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ABSTRACT

The terminal sugars of Fc glycans can influence the Fc-dependent biological activities of monoclonal
antibody therapeutics. Afucosylated N-glycans have been shown to significantly alter binding to FcyRllla
and affect antibody-dependent cell-mediated cytotoxicity (ADCC). Therefore, in order to maintain and
ensure safety and efficacy for antibodies whose predominant mechanism of action (MOA) is ADCC,
afucosylation is routinely monitored and controlled within appropriate limits. However, it is unclear
how the composition and levels of afucosylated N-glycans can modulate the biological activities for
a recombinant antibody whose target is not a cell surface receptor, as is the case with ADCC. The impact of
different types and varying levels of enriched afucosylated N-glycan species on the in vitro bioactivities is
assessed for an antibody whose target is aggregated amyloid beta (Ap). While either the presence of
complex biantennary or high mannose afucosylated glycoforms significantly increased FcyRllla binding
activity compared to fucosylated glycoforms, they did not similarly increase aggregated AP uptake activity
mediated by different effector cells. These experiments suggest that afucosylated N-glycans are not
critical for the in vitro phagocytic activity of a recombinant antibody whose target is aggregated A(
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and uses Fc effector function as part of its MOA.

Introduction

The Fc effector function of immunoglobulin G (IgG) and Fec-
containing fusion proteins can be modulated by the composi-
tion of the N-glycans on their Fc domain.' ™ Different terminal
sugars of Fc glycans may affect the safety, efficacy and pharma-
cokinetic (PK) properties of monoclonal antibodies (mAbs).
Based on the link between specific N-glycan moieties and
biological activities of Fc-containing proteins, many studies
have been performed to manipulate the composition of
N-glycans to either alter Fc effector function or to ensure that
specific Fc-dependent bioactivities are maintained within
appropriate pre-determined limits. For example, different pro-
duction host cell lines can produce the same mAb with differ-
ent N-glycan composition, and modifications to cell culture
processes can yield different levels of N-glycans. Therefore,
to understand how the composition and/or level of N-glycans
may affect efficacy, safety and PK, it is critical to evaluate the
impact of different N-glycan species on the in vitro properties
of therapeutic mAbs.

The role of the terminal sugar fucose has been extensively
studied for mAbs and Fc-containing fusion proteins.® The
absence of fucose, also known as afucosylation or nonfucosyla-
tion, can affect different properties of the antibody. Two major
afucosylated forms are made up of complex biantennary and
high mannose afucosylated glycoforms. Previously, it has been
demonstrated that these two forms have both similar and
different ways they can affect the biological properties of

antibodies. For example, it has been shown that antibodies
with high mannose glycans are cleared faster in vivo, whereas
antibodies containing complex biantennary species have simi-
lar clearance to other N-glycan isoforms.*’ Distinct afucosyl
species have also been shown to differentially bind to different
FcyRs for certain classes of antibodies, such as anti-CD20
antibodies.” For example, both complex biantennary and high
mannose afucosylated glycoforms increase binding to
FcyRIIla. In contrast, high mannose glycoforms have been
reported to decrease binding to FcyRlIla, whereas complex
biantennary afucosylated glycoforms have similar binding to
FcyRlIla as fucosylated glycoforms.” The mixture of these two
species in a sample may have differential impacts on binding to
FcyRlIla, especially since most binding activity assays, includ-
ing the one presented herein, are measured in bulk.

In some cases, the stronger binding to FcyRIIla in vitro
results in higher in vivo potency in animal models. This corre-
lation has been shown for several antibodies whose mechanism
of action (MOA) is primarily natural killer (NK) cell-mediated
ADCC, including anti-CD20 antibodies. In several cases, dif-
ferent alleles of FcyRIIla that have higher affinity to such
antibodies also lead to higher efficacy of therapeutics.'*™"
However, for antibodies whose MOA is less well understood,
or whose primary MOA is not ADCC, the impact of varying
levels of afucosylated N-terminal glycans is also not well
understood.

There are numerous candidate therapeutic antibodies tar-
geting non-cellular antigens such as bacteria, viruses, and
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aggregated proteins.'>*° Antibodies that target the aggregated
protein amyloid beta (Ap) have been proposed to clear aggre-
gated AP by antibody-dependent cell-mediated phagocytosis
(ADCP), also known as AB uptake.'>”"” Antibody binding to
aggregated AP results in presentation of multivalent Fc
domains that can bind to high and low affinity Fcy receptors
on patrolling immune cells, such as macrophages and micro-
glia, and recruit them to specific areas. The clustering of Fc
receptors results in membrane deformation around the target
antigen, activation of intracellular signal transduction, and
changes in actin cytoskeletal dynamics that ultimately lead to
target antigen engulfment by phagocytic cells. ADCP by several
of these antibodies has been shown to require Fc effector
function.’>'” However, unlike anti-CD20 antibodies or gly-
coengineered anti-human epidermal growth factor receptor 2
(HER2) antibodies whose targets are cell-surface receptors and
whose MOA is primarily driven by FcyRIIIa-dependent ADCC
and levels of afucosylation, the molecular pathways and pro-
duct quality attributes of antibodies that drive Fc-mediated
uptake of AP are less well understood.'®

In this study, we use the antibody aducanumab as a model
to investigate the role of afucosylated N-glycans on the phago-
cytosis activity of an anti-Ap molecule. Fc-mediated clearance
of AP by microglia has been proposed as one potential MOA of
anti-AB antibodies.'®'” While there are several studies that
have shown that FcyRI and FcyRlIIa are critical for antibody-
mediated phagocytosis, there have been no studies to deter-
mine which are the most critical N-glycan isoforms for these
MOAs.">'* In this report, we address several fundamental
questions regarding the MOA of anti-Ap antibodies
in vitro: 1) whether the levels of afucosylated N-glycans affect
the anti-Ap-mediated phagocytosis activity; 2) whether com-
plex biantennary and high mannose N-glycoforms have similar
effects on anti-APB-mediated phagocytosis activity; and 3)
whether FcyRIlIa activity is critical for anti-APB-mediated pha-
gocytosis activity.

Results

Generation of enriched afucosylated forms of
aducanumab

MAbs made from standard mammalian cell lines that have not
been specifically glycoengineered to alter Fc effector function
typically produce antibodies with very low levels of afucosyl
species.4 Therefore, to understand how the levels and/or com-
position of afucosylated N-glycans may affect the in vitro pha-
gocytosis activity of aducanumab, we generated samples that
consisted of different levels of enriched afucosylated species.
We used three different approaches to create highly enriched
afucosylated antibody: 1) FcyRIIla chromatography generated
enriched forms of afucosyl species containing both complex
biantennary and high mannose containing glycoforms, herein
designated as FcyRIIla-afuc; 2) treatment of expression cells
with the mannosidase inhibitor kifunensine generated predo-
minantly high mannose glycoform species, herein designated
as HM-afuc;*® and 3) treatment of expression cells with TriAc-
FluoroFucose, a small molecule inhibitor of the fucose salvage
pathway, produced antibodies with very high levels of afucosyl

complex binantennary glycoform and no high mannose spe-
cies, herein designated as CB-afuc.”' These samples allowed us
to thoroughly dissect how different afucosyl species affect the
in vitro ADCP activity of anti-Ap molecules.

Biochemical characterization of afucosylated antibody

The N-glycan profiles of the standard and the three afucosyla-
tion-enriched antibodies were determined and are reported in
Table 1. Compared to the standard sample, the FcyRIIIa-afuc
sample resulted in approximately 14-fold higher levels of afu-
cosyl species, composed of complexed biantennary and high
mannose N-glycans. This enriched species resulted in 3.9-fold
higher in vitro FcyRIIla binding activity, compared to the
standard, yet similar in vitro FcyRIla binding activity com-
pared to the standard.

One disadvantage of using FcyRIIla chromatography to
enrich for afucosylated species is that it results in a mixture
of complex biantennary and high mannose species.****?’
However, the more homogeneous CB-afuc and HM-afuc sam-
ples allowed us to characterize the impact of these different
glycan compositions on the in vitro bioactivities of aducanu-
mab. The HM-afuc samples contained ~17-fold higher levels of
high mannose glycoforms than the standard (Table 1), but no
change in the amount of complex biantennary species. Like the
FcyRIIIa-afuc sample, HM-afuc had much higher FcyRIIla
binding and slightly lower binding to FcyRIIa and FcyRl,
compared to the standard. The CB-afuc sample also had higher
affinity to FcyRIIIa, but in contrast to the HM-afuc sample, did
not have reduced binding to FcyRIIa or FcyRI (Table 1). The
FcyR binding profiles of these two samples with more homo-
geneous populations of afucosyl species are similar to what has
been described for highly enriched afucosyl anti-CD20 anti-
bodies generated using the kifunensine approach and a FUT8
deleted Chines hamster ovary (CHO) cell line.®

Afucosylated aducanumab phagocytosis activity in vitro

Microglial and monocyte cells can promote antibody-mediated
uptake of AP aggregates in vivo and in vitro.'"*° Previously,
the BV-2 microglia cell line has been used to measure antibody
dose-dependent  phagocytosis  activity of AP fibrils

Table 1. The percentage of complex biantennary and high mannose afucosylated
species and the potency of FcyRl, FcyRlla, and FcyRllla, relative to the standard.
The N-glycan profiles were analyzed on a HILIC column by UPLC. The binding
affinity for FcyRI was determined by a TR-FRET assay, while AlphaScreen was used
to assess FcyRlla and FcyRllla binding. Full concentration response curves were
performed and ICsq values were calculated by non-linear regression analysis. Each
sample was run alongside the standard and the effect the afucosylated species
had on the potency of aducanumab was calculated by dividing the ICs, of the
standard by the ICso of the samples. Each sample was tested in duplicate or
triplicate and n = 2-3. Since a ratio was calculated, only mean is provided.

% afucosylation Relative potency (ICsq std/ICso sample)

Complex High
Sample Biantennary mannose FeyRI FcyRlla FeyRllla
Standard 2 4 1 1 1
FcyRllla-afuc 15 29 ND 0.9 39
HM-afuc 0 67 0.5 0.9 8.1
CM-afuc 30 0 1.0 1.0 4.1

ND, not determined



in vitro."”'>*° To determine whether high FcyRIIIa activity in
these samples resulted in increased antibody-mediated phago-
cytosis activity, all three forms of enriched afucosylated sam-
ples were compared to a standard preparation of aducanumab
in an in vitro AP phagocytosis assay using the BV-2 cell line as
previously described.'” All three preparations of highly
enriched afucosylated aducanumab had similar dose-
dependent BV-2-mediated phagocytic activity as standard adu-
canumab, suggesting that while afucosylated glycans signifi-
cantly increase FcyRIIIa binding activity, they do not increase
in vitro phagocytic activity of aducanumab in the microglia
BV-2 cell system (Figure 1la,b). This result is in contrast to
antibodies, like anti-CD20 and anti-HER2, that mediate cyto-
toxicity of tumor cells via ADCC,”**** and suggests that pha-
gocytic properties of anti-Ap antibodies may not be driven by
FcyRIIIa activity or by immune effector cells whose dominant
Fc gamma receptor is FcyRIIa.

A highly enriched afucosylated antibody may have similar
phagocytosis activity to a standard antibody for two reasons: 1)
murine effector cells (or the BV-2 cell line) may respond
differently to human antibodies compared to human cells;
or 2) different effector cells may express different types of
FcyRs. To test these hypotheses, the highly afucosylated sam-
ples were compared to the standard in the phagocytosis assay
mediated by different human cell line systems that express
different FcyRs. The human monocyte THP-1 cell line and
primary human monocyte-derived macrophages (MDM)
both express human FcyRI, FcyRIIa and FcyRIIla (Figure 2a-
b). Previously, THP-1 cells have been used to measure ADCP
activity of antibodies against the human immunodeficiency
virus (HIV) and ApB-coated beads.!*'*** THP-1 and two dif-
ferent preparations of primary MDM cells had similar Fcy
receptor profiles with high levels of FcyRIIa, and lower levels
of FcyRI and FcyRIIla (Figure 2a). The relative Fcy receptor
expression level profiles were similar to what has previously
been observed for THP-1 cells and macrophages.>'>'* These
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cell types, like the BV-2 cell line, are capable of mediating
ADCP of AP aggregates. Similar to the observation in the
BV-2 cell line, enrichment of afucosylated anti-Ap (HM-afuc)
did not have any impact on ADCP activity mediated by human
macrophages and the THP-1 cell line (Figure 2c and 2d respec-
tively). These data suggest that afucosylation levels are not
critical for anti-AP in vitro ADCP activity mediated by either
murine or human effector cell lines.

Since FcyRIIa has been hypothesized to play a role in ADCP
we developed an ADCP assay using a CHO cell line that stably
expresses human FcyRIIa (CHO-FcyRIla) as a surrogate model
system to assess ADCP activity in vitro.'>***” Expression of
human FcyRIla is sufficient to render a non-phagocytic cell
into a cell capable of mediating Fc-dependent uptake of opso-
nized particles and acidification of phagocytosed
compartments.”*** As expected, the CHO- FcyRIla cell line
was capable of mediating antibody-mediated uptake of fluor-
escent AP aggregates (Figure 3a). This surrogate cell line has
several advantages over the use of either primary cells or a cell
line like BV-2: 1) high expression of only a single Fc receptor; 2)
more stable expression of the receptor over cell passage; and 3)
as a result of 1) and 2), more consistent quantification of
in vitro ADCP activity. This assay was used to determine
whether increasing levels of complex biantennary afucosyla-
tion in aducanumab leads to higher ADCP activity. Several
sample blends containing 7%, 10%, 15%, and 30% complex
biantennary afucosylated antibody were created and tested in
various binding assays and in the ADCP assay (Figure 3b).
Only FcyRlIIIa binding was affected by altered levels of complex
biantennary afucosylated antibody, while FcyRI, FcyRlIIa, and
AP binding activity were not affected. Importantly, no impact
of altered FcyRIIIa activity on ADCP was observed across this
range of complex biantennary afucosylation. In contrast, high
mannose afucosylated antibody had lower ADCP activity using
this CHO-FcyRIIa cell line (data not shown), which is similar
to what was measured for soluble FcyRIIa binding (Table 1).
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Figure 1. Comparison of the ADCP activity of different afucosylated forms to the aducanumab standard in the BV-2 cell line. AB-GFP phagocytosis was quantitated by
flow cytometry, with the percent positive GFP cells of 1000 cells sampled per sample shown. Concentration response curves for each of the afucosylation samples were
performed alongside the standard. Samples were run in duplicate or triplicate. Mean + S.E.M. and non-linear regression curve fit analysis are shown. (a) FcyRllla enriched
afucosyl isoforms (FcyRllla-afuc) and kifunensine-generated high mannose isoforms (HM-Afuc) have similar dose-dependent AB phagocytosis activity as the standard
(two-way analysis of variance (ANOVA) for standard vs sample, p >.05; n = 4-7). (b) Complex biantennary afucosylated anti-AB (CB-Afuc) has similar dose-dependent A
phagocytosis activity as the standard (two-way ANOVA for standard vs sample, p >.05; n = 7).
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Figure 2. Antibody-mediated AP uptake in human cell systems. (a-c) Mean number of Fc Receptors determined using the QuantiBRITE PE kit on two different human
macrophage preparations derived from human peripheral CD14+ monocytes (A, n = 1-2) and on the human THP-1 cell line (B, n = 2). Mean =+ S.E.M. are provided. (c)
Kifunensine high mannose sample (HM-Afuc) has similar dose-dependent A phagocytosis activity as the standard mediated by primary human macrophages (two-way
ANOVA for standard vs sample, p >.05; n = 3). Results are presented as the relative ADCP fluorescence unit (RFU) as measured using the trypan blue exclusion method
versus antibody concentration. Mean + S.E.M. and non-linear regression curve fit analysis are shown. (d) HM-Afuc has similar dose-dependent Ap phagocytosis activity
as the standard mediated by the THP-1 cell line (two-way ANOVA for standard vs sample, p >.05; n = 4). Samples were run in duplicate and AB-GFP phagocytosis was
quantitated by flow cytometry. The mean + S.E.M. of the percent positive GFP cells of 1000 cells sampled per sample and non-linear regression curve-fit analysis are

shown.

Like the BV-2 and human cell line systems, samples with very
high FcyRIIIa activity do not have very high ADCP activity in
the CHO- FcyRIIa cell line system.

Discussion

To our knowledge, this is the first study to demonstrate that
high levels of afucosyl N-glycans and high FcyRIIIa activity do
not significantly impact in vitro phagocytosis activity of an
anti-Ap antibodies. These structure-activity relationship stu-
dies are necessary for understanding which product quality
attributes are critical to control in order to ensure similar safety
and efficacy during the manufacturing process.

While there is a strong correlation between afucosylation
levels, binding to FcyRIIla and ADCC activity, there are con-
flicting data on how levels of afucosylation may affect the
ADCP activity of antibodies.”*** Using multiple approaches,
we have started to build a basis for the understanding of how
N-glycan composition may impact the antibody-mediated Ap
phagocytosis activity. In this case, using aducanumab as
a model system, we show that high FcyRIIIa activity mediated
by high levels of afucosyl N-glycans does not result in high

ADCP activity in vitro using different effector cells. These data
point to the role of other factors that may affect the assessment
of ADCP activity of antibodies in vitro, such as the specific
target and the FcyR expression level on the recruited immune
cell, which corroborate similar findings.® For example, unlike
NK cells, which predominantly express FcyRIIIa, cells from the
monocytic lineage such as macrophages and microglia express
multiple FcyRs.*?' Human macrophage colony-stimulating
factor (M-CSF)-cultured macrophages have high expression
of FcyRIla and the high affinity FcyRI receptor, both of
which may combine and more tightly bind both fucosylated
and afucosylated antibodies and, in turn, overwhelm the spe-
cific, high-affinity interaction of afucosylated antibodies to
bind FcyRIIla on those cells. Our data corroborates studies
on highly afucosylated IgG-mediated uptake of erythrocytes by
macrophages.® The results presented here demonstrate that it is
critical to not generalize the impact of specific glycans, such as
afucosylation levels, on the biological activity of all glycosylated
antibodies since there are multiple factors that may influence
cell mediated Fc effector function(s).

FcyR-mediated clearance of AP aggregate has been pro-
posed for multiple anti-Ap antibodies.'®'” While it has been
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Figure 3. (a) Representative fluorescent images of aducanumab-mediated uptake of Alexa488-labeled AR (488- AP) aggregates. Following treatment with 488- AB with
or without aducanumab, external fluorescence was quenched with trypan blue. No aducanumab-stimulated uptake was observable in wild-type CHO-K1 cells; however,
488- AP was internalized by aducanumab in cells expressing FcyRlla (CHO-Fcy-Rlla). No 488-AB was taken up into cells in the absence of aducanumab. Nuclei are stained
with DAPI (scale bars represent 25 um). (b) A 100% complex biantennary afucosylated sample was generated and then mixed with aducanumab standard to create
blends with 7%, 10% 15% and 30% afucosylation. Each sample was tested in duplicate or triplicate for binding affinity for AB, FcyRI, FcyRlla and FcyRllla and AR ADCP
activity. The relative potency versus the antibody standard was calculated for each blend in each assay, and the results are plotted as a percent. FcyRllla binding was

analyzed by linear regression analysis (R* = 0.998).

shown that the Fc effector function is required for antibody-
mediated clearance of AP aggregates, it remains unclear which
Fcy receptors are most critical for the Fc effector functionalities
of these antibodies.'>'® Human microglia express all three
activating FcyRs, FcyRI, FcyRITa and FcyRIITa.”' Expression
of these FcyRs can be upregulated upon association with amy-
loid plaques and overexpression of the M-CSF receptor.® While
these studies do not definitively determine which FcyR(s) is the
most critical for ADCP of AP aggregates, the results suggest
that FcyRIIIa binding activity is not required for the ADCP of
AP aggregates. In addition, this study showed that FcyRIIa is
sufficient for ADCP of A aggregates, which has been similarly

shown for uptake of opsonized red blood cells.”® These results
also corroborate previous studies that showed macrophage-
mediated phagocytosis by anti-epithelial cell adhesion mole-
cule (EpCAM) and anti-HIV also required FcyRI and FcyRlIIa,
but not FcyRIIIa," suggesting that the FcyRIIIa receptor may
not be a dominant FcyR for ADCP activity of antibodies.'>"*
Finally, since aggregated Ap is not a cell surface receptor, it
is unlikely that there will be potential cell-mediated cytotoxi-
city from very high levels of FcyRIIIa-dependent ADCC activ-
ity. Therefore, the general classification of afucosylation and/or
FcyRIIIa-dependent ADCC activity for a glycosylated antibody
as a critical product quality attribute is not always valid. The
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criticality of product quality attributes such as afucosylation
and FcyRIIla activity must be evaluated under the appropriate
context, taking into the account the antibody target, the MOA
of the antibody and the relevant immune effector cell types that
are being recruited.

Materials and methods

Aducanumab was expressed in a recombinant CHO cell line
and purified at Biogen. The soluble FcyRIIla-Glutathione
S-transferase (GST) and FcyRIIa-GST fusion proteins were
made at Biogen as previously described.'®

Unlabeled, biotinylated, fluorescein amidites-labeled (FAM),
HiLyte488-labeled AP (1-42) were purchased from Anaspec.
Streptavidin-Alexa488, phalloidin-Alexa594, 4',6-diamidino-
2-phenylindole (DAPI) were purchased from Life Technologies.
Fucoidan was purchased from Sigma. 7.5% bovine serum albumin
(BSA) fraction V, glutamine and fetal bovine serum (FBS) were
purchased from Gibco.

Generation of high mannose afucosylated species

An aducanumab-producing stable CHO cell line was cultured
in a 3 L bioreactor for 7 days following the historical fed-batch
processes. On day 7, the cells were split into multiple 1 L shake
flasks (Corning Life Science) with 200 mL working volume
supplemented with various concentrations of kifunensine and
then further cultured another 3 days with a fed-batch shake
flask mode.” The feed amount was calculated using the same
fixed percentage as bench-scale bioreactor process. Time-
course samples were collected daily until day-3 harvest. Both
filtered supernatant and cell pellets samples were retained for
N-glycan analysis. The antibody was purified by Protein
A chromatography.

Generation of complex biantennary afucosylated species

50 uM of Tri-O-acetyl-2-deoxy-2-L-fucose (Carbosynth Batch
MT15919) was added to an aducanumab-producing stable CHO
cell line in a 0.5 L shake flask. On day 5, an additional 50 pM of
Tri-O-acetyl-2-deoxy-2-L-fucose was added to the cell culture.
On day 14, the cell culture supernatant was harvested. The
antibody was purified by Protein A chromatography.

Cell lines

Recombinant CHO cell lines were cultured in Biogen proprie-
tary media. BV-2 cells were obtained from Dr. V. Bocchini
(University of Perugia, Italy) and grown in Dulbecco’s
Modified Eagle’s Medium (DMEM)/10% FBS/glutamine.
THP-1 cells were purchased from ATCC (TIB-202).

Differentiation of monocyte to macrophage

Human peripheral blood CD14+ monocytes (70035, Stem Cell
Technologies) were differentiated to macrophages with recom-
binant M-CSF (216-MC, R&D Systems) using the following
media (Advanced RPMI1640 medium, 5% FBS, Penicillin-

Streptomycin 1x, L-Glutamine 2 mM, M-CSF 100 ng/ml).
Media was changed every 2 days for 6-8 days.

Enrichment of afucosylated antibody by FcyRllla
chromatography

FcyRIIIa -GST columns were used to enrich afucosylated IgG1
as previously described.'® In brief, 10 mL of antibody was
loaded on to FcyRIlla -GST column and eluted from the
column with low pH buffer. The UV elution peaks were col-
lected in polypropylene tubes containing 2 mL of 2 M Tris pH
7.0 to immediately neutralize the solution. The low pH eluted
fractions were buffer exchanged by centrifugation with an
Amicon Ultra 4 Centrifugal filters, 50,000 NMWL filter tube.

N-glycan analysis

The N-glycan profile of the mAb was analyzed using the
Prozyme GlykoPrep Digestion Module (GS96-RX) and the
Prozyme GlykoPrep Cleanup Module (GS96-CU) as previously
described.'® Briefly, 50 ug of the mAb was used in each prepara-
tion. The N-glycans were removed by digestion with
N-Glycanase for 1 h at 50°C, separated from the mAb with the
RX tips supplied in the Digestion Module and labeled with
2-amino benzamide (2-AB). Excess 2-AB was removed by pas-
sing the reactions solution through the Clean Up tips supplied in
the Cleanup Module. The labeled N-glycan samples were ana-
lyzed on a hydrophilic interaction liquid chromatography
(HILIC) column (BEH Glycan Column, 2.1 mm x 150 mm,
186004742) on a Waters Acquity UPLC (Binary Solvent
Manager) with a fluorescence detector. Samples were run on
a 24-min gradient of 25% 0.1 M ammonium formate, 75%
acetonitrile pH 4.5 to 100% 0.1 M ammonium formate pH 4.5
at 60°C with a flowrate of 0.4 mL/minute.

FcyR binding assays

To determine the relative affinity for FcyRIIla and FcyRIla
binding, a competitive AlphaScreen assay was used as pre-
viously described."” In brief, samples were diluted in FcyRIIIa
assay buffer (phosphate-buffered saline (PBS), 0.01% Tween
20, 0.1% BSA) or FcyRIIa assay buffer (50 mM Tris, 25 mM
NaCl, 0.01% Tween 20, 0.1% BSA) and added to the assay plate
at a starting concentration of 200 pg/mL. Next, FcyR-GST was
added to the plate at a final concentration of 0.17 pg/mL and
GSH-coated donor beads and antibody-conjugated acceptor
beads (donor and acceptor beads) from Perkin Elmer; IgG1-
conjugated acceptor beads made for Biogen by Perkin Elmer
were added to the plate at a final concentration of 3.3 ug/mL.
After shaking the plate for 2 hours at 22°C + 1°C, luminescence
was read using a Perkin Elmer EnVision plate reader. The data
were analyzed using SoftMax Pro, and IC50 values were used to
determine relative binding activity.

To determine the relative affinity for FcyRI binding,
a competitive time-resolved fluorescence resonance energy
transfer (TR-FRET)-based assay was used. In brief, Europium
(Eu) chelate-labeled IgG1 (Eu-IgG1) competes with unlabeled
sample for binding to Cy5-labeled FcyRI. Fixed concentrations
and volumes of Eu-IgG1 and Cy5-labeled FcyRI were added to



the assay plate containing the sample. The plate was incubated
for 1 h at ambient temperature with moderate agitation. The
fluorescence signal, which is inversely proportional to FcyRI
binding activity, was measured at a wavelength of 665 nm on
a Perkin Elmer EnVision plate reader. The data were analyzed
using SoftMax Pro, and IC50 values were used to determine
relative binding activity.

AB (1-42) aggregate formation

Hexafluoro-2-propanol-treated unlabeled and Hilyte488-
labeled AP or FAM-labeled AP were dissolved in dimethyl
sulfoxide. For the ADCP assay, unlabeled and labeled AP were
mixed at a 1:10 ratio. AR monomers were converted to AP
aggregate in a tube at 37°C while shaking overnight as pre-
viously described.'”*’

AB binding assay

ApB(1-42) was coated onto 96-well immunoassay plates over-
night at 4°C. The following day, the plates were blocked with
blocking buffer (1X PBS, 3% BSA). A mixture of Europium-
labeled IgG1 and unlabeled samples were added to the plate
and were incubated at ambient temperature with agitation for
1-2 hours. Following this incubation, the plates were washed,
and Europium enhancement solution was added to the plates.
Time-resolved fluorescence was measured using a Perkin
Elmer Envision plate reader. The data were analyzed using
SoftMax Pro, and IC50 values were used to determine relative
binding activity.

ADCP assays

The ADCP assay was performed as previously described with
some modifications.'”?> BV-2 cells were trypsinized and
seeded at 60,000 cells/well onto 96-well tissue culture plates
and allowed to adhere overnight in a humidified CO2 incuba-
tor at 37°C. The following day, cells were washed with PBS and
resuspended in ADCP assay diluent (DMEM/F12, 20 mM
HEPES, 1% BSA). THP-1 and CHO-FcyRIIa were harvested
on the day of the assay, washed with PBS and resuspended in
ADCP assay diluent. For BV-2 experiments, 100 pg/mL
Fucoidan, an inhibitor of the scavenger receptor, was added
30 minutes prior to the experiment. Antibodies and aggregated
fluorescent AP were mixed and incubated at 37°C while shak-
ing for 30-60 minutes. After the incubation, the antibody/Af
suspension was added to cells and the mixture was incubated in
a humidified CO2 incubator at 37°C for 60-90 minutes. After
the incubation, BV-2 cells were washed twice with PBS to
remove unassociated aggregated AP. Cells were treated with
trypsin/ethylenediaminetetraacetic acid for 20 minutes at 4°C,
transferred to a 96-well round bottom plate and washed twice
with fluorescence-activated cell sorting (FACS) wash buffer
(1X PBS with 2% BSA) by centrifugation at 500 x g for 5 min-
utes at 4°C. Cells were fixed for 20 minutes in FACS-Fix (PBS,
2% formaldehyde, 2% Glucose, 5 mM NaNj;). The percent
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green fluorescent protein (GFP) positive in 1000 cells was
determined on a Millipore Guava flow cytometer and the
data were analyzed using a 4-parameter curve-fitting program
(SoftMax Pro).

The procedure for analyzing ADCP by fluorescent micro-
scopy is like the ADCP assay described above with the follow-
ing modifications. CHO cells were plated at a density of
40,000 cells per well of a 96-well, black-walled, optically
clear bottom tissue culture plate. After the ADCP was com-
plete as described above, external fluorescence was quenched
by 0.2% Trypan Blue solution. Cells were then fixed, permea-
bilized and incubated with DAPI. Fluorescent images were
taken with an EVOS cell imaging system. A 40x objective was
used with the settings consistent between imaging (Dapi:
light = 2; exposure = 10, gain = 3.86; GFP: light = 22.21,
exposure = 46.9, gain = 48.3).

Trypan blue exclusion method for ADCP

Macrophages were seeded on the collagen-coated 96-well
plate at 150,000 cells per well. The cells were washed with
PBS, the antibody-AP mixture was added to the cells, and the
plate was incubated at 37°C. After 60 minutes, the media
containing the antibody- AP mixture was removed, cells
were washed gently with 200 uL PBS, and 0.2% Trypan Blue
solution was added to quench extracellular fluorescence. After
approximately 1 min at ambient temperature, the Trypan
Blue solution was removed, and fluorescence was measured
at 480 nm for FAM-Ap.

FcyR quantification using BD Quantibrite phycoerythrin
(PE) beads

PE-labeled anti-Fc receptor antibodies (Invitrogen Catalog #
CD3204, MHCD1604, CD6404) were used to quantify Fc
gamma receptors on cells. In brief, 5 uL of anti-CD32, anti-
CD16, or anti-CD64 were added to 1 x 10° cells in 100 uL
ADCP assay diluent. Cells were incubated for 1 h + 15 minutes
on an orbital plate shaker (speed 2) at 2°C-8°C. After the
incubation was complete, cells were washed 2 times with
FACS wash buffer by centrifugation at 250 g x 5 minutes. The
cell pellet was resuspended in 100 pL wash buffer and run on
a Millipore Guava flow cytometer. BD Quantibrite PE beads
(BD Biosciences Catalog # 340495) conjugated with four levels
of PE were run using the same settings to generate a standard
curve. The mean fluorescence of the PE-antibody labeled cells
is converted into the number of PE molecules per cell using this
standard curve.

Data analysis

GraphPad Prism software (v. 8.0) was used for data and statis-
tical analyses which are specifically described in the figure
legends. All data are presented at the mean + standard error
of the mean (S.E.M.). Concentration response curves were fit to
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a non-linear regression (four parameter) model. The # for each
experiment is indicated in the figure legends.
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