Adeno-Associated Virus (AAV) in Gene Therapy

* What are AAVs?

* Viruses that occur naturally in the environment?
* Do not cause symptoms or disease in people?

* Why are they used in gene therapy? | T Working
* Efficient at delivering new genes to cells? viral _| o (@8 * we"! |
* Different types of AAVs exist and can be tailored to vector

target specific types of cells?

* How are AAVs (vectors) used for gene
therapy?

* Viral gene is removed from the AAV vector
* New working gene inserted
* AAV vectors deliver the working gene to target cells’
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AAV Vectors Contain the Working Gene

* |nside the AAV vector is the Gene

Therapy Package . 2% ]—ceneTherapy
. M ' \‘ Package
ol

* Atransgene which is the new ve’;ﬁ,‘:_

working gene that will be o
delivered k '

* A promoter which directs the

transgene to “turn on” in
selected cells — like heart -l-
muscle cells
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Steps to Constructing Recombinant AAV Vectors

rAAV vectors have been designed to be non-pathogenic?!

Delete natural or WT viral genes
Virus becomes replication
incompetent

X

Replication Capsid 3
ITR Genes Genes ITR

AAV Virus - WT Genome

The virus has a linear single strand
of DNA inside a protein capsid, and
the DNA has two native (WT)
genes that are used for virus
replication?

* c Promoter

Replace with a
transgene cassette

Terminator 3

ITR ITR

Transgene Cassette

The native genes are replaced
with a transgene cassette that
contains the healthy or working
version of the gene and a
promoter to direct expression in
specific cell types?

rAAV, recombinant adeno-associated virus; WT: Wild Type; ITR: Inverted Terminal Repeat; kb, kilobase.
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Place cassette into
empty viral capsid

A’\
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WT-AAV ’ Transgene
linear DNA id is inserted
is removed Capsi
AAV Vector

The payload capacity of AAV
vectors is limited to =4.5kb of gene
sequence (4.7kb with regulatory
elements)

The small packaging size limits the
delivery of a large therapeutic
genes?



From Wild Type AAV to Recomblnant AAV
Vector

WT AAV

* rAAVs are composed of the same

capsid sequence and structure as

found in WT AAVs 07 ,FF;- — 3 DNA
- However, rAAVs encapsidate " e e "

genomes that are devoid of all AAV _

protein-coding sequences and Recombinant AAV

have therapeutic gene expression

cassettes designed in their place -
* The only sequences of viral origin c S romoter _ Terminator gR

ITR

are the ITRs

The complete removal of viral coding sequences

maximizes the packaging capacity of rAAVs and
contributes to their low immunogenicity and cytotoxicity
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The Key Components of Recombinant AAV

Capsid: Vehicle by
which the transgene is
delivered to the target

cell

I'T

ITRs: At the extremities of the vector
DNA, allow encapsidation and promote
the synthesis of a double-stranded DNA

genome

F

Promoter: Switch that initiates
the expression of the
transgene, can be tissue-
specific
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'" DNA, | tary DNA
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Transgene:
cDNA coding for
the desired gene

Polyadenylation signal:
Allows synthesis of a
MRNA transcript with a
poly-A tail



Sample MoA: TN-201 Construct and Mechanism of Action

TN-201 targets
cardiomyocytes

TN-201is
administered
by a one-time }

AAVO viral IV infusion \ y d
vector \ < ‘
; AAV9 vector delivers p pf Sov §
. working MYBPC3 gene > \
Viral DNA to nuclei of 3 \
removed ~ cardiomyocytes .

Normal

) &

MYBPC3
gene with
. . cardiac
Viral DNA‘IS removed specific e
and working promoter .
MYBPC3 gene is inserted The working MYBPC3 gene

inserted restores functional myosin
binding protein C to treat
the genetic cause of HCM
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Gene Therapy Using AAV

Gene therapy aims to provide sufficient gene expression cardiomyocytes to
ameliorate or correct the disease phenotype’

Vector taken
into the cell
via endosome

Recognized by
glycosylated cell
surface

receptors
Endosome

o8 -

Endosome e

breaks down Nuclear pore entry
and uncoating

Therapeutic DNA
enters.the cell
nucleus

rAAV, Recombinant Adeno-associated virus.
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Episome

DNA forms
double-stranded
circular episome
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transcription
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protein
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Resulting transcript

migrates to
cytoplasm for
translation
MRNA
transcription
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1. Collins M, Thrasher A. Proc. R. Soc. B. 2015;282:20143003; 2. Naso MF, et al. BioDrugs. 2017;31:317-334; 3. Wang D et al. Nature Reviews Drug Discovery 2019; 18:358.



	Slide 1: Adeno-Associated Virus (AAV) in Gene Therapy
	Slide 2
	Slide 3: Steps to Constructing Recombinant AAV Vectors
	Slide 4: From Wild Type AAV to Recombinant AAV Vector
	Slide 5: The Key Components of Recombinant AAV 
	Slide 6
	Slide 7: Gene Therapy Using AAV

