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Adeno-associated virus (AAV)

Taxonomy
Family: Parvovirus
Subfamily: Parvoviridae
Genus: Dependovirus
Type: AAV 1-12

Morphology
Particles are icosahedral, non-enveloped,
18-26 nm diameter, 50% protein (VP1-3) 50% DNA.
Resistant to inactivation by solvents, pH and heat.

Genome
Linear, non-segmented, ssDNA ~5 kb.
AAVs package equal amounts of (+) and (-) 
strands.

AAV

Ad

Xie et al. 2002





Parvovirus Recettore

AAV1 Acido sialico (legami 2-3-N e 2-6-N)

AAV2 Proteoglicani contenenti eparan-solfati 

(HSPG)
Corecettori: integrina v5, FGFR1, 
HGF-R

AAV3 Proteoglicani contenenti eparan-solfati 

(HSPG)

AAV4 Acido sialico (legami 2-3-O)

AAV5 Acido sialico (legami 2-3-O e 2-3-N)

Recettore del PDGF (PDGFR)

AAV6 Acido sialico (legami 2-3-N e 2-6-N)

AAV7 Non noto

AAV8 Recettore della laminina (LamR)

AAV9 Non noto (LamR?)

Parvovirus B19 Antigene P dei globuli rossi

CPV (parvovirus canino) Recettore della trasferrina

Acido sialico (acido N-glicolil-
neuraminico, NeuGC)

FPV (parvovirus della 

panleucopenia felina)

Recettore della trasferrina

Recettori 
di alcuni 
Parvovirus



Biodistribution of AAV serotypes 1-9 in mice



★ Which cell/tissue types are being targeted

★ The safety profile associated with the delivered gene

★ The choice of systemic versus local delivery

★The use of tissue-specific or constitutively active promoters

★ Which animal species is the final target

Criteria for the choice of the AAV serotype to use 
as a gene transfer vector



AAV efficiently transduces permissive tissues and 
promotes persistent transgene expression





Current status of the clinical phases

Gene Therapy Approaches 

Mendell, Mol Ther 2021



Name Marketing Authorization Holder Disease Viral Vector

GLYBERA
UniQure
Netherlands

LPLD
Lipoprotein lipase
Deficiency

AAV1

LUXTURNA Spark Eupharma
RPE65 mutation-associated 
blindness

AAV2

ZOLGESMA Novartis SMA spinal muscular atrophy AAV9

AAV2

AAV5

Haemophilia A
(congenital Factor VIII
deficiency)

AAV5

HEMGENIX
CSL Behring LLC.

Haemophilia B 
(congenital Factor IX 
deficiency).

ROCTAVIAN

UPSTAZA
Eladocagene exuparvovec

PTC Therapeutics 
International Limited

Severe deficiency of aromatic 
L-amino acid decarboxylase 
(AADC)

Alipogene tiparvovec

Voretigene neparvovec

Onasemnogene abeparvovec

Etranacogene dezaparvovec

Valoctocogene roxaparvovec

BioMarin 
International Limited.

Gene therapy AAV products that have obtained the 
approval by FDA in USA and by Ema in Europe



The eye is a site of immune-priviledge

Most cells in the post-natal eye are 

terminally differentiated and prone to 

degenerative processes

Its compartmentalized anatomy (blood-

retina barrier) enables local vector 
delivery in small volume with low 

likelihood of systemic dissemination 

The eye is readily accessible for in vivo

assessment by optical imaging and 
electrophysiological techniques 

The results of the first clinical trials for 

ocular cancer and angiogenic disease 

have now been reported. One trial of gene 
replacement therapy for inherited retinal 

degeneration commenced recently and 
further such trials are expected to begin 

imminently

There are many animal models available

Peculiarities of the eye as a 
target for gene therapy



Into the anterior 
chamber - for corneal 
disease

Intravitreal - anti-
apoptotic or 
neurotrophic genes 
to protect RGC death  
in glaucoma

Sub-retinal (between photoreceptors and RPE) - for 
inherited retinal disorders, retinoblastoma and retinal 
neovascularization



AAV is the only vector to efficiently 
transduce both RPE and photoreceptors

AAV2 intravitreal

AAV2 subretinal

AAV8 subretinal



Leber Congenital Amaurosis

Vision loss in IR patients is due to the 

dysfunction/degeneration of retinal 

photoreceptor cells (PRs; rods and cones) and/or 

the retinal pigment epithelium (RPE) 

Mutations in more than a dozen genes can cause LCA and RPE65-LCA is thought 

to represent about 6% of all LCA cases



Ciclo della fototrasduzione

RPE65: retinolo cis/trans isomerasi 







30 patients treated in four independent trials

The procedure was safe

All trials showed significant improvements of both 
retinal and visual function

Significant mobility improvement in navigation tasks

The functional gain has been durable for as long as 3 
years



7 dicembre 2020

ZOLGENSMA





SMN protein



SMA aethiopathogenesis







Il bimbo trattato è arrivato da noi a quattro mesi di vita con malattia già in stadio 
avanzato e grave compromissione di deglutizione e respiro. Dopo il trattamento, il 
decorso della malattia è stato bloccato e il bimbo anche se avrà bisogno di una 
carrozzina elettronica e dovrà essere sottoposto a ventilazione notturna, non è più in 
pericolo di vita.
Come spiegano i membri dell’equipe del servizio malattie rare del Burlo, la terapia 
genica in questione è relativamente semplice, poiché si tratta dell’infusione per via 
endovenosa di un vettore virale adeno-associato (denominato AAV9) che trasporta il 
gene mancante SMN1 nel sistema nervoso centrale. 
Si tratta, inoltre, di una terapia innovativa e ancora altamente costosa (oltre un milione 
di euro). 







It will cost US$3.5 million for each dose, making it the most costly medication in the 
world. At first look, the price appears exorbitant, but a new examination of the drug's 
cost-effectiveness reveals that the life-span cost of continuous infusion of FIX for each 
individual with mild to chronic hemophilia B is between US$21 and $23 million





Geni:

-EPO
-IGF1
-Inibitori della 
Miostatina







BioViva is building a gene-therapy platform using a cytomegalovirus (CMV) that be injected or delivered intranasally. Its 
established safety profile and lower immunogenicity make it redosable in animalmodels (Fig. 1). CMV does not 
integrate,which could reduce off-target effects. BioViva’s early-stage CMV projects are looking at metabolic disease, 
frailty, cardiovascular disease, chronic kidney disease (CKD), and chronic obstructive pulmonary disease (COPD).
“We are applying for two pre-investigational new drugs (INDs): one for our intranasal gene therapy for Alzheimer’s 
disease and another to look at age-related metabolic dysfunction with secondary endpoints in age-related muscle loss. 
Once the gene therapies have reached proof of- concept studies in humans, Parrish sees many possibilities. “We would 
like to see our gene therapies reach the market, and we are flexible as to how this happens. We are open to licensing, 
partnerships, and joint ventures,” said Parrish.
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