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Delivering Genes across the Blood-Brain-Barrier
and Mapping Projections Brain-Wide:
AAV engineering and Tissue Clearing




rAAV transduction of a neuron
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Overview of AAV use In the nervous
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s in the brain

5. Retinal gene therapy

7. Designer rAAVs for systemic delivery to the
CNS and PNS: rAAV-PHP.B, PHP.eB, & PHP.S




Engineering Vectors for Efficient Delivery of
Therapeutics to the Whole Brain

Agents of interest: neuroprotective growth factors, labels for circuit anatomy to inform DBS




In vivo selection for AAV capsids with more
desirable properties

AAV capsid
library
S select and characterize

e O improved capsids
%

recover capsid sequences that
target cells/organ of interest



Whole-body PARS for viral
biodistribution
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PARS = Perfusion-Assisted Agent Release in Situ



Whole-body tissue clearing by PARS for viral biodistribution
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Brain-wide gene transfer
via systemic delivery in adult rodent
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Long Lasting Expression

377 days post-injection
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AAV-PHP.eB delivering a vector with a Purkinje cell type-specific promoter driving GFP
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AAV-PHP.eB delivering a vector with an inhibitory enhancer specific to the forebrain driving mRuby2
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Widespread AAV-mediated delivery for neuronal
activity dynamics recording during behavior
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Broadly transducing AAVs permit brainwide transgene
expression and facilitate neurite tracing.
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A two-component approach decouples color diversity from labeling density
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Sparse Stochastic Multicolor
Labelling for Genetic Tracing

High dose inducer Low dose inducer



Noninvasive behavioral control:
modulation of dopamine neurons with systemic AAVS
and DREADDS changes locomotion

________

Systemic PHP.eB in
TH-Cre+ animals
delivers
hSyn-DIO-hM3Dg-mRuby2

(5x10%t vg, IHC at 3.5 weeks)



Anatomical Analysis and Tracing

Viral Vector-Based Labelling Methods Light Sheet Microscopy

Tissue Clearing

Multicolor Labelling

Genetically Encoded
Neural Activity Indicators
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Activity Monitoring and Control
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AAVs — potential developments

// N @ \
P
Y @
) N 7 v ‘ﬁ’
e ' 4
: ' Region
_ 'l“ specific
G AN
Vi
//}E\ (S}
&
&
E 'X‘k‘ Packaging
< capacity




Engineering designer AAVs for neuroscience
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Systemic AAVs

D neuron biased tropism  astrocyte biased tropism E rAAV9 rAAV-PHP.S

rAAV-PHP.B rAAV-PHP.eB
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Current applications of AAVs: Pre-clinical (15t row) and Clinical (2"9 row)
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Purkinje cell restricted expression with
IV AAV-PHP.eB and the PCP2 promoter

Purkinje cells
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Achieving cell type-restricted expression with
systemically delivered AAVs
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Methods for cell type-restricted
expression in the CNS
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