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Abstract

Deposition of tau aggregates in the brain is a pathological hallmark of several neurodegenerative
diseases, termed tauopathies, such as Alzheimer’s disease (AD), corticobasal degeneration, and
progressive supranuclear palsy (PSP). As transcellular spread of pathological tau aggregates has been
implicated in disease progression, immunotherapy is being considered as a treatment for tauopathies.
Here we report a detailed biochemical and biophysical characterization of the tau-binding properties of
gosuranemab, a humanized monoclonal antibody directed against N-terminal tau that is currently being
investigated as a treatment for AD. Binding experiments showed that gosuranemab exhibited high
affinity for tau monomer, tau fibrils, and insoluble tau from different tai ‘oathies. Epitope mapping
studies conducted using X-ray crystallography and mutagenesis show xd ti at gosuranemab bound to
human tau residues 15-22. Immunodepletion of pathological huran « rain homogenates and transgenic
mouse interstitial fluid (ISF) with gosuranemab resulted in reduc~d tau aggregation in tau biosensor
cells. Preincubation of seed-competent AD-tau with gosurai. " ma . significantly inhibited tau aggregation
in mouse primary cortical neurons. Gosuranemab also <. nificantly reduced unbound N-terminal tau in
cerebrospinal fluid (CSF) from individuals with PSP a1d ~.=, and in ISF and CSF of treated transgenic
mice. These results are consistent with the >91% t irget engagement observed in the CSF of some clinical

trial dosing cohorts and support the evalu-~tion ot ;osuranemab as a potential treatment for AD.
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1. Introduction

Tau is an abundant neuronal protein with multiple cellular functions. Originally described as a
microtubule-associated protein predominantly found in axons, tau plays a role in regulating microtubule
dynamics (Guo et al., 2017); however, low levels of tau are found in dendrites and might also be
involved in postsynaptic signaling (Arendt et al., 2016). More recently, cytosolic tau has also been
implicated in the regulation of RNA binding proteins, and nuclear tau in the regulation of
heterochromatin stability and nuclear import (Eftekharzadeh et al., 2018; Mansuroglu et al., 2016;
Vanderweyde et al., 2016). In its native state, tau is soluble, highly disordered, and lacks a well-defined
three-dimensional structure (Zabik et al., 2017). It is primarily an intrace ilar protein, but neurons also
release tau into the extracellular space under physiological condition anc tau release is enhanced by
increased neuronal activity (Karch et al., 2012; Pooler et al., 2013; Wu =t al., 2016; Yamada et al., 2014).
Tau is found in the interstitial fluid (ISF) and cerebrospinal fluid \ “SF) of mammals including humans
(Bright et al., 2015; Magnoni et al., 2012; Sato et al., 2018; y.ma la et al., 2011). Extracellular tau exists
predominantly as fragments, with mid-region fragmen*. “eing at least twice as abundant as N-terminal
fragments irrespective of non-disease or disease classiticzon, although full-length species have also
been detected (Barthélemy et al., 2016; Brigh’ et 7.., 2015; Chen et al., 2019; Cicognola et al., 2019; Guix
et al., 2018; Karch et al., 2012; Meredith €* al., 20.3; Sato et al., 2018; Wagshal et al., 2015).
Extracellular tau can impact the electrop’y. iolLgical activity of neurons (Bright et al., 2015; Gémez-
Ramos et al., 2006; Gémez-Ramos et ., 2038) and there is evidence that tau oligomers may also have
similar effects (Bright et al., 2015; ' 4 ev ~l., 2016; GoGmez-Ramos et al., 2006; Gdmez-Ramos et al., 2008;
Hill et al., 2019).

In tauopathies, tau s tr. nsformed by an unknown trigger to adopt a pathogenic structure and to
assemble into oligomeric o. fibrillar aggregates that can drive misfolding of nonpathological tau (Fuster-
Matanzo et al., 2018; Wang and Mandelkow, 2016; Yamada, 2017). Although templated misfolding
occurs intracellularly, some of these tau “seeds” may be released into the extracellular space and
internalized by neighboring cells where they can seed intracellular tau aggregation. In this self-
perpetuating process, seeded aggregation of conformationally altered tau may spread along neuronal
networks to interconnected neurons and adjacent glial cells from one neuroanatomically connected
brain region to another and thus propagate tau pathology (Fuster-Matanzo et al., 2018; Gibbons et al.,
2019; Wang and Mandelkow, 2016; Yamada, 2017). The hypothesis of transcellular tau spreading is

supported by data showing that exogenously applied recombinant tau fibrils, tau oligomers or



aggregates present in CSF, or homogenates prepared from the brains of individuals with Alzheimer’s
disease (AD) can enter cells in culture or in vivo and seed tau pathology (Albert et al., 2019; Courade et
al., 2018; Guo et al., 2016; Lasagna-Reeves et al., 2012; Mirbaha et al., 2015; Sanders et al., 2014;
Skachokova et al., 2019; Takeda et al., 2016; Wang and Mandelkow, 2016). Pathological tau aggregates
cause neuronal dysfunction and cell death, which can manifest as neurodegenerative disorders such as
AD, progressive supranuclear palsy (PSP), and corticobasal degeneration (CBD) (Guo et al., 2017). As a
means to attenuate the transfer of extracellular tau and slow disease progression, a number of tau
immunotherapies are under investigation (Colin et al., 2020; Jadhav et al., 2019; Novak et al., 2018;
Sigurdsson, 2018).

Gosuranemab (BIIB092) is a humanized IgG,P monoclonal an’ tbod  directed against the N-
terminus of tau (Boxer et al., 2019). It was derived from the murir e Ig.3; monoclonal antibody IPN0O0O2,
which binds with high affinity to human tau that possesses its N *erminal epitope, herein referred to as
N-terminal tau (Bright et al., 2015). IPN0OO2 was generated L, im' aunization of mice with in vitro
aggregated 2N4R human tau. It was selected for its hig*. ~fiinity and ability to normalize increased
electrophysiological activity in neurons exposed to " -te. :7.unal tau fragments (Bright et al., 2015).
Repeated administration of gosuranemab has oee' demonstrated to be well tolerated in healthy
volunteers and trial participants with PSP ‘Boxer e. al., 2019; Qureshi et al., 2018). Gosuranemab was
previously investigated as a treatment fc. + <P «nd the results failed to demonstrate clinical efficacy. It is
currently being tested as a therapy fc. /D 1«CT03352557).

Here, we describe in detai' the .ateractions between gosuranemab and tau. We characterized
the affinity and functional con~equ. nces of gosuranemab—tau binding in vitro, including in human CSF
and in pathological brain hc mo; enates, as well as in a transgenic mouse model. We compared binding
affinities of gosuranemab . ‘th those of other clinical anti-tau antibodies, such as tilavonemab,
(Yanamandra et al., 2015), zagotenemab, (Jicha et al., 1997), UCB0107 (Courade et al., 2018), and
semorinemab (Adolfsson et al., 2018; World Health Organization, 2018). We report the molecular details
of antigen binding deduced from the crystal structure of the murine version of the gosuranemab
(IPN0O02) Fab/tau peptide complex. Gosuranemab bound with high affinity to an eight-residue epitope at
the N-terminus of tau that is shared among all tau isoforms. Gosuranemab recognized insoluble
pathological tau from different tauopathies; the high affinity of gosuranemab for different tau strains
may enable it to interfere with the neuronal transmission of seed-competent tau across a broad range

of disease states. Gosuranemab inhibited tau seeding activity from brain homogenates and ISF in cell



models and exhibited near-complete target engagement in ISF and CSF.

2. Materials and methods
2.1. Recombinant tau expression and purification

6xHis-tagged human 2N4R tau was overexpressed in BL21 Star (DE3) pLysS bacteria and purified
as previously described (Li and Lee, 2006). Briefly, pelleted cells were resuspended on ice in high-salt
RAB buffer (0.1 M MES, 1 mM EGTA, 0.5 mM MgS0O,, 0.75 M NaCl, 0.02 M NaF, 1 mM
phenylmethylsulfonyl fluoride, 0.1% protease inhibitor cocktail [100 pug/mL each of pepstatin A,
leupeptin, tosyl phenylalanyl chloromethyl ketone, tosyl-L-lysyl-chloromn: . thane hydrochloride, and
soybean trypsin inhibitor, and 100 mM EGTA]J; pH 7.0), homogenized, boi \d at 100°C for 10 min, and
then rapidly cooled on ice for 20 min. After centrifugation at 70,010 g “or 30 min, the supernatant was
dialyzed into FPLC buffer (20 mM piperazine-N,N’-bis [2-ethane. '[fonic acid], 10 mM NaCl, 1 mM EGTA,
1 mM MgS0O,, 2 mM dithiothreitol, 0.1 mM phenylmethylsu,“onv. fluoride; pH 6.5) and applied to a 5-mL
HiTrap SP Sepharose high performance IEX cation-exchz. 3e column (GE Healthcare Life Sciences,
Chicago, IL). Tau was eluted using a 0 to 400 mM NaCl g. zuient in FPLC buffer. Peak fractions were
pooled and dialyzed into 100 mM sodium ace’ ate JH 7.0 and concentrated to approximately 5 mg/mL
using an Amicon spin concentrator (Millip~re Corp, Billerica, MA). Final protein concentration was

determined using bicinchoninic acid prot:i as.ay (Pierce™, Thermo Fisher Scientific, Waltham, MA).

2.2. Preparation of tau fibrils

Tau monomer (purified as  ~scribed above) was diluted to 40 uM in 100 mM sodium acetate pH
7.0 with 2 mM dithiothreitc [ an.! heated for 10 min at 55°C. Low-molecular-weight heparin (Millipore
Sigma, USA) was added to « final concentration of 40 uM. The mixture was distributed to a 96-well plate
and shaken in a tabletop Thermomixer (Eppendorf, USA) at 37°C and 1000 rpm for 7 days. Insoluble tau
was pelleted by ultracentrifugation at 100,000 g for 30 min at 4°C. The pellet was washed twice by
vigorous pipetting in 100 mM sodium acetate pH 7.0 and resuspended in the same buffer. Aggregate
formation was monitored by sedimentation assay, thioflavin binding assay, and negative stain

transmission electron microscopy.

2.3. Pathological tau preparation

Insoluble tau from AD, CBD, and PSP samples was enriched as described previously (Narasimhan

5



et al., 2017). Areas of extensive tau pathology were identified by immunohistochemical evaluation of
paraffin-embedded brain sections utilizing the AT8 antibody, and these brain tissues were used to
generate partially purified and concentrated preparations of filamentous tau representative of each
tauopathy (Narasimhan et al., 2017). PSP and CBD brain lysates were prepared from a single case with
confirmed neuropathological diagnosis; frontal cortical region (grey and white matter together) was
used for extractions. AD-tau was prepared from frontal cortex grey matter dissected from three
individuals with neuropathological diagnosis and high tau load from histology reports (two preparations
were from the same brain). The four separate AD-tau preparations were pooled and characterized
(Supplementary Table 1). Samples were derived from the Center for Ne» ‘odegenerative Disease brain

bank, University of Pennsylvania.

2.4. Tau direct-binding ELISA

Human 2N4R tau (rPeptide, Watkinsville, GA) in pho.nhe ce-buffered saline (PBS) was coated at a
final concentration of 0.1, 0.25, or 1 ug/mL overnight 2% *°C in 96-well plates (Nunc MaxiSorp; Thermo
Fisher Scientific). The plates were washed thrice wita P2 (" (PBS, 0.05% Tween-20) and blocked with
400 pL casein in PBS (Thermo Fisher Scientific' for . h at room temperature. Block solution was then
replaced with serially diluted anti-tau hlgC- antibcoJdies in casein blocking buffer and incubated for 1 h.
The plates were washed thrice with PBS-7. "ap.ured antibodies were detected by subsequent
incubation for 30 min with donkey ar .- ~ui..an IgG, Fcy fragment—specific secondary antibody (Jackson
ImmunoResearch Laboratories, W~st G. ove, PA) diluted 1:10,000 in casein block. Horseradish
peroxidase (HRP) activity was meas ‘red by incubation with 1-step Ultra TMB—enzyme-linked
immunosorbent assay (ELISA) s. bstrate (Thermo Fisher Scientific). Developed ELISAs were stopped by
the addition of 2N H,SO, ai. 1 plates were scanned at 450 nm using a Molecular Devices SpectraMax M5
microplate reader. Data were normalized and fitted to a sigmoidal dose-response curve by nonlinear
regression.

In order to make relative comparisons in these ELISA assays, variable regions were combined
with human IgG; heavy-chain and human «x light-chain constant regions to generate hlgG,/«x versions of
all the clinical anti-tau antibodies (gosuranemab, tilavonemab, zagotenemab, UCB0107, and

semorinemab. Reported epitopes and references for each antibody are listed in Supplementary Table 2.



2.5. Tau capture ELISA

Anti—human-Fc monoclonal antibody (Jackson ImmunoResearch Laboratories) at 0.1 pg/mL in
PBS was coated overnight at 4°C in 96-well plates (Nunc MaxiSorp; Thermo Fisher Scientific). The plates
were washed thrice with PBS-T and blocked with 400 pL casein in PBS (Thermo Fisher Scientific) for 1 h
at room temperature. Block solution was then replaced with anti-tau higG; antibodies in casein blocking
buffer and incubated for 1 h. The plates were washed thrice with PBS-T and then incubated with serially
diluted pathological tau, or preformed tau fibrils derived from recombinant purified 6xHis-tagged
human 2N4R tau monomer. Captured tau was detected by subsequent incubation for 30 min with
1 ug/mL of biotinylated anti-tau HT7 mulgG; monoclonal antibody (Thei 1o Fisher Scientific) followed by
incubation with NeutrAvidin-HRP (Thermo Fisher Scientific) at 1 pg/rr L for 30 min. HT7 recognizes a mid-
region epitope and did not compete for binding with anti-tau anti >oa: »s in this study. HRP activity was
measured by incubation with 1-step Ultra TMB-ELISA substrate \"Thermo Fisher Scientific). Developed
ELISAs were stopped by the addition of 2N H,SO, and plates ver:.: scanned at 450 nm using a Molecular
Devices SpectraMax M5 microplate reader. Data were ".c“rnalized and fitted to a sigmoidal dose-
response curve by nonlinear regression.

In order to make relative comparisonr in t'.ese ELISA assays, variable regions were combined
with human IgG; heavy-chain and human - light-ci.ain constant regions to generate hlgG,/x versions of
the following clinical-stage anti-tau antib oo =s: gosuranemab, tilavonemab, zagotenemab, UCB0107,

and semorinemab.

2.6. Brain homogenate prepar-tion

Brain tissue (motor coru  x for PSP and anterior entorhinal cortex for AD) was procured from the
University of Miami Brain . dowment Bank. Donor information in provided in Supplementary Fig. 5. The
human biological samples supplied by the brain bank were obtained using an informed consent form
that approves the use of human biological samples for research purposes. The use of the human
biological samples also conforms with requirements specified in the Statement of Work and all other
requirements outlined in the agreement between Biogen and University of Miami Brain Endowment
Bank.

Tissue was weighed and homogenized in 3x mass/volume of PBS containing protease and
phosphatase inhibitors (Thermo Fisher Scientific). Tissue was homogenized using Bead Ruptor (Omni

International, Kennesaw, GA) and the homogenates were sonicated thrice with a Covaris sonicator



(Model E220; Covaris, Woburn, MA), using the 50% maximal power setting. After sonication,
homogenates were cleared by centrifugation and tau concentration was determined using INNOTEST
hTAU Ag ELISA (Fujirebio, Malvern, PA). All samples were diluted to a final concentration of 1 ng/uL of
tau in Opti-MEM (Thermo Fisher Scientific) and 10 ng of tau was used for subsequent immunodepletion

and tau aggregation studies.

2.7. Immunodepletion studies

Brain homogenates containing 10 ng of tau were mixed with 3-fold serially diluted
gosuranemab, tilavonemab, UCB0107 (final concentrations of 0.00005— . ug/mL), or control antibody
(IgG) in 150 pL of Opti-MEM (ThermoFisher Scientific) containing pro’ ease inhibitors (Sigma-Aldrich,
Billenica, MA) and allowed to incubate overnight at 4°C. The next jay, 50 pL of protein A/G magnetic
bead slurry (Thermo Fisher Scientific) was added to each sampic *o isolate immune complexes. Each
immunodepletion reaction was performed in triplicate. Imn. 'nor.epleted supernatant was transfected
into HEK293T tau biosensor cells and tau aggregation v...- monitored (see below and section 2.8).

For immunodepletion studies with ISF from L1-,.:unth-old rTg4510-naive mice (mouse model of
tauopathy, see sections 2.9 and 2.10), ISF fror « 10 nice was pooled and divided equally for an
equivalent volume for each ex vivo treatmr =nt grou p. The concentration of tau in ISF from mice of this
age was determined to be approximatel 5> ng,'mL [mid-region tau measured using the Human Total
Tau 2.0 immunoassay kit (Quanterix, i.'2rica, MA) and run on a SIMOA HD-1 analyzer; Supplementary
Table 3]. As per the manufacturer’s ins. uctions, 30 pg of gosuranemab or control antibody (IgG) was
coupled to 1 mg of magnetic M-27. Epoxy beads (Dynabeads Antibody coupling kit; Thermo Fisher
Scientific). On the basis of t 1u s\ eding experiments with AD brain (described in the Results, section
3.3.1), 3 pg of gosuranema. immunodepletes all seed-competent tau from homogenates containing
10 ng of tau (mid-region measured by INNOTEST), i.e. 1 ug of gosuranemab for 3 ng of tau. The molar
concentration of gosuranemab and tau in this assay were 140 nM and 1.3 nM, respectively. On the basis
of the concentration of tau in mouse ISF (10.8 ng tau in 360 uL ISF), 0.2 mg of gosuranemab-coupled
beads (6 ug antibody if 100% coupling) was used for immunodepletion (2-fold excess compared to that
required for complete capture in AD brain homogenate seeding experiments, to accommodate for
inefficiency of coupling and ensure complete immunodepletion by gosuranemab given the limited
amount of ISF). The molar concentration of gosuranemab and tau in this assay were 114 nM (assuming

100% coupling) and 0.6 nM, respectively. The antibody-conjugated beads, or beads alone, were washed,
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blocked with 0.1% bovine serum albumin (BSA) and incubated with ISF overnight. After bead isolation
using a magnet, the supernatant (unbound material) was used directly for transfection of HEK293T tau

biosensor cells (see section 2.8).

2.8. Tau seeding assay in HEK293T biosensor cells

The HEK293T tau biosensor cell line (HEK293T tau RD-CFP/YFP) (Crotti et al., 2019) was
generated similarly to that previously described (Holmes et al., 2014). The cells stably express the repeat
domains (RD) of tau protein with a P301S mutation fused to either CFP or YFP. Tau aggregation was
measured by CFP to YFP fluorescence resonance energy transfer (FRET) <nal, detected with
fluorescence-activated cell sorting (FACS).

HEK293T tau biosensor cells were plated in 96-well poly-[ -lys, ye—coated plates at 20,000 cells
per well. Immunodepleted ISF (~200 uL) was preincubated with : ivofectamine 2000 (Thermo Fisher
Scientific) at a final concentration of 1.25% for 10 min, and 1_E-Li yofectamine complexes were added to
cells after aspiration of growth media. Cells were incuk.i~d for 1 h at 37°C, after which ISF was replaced
with complete growth media. Cells were cultured fn~ aniner 48 h, trypsinized, fixed, and subjected to
FRET analysis of tau aggregation by FACS. Agg ega'.ion was evaluated using a CFP-YFP FRET pair. Signals
were measured on an LSR Il flow cytomet.r (BD Biusciences, San Jose, CA). Forward scatter signal
generated by a 488-nm laser line was usr.a s tiigger signal. CFP was excited at 407 nm and fluorescence
detected with a 450/50-nm bandpass 1..*a1 :ndicated no aggregation. YFP excited by CFP emission (FRET)
indicated aggregation. The YFP sig- al w.s detected using a 505-nm longpass dichroic filter and a 525/50-
nm bandpass filter. Samples w=re a>quired using a High Throughput Sampler (HTS or autosampler; BD
Biosciences) and FCS 3.0 fil :s w. re analyzed using FlowJo (BD Biosciences). Data were reported as
integrated FRET density, wi.’ch was calculated as previously described (Holmes et al., 2014):

Integrated FRET density = number of FRET-positive cells x mean FRET signal intensity
For brain homogenates, immunodepleted material (~200 pL) was added directly to the cells after media
aspiration, followed by the addition of Lipofectamine 2000 to a final concentration of 1.25%. After 2 h,
brain homogenates were replaced with complete growth media and FACS analysis was performed 96 h

later.

2.9. Tau assay in ISF and CSF of rTg4510 mice

In the rTgd510 mouse model, constitutive expression of mutant human tau results in the age-



dependent formation of neurofibrillary tangle pathology (Gamache et al., 2019; Ramsden et al., 2005;
Santacruz et al., 2005). Four-month-old female rTg4510 mice (strain 129FVB:TgCamk2a-tTA Tg tetO-
MAPT*301L; Jackson Laboratory, Bar Harbor, ME) were dosed intraperitoneally with 60 mg/kg of IPN002
or murine 1gG; isotype control antibody. Mice were dosed weekly for 8 weeks with IPNO02 (murine IgG,
isotype) to avoid an immune response and anti-drug antibody generation that would be evoked with
dosing of a human antibody. This isotype is the most inert murine isotype (analogous to higG4P in
human) with respect to complement activation and FcR binding (effector function). Seven days after the
final dose, microdialysis probes were implanted and ISF sample collection was performed (see details on
ISF collection in section 2.10). CSF was collected at this time by terminai ‘raws from the cisterna magna
and placed in individual preweighed 0.5 mL tubes. Plasma was collect 2d p 'ior to each antibody
administration and at terminal draw; whole blood was collected v a tr, » tail vein into EDTA anticoagulant
tubes, centrifuged within 1 h of collection, and aliquoted into a . 5 mL Eppendorf tube. Dosing and
collection of ISF and CSF were performed at Charles Rivers L. horatories (San Francisco, CA). ISF and CSF
were analyzed for concentrations of unbound N-termir..! tau ana mid-region tau (Supplementary Fig. 1)
using the Human Total Tau 2.0 immunoassay kit (Q'.anw i, Billerica, MA) and were run on a SIMOA HD-
1 analyzer. The detector antibody (ADX215) p- ovic ad in the tau 2.0 kit has been tested and determined
to compete with the binding epitope of gc suraner .ab; therefore, only unbound N-terminal tau was
accessible and measured in this assay. Fc. .“e unbound N-terminal tau assay, supernatant was diluted
1:4 in diluent provided in the assay ki’.. "2t e mid-region tau assay, the detector antibody was 6C5
(Nobuhara et al., 2017), an antibe~v wi.h a mid-region binding epitope (residues 122-130), and
supernatant was diluted 1:2. The n.’1-region tau assay measures tau levels independent of bound or

unbound gosuranemab.

2.10. Microdialysis procedure

Surgical implantation of push-pull microdialysis probes was performed 6 days after the final
dose of antibody. Mice were anesthetized using isoflurane (2%, 800 mL/min O,). Push-pull microdialysis
probes (1000 kDa, PE membrane; Brainlink, Groningen, Netherlands) were inserted into the
hippocampus. Microdialysis sampling was initiated approximately 24 h after surgery. On the day of the
experiment, the probes were connected by fluorinated ethylene propylene tubing to a micro-perfusion
pump (Harvard PHD 2000 Syringe pump; Harvard Apparatus, Holliston, MA). Microdialysis probes were
perfused with artificial CSF (147 mM NaCl, 3.0 mM KCl, 1.2 mM CacCl,, 1.2 mM MgCl,, 0.15% BSA) at a

10



flow rate of 0.75 puL/min. Microdialysis samples were collected for 60-min periods directly into 0.5 mL
polypropylene Lo-bind tubes (Thermo Fisher Scientific) for 4 h.

For ex vivo experiments with ISF from 11-month-old naive rTg4510 animals for the purpose of
evaluating the ability of gosuranemab to immunodeplete seed-competent tau, microdialysis probes

were implanted 24 h prior to ISF collection as outlined above.

2.11. Human CSF immunodepletion assay

Human CSF was incubated with gosuranemab or isotype control (human IgG;) antibody, and the
resulting immune complexes were removed using protein A/G magnetic ‘eads. The immunodepleted
supernatant was assayed for unbound N-terminal tau. CSF from 3 he: Ithy /olunteers (HVs) was
combined into one pool (HV pool), CSF from 4 individuals with AC intc a second pool (AD pool), and CSF
from 4 individuals with PSP into a third pool (PSP pool). Detail a. nor information is provided in
Supplementary Table 5. Each pool was split into 10 equal-ve.'im¢ aliquots. Gosuranemab was added at a
top concentration of 20 ug/mL, and serially diluted 10-“_'4 for a total of 8 aliquots. Isotype control
antibody was added to an additional aliquot at a fir-il cez_entration of 20 ug/mL (approximately
150 nM). A final aliquot was used as a no-anti’.odv control. All aliquots were incubated overnight at 4°C
with rotation. For removal of gosuranemeY—tau cu mplexes, 1.5 mg of protein A/G magnetic beads
(Pierce) were added to each aliquot, and ."es :ncubated for 45 min at 4°C with rotation. All tubes were
then placed on a magnet for 1 min, a’.u “upcrnatant collected. Supernatant samples were analyzed on
the same day. The limit of detectic 1 foi the unbound N-terminal tau and mid-region tau assays were

0.1 pg/mL and 7.8 pg/mL, respactiv >ly.

2.12. Tau seeding assay in :.~ouse primary cortical neurons

Primary cortical neurons were prepared from embryonic E16-18 CD1 mice (Charles River) in 96-
well plates at 17,500 cells per well. After 7 days in vitro, primary mouse neurons were treated with 1, 2,
4, and 8 pug/mL gosuranemab (6.7, 13.3, 26.7, and 53.3 nM, respectively), 4 ug/mL Tau5, or 8 ug/mL
control IgG, followed immediately by the addition of 125 ng (30.3 nM) of paired helical filament tau,
purified from AD brain as previously described (Guo et al., 2016; Narasimhan et al., 2017); the molar
ratios were approximately 1:5, 1:2, 1:1, and 2:1, antibody:PHF tau. Tau aggregates were allowed to
develop for an additional 2 weeks; on day 21, soluble mouse tau was extracted with 1%

Hexadecyltrimethylammonium bromide (HDTA) for 15 min at 22°C and cells were then fixed with 4%
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paraformaldehyde, 4% sucrose in PBS for 15 min at 22°C (Crowe et al., 2020). Tau pathology was stained
using anti-mouse tau rabbit polyclonal antibody R2295 (Guo et al., 2016). Tau aggregates were imaged
by fluorescence microscopy using an IN Cell Analyzer 2200 (GE Healthcare Life Sciences) and quantified
with IN Cell Developer Toolbox software. The density and area of insoluble mouse tau was assessed in
six regions of each well, and the density x area was normalized to the number of DAPI-positive nuclei.

The experiment was performed in triplicate, with three independent wells per condition.

2.13. Surface plasmon resonance

The affinity of anti-tau antibodies for tau was confirmed using s:.-face plasmon resonance to
measure the monovalent binding affinity of Fab fragments. Human 0! 14R .3u was biotinylated using KPL
SureLINK™ Chromophoric Biotin (Seracare Life Sciences, Milford, VIA) 1s per instruction in the
manufacturer’s manual. Binding kinetics and affinity analysis we = performed on a Biacore T200 with a
biotin capture chip and reagents (GE Healthcare Life Science ), ir binding buffer (10 mM HEPES, 150 mM
NaCl, 3 mM EDTA, 0.005% surfactant P20, 0.05% BSA; ~.." 7). Biotin tau was immobilized on a biotin
capture sensor chip at 10-50 pg/mm®. Dilutions of 3nti-.2u antibody Fab fragments were injected for
5 min and then washed out to monitor dissoc’ 1tio’. for 15 min, at a 30 uL/min flow rate. The chip was
regenerated to remove biotin-captured tz ' after each measurement with a 2-min injection of 6 M
guanidine, 0.25 M NaOH. Data were ana'y..>d v.ith BlAevaluation 3.0 software (Biacore, Uppsala,
Sweden). The association and dissoci~.u . n . ute constants were determined from fits of the data to a 1:1
kinetic binding model, or equilibri’*m a._sociation constants were fit from steady-state binding levels (for
zagotenemab). Fab fragments 'i1seu “or these experiments were generated by papain cleavage of human
IgG1/k versions of clinical ar iti-tc 4 antibodies. Mass spectrometry was used to confirm purity of Fab

preparation.

2.14. X-ray crystallography

The IPN0O2 Fab/tau peptide complex was prepared by mixing the IPNO02 Fab fragment at
10 mg/mL with a 5-fold molar excess of taug_,s peptide (EVMEDHAGTYGLGDRKDQ; GenScript,
Piscataway, NJ) in 25 mM HEPES pH 7.5, 100 mM NaCl. Crystallization was performed by the
nanodroplet vapor diffusion method at 4°C by mixing 200 nL of the complex with 200 nL of the reservoir
solution, which contained 100 mM Tris hydrochloride pH 8.5, 20% w/v polyethylene glycol 2000

monomethyl ether, 200 mM trimethylamine N-oxide as precipitant, and 100 mM non-detergent
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sulfobetaine 201 as an additive. Crystals grew to full size (200 um x 100 um x 100 um) in 1 week. The
crystals were harvested under an oil-based cryoprotectant (66.5% [w/w] Paratone-N, 28.5% [v/v]
paraffin oil, and 5% [v/v] glycerol) (Sugahara and Kunishima, 2006) and were flash-frozen in liquid
nitrogen.

Diffraction data were collected at beamline 31-ID of Advanced Photon Source at -173°C using a
Pilatus3 S 6M detector and processed in the monoclinic space group P1 using the program XDS (Kabsch,
2010). Data were integrated, reduced, and scaled using XDS in the monoclinic space group P1. The
structure of the IPNO02 Fab/tau complex was determined to 1.56 A resolution by molecular
replacement using the program Phaser (McCoy et al., 2007) in the CCP4 _iite (Winn et al., 2011), using a
previously published structure (PDB accession number 5B6F) as the s ‘arci model. Residues 15-22 of the
tau peptide were manually built into the F,-F. electron density mz p us'ng Coot (Emsley et al., 2010) and
the model was further refined using Phenix (Adams et al., 2010,. The progress of the model refinement
was monitored by cross-validation R, Which was compute.' fro.n a randomly assigned test set
comprising 5% of the data. The final model includes orZ ~“ab molecule, one tau;s_,, peptide, and 394
water molecules in the asymmetric unit. The final R -acucr 1s 22.8% with a Ry, factor of 26.8%. Atomic
coordinates and experimental structure facto’ s of .he IPN002 Fab/tau;s.,, complex have been deposited
in the Protein Data Bank with the accessicn numbcr 6PXR. Figures were prepared with PyMOL
(Schrodinger Inc., New York, NY). The int.i. ~ce area and the buried ratio were calculated using CCP4
programs PISA and AreaiMol (Krissin€: .na . enrick, 2007; Lee and Richards, 1971). Shape
complementarity between IPNOO2 ana :3u was calculated with S, (Lawrence and Colman, 1993). The

number of interface atoms was calu ‘lated using CCP4 program Ncont with maximum distance at 4.0 A.

2.15. Microscale thermoph. “esis

Microscale thermophoresis (MST)-binding studies with IPNO02 and tau peptides (GenScript)
were performed with a Monolith NT.115 instrument (NanoTemper Technologies Inc., San Francisco, CA).
NHS ester—coupled fluorescent dye (NanoTemper Technologies Inc.) was used to label IPN002, and the
temperature-induced change in fluorescence was detected as a function of the concentration of tau
peptides. The LED power was set at 95%, at which power the fluorescence counts were approximately
1000 units for all samples. The samples were loaded into capillaries coated with a hydrophobic layer.
Fluorescence was measured for 5 s, after which thermophoresis was started. Samples were heated for

45 s at 70% laser power, followed by 5 s of cooling. All experiments were replicated three times. The

13



average value of normalized fluorescence (F.om = fluorescence intensity after
thermophoresis/fluorescence intensity before thermophoresis) was plotted against the peptide
concentration, and the curves were analyzed using NanoTemper analysis software (Version 1.5.35;

NanoTemper Technologies, Inc.) to calculate the dissociation constant (Kp) values.

2.16. Capture ELISA to measure antibody levels in mouse plasma

Human ON4R tau (rPeptide, Watkinsville, GA), at 1 ug/mL in PBS, was coated overnight at 4°C in
96-well plates (Nunc MaxiSorp; Thermo Fisher Scientific). The plates were washed four times with PBS-T
and blocked with 300 pL of 1% casein in PBS (Thermo Fisher Scientific) .- 21 h. Standard curve samples
of IPNOO2 were generated by spiking IPN002 into diluted blocking bu’fer (\).1% filtered casein in PBS) in
a concentration series starting at 10 ug/mL, preceded by eleven 2 folu serial dilutions and including
buffer-only blank wells. Block was replaced with 50 pL per well ¢ € sample diluted 1:20,000 in 0.1%
filtered casein in PBS, or standard curve samples. Plates wer. inrubated for 1 h at room temperature
and washed four times with PBS-T. Goat anti-mouse |gZ . heavy-chain residues + light-chain residues)
HRP (Jackson ImmunoResearch Laboratories) dilute:( 1:0200 in 0.1% filtered casein in PBS was added
and incubated for 1 h at room temperature (1 10 )’ per well). Plates were washed thrice with PBS-T,
incubated for 5 min with 100 ulL per well ¢ TMB-ELISA substrate (Thermo Fisher Scientific), followed by
100 pL per well of 2N H,SO, to stop the rea_ticn. Plates were then scanned at 450 nm using a
SpectraMax microplate reader (Mole _ui.~ bevices LLC, San Jose, CA) and data analyzed using SoftMax

Pro Software (5-parameter curve i~ Mciecular Devices LLC).

3. Results
3.1. Binding properties of go ~uranemab anti-tau antibody
3.1.1. Gosuranemab binds tau monomer with high affinity

Gosuranemab was generated by humanizing the variable domains of the murine parent
antibody IPN002, and cloning for expression as a human IgG, heavy chain, containing the hinge-
stabilizing mutation S241P (Kabat numbering), with a human « light chain. Surface plasmon resonance
was used to confirm that gosuranemab retained the same high affinity for human ON4R tau monomer as
the IPNOO2 parent antibody. Association and dissociation rate constants for gosuranemab were
determined from data fit to a 1:1 kinetic binding model (Fig. 1A, red curves), as k, = 1.1 x 10° M*s™* and

ky=2.7x10%s?, respectively. On the basis of these numbers, the equilibrium dissociation constant, or
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monovalent binding affinity for gosuranemab, was estimated to be 0.3 nM (K + standard deviation = 0.3
+ 0.1 nM; Fig. 1A). A similar affinity for human ON4R tau was measured for IPNOO2 (Kp = 0.2 nM;
Supplementary Fig. 2). Monovalent binding affinities for other anti-tau antibodies (tilavonemab,
zagotenemab, UCB0107, and semorinemab) measured using the same assay platform were weaker and
estimated to be 13 nM, 260 nM, 85 nM, and 1.4 nM, respectively (Table 1 and Supplementary Fig. 3).
These monovalent affinities are generally consistent with previously reported bivalent affinities despite

differences in tau monomer coupling strategies (Supplementary Table 1).
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Fig 1. Characterization of tau binding by zr su.anemab. (A) Sensorgrams depicting results of surface
plasmon resonance analysis of the m sn. vaient affinity and kinetics of gosuranemab Fab binding to
human tau isoform ON4R. Dilutions oi Tosuranemab Fab at 0.39, 0.78, 1.56, 3.125, 6.25, 12.5 and 25 nM
(gray curves) were tested. The arcsod’'ation and dissociation rate constants were determined from fits of
the data to a 1:1 kinetic bindir.> mo ‘el (red curves). (B) Graphical depiction of the results of direct tau-
binding ELISA for bivalent ar.u *au monoclonal antibodies. The graph shows the titration curve for tau
monomer binding by ar .ihc Yies. Detection was at 450 nm with horseradish peroxidase—conjugated anti-
human IgG. Error bars repre “ent standard deviation from triplicate measurements (Supplementary
Table 4). RU, response uni..
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To compare intact antibodies for binding mono-dispersed tau, we performed a binding ELISA
with recombinant tau monomer coated at low density and bivalent versions of the clinical antibodies
tested by surface plasmon resonance. Similar to that previously reported for IPNOO2 (Bright et al., 2015),
the derived half maximal effective concentration (ECs;) value for gosuranemab binding to plate-bound
recombinant tau monomer was approximately 0.15 nM (Fig. 1B), independent of coating density. Similar
subnanomolar ECsq values were determined for tilavonemab, UCB0107, and semorinemab despite their

lower monovalent affinities, indicating that valency plays a role in this format (Table 1).

Monovalent affin ty} (I\_,) o

EC__ derived from ELISA .
50 derived fro:., “Fi

(nM) (nM,
Gosuranemab 0.15 0»_
Tilavonemab 0.32 1-
Zagotenemab 1.3 26U
UCB0107 0.29 85
Semorinemab 0.12 14

Table 1

Affinities of anti-tau antibodies for monome. ‘'« recombinant tau derived from either direct-binding ELISA
with bivalent monoclonal antibody, or S" R .. ‘th monovalent Fab fragment.

ECso, half maximal effective concentra=ian.

3.1.2. Gosuranemab binds prtho!~zical tau with high affinity

A number of cl...~ai ~t> e anti-tau antibodies have been shown to recognize pathological
aggregated forms of tau (Cr urade et al., 2018; Gibbons et al., 2018). To understand the biological
activity of gosuranemab, and whether gosuranemab can recognize forms of pathological tau that would
be characteristic of extracellular “tau seeds,” we immobilized gosuranemab and other anti-tau
antibodies in order to capture recombinant fibrillar 2N4R tau or diseased tissue-derived tau and
measure associations in solution. The ECs value for recombinant tau PFF binding to gosuranemab in this
capture format was 5 nM (Fig. 2A; Table 2). Similar EC5q values (3—5 nM) were observed for each of the
other anti-tau antibodies. These apparent affinities can only be interpreted in relative terms because
each fibril likely interacts with multiple antibodies, and many of the tau molecules in a bound fibril will

not participate directly in binding. Binding of gosuranemab to tau isolated from diseased brain tissue of
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individuals diagnosed with AD, CBD, or PSP was also examined using the tau capture ELISA. The ECs,
values for binding of gosuranemab to AD-tau, CBD-tau and PSP-tau were determined to be 3 nM, 8 nM
and 3 nM, respectively (Fig. 2B-D; Table 2). Although gosuranemab exhibited similar affinities for tau

from each disease, other anti-tau antibodies, i.e. tilavonemab and UCB0107, showed markedly weaker

’

affinities for tau from individuals with CBD relative to that from individuals with AD (Fig. 2B—D; Table 2).

EC,, (nM) Tau PFF AD-tau CBD-tau PSP-tau
Gosuranemab 5 3 8 3
Tilavonemab 4 7 25 12
Zagotenemab 3 6 11 4
UCB0107 4 5 38 NT
Semorinemab 5 3 7 NT

Table 2
Apparent affinities of anti-tau antibodies for patholog c2’ t~u derived by capture ELISA.

AD, Alzheimer’s disease; CBD, corticobasal degener-~tior., cCso, half maximal effective concentration; NT,

not tested; PFF, preformed fibril; PSP, progress.ve 'up: 3nuclear palsy.
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Fig 2. Characterization of pa’..~lu,.cal tau binding by gosuranemab. Graphical depictions of titration
curves from tau capture FLi"A fe r anti-tau antibody binding to (A) full-length recombinant human 2N/4R
tau fibrils, (B) AD-tau, (C) C.D-tau, (D) PSP-tau. Detection was at 450 nm with NeutrAvidin-horseradish
peroxidase. Standard errc was equal to or less than 0.07 ug/mL, 0.02 ug/mL, 0.04 pg/mL, and 0.03
pg/mL for each antibody in experiments with fibrils AD-tau, CBD-tau and PSP-tau, respectively. AD,
Alzheimer’s disease; CBD, corticobasal degeneration; PSP, progressive supranuclear palsy.

18



3.2. Structure of gosuranemab in complex with tau

To better understand the structural basis for the high affinity of gosuranemab, we determined
the crystal structure of the IPN0O2 Fab in complex with human tau peptide at 1.6 A resolution (Fig. 3A).
Taug_,6 peptide was used for crystallization in order to encompass residues 15-24 that were previously
reported to be involved in IPNOO2 binding (Bright et al., 2015). The statistics of crystallographic data are
summarized in Table 3. Only residues 15-22, however, were observed to have well-defined electron
density as shown in the composite omit map (Fig. 3B). The lack of electron density for the flanking
residues on the N and C termini suggests that these regions of the peptide are disordered and do not
interact with the antibody (Fig. 3B). The tau peptide has a type | B-turn . rmed by residues 16—19, with
one hydrogen bond formed between the carbonyl oxygen of G16 anc the Ymide nitrogen of G19, which
is further stabilized by one additional hydrogen bond formed bet\ /eer. A15 and G21. The key
interactions with the tau peptide are formed exclusively throug:. the complementarity-determining
regions (CDRs) of IPN0O02, with the major specificity-determ..~ing contacts contributed by CDRs 2 and 3
of the heavy chain (H2, H3) and CDR 3 of the light chair. ;' 3), and a minor contribution by H1, L1, and L2
(Fig. 3C; Table 4).
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Statistic

Data collection

Space group P1
Cell dimensions a, b, c (&), a (°), B (°), v (°) 42.7,49.0,58.7, 85.3, 83.1, 70.7
Resolution (A) 24.7-1.56 (1.61-1.56)°
Rmerge (%) 5.9 (63.8)°
1/a(l) 7.1(1.3)°
CC1/2 0.99 (0.52)°
Completeness (%) 95.8 (94.4)°
Redundancy 2.0(2.0)

Refinement®
Number of unique reflections 61.20s (6045)°
Rwork/Rfree N 225/0.268
Number of residues 438
Number of waters 294
RMSD bond lengths (A) 0.005
RMSD bond angles (°) 0.89
B-factors (A2) 16.8

Ramachandran regions (%) favored/allc ed/disallowed 98/2/0

Table 3

Crystallographic data collection and r :1. ~ei..ent statistics for IPNO02 Fab-tau;s ,, complex.
®Values in parenthesis are for highns. vesolution shell.

®TLS groups were used in the refine ment.

RMSD, root-mean-square deviatior, TLS, translation/libration/screw.
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Fig. 3. Crystal structure of IPNOO2 Fab with ta.* Heavy chain of IPN0O2 is displayed in cyan, light chain in
green, and tau peptide in orange. (A) To,y'e.. of the IPN0O02 Fab in surface representation looking
down onto the binding paratope. Ter ... a1 . esidues of tau peptide are labeled. (B) Tau peptide
conformation when bound to IPNOD2 ~ab from the structure, superposed with an omit electron density
map contoured at 3.00, shown a< n.~sh. In parentheses is the percentage surface accessibility for each
residue, indicating that tau residue. 15—-22 are mostly buried at the binding surface. (C) Detailed view of
the binding interface with k=, ‘.. face residues of IPN002 within 4 A of the tau peptide shown and
labeled; polar interactic ~s < ve ir dicated with dashed lines and interface water molecules shown as red
spheres.
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Tau residue IPNOO2 residue

A15 W100H

G16 W100H®

T17 W100H°, D101H?, Y37L, K55L

Y18 S99H, G102H, A103H, Y37L, E39L°, F94L, G96L, W101L
G19 R57H?

L20 G33H, T50H, S52H, S53H°, R57H, Y59H

G21 K31H, S53H

D22 S52H, S53H°, S54H°, S56H, R57H®

Table 4

Contacts between IPN0O02 and tau residues. A distance cut-off of 4.0 .\ wa. used.
® Hydrogen bond.

® Salt bridge.

L, light-chain residues; H, heavy-chain residues.

Some notable structural features of the IPNN0. -ta J interface include the complementary
hydrophobic and mt-stacking contacts made by “.ne side chains T17 and Y18 of tau that bury into the
VH/VL interface of IPN002, formed by residues <02, A103 of the heavy chain, and Y37, E39, F94, G96,
and W101 of the light chain (Fig. 3C). Additioi.~lly, the charged side chain D22 of tau is close to the
oppositely charged residue R57 of the PN 0! heavy chain, forming a salt bridge. At least eight pairs of
hydrogen bonds and numerous wa'er mediated hydrogen bonds stabilize the tau—IPN002 Fab complex
(Table 4), which indicates a strong nu stable interface. In total, 201 atoms are involved in the tau—
IPNOO2 contacts. Residues 7.5-22 uf the tau peptide have a total surface area of 916 A, of which ~60%
(554 A%) is buried at the ir..=riace with the IPN0O02 Fab, with tau residue L20 being almost completely
buried (Fig. 3B). The shape complementarity of the IPNOO2—tau interface is 0.77, which is higher than
that of an average antibody—antigen interface (0.7) (Kuroda and Gray, 2016). Collectively, these metrics
are consistent with the high-affinity binding observed for gosuranemab.

The importance of the molecular contacts seen between IPN002 and tau was substantiated by
alanine-scanning mutagenesis in an MST format, using tau peptides containing single alanine
substitutions for residues G16—D22 (Supplementary Fig. 4A; Table 5). IPNOO2 bound tauis_,, or tauss o4
peptides with similar micromolar affinities, consistent with the epitope spanning residues 15-22, as

shown in the crystal structure (Fig. 3). Alanine substitution of T17 or G21 reduced binding as measured
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by MST, whereas altering G16, Y18, G19, L20, or D22 eliminated binding (Table 5). Y18 of the epitope is a

known site for posttranslational modifications of tau, such as phosphorylation and nitration (Lee et al.,

2004; Miyamoto et al., 2017; Reyes et al., 2012). The crystal structure shows that Y18 is tightly packed at

the antibody interface with little room to accommodate these functional groups (Fig. 3C). Tau peptides

with phosphorylated (pY18) or nitrated Y18 (nY18) lost their ability to bind the antibody (Supplementary

Fig. 4B; Table 5). Taken together, the crystal structure and relevant MST studies confirmed that tau

residues 15—-22 constitute the epitope of IPN002, and that epitope posttranslational modifications can

alter antigen recognition.

Affinity by MST (uvl)

Peptide name Sequence

Taus AGTYGLGDRK 16

Tauss 2 AGTYGLGD 8

Taus_o4 G16A AATYGLGDRK No binding
Taugs, T17A AGAYGLGDRK >70
Tauss o4 pT17 AG(pT)YGLGDRK "« b ding
Taus o, Y18A AGTAGLGDRK N binding
Tauss o4 pY18 AGT(pY)GLGDRK No binding
Tauis_24 NY18 AGT(nY)GLGDR < No binding
Tauis_ps pT17/pY18 AG(pT)(pY)CLL"kn  No binding
Tauis_24 G19A AGTYALCORK No binding
Tauis_4 L20A AGTYGALDRK No binding
Taus s G21A AC'11 SLAORK >100
Taus_oa D22A S GV/GLGARK No binding

Table 5

Binding of IPNOO2 to tau peptides by MST.
MST, microscale thermophoresis.
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3.3. Functional properties of gosuranemab
3.3.1. Gosuranemab immunodepletes seed-competent tau from AD and PSP brain homogenates

To test if gosuranemab can reduce tau aggregation induced by tauopathy-derived tau in
biosensor cells, immunodepletion experiments were performed using AD brain homogenates and
various concentrations of gosuranemab. AD donors from early and late Braak stages were tested
individually for seeding activity and no clear relationship between Braak stage and levels of tau
aggregation in HEK293T tau biosensor cells was observed for this small cohort (Supplementary Fig. 5A).
AD brain homogenates that had significant seeding activity were tested individually or pooled for
subsequent studies (Fig. 4B and Supplementary Fig. 5C and 6). Immunot ‘voletion of AD brain
homogenates with gosuranemab resulted in a concentration-depend :nt 1 *duction in tau aggregation,
whereas immunodepletion with a control antibody had no effect Fig. 1B and Supplementary Fig. 5C and
6). Similar results were observed with individual PSP brain homc renates (Fig. 4C and Supplementary Fig.
5D). Empirical data from clinical trial NCT02460094 showea .hat ,erum C.. at day 57 for a gosuranemab
2100 mg cohort was 913 pg/mL (Boxer et al., 2019). ThZ ~osuranemab CSF:serum ratio was reported to
be approximately 0.4% across all doses tested and £ 2ne. 2.y similar between days 29 and 85, and
therefore CSF C,..x was approximately 30 nM. ot7 oly, 2100 mg is the administered dose in our phase 2
study of gosuranemab in participants witk AD (TA::GO, NCT03352557). Derived I1C5, values from our
brain homogenate seeding experiments "o, 7eu from 17-60 pM, well below the observed maximal
gosuranemab CSF concentration in th= 2 1L mg cohort and therefore concentrations used in the brain
homogenate seeding assays are tFrap. utically relevant. We examined the activity of gosuranemab in
the AD brain homogenate seering . ~say relative to that of other anti-tau antibodies, i.e. tilavonemab
and UCB0107. Both tilavon :ma. and UCB0107 had activity in this functional assay (Supplementary Fig.
6). The observations are co. sistent, i.e. all antibodies behaved similarly, with data derived from binding
experiments carried out using pooled AD brain homogenate from different donors (Fig. 2B and Table 2).
Similar functional experiments with CBD and PSP brain homogenates were not performed. These
experiments demonstrated that gosuranemab has high affinity for pathological tau seeds from AD- and

PSP-diseased brains that induce cellular tau aggregation.
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Fig. 4. Gosuranemab immunodepletes see 1-comp.tent tau from AD and PSP brain homogenates. (A)
Assay schematic. Brain homogenates were in.ibated with the antibody, after which immune complexes
were removed using protein A/G magne ‘ic 0...ds and the supernatants were transfected into HEK293T
tau biosensor cells. (B, C) Titration cu’ v. < L7 antibodies used for immunodepletion of brain homogenate
versus FRET signal from HEK293T t~u ~iosensor cells. Data were fitted to a non-linear regression curve;
each antibody concentration was te “ted in triplicate, error bars represent standard error of the mean.
IgG is an isotype control antibndy. ) A single AD donor (donor SN in Supplementary Fig. 5) was used to
generate AD brain homoger..~. .".e derived ICsy value for gosuranemab from this experiment was
approximately 60 pM. (") A <ing e donor (donor ZV in Supplementary Fig. 5) was used to generate PSP
brain homogenate. The de\ . /ed ICs, value for gosuranemab from this specific experiment was
approximately 38 pM. See Tupplementary Fig. 5C-D for experiments with additional donors. AD,
Alzheimer’s disease; FRET, fluorescence resonance energy transfer; I1Csq, half maximal inhibitory
concentration; PSP, progressive supranuclear palsy.
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3.3.2. Gosuranemab immunodepletes seed-competent tau present in ISF of rTg4510 tauopathy model

To investigate whether gosuranemab can bind seed-competent tau in ISF and reduce tau
aggregation induced by ISF in biosensor cells, immunodepletion experiments were performed using ISF
from the rTg4510 mouse model (Ramsden et al., 2005; Santacruz et al., 2005). ISF from multiple 11-
month-old rTg4510 mice was collected by microdialysis, pooled, and incubated with a concentration of
gosuranemab effective at depleting seed-competent tau from AD brain homogenate (Fig. 5A). HEK293T
tau biosensor cells were treated with the immunodepleted ISF, and tau aggregation was measured.
Naive ISF exhibited significant tau seeding activity and the control antibody had minimal effect on
reducing that activity; however, immunodepletion with gosuranemab re ‘uced ISF seeding activity below
the detection level of the assay (Fig. 5B). These results suggest that g »sur. nemab can interact with

extracellular seed-competent tau and has the potential to interru st ta 1 seeding and spreading in vivo.
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Fig. 5. Gosuranemab immunodepletes seed-competent tau from interstitial fluid (ISF) of rTg4510 mice.
(A) Assay schematic. ISF from 11-month-old rTg4510 mice was collected using microdialysis, and was
pooled and divided equally between different immunodepletion groups. (B) After immunodepletion, ISF
was added to HEK293 tau biosensor cells for tau aggregation induction. Each immunodepletion group
was tested in duplicate. Statistical significance assessed by one-way ANOVA (p=0.0022) with Dunnett’s
multiple comparisons test. *p=0.0961, **p=0.0039. FRET, fluorescence resonance energy transfer.
3.3.3. Gosuranemab prevents tau aggregation in mouse primary cortical neurons
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To investigate whether the presence of gosuranemab would interfere with the development of
intracellular tau pathology initiated by an extracellular tau seed, and to extend the analysis beyond
engineered cultured cells, we treated wildtype mouse primary cortical neurons with human AD-tau
enriched from AD brain homogenates, and measured insoluble tau inclusions with high-content cell
imaging (Fig. 6A). In the absence of AD-tau treatment, tau aggregation in the cultured mouse neurons
was nearly undetectable (Fig. 6B and C). For neurons exposed to AD-tau, there was a significant and
robust induction of tau aggregation. Preincubation of AD-tau with gosuranemab resulted in a
concentration-dependent reduction in tau aggregation, with the highest concentrations (4 and 8 ug/mL)
resulting in a maximum ~50% reduction in aggregation compared with #..>-tau alone , which was the
maximal inhibition observed in this assay. Preincubation with Tau5 at 4 pug ‘mL had a similar degree of

effect (Fig. 6B).
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mouse tau specific anti-tau antibody and quantified: density x area was normalized to the number of
DAPI-positive nuclei. Error bars indicate the standard deviation from n = 2—3 technical replicates,
representative of n = 3 biological replicates. Statistical significance assessed by one-way ANOVA with
Tukey’s multiple comparison post-hoc test. *p<0.05. Estimated 1Cs, for gosuranemab was 2 pg/mL. (C)
Immunocytochemistry images of gosuranemab inhibition of AD-tau induced mouse tau pathology in
neurons stained with R2295 (green) and DAPI (blue), scale bar 50 um. AD, Alzheimer’s disease; D, day;
n.s., not significant.

3.3.4. Gosuranemab binds extracellular tau in rTg4510 model

The ability of IPNOO2 to bind extracellular tau has been examin 'd previously, using 3.5-month-
old JNPL3 P301L transgenic mice and 5.5-month-old tau-4R/2N-P301l (v.n L2uven) transgenic mice
(Bright et al., 2015). Near-complete target engagement was obser* ! i1, .5F from JNPL3 mice and in CSF
from van Leuven mice treated with 60 mg/kg and 20 mg/kg of '"'"NuCZ, after 8 and 26 weeks of dosing,
respectively; IPNOO2 treatment decreased free human tau hv 94 in ISF and by 98% in CSF, compared
with IgG control-treated mice. For the purposes of examini.ig ti.~ level of target engagement in ISF and
CSF in a different model using newly developed, more - :ns.tive assays, and additionally the level of N-
terminal and mid-region tau after IPNOO2 treat ne.t, v.2 carried out a similar experiment in the rTg4510
mouse model (Ramsden et al., 2005; Santacruz ¢ " al., 2005). We matched the dose and duration of the
JNPL3 study since “free” or unbound N-termi.al tau in ISF was not zero for all animals dosed (Bright et
al., 2015) and extracellular tau levels (11sin 7 riid-domain assays) in rTg4510 mice are in the range of 20—
40 ng/ml (Sankaranarayanan et al., 2.15), three-fold higher than JNPL3 mice. The high levels of
extracellular tau observed in rTg«=~10L mice make it an attractive model for measuring tau target
engagement. Notably, tau pu.~aic gy was not examined in this study given that the highly aggressive
nature of tau depositicn ..> ti..2 model is presumed to develop in a cell-autonomous manner without
extracellular spread. Anim.z’s were dosed with IPN002 weekly at 60 mg/kg for 8 weeks (Fig. 7A). IPN002
concentrations in plasma were consistent with predicted exposure [~800 pg/mL (5.5 uM) maintained
after 14 days; Supplementary Fig. 6]. Mid-region and unbound N-terminal (i.e. not bound by IPN002) tau
in CSF and ISF collected 8 days after the final dose were measured using an ultrasensitive immunoassay
(see section 2.8). The concentrations of unbound N-terminal tau in CSF and ISF were reduced to
background levels in the IPNOO2-treated animals, relative to animals treated with the mulgG, isotype
control antibody (Fig. 7B, p < 0.001 for CSF and ISF). Mid-region tau levels in the CSF and ISF showed a

trend toward reduction but were not significantly changed in response to IPN0O02 treatment (Fig. 7C).
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The observed reduction of unbound N-terminal tau in CSF and ISF demonstrates that systemically
administered gosuranemab sufficiently entered the central nervous system and bound N-terminal

extracellular tau.
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3.3.5. Gosuranemab binds to tau in PSP and AD CSF

Data from a multiple ascending dose phase 1b study indicated that gosuranemab can bind tau in
the CSF of individuals diagnosed with PSP (Boxer et al., 2019). To assess if gosuranemab can also bind to
extracellular tau in CSF from individuals diagnosed with AD, an immunodepletion assay evaluating
varying concentrations of gosuranemab was conducted in antemortem AD, PSP, and HV CSF (Fig. 8A).
The concentration of gosuranemab effective at engaging all N-terminal tau in this assay (150 pM) is 0.5%
of the concentration circulating in patient CSF four weeks post administration of 2100 mg gosuranemab
(Boxer et al., 2019). After gosuranemab-tau immune complex removal, target engagement was deduced
from measuring residual levels of N terminus containing tau. As expecte . gosuranemab treatment
resulted in a concentration-dependent reduction in N-terminal tau in PSP ynd HV CSF (Fig. 8 B-C). A
similar trend was observed for AD CSF (Fig. 8D). Like PSP CSF, comr plev.» target engagement (as
demonstrated by the inability to detect N-terminal tau with our ‘ltrasensitive platform) in AD CSF was
observed with 150 pM gosuranemab (Fig. 8D). At this conce. trat.on, levels of mid-region tau
approached 50% of that measured in naive CSF, or CSF ..-munodepleted using control antibody (Fig. 8E-
G). These observations indicate that half of all mid-- 2gic > «au fragments have an intact N-terminus, and

suggest that approximately two thirds of all e* crac :llular tau could be targeted by gosuranemab.
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Fig. 8. Gosuranemab binds to extracellular tau in AD, PSP, and HV CSF. (A) Assay schematic. CSF was
incubated with the antibody, immune complexes were removed using protein A/G magnetic beads, and
supernatants were measured for unbound N-terminal tau (B-D) and mid-region tau (E-G) levels. (B—D)
Levels of unbound N-terminal tau measured in CSF immunodepleted with 10-fold serial dilutions of
gosuranemab starting at 150 nM: PSP CSF (B); HV CSF (C); AD CSF (D). (E-G) Levels of mid-region tau
measured in CSF immunodepleted with 10-fold serial dilutions of gosuranemab starting at 150 nM: PSP
CSF (B); HV CSF (C); AD CSF (D). Isotype control antibody (IgG) was added at 150 nM only. Data points
indicate technical replicates. Averages, SD and % CV of the technical replicates can be found in
Supplementary Table 6. AD, Alzheimer’s disease; CSF, cerebrospinal fluid; CV, coefficient of variation;
HV, healthy volunteer; PSP, progressive supranuclear palsy.

4. Discussion

On the basis of the hypothesis that a seed-competent, ext*w =nuiar tau species can transit from
cell to cell and propagate tau pathology throughout the brain, nwuh. ;e passive immunotherapies are
being developed with the intent of intervening in tau sprea~ (Ja.'hav et al., 2019). Gosuranemab has
been shown to be well tolerated, exhibit a long half-life, an .« eh. ~iently engage its intended target,
achieving up to 97% reduction in CSF unbound N-tern.’v.al *au in some clinical trial dosing cohorts (Boxer
et al., 2019; Qureshi et al.,, 2018). Here we desr.1b.» a =tailed investigation into the structural and
functional properties of gosuranemab. Our obse. 'ations have contributed to a better understanding of
the antibody, which will help inform future ti:~ls.

We have established that the hurr arized IPN0OO2 antibody retains high affinity for tau; the
monovalent binding affinity of gosi‘ra.~emab for recombinant tau was determined to be approximately
0.3 nM. Gosuranemab binds botr. *au monomer and fibril with subnanomolar affinities. In the absence
of a clear understanding of *... ia.itity and biophysical and biochemical properties of extracellular seed-
competent tau, high af.ir.;*v . gosuranemab for multiple tau forms is advantageous, as it suggests that
interaction with extracell.!.r soluble tau and aggregated tau species is possible. While at this point in
time, the exact nature of seed-competent tau is unknown, it is clear from the literature that assembly
into aggregates requires sequence in the tau MTBR (residues 243-368). Based on multiple reports, very
little tau is present in human CSF beyond residue 224 and full-length tau has only been detected at low
levels, approximately 1pM (Chen et al., 2019; Guix et al., 2018). While high affinity is undoubtedly
important for engaging tau, in particular in the extracellular space where levels of tau seeds are so low,
specificity for tau seed may prove critical for efficacious tau immunotherapies in humans. Treatment of

preclinical models with various antibodies have hinted that specificity, or epitope, could be key for
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reducing tau pathology (Albert et al., 2019; d'Abramo et al., 2013), with the caveat that these studies
relied on human tau transgene expression driven by heterologous promoters resulting in tau production
at non-physiological levels throughout different brain regions. We examined two of these humanized
antibodies (i.e. zagotenemab and UCB0107), alongside two other anti-tau antibodies currently being
tested in clinical trials. We show that the gosuranemab variable domain has a higher intrinsic affinity for
monomeric tau than tilavonemab, zagotenemab, semorinemab, or UCB0107. In some cases, these lower
affinities correlated with reduced binding to insoluble tau (CBD or PSP) relative to gosuranemab. The
pattern of aggregated tau can vary between diseases, with variations observed in tau isoform patterns,
phosphorylation, and conformation (Arendt et al., 2016). Cryo-electron - :icroscopy has revealed
distinctive folds adopted by tau from patients with Pick’s disease and CBL_ neurodegenerative disorders
characterized by 3R tau and 4R tau, respectively (Falcon et al., 20" 8; 2 ang et al., 2020), and AD tau
which is comprised of both 3R and 4R tau (Fitzpatrick et al., 201."\. This suggests that an additional tau
fold might also exist for the 4R tauopathy like PSP. This coui.' tra islate to inaccessible epitopes for
specific antibodies and explain the differences we obse. .=d in their binding to disease tau.

The high affinity of gosuranemab for tau fro m u.“zrent tauopathies (AD, CBD, and PSP), and its
ability to inhibit tau seeding activity of AD anr’ PSP brain homogenates, suggests that the gosuranemab
epitope (mapped to residues 15-22 in thiz study) . present in seed-competent tau species from these
tauopathies. Structural models of tau fib’ u. ~01.5tructed from cryo-electron microscopy and solid-state
nuclear magnetic resonance generall* <~ r..c show residues 15—22 that are considered dynamic and
solvent accessible (Bibow et al., 20 (1; L 2ebel et al., 2012; Dregni et al., 2019; Falcon et al., 2018;
Fitzpatrick et al., 2017; Lippen- anu Gigant, 2019; Schwalbe et al., 2014). The binding profile of
gosuranemab indicates tha it ay be able to recognize a variety of different tau conformations found in
pathological tau aggregates

The crystal structure and epitope mapping studies provided detailed insights into the binding
properties of gosuranemab. First, we refined the epitope of gosuranemab from that previously reported
(Bright et al., 2015) to residues 15—22 of tau. This region of tau is fully conserved between human and
cynomolgus monkey, but differs significantly from mouse, rat, dog, or guinea pig. Second, the extensive
buried surface area comprising the tau—gosuranemab interface in the crystal structure is consistent with
the high affinity of gosuranemab for tau, deduced from binding studies. Third, the crystal structure
revealed that tau residues T17 and Y18 are packed tightly at the gosuranemab VH/VL interface and

suggested that this pocket would be unable to accommodate post-translational modifications. pY18 tau
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has been detected in the intracellular neurofibrillary tangles of brains of individuals with AD (Lee et al.,
2004), and elevated pY18 levels correlate with an increase in phosphorylation at the AT8 epitope, an
established marker of tau pathology (Bhaskar et al., 2010; Neddens et al., 2018). Tau Y18 is
phosphorylated by Src family kinases Fyn and Lck, which have been implicated in neurodegenerative
diseases (Bhaskar et al., 2005; Lee et al., 2004; Scales et al., 2011; Usardi et al., 2011). Tau Y18 is also
susceptible to nitration (nY18) and serves as a pathological hallmark for several tauopathies (Reyes et
al., 2012; Reyes et al., 2008); however, the significance of nY18 is unknown. For these reasons we chose
to investigate gosuranemab binding to modified tau peptides by solution-base binding techniques, i.e.
MST. Our crystal structure indicated that gosuranemab-bound tau;s_», a::2pts a beta-turn conformation.
Structural studies of full-length tau with NMR and cryoEM (Fitzpatricl et a'., 2017; Mukrasch et al.,
2009) indicate that the region immediately upstream of the gosur anei yab epitope is involved in long-
range contacts which potentially stabilize the beta-turn. These 1. ng-range contacts and putative
stabilizing effects are missing from peptides we used for M>~ wl.ich could account for the micromolar
affinities we measured, rather than nanomolar affinitie. ‘e observed with SPR and ELISA. Affinities
measured with MST have been reported to deviate ‘ron. *ii0se measured using other experimental
formats like SPR (Miles et al., 2013). Neverthe 'ess. MST revealed that when tau T17 and Y18 residues
were phosphorylated, or Y18 was nitratec the birJding of gosuranemab was dramatically reduced.
Although Y18 has been validated as a tat’ p.>osihorylation site in human brain tissue using
immunocytochemistry, the spatial dicu.“u..on and function of pY18 tau is primarily intracellular (Kanaan
et al., 2012; Lee et al., 2004). Phos*hot ,'ated Y18 or nY18 forms of tau in CSF have not been reported,
and phosphorylation of extrac~llula * tau from induced pluripotent stem cells-derived cortical neurons
was rarely detected at Y18 ind .'nly observed at residues T181, S202, and T231 (Bright et al., 2015). The
lack of reported T17 and Y. modifications on extracellular tau suggests that gosuranemab should bind
to the majority of extracellular N-terminal tau forms that contain residues 15—-22 and should impede tau
spreading. Indeed, the seeding activity of AD brain homogenate is completely removed by
gosuranemab, indicating that pathological tau seeds are not modified at T17 or Y18.

As shown by us and others, tissue homogenate derived from brains of individuals with AD or PSP
can readily induce tau aggregation in cells (Courade et al., 2018; Mirbaha et al., 2015; Sanders et al.,
2014; Woerman et al., 2015). We have demonstrated with experiments using biosensor cells that
gosuranemab can bind forms of tau thatt seed intracellular tau aggregation, at relevant therapeutic

concentrations. Empirical data from clinical trial NCT02460094 showed that serum C,,,, at day 57 for a
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2100 mg cohort was 913 pg/mL (Boxer et al., 2019). The gosuranemab CSF:serum ratio was reported to
be approximately 0.4% across all doses tested and generally similar between days 29 and 85. Therefore,
we expect ~30 nM gosuranemab in CSF. Of note, the same gosuranemab dose (2100 mg) has been used
in our phase 2 study of gosuranemab in participants with AD (TANGO, NCT03352557). We derived an
ICso range of 25—60 pM and 17-40 pM for gosuranemab in the cellular tau aggregation assays using
individual AD and PSP donor brain homogenate, respectively. These concentrations represent
approximately 0.1% of the circulating concentration of gosuranemab in NCT02460094 clinical trial CSF.
Tilavonemab and UCB0107 performed similarly to gosuranemab in our functional assays using AD brain
homogenate, consistent with results from AD brain homogenate binding, ~xperiments derived by ELISA.
The majority of tau seeds contained in the brain preparations used fc - oui assays, however, are
presumably of intracellular origin. Here we have shown for the fir it tir. e that ISF derived from rTg4510
mice contains seed-competent tau [previously demonstrated fo. tfransgenic CSF (Takeda et al., 2016)]
and that gosuranemab can completely thwart cellular tau ag regation induced by ISF. Tau (N-terminal
and mid-region fragments, and full-length) levels in hu~...n CSF are estimated to be approximately 30
pM (Chen et al., 2019; Guix et al., 2018). The molar ' atiu. of gosuranemab:tau used in our biosensor
experiments are therapeutically relevant (apr oxiraately 100:1 and 200:1 for brain homogenate and
transgenic ISF, respectively), less than the redicte d molar ratio of gosuranemab:tau in human CSF
derived from gosuranemab concentratio s Mecsured for a 2100 mg cohort in clinical trial NCT02460094
(1000:1). While these data point at tke 2owcntial of gosuranemab to impede tau seeding activity, these
observations were made using an ~ngir. >ered cell line expressing non-physiological levels of an
aggregation-prone mutant tav Fur.™er, our biosensor cell experiments involved immune-complex
removal and transfection ir to c. lls, when in vivo gosuranemab would persist in circulation at levels
influenced by pharmacokin. tics and depend on physiological mechanisms to potentially be taken up by
cells. While we never observed “spontaneous” aggregation in our biosensor cell model, implying a strict
criterion for tau seed presence (Supplementary Fig. 5A), the aggregates formed may not reflect the type
of aggregate that is present in the brains of patients. These studies may not have generated the
aggregate that most closely resembles native aggregation, however they have demonstrated the impact
of gosuranemab treatment on seeding related to the specific material used (brain homogenate and ISF).
The ability of gosuranemab to prevent the induction of tau aggregation is not unique to the
biosensor cell system because gosuranemab was also able to impede the aggregation of endogenous tau

in wildtype mouse primary cortical neurons. We estimate the 1Cs, for gosuranemab to be ~2 pg/mL (14
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nM) in this assay, which is approximately half the maximal concentration of gosuranemab in CSF from
the NCT02460094 clinical trial 2100 mg cohort. Notably, in this assay the inhibitory effect of
gosuranemab treatment appears to reach a maximum of 50%, a similar extent of inhibition as that
resulting from treatment with the mid-region recognizing anti-tau Tau5 antibody. We speculate that this
plateau of inhibition may result from dissociation of the tau-antibody complex, degradation, or
sequestration of the antibody spatially into cellular compartments where it is unable to bind tau.
Importantly, the ability of AD-tau to seed tau aggregation in mouse neuronal cells was reduced in the
presence of tau—gosuranemab complexes, suggesting that the effect of gosuranemab does not rely on
the removal of the immune complex. While the mouse neuron experime “ts hint at the prospect of
gosuranemab as a means with which to impede or slow tau seeding z -tivi.y, these in vitro observations,
like those made with the biosensor cell experiments, utilized a sir iple "ystem devoid of multiple cell
types and lacking the complexity of organ tissue. Dosing rTg451. mice with gosuranemab revealed that
virtually all extracellular N-terminal tau is bound to gosuran.mat, as evidenced by an inability to detect
gosuranemab-unbound tau in both antemortem ISF arZ 7SF. This indicates that gosuranemab can
access the brain parenchyma and ISF and that tau hindi..5 in ISF correlates with tau binding in CSF.
Taken together, along with our biosensor and noi se neuron experiments, our data show that
gosuranemab can efficiently bind extrace!'ular tau seeds and potentially block tau spreading. However,
as communicated above, cautious interp <. ~tic is warranted given that transgenic models are not an
accurate reflection of human disease . ~aw..e of the unnatural regulation of the human tau transgene.
The experiments described here 2-2 un.’kely to be completely predictive of in vivo efficacy and the
treatment benefits of gosuran~ma. ultimately rely on clinical trial readouts.

Using an ultrasensi’ ive » nmunoassay to measure mid-region tau, we observed a reduction of
approximately 50% in mid-, ~gion tau in human CSF after immunodepletion with gosuranemab,
irrespective of disease classification, suggesting that half of fragments in CSF have an intact N-terminus.
However, using the same platform to measure tau in transgenic mouse ISF and CSF after 8 weekly doses
of 60 mg/kg gosuramemab, we found that while nearly all extracellular tau with an intact N-terminal
epitope was bound by gosuranemab, the concentration of mid-region tau in transgenic mouse ISF and
CSF was not significantly lowered. This is consistent with CSF measurements taken from healthy
participants and individuals diagnosed with PSP who were dosed with gosuranemab (Boxer et al., 2019;
Qureshi et al., 2018). While our ex vivo experiments indicate that likely half of all mid-region tau

fragments have an intact N-terminus, the nature of the assay measuring mid-region tau from ISF and
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CSF does not distinguish between gosuranemab-bound and gosuranemab-unbound mid-region
populations. We demonstrate that gosuranemab can bind full-length tau, conceivably the most likely
extracellular culprit accountable for seeding, with subnanomolar affinity, and we expect circulating
gosuranemab will engage all full-length tau in CSF with the administered AD phase 2 clinical trial dose
(2100 mg).

It is notable that although the preclinical data support gosuranemab as a potential treatment
both for primary tauopathies (e.g. PSP) and for secondary tauopathies (e.g. AD), gosuranemab failed to
demonstrate a clinical benefit for patients with PSP in the recently completed PASSPORT trial
(NCT03068468). On the basis of our characterization of tau binding, the . ffinity of gosuranemab is
unlikely to explain the failure of the PASSPORT trial to reach its primz "y er dpoint, which was a
significant change in PSP Rating Scale score from baseline. Gosurz nen.1b is still under investigation for
AD (TANGO, NCT03352557), a tauopathy that is pathologicallv a.°d clinically distinct from PSP.
Gosuranemab is thought to target tau pathogenesis that occ 'rs via a spreading mechanism. This
mechanism may pertain more to AD, where the patter~. >f pathologic tau distribution correlates well
with age and disease severity, in line with the Braal stag =g scheme (Arendt et al., 2016; Cope et al.,
2018; Nelson et al., 2012). In PSP, pathologic * 1u d :posits are most prominent in the midbrain and deep-
brain nuclei early in the course of Richardz-on’s syr. Jrome, the most common clinical variant of PSP
(Cope et al., 2018), with spread to cortic7.i1 ~gicins observed mostly in the advanced stages of the
disease (Boxer et al., 2017). In AD, thr.i is .. clear correlation of tau burden with clinical symptoms
(Nelson et al., 2012), but no such ~arreiction is observed in PSP. Tau pathology in AD is exclusively
neuronal, consistent with tran~neu. “nal spread (Arendt et al., 2016; Cope et al., 2018). In PSP, on the
other hand, pathologic tau ;pec’=s have also been observed in non-neuronal cell types (i.e. astrocytes
and oligodendrocytes) (Are. dt et al., 2016), suggesting a mechanism beyond neuronal spread. Further,
elevation of CSF tau levels in AD, but not PSP, suggests different mechanisms for the diseases (Boxer et
al., 2017; Lashley et al., 2018; Shi et al., 2016). Thus, a failure to demonstrate efficacy in the PSP trial
cannot be viewed as predictive for the potential outcome of clinical studies in AD.

In conclusion, we have shown that the anti-tau monoclonal antibody, gosuranemab, exhibits
high affinity for its intended target, N-terminal tau, and can bind extracellular tau species. The ability of
gosuranemab to impede extracellular tau seeds and prevent intracellular tau aggregation, and the
tolerability and safety of the antibody observed in clinical trials, provide continued optimism for ongoing

trials of gosuranemab and other tau-targeted immunotherapies in AD.
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Highlights

Gosuranemab, an anti-tau antibody, is being studied for Alzheimer’s disease.
Gosuranemab bound to tau with high affinity.

Gosuranemab inhibited pathologic tau—induced tau aggregation in cells.

Structure/activity of gosuranemab—tau complex showed that the epitope was tau;s_»,.

Gosuranemab bound extracellular tau in interstitial and cerebrospinal fluid.
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