(12) PATENT (11) Application No. - AU 200064354 B2
(19) AUSTRALIAN PATENT OFFICE (10) Patent No. 777885

(54)  Title
Scleroprotein of an adenc-associated wvirus with modified
chromatographic properties, the production thereof and use of
the same

(51)6 International Patent Classification(s)
C12M 015-864 C12WM 005-10
AblE 039-23 C12M 015-35
ABlE 048-00 C12N 015-62
CO7E 014-015 C12Q 001-68
CO7E 019-00 GOIN 033-68

21 Application No: 200064354 (22) Application Date: 2000 .07 .18

(87) ~ WIPONo:  w0Q0D1-05991
(30) Priority Data

(31) Number (32) Date (33) Country
19933719 1999 .07 .19 DE

(43) Publication Date : 2001 .02 .05

(43)  Publication Journal Date : 2001 .04 .26

(44) Accepted Journal Date : 2004 .11.04

(71 Applicant(s)
Medigene Aktiengesellschaft

(72) Inventor(s)
Michael Hallek: Anne Girod: Martin Ried: Christof
Gerhard Stolla: Ulrich Moebius

(74) Agent/Attorney
WATERMARE PATENT and TRADEMARK ATTORNEYS,Locked Bag 5,HAWTHORN
VIC 3122

(56)  Related Art
WO 1997038723




A

AU 200064354

{12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Wel

fir geistiges Ei

Internationales Biiro

(43) Internationales Verdffentlichungsdatum
25. Januar 2001 (25.01.2001)

PCT

VIS0 R0 310 RN 0D VR0 e

(10) Internationale Versffentlichungsnummer

WO 01/05991 Al

(51) ! F ifikation”>  CI2N 15/864,
15135, 15/62, COTK 14/015, 19/00, C12N 5/10, C12Q
1/68, GOIN 33/68, A61K 39/23, 48/00

(21) Internationales Aktenzeichen: PCT/EPOO/06861

(22) Internationales A

18. Juli 2000 (18.07.2000)

D-81475 Miinchen (DE). RIED, Martin [DE/DE}; Am Srocint
Lobwald 36, D-86697 Sinning (DE). KORNER; TEFETOf ferher ol

[DE/DE}; Karolinen Strasse 3, D-80538 Milnchen (DE).
MOEBIUS, Ulricb (DE/DE]; Am Rain 1, D-82131
Gauting-Unterbrunn (DE).

(74) Anwalt: BOSL, Raphael; Bardehle, Pagenberg, Dost,
Alienburg, Geissler. [senbruck, Galileiplatz 1, D-81679
Miinchen (DE).

(25 Einrcichungssprache: Deutsch  41) Bestimmuagsstanten (rational): AU, CA, JP, US.
(26) VerbHentlichungssprache: Deutsch (34) " gional): piiisches Patent (AT,
BE,CH.CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
(30) Augaben mur Prinritit- Wi 21 1),
19933 719.5 19, Juli 1999(19.07.1999) DE
Verdffentlicht:
(71) Acmelder (fir alle mit Ausnah —  Miti Recherch icht.
von USj: MEDIGENE AKTIENGESELLSCHAFT — Jor Ablauf der fir Anderungen der Anspriicke geltenden
[DE/DE); Lochhamer Strasse 11, D-82152 Planegg/Mar- Frise; Versflentlich wird wiederholt, falls And
tinsried (DE). eintreffen.

(72) Erfinder; and

(75) Erfinder/Avmelder (mer fir US): HALLEK, Michael
[DE/DE); By 40, D-86938 f (DE).
GIROD, Anne [FR/DE}; Appenzeller Strasse 123,

Zur Erldorung der Zweibuchstaben-Codes, und der anderen
Abkirzungen wird auf die Erklarungen ("Guidance Notes on
Codes and Abbreviations") am Anfang jeder reguldren Ausgabe
der PCT-Gazette verwiesen.

we{ (54) Title: SCLEROPROTEIN OF AN ADENO-ASSOCIATED VIRUS WITH MODIFIED CHROMATOGRAPHIC PROPER-
< TIES, THE PRODUCTION THEREOF AND USE OF THE SAME

=~ (54) Bezeichnong: STRUKTURPROTEIN VON ADENO-ASSOZIIERTEM VIRUS MIT VERANDERTEN CHROMATOGRA-
& PHISCHEN EIGENSCHAFTEN, SEINE HERSTELLUNG UND VERWENDUNG

5

[=d
~
—(
<

(57) Abstract: The i relates to a scleroprotein of an ad d virus which contains at least one mutation. Said
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Structural protein of adeno-associated virus with
modified chromatographic properties, its production and

use

The present invention relates to a structural protein
of adeno-associated virus which comprises at least one
mutation which brings about a modification of the

chromatographic properties, to its production and use.

The AAV virus belongs to the family of parvoviruses.
These are distinguished by an icosahedral, non-
enveloped capsid which has a diameter of 18 to 30 nm
and which contains a linear, single-stranded DNA of
about 5 kb. Efficient replication of AAV requires
coinfection of the host cell with helper viruses, for
example with adenoviruses, herpesviruses or vaccinia
viruses. In the absence of a helper virus, AAV enters a
latent state, the viral genome being capable of stable
integration into the host cell genome. The property of
AAV integrating into the host genome makes it
particularly interesting as a transduction vector for
mammalian cells. In general, the two inverted terminal
repeats (ITR) which are about 145 bp 1long are
sufficient for the vector functions. They carry the
“cis” signals necessary for replication, packaging and
integration into the host cell genome. For packaging in
recombinant vector particles, a helper plasmid which
carries the genes for nonstructural proteins (Rep
proteins) and for structural proteins (Cap proteins) is
transfected into cells suitable for packaging, for
example HeLa or 293 cells, which are then infected, for
example, with adenovirus. A lysate containing
recombinant AAV particles is obtained after some days.
Suitable helper plasmids are described, for example, by
Chiorini et al., (1995) Hum. Gene Ther. 6, 1531-1541 or
Girod et al. (1999), Nat. Med.

The AAV capsid consists of three different proteins:
vPl, VP2 and VP3, whose relative proportions are 5%
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VvP1l, 5% VP2 and 90% VP3. The AAV capsid genes are
located at the right-hand end of the AAV genome and are
encoded by overlapping sequences of the same open
reading frame (ORF) using differént start codons and
two differently spliced transcripts. The VPl gene
contains the whole VP2 gene seguence, which in turn
contains the whole VP3 gene sequence with a specific
N-terminal region. The fact that the overlapping
reading frames code for all three AAV capsid proteins
is responsible for the obligatory expression of all
capsid proteins, although to different extents.

for VP1l, 73 kD for VP2 and 62 kD for VP3. The sequences
of the capsid genes are described, for example, in
Srivastava, A. et al. (1983), J. Virol., 45, 555-564;
Muzyczka, N. (1992), Curr. Top. Micro. Immunol., 158,
97-129, Ruffing, N. et al. (1992), J. Virol., 66,
6922-6930 or Rutledge, .E. A. et al. (1998) J. Virol.
72, 309-319. The physical and genetic map of the AAV
genome is described, for example, in Kotin, R.M.
(1994), Human Gene Therapy, 5, 793-801.

Also known are various AAV serotypes, of which the
human AAV serotype 2 (AAV2) has been most studied.
These analyses showed that AAV viruses possess
advantageous properties as viral vectors for somatic
gene therapy. The essential advantages are the lack of
pathogenicity for humans, the stable integration of
viral DNA into the cellular genome, the ability to
infect non-dividing cells, the stability of the virion,
which makes purification to high titers (10 to 10"
particles per ml) possible, the low antigenicity, and
the absence of viral genes and gene products in the
recombinant AAV vector, which is advantageous from the
viewpoint of safety for wuse in gene therapy. The
cloning of genes into the AAV vector now takes place by
methods generally known to the skilled person, as
described, for example, in WO 95/23 867, in
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Chiorini J.A. et al. (1995), Human Gene Therapy, 6,
1531-1541 or in Kotin, R.M. (1994), supra.

To use AAV as viral transduction vector it is generally
necessary to have high titers of recombinant AAV
particles. Owing to the fact that there is naturally a
relatively small production of particles, one way of
achieving high titers is by efficient concentration of
the particles. It is also necessary for the particles,
especially for in vivo applications, to be as free as
possible of impurities which may consist of cellular
constituents, DNA, proteins, helper viruses and medium

a1 Al

canatituente. Tt ie thue necessgary to have avallaklc &

improved purification of AAV particles.

Chromatography is a basic possibility for purification.
This physical separation method entails separation of
substances by distribution between a stationary and a
mobile phase. Chromatography can be divided into two
groups on the basis of the physical processes,
adsorption chromatography with a solid as stationary
phase and partition chromatography with two mutually
imiscible phases, and usually mixed forms occur. The
separation characteristics of a substance in
chromatography depend on its chromatographic
properties, in particular its size, its charge, its
adsorption behavior, and thus its specific affinity,
its hydrophobicity, etc. This means that the
chromatographic properties provide a central starting
point for achieving via a modification an improvement
in the purification and thus, for example, a
concentration or greater purity, and a pure
modification, for example compared with the wild type,

is sufficient to permit a separation and thus better

purification.
AAV purification methods, especially by means of
chromatography, are described, for example, in

WO 97/08298, but no mutation of the AAV structural
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proteins is. In addition, WO 96/00587 refers to AAV
capsid fusion proteins which are said not to interfere
with capsid formation and to contain heterologous
epitopes of clinically relevant antigens, but the
intention is merely to induce an immune response. The
publication moreover contains only a general reference
to the fusion proteins without giving details on the
possible implementation, in particular on suitable
insertion sites. However, no alteration of
chromatographic properties, in particular for improving
the purification, for example by altering the

affinities, is described.

It was therefore an object of the present invention to
modify the purification properties of the AAV virus, in
particular of a structural protein, compared with the

wild type.

It has now been found, surprisingly, that structural or
capsid proteins of AAV can be modified in such a way
that an alteration in the chromatographic properties is
brought about thereby.

One aspect of the present invention is therefore an AAV
structural protein which comprises at least one
mutation which brings about an alteration in the
chromatographic properties of the wvirus. It is
preferred in this connection that the alteration in the
chromatographic properties makes an improvement in the
purification possible, in particular a concentration of
the virus, preferably of the virus particles, tc higher
titers, a purification to greater purity and/or a more
efficient purification. The modified chromatographic
properties enable, for example, a virus particle
purification step to be more specific or efficient as
part of a purification which leads to higher particle
titers, to purer particles or to more efficient
purification. The titer of recombinant particles can be

determined, for example, by placing serial dilutions of
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a particle-containing solution on a membrane and
hybridizing this membrane with labeled AAV DNA.
Detection of the hybridized DNA allows conclusions to
be drawn about the particle concentration,
qualitatively or quantitatively depending on the way
the test is carried out. The purity of the particles
can be determined through the ratio of the structural
protein or of the particle proteins to proteins foreign
to the particles. Purification is more efficient within
the meaning of the present invention if, for example,
the purification consists of fewer steps, takes place

more quickly or, in particular, is less costly to carry

b
(¢}
[$]
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within the meaning of this invention, an alteration of
the chromatographic properties of the wvirus associated
with an improvement in the purification exists, for
example, even if the mutation merely brings about a
shift in the elution behavior on a chromatography
column, that is to say, for example, to lower or higher
salt concentrations. It is a general problem of
chromatographic purifications that the desired product
fractions (e.g. virus particles) and fractions of
impurities (other viruses, wild-type viruses, residues
of cell lysates, DNA, proteins, in particular serum
proteins) are eluted in the same fraction at the same
salt content. A targeted mutation according to the
invention and the shift in the elution behavior
associated therewith results in the fraction with the
desired mutated virus particles then eluting no longer
with the impure fraction but in a different elution
fraction (e.g. - depending on charge - at higher or
lower salt concentrations). In some circumstances, but
not always, shifts to high salt concentrations, for
example through insertion of predominantly positively
or negatively charged amino acids or His TAG into the
capsid protein, provide particular advantages because
impurities are usually small components and usually

elute at lower salt concentrations in conventional
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purification methods. The capsid mutants then bind
better, for example, to the column material and elute
later, that is to say at higher salt concentrations. A
further desired effect based on the incorporation of
charged amino acids is the possibility of loading ion
exchangers at a higher salt content, which makes it
possible to reduce the amount of column material
required, which facilitates manipulation and saves

costs in an industrial production method.

It is particularly preferred for the mutation in the
structural protein of the invention to bring about a
r\pg11‘g'ih'l¢= reduetioan in the infeetivity of the wirue
but, in particular, an increase in the infectivity.
Infectivity means for the purpose of this invention the

ability to transduce cells.

A further development of this invention is for the
modified structural protein to have an increased
thermal stability compared with the wild-type AAV.
Thus, if the thermal stability is increased, a better
thermal inactivation of unwanted other microorganisms
or viruses would be possible than is the case for the
wild-type AAV. Structural proteins of this type can be
found simply by testing a large number of mutants for
their thermal stability.

In addition, the modified structural protein is
preferably also capable of particle formation, i.e. of
forming an icosahedral capsid, especially in the form
of an BAAV capsid, because particles or capsids are
particularly suitable as carriers of selected
compounds, e.g. rAAV transduction vectors. The
formation of particles can be detected, for example, by
electron microscopy. Another detection is the
sedimentation behavior during a cesium chloride density
gradient centrifugation with  subsequent optional
detection of viral DNA present in the particles.
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It is possible in general for the mutation(s) to be
present in the VPl, VP2 and/or VP3 structural protein,
with preference for the VPl and/or the VP3 structural
protein. The structural protein may moreover be derived
from all AAV serotypes, in particular from human
serotypes, preferably from AAV1, AAV2, AAV3, AAV4, AAVS
and/or AAV6, especially from AAV2, AAV3 and/or AAV6.

Said mutation may be a point mutation, a mutation of
more than one amino acid, one or more deletion(s), in
particular one or more insertion(s) or a combination of

said modifications.

In a preferred embodiment, amino acids of a functional
sequence are inserted, preferably those which are

suitable for affinity chromatography.

Affinity chromatography means a chromatographic method
which is based on the ability of certain partners which
belong together, such as antigen-antibody, enzyme-
substrate, etc., to recognize one another and enter
into mutual interaction. Usually one of the partners
which belong together is immobilized on a chromato-
graphic sorbent as support, and the specifically
appropriate component then binds thereto. Elution then
takes place with changed pH, different ionic strength
or, for example, analogs of the appropriate component.
This also encompasses covalent chromatography, e.g. via
formation of disulfide bridges, and hydrophobic
chromatography, which hydrophobic interactions are

utilized.

The inserted amino acid can, in particular, be selected
from the following group: a ligand of a receptor or the
receptor of a 1ligand, an antibody or part of an
antibody, in particular an antibody epitope, an antigen
or antigen epitope, a hormone, a hormoreceptor, an
enzyme, an enzyme substrate, a lectin and/or a sugar-

bearing amino acid.
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These may preferably be:

¢ a histidine-rich peptide (His TAG), which makes
purification on a metal chelate affinity medium

possible;

¢ a peptide with more than one charge, which modifies
the binding or elution behavior during an ion
exchange chromatography and thus makes such a

purification step more specific or efficient;

* glutathione S-transferase (GST Tag) which makes
purification on a glutathione affinity medium

possible;

*» an F. part of an antibody, which makes purification

on a protein A or protein G affinity medium possible;

* an immunoglobulin-binding domain, for example protein
A or protein G or parts thereof, which makes
purification on an affinity medium with an antibody

or an Fc part of an antibody possible;

* a particular antibody epitope which makes a
purification on a  medium with coupled antibodies

which are specific for the epitope possible;

* a lecitin which makes purification on a glycoprotein

medium possible;

* a nucleic acid binding site which makes purification

on nucleic acid media possible;

¢ a heparin binding site which makes purification on a
heparin medium possible, the wild-type AAV already
having an intrinsic heparin binding site, so that an
additional binding site would merely strengthen the
binding;

» streptavidin which makes purification via biotin or

biotinylated proteins possible:

* a particular ligand which makes purification on a

medium with the appropriate receptor possible or

-10-
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* a particular receptor which makes purification on a

medium with the appropriate ligand possible.

Preference is likewise given to an integrin, a cytokine
or a receptor binding domain of a cytokine, integrin or
growth factor, single-chain antibodies which bind to a
cell surface receptor, an antibody against cell surface
structures, an epitope and/or an antibody-binding

structure.

In a preferred embodiment, a peptide with, for example,
5 to 30 amino acids, preferably 8 to 20 amino acids
and, in particular, 10 to 18 amino acids is inserted

The peptide has, for example, the sequence
QAGTFALRGDNPQG or a sequence which is highly homologous
therewith. This particularly preferred ligand is the Pl
peptide which is a peptide with a length of 14 amino
acids from the core sequence of an alpha chain of the
laminin family. This sequence is sufficient, for
example, for recognition of an integrin receptor, which
mediates inter alia endocytosis of viral particles,
e.g. of adenovirus. The Pl peptide binds, irrespective
of its conformation (linear or «circular), to the
integrin receptor. According to the present invention,
the coding DNA sequence of the Pl peptide is
incorporated into the gene coding for a structural
protein of AAV which is located, for example on a
helper plasmid. Packaging with the mutant helper
plasmid results in recombinant AAV with Pl in the
capsid (rAAvV-Pl). It was possible to show for insertion
of this peptide that these AAV particles are eluted
from a cation exchanger at lower conductivity compared
with unmeodified AAV particles, and so permits improved
separation (e.g. from the wild type) and purification,

depending on the conditions.
A particularly preferred structural protein of the

invention is one which comprises at least one other

mutation. By this is meant that the structural protein

11-
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comprises not only a mutation which brings about a
modification of the chromatographic properties of the
virus but also another mutation which does not
necessarily also bring about a modification of the
chromatographic properties of the virus. A particularly
preferred other mutation in this case is one which
brings about an alteration, preferably increase, in the

infectivity of the virus.

A further preferred aspect of the present invention is
an AAV structural ©protein in which the other
mutation(s) bring(s) about a reduction in the

antimanici by
antigenicityr,

Antigenicity means for the purpose of this invention
the induction of both antibody formation and binding on
the basis of the immune system. The term also
encompasses immunogenicity, that is to say the
induction of an immune response. The reduction in
antigenicity therefore means the reduction in antibody
formation and binding both by reducing the antigenic
epitopes and by reducing the antigenic effect of
particular epitopes or by modification and deletion of
certain epitopes present in the wild type. The modified
antigenicity may moreover relate both to the humoral

and to the cellular immune response.

In a further preferred embodiment, the other
mutation(s) represent(s) one or more deletions and/or
one or more insertions in the structural protein or
combinations of said modifications. In this connection,
insertion is preferably the insertion of a cell
membrane receptor ligand, of a Rep protein or peptide,
for example in the form of a Rep domain, of an immuno-
suppressive protein or peptide and/or of a protein or
peptide with a signal for double strand synthesis of a
transgene or foreign gene. A preferred example in this
connection 1is the Pl peptide (QAGTFALRGDNPQG) (see

above) .

12-
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Examples of insertions for the other mutation are,
inter alia, integrins, cytokines, or receptor binding
domains of cytokines, integrins or growth factors such
as, for example, GM-CSF, IL-2, IL-12, CD40L, TNF, NGF,
PDGF or EGF, single-chain antibodies which bind to cell
surface receptors, so-called single chain antibodies
(scFv), single-chain antibodies which bind for example
to the surface receptors CD40, CD40L, B7, CD28 or CD34,
or epitopes or receptor binding sites which in turn are
recognized, for example, by particular antibodies, for
example anti-CD40L monoclcnal antibodies, or by
hetancee or hormonee e a. catecholamines

rhominal o

In a preferred embodiment of the other mutation there
is insertion of antibody-binding structures such as,
for example, protein A, protein G or anti-Fc-antibody,
or parts thereof. To the latter in turn are coupled
specific antibodies against particular cell surface
structures (for example against CD40 in the case of
lymphatic cells or against CD34 in the case of

hematopoietic cells).

The mutation(s) is(are) preferably located on the virus
surface. To determine the structural protein regions
located on the surface, it has surprisingly been found
according to the present invention that CPV and AAV2
sequences and structures are comparable. It is
therefore possible to have recourse preferably to known
crystal structures of parvoviruses such as of
parvovirus Bl9 or of CPV (canine parvovirus) and to
identify with the aid of homology comparisons protein
domains located on the virus surface. According to the
present invention, therefore, for example a computer-
assisted comparison between CpV and AAV2, and
parvovirus Bl19 and AAV2, has surprisingly resulted in
reproducible identification of 1loops in VP3 whose
sequence varies, i.e. which have low homology and which

are presumed to be located on the virus surface. Since

13-
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the antigens for the humoral immune response must be
accessible for antibodies and thus be on the virus
surface, these loops represent preferred candidates for
mutations. Thus, the known crystal structure of the CPV
VP2 capsid proteins (e.g. Luo M. (1988), J. Mol. Biol.,
200, 209-211; Wu and Rossmann (1993), J.Mol.Biol., 233,
231-244) was, because of the great similarity to the
AAV2 VP3 in the secondary structure of the protein,
taken as pattern for finding the regions exposed on the
viral capsid surface and sufficiently flexible, because
of the local amino acid sequence, to withstand for
example the insertion of a peptide seqguence. Care was

- A A
- cal <C CSC.ZCC S0y jetoyotedrtey

destabilizing secondary structural elements of the AAV2

capsid protein.

In a preferred embodiment, the mutation(s) are located
at the N terminus of the structural protein, because it
has been found that, for example in the parvoviruses
CPV and Bl9, the N terminus is located on the cell

surface.

A  further possibility for determining structural
protein regions located on the surface is to compare
the capsid-encoding nucleic acid sequences of different
AAV serotypes. It is possible to use for this purpose
for example known DNA sequences of different AAV
serotypes, such as AAV1, AAV2, AAV3, AAV4, AAVS or
AAV6, for structural analyses of possible capsid
morphologies of, for example, AAV2, it being possible
to calculate ab initio possible tertiary structures and
assign sequence regions to the inner or outer capsid
regions on the basis of generally known amino acid
properties. It was thus possible according to the
present invention for example to find in the VP3 region
of the AAV2 capsid possible insertion sites which made
it possible to insert, for example, peptides and

express them on the virus surface (see below).

14-
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In a preferred embodiment, the mutation(s) is(are)
brought about by one or more insertions in the XhoIl
cleavage sites of the VPl-encoding nucleic acid and, in
another preferred embodiment, in the BsrBI cleavage
site of the VPl-encoding nucleic acid. Another
preferred embodiment of the structural protein of the
invention is generated by a deletion between the BsrBI-
HindII cleavage sites of the VPl-encoding nucleic acid
and one or more insertions, preferably at the deletion

site.

In another preferred embodiment of the present
invention, the mutatisnlie) ielare) hronght ahant hy ane
or more deletions between the XhoI-Xhol cleavage sites
of the VPl-encoding nucleic acid which comprises 62
amino acids (Hermonat, P.L. et al. (1984), J. Virol.,
51, 329-339). In another preferred and corresponding
embodiment, the deletion(s) is located between the
BsrBI-HindIIl cleavage sites of the VPl-encoding nucleic
acid which is located within the deletion described
above and comprises 29 amino acids. This deletion has
the advantage that it has no overlap with the rep gene
and therefore has a negligible effect on the packaging

mechanism.

In another preferred embodiment, one or more insertions
are present in the VP3 structural protein (Rutledge,
E.A. et al. (1998) supra) before and/or after at least
one amino acid in the seguence selected from YKQIS
SQSGA, YLTLN NGSQA, YYLSR TNTPS, EEKFF PQSGV, NPVAT,
EQYGS, LORGN RQAAT, NVDFT VDTNG, because these sites
are located on the exposed sites of a loop, in which

case the risk of altering the VP3 structure is small.

The point mutation(s), the mutation(s) of more than one
amino acid, the deletion(s) or insertion(s) is/are
carried out by deletion and insertion by generally
known methods in the gene coding for the structural
protein. The deletions can be introduced into the

-15-
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individual structural protein genes for example by PCR-
assisted mutagenesis. The insertions can be introduced
by generally known methods, for example by hydrolysis
by restriction endonucleases of the appropriate
structural protein genes and subsequent ligase
reaction. Subsequent expression of the mutated gene
leads to the structural protein of the invention.

Another aspect of the present invention is also a
structural protein of the invention in the form of an
AAV particle, in particular in the form of an AAV
capsid, because particles and capsids are particularly
suitable as carriers of selected comoounds. e.g. YAAV

transduction vectors.

Further aspects of the present invention are a nucleic
acid, preferably an RNA or a DNA, in particular a
double-stranded DNA, coding for a structural protein of

the invention.

The present invention also relates to a cell,
preferably a mammalian cell, for example a COS cell,
HeLa cell or 293 cell, comprising a nucleic acid of the
invention. Cells of these types are suitable, for
example, for producing the recombinant AAV particles.

A further aspect of the present invention is therefore
also a method for producing a structural protein of the
invention, in particular for producing a structural
protein of the invention in the form of an BAAV
particle, where a suitable cell comprising a nucleic
acid coding for the structural protein of the invention
is cultivated and, where appropriate, the expressed
structural protein is isolated. The structural protein
of the invention can be purified and isolated for

example by chromatography.

Another aspect of the present invention relates to a

pharmaceutical comprising a structural protein of the

-16-
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invention, a nucleic acid of the invention and/or a
cell of the invention and, where appropriate, suitable
excipients and additives, such as, for example, a
physiological saline solution, stabilizers, proteinase
inhibitors, DNAse inhibitors, etc.

A further aspect of the present invention relates to
the use of the structural protein of the invention, of
a nucleic acid of the invention or of a cell of the
invention for the ©purification of AAV and AAV
particles, for altering the tropism of AaAV, for
altering the antigenicity of AAV, for transforming a
cell, in particular a cell whose susceotibility to an

AAV infection was previously low, such as, for example,

a hematopoetic cell, for genomic targeting, for
diagnosis, for activity investigations and/or - in the
form of suitable rAAV vectors - for gene therapy. By

gene therapy is meant a type of therapy in which an
effector gene, usually a protein, is expressed through
the introduction of nucleic acids into cells. A
distinction is made in principle between in vitro and
in vivo methods. In in vitro methods, cells are removed
from the organism and transduced ex vivo with vectors
in order subsequently to be introduced again into the
same or a different organism. In vivo gene therapy
involves vectors being administered, for example for
controlling tumors, systemically (e.g. via the
bloodstream) or directly into the tumor, the tissue or

the organs.

A considerable advantage of the present invention is
that the mutagenesis according to the invention of AAV
structural proteins makes it possible, by modifying the
chromatographic properties, to create new possibilities
for more specific purification methods essentially
without 1loss of the efficiency of packaging of
recombinant AAV vectors in the capsid of the virus.
This creates the conditions for purifying AAV or AAV
particles to higher titers and/or greater purity and
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making the purification more efficient and cost
effective. This in turn makes industrial application of
recombinant AAV possible for cell transformations and

gene therapies on the commercial scale.

The following figures and examples are intended to
illustrate the invention in detail without restricting

it.
Description of the figures

Figure 1 shows the chromatogram of a wild-type AAV
sample in one run through a POROS 50HS cation exchange
column. The flow-through volume is plotted against the
conductivity (left-hand y axis) and against the
absorption at 280 nm (right-hand y axis). The AAV
particles are eluted in fractions 12 and 13, which
corresponds to an average conductivity of 30 mS/cm
(300 mM NaCl) (see thick horizontal line).

Figure 2 shows the chromatogram of an AAV sample
consisting of mutated AAV particles (insertion of the
peptide QAGTFALRGDNPQG after amino acid 587; I-587 in
example 3) in one run through a POROS 50HS cation
exchange column. The flow-through volume is plotted
against the conductivity {(left-hand y axis) and against
the absorption at 280 nm (right-hand y axis). The
modified AAV particles eluted in fractions 6 and 7,
which corresponds to an average conductivity of
22 mS/cm (220 mM NaCl) (see thick horizontal line).

Examples

Example 1:
The following mutations were produced by PCR-assisted
mutagenesis and cutting with the restriction enzymes

XhoI, BsrBI and HindIII:
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Mutations in VPl

a) Deletion between the XhoI-XhoIl cleavage

sites of VP-1 (Axho; 62 amino acids, AA)
5 (Hermonat et al. (1984) Journal of Virology 51,

329-~339),

b) Deletion between BsrBI and HindII cleavage

sites of VP-1, which is located within the

above deletion a) and comprises 29 AA (ABH);

10 c¢) Deletion between BsrBI and HindII, and
insertion of a ligand (Pl peptide) (ABH+L); and

d) Pure insertion of the ligand (Pl peptide) at

the BsrBI cleavage site (B+L).
15 Mutations in VP3

a) ins261; YKQIS SQSGA

b) ins381; YLTLN NGSQA
c) ins447; YYLSR TNTPS
20 d) ins534; EEKFF PQSGV

e) ins573; NPVAT EQYGS

f) ins587; LQRGN RQAAT

ins713; NVDFT VDTNG

g

25 (Named according to the number of amino acids (AA)
counted after the AA from the start of the N
terminus in VP-1 of AavV2, flanked by in each case
5 amino acids located N-terminal thereof and 5
amino acids located C-terminal thereof; the AA

30 after which the insertion has been introduced is

shown in bold script).

It is also possible likewise to introduce an
insertion into the five directly adjacent AA which
35 are located next to the AA in bold, because these
are likewise located inside a loop in the AAV2
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capsid.
Example 2:
Characterization of the capsid mutants

After carrying out the mutations in the AAV2
genome and packaging the mutated viruses with LacZ
reporter gene, the physical vector titers were
determined by dot-blot and capsid titer with 220
antibody ELISA, and initial infection tests were
carried out on HeLa cells. It was thus possible to
determine whether the mutations impair the structnre nf
the VP proteins or the interaction between various VP
proteins in such a way that packaging is impaired or

suppressed (table 1).

Table 1: Packaging efficiency for the produced

virus mutants

Virus stock Genomic virus | Capsid titer
titer (ELISA with A20 MAb)

Wild-type capsid |[1-10'? 1-10%

VPl mutants

Axho 6-10%? 5.10%°

ABH 810! 4-10°

ABH+L 1-10%2 5-10%°

B+L 3-10"2 5-10°

VP3 mutants

ins261 1-10° < 10°

ins381 3.10 < 10°

ins447 1-10"2 4-10%°
ins534 1-10° < 10®

ins573 3-10% < 108

ins587 1-10' 2-10%°
ins713 5.10° < 108
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The genomic virus titers (dot-blot) and capsid
titers (A20 capsid ELISA) are shown. The

concentrations are stated in particles/ml.

It was possible to show for all 4 VPl mutants that
mutations have no effect on the packaging
efficiency, and all the mutated viruses can be
packaged with similar titers as good as those for
vectors with unmutated capsid (10! to 10 genomic
particles/ml). It was also possible for the AAV
vectors with mutations in the VP3 region to be
packaged successfully (10*°-10*2 genomic

particles/ml) .

Example 3
Pl mutation in VP3

The starting point was a plasmid pUC-AV2 which was
produced by subcloning the 4.8 kb BglII fragment of
pAV2 (ATCC 37261, ref. 53) into the BamHI cleavage site
of pUCl9 (New England Biolabs Inc.). Mutations were
carried out at defined sites in the plasmid by means of
the PCR-assisted mutagenesis known to the skilled
worker. This involved insertion of a sequence coding
for Pl, a 14 AA peptide with the AA sequence
QAGTFALRGDNPQG, which contains the RGD binding motif of
a laminin fragment (Aumailly et al. (1990) FEBS Lett.
262, 82-86), after nucleotides 2985, 3543 and 3963.
This corresponds to an insertion after amino acids 261,
447 and 587 in the AAV2 capsid protein (named according
to the number of amino acids (AA) counted after the AA
from the start of the N terminus in VP-1 of AAV2). In
the subsequent PCR, in each case 2 mutation-specific
primers are used, and a plasmid, pCap, which contains
only the cap gene and is formed by cutting the 2.2 kb
EcoRI-BspMI fragment out of pUC-Av2 and inserting it
into the EcoRI cleavage site of pUCl9, is used as
template. The PCR products are subsequently amplified
in bacteria and sequenced, and the 1.4 kb EcoNI-XcmI
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fragment which contains Pl is subcloned in pUC-AV2 in
which the corresponding wild-type cap sequence has been
cut out. Consequently, the plasmids (mutants) which are
named after the AA insertion sites pI-261, pI-381, pI-
447 and pI-587 contained the complete AAV2 genome. The
corresponding mutated proteins are referred to as I-
261, I-381, I-447 and I-587.

Example 4
Production of AAV2 particles

HelLa cells (a human cervical epithelial cell line} were
transfected with the plasmids of example 1, incubated
for about 20 h and then infected with adenovirus
type 5. 72 h after the infection, the cells were
disrupted and the AAV2 particles were purified on a

CsCl gradient.
Example 5
Characterization of the capsid mutants of example 3

The intention of these experiments was to establish
whether the capsid mutants are able to package the
viral genome and form complete capsids. AAV2 particles
of the mutants of example 4 were examined to find
whether and, if yes, how many particles carry the viral
genome and how much DNA was packaged in the capsid
mutants. For this purpose, the virus particles (mutants
and wild type) purified in example 4 were treated with
DNAse, blotted and hybridized with a Rep probe.

The titer which emerged from this showed no
quantitative or gqualitative difference from the wild
type (see table 2). The viruses retained the ability to

package the genome.

It was further possible to «confirm by electron
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microscopic analysis that the capsid is also formed.

The mutations were therefore not carried out in regiocns
which are important for correct folding, capsid
assembly or packaging of the genome. The function of

the AAV particles of the invention is unimpaired.

In order to be able to infer whether the mutated
capsids are completely formed and show no change in
antigenicity, A20 monoclonal antibodies (A20 MAb) were
employed in an ELISA in a further experiment. A20 MAb
reacts specifically with the completely assembled AAV2
capsid of the wild type (Wistuba et al., (1997). J.
virol. 71, 1341-1352). Once again, the results are
shown in table 2. It emerges from this that capsid
formation is not impaired by the insertion in the
mutants I-447 and I-587, whereas the A20 monoclonal
antibody no longer binds in the case of I-261, but,
because the examination under the electron microscope
shows that the capsids are nevertheless formed, this is

attributable to a modification of the antigenicity.

Table 2 Packaging efficiency and antigenicity of the

virus mutants produced in example 3

Virus stock Genomic virus titer |ELISA with A20 MAb
Wild-type g-10% 6-10%?

capsid

Mutants

1-261 1-10%? n.m.

1-381 1-10%2 n.m,

T-447 1-10% 8-10

1-587 4-10% 3-10%?

The genomic virus titers (dot-blot) and the titer with
220 capsid ELISA are shown. The concentrations are

stated in particles/ml. “n.m.” means ‘not measurable”.
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Example 6:
Modified elution behavior of the capsid mutants

Recombinant wild-type AAV (in 20 mM Hepes pH 6.8,
100 mM NaCl, 2 mM MgCl,) were loaded onto a 0.8 ml
POROS 20HS cationic exchanger column (Perkin-Elmer,
Weiterstadt). An Akta system (Pharmacia) was used to
apply a gradient of 30 column volumes from 100 to
700 mM NaCl in 20 mM Hepes [lacuna] 6.8. Western blot
analysis showed that AAV eluted in fractions 12 and 13,
which corresponds to elution of wild-type AAV at
30 mS/cm (= about 300 mM NaCl) (see fig. 1).

A capsid mutant (I-587 from example 3) of AAV (the Pl
peptide OQAGTFALRGDNPQG is inserted after amino acid
587; in PBS, pH 6.8) was loaded onto the same 0.8 ml
POROS 20 HS cation exchanger column (see above). A
gradient of 30 column volumes 50-1000 mM NaCl in 20 mM
Hepes pH 6.8 in an Akta system was used for elution.
The AAV mutant was present according to Western blot
analysis in fractions 6 and 7. This corresponds to
elution of about 22 ms/cm (= about 220 mM NaCl) (see
fig. 2).

This shows that insertion of the QAGTFALRGDNPQG peptide
alters the elution behavior of the AAV particles so
that, at the same pH, the mutated particles elute at a
lower salt concentration than the wild-type particles.
This means that the virus fraction is shifted toward
other fractions which are in some circumstances less
impure or otherwise more suitable. It is therefore
possible to alter the chromatographic properties of the
AAV particles by insertions, deletions or other
modifications of the capsid proteins. It is possible in
particular in one variant of the insertion shown to
construct, by introducing amino acids with a
predominantly positive charge, for example at the

insertion sites shown in the examples, capsid mutants
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of the invention which elute at higher salt
concentrations compared with the wild type (which
elutes in a broad, less impure peak). The affinity of
the mutant for the column material is enhanced thereby,
so that elution does not take place until the salt
concentrations are high, that 1is to say in regions
which are normally less contaminated by smaller foreign

proteins.
Example 7:
Infection tests with mutants of example 3

In order to test the tropism of the capsid mutants
I-261, I-381, I-447 and I-587, the cell lines Co-115
and B16F10 were infected with the mutated viruses.
Co-115 cells were used to test the wild-type receptor
tropism of the virions because the latter can be
transduced with wild-type AAV2 and do not bind the Pl
peptide. The B16F10 cell line was used for the reasons
already mentioned in example 9. Three days after the
infection, the cells were investigated by
immunofluorescence measurement using an anti-Rep
antibody to find whether the viral Rep protein is
expressed (Wistuba et al. (1997) J. Vvirol. 71, 1341-
1352; Wistuba et al. (1995) J. Vvirol. 69, 5311-5319).
Cells were grown to 70% confluence on microscope slides
and incubated with various concentrations of viral
preparations of the invention in serum-free medium
together with adenovirus 5. The titers of the viral
preparations were determined three days later by
in situ detection of Rep protein synthesis in an
immunofluorescence assay (Rep titer). The immuno-
fluorescence staining was carried out in this case with
AAV2-infected cells by a method of Wistuba et al.
(Wistuba et al. (1997) J. Virol. 71, 1341-1352; Wistuba
et al. (1995) J. Virol. 69, 5311-5319). The microscope
slides were washed once with PBS, fixed in methanol
(5 min, 4°C) and then treated with acetone (5 min,
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4°C). The cells were then incubated with the monoclonal
antibody 76-3, which reacts with Rep proteins of AAV2,
at room temperature for one hour. This was followed by
washing and incubation with a rhodamine-conjugated
anti-mouse secondary antibody at a dilution of 1:50 in
PBS with 1% BSA for one hour. The titers were
calculated from the last limiting dilution of the wviral
stock solution which led to fluorescence-positive

cells.

Rep-positive C0115 cells were detectable after
infection with wild-type AAV2 and with mutants I-261,
I-447 and I-587. In Coll5 cells. the infectivity of
I-261, I-587 and 1I-447 was two to three orders of
magnitude smaller than that of the wild type (table 3).
Transfection of B16F10 cells with I-447 was just as
inefficient as with wild-type virus (table 3). In clear
contrast with this, Rep-positive B16Fl0 cells are
detectable after infection with I-587, and the titer
determined for the I-587 virus was 1 x 10° Rep EFU/ml
(table 3).

In order to investigate whether the transfection of
B16F10 cells by the mutant I-587 was mediated
specifically by the interaction between the Pl sequence
on the surface of the mutated capsid and the integrin
receptor on the surface of the B1l6F10 cells, the cells
were incubated either with the competing RGDS or with
the inactive RGES peptide at concentrations of 200 umol
before infection with the wvirus. Addition of RGDS
peptide neutralized the infectivity of I-587 for B16F10
cells (table 3), whereas the control peptide RGES had

no effect.
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Table 3: Virus titer on the cell surface

Virus stock Titer on CO115 cells |Titer on B1l6F1l0 cells
- RGDS + RGDS

Wild-type capsid |2-10° <1 Nd
Mutants

1-261 7-10° nd Nd

I-381 n.m. nd Nd

1-447 1-10° <1 Nd

1-587 1-107 1-10° <1
rAAV/Lacz 5-107 <1 Nd
rAAV(I-587) /LacZ |6-10° 5-10° <1

The titers for the wild type-susceptible C0115 cells
and the wild type-resistant B16F10 cells are shown. The
titers are expressed in Rep EFU/ml for I-447 and I-587,
as for the wild type, and in LacZ EFU/ml for rAAV/LacZ
and rAAV(I-587)/LacZ. EFU here means expression-forming
units (expressing forming unit) and nd means “not

determined”. “n.m.” means “not measurable”.

Example 8:
Infection assay of the mutants of example 3 with

galactosidase

In another experiment based on example 6, rAAV vectors
containing either the wild type (rAAV virion) or I-587
(rAAV(I-587) virion) were produced with a LacZ reporter
gene. The viral preparations were called raAAvV/LacZ and
YAAV(I-587)/LacZz and used for infection of B16F1l0 and
C0115 cells (controls).

Infected cells were assayed for f-galactosidase
expression by X-Gal staining three days after the
infection. This entailed use of the X-Gal in situ assay
for cytochemical staining (LacZ titer). After this, the
cells were, in order to assay the expression of

B-galactosidase, washed once in PBS and then fixed with
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1.5% glutaraldehyde. The cells were then treated with
X-Gal (5-bromo-4-chloro-3-indolyl-f3-D-galacto-
pyranoside) as already described by Chiorini et al.
(1995) Hum. Gen. Ther. 6, 1531-1541. The titers were
calculated from the last limiting dilution of the viral
stock solution which led to P-galactosidase-producing
cells.

Both virions were infectious for the COl11l5 control
cells, although rAAV (I-587)/LacZ was less efficient by
2 orders of magnitude. With type B16F10 - as expected -
no P-galactosidase-positive cells were found after
infection with rAAV/LacZ. By contrast, surprisinalv. a
markedly large number of PB-galactosidase-positive cells
were found after infection with rAAV(I-587)/LacZ. The
titer determined for rAAV-(I-587)/LacZ was 5 x 10° Lacz
EFU per ml. The infectivity of rAAV vectors for B1l6F10
cells was improved by more than four orders of
magnitude by the mutation according to the invention
(table 3).
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EDITORIAL NOTE

APPLICATION NUMBER - 64354/00

The following Sequence Listing pages 33 to 39 are part of the

description. The claims pages follow on pages 27 to 30.
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SEQUENCE LISTING
<110> MediGene Aktiengesellschaft
<120> Structural protein of adeno-associated virus

with modified chromatographic properties, its

preparation and use

<140> 199 33 719.5-41
<141>17.07.1999

<160> 18

<170> Microsoft Word 97
<210> 1

<211>14

<212>PRT

<213> Mus musculus

<400> 1

Gln Ala Gly Thr Phe Ala Leu Arg Gly Asp Asn Pro Gln Gly
14

<210>2
<211>10
<212>PRT

<213> adeno-associated virus

<400> 2
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Tyr Lys Gln lle Ser Ser Gln Ser Gly Ala
10

<210>3

<211>10

<212>PRT

<213> adeno-associated virus

<400> 3

Tyt Leu Thr Leu Asit Asu Giy Se1 Gin Ala

10

<210>4

<211>10

<212>PRT

<213> adeno-associated virus

<400> 4

Tyr Tyr Leu Ser Arg Thr Asn Thr Pro Ser
10

<210>5

<211>10

<212>PRT

<213> adeno-associated virus

<400> 5

Glu Glu Lys Phe Phe Pro Gin Ser Gly Val
10
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<210>6

<211>5

<212>PRT

<213> adeno-associated virus

<400> 6

Asn Pro Val Ala Thr
5

<210>7

<211>5

<212>PRT

<213> adeno-associated virus

<400> 7

Glu Gln Tyr Gly Ser
5

<210> 8
<211> 10
<212>PRT

<213> adeno-associated virus
<400> 8

Leu Gln Arg Gly Asn Arg Gin Ala Ala Thr
10

<210>9
<211> 10
<212> PRT
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<213> adeno-associated virus
<400> 9

Asn Val Asp Phe Thr Val Asp Thr Asn Gly
10

<210>10
<211>10
<212>PRT

<213> artificial sequence

<220>
<223> mutated VP3 of adeno-associated virus

<400> 10

Tyr Lys Gln lie Ser Ser Gin Ser Gly Ala
10

<210> 11
<211>10
<212>PRT

<213> artificial sequence

<220>
<223> mutated VP3 of adeno-associated virus

<400> 11

Tyr Leu Thr Leu Asn Asn Gly Ser Gln Ala
10

<210> 12
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<211>10
<212>PRT

<213> artificial sequence

<220>
<223> mutated VP3 of adeno-associated virus

<400> 12

Tyr Tyr Leu Ser Arg Thr Asn Thr Pro Ser
10

<210>13
<211>10
<212>PRT

<213> artificial sequence

<220>
<223> mutated VP3 of adeno-associated virus

<400> 13

Glu Glu Lys Phe Phe Pro Gln Ser Gly Val
10

<210>14
<211>10
<212>PRT

<213> artificial sequence :

<220>
<223> mutated VP3 of adeno-associated virus

<400> 14
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Asn Pro Val Ala Thr Glu Gln Tyr Gly Ser
10

<210>15
<211>10
<212>PRT

<213> artificial sequence

<220>
<223> mutated VP3 of adeno-associated virus

<400> 15

Leu Gln Arg Gly Asn Arg Gin Ala Ala Thr
10

<210> 16

<211> 10

<212>PRT

<213> artificial sequence

<220>
<223> mutated VP3 of adeno-associated virus

<400> 16

Asn Val Asp Phe Thr Val Asp Thr Asn Gly
10

<210>17
<211>4
<212> PRT

<213> Mus musculus

-35-
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<400> 17

Arg Gly Asp Ser
4

<210>18

<211>4

<212>PRT

<213> artificial sequence

<220>

~223% iiiulaicd iaminin peptide
<400> 18

Arg Gly Glu Ser
4
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. The use of a structural protein of adeno-associated virus (AAV) for
purifying AAV and/or AAV particles, characterized in that the structural protein
comprises at least one mutation which brings about an alteration in the
chromatographic properties of the virus, whereas the mutation(s) is/are located
on the virus surface and the mutated structural protein is capable of stable

particle formation.

2. The use of a structural protein as claimed in claim 1, characterized in that
the alteration in the chromatographic properties makes an improvement in the
purification possible, in particular a concentration of the virus, preferably of the
virus particles, to higher titers, a purification to greater purity and/or a more

efficient purification.

3. The use of a structural protein as claimed in either of claims 1 or 2,
characterized in that the mutation brings about a negligible reduction in the

infectivity of the virus.

4. The use of a structural protein as claimed in any one of claims 1 to 3,

characterized in that the mutated structural protein increases the thermal stability.

5. The use of a structural protein as claimed in any one of claims 1 to 4,
characterized in that it is selected from mutated VP1, mutated VP2 and/or
mutated VP3.

6. The use of a structural protein as claimed in any one of claims 1 to 5,
characterized in that it is derived from AAV1, AAV2, AAV3, AAV4, AAV5 and/or
AAV6 and other AAV serotypes derived therefrom, in particular from AAV2.

7. The use of a structural protein as claimed in any one of claims 1 to 6,
characterized in that the mutation is a point mutation, a mutation of more than
one amino acid, one or more deletion(s), in particular one or more insertion(s) or

a combination of said modifications.
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8. The use of a structural protein as claimed in any one of claims 1 to 7,
characterized in that amino acids of a functional sequence which are preferably
suitable for affinity chromatography are inserted.

9. The use of a structural protein as claimed in claim 8, characterized in that

5 the inserted amino acid sequence is selected from a ligand of a receptor or the
receptor of a ligand, an antibody or part of an antibody, in particular an antibody
epitope, an antigen or antigen epitope, a hormone, a hormoreceptor, an enzyme,

an enzyme substrate, a lectin, sugar-bearing amino acids, in particular from a
histidine-rich peptide (His tag), a multiply charged peptide, glutathione

10 S-transferase (GST tag), an F. part of an antibody, an immunoglobulin-binding

acid binding site, a heparin binding site, a specific ligand, a specific receptor, an

integrin, a cytokine or a receptor binding domain of a cytokine, integrin or growth

factor, single-chain antibodies which bind to a cell surface receptor, an antibody
15  against cell surface structures, an epitope and/or an antibody-binding structure.

10. The use of a structural protein as claimed in either of claims 8 or 9,
characterized in that a peptide which has the sequence QAGTFALRGDNPQG is
inserted.

11.  The use of a structural protein as claimed in any one of claims 1 to 10,
20 characterized in that the structural protein comprises at least one other mutation.

12.  The use of a structural protein as claimed in claim 11, characterized in that

the other mutation(s) brings about an alteration in the infectivity of the virus.

e 13.  The use of a structural protein as claimed in either of claims 11 or 12,
characterized in that the other mutation(s) brings about a reduction in the
antigenicity of the virus.

14,  The use of a structural protein as claimed in any one of claims 11 to 13,
characterized in that the other mutation(s) is/are one or more deletion(s), one or
more insertion(s) or a combination of said modifications.
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15.  The use of a structural protein as claimed in any one of claims 11 to 14,
characterized in that the insertion is a cell membrane receptor ligand, a Rep
protein or peptide, an immunosuppressive protein or peptide and/or a protein or
peptide with a signal for double strand synthesis of the foreign gene.

168.  The use of a structural protein as claimed in any one of claims 11 to 15,
characterized in that the insertion is selected from an integrin, a cytokine or a
receptor binding domain of a cytokine, integrin or growth factor, single-chain
antibodies which bind to a cell surface receptor, an antibody against cell surface

structures, an antibody-binding structure or an epitope.

17.  The use of a structural protein as claimed in any one of claims 1 to 16.
characterized in that the mutation(s) is/are located at the N terminus of the

structural protein.

18. The use of a structural protein as claimed in any one of claims 1 to 17,
characterized in that the mutation(s) is/are brought about by one or more

insertions in the Xhol cleavage site of the VP1-encoding nucleic acid.

19.  The use of a structural protein as claimed in any one of claims 1 to 18,
characterized in that the mutation(s) is/are brought about by one or more

insertions in the BsrBI cleavage site of the VP1-encoding nucleic acid.

20. The use of a structural protein as claimed in any one of claims 1 to 19,
characterized in that the mutation(s) is/are brought about by one or more
deletions between the BsrBI-Hindll cleavage sites of the VP1-encoding nucleic

acid and one or more insertions.

21.  The use of a structural protein as claimed in any one of claims 1 to 20,
characterized in that the mutation(s) is/are brought about by one or more
deletions between the Xhol-Xhol cleavage sites of the VP1-encoding nucleic acid.

22. The use of a structural protein as claimed in any one of claims 1 to 21,
characterized in that the mutation(s) is/are brought about by one or more
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deletions between the BsrBI-Hindll cleavage sites of the VP1-encoding nucleic
acid.

23. The use of a structural protein as claimed in any one of claims 1 to 17,
characterized in that one or more insertions in VP3 is/are located before and/or
5 after at least one amino acid in the sequence selected from YKQIS SQSGA,

YLTLN NGSQA, YYLSR TNTPS, EEKFF PQSGV, NPVAT EQYGS, LQRGN
RQAAT, NVDFT VDTNG.

24, The use of a structural protein as claimed in any one of claims 1 to 23 in
the form of an AAV particle, in particular in the form of an AAV capsid.
10
DATED this 15™ day of September, 2004
MEDIGENE AKTIENGESELLSCHAFT

WATERMARK PATENT & TRADE MARK ATTORNEYS
290 BURWOOD ROAD

HAWTHORN VICTORIA 3122
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