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Adeno-associated viruses (AAVs) are a convenient tool for gene therapy delivery. According to the current classification,

they are divided into the species AAV A and AAV B within the genus Dependoparvovirus. Historically AAVs were also

subdivided on the intraspecies level into 13 serotypes, which differ in tissue tropism and targeted gene delivery capacity.

Serotype, however, is not a universal taxonomic category, and their assignment is not always robust. Cross-reactivity has

been shown, indicating that classification could not rely on the results of serological tests alone. Moreover, since the

isolation of AAV4, all subsequent AAVs were subdivided into serotypes based primarily on genetic differences and

phylogenetic reconstructions.
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1. AAV Biology

Adeno-associated viruses (AAVs) are non-enveloped particles with a size of 18–26 nm. Sixty protein molecules form an

icosahedral capsid. The genome is represented by a linear single-stranded DNA of approximately 4.7 thousand bases.

The AAV genome contains two open reading frames (ORFs): (1) rep, which encodes four overlapping proteins necessary

for the regulation of viral DNA replication: Rep78, Rep68, Rep52, and Rep40 ; and (2) cap encoding viral capsid

proteins: VP1, VP2 and VP3 . The genome is flanked by inverted terminal repeats (ITRs) , which form a T-shaped

self-complementary secondary structure with a free 3′-hydroxyl that acts as a replication primer .

For effective replication and reproduction in host cells, AAV requires co-infection with an auxiliary virus, e.g., adenovirus

(hence the name adeno-associated), although AAV replication is also possible with herpesvirus, cytomegalovirus, and

papillomavirus co-infection .

The best-known hosts of AAVs are primates and humans , although these viruses have been found in other animals

. AAVs do not cause a significant immune response or any notable pathology in the host cells. Consequently, they

are not considered pathogenic . Notably, over 90% of the adult population is seropositive to AAVs, i.e., are likely

asymptomatic carriers . The prevalence of AAV in distinct tissues varies between 37 and 72% .

2. AAV Gene Therapy

AAVs are a convenient tool for gene therapy . Since wild AAVs persist in the form of episomes (integration into the

host genome at AAVS1 19q13.3-qter site is extremely rare  and absent in vectors), they are safer compared to

retroviruses, which insert into the host genome randomly, leading to oncogenesis . AAVs also have reduced

immunogenicity compared to adenoviruses, further supporting their utility as gene therapy vectors .

Results of preclinical and clinical studies have demonstrated that AAV vectors are safe and effective tools in gene therapy

for a range of diseases including cystic fibrosis, hemophilia B, arthritis, hereditary emphysema, muscular dystrophy,

Parkinson’s disease, Alzheimer’s disease, prostate cancer, malignant melanoma, epilepsy, and others . To

date, three AAV-vector-based products have been approved for use in medical practice: Glybera (familial lipoprotein lipase

deficiency) , Luxturna (hereditary retinal dystrophy)  and Zolgensma (spinal muscular atrophy) .

3. Current AAV Classification 

Current AAV classification is based on the phenotype (the shape of the virion), replication peculiarities, and the host range

. According to these criteria, AAVs are represented by two species—AAV A and AAV B. Besides AAVs, there are eight

other species within the genus dependovirus (ICTV: https://talk.ictvonline.org/taxonomy/ accessed 25 June 2021).
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Additionally, AAVs are subdivided on the intraspecies level into serotypes. The first reports of serologically distinct AAVs

date back to 1966, when the first three serotypes were identified .

Further, any newly identified AAV serologically distinct from known types were assigned a new serotype in chronological

order. To date, 13 AAV serotypes are known. However, there are significant ambiguities and controversies in the

properties and definitions of the AAV serotypes. For instance, AAV4 was identified based on the reaction with antiserum

, whereas AAV5 was assigned based on the DNA structure differences identified by restriction analysis and blot-

hybridization . This protocol could correspond to the identification of a new genotype, which is consistent with the

later assignment of AAV5 to a separate species within the dependovirus genus by the International Committee on

Taxonomy of Viruses .

AAV6 was assigned a new serotype based on genetic differences from the complete genomes of AAV2 and AAV3 (82%

identity), as well as AAV4 (75–78% identity) . However, its cap genes were 96% similar to AAV1, and most likely AAV6

is a variant of AAV1. Despite this, AAV serotype 6 is still in use.

In 2002, during an investigation of the asymptomatic presence of AAV in primate tissues, Gao et al. identified AAV7 and

AAV8 . It was used signature regions—a fragment of genomic sequence at positions 2886–3143 nt unique to each AAV

type (previously identified by Rutledge et al. )—to define distinct virus types, and named the newly isolated viruses

according to the differences in these regions. The rep and cap nucleotide sequences and the predicted amino acid

sequence comparisons for AAV1-8 (with the exception of AAV5 as obviously incongruent) revealed differences, primarily

in the region encoding capsid proteins. AAV7 was shown to have a 63% to 85% similarity to the amino acid sequences

and 68% to 84% of the nucleotide sequences of other AAV serotypes; similar results were obtained for AAV8. The

serological difference of AAV7, AAV8, and other serotypes was also established based on the absence of neutralization by

any antiserum other than their own (anti-AAV7 and anti-AAV8, respectively).

Later, Gao et al. identified 11 phylogenetic groups based on phylogenetic analysis of cap sequences—so-called ‘clades’—

from A to F, consisting of phylogenetically similar representatives from three or more sources, and five groups of clones

(phylogenetically similar representatives from less than three sources) .

AAV10 and AAV11 were also identified based on the signature region differences and characterized according to the cap

sequence . The serological analysis confirmed that AAV10 and AAV11 were serologically distinct from AAV2.

Similarly, AAV12 was identified based on the rep and cap sequence differences . Finally, AAV(VR-942) was isolated in

2008 and had a high degree of amino acid sequence similarity of rep with AAV4 (98%) and AAV3 (93%), as well as 93%

identity in VP1 as compared to AAV3. Despite this, AAV(VR-942) has a distinct pattern of cellular receptor interaction and

was suggested as a new serotype, AAV13 (the name is currently present only in the corresponding GenBank entry); it

should be noted that serological studies were not conducted for AAV13 .

Thus, since the isolation of AAV4, all subsequent AAVs were subdivided into different serotypes based primarily on

genetic differences and phylogenetic reconstructions. In addition to the established 13 serotypes, one of which comprises

a separate virus species (AAV5), more than 100 novel genetic variants (so-called serovars ) are not assigned to any

taxonomic unit below the species level. It is unlikely that they will be all tested serologically, and the genetic boundaries of

types are not robust.

References

1. Im, D.S.; Muzyczka, N. Partial purification of adeno-associated virus Rep78, Rep52, and Rep40 and their biochemical
characterization. J. Virol. 1992, 66, 1119–1128.

2. Kyöstiö, S.R.; Owens, R.A.; Weitzman, M.D.; Antoni, B.A.; Chejanovsky, N.; Carter, B.J. Analysis of adeno-associated
virus (AAV) wild-type and mutant Rep proteins for their abilities to negatively regulate AAV p5 and p19 mRNA levels. J.
Virol. 1994, 68, 2947–2957.

3. Trempe, J.P.; Carter, B.J. Alternate mRNA splicing is required for synthesis of adeno-associated virus VP1 capsid
protein. J. Virol. 1988, 62, 3356–3363.

4. Carter, P.J.; Samulski, R.J. Adeno-associated viral vectors as gene delivery vehicles. Int. J. Mol. Med. 2000, 6, 17–27.

5. Gonçalves, M.A.F.V. Adeno-associated virus: From defective virus to effective vector. Virol. J. 2005, 2, 43.

[28]

[29]

[30][31]

[32]

[33]

[34]

[33]

[35]

[36]

[37]

[38]

[39]



6. Bohenzky, R.A.; Lefebvre, R.B.; Berns, K.I. Sequence and symmetry requirements within the internal palindromic
sequences of the adeno-associated virus terminal repeat. Virology 1988, 166, 316–327.

7. Wang, X.-S.; Ponnazhagan, S.; Srivastava, A. Rescue and Replication Signals of the Adeno-associated Virus 2
Genome. J. Mol. Biol. 1995, 250, 573–580.

8. Meier, A.F.; Fraefel, C.; Seyffert, M. The Interplay between Adeno-Associated Virus and Its Helper Viruses. Viruses
2020, 12, 662.

9. Parks, W.P.; Boucher, D.W.; Melnick, J.L.; Taber, L.H.; Yow, M.D. Seroepidemiological and Ecological Studies of the
Adenovirus-Associated Satellite Viruses. Infect. Immun. 1970, 2, 716–722.

10. Gao, G.; Vandenberghe, L.; Wilson, J. New Recombinant Serotypes of AAV Vectors. Curr. Gene Ther. 2005, 5, 285–
297.

11. Bossis, I.; Chiorini, J.A. Cloning of an Avian Adeno-Associated Virus (AAAV) and Generation of Recombinant AAAV
Particles. J. Virol. 2003, 77, 6799–6810.

12. Schmidt, M.; Katano, H.; Bossis, I.; Chiorini, J.A. Cloning and Characterization of a Bovine Adeno-Associated Virus. J.
Virol. 2004, 78, 6509–6516.

13. Arbetman, A.E.; Lochrie, M.; Zhou, S.; Wellman, J.; Scallan, C.; Doroudchi, M.M.; Randlev, B.; Patarroyo-White, S.; Liu,
T.; Smith, P.; et al. Novel Caprine Adeno-Associated Virus (AAV) Capsid (AAV-Go.1) Is Closely Related to the Primate
AAV-5 and Has Unique Tropism and Neutralization Properties. J. Virol. 2005, 79, 15238–15245.

14. Louis Jeune, V.; Joergensen, J.A.; Hajjar, R.J.; Weber, T. Pre-existing anti-adeno-associated virus antibodies as a
challenge in AAV gene therapy. Hum. Gene Ther. Methods 2013, 24, 59–67.

15. Wright, J.F. Transient transfection methods for clinical adeno-associated viral vector production. Hum. Gene Ther.
2009, 20, 698–706.

16. Kotterman, M.A.; Schaffer, D.V. Engineering adeno-associated viruses for clinical gene therapy. Nat. Rev. Genet. 2014,
15, 445–451.

17. Naso, M.F.; Tomkowicz, B.; Perry, W.L.; Strohl, W.R. Adeno-Associated Virus (AAV) as a Vector for Gene Therapy.
BioDrugs 2017, 31, 317–334.

18. Surosky, R.T.; Urabe, M.; Godwin, S.G.; McQuiston, S.A.; Kurtzman, G.J.; Ozawa, K.; Natsoulis, G. Adeno-associated
virus Rep proteins target DNA sequences to a unique locus in the human genome. J. Virol. 1997, 71, 7951–7959.

19. Lukashev, A.N.; Zamyatnin, A.A. Viral vectors for gene therapy: Current state and clinical perspectives. Biochem. 2016,
81, 700–708.

20. Thomas, C.E.; Ehrhardt, A.; Kay, M.A. Progress and problems with the use of viral vectors for gene therapy. Nat. Rev.
Genet. 2003, 4, 346–358.

21. Daya, S.; Berns, K.I. Gene Therapy Using Adeno-Associated Virus Vectors. Clin. Microbiol. Rev. 2008, 21, 583–593.

22. Santiago-Ortiz, J.L.; Schaffer, D.V. Adeno-associated virus (AAV) vectors in cancer gene therapy. J. Control. Release
2016, 240, 287–301.

23. Nienhuis, A.W.; Nathwani, A.C.; Davidoff, A.M. Gene Therapy for Hemophilia. Mol. Ther. 2017, 25, 1163–1167.

24. Ylä-Herttuala, S. Endgame: Glybera finally recommended for approval as the first gene therapy drug in the European
union. Mol. Ther. 2012, 20, 1831–1832.

25. Spark Therapeutics LUXTURNA (voretigene neparvovec-rzyl) . Available online:
https://www.fda.gov/media/109906/download (accessed on 25 June 2021).

26. Zhu, H.; Wang, T.; John Lye, R.; French, B.A.; Annex, B.H. Neuraminidase-mediated desialylation augments AAV9-
mediated gene expression in skeletal muscle. J. Gene Med. 2018, 20, e3049.

27. Simmonds, P.; Adams, M.J.; Benk, M.; Breitbart, M.; Brister, J.R.; Carstens, E.B.; Davison, A.J.; Delwart, E.;
Gorbalenya, A.E.; Harrach, B.; et al. Consensus statement: Virus taxonomy in the age of metagenomics. Nat. Rev.
Microbiol. 2017, 15, 161–168.

28. Hoggan, M.D.; Blacklow, N.R.; Rowe, W.P. Studies of small DNA viruses found in various adenovirus preparations:
Physical, biological, and immunological characteristics. Proc. Natl. Acad. Sci. USA 1966, 55, 1467–1474.

29. Parks, W.P.; Melnick, J.L.; Rongey, R.; Mayor, H.D. Physical Assay and Growth Cycle Studies of a Defective Adeno-
Satellite Virus. J. Virol. 1967, 1, 171–180.

30. Bantel-Schaal, U.; Zur Hausen, H. Characterization of the DNA of a defective human parvovirus isolated from a genital
site. Virology 1984, 134, 52–63.



31. Bantel-Schaal, U.; Delius, H.; Schmidt, R.; zur Hausen, H. Human Adeno-Associated Virus Type 5 Is Only Distantly
Related to Other Known Primate Helper-Dependent Parvoviruses. J. Virol. 1999, 73, 939–947.

32. Murphy, F.A.; Fauquet, C.M.; Bishop, D.H.L.; Ghabrial, S.A.; Jarvis, S.A.; Martelli, G.; Mayo, P.M.A.; Summers, M.D.
Virus Taxonomy. Sixth report of the International Committee on Taxonomy of Viruses. Arch. Virol. Suppl. 1995, 10, 175.

33. Rutledge, E.A.; Halbert, C.L.; Russell, D.W. Infectious Clones and Vectors Derived from Adeno-Associated Virus (AAV)
Serotypes Other Than AAV Type 2. J. Virol. 1998, 72, 309–319.

34. Gao, G.-P.; Alvira, M.R.; Wang, L.; Calcedo, R.; Johnston, J.; Wilson, J.M. Novel adeno-associated viruses from rhesus
monkeys. Proc. Natl. Acad. Sci. USA 2002, 99, 11854–11859.

35. Gao, G.; Vandenberghe, L.H.; Alvira, M.R.; Lu, Y.; Calcedo, R.; Zhou, X.; Wilson, J.M. Clades of Adeno-Associated
Viruses Are Widely Disseminated in Human Tissues. J. Virol. 2004, 78, 6381–6388.

36. Mori, S.; Wang, L.; Takeuchi, T.; Kanda, T. Two novel adeno-associated viruses from cynomolgus monkey:
Pseudotyping characterization of capsid protein. Virology 2004, 330, 375–383.

37. Schmidt, M.; Voutetakis, A.; Afione, S.; Zheng, C.; Mandikian, D.; Chiorini, J.A. Adeno-Associated Virus Type 12
(AAV12): A Novel AAV Serotype with Sialic Acid- and Heparan Sulfate Proteoglycan-Independent Transduction Activity.
J. Virol. 2008, 82, 1399–1406.

38. Schmidt, M.; Govindasamy, L.; Afione, S.; Kaludov, N.; Agbandje-McKenna, M.; Chiorini, J.A. Molecular
Characterization of the Heparin-Dependent Transduction Domain on the Capsid of a Novel Adeno-Associated Virus
Isolate, AAV(VR-942). J. Virol. 2008, 82, 8911–8916.

39. Ronzitti, G.; Gross, D.A.; Mingozzi, F. Human Immune Responses to Adeno-Associated Virus (AAV) Vectors. Front.
Immunol. 2020, 11, 670.

Retrieved from https://encyclopedia.pub/entry/history/show/55956


