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The blood brain barrier (BBB) and its effect on
treatment strategies for central nervous disorders
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« The BBB controls the transport of hydrophilic substances (e.g. antibodies) from the
periphery into the CNS

« Sufficient exposure in the central nervous system is the major hurdle.
« Approaches to bypassing the blood-brain barrier are under development.

Terstappen et al. Nature Reviews | Drug Discovery 2021



Brain delivery technologies

Spectrum of brain delivery technologies
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Synthetic nanocarriers for non-invasive brain delivery
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and routes to cross the BBB.

Different mechanisms
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https://www.sciencedirect.com/science/journal/00283908

Transcytosis by the transferin receptor to overcome
the BBB
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The most well-studied BBB target for brain delivery is
the transferrin receptor (TfR),

Early studies with antibodies that bound to rat and
mouse TfR showed increases in brain exposure
relative to control antibodies, demonstrating the
potential of targeting the TfR for BBB transcytosis

Although these antibodies accumulated in brain, they
were later found to be mostly trapped within the brain
endothelium.

More recently, low-affinity antibodies that bind
monovalently to human TfR (hTfR) were shown to
improve brain uptake in mice and nonhuman
primates.

An anti-Ap antibody fused at its C terminus to an
anti-TfR single-chain Fv (scFv) showed improved
brain A reduction in a mouse model of Alzheimer’s
disease (AD) as compared to the parental antibody.



BLOOD-BRAIN BARRIER
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Modularity and engineering of the TV platform
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Structural characterization of TV35 in complex with hTfRarical

Open book view of the TV35 CH3:hTfRa@ pinding interface
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ATV:BACEL1l is internalized into human cells in a dose-
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Example of TV platform applied to a bispecific antibody
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PKPD and brain distribution of ATV:BACE1 in TTRmu/hu KI mice.
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PKPD of ATV.BACE1L in nonhuman primates.

Immunohistochemistry
of the ventral cortex
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ATV:BACEL1 were 26- to 35-fold higher than that of anti-BACE1

32 to 69% reduction in SAPPB/a as compared to control IgG



Comparison of plasma and brain exposures across

% [hulgG1] ratio
o

0.001

species.
Cynomolgus monkey Mouse
| 10 1
T &
. n.s. o « Control IgG
+= ns. ™ L A « Anti-BACE1
¢ = S % - « ATV:BACE1
V& :
T T : T
CSF:plasma Brain:plasma Brain:plasma



Summary

A highly modular TV platform that binds a brain endothelial cell-enriched target (TfR) to
enable brain delivery of biotherapeutics has been developed

TVs were engineered using directed evolution to bind the apical domain of the human
transferrin receptor (hTfR) without the use of amino acid insertions, deletions, or unnatural
appendages.

A crystal structure of the TV-TfR complex revealed the TV binding site to be away from
transferrin and FcRn binding sites, which was further confirmed experimentally in vitro and
in vivo.

Recombinant expression of TVs fused to BACE1 Fabs yielded antibody transport vehicle
(ATV) molecules with native immunoglobulin G (IgG) structure and stability.

Peripheral administration of anti-BACE1 ATVs to hTfR-engineered mice and cynomolgus
monkeys resulted in substantially improved CNS uptake and sustained pharmacodynamics
responses.
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Introduction

To tackle the problems of current approaches to
the treatment of tauopathies, such as low
specificity toward Tau protein, difficult quality
control, and inefficient BBB penetration, aptamers
capable of selective binding to defined targets are
being considered as an alternative therapeutic
strategy.

Aptamers capable of selective binding to defined
targets are being considered as an alternative
therapeutic strategy.

Chemically synthesized aptamers can be
reproducibly scaled up, and they are more readily
modified with functional groups to meet specific
therapeutic and diagnostic needs.

Emerging aptamer probes relevant to the central
nervous system (CNS) appear to display
protective benefits in the context of neuronal
functions or neurodegeneration, as well.
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Tau aptamer discovery by “Systematic Evolution of
Ligands by EXponential enrichment (SELEX )” and
characterization workflow
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Schematic of formation of circular Tau and transferrin
receptor (TfR) bispecific aptamer
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Specific binding tests of Tau, TfR, and Tau-TfR bispecific
aptamers against Tau 441 protein and Tau peptide targets
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Flow cytometry and confocal microscopy analysis
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Brain and blood exposure to circular Tau-TfR
bispecific aptamers.
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ELISA assessment of TBl-related biomarker levels
In different brain tissues of untreated or aptamer-
treated hTau mice after CCl surgeries
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Y-maze behavior test to evaluate the effects of circular
aptamer on improving spatial memory of hTau mice
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Summary

The synthesis of a circular bifunctional aptamer to enhance the in vivo
BBB penetration for better tauopathy therapy has been reported.

The circular aptamer consists of one reported transferrin receptor (TfR)
aptamer to facilitate TfR-aptamer recognition-induced transcytosis
across BBB endothelial cells, and one Tau protein aptamer

This novel circular Tau—TfR bifunctional aptamer displays significantly
iImproved plasma stability and brain exposure

It also exhibit the ability to disrupt tauopathy and improve traumatic brain
iInjury (TBI)-induced cognitive/memory deficits in vivo, providing
Important proof-of-principle evidence that circular Tau—TfR aptamer can
be further developed into diagnostic and therapeutic candidates for
tauopathies.



Distinct engineering of brain cargos might lead to
Improved properties

Adptamers

«  Small

* Production can easily be scaled up
« High specificity and affinity

* High chemical stability

* Low immunogenicity

» Able to target specifc protein-protein
interactions

* Can be easily be modified with
functional groups

Transport vehicle (TV)

+ Natural IgG Fc structure without linkers or

appended sequences

+ Monovalent, optimized affinity binding to

avoid vascular trapping and TfR degradation

+ Ability to introduce or silence effector function

* Ability to deliver antibodies (ATV), enzymes

(ETV), proteins (PTV), and ASOs (OTV)

Higher brain exposure
Greater modularity
Longer half-life

Better safety

Both approaches need further validation in clinical studies, but these
technologies might translate into suitable therapeutics for several

diseases.
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