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Getting Biologics Into the Brain
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The blood brain barrier (BBB) protects the brain and prevents most
therapeutics, including antibodies and most other large and small molecules,
from passing through blood vessels into the brain.



Trojan Horse Approach to the BBB

Receptor-mediate transfer without disrupting the barrier

Desirable properties of a BBB shuttle:

e Rapid — immediate uptake to the parenchymal

e Efficient — high capacity transfer

e Potent — effective at low therapeutic doses

e Versatile — works with multiple types of cargo

e Safe —unaltered transport of endogenous ligand
e Translatable — rodent/human cross-reactivity
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TfR1 VNARs with vastly greater BBB transfer were isolated
using combination of in vitro/in vivo phage selection

; 1

AN A Brai

B _ rain and parenchyma

lopannin -

wi?h TfR'|g Engineering fusion ?[_eineutr;e‘)‘zc_);\)
therapeutics 9

M N F|gure8and9 <R
8 §k .@,ﬁ therapeutic
optimisation

Animal
functional assay
B,
&

Brain in Vivo
extraction .
selection

‘_

& clone
\Phage .
rescue Detect selection
o @ enrichment
£ pA by NG 0o N
(Figure 2) EH

essss)

VNAR-Fc e
synthesis Binding to TfR1

by ELISA (Figure 3)

\Figure 1. Schematic of the selection using synthetic VNAR phage library, clone selection and therapeutic optimisation. /




VNAR phage clones enriched in the brain were
identified by next generation sequencing (NGS)
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VNARs formatted as bivalent Fc fusions were screened
for brain uptake after a single 2 mg/kg, IV dose
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B2-hFc was far superior to any other VNAR to TfR1 identified to date

Clone 31 & 15 were the next best and 5 other have appreciable uptake,

which would be more apparent at higher doses




Conc. [nM]

12

10

Brain uptake is rapid, robust & prolonged at
therapeutic doses

Single ascending dose: 18 hr post inj

1.875 mg/kg |_— —e—AL-hFc
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Brain uptake is readily detected 18 hr
after < 2 mg/kg
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Time course of single dose: 2 mg/kg
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Brain uptake is detectable 1 hr after
IV injection & the level increases for
at least 18 hr



VNAR binds the apical region of TfR1, distant from
the transferrin binding domain
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Gareth Williams, King’s College London



Immunohistochemistry shows transfer of the lead TfR1 VNAR
across blood vessels and into the parenchyma & neurons
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18 hrs after single IV injection; IHC for human Fc after cardiac perfusion



Two-photon imaging shows transfer of a TFR1-VNAR/CD20
bispecific antibody to the brain parenchyma
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Time course after 4mg/kg, IV of Alexa488 labelled antibodies



Reduction in body temperature mediated by neurotensin
(NT) as a physiological measure of parenchymal transport
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A truly effective BBB carrier system opens up a wide range of
therapeutic mechanisms and options for CNS disease

Therapeutic Areas

ul Neurodegeneration
ul Neuro-Oncology

I Neuropathic Pain

ul Neuroinflammation
ul Enzyme Replacement
ul Growth Factors

i Oligonucleotides
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