanumab was produced transiently in
CHOKI1SV GS-KO cells using the single gene GS expres-
sion vectors pXC-184 and pXC-17.4 (Lonza Biologics,
Cambridge, UK). Purification was done by protein A affin-
ity chromatography and SEC and the final buffer was PBS,
pH 7.2. The purity was estimated to be above 98% by SEC
and by SDS-PAGE under denaturing conditions. Lecanemab
was provided by Eisai Co., Ltd.

Preparation of Different AB Species

AP peptides were purchased from Bachem (Bachem, Inc.,
Switzerland). Lyophilized peptides of Ap1-40, Ap1-42, and
AP1-28 were reconstituted in 10 mM NaOH, 0.005% Tween-
20, pH 11 to a concentration of 100 uM and stored at — 80 °C
until used. Protofibrils were prepared by diluting Ap1-42
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peptide stock solution twofold with 2 X PBS (100 mM phos-
phate, 300 mM NaCl, pH 7.4) and incubating the mixture at
37 °C for 45 min. Protofibrils were purified from fibrils by
centrifugation at 16,000 X g for 10 min and further purified
from monomers by SEC on a Superdex 75 increase 3.2/300
column (Cytiva, Uppsala, Sweden) using a mobile-phase
composed of 50 mM phosphate, 150 mM NaCl, 0.1% tween-
20, pH 7.4 with a flow-rate of 0.08 ml/min. Protofibrils were
defined as AP1-42 aggregates that remains in the supernatant
after centrifugation at 16,000 X g and elutes in the void vol-
ume of a Superdex 75 column. The size ranges of purified
protofibrils were determined by SEC using a Superdex 200
increase 3.2/300 column (Cytiva, Uppsala, Sweden) and a
Superose 6 increase 3.2/300 column (Cytiva, Uppsala, Swe-
den) using the same conditions as described above. Large
protofibrils were defined as Af species that eluted, according
to globular molecular standards, between 300 and 5000 kDa
and small protofibrils eluted with a size of 75-200 kDa
(Supporting information 1). Fibrils were prepared by dilut-
ing AB1-42 peptide solution stock twofold with 2 X PBS
and incubating the mixture at 37 °C for 48 h. An aliquot
was removed, centrifuged (16,000 X g), and the superna-
tant analyzed by SEC to determine that the fibril formation
had gone to completion. Ap1-42 oligomers were stabilized
covalently using a modified photo-induced cross-linking of
unmodified proteins (PICUP) protocol [38]. Briefly, Ap1-
42 stock solution was diluted twofold with 2xPBS and
incubated for 5-15 min at 37 °C before Tris(2,2-bipyridyl)
dichlororuthenium(II) hexahydrate (RuBpy) (Sigma-Aldrich,
Saint Louis, USA) and ammonium persulfate were added to
a final concentration of 0.25 mM and 1%, respectively. The
mixture was irradiated for 5 s whereafter the reaction was
quenched by removal of the peptide from the reaction mix-
ture using a Zeba spin desalting column 7 k MWCO (Ther-
mofisher, Waltham, USA). The oligomers were purified on
a Superdex 75 increase column and fractions collected. Size
and concentration were estimated by SEC using globular

Step 1: Antibody incubation with
serially diluted AB speceis

Add to plate

Fig.1 Principle of the inhibition ELISA. Two steps are involved in
the inhibition ELISA. Step one: incubation of AP species with the
investigated antibodies for specific binding. Step two: the antibody-
antigen mixtures from step one, containing complexes and free anti-
bodies, are added to the plate coated with AB-protofibrils to allow
binding of free antibody. Antigen binding in step one will then con-

protein standards and a calibration curve of an A protofibril
standard with known concentration.

Inhibition ELISA

The inhibition ELISA was performed as previously
described [39]. Antibodies (50 ng/ml) were preincubated
for 45 min at 900 rpm with either threefold serially diluted
AP monomers or protofibrils with starting concentrations
of 25,000 nM and 250 nM, respectively. For the oligomers,
6.3 ng/ml antibody and threefold serially diluted oligomer
fractions, 2-3-mer, 6—8-mer, and 8—12-mer, with starting
concentration of 179, 368, and 437 nM, respectively, were
preincubated for 45 min at 900 rpm. The preincubated anti-
body/Ap mixture was added to an ELISA plate coated with
11 pg/ml AP protofibrils and incubated for 25 min without
shaking. The ELISA plate was washed, and captured anti-
body was detected with an ALP-conjugated anti-human IgG
(Mabtech, Sweden). Absorbance values (OD,s) were plot-
ted against log10 of AP concentrations, and the values were
normalized against the absorbance value obtained for the
lowest AP concentration used. The principle of the inhibition
ELISA is illustrated in Fig. 1.

Immunodepletion of Synthetic Ap Protofibrils

Each antibody was tenfold serially diluted in five steps with
a starting concentration of 1000 ng/ml and incubated with
10 pM protofibrils for 2 h at 22 °C in a thermomixer at
1100 rpm. After 2 h incubation, magnetic protein A beads
(Invitrogen, Waltham, USA) were added to the reaction, and
the mixture was incubated for an additional 30 min before
the beads were separated from the samples with a magnet,
and the AP protofibril content in the supernatant was ana-
lyzed by MSD using a Ap protofibril selective assay. Briefly,
samples were added to an MSD plate coated with 0.5 pg/ml
mADb158 antibody. The plate was washed, incubated with

Step 2: Capture of free antibody

bod | —

Wash and detect ") ")
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AB coat AB coat

sequently reduce binding to the coated Ap-protofibrils. As a result
of prior binding of sample antigen to primary antibody, the reac-
tion in the ELISA plate wells is reduced and the antigen concentra-
tion required to inhibit half of the maximum signal in the inhibition
ELISA is defined as ICs,, which was used as an estimate of the anti-
body’s affinity and selectivity for the investigated antigen
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0.5 pg/ml biotinylated anti-Af antibody mAb1C3 [19, 39],
washed again, and incubated with streptavidin SULFO-
TAG. Measurement was preformed using an MSD SEC-
TOR instrument (MSD, Rockville, USA). Due to the minor
differences in the molecular weight of the antibodies, the
highest final antibody concentration for lecanemab, aduca-
numab, and gantenerumab was 6800, 6850, and 6830 pM,
respectively.

Preparation of Brain Extracts from Alzheimer’s
Disease Brain

Brain samples were obtained from the Netherlands Brain
Bank (NBB) (Netherlands Institute for Neuroscience,
Amsterdam (Open access: www.brainbank.nl). All material
was collected from donors from whom written informed
consents for brain autopsy were provided. The informed
consent form of the NBB meets all current legal and ethical
requirements for brain autopsy, tissue storage, and use of
tissue and clinical data for scientific research worldwide.
The Swedish Ethical Review Authority (no. 2020-00,527)
approved the study. Fresh frozen temporal cortex tissue,
from three individuals with confirmed diagnosis of AD,
was extracted in TBS buffer supplemented with protease
and phosphatase inhibitors (Roche) in a 1:10 weight/vol-
ume (w/v) ratio using a Potter—Elvehjem homogenizer.
The extracts were then centrifuged at 16,000 X g for 60 min
at+4 °C, and the supernatants collected.

Immunodepletion of Soluble Protofibrils from AD
Brain Extracts

Immunodepletion was performed by mixing serially diluted
antibodies (lecanemab, aducanumab, gantenerumab), final
concentration 10,000, 1000, 100, 10, 1, 0.1, and 0.01 ng/ml,
with brain extracts, final protofibril concentration 25-35 pM,
in 1% Blocker A (Meso Scale). Protofibril concentration was
determined using the protofibril specific assay described
above. The samples were incubated for 2 h at 22 °C in a ther-
momixer at 1100 rpm, whereafter magnetic protein A beads
(450 pg/reaction) were added to the reaction and the samples
were incubated for an additional 30 min. The antibody/Ap
complex was immunoprecipitated with the bead when placed
in a magnetic holder, the supernatant was collected, and the
protofibril content analyzed using the mAb158/mAb1C3
protofibril assay described above. Due to the minor differ-
ences in the molecular weight of the antibodies, the highest
final antibody concentration for lecanemab, aducanumab,
and gantenerumab was 68,000, 68,500, and 68,300 pM,
respectively. Samples with protofibril concentrations below
LLOQ were set to 0% and the data normalized against the
lowest antibody concentration in the dilution series before
the data was fitted to a nonlinear regression with sigmoidal
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dose response (variable slope) curve. ECs, values were cal-
culated by GraphPad Prism (when applicable).

Affinity Measurements by Surface Plasmon
Resonance

Binding kinetics and affinity measurements were performed
with a Biacore 8 K or 8 K+ instrument (Cytiva, Uppsala,
Sweden). Monomer binding was measured using single
cycle kinetics (SCK) and SCK using capture. For SCK,
5 pg antibody diluted in 10 mM acetate buffer, pH 4.5, was
immobilized on a CM35 chip using general coupling chemis-
try with the surface preparation method “Immobilization low
levels.” For SCK using capture, a human antibody capture
chip was prepared according to manufacturer’s instructions
using the Cytiva human antibody capture kit. Ap1-28 mono-
mer, two- or fourfold diluted, in 5 steps, from 10,000 nM, was
then injected over the antibodies. Dissociation time was set
to 600 s. Two experiments were performed for each setup,
with four SCK injections per antibody in each experiment.
An injection of 3 M MgCl, was used to regenerate the sur-
face between each cycle. The binding curves were fitted to a
1:1 interaction model. For protofibril and fibril binding, Ap
species were immobilized directly on a CMS chip using gen-
eral coupling chemistry with the surface preparation method
“Immobilization low levels.” Protofibrils and fibrils were
immobilized in 10 mM acetate buffer, pH 4.5 and pH 4.0,
respectively. Antibodies were injected over the A species
diluted twofold in 5 steps, and the highest concentrations
used were 1, 10, or 100 nM. Dissociation time was set to
1800s for AP1-42 protofibrils and 1200 s for Ap1-42 fibrils.
An injection of 3 M MgCl, or 10 mM Glycine-HCl pH 1.7
was used to regenerate the surface between each cycle. The
binding data was fitted to a bivalent analyte model.

Results

Binding to AR Monomers, Oligomers and Protofibrils
Using Inhibition ELISA

Binding of lecanemab, aducanumab, and gantenerumab to
different in vitro generated soluble species of A, mono-
mers, oligomers, and protofibrils, was investigated by inhi-
bition ELISA.

For all antibodies, ICs, values were in the uM range for
monomeric AP (Fig. 2, Table 2). However, lecanemab and
aducanumab both had ICs;, values above > 25 uM, which
indicated a very weak binding to monomers. Gantenerumab
had an ICs, of 2.6 uM for AP monomers, suggesting a
stronger binding to monomers. The lowest ICs, values for
binding to both small and large protofibrils were obtained
with lecanemab with an IC5, of 0.8 nM. Aducanumab
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Fig.2 Results from inhibition ELISA with binding to monomeric
AP and small and large protofibrils. Normalized and blank subtracted
OD,s values were plotted against Af concentration. Curves repre-
sent mean +SD for monomeric Af, squares, small protofibrils, black
crosses, and large protofibrils, black triangles

displayed a weak binding, relative to lecanemab and gan-
tenerumab, to both the small and the large protofibrils, with
an IC5;,> 80 nM and 22 nM, respectively. Gantenerumab

Table 2 Binding to AP monomers and small and large Af protofibrils
by inhibition ELISA presented as mean +SD

Antibody Monomers  Small protofibril ~ Large protofibril
ICs, M)  ICs, (M) ICs, (nM)
Lecanemab > 25,000 0.80+0.10 0.79+0.20
Aducanumab > 25,000 >83 22.0+2.0
Gantenerumab 2600+ 130 2.5+0.10 1.3+0.10

showed a stronger binding to the large protofibrils with an
IC5, of 1.3 nM as compared to the smaller protofibrils with
an ICs, of 2.5 nM. The differences in the binding strengths
between the antibodies were most evident when small
protofibrils were investigated to which lecanemab dem-
onstrated a threefold stronger binding than gantenerumab
and > 100 times stronger binding than aducanumab.
Lecanemab and gantenerumab presented similar binding to
oligomers, but the binding strength was lower compared to
binding to protofibrils and decreased with reduced oligomer
size. For the smallest oligomers, such as dimers and trim-
ers, gantenerumab showed an approximately tenfold stronger
binding than lecanemab (Fig. 3, Table 3). Aducanumab did
not bind to the oligomers at the concentration range used.

Immunodepletion of Synthetic AB Protofibrils
and Protofibrils from AD Brain Extracts

Immunodepletion was employed to further evaluate how the
antibodies bound protofibrils in solution. Serially diluted anti-
bodies were allowed to interact with synthetic A protofibrils
and the antibody/Af} complex was depleted with magnetic pro-
tein A beads. For lecanemab, a near complete depletion of the
protofibrils (10 pM) was observed for antibody concentrations
of 10 ng/ml and higher, with partial depletion observed at 1
and 0.1 ng/ml (Fig. 4). The ECs of the depletion of protofi-
brils with lecanemab indicated a small preference for the
large protofibrils over the small (Table 4). The concentration
of aducanumab needed to achieve a near complete depletion
of the protofibrils was 1000 ng/ml, with an ECs, of 630 and
61 nM for the large and small, respectively. Near complete
depletion of the large protofibrils was achieved with 10 ng/ml
gantenerumab, whereas 100 ng/ml was needed to deplete the
small. Calculation of the ECs, for the depletion of the protofi-
brils showed that gantenerumab was~5 times more effective
in depleting the large protofibrils than the small.
Immunodepletion was also employed to investigate the
binding of lecanemab, aducanumab, and gantenerumab to A
species in brain extracts from three AD donors with APOE
E4/4 genotype. Titrating amounts of antibody was incubated
with a fixed concentration of brain extract, the immunocom-
plex was depleted, and the percentage of protofibrils remaining
in the supernatant was calculated, compared to bead control.
The amount protofibrils in the supernatant was plotted against
the antibody concentration (Fig. 5). The efficiency with which
lecanemab and gantenerumab immunodepleted protofibrils
were similar for each of the three donors, and reduced levels
of protofibrils could be observed at 10 ng/ml antibody in the
extracts from donors 1 and 3, and at 1 ng/ml for donor 2. In
contrast, the concentration of aducanumab needed to reach
an immunodepletion efficiency comparable to lecanemab and
gantenerumab was 100 to 1000 ng/ml. ECs, values were cal-
culated using the protofibril depletion data indicated that the
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Fig.3 Results from the inhibition ELISA with small Ap oligomers.
Normalized and blank subtracted OD,y5 values were plotted against
AP concentrations. Curves representing 8—12-mer, open circles, 6—8-
mer, black triangles, and 2-3-mer, open squares

ECj for aducanumab was 12- to 26-fold higher compared to
lecanemab and 9- to 30-fold higher compared to gantenerumab
(Table 5).
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Table 3 Binding to small AP oligomers by inhibition ELISA pre-
sented as mean +SD

Antibody 8 to 12-mer 6 to 8-mer 2 to 3-mer
IC5, (nM) IC5, (nM) IC5,, (nM)
Lecanemab 6.1+0.20 >41 >440
Aducanumab > 180 >370 > 440
Gantenerumab 57+1.1 >41 >49

Binding to Ap Monomers, Protofibrils and Fibrils,
Investigated by SPR

The kinetic properties of the binding of lecanemab, adu-
canumab, and gantenerumab to different AP species were
investigated using surface plasmon resonance (SPR).
Injection of AP monomers over immobilized antibody
showed that all three bound the monomer with low affin-
ity, lecanemab K of 2300+910 nM, aducanumab
7300+ 990 nM, and gantenerumab 1300+ 480 nM. The
association rate for the monomer binding to the antibod-
ies was in the same order of magnitude, with a slightly
faster association rate for lecanemab, 8.1 + 6.9 x 10%, than
for aducanumab and gantenerumab, 2.0 +0.36 x 10* and
3.7+ 1.3 %10 respectively. The low affinity of the anti-
bodies for the monomer was driven by the dissociation rate.
The dissociation rates for lecanemab and aducanumab were
very fast, 1.6+1.0x 107" and 1.5+0.11x 107", respec-
tively, whereas it was approximately 3 times slower for gan-
tenerumab. Representative sensorgrams of the antibodies
binding to monomers are shown in Fig. 6, and kinetic data
are listed in Table 6.

To investigate binding to AP protofibrils by SPR, the
protofibrils were immobilized on a chip and the antibodies
were subsequently injected over the surface. The data was
fitted to a bivalent analyte model and the affinity (dissocia-
tion constant) reported as Kpy,. The simultaneous binding
with both arms of the antibody results in a stronger interac-
tion with the target, a phenomenon known as avidity. Ky,
is the calculated apparent affinity of the initial binding with
one arm.

All three antibodies bound to the protofibrils with high
apparent affinity. The apparent affinity of lecanemab bind-
ing small and large protofibrils was determined to be Ky, of
0.97+0.66 and 0.16 +0.07 nM, respectively. The increased
affinity was driven mainly by the rate of dissociation which
was approximately three orders of magnitude slower than
for the binding to the monomer, 4.5+ 1.7 X 107* s and
1.1+0.36x107* s7!, for the small and large protofibrils,
respectively. The binding of aducanumab to the protofibrils
was, unlike lecanemab, driven by a very fast apparent asso-
ciation rate, kal of 2.5+0.53x 107 M~! s7! for small and
3.8+0.56x 107 s7! for large protofibrils. Aducanumab’s
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Fig.4 Evaluation of antibody binding to synthetic AP protofibrils »

in solution using immunodepletion. Antibodies, 0.67, 6.7, 67, 670,
6670 pM, were incubated with 10 pM of small (black columns) or
large (white columns) AP protofibrils, followed by pull-down using
magnetic protein A beads. Unbound AP protofibrils remained in the
supernatant. Data expressed as % remaining protofibrils compared to
bead control, and are presented as mean +SD

apparent dissociation rate when bound to the protofibrils was
5241.7x107%s7 and 3.0+:0.56x 107> s™", for the small and
large protofibrils, respectively, which was comparable to the
dissociation rate of the monomer binding to gantenerumab.
The fast apparent association and apparent dissociation rates
associated with the binding of aducanumab to the protofibrils
indicate that there is a rapid exchange of bound and unbound
antibody, despite the high apparent affinity (2.2+1.0 nM for
small and 0.794+0.10 nM for large protofibrils).

The apparent affinity of gantenerumab to the protofibrils
was slightly weaker, 5.7 +1.9 nM for small and 2.5 +0.99 nM
for large, than for lecanemab and aducanumab. Irrespec-
tive of protofibril size, the apparent association rate of gan-
tenerumab was approximately one order of magnitude faster
compared to the monomer binding, whereas the apparent
dissociation rate became slower with increasing protofi-
brils size, 2.6+ 1.0x 1073 s~! for the small protofibrils and
9.4+2.7x107*s7! for the large.

The apparent affinity of lecanemab for the Ap fibrils was
determined to be 1.8 +0.93 nM, approximately twofold and
11-fold lower than for small and large protofibrils, respectively.
The weaker apparent affinity, compared to the binding to the
protofibrils, was mainly due to an approximately 3.5-5 times
slower apparent association rate, indicating that lecanemab
prefer protofibrils over fibrils. Aducanumab had approximately
10- to 20-fold slower apparent association and 5- to 10-fold
slower apparent dissociation rates when binding to fibrils
compared to the protofibril binding, but the apparent affinities
for the two Ap species were similar. Gantenerumab, unlike
both lecanemab and aducanumab, had the highest apparent
affinity for fibrils, compared to monomer and protofibrils,
with a Kj; =0.69+0.16 nM. The higher affinity was driven
by a slower apparent dissociation rate, which was approxi-
mately two orders of magnitude slower than measured for
gantenerumab’s binding to small protofibrils and one order of
magnitude slower than the binding to large protofibrils.

Discussion

In this paper, the binding properties of the anti-Af anti-
bodies lecanemab, aducanumab, and gantenerumab were
investigated. Since aducanumab and gantenerumab were
produced from publicly accessible sequence information,
subtle differences of these analogues to the original anti-
bodies could exist. Pure fractions of different AP species

% remaining protofibril % remaining protofibrils

% remaining protofibrils

Lecanemab

125_— .......................................................................................

|

| ¥
0.1 1 10 100 1000

ng/ml antibody in IP-reaction

Aducanumab

0.1 1 10 100 1000

ng/ml antibody in IP-reaction

Gantenerumab

0.1 1 10 100 1000

ng/ml antibody in IP-reaction
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Table 4 Immunodepletion of synthetic Ap protofibrils

Lecanemab Aducanumab Gantenerumab
ECs, (pM) ECs5y (pM) ECsy (pM)
Small protofibril 5.3 631 27
Large protofibril 3.5 61 55

were prepared and antibody binding was characterized uti-
lizing three different assays: inhibition ELISA and SPR on
synthetic Ap and immunodepletion on synthetic Ap and AD
brain-derived AP. The definitions of aggregated species of
Ap in the field are diverse, as well as the methods used for
analysis, and therefore direct comparisons between studies
are not feasible. Herein, we have analyzed the binding prop-
erties of the different antibodies to different Af species such
as monomers, oligomers, small and large protofibrils, and
fibrils. To our knowledge, this is the first time the binding
profiles of these antibodies have been compared side-by-side
against different species of Ap.

These antibodies have previously been described as high
affinity binders to aggregated Ap promoting Af removal by
Fcy receptor-mediated phagocytosis, while showing lower
affinity to monomers [21, 25, 33, 40]. As described herein,
the antibodies differ in their selectivity to different soluble
AP species versus insoluble Af fibrils. These differences
may have implications on both clinical efficacy and safety
readouts reported on these antibodies [21-24].

Aducanumab had the weakest binding to monomers of all
antibodies examined, with a K of 7.3 uM as demonstrated
by SPR. Although weaker than previously reported K, val-
ues of 23 and 17 nM [22, 25], gantenerumab was a compara-
tively stronger monomer binder, with a K, of 1.3 uM. This
was also seen by inhibition ELISA, where gantenerumab had
an ICy, of 2.6 uM compared to ICs, values above 25 uM for
both lecanemab and aducanumab. Compared to lecanemab,
which showed a high selectivity for protofibrils versus mon-
omers with a~2300- and ~ 14,300-fold stronger binding to
protofibrils (small and large, respectively) than to mono-
mers when analyzed by SPR, gantenerumab showed a~200-
and ~ 500-fold selectivity for small and large protofibrils over
monomers. The discrepancies regarding binding properties
to monomers of gantenerumab compared to previously pub-
lished data may be due to differences in methodology as well
as the quality of the monomer source. Presence of small
contaminating amounts of aggregated species in a monomer
preparation may have a significant impact on the results.
Overall, our data was consistent with previous published
results demonstrating that aducanumab has lower affinity
for monomeric A than gantenerumab [22].

Lecanemab and gantenerumab demonstrated similar
binding strength to 6- to 12-mer oligomers with increased
affinity with increasing oligomer size. Gantenerumab bound
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Fig.5 Immunodepletion of protofibrils from AD soluble brain
extracts using lecanemab, aducanumab, and gantenerumab. Protofi-
brils remaining in the supernatant were analyzed using a protofibril
specific assay (mAb158-1C3-bio). Data expressed as % remaining
protofibril compared to bead control
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Table 5 Immunodepletion of soluble AP protofibrils from AD brain
extracts

AD case Lecanemab Aducanumab Gantenerumab
ECsy (pM) ECsy (pM) EC5y (pM)

#1 96 1600 52

#2 46 570 61

#3 33 870 41

2- to 3-mer oligomers stronger than both lecanemab and
aducanumab. Aducanumab showed weak binding to soluble
oligomers of all sizes. These data are similar to findings by
Arndt et al. [22]. They studied the impact of valency on
affinity using multi-antigen peptides (MAPs) of branched
peptides with different number of copies of AB1-15. Adu-
canumab, unlike gantenerumab, required a larger number of
copies of AP for efficient binding which is consistent with
aducanumab’s dependence of avidity. In this study, gan-
tenerumab bound dimeric and tetrameric MAPs with sub-
nanomolar affinities.

Lecanemab showed stronger binding to both small and
large soluble protofibrils compared to aducanumab and
gantenerumab. Inhibition ELISA confirmed SPR data,
although the differences were smaller, which potentially
could be explained by limitations in the sensitivity of
the ELISA method. Immunodepletion of in vitro gener-
ated AP protofibrils supported the results from inhibition
ELISA. Lecanemab was the antibody that most efficiently

Monomer

Lecanemab

Protofibril small

immunodepleted synthetic protofibrils, as compared to the
other two antibodies. Approximately 50- to 100-fold higher
concentration of aducanumab and a tenfold higher concen-
tration of gantenerumab were required to achieve the same
protofibril depletion efficiency as with lecanemab. Immu-
nodepletion of protofibrils from soluble AD brain extracts
demonstrated that lecanemab and gantenerumab were
equally efficient, while aducanumab was less efficient.

The divergence could potentially be explained by the
use of synthetic AP species as surrogate for AP target in
human AD brain. The human brain is most likely composed
of complex mixtures of different species of AP including
aggregates of various sizes, N- and C-terminal truncations,
and posttranslational modifications. In addition, studying
antibody binding to isolated A species may not reflect the
dynamics that all species are represented at the same time. It
will be important to further investigate the binding profiles
of these antibodies across a wide spectrum of soluble versus
insoluble A species isolated from human AD brain and
their capacity to neutralize Ap-mediated toxicity.

SPR analysis of aducanumab also revealed different binding
kinetics to Ap. The binding was driven by a very fast associa-
tion rate rather than a slow dissociation rate. The association
rate of aducanumab, when binding to aggregated forms of Af,
was close to 100-fold faster than that of lecanemab and gan-
tenerumab. For gantenerumab, the dissociation rate was pro-
gressively slower as the AP aggregates became larger whereas
the association rate was unchanged. For all three antibodies, the
association rate was faster to protofibrils compared to fibrils,

Protofibril large Fibril

Aducanumab

Gantenerumab -

Fig.6 Representative SPR sensorgrams (blue curves) and curve fittings (black curves) of binding to A monomers, small and large protofibrils,

and fibrils for lecanemab, aducanumab, and gantenerumab
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Table 6 Antibody binding kinetics to A monomers, protofibrils, and

fibrils
Ap monomer

k, M~ 1s7h kg (s7h Ky (nM)
Lecanemab 8.1+69%x10* 1.6+1.0x107"  2300+910
Aducanumab 20+036x10* 1.5+0.11x107"  7300+990
Gantenerumab ~ 3.7+13x10*  4.8+27x1072  1300+480
Small AP protofibril

y M7Ys7h kg s7h Kp; (nM)
Lecanemab 53+1.1x10° 45+1.7x107*  0.97+0.66
Aducanumab 25+053%107 52+1.7x1072 22+1.0
Gantenerumab ~ 4.6+1.1x10°  26+10x107  57+1.9
Large A protofibril

y M7 kg 57h Kp; (nM)
Lecanemab 7.6+2.1%x10°  1.1+036x10™*  0.16+0.07
Aducanumab 3.8+0.56x107 3.0+0.56x107>  0.79+0.10
Gantenerumab 4.0+091x10° 9.4+2.7x107* 2.5+0.99
A fibril

y M7Ys™h) kg 57 Kp; (nM)
Lecanemab 15+£047x10° 25+091x10™ 1.8+0.93
Aducanumab 21+13x10°  62+39x107° 3.3x22
Gantenerumab ~ 1.4+021x10° 94+22x107°  0.69+0.16

Data presented as mean+SD, k,; apparent association rate constant,
k4, apparent dissociation rate constant, K,; apparent dissociation con-
stant

but lecanemab was distinctive in that the dissociation rate was
slow and unaffected by the size of the Ap aggregates. When
comparing the dissociation rate constants, it was apparent that
aducanumab had a substantially slower dissociation rate when
bound to fibrils than when bound to protofibrils. The slower dis-
sociation rate indicated that aducanumab would remain bound
longer to fibrils than to protofibrils due to the faster dissocia-
tion rate for protofibril binding. Likewise, gantenerumab had a
strong preference for the fibrils versus protofibrils. The relative
selectivity of gantenerumab for fibrils over small protofibrils
was approximately tenfold. In line with Bohrmann et al. [25],
our data confirms that gantenerumab had a binding preference
to fibrils compared to soluble oligomers.

Moreover, both aducanumab and gantenerumab have
been reported to show strong immunostaining within the
dense core of amyloid plaques [21, 25] further support-
ing these antibodies as strong plaque-binders. A clear dif-
ference was that lecanemab’s binding to protofibrils was
approximately tenfold stronger than its binding to fibrils.
These data are supported by our previous in vitro binding
analysis revealing that mAb158, the murine precursor of
lecanemab, bound approximately 10-15-fold better to Ap
protofibrils compared to AP fibrils [18]. Nevertheless, the
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binding to A fibrils is strong enough to mediate plaque
clearance as demonstrated in the phase 2b clinical trial.

In a publication by Linse et al. [41], the impact of aduca-
numab, bapineuzumab, solanezumab, and gantenerumab on
AP aggregation kinetics was studied. The authors found, based
on this modeling, that aducanumab selectively reduced the
secondary nucleation rate, solanezumab selectively inhibited
primary nucleation, and bapineuzumab and gantenerumab
acted by reducing elongation of fibrils. The effect by adu-
canumab was caused by the antibody’s interaction with A
species involved in secondary nucleation along the surface of
fibrils, leading to reduction of oligomers. This could explain
the clinical efficacy of aducanumab versus the other three
antibodies. However, these observations should be interpreted
with some caution, but the findings by Linse et al. provide
interesting hypotheses for how anti-Af antibodies might act.

One of the most common adverse events following treat-
ment of patients with A antibodies is the development of
ARIA-E. In addition to antibody dose and APOE genotype, the
selectivity and affinity for soluble or fibrillar Ap and antibody
isotype appear to be of importance for the risk of developing
ARIA-E. For instance, crenezumab (IgG4) has triggered less
ARIA-E compared to most antibodies of the IgG1 subclass and
antibodies with preferential binding to fibrillar over soluble
AP species are potentially more likely to engage fibrillar Af
deposited in CAA. Such binding to CAA may increase the risk
for ARIA-E, but this warrants further investigation.

In conclusion, using different in vitro binding assays,
lecanemab showed the most pronounced preference for
soluble AP protofibrils versus monomeric and fibrillar
forms of A in comparison to the other two Af antibodies
investigated in this study. Lecanemab’s preferential and
strong binding to AP protofibrils may explain the differ-
ence in clinical efficacy and lower ARIA-E frequency as
compared to aducanumab and gantenerumab.
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Acknowledgements The authors thank the Netherlands Brain Bank,
Institute for Neuroscience, Amsterdam (open access: www.brainbank.
nl) and the donors and their families for the use of the brain material
supplied by the Netherlands Brain Bank. We thank Per-Ola Freskgard
for his expert advice.

Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.

Author Contribution LS, MJ, PN, HL, FE, GO, CM, and LL contrib-
uted to the study design and interpretation. LS, MJ, and PN performed
sample processing, data collection, and analysis. All authors partici-
pated in writing the manuscript.

Funding Open access funding provided by Uppsala University.


https://doi.org/10.1007/s13311-022-01308-6
http://www.brainbank.nl
http://www.brainbank.nl

Lecanemab, Aducanumab, and Gantenerumab — Binding Profiles to Different Forms of Amyloid-Bet... 205

Declarations

Conflict of Interest LS, MJ, PN, HL, FE, GO, CM, and LL are em-
ployees and shareholders of BioArctic. LL is a co-founder and board
member of BioArctic.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Glenner GG, Wong CW. Alzheimer’s disease and Down’s syn-
drome: sharing of a unique cerebrovascular amyloid fibril protein.
Biochem Biophys Res Commun. 1984;122(3):1131-5.

2. Masters CL, Simms G, Weinman NA, Multhaup G, McDonald BL,
Beyreuther K. Amyloid plaque core protein in Alzheimer disease and
Down syndrome. Proc Natl Acad Sci U S A. 1985;82(12):4245-9.

3. Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer’s dis-
ease: progress and problems on the road to therapeutics. Science.
2002;297(5580):353-6.

4. Walsh DM, Lomakin A, Benedek GB, Condron MM, Teplow DB.
Amyloid beta-protein fibrillogenesis. Detection of a protofibrillar
intermediate. J Biol Chem. 1997;272(35):22364-72.

5. O’Nuallain B, Freir DB, Nicoll AJ, Risse E, Ferguson N, Herron
CE, et al. Amyloid beta-protein dimers rapidly form stable syn-
aptotoxic protofibrils. J Neurosci. 2010;30(43):14411-9.

6. Nilsberth C, Westlind-Danielsson A, Eckman CB, Condron MM,
Axelman K, Forsell C, et al. The ‘Arctic’ APP mutation (E693G)
causes Alzheimer’s disease by enhanced Abeta protofibril forma-
tion. Nat Neurosci. 2001;4(9):887-93.

7. Johansson AS, Berglind-Dehlin F, Karlsson G, Edwards K, Gellerfors
P, Lannfelt L. Physiochemical characterization of the Alzheimer’s
disease-related peptides A beta 1-42Arctic and A beta 1-42wt. FEBS
J.2006;273(12):2618-30.

8. Viola KL, Klein WL. Amyloid beta oligomers in Alzheimer’s
disease pathogenesis, treatment, and diagnosis. Acta Neuropathol.
2015;129(2):183-206.

9. Hartley DM, Walsh DM, Ye CP, Diehl T, Vasquez S, Vassilev PM,
et al. Protofibrillar intermediates of amyloid beta-protein induce
acute electrophysiological changes and progressive neurotoxicity
in cortical neurons. J Neurosci. 1999;19(20):8876-84.

10. Sehlin D, Englund H, Simu B, Karlsson M, Ingelsson M, Nikolajeft
F, et al. Large aggregates are the major soluble Abeta species in AD
brain fractionated with density gradient ultracentrifugation. PLoS
ONE. 2012;7(2): €32014.

11. Paranjape GS, Gouwens LK, Osborn DC, Nichols MR. Isolated
amyloid-beta(1-42) protofibrils, but not isolated fibrils, are robust
stimulators of microglia. ACS Chem Neurosci. 2012;3(4):302-11.

12. Lannfelt L, Moller C, Basun H, Osswald G, Sehlin D, Satlin A,
et al. Perspectives on future Alzheimer therapies: amyloid-beta
protofibrils - a new target for immunotherapy with BAN2401 in
Alzheimer’s disease. Alzheimers Res Ther. 2014;6(2):16.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Miles LA, Crespi GA, Doughty L, Parker MW. Bapineuzumab
captures the N-terminus of the Alzheimer’s disease amyloid-beta
peptide in a helical conformation. Sci Rep. 2013;3:1302.
Salloway S, Sperling R, Fox NC, Blennow K, Klunk W, Raskind
M, et al. Two phase 3 trials of bapineuzumab in mild-to-moderate
Alzheimer’s disease. N Engl J Med. 2014;370(4):322-33.

. Honig LS, Vellas B, Woodward M, Boada M, Bullock R, Borrie

M, et al. Trial of solanezumab for mild dementia due to Alzhei-
mer’s disease. N Engl J Med. 2018;378(4):321-30.

Cummings JL, Cohen S, van Dyck CH, Brody M, Curtis C, Cho W,
et al. ABBY: a phase 2 randomized trial of crenezumab in mild to
moderate Alzheimer disease. Neurology. 2018;90(21):¢1889-97.
Guthrie H, Honig LS, Lin H, Sink KM, Blondeau K, Quartino A, et al.
Safety, tolerability, and pharmacokinetics of crenezumab in patients
with mild-to-moderate Alzheimer’s disease treated with escalating
doses for up to 133 weeks. J Alzheimers Dis. 2020;76(3):967-79.
Magnusson K, Sehlin D, Syvanen S, Svedberg MM, Philipson O,
Soderberg L, et al. Specific uptake of an amyloid-beta protofibril-
binding antibody-tracer in AbetaPP transgenic mouse brain. J Alz-
heimers Dis. 2013;37(1):29-40.

Tucker S, Moller C, Tegerstedt K, Lord A, Laudon H, Sjodahl
J, et al. The murine version of BAN2401 (mAb158) selectively
reduces amyloid-beta protofibrils in brain and cerebrospinal fluid
of tg-ArcSwe mice. J Alzheimers Dis. 2015;43(2):575-88.
Swanson CJ, Zhang Y, Dhadda S, Wang J, Kaplow J, Lai RYK,
et al. A randomized, double-blind, phase 2b proof-of-concept
clinical trial in early Alzheimer’s disease with lecanemab, an anti-
Abeta protofibril antibody. Alzheimers Res Ther. 2021;13(1):80.
Sevigny J, Chiao P, Bussiere T, Weinreb PH, Williams L, Maier
M, et al. The antibody aducanumab reduces Abeta plaques in Alz-
heimer’s disease. Nature. 2016;537(7618):50-6.

Arndt JW, Qian F, Smith BA, Quan C, Kilambi KP, Bush MW,
et al. Structural and kinetic basis for the selectivity of aducanumab
for aggregated forms of amyloid-beta. Sci Rep. 2018;8(1):6412.
Tolar M, Abushakra S, Sabbagh M. The path forward in Alz-
heimer’s disease therapeutics: reevaluating the amyloid cascade
hypothesis. Alzheimers Dement. 2020;16(11):1553—-60.

Tolar M, Hey J, Power A, Abushakra S. Neurotoxic soluble amy-
loid oligomers drive Alzheimer’s pathogenesis and represent a
clinically validated target for slowing disease progression. Int J
Mol Sci. 2021;22(12).

Bohrmann B, Baumann K, Benz J, Gerber F, Huber W, Knoflach F,
et al. Gantenerumab: a novel human anti-Abeta antibody demonstrates
sustained cerebral amyloid-beta binding and elicits cell-mediated
removal of human amyloid-beta. J Alzheimers Dis. 2012;28(1):49-69.
Greenberg SM, Rebeck GW, Vonsattel JP, Gomez-Isla T, Hyman
BT. Apolipoprotein E epsilon 4 and cerebral hemorrhage associ-
ated with amyloid angiopathy. Ann Neurol. 1995;38(2):254-9.
Racke MM, Boone LI, Hepburn DL, Parsadainian M, Bryan MT, Ness
DK, et al. Exacerbation of cerebral amyloid angiopathy-associated
microhemorrhage in amyloid precursor protein transgenic mice by
immunotherapy is dependent on antibody recognition of deposited
forms of amyloid beta. J Neurosci. 2005;25(3):629-36.

Piazza F, Greenberg SM, Savoiardo M, Gardinetti M, Chiapparini
L, Raicher I, et al. Anti-amyloid beta autoantibodies in cerebral
amyloid angiopathy-related inflammation: implications for amy-
loid-modifying therapies. Ann Neurol. 2013;73(4):449-58.
Boche D, Zotova E, Weller RO, Love S, Neal JW, Pickering RM,
et al. Consequence of Abeta immunization on the vasculature of
human Alzheimer’s disease brain. Brain. 2008;131(Pt 12):3299-310.
Attems J, Lintner F, Jellinger KA. Amyloid beta peptide
1-42 highly correlates with capillary cerebral amyloid angi-
opathy and Alzheimer disease pathology. Acta Neuropathol.
2004;107(4):283-91.

@ Springer


http://creativecommons.org/licenses/by/4.0/

206

L. Soderberg et al.

31.

32.

33.

34.

35.

36.

Chantran Y, Capron J, Alamowitch S, Aucouturier P. Anti-Abeta
antibodies and cerebral amyloid angiopathy complications. Front
Immunol. 2019;10:1534.

Greenberg SM, Bacskai BJ, Hernandez-Guillamon M, Pruzin
J, Sperling R, van Veluw SJ. Cerebral amyloid angiopathy and
Alzheimer disease - one peptide, two pathways. Nat Rev Neurol.
2020;16(1):30-42.

Logovinsky V, Satlin A, Lai R, Swanson C, Kaplow J, Osswald
G, et al. Safety and tolerability of BAN2401-a clinical study in
Alzheimer’s disease with a protofibril selective Abeta antibody.
Alzheimers Res Ther. 2016;8(1):14.

Mintun MA, Lo AC, Duggan Evans C, Wessels AM, Ardayfio PA,
Andersen SW, et al. Donanemab in early Alzheimer’s disease. N
Engl J Med. 2021;384(18):1691-704.

Demattos RB, Lu J, Tang Y, Racke MM, Delong CA, Tzaferis
JA, et al. A plaque-specific antibody clears existing beta-amyloid
plaques in Alzheimer’s disease mice. Neuron. 2012;76(5):908-20.
United States Adopted Name (USAN) Drug Finder [online].
Available at: https://searchusan.ama-assn.org/finder/usan/search/
ADUCANUMAB/relevant/1/. Accessed 2 Sept 2022.

@ Springer

37.

38.

39.

40.

41.

WHO Drug Information 2008;22(1):55 [online]. Available at:
https://cdn.who.int/media/docs/default-source/international-
nonproprietary-names-(inn)/r159.pdf?sfvrsn=53b7a3e9_6&
download=true. Accessed 2 Sept 2022.

Bitan G. Structural study of metastable amyloidogenic protein
oligomers by photo-induced cross-linking of unmodified proteins.
Methods Enzymol. 2006;413:217-36.

Englund H, Sehlin D, Johansson AS, Nilsson LN, Gellerfors P,
Paulie S, et al. Sensitive ELISA detection of amyloid-beta protofi-
brils in biological samples. J Neurochem. 2007;103(1):334-45.
Ostrowitzki S, Lasser RA, Dorflinger E, Scheltens P, Barkhof
F, Nikolcheva T, et al. A phase III randomized trial of gan-
tenerumab in prodromal Alzheimer’s disease. Alzheimers Res
Ther. 2017;9(1):95.

Linse S, Scheidt T, Bernfur K, Vendruscolo M, Dobson CM, Cohen
SIA, et al. Kinetic fingerprints differentiate the mechanisms of action
of anti-Abeta antibodies. Nat Struct Mol Biol. 2020;27(12):1125-33.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://searchusan.ama-assn.org/finder/usan/search/ADUCANUMAB/relevant/1/
https://searchusan.ama-assn.org/finder/usan/search/ADUCANUMAB/relevant/1/
https://cdn.who.int/media/docs/default-source/international-nonproprietary-names-(inn)/rl59.pdf?sfvrsn=53b7a3e9_6&download=true
https://cdn.who.int/media/docs/default-source/international-nonproprietary-names-(inn)/rl59.pdf?sfvrsn=53b7a3e9_6&download=true
https://cdn.who.int/media/docs/default-source/international-nonproprietary-names-(inn)/rl59.pdf?sfvrsn=53b7a3e9_6&download=true

	Lecanemab, Aducanumab, and Gantenerumab — Binding Profiles to Different Forms of Amyloid-Beta Might Explain Efficacy and Side Effects in Clinical Trials for Alzheimer’s Disease
	Abstract
	Introduction
	Material and Methods
	Generation of Anti-Aβ Antibodies
	Preparation of Different Aβ Species
	Inhibition ELISA
	Immunodepletion of Synthetic Aβ Protofibrils
	Preparation of Brain Extracts from Alzheimer’s Disease Brain
	Immunodepletion of Soluble Protofibrils from AD Brain Extracts
	Affinity Measurements by Surface Plasmon Resonance

	Results
	Binding to Aβ Monomers, Oligomers and Protofibrils Using Inhibition ELISA
	Immunodepletion of Synthetic Aβ Protofibrils and Protofibrils from AD Brain Extracts
	Binding to Aβ Monomers, Protofibrils and Fibrils, Investigated by SPR

	Discussion
	Anchor 17
	Acknowledgements 
	References


