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AAY Variants for Treatment of Complement Bisordess

CROSS REFERENCE TO RELATED APPLICATIONS

{0063]  This application claims the benefit of U.S. Provisional Patent Application Serfal
Nos. 63/484,925, filed April 7, 2023 and 63/586,227, filed September 28, 2023, the entire

contents of each of which are incorporated herein by reference.
SEQUENCE LISTING SUBMISSION VIA EFS-WEB

{08062 A computer readable XML file, entitled “080400-5022-WC-Sequence-Listing”
created on April 2, 2024, with a file size of about 87,900 bytes contains the sequence listing

for this application and is hereby incorporated by reference in its entivety.
BACKGROUND OF THE INVENTION

{08637 A number of human diseases are caused by complement dysreguiation, resulting in
complement-mediated avtologous tissue injury. The complement dysregulation may arise
from mutations, either somatic or germline, in complement regulator or regulator- related
genes such that these regulators no longer function normally, In particular, there are common
and rare human diseases that are caused by excessive complement activation resulting from

dysregulation of the complement activation cascade.

{0804] Current therapeutic approaches are focused on the development of reagents such as
monocional antibodies {mAbs), peptides or other small molecules that bind and block
specific altemative pathway or terminal pathway complement components. A clinically
validated example is Eculizumab, a humanized mAb against complement C5 which has been
approved for the treatment of paroxysmal nocturnal hemoglobinuria (PNH) and atypical
hemolytic vremic syndrome {(aHUS). Other approaches that have been described include
mAbs against factor B (fB), factor D (D}, or properdin (fP), and a cyclic peptide that binds
and inhibits C3. A limitation of these approaches is that they require repeated and
inconvenient intravenous (1V} dosing of patients. Further, since these treatments block the
alternative pathway or terminal pathway, they run the risk of compromising host defense.

{ndeed, patients on Eculizumab therapy bave to be vaccinated against bacteria strains that
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cause Jethal meningitis and these patients are also put on prophylactic antibiotic therapy

before being treated with the approved mAb drug.

{8663}  Tn other approaches, recombinant regulatory proteins such as soluble DAF, CR1,
CRlg and proteins comprising minimal domains of fluid phase regulator 11 (N-terminal short
consensus repeat [SCR] 1-5 and Coterminal SCR 19-20) or fusion proteins between i and
CR2 {TT30) have been tested. However, large scale heterologous expression of such proteins
as therapeutic drugs requires significant effort, and animal studies have shown their in vivo
clearance rate after administration to be fast making such therapeutic strategies cumbersome
and tess practical as multiple and frequent administrations of such protein drugs would be

required.

16006] A nced remains in the art for compositions usefud for treating complement-

mediated diseases with greater and longer-lasting efficacy.

SUMMARY OF THE INVENTION

§8087]  Described herein are recombinant AAY (TAAV) virions comprising a variant AAV
capsid sequence encapsulating 4 heterclogous nucleic acid comprising an engineered human
complement regulator factor H (fH) gene operably Unked to an expression control sequence,
wherein the human fH (hfH) gene encodes a soluble hfH protein variant that retains
complement regulatory function, wherein said fH variant comprises short consensus repeats
(8CRs} 1,2, 3, 4, 19 and 20, In some embodiments, the rAAV comprises a heterclogous
nucleic actd comprises an hiH gene encoding a soluble hfH protein variant that retains
complement regulatory function, wherein said fH variant comprises or consists of or consists
essentially of SCRs, wherein the SCRas are selected from the group consisting of SCR1,
SCR2, SCR3, SCR4, SCRE, SCR7, SCRE, SCR17, SCR1E, SCRSCR1Y and SCR20.

{88081  In related aspects, an rAAV virion is provided comprising a variant AAV capsid
sequence encapsulating a heterologous nucleic acid, wherein the nucleic acid comprises
nucleotide sequence encoding an engineered hiH variant comprising a leader sequence and
human complement reéeptor SCRs, wherein the SCRs are selected from the group consisting
of: (a) SCRI-4, 7, and 19-20; (b) SCRI-4, 6, 7, and 19-20; (¢) SCRI-4, 7, 8, and 19-20; (4)
SCRI-4, 6, 7, 8, and 19-20; () SCRI-4, 17, and 18-20; (f} SCRI-4, and 18-20; (g) SCRI-4,
and 17-20; (h) SCR1-4, 7, and 18-20; (i) SCR1-4, 6, 7, and 18-20; () SCR1~4, 7, 8 and 18-
20; (k) SCR1-4, 6, 7, 8 and 18-20; (1) SCR1-4, 7, and 17-20; {m} SCR1-4, 6, 7, and 17-20; (1)
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SCRI-4, 7, 8 and 17-20; or {0} SCR1-4, 6, 7, 8 and 17-20. Cptionally, at least one

glycosylation site is engineered into at least one of the SCRa.

{6808]  The variant AAV capsid protein of the rAAV comprises a capsid protein
comprising a peptide insertion of from about 7 amino acids to about 20 arino acids (a
“heterologous peptide” or “peptide insertion”) in the GH-loop of the capsid protein,
preferably in a surface-exposed region of the GH-loop, relative o a corresponding parental
AAV capsid protein, wherein the peptide insertion comprises the amino acid sequence
ISDQTKH (SEQ 2 NO:1). In some preferred aspects, the peptide insertion has from 110 3
amine acid spacer aming acids (Yi~Y3) at the amino and/or carboxyl terminus of the amino
acids sequence ISDQTKH (SEQ 1D NO:1), wherein each of ¥1-Ys is independently selected
from Ala, Lew, Gly, Ser, Thr, and Pro. In some embodiments, the peptide insertion
comprises 2 spacer amine acids at the N-terminus and 1 spacer aminoe acids at the C-~
terminus. In particularly preferred embodiments, the peptide insertion comprises, consists
essentially of or consists of the aming acid sequence LAISDQTKHA (SEQ IDNG:2). In
certain preferred embodiments, the insertion site is between amino acids 587 and 588 of VP1
of AAVZ or is between amino acids 588 and 589 of AAV?2 or the corresponding positions in
the capsid protein of another AAV serotype. In some embodiments, the capsid protein further
comprises one or more amine acid sebstitutions refative to VPT capsid of AAV2 or one or
more corresponding substitutions in another AAVY serotype, preferably wherein the capsid
protein further comprises a P34A amino scid substitution relative to VP! capsid of AAV2 or

the corresponding substitution in another AAV serotype.

[8610] 1o other embodiments, a method for delivering 2 heterologous nucleic acid
comprising a nuclectide seguence encoding a soluble hfH protein variant as herein described
to a mammalian subject is provided, the method comprising administering to the mammal an
effective amount of an rAAV as herein described or a pharmaceutical composition comprising
same, preferably wherein the rAAV or pharmaceutical composition is administered by
intravitreal injection. In some aspects, the heterologous nucleic acid is delivered to a retinal
cell of the subject, e.g., a photoreceptor cell (e.g., rods; cones), 3 retinal ganglion cell (RGQC),
a glial cell {e.g., a Miiller glial cell, a microglial cell), a bipolar celi, an amacrine cell, a

horizontal cell; and/or a retinal pigmented epithelium (RPE) cell of the subject,

[0811] In some embodiments, detectable plasma levels of the hfH variant are present in a

subject for at least a week, at least two weeks, at least three weeks, at least a month, at least
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two months, or at least 6 months following administration of the rAAV to the subject. In
particularty preferred embodiments, the rAAY is admimstered 1o a subject by Infravitreal

administration.

{8012}  In other embodiments, s pharmaceutical composition is provided comprising an

rAAY as described herein and a pharmaceutically acceptable excipient.

{8013}  In other aspects, a method is provided for treating a complement related disorder
by delivering to the subject an rAAV as herein described or a pharmaceutical composition
comprising the rAAV. Complement related disorders that may be treated include, without
limitation, mernbranoproliferative glomerulonephritis, atypical hemolytic uremic syndroms
(aHUS), age related macular degeneration (AMD), geographic atrophy secondary to AMD
microangiopathic haemolytic anemia, thrommbocylopenia, acuie renal fatlure, paroxysmal
nocturnal hemoglobinuria (PNH), schizophrenia, ischemic siroke, and/or bacterial infections

caused by recruitment of bacterial pathogens.

{8014]  In a further aspect, a method is provided for treating dry age-related macular
degeneration {(AMD) (e.g., late-stage dry AMDY) in a subject in need thereof by delivering to
the subject an effective amount of an rAAYV ag herein described or & pharmaceutical
composition comprising the rAAV. In related aspects, the rAAV or pharmaceutical
composition is administered {0 a subject for the treatment of geographic atrophy secondary to
AMD. Preferably, the rtAAV or pharmaceutical composition is administered to the subject by

mtravitreal injection.
DESCRIPTION OF THE DRAWINGS

{6015]  Figure 1 is a schematic of 2 transgene cassetie comprising 5’ and 37 AAV inverted
terminal repeats (ITRs) from the AAV2 genome, a polyadenylation signal (SV40 late polyA)
and nucleotide sequence encoding a codon-optimized human fH variant containing SCRs 1-4,

6-8 and 17-20 ("miniCFH"}, operably linked 10 a CAG promoter.

{8016]  Figures 2A-F. Figures 2A-F illustrate miniCFH expression, activity and function
in human cells following transfection with an AAV plasmid comprising the transgene
cassette illustrated at Figure 1. Figures 2A-2B illustrate dose-dependent miniCFH and full
fength CFH expression in protein lysates from supemnatanis of plasmid transfected HEK293T

cells by BELISA (Fig. 2A) and western blot {Fig. 2B). Fig. 2C illustrates C3b binding:
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preincubation with blocking CFH antibodies, but not with contrel antibodies or mock
incubation, reduces CFH and miniCFH signal, indicating that miniCFH binds directly to C3b.
Fig. 2D illustrates heparin binding: preincubation with blocking CFH antibodies reduces
recombinant CFH and mindCFH signal, indicating that miniCFH bind retain heparin binding
activity. Fig. 2E shows the results of a C3b cleavage assay that was performed to confirm the
functional activity of miniCFH expressed in HEK293T cells. The C3 protein is cleaved into
C3a and C3b fragments. C3b fragment can form C3 convertase upon binding factor B or can
be degraded by complement factor 1 (CFI), in the presence of CFH as a co-factor, o smaller
inactive fragments causing interruption in the alternative compliement cascade. These smaller
fragments resulting from the C3b degradation are observed by Western biot. Fig. 2F
llustrates complement jnhibition (Wieslab® Complement system Alternative pathway

assay), demonstrating that supernatant from AAV plasmid cassette-transfected cells resulted
in membrane attack complex (MAC) formation inhibition similar to fisll length CFH and anti~

C5 antibody controls. NT= not ransfecied

{8017} Figures 3A-C illustrate expression, activity, and function of miniCHF in buman
RPE Cells. IPSC-derived retinal pigment epithelial (RPE) cells were transduced with an
rAAY comprising (i) a variant AAV capsid protein comprising the amino acid sequence of
SEQ ID N(:42 and (i) a mucleic acid comprising the expression cassette ithistrated at Figure
1. RPE were transduced at different multiplicity of infection (MOl vestor genomes (ve) per
cell). 4 days later, 7 days post-transduction, media was harvested and assayed for secreted
miniCFH expression by ELISA (Fig. 3A) and complement inhibition aclivity by the
Wieslab® Complement sysiem Alternative pathway assay (Fig. 3B). Complement inhibition
was also assessed by ICC (Fig. 3C). Alternative complement was activated in iPSC-derived
RPE on day 6 post-transduction by adding to the culture media NHS at final concentration
11%] and Zymosan at final concentration [0.5mg/m! of NHSI. 24 hours later, 7 days post-
ransduction, cells were fixed and stained with primary MAC antibody TgG2aKappa mouse
anti-luman (Abcam catS98335} or Isotype control mouse [gG2aKappa (Invitrogen cat#14-
4724-82) and stained with secondary A488 goat anti~mouse (Invitrogen catfA11001) and
DRAQS (ThermaoFisher cat#62251) for nuclel. Images were taken using a fluorescence
microscope. miniCFH expressed by cells at all MOIs prevented MAC formation in the
cultures. An anti-C3 antibody was used as a positive control for complement inhibition and

prevention of MAC formation. NT=not transduced
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[8018]  FIG. 4 tllustrates LOMS quantification of short CFH (8CFH) concentrations in
aquecus humor (AH) samples of NHPs following intravitreal {bilateral) administration of the
specified dose of rAAY comprising (i) a variant AAY capsid protein comprising the amino
acid sequence of SEQ 1D NG:42 and {31) a nucleic acid comprising the expression cassetie

illustrated at Figure 1 to the NHPs.

[0018]  FIG. 5 illustrates sCFH RNA expression (by in situ hybridization analysis) in
untransfected HEK 2937 cells and HEK 2937 cells following transfection with rAAY
comprising (1} a variant AAY capsid protein comprising the amino acid sequence of SEQ ID

WO:42 and (i1) 3 nucleic acid comprising the expression cassetie illustrated at Figure 1.

[0026]  FIG. 6 illustrates the results of in situ hybridization analysis of ocular tissue from
non-human primates following intravitreal (bilateral) adminisiration of the specified dose of
rAAY comprising (i) a variant AAV capsid protein comprising the amino acid sequence of
SEQ ID N(:42 and (1) a nucleic acid comprising the expression cassette illustrated at Figurs

I

f6021] FIGS. 7A-F Fig 7A is 3 Western blot that shows detection of CFH protein
following transfection with CFH or miniCFH constructs. N'T cell supernatant analyzed
showed no band as a negative control. Recombinant full length CFH (250kDa, Lane 5)
served as a positive control. Arrows show the theoretical MW of miniCFH (80kDa), and full
length CFR (139k13a). Ladder is represented on the left. Fig. 78 shows CFH protein
concentrations in superpatants from HEK2937T cells transfected with 0.125 or 0.5 pg of CFH
or miniCFH construct as determined with a human Factor H ELISA, ¥¥*#p<0.0001
compared to NT; ~ p=0.0003 compared between §.125 pg DNA vs 0.5 g DINA samples. Fig.
7C shows supernatants from miniCFH DNA (0.5 ug DNA/well, 15 pl supernatant}
transfected HEK cells that led to complement inhibition comparable to positive control
eculizumab (6 pg), **p=0.0028, ¥*¥p=0.0002 compared to NT. Fig. 713 is a Western blot of 6
reactions including various components identified on the legend at the top of the image.
Purified recombinant protein components (purified CHF, CFI, C3b) and supernatants
following transfection {CFH supernatant} are shown. Cleavage products are highlighted with
arrows. Upon addition of supernatant following transfection of miniCFH to reaction,
increased cleavage products were observed (Lane 2) compared to NT supernatants (Lane 3}.
Positive control reaction with all three recombinant proteins (CFH, CFL, C3b) in Lane 4 and

negative controls in Lane 5-7. Fig. 7E shows miniCFH in supernatants following transfection
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bound 1o C3b and was ablated foliowing a CFH antibody incubation, *p=0.05 10 CFH
antibodies **p=0.01 to CFH antibodies. Fig. 7F shows miniCFH in supernatants following
transfection bound to heparin and ablated following a CFH antibody incubation, *p=0.05 o
CFH antibodies ¥*p=0.01 {o CFH antibodies. NT = non-transfected Frror bars -+ standard

deviation; =3 experimental replicates; One-way ANOVA, Tukey’s post-hoc

{80221  FIG. 8 illustrates transduction of iPSC-RPE cells resulting in expression of
minjCFH protein. CFH concentration [nM] in supernatant from RPE cells transduced with
rAAY {comprising a capsid protein comprising the amino acid sequence set forth in SEQ 1D
NO:42 and a heterologous nucleic acid encoding a shortened from of complement factor H
{“miniCFH) having the amino acid sequence set forth in SEQ 1D NO:34) at different MO,
which showed a dose response in CFH expression. Any signal beyond that seen from NT
cells would then correlate to miniCFH expressed from the rAAV. MOI = multiplicity of
infection; NT = non-transduced. Error bars + standard deviation; n=4 experiment replicates.
Significance relative to NT, **p=0.0071 and *¥*p=0.0007. Significance “p=0.0477 for
comparison between MOT 5,000 and MOT 50,000, Statistics; one~-way ANOVA, Tukey’s
post-hos.

{6023]  FIGS. 9A-9B illustrate inhibition of alternative complement pathway by miniCFH
Expressed by iPSC-derived RPE cells transduced by rAAV comprising a capsid protein
comprising the amino acid sequence set forth in SEQ 1D NO:42 and a heterologous nucleic
acid encoding the amino acid sequence set forth in SEQ ID NO:34, operably linked to a CAG
promoter. Cell supematants from RPE transduced with the tAAV were assayed for
complement inhibiting activity by two methods: Wieslab assay (Fig. 9A) and soluble C5b-9
ELISA (Fig. 9B). Fig. 9A shows inhibition of alternative complement activity resulting from
addition of the specified samples to a Wieslab assay with normal huroan serum. Activity
readout with input of NT supernatanis is defined as (1% inhibition. A dose response was
observed, with higher MOI doses of the rAAV resulting in increased complement inhibition.
Error bars = standard deviation; n=3 experiment replicates. Significance relative to N'T unless
otherwise noted. *p = 0.0342, *¥p = 0.0026, *¥**p < 0.0001, ~p =0.0078 for comparison
between MOI 5,000 and MOI 50,000. Fig. 9B shows soluble C5b-9 concentration in samples
with supernatant from RPE transduced with the rAAYV at different MOI showed an inverted
dose response. Concentration of sohuble C5b-9 was normalized, with C5b-9 concentration in

NT supernatant = 1. Error bars % standard deviation; =4 experiment replicates. Significance
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refative 10 N'T, **p=0.0071 and ****p<0.0001. Significance "p=0.0272 for comparison
between MOT 5,000 and MOI 50,000, Statistics; one-way ANOVA, Tukey’s post-hoc. NT,

non-transduced; MOIL, multiplicity of infection.

{8024] FIG. 18 shows acceleration of C3 convertase decay activity by expressed
miniCFH. C3b cleavage products in samples of purified C3b incubated with purified CFI and
supernatant samples or puritied full length CFH were detected by western blot. Samples
lacking both CFI and CFH do not show cleavage of the C3b a chain, while samples with one
or the other of purified CFI or CFH show low levels of cleavage products. Incubating C3b
with both CFI and mimiCFH results in extensive cleavage, with a marked reduction inthe o
chain and increased abundance of cleavage products. miniCFH from cell supernatants in
place of purified CFH recapitulates these effects. NT, non-transduced; MOIL, multiplicity of

infection. Represeniative blot, n=4 experiment replicates.

{0625  FIGS. 11A-118 show that transduction of RPE with rAAV (comprising a capsid
protein comprising the amino acid sequence set forth in SEQ 1D NG:42 and 2 heterologous
nucleic acid encoding the amino acid sequence set forth in SEQ 1D NO:34, operably linked to
a CAG promoter) prior to induction of complement activation in cuitures protected RPE from
MAC deposition. Fig. 11A shows immunocytochemisiry (ICC) analysis. Representative
images, n = 4 experimental replicaies. Scale bar = 200 um. Fig. 11B shows flow cylometry
analysis. The percentage of total RPE cells with MAC depaosition at different MOI showed a
dose response. Error bars = standard deviation; n=4 experiment replicates. Significanice
relative to NT, *¥**p<0.0001. Statistics; one~-way ANOVA, Tukey’s post-hoc. NT, non-
transduced; MOIL, multiplicity of infection. MAC = Membrane Attack Complex.

[0026] FIG. 12 shows alternative Complement inhibitory activity of rAAV (comprising a
capsid protein comprising the amino acid sequence set forth in SEQ TD NO:4Z and a
heterologous nucleic acid encoding the amino acid sequence set forth in SEQ ID NO:34,
operably lindred to a CAG promoter) in an i vitro RPE disease model. iC3b concentration in
a disease model supernatant from RPE wansduced with the rAAYV showed a decrease in
comparison 1o NT. Concentration of #C3b was normalized, with iC3b concentration in NT
supernatant = 1. NT, non-transduced; MOI, mudtiplicity of infection; RPE, retinal pigment
epithelial cells. Error bars = standard deviation; =4 experiment replicates. Significance
relative to NT, #*p=0.0021 and ****p<0.0001. Statistics; one-way ANOVA, Tukey’s post-

hoc.
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{80277 FIG. 13 shows miniCFH concentrations in agueous humor of nonhuman primates
following intravitreal dosing with an rAAV comprising a capsid protein comprising the
amino acid sequence set forth in SEQ ID NO:42 and a heterologous nueleie acid encoding the
amino acid sequence set forth in SEQ 1D NO:34, operably linked to a CAG promoter.
Expression of miniCFH protein in agueous humor was measured by LC-MS. Fluid
expression is shown as ng/ml., Data is summarized from 3-4 animals. Mean + standard

deviation

{8028] FIG. 14 shows miniCFH concentrations in retinal tissue and RPE/Choroid in
nonhuman primates following intravitreal dosing with an rAAV comprising 2 capsid protein
comprising the amino acid sequence set forth in SEQ ID NG:42 and a heterologous nucleic
acid encoding the amino acid sequence set forth in SEQ 1D NO:34, operably linked to a CAG
promoter. Expression of miniCFH protein in aguecus humor {AH), retina tissue (Ret), and
RPE/choroid tissue (RPE/C) from NHP eyes after IVT of the rAAV at (leff) 5x16°! vg/eve
and (right} 1x10% vg/eve measured by LC-MS at terminal necropsy timepoints. Data is
sumimarized from 3-4 animals. Fluid expression shown as ng/mb. Tissue expression shown

as ng/g. Mean + standard deviation.
DETAILED DESCRIPTION OF THE INVENTION
{8029}  Definitions

[8038]  Asused herein, the term “functional fH variant” includes fH variants which are
characterized by having complement regulating activity (cofactor activity) located in SCRI-4
and optionally, a functional C3b-binding and GAG-binding ability (located within wild-type
SCR7 and SCR19-20) characteristic of wild-type fH. In some embodiments, the engincered
fH variants have more than 10036 of wild-type fH cofactor activity and/or GAG-binding
ability. In another embodiment, the engincered fH variant has less thag about 95% to about
100% of wild- type funetional fH. For example, an engincered fH variant may have at least
3094 of the cofactor activity present in funectional wild-type fH, and more desirably at least
about 6%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at
least about 953% , or at least abowt 99%. In ancther embodiment, the engineered fH variant
may alternatively or additionally have at {east at least 50% of the GAG-binding ability of
functional fH, and more desirably at least about 60%, at 1east about 75%, at least about 80%,

at least about 85%, at least about 30%, at least about 95% , or at least about 99%. Methods of
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determining cofactor activity, binding and/or determining increased circulating half-life as

compared to the hfH proteins are known in the art.

{3031]  As used hercin, when reference is made to SCR #-##, the domains are inclusive of
the endpoints and is the same as “SCR#, . . . SCR#”. In certain embodiments, periods are
used between the domains. For example, SCRI-4, refers to “*SCR1, SCR2, SCR3, and SCR4”
and is the same as “SCR1,2,3,4” or “SCRI .2.3.4.”. SCR19-20, refers to SCR1Y and SCR20
and 1s the same as “SCR19,207. For example, “SCR6-87, “SCRH.7.8” and “SCRS,7,8” refer

to the same domains.,

{0032]  The term “isolated” designates a biological material (cell, nucleic acid or protein)
that has been removed from its original enviromment (the environment in which it is naturally
present). For example, a polynucicotide presert in the natural state in a plant or an animal is
not isolated, however the same polynucleotide separated from the adjacent nucleic acids in

which it is naturally present, is considered “isolated.”

{0033]  As used herein, 8 “coding region” or “coding sequence” is a portion of
polynucleotide which consists of codons translatable into amino acids. Although a “stop
codon” {TAG, TGA, or TAA) is typically not translated into an amino acid, it can be
considered to be part of a coding region, but any flanking sequerices, for example promoters,
ribosome binding sites, transcriptional terminators, introns, and the like, are not part of a
coding region. The boundaries of a coding region are typically determined by a start codon at
the 5 terminus, encoding the amino terminus of the resultant polypeptide, and a translation
stop codon at the 37 terminus, encoding the carboxyl terminus of the resulting polypeptide.
Two or more coding regions can be present in a single polynuclentide construct, e.g., ona
single vector, or in separate polynucieotide constructs, e.g., on separate {(different) vectors. It
follows, then that a single vector can contain just a single coding region, or comprise two or

more coding regions.

{0834]  Asused herein, the term “regutlatory region” refers 1o nucleotide sequences located
upstream {5” non-coding sequences), within, or downstream (3” non-coding sequences) of a
coding region, and which influence the transeription, RNA processing, stability, or translation
of the associated coding region. Regulatory regions can include promoters, translation leader
sequences, inirons, polyadenylation recognition sequences, RNA processing sites, effector

binding sites and stem-loop siructures. If a coding region is intended for expressionina
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eukaryotic cell, a polyadenylation signal and transcription termingtion sequence will usually

be located 37 o the coding sequence.

{8835]  As used herein, the term “mucleic acid” is interchangeable with “polynuclectide” or

“nucleic acid molecide™ and a polymer of nucleotides is intended.

{80336} A polynucleotide which encodes a gene product, e.g., a polypeptide, can include a
promoter and/or other transcription or translation control elements operably associated with
one or more coding regions. in an operable association a coding region for a gene product,
&.g., a polypeptide, is associated with one or more regulatory regions in such a way as to
place expression of the gene product under the influence or control of the regulatory
region{s}. For example, a coding region and a promoter are “operably associated” if induetion
of promoter function resulis in the transcription of mRNA encoding the gene product
encoded by the coding region, and it the nature of the linkage between the promoter and the
coding region does not interfere with the ability of the promoter to direct the expression of
the gene product or interfere with the ability of the DNA template (0 be transcribed. Other
franscription control elements, besides a prorooter, for example enhancers, operators,
repressors, and transcription termination signals, can also be operably associated with a

coding region to direct gene product expression.

{80371  “Transcriptional control sequences” refer to DNA regulatory sequences, such as
promeoters, enhancers, terminators, and the like, that provide for the expression of a coding
sequence in a host cell. A variety of transcription control regions are known 1o those skilled
in the art. These inciude, without fimitation, transcription contre! regions which function in
vertebrate cells, such as, but not limited to, promoter and enhancer segments from
cytomegaloviruses (the immediate early promeoter, in conjunction with intron-4), simian
virus 40 (the early promoter), and retroviruses (such as Rous sarcoma virus). Other
transcription control regions include those derived from vertebrate genes such as actin, heat
shock protein, bovine growth hormone and rabbit beta-globin, as well as other sequences
capabie of controlling gene expression in eukaryotic cells. Additional suitable transeription
control regions include tissue-specific promoters and enhancers as well as lymphokine-

inducible promoters (e.g., promoters inducible by interferons or interleukins).

{0038}  Similarly, a variety of translation contro] elements are known to those of ordinary

skill in the art. These include, but are not limited to ribosome binding sites, trauslation
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initiation and termination codons, and elements derived from picornaviruses (particularly an

internal ribosome entry site, or IRES, also referred to as a CITE sequence).

f0039]  The term “expression” as used herein refers to a process by which a polynuclectide
produces a gene product, for example, an RNA or a polypeptide. [t includes without
limitation transcription of the polynucieotide into messenger RNA (mRNA), transfer RNA
(IRNA), small hairpin RNA (shRNA), small interfering RNA (siRNA) or any other RNA
product, and the translation of an mRNA into g polypeptide. Expression produces a “gene
product.” As used herein, a gene product can be either a nucleic acid, e.g., a messenger RNA
produced by transcription of a gene, or a polypeptide which is translated from a transeript.
Gene products described berein further include nucleic acids with post transcriptional
modifications, e.g., polyadenylation or splicing, or polypeptides with post translational
modifications, e.g., methylation, glycosvlation, the addition of lipids, assoctation with other

protein subumits, or protenlytic cleavage.

{68401 “Promoter” and “promoter sequence” are used interchangeably and refer to a DNA
sequence capable of controlling the expression of a coding sequence or functional RNA. In
general, a coding sequence is located 3 to a promoter sequence. Promoters can be derived in
their entirety from a native gene, or be composed of different elements derived from different
promaters found in nature, o even comprise synthetic DNA segments. Tt is understood by
those skilled in the art that different promoters can direct the expression of a gene in different
tissuss or cell types, or at different stages of development, or in response to different
environmental or physiological conditions. Promoters that cause a gene to be expressed in
most cell types at most times are commonly referred to as “constitutive promoters.”
Promoters that cause a gene to be expressed in & specific cell type are commonly referred to
as “celi-specific promoters” or “tissue-specific promoters.” Promoters that cause a gene to be
expressed at a specific stage of development or cell differentiation are commonly referred to
as “developmentally-specific promoters” or “cell differentiation-specific promoters.”
Promoters that are induced and cause a gene 1o be expressed following exposure or treatment
of the cell with an agent, biological molecule, chemical, ligand, tight, or the like that induces
the promoter are commonly referred to as “inducible promoters™ or “regulatable promoters.”
It is further recognized that since in most cases the exact boundaries of regulatory sequences
have not been completely defined, DNA fragments of different lengths can have identical

promoter activity.
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{6041}  The term “plasmid” refers to an extra-chromosomal clement often carrying a gene
that is not part of the central metabolism of the cell, and usually in the form of circular
double-stranded DNA molecules. Such elements can be autonomously replicating sequences,
genome integrating sequences, phage or nuclentide sequences, linear, circular, or supercoiled,
of a single- or double-stranded DNA or RNA, derived from any source, in which a number of
nucleotide sequences have been joined or recombined into a unigue construction which is
capable of introducing a promoter fragment and DNA sequence for a selected gene product

along with appropriate 3 untranslated sequence into a cell.

[8042] A polynucleotide or polypeptide has a certain percent “sequence identity” to
another polynucleotide or polypeptide, meaning that, when aligned, that percentage of bases
or amino acids are the same when comparing the two sequences. Sequence similarity can be
~determined in a sumber of different manners. To determine sequence identity, sequences can
be aligned using the methods and computer programs, including BLAST, available over the
world wide web at nebindmunib.gov/BLAST/. Another aligrunent algorithm is FASTA,
available in the Genetics Computing Group {GCG} package, from Madison, Wis., USA.
Gther technigues for alignment are described in Methods in Enzymology, vol. 266: Computer
Methods for Macromolecular Sequence Analysis {(1996), ed. Doolittle, Academic Press, Inc.
Of particular interest are alignment programs that permit gaps in the sequence. The Smith-
Waterman is one type of algorithm that permits gaps In sequence alignments, See Meth. Mol
Biol. 70: 173-187 (1997). Also, the GAP program using the Needleman and Wunsch
alignment method can be utilized to align sequences, See J. Mol. Biol. 48: 443-433 (1970).

{00431  The term “amino acid substitution” and its synonyms described above are intended
to encompass medification of an amino acid sequence by replacement of an amino acid with
another, substituting, amino acid. The substitution may be & conservative substitution. ¥t may
also be a non-conservative substinution. The terro conservative, in referring to two amine
acids, is intended to mean that the amino acids share a common property recognized by one
of skill in the art. For example, amino acids having hydrophobic nonacidic side chains, amino
acids having hydrophobic acidic side chains, amino acids having hydrophilic nonacidic side
chains, amine acids having hydrophilic acidic side chains, and amino acids having
hydrophilic basic side chains. Common properties may also be amine acids having
hydrophobic side chains, amino acids having aliphatic lrydrophobic side chains, amine acids

having aromatic hydrophobic side chains, aminoe acids with polar neutral side chains, amino
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acids with electrically charged side chains, amino acids with electrically charged acidic side
chains, and amino acids with electrically charged basic side chains. Both naturally cocurring
and non~naturally occurring amine acids are known in the art and may be used as substituting
amino acids in embediments. Methods for replacing an amino acid are well known to the
skilled in the art and include, but are not limited to, mutations of the nuclestide sequence
encoding the amino acid sequence. Reference to “one or more” herein is intended to

n a

encompass the individual embodiments of, for example, 1, 2, 3, 4, 5, 6, or more.

PRELINYY

{0044]  Asused herein, the terms “treatment,” “treating,” and the like, refer to obtaining a
desired pharmacologic and/or physislogic effect. The effect may be prophylactic in terms of
completely or partially preventing a disease or symptom thereof and/or may be therapeutic in
terms of a partial or complete cure for a disease and/or adverse effect attributable to the
disease. “Treatment”, as used herein, covers any treatment of a disease in & mammal,
particularly in a human, and includes: (a) preventing the disease {(and/or symptoms caused by
the disease) from occurring in a subject which may be predisposed to the disease or at risk of
acquiring the disease but has not yet been diagnosed as having it; (b) inhibiting the disease
{and/or symptoms caused by the disease}, 1.e., arvesting its development; and {¢) relieving the
disease {and/or symptoms caused by the disease), i.e., causing regression of the disease
{and/or symptoms caused by the disease)}, i.e., amelorating the disease and/or one or more

symptoms of the disease.

LEa

{8045}  As used herein, the term “treating complement factor H disorders” may encompass
alleviating, reducing, and/or ameliorating symptoms, and/or preventing the development of
additional symptoms associated with complement factor H disorder, which can manifest as
several different phenotypes, including asvmptomatic, recurrent bacterial infections, and
renal failore. This is typically characterized by decreased serum levels of factor H,
complement component C3, and a decrease in other terminal complement components,
indicating activation of the alternative complement pathway. This disorder is associated with
a number of renal diseases with variable clinical presentation and progression, including C3
glomerulopathy and atypical hemolytic uremic syndrome. Also provided herein are
compositions and metheds for treating one or more of dry age related macular degeneration
(AMI), geographic atrophy secondary to AMD, atypical hemolytic uremic (including, e.g.,
syndrome microangiopathic hacmolytic anemia, thrombocyiopenia, acute renal failure),

paroxysmal nocturnal hemoglobinuria (PNH), schizophrenia, ischemie stroke, and/or

14



WO 2024/211416 PCT/US2024/022843

preventing or treating bacterial infections caused by recruitment of bacterial pathogens (e.g.,
Aspergillus spp.; Borrelia burgdorferi; B duttonii; B. recurrentis; Candida aibicans;
Francisella tularensis; Haemophilus influenzae; Neisseria meningitidis; Strepiococcus
pyvogenes, or one of the five factor H binding proteins of B. burgdorferi (CRASP-1, CRASP-
2, CRASP-3, CRASP-4, or CRASP-3}, among others.

{0046]  As used herein, the term “treating complement associated disorders” includes
alleviating, reducing, and/or ameliorating symptoms, both of the complement factor H
disorders identified above, but also other disorders associated with uncontrolled alternative

pathway complement regulation.

{6047] “Complement-mediated disorders” may encompass syrptoms associated with
complerent dysregulation which can manifest as several different phenotypes, including
asymptomatie, recurrent bacterial infections, and vartous tissue injuries including but not
jimited to renal diseases. Unless otherwise specified, both homozygous subjects and
heterozygous subjects are encompassed within this definition. Complement dysregulation is
typically caused by loss of function nustations in, or auto-antibodies against, complement
regulatory proteins including but not limited to H, factor 1 {fT) and membrane cofactor
protein (MCP) or by gain of function mutations in other complement proteins including but
not fimited to C3 and factor B (fB). Complement dysregulation is typically, though not
always, characterized by decreased serum levels of factor H, complement component C3, {B
and a decrease in other terminal complement components, indicating activation of the
alternative and/or the terminal complement pathway. Complement- mediated pathologies that
cait be treated by the present invertion of composition and methed include but are not limited
to the following diseases with variable clinical presentation and progression: C3
glomervlopathy (formally called membranoproliferative glomerulonephritis type I or
MPGNI, of which there are two known forms — dense deposit disease (DD} and C3
glomernlonephritis (C3IGNY; thrombotic microangiopathy (TMA} including but not fimited {o
atypical hemolytic uremic syondrome (aHUS), Shiga-like toxin-producing . coli HUS
{STEC-HUS) and thrombotic thrombocyiopenia purpura (TTP); retinal degenerative eye
disease including age related macular degeneration (AMD), RPE degeneration, chorioretinal
degeneration, photoreceptor degeneration, paroxysmal nocturnal hemogiobinuria (PNH),
ischemia reperfusion injury of all organs and settings, theumatoid arthyitis, hemoedialysis,

diabetic nephropathy, diabetic vasculopathy, asthma, systemic lupus erythematosus (SLE),

i5
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ischemic stroke, abdominal aortic ancurysm {AAA), anti-neutrophil cytoplasmic antibody
{ANCA) mediated vasculitis (ANCA vasculitis), ANCA-mediated hemorrhagic fung injury
and disease, ANCA glomerulonephritis, graft versus host disease (GVHD}, acute or delay
grafl rejection in organ transplaniation, Crohn’s disease, psoriasis, muliiple sclerosis, anti-
phospholipid syndrome, preeclampsia, atherosclerosis, neuromyelitis optica (NMQ),
autcimmune skin-blistering disease, Bullous pemphigoid (BP), Alzheimer’s disease (AD), as
well as bacterial infections caused by recruitment of bacterial pathogens (e.g., Aspergillus
spp.; Borrelia burgdorferi; B. duttonii; B. recurventis; Candida albicans; Fr and selia

tularensis;, Haemophilus influenzae; Neisseria meningitidis; Streptococcus pyogenes).

{0848]  The terms “individual,” “host,” “subject,” and “patient” are used interchangeably
herein, and refer to a mammal, including, but not limited to, umans; non- human primates,
including simians; mammalian sport animals {e.g., horses); mammalian farm animals (e.g,,

sheep, goats, ete.); mammalian pets {dogs, cas, ete.}; and rodents (e.g., mice, rats, etc.).

{08491  The term “effective amount” as used hereio is an amount sufficient wo effect
heneficial or desired clinical results. An effective amount can be administered in one or maore
administrations. For purposes of this disclosure, an effective amount of a compound {e.g., an
infectious rAAY virion) is an amount that is sufficient to palliate, ameliorate, stabilize,
reverse, prevent, slow or delay the progression of {and/or symptoms associated with) a
particular disease state {e.g., a disorder associated with complement dysfunction).
Accordingly, an effective amount of an infectious rAAY virion is an amount of the infectious
rAAY virion that is able to effectively deliver a heterologous nucieic acid to a target cell (or
target cells) of the individual. Effective amounts may be determined preclinically by, e.g.,
detecting in the cell or tissue the gene product (RN A, protein) that is encoded by the
heterologous nuecleie acid sequence using techniques that are well understood in the art, e.z.
RT-PCR, westemn blotting, ELISA, fluorescence or other reporter readouts, and the like.
Effective amounts may be determined clinically by, e.g. detecting a change in the onset or
progression of disease using methods known in the art, e.g. 6-minute walk test, left
ventricular ejection fraction, hand-held dynamometry, Vignos Scale and the like as described

herein and as known in the art.

Detailed Description



WO 2024/211416 PCT/US2024/022843

[0030] Novel rAAV virions encoding engineered factor H (fH) genes and protein variants
are described herein. These rA AV virions are characterized by durable and robust expression
of {H protein in the retina and increased efficacy in ireating conditions associated with factor

H and other complement disorders.

[0081]  Delivery of these rAAV virions to subjects in need thercof may be achieved via a
number of routes, preferably by intravitreal administration. Also provided are methods of
using these rAAV virions in regimens for freating factor H associated disorders, particularly

dry AMD and geographic atrophy secondary to AMD.

{08521  Heterologous Nucleic Acid

{08331  The novel rAAV virions described herein comprise a heterologous nucleic acid
encoding a human factor H (hH) variant, operably linked to an expression control sequence.
Typically, the heterologous nucleic acid includes an AAV genome with the rep and cap genes
deleted and/or replaced by the hfH sequence and its associated expression control sequences.
The hiH sequence is typically inserted adjacent to one or two (i.¢., is flanked by) AAV TRs
or TR elements adequate for viral replication (Xiao et al., 1997, J. Virol. 71(2): 941-948}, in
place of the nucleic acid encoding viral rep and cap proteins. Other regulatory sequences
suitable for use in facilitating tissue-specific expression of the hFH gene sequence in the

target cell {e.g., a retinal cell) may also be included.

[0854]  In some aspects, the tAAYV virion comprises a heterologous nucleic acid
comprising (a) an AAVZ erminal repeat {b) a transcription control sequence (¢) a mucleotide
sequence encoding an hfH variant as herein described (d) a polyadenylation sequence and (&)

an AAV2 terminal repeat.
[0035]  //H genes

[#0386]  The amino acid sequence of the mature "wild-type” buman complement factor H
(iscform 1) is provided at www.uniprot.org/uniprot/POB603 and serves as a reference for the
amino acid numbering of the hiH isoform  [see also SEQ ID NOG: 39 of US Patent No.

10,988,519, the entive contents of which are incorporated herein by reference]:

MRLLAKICLMLWAICVAEDCNELPPRENTEILTGSWSDQTYPEGTQAIYKCRPGYRS
LONVIMVCRKGEWVALNPLRECOQKRPCGHPGDTPFGTFTLTGGNVFEYGVKAVYT
CNEGYQLLGEINYRECDTBGWTINDIPICEVVKCLPVTAPENGKIVSSAMEPDREYHF
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GQAVRFVCNSGYKIEGDEEMHECSDDGFWSKEKPKCVEISCKSPRDVINGSPISQRIYK
ENERFQYRKCNMOYEYSERGDAVCTESGWRPLPSCEEKSCDNPYTIPNGDYSPLRIKHR
TGDEITYQCRNGFYPATRGNTAKCTSTGWIPAPRCTLEPCDYPDIKHGGLYHENMRR
PYFPVAVGKYYSYYCDEHFETPSGSY WDHIHCTODGWSPAVPCLRKCYFRFYLENGY
NONHGRKFVOQGKSIDVACHPOY ALPKAQTTVICMENGWSPTPRCIRVKTCSKSSIDI
ENGFISESQYTYALKEKAKYQCKLGYVTADGETSGSITCCKDGWSAQPTCIKSCRIP
VEMNARTENDFTWFRKINDTLDYECHDGYESNTGSTTGSIVCGYNGWSDLPICYERE
CELPKIDVHLVPDREKDQYKVGEVLKFSCKPGFTIVGPNSVQCYHFGLSPDLPICKEQ
VOSCGPPPELLNGNVKEKTKEEYGHSEVVEY YCNPRFLMKGPNKIQCVDGEWTTLP
YVCIVEESTCGDIPELEHGWAQLSSPPY YYGDSVEFNCSESFTMIGHRSITCIHGVWTL
PQCVAIDKLKKCK SSNLILEEHLKNKKEFDHNSNIRYRCRGKEGWIHTVCINGRWDP
EVNCSMAQIQUCPPPPQIPNSHNMTTTLNYRDGEKVSVLCGQENYLIQEGEEITCK DGR
WOSIPLCVEKIPCSQPPOIERGTINGSRSSQESY ARGTKLSY TCEGGEFRISEENETTCYM
GKWSSPPQCEGLPCKSPPEISHGVVAHMSDSYQVYGEEVTYKCFEGFGIDGPAIAKCL
GEKWESHPPSCIKTDCLSLPSFENATPMGEKKDVYRAGEQVTYTCATY YKMDGASNY
TCINSRWTGRPTCRDTSCVNPPTVONAYIVSROMSKYPSGERVRYQURSPYEMFEGDE
EVMCLNGNWTEPPQCKDSTGKCGPPPPIDNGDITSFPLEVYAPASSVEYQCONLYQL
EGNERITCRNGQWSEPPKCLHPCVISREIMENYMNIALRWTAKQKLYSRTGESVEFVC
KRGYRLSSRSHTLRTTCWDGKLEYPTCAKR (SEQ 1D NG:3)

[B0S7]  The leader sequence (MRLLAKIICLMLWATICVA; SEQ TD NO:4) is located at
amino acids 1 to 18 of factor H, with reference to SEQ 1D NO:3. The mature {secreted) hfH
protein is located at amino acids 19 to 1231 of SEQ ID NO:3. There are alternative methods
of determining the location of the 20 short complement repeats (SCRs). The location of the
domains referred to herein is based on the numbering used in C. Estaller et al, Eur J

Immunol. 1991 Mar; 21 (3%:799-802.

{B038]  The amino acid sequence of each of the 20 SCRs of hH is provided at Table 1
below (see also SEQ D Nos: 3, 5, 7,9, 11, 13, 14, 16, 17, 19, 21, 23, 25, 27, 28, 31, 33, 35,
37 and 38 of US Patent No. 10,588,519}):

SCR Amine acid Sequence SCR Amino acid sequence

SCR1 EDCNELPPRRNTEILTGSW | 8CR1Y | CGPPPELLNGNVKEKTKEEYG
SDOTYPEGTQAIVKCRPGY HSEVVEYYONPRFLMKGPNKI
RSLGNTIMVCRKGEWVAL QCVDGEWTTLPVC (SEQ 1D
NPLRKC (SEQ ID N S) NG5

SCR2 | CGHPGDTPFGTFTLTGGNY | SCRI2 | CGDIPELEHGWAQLSSPPYYY
FEYGVKAVYTCNEGYQLL GDSVEFNCSESFTMIGHRSITCE
GEINYRECDTDGWTNDIPL HOVWTQLPQC (SEQ ID
C (SEQ 1D NO:6) NO:16)

SCR3 | CLPVTAPENGKIVSSAMEP | SCR1I3 | CKSSNLOLEEHLKNKKEFDHN
DREYHFGQAVRFVUNSGY SNIRYRCRGKEGWIHTVCING
KIEGDEEMHCSDDGFWSK RWDPEVNC (SEQ IDNC:17)
EXPKC (SEQID NG

SCR4 | CKSPDVINGSPISQKIIYKE | SCRi4 | CPPPPOIPNSHNMTTTLNYRD
NERFOYRKCNMGYEYSERG CEKVSVLCOENYLIQEGEEITC

18
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DAVCTESGWRPLPSC (SEQ KDGRWOQSIPLC (SEQ 1D
1D NO:B) NO:E)Y

SCR3 CONPYIPNGDYSPLRIKHR | SCR15 | CSQPPQIEHGTINSSRSSQESYA
TGDEITYQCRNGFYPATRG HGTKLSYTCEGGFRISEENETT
NTAKCTSTGWIPAPRC CYMGKWSSPPQC (SEQ ID
(SEQ IDNOG:D) NO:SY

SCRé CDYPDIKHGGLYHENMRR { SCR16 | CKSPPEISHGVVAHMSDSYQY
PYFPVAVGKYYSYYCDEH GEEVTYKCFEGFGIDGPAIAKC
FETPSGSYWDHIHCTODG LGEKWSHPPSC (SEQ ID
WSPAVPC (SEQ ID NO:1D) WNQO:203

SCR7  CYFPYLENGYNQNYGRKF | SCRI7 | CLSLPSFENAIPMGEKKDVYK
VQGRSIDVACHPGYALPK AGEQVTYTCATYYKMDGASN
AQTTVTCMENGWSPTPRC VTCINSRWTGRPTC (SEQID
(SEQIDNO:ID NO:21)

SCRE CSKSSIDIENGFISESQYTY SCRIE | CYNPPTVONAYIVSROMSKYP
ALKEKAKYQCKLGYVTAD SGERVRYQCRSPYEMFGDERY

F GETSGSITCGKDGWSAQPT MCLNGNWTEPPQC (SEQ ID
C(SEQID NG NG:22)

SCRY | CDIPVEFMNARTKNDFTWE | SCRI9 | CGPPPPIDNGDITSFPLSVYAPA
KLNDTLDYECHDGYESNT SSVEYQCONLYQLEGNKRITC
GETTGSIVCGYNGWSDLPI RNGQWSEPPEC (SEQ 1D
C (SEQ IDNO:13) NO:23)

SCR16 | CELPKIDVHLVPDRKKDQY | SCR20 | CVISREIMENYNIALRWTAKQ
KVGEVLKFSCKPGFTIVGE KLYSRTGESVEFVCKRGYRLS
NSVOCYHFGLSPDLPIC SRSHTLRTTCWDGKLEYPTCA
{SEQ D NO:14) KR (SEQ ID N(C:24y

{0858]  Optionally, an engineered hfH variant as described herein may have a heterologous

leader sequence substituted for the vative hfHd leader sequence. Additionally, or optionatly,
another bfH isoform {e.g., isoform 2), the sequence of which are available, e.g., from
hittp://Awww aniprot.org/uniprot/ PO8603, and/or oue of the natural amino acid variants therein
which are not associated Wi!‘..}’l a disorder. See, SEQ IDNO: 40 of US Patent No. 10,988,519,
In the following descriptions, substitutions may be written as (first amino acid identified by
single letter code)- residue position # - {second amino acid identified by single letter code)
whereby the first amine acid is the substituted amino acid and the second aming acid is the
substituting amino acid at the specified position with reference to isoform 1; however, by
conventional alignment steps, the corresponding amino acid residues identified herein with
espect to the numbering of isoform 1 can be located in isoform 2 and non-disease causing

natural variants of the SCRs of isoform 1 or 2 of fH.

[0860] AnrAAV as described berein comprises a heterclogous nueleic acid encoding &
functional fH variant. Examples of functional fH variants include those having SCRi-4 and

1%
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19-26 of the fH protein, with one or more of an SCR7, SCR17 or SCRIE domain. Further
vartants include those having one or more of SCRS, SCRSE, SCR16, SCR17, SCR1S, or
fragments thereof, and combinations thereof. For example, such variants may inchude, e.g.,
H SCRI-4, 6-8, 19-20; {H SCRI-4, 6-8, 18-20; {H SCRI-4, 6-8, 17-20; {1 SCRI-4, 6-7, 19-
20; fH SCR1-4, 6-7, 18-20; fH SCR1-4, 6-7, 17-20; fH SCRI-4, 7-8, 19-20; fH SCRI-4, 7- 8,
18-20; fH SCRI-4, 7-8, 17-20; {H SCRI-4, 7, 18-20; fH SCR1-4, 7, 18-20; {H SCR1-4, 7, 17-
20; SCRI-4, 17, 19-20; SCRI-4, 18-20; SCRI-4, 17-20 and/or fH SCRI-4, 7, 16- 20, among
others. In certain embodiments, the bfH variant further comprises additional kit 8CRs, e g,
SCR 6, SCRR, SCR14, or combinations thereof. In preferred embodiments, hitf SCRS is
absent. However, in certain embodiments, hiH SCRS may be present in whole or a fraction
thereof. In certain embodiments, hfH SCRY, SCR10, SCR11, SCR12, SCR13, SCR14, and/or
SCR1S5 are absent, or are at least functionally deleted. Optionally, one or more of the SCRsin
these variants may be a "functional fragment” of the 8CRs, rather than a full-length SCR. By
"functional fragment” i is meant an amine acid sequence {or coding sequence therefor) less
than the full-length SCR which is characterized by having one or more of complement

inhibiting activity, the ability to bind, heparin, and/or C3b-binding activity.

[8863]  With the hfH variants, domains may be located immediately adjacent to one
another (2.g., the carboxy terminus of one domain may immediately follow the amino
terminus of the preceding domain). Alternatively, one or more of the SCR domains may have
a linker composed of one to about 12 to 18 amino acids located between them. For example,
a variant may contain SCRI<(L)- SCR2-(L}-SCRI-(L)-SCRA-(L-(SCRS- (L)-8CR7-(L)-
(SCRE-(LD-(SCRIG-(L-BCRITL)-(SCRIE-(1.5))- SCRI9-(L)-SCR20, wherein the ()
indicate optional component, "L” refers to a linker, which may be absent or independently
selected from an amino acid sequence of about | to about 12-18 amino acids. In other words,
where a variant contains mouitiple linkers, each of the linkers may have the same sequence or
a different sequence. In certain embodiments, a variant contains at feast one, at least two, at
least three, at least four, at least five linkers, at Jeast six linkers. Examples of suitable linkers
include the natural linkers described herein or artificial linkers, Each of these wild-type
linkers may be located in their native position. Alternatively, one or more of these wild-type

linkers may be used in a different linker position, or in muitiple ditferent linker positions.

0862}  Optionally, one or more of these linkers may be fH sequences and are

independently selected. Alternatively, one or more of the linkers may be heterologous to fH,
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e.g., from a different source, whether artificial, synthetic, or from a different protein which

.....

e.g., a poly Gly linker and other linkers providing suitable flexibility (e.g.,
hitp:/fparts.igem.org/Protein_domains/Linker), which is incorporated by reference herein. In

certain embodiments, the linkers lack any fH function.

[0863]  Some representative suitable fH linker sequences are provided in Table 2 below

| Linker Sequenee Exemplary linkage
OKRP (SEQ ID NG:235} SCR1I - SCR2
EVVEK (SEQ ID NO:26} SCRZ - SCR3

 VEIS (SEQIDNO2TY SCR3 - SCR4
EERSTLEP (SEQ ID NG:28) SCR4 — SCR6
LRI SCR6 - SCR7
IRVKT (SEQ 1D NO:29) SCR7 — SCRE
IKTD {(SEQ ID NO:3() SCR8 - SCR17
IKSKRSTGK (SEQ 1D NO:31) SCRE -~ SCR19
RDTS (SEQ ID NG:323 SCR17-SCRI8
KDSTGE (SEQ ID NO:33) SCRIR—SCR19
LHP SCR18 - SCR20

{8064]  In some preferred embodiments, the rAAV comprises a heterologous nucleic acid
encoding an hfH variant with the following structure: SCRIS(LD-SCR2-{L2)-SCR3-(L3)-
SCRA-(LA4)-SCRO-(L5)-8CR7-(L6)-SCRB-(L7-5CR17-{(L.8)-SCRI8-(LH-SCR19-(L10)-
SCR20.

{8063]  In a particularly preferred embediment, the heterclogous nucleic acid encodes an

i variant having the following amino acid sequence:

MRLLAKHCLMUWAICVAEDCNELPPRRNTEILTGSWSDQTYPEGTQATYKCRPGYRS
LONHMVYCRKGEWVALNPLRKCQKRPCGHPGDTPFGTFTLTGGNVFEYGVKAVYTC
NEGYQLLGEINYRECDTDGWINDIPICEVVKCLPYVTAPENGKIVSSAMEPDREYHFG
QAVRFVCNSGYKIEGDEEMHCSDDGEFWSKEK PR CVEISCKSPDVINGSPISQKIIYKE
NERFQYKCNMGYEYSERGDAVCTESGWRPLPSCEEKSTLKPCDYPDIKHGGLYHEN
MRRPYFPVAVGKYYSYYCDEHFETPSGSY WDHIHCTODGWSPAVPCLRKCYFPYLE
NGYNONYGREKFVQGKSIDVACHPGYALPEAQTTVTCMENGWSPTPRCIRVKTCSKS
SIDIENGFISESQYTYALKEKAKYQCKLGY VTADGETSGSITCOGRDGWS AQPTUIK S
KTDCLSLPSFENAIPMGEKKDVYKAGEQVTYTCATYYKMDGASNVTCINSRWTGRP
TCRDTSCVNPPTVONAYIVSROMSKYPSGERVRYQCRSPYEMFGDEEVMCLNGNW
TEPPOQCK DSTGKCGPPPPIDNGDITSFPLSVYAPASSVEYQCOQNLYQLEGNKRITCEN
GOWSEPPRCLHPCVISREIMENYNIALRWTAKQKLYSRTGESVEFVCKRGYRLSSRS
HTLRTTCWDGKLEYPTCAKR (8EQ 1D NO:34)
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{8066]  In other embodiments, the rtAAYV comprises a heterplogous nucleic acid encoding
an hfH variant having the following SCRIS(LI-SCR2-(1L.2)}-SCRI-(L3)-8CR4A-(L4)-SCRo~
{L5}-SCR7-(1L6SCRE-(L7)-SCRIS-(L10)-8CR20.

[0867]  These and other variants may inclode other fH sequences. For example, the coding
sequence of the {11 variant may also include a leader sequence. Such a leader sequence may
be an fH leader {e.g., MRLLAKIICLMLWAICVA; SEQ ID NO:4). Optionally, the leader
sequence can be from another souree, e.g., an [L-2 leader, [see, e.g., the index of mammalian
leader sequences identified in www signaipeptide.de/], incorporated by reference herein. In
one embodiment, the feader sequence selected is less than about 26 aming acids in length
{e.g., from about | to about 26 amino acids), more preferably less than 20 amino acids (from
about 1 to about 20 amino acids), and most preferably, less than about 18 amine acids in
length (from about I to about 18 amino acids). By "functional deletion” is meant an amino
acid sequence {or coding sequence therefor) which lacks complement inhibiting activity, the

C3b-binding activity, and optjonally also further lacks heparin hinding activity.

{8068]  In addition to the {11 protein varianis provided herein, nucleic acid sequences
encoding these fH protein variants are provided. The coding sequences for these varianis may
be from wild-type sequences of the leader sequence and/or one or more SCRs of isoform 1,
isoform 2, or non-disease associated variants. Alternatively or additionally, web-based or
commercially avajlable computer programs, as well as service based companies may be used
io back translate the aminoe acids sequences of the leader sequence, and/or one or more of the
SCRs 10 nucleic acid coding sequences, including both RNA and/or cDNA. See, e.g.,
backiranseq by EMBOSS, Gene Infinity {(www.gencinfinity. org/sms-

/sms_backtranslation himi); ExPasy (www.expasy.orgfiools/).

{8069]  In one embodiment, the RNA and/or cDNA coding sequences are designed for

optimal expression in human celis.

{80761 Codon-optimized coding regions can be designed by various different methods.
This optimization may be performed using methods which are available on-line, published
methods, or a company which provides codon optimizing services. One codon optimizing
method is deseribed, e.g., in WO 2015/012924 A2, which is incorporated by reference herein.
Briefly, the nucleic acid sequence encoding the product is modified with synonymaous codon

sequences. Suitably, the entire length of the open reading frame (ORF) for the product is

i
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modified. However, in some embodiments, only a fragment of the ORF may be altered. By
using one of these methods, one can apply the frequencies to any given polypeptide sequence,
and produce a nucleic acid fragment of a codon- optimized coding region which encodes the

polvpeptide.

[0671]  In another embodiment, at least one glycosylation site is engineered into at least
one of the SCRs present in the hilf variant, at least two of the SCRs present in the hfH
variant, at least three of the SCRs present in the hfH variant, or more. For exampile, the
elycosylation site may be engineered into one or more of SCRI, SCR2, SCR3, SCR4,
SCR19, and/or SCR20. In another embodiment, SCR17 and/or SCR18 are additionally or
alternatively glyeosylated. To still a further embodiment, SCR4, 17 and 18 are glvcosylated.
In a preferred embodiment, the hfl{ variant comprises or consists of or consists essentially of
SCR1-4, SCR6-8 and SCF17-19 and 8CR17 and SCR18 are glycosylated. In certain
embodiments, a glycosylation site may be engineered into a linker. However, in such
instance, the linker is preferably at least six amino acids in tength up to about 18 amino acids

in length, e.g., 8-18, 10-15, or 12 amino acids.

{0072]  Asused herein, a glycosylation site refers {o the point of attachment of
oligosaccharides to a carbon atom (C-linked), nitrogen atom (N-linked), or oxygen atom (O-
linked), or glycation (non-enzymatic attachunent of reducing sugars 1o the nitrogen atom of a
protein {e.g., the nitrogen atom of an asparagine (Asn} side chain that is part of an Asn-X-
Ser/Thr, wherein X is any amino acid except Pro). In certain embodiments, N-glycosylation
sites are desired. A variety of techniques are known in the art for engineering N-glycosytation
sites. See. e.g. Y Liu et al, Biotech Prog 2009 September-October; 25(5): 1468-1475; Sala R
1, Griebenos K. Glycoslylation of therapeutic proteins: an effective strategy to optimize
efficacy. BioDrugs. 2010 Feb. 1; 24(1): 9-21.

{86731 Exemplary hft variant nucleotide sequences encoding the amino acid sequence of

SEQ 1D NO:34 are provided below:

ATGCGCCTGCTGGCCAAGATCATCTGCCTGATGCTGTCGGGCCATCTGCGTGGCCG
AGGACTGTAACGAGCTGCCCCCTCGGAGAAATACAGAGATCCTGACCGGLTCTT
GGAGCGATCAGACCTACCCACAGGGCACACAGGCCATCTACAAGTGCAGGCCCG
GCTATCGCTCCCTGGOCAATATCATCATGGETGTGCAGGAAGGGAGAGTGGGTGG
CCCTGAACCCACTGAGAAAGTGCCAGAAGAGGCCATGTGUACACCCAGGLGACA
CACCTTTCGGCACCTTTACACTGACCGGCGGCAACGTGTTCGAGTACGGCGTGAA
GGCCGTGTATACCTGCAATGAGGGCTACCAGCTGCTGGGCGAGATCAACTACCG
QOAGTGTGACACAGATGGUTGGACCAATGATATCCCCATCTGCGAGGTGGTGAA
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GTGTCTGCCAGTGACCGCCCCCGAGAACGGCAAGATCGTGAGCTCCOCCATGGA
GCCTGACAGAGAGTATCACTTCGGCCAGGCCGTGAGGTTCOTGTGCAATAGCGG
CTACAAGATCGAGGGCGATGAGGAGATGCACTGTTCCGACGATGGCTICTGGTC
TAAGGAGAAGCCCAAGTGCGTGGAGATCTCCTOTAAGTCTCCTGACGTGATT AA
CGGCAGCCCAATCTCCCAGAAGATCATCTATAAGGAGAATGAGCGGTITCAGTA
CAAGTGCAACATGGGCTACGAGTATTCCOAGAGAGGCGATGCCGTGTGUACAGA
GTCTGGATGGAGGCCCCTGCCTAGCTGCOAGGAGAAGTCCACCCTGAAGCCTTG
TGACTATCCAGATATCAAGCACGGCGGCCTOTATCACGAGAATATGAGGCGCCC
TTACTTCCCAGTGGCCGTGGGCAAGTACTATTCCTACTATTGCGACGAGCACTTT
GAGACACCATCCGGCTCTTACTGGGACCACATCCACTGTACCCAGGATGGCTGGT
CTCCCGCCGTGCCTIGCOTGAGAAAGTGTTACTTCCCCTATCTGGAGAACGGCTA
CAACCAGAATTATGGCAGGAAGTTTGTGCAGGGCAAGTCCATCGACGTGGCATG
CCACCCAGGATACGCACTGCCTAAGGCACAGACCACAGTGACCTGTATGGAGAA
TGGCTGGAGCCCAACACCCAGGTGCATCCGCGTGAAGACCTGTTCCAAGAGCAG
CATCGACATCGAGAACGGCTTCATCAGCGAGTCCCAGTACACCTATGCCCTGAA
GGAGAAGGCCAAGTATCAGTGCAAGCTGOGATACGTGACCGUAGACGGAGAAA
CATCTGGCAGCATCACCTGCGGCAAGGATGGCTGGTCTGCCCAGCCCACATGCAT
CAAGAGCATCAAGACCGACTGTCTGTCTCTGCCCAGCTTTGAGAATGCCATCCOT
ATGGGCGAGAAGAAGGACGTGTACAAGGCCGGCGAGCAGGTGACATACACCTG
CGCCACATACTATAAGATGGACGGCGCCAGCAACGTGACCTGTATCAATTCOCG
GTGGACAGGCAGACCTACCTGCAGGGATACAAGCTGCGTGAACCCACCCACCGT
GCAGAATGCCTATATCGTGTCCCGCCAGATGTCTAAGTACCCTAGCGGCGAGCG
GOTGAGATATCAGTGCCGOTCCCCATACGAGATGTTCOGCGACGAGGAAGTGAT
GTGCCTGAACGGCAATTGGACAGAGCCTCCACAGTGCAAGGATAGCACCGGCAA
GTGTGGACCACCTCCACCAATCGACAACGGCGATATCACATCOTTTCCACTGAGC
GTGTACGCCCCCGCCTCCTCTETOGAGTATCAGTGCCAGAACCTGTACCAGCTGG
AGGGCAATAAGCGCATCACCTGTCGGAACGGCCAGTGGTCTGAGCCTCCAAAGT
GCOTGCACCCTTGUGTGATCTCCAGAGAGATCATGGAGAACTATAATATCGCCOT
GCGCTGGACAGCCAAGCAGAAGCTGTACTCTCGGACCGGCGAGAGCGTGGAGTT
CGTGTGCAAGCGGGGCTATAGACTGAGCTCCCGCAGCCACACACTGCGGACCAC
ATGCTGGGACGGCAAGCTGGAGTACCCAACCTGTGCCAAGAGGTGA (SEQ ID
NO:35)

ATGAGGCTGCTGGCCAAGATCATCTGCCTGATGCTGTGGGCCATCTGTGTGGCTG
AGGACTGTAATGAGCTCGCCCCCTAGGAGAAATACAGAGATCCTGACTGGCTCTT
GGTCTGATCAGACCTACCCAGAGGGCACACAGGCCATCTACAAGTGCAGGCCTG
GCTATAGATCCCTGGGCAATATCATCATGGTETGCAGGAAGGGAGAGTGGGTGG
CCCTGAACCCACTGAGAAAGTGCCAGAAGAGGCCATGTGGACACCCAGGAGACA
CACCTTTTGGCACCTTITACACTGACAGGGGGCAATGTGTTTGAGTATGGTGTGAA
GGCAGTOTATACCTGCAATGAGGGCTACCAGCTGCTGGGAGAGATCAACTACAG
GGAGTGTGACACAGATGGCTGGACCAATGATATCCCCATCTGTGAGGTGOTGAA
GTGTCTOCCAGTGACTGUCCCTGAGAATGGUAAGATAGTGAGCTCTGCCATGGA
GCCTGACAGAGAGTATCACTTTGGCCAGGCTGTGAGGTTTGTGTGCAATAGTGGC
TACAAGATTGAGGGGGATGAGGAGATGCACTGTTCAGATGATGGCTICTGGTCT
AAGGAGAAGCCCAAGTGTGTGGAGATCTCCTGTAAGTCTCCTGATGTGATTAATG
GCAGCCCAATCTCCCAGAAGATCATCTATAAGGAGAATGAGAGATTTCAGTACA
AGTGCAACATGGGCTATOAGTATTCAGAGAGAGGTGATGUTGTGTGCACAGAGT
CTGGATGGAGGCCCCTGCCTAGCTGTGAGGAGAAGTCCACCUTGAAGCCTTGTG
ACTATCCAGATATCAAGCATGGAGGCCTGTATCATGAGAATATGAGGAGGCCTT
ACTYCCCAGTGGCTGTGGGCAAGTACTATTCCTACTATTIGTGATGAGCACTITGA
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GACACCATCTGGCTCTTACTGGGACCACATCCACTGTACCCAGGATGGCTGETCTY
COTGOTGTGCCTTGCOTCAGAAAGTGTTACTTCCCCTATCTGGAGAATGGUTACA
ACCAGAATTATGGCAGGAAGTTTGTOGCAGGGCAAGTCCATTGATGTGGCATGCC
ACCCAGGATATGCACTGCCTAAGGCACAGACCACAGTGACCTOTATGGAGAATG
GCTGCAGCCCAACACCCAGGTGCATCAGGGTGAAGACCTGTTCCAAGAGCAGCA
TTGACATAGAGAATGGCTTCATCTCAGAGTCCCAGTACACCTATGCCCTCAAGGA
GAAGGCCAAGTATCAGTGCAAGCTCGCCATATGTGACAGCAGATCGAGAAACATC
TGGCAGCATCACCTGTGGCAAGGATGGCTGGTCTGCLCCAGCCCACATGCATCAA
GAGCATCAAGACTGACTGTCTGTCTCTGCCCAGUTTTGAGAATGCCATCCITATG
GGTCGAGAAGAAGGATGTGTACAAGGLTGGAGAGCAGGTGACATACACCTGTIGCC
ACATACTATAAGATGGATGGAGCCAGCAATGTGACCTGTATCAATTCCAGATGG
ACAGGCAGACCTACCTGCAGGGATACAAGCTGTGTGAACCCACCCACTGTGCAG
AATGCCTATATTGTGTCCAGGCAGATGTCTAAGTACCCTTCTGGAGAGAGAGTGA
GATATCAGTGCAGATCCCCATATGAGATGTTTGOGGATGAGGAAGTGATGTGCC
TOAATGGCAATTGGACAGAGCCTCCACAGTGCAAGGATAGCACTGGCAAGTGTG
CACCACCTCCACCAATTGACAATGGAGATATCACATCCTTTCCACTETCAGTGT A
TGCCCCTGCCTCCTCTOTGCGAGTATCAGTGCCAGAACCTGTACCAGCTGGAGGGCE
AATAAGAGAATCACCTGTAGAAATGGCCAGTGUTCTGAGCCTCCAAAGTGCLTG
CACCCTTGTGTGATCTCCAGAGAGATCATGGAGAACTATAATATAGCCCTGAGGT
GGACAGCCAAGCAGAAGCTGTACTCTAGGACTGGGGAGTCAGTGGAGTTITGTGT
GCAAGAGAGGUTATAGACTGAGCTCCAGAAGUCACACACTGAGGACCACATGCT
GOGATGGCAAGCTGGAGTACCCAACCTGTGCCAAGAGGTGA (BEQ ID NG36)

ATGAGACTTCTAGCAAAGATTATTTGCCTTATGTTATGGGCTATTTGTGTAGCAG
AAGATTGCAATOAACTTCCTCCAAGAAGAAATACAGAAATTCTGACAGGTICCT
GOTCTCGACCAAACATATCCAGAAGGCACCCAGOCTATCTATAAATGCAGGCCTG
GATATAGATCTCTTGGAAATATCATAATGGTATGCAGGAAGGOGAGAATGGGTTIG
CTCTTAATCCATTAAGGAAATGTCAGAAAAGGCCCTGTCCACATCCTGGAGATA
CTCCTTTTGGTACTTTTACCCTTACAGGAGGAAATGTGTTITGAATATGGTGTAAA
AGCTGTGTATACATGTAATGAGGGGTATCAATTGCTAGGTGAGATTAATTACAGG
GAATGTGACACAGATGGATGGACCAATGATATTCCTATATGTGAAGTTGTGAAG
TGTTTACCAGTGACAGCACCAGAGAATOGAAAAATIGTCAGTAGTGCAATGGAA
CCAGATAGAGAATACCATTTTGGACAAGCAGTAAGATTTGTATGTAACTCAGGCT
ACAACGATTGAAGCGAGATCGAAGAAATGCATTGTTCAGATGATGGTTTTTGGAGTA
AAGAGAAACCAAAGTOTGTGGAAATTTCATGCAAATCCCCAGATGTTATAAATG
CATCTCCTATATCTCAGAAGATTATTTATAAGGAGAATGAAAGATTTCAATATAA
ATCTAACATGGGTTATGAATACAGTCAAAGAGGAGATGCTGTATGCACTGAATC
TGGATCGCGAGACCTTTGCCTTCATGTCAACGAAAAATCAACCTTCAAACCTTGTGAT
TATCCAGACATTAAACATGOAGGTCTATATCATCGAGAATATGAGAAGACCATAC
TTTCCAGTAGCTGTAGGAAAATATTACTCCTATTACTGTGATGAACATTTTGAGA
CYCCTTCAGGAAGTTACTGGGATCACATTCATTGCACACAAGATGGATGGAGTCC
AGCAGTACCATGCCTCAGAAAATGTTATTTTICCTTATITGGAAAMATGGATATAAT
CAAAATTATGGAAGAAAGTTTGTACAGGGTAAATCTATAGATGTTGCCTGCCATC
CTGGCTATGCTCTTCCAAAAGCTCAGACCACAGTTACATGTATGGAGAATGGCTG
GTCTCCTACTCCCAGATGCATCAGAGTCAAAACATOTTCCAAATCAAGTATAGAT
ATTGAGAATGGOTTTATTTICTCGAATCTCAGTATACATATGCCTTAAAAGAAAAAG
CTAAATATCAATGCAAACTAGCGATATGTAACAGCAGATGGTCGAAACATCAGCAT
CAATTACATGTGGGAAAGATGGATGGTCAGCTCAACCCACCTGCATTAAATCTAT
AAAAACAGATTGTCTCAGTTTACCTAGCTTTIGAAAATGCCATACCCATGGGAGAG
AAGAAGGATGTGOTATAAGGCTGGTGAGCAAGTGACTTACACTTGTGCAACATAT

25



WO 2024/211416 PCT/US2024/022843

TACAAAATGGATGGAGCCAGTAATGTAACATGCATTAATAGCAGATGGACAGGA
AGGCCAACATGCAGAGACACCTCCTGTGTGAATCCTCCCACAGTACAAAATGCTT
ATATAGTGAGTAGACAGATGAGTAAATATCCATCTGGTGAGAGAGTAAGATATC
AATGTAGGAGCCCTTATCGAAATGTTTGGOGATGAAGAAGTGATGTGTTTAAATG
GAAACTGGACAGAACCACCTCAATGCAAAGATTCTACAGGAAAATGTGGGCCCC
CTCCACCTATTGACAATCGGGGACATTACTTCATTCCCCTTGTCAGTATATGCTCCA
GCTTCATCAGTTGAGTACCAATGCCAGAACTTGTATCAACTTGAGGGTAACAAGA
GOATAACATGTAGAAATGGACAATGGTCAGAACCACCAAAATGCTTACATCCCY
GTGTAATATCCAGGGAAATTATGGAAAATTATAACATAGCATTAAGGTGGACAG
CCAAACAGAAGCTITATTCTAGAACAGGTGAATCAGTTGAATTTGTGTGTAAAAG
AGGATATAGACTITCATCAAGGTCTCACACATTOAGOACAACATGTTGGGATGG
GAAACTGGAGTATCCAACTTGTGCAAAAAGATGA (SEQ IDNG:3T)

6074 TR

{9675  The inverted terminal repeats (ITR{s)} selected for use in the rAAV virion are
preferably AAVY sequences, with serotypes 1, 2, 3, 4, § and 6 being preferred. The ITRs may
be synthetic sequences that function as AAV inverted terminal repeats, such as the "double-D
sequence” as described in U.S. Pat. No. 5,478,745 to Samulski et al,, the entire disclosure of
which is incorporated in its entirety herein by reference. Typically, bot not necessarily, the

TRs are from the same parvovirus, e.g., both TR sequences are from AAVZ.

[6076]  In some aspects, the heterologous nucleic encapsulated by the rA AV virion

comprises a 3' TTR with the following sequence:

TTCGCCACTCCCTCTCTGCOLGCTCGCTCGCTCACTGAGGUCGGGCGACCAAAGS
TCGCCCGACGUCCGGGCTTTGCCCGGGLGGCCTCAGTGAGCGAGCGAGCGCGCA
GAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCT (SEQ 1D NG:3g)

0877} o related aspects, the heterclogous nucleic acid encapsulated by the rAAY virion

comprises a 3' ITR with the following sequence:

AGGAACCCCTAGTGATGCAGTTIGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCAL
TGAGGCCGCCCGGOCAAAGCCCOGGLGTCOGGCOACCTTTGGTCGCCCGGECTC
AGTGAGCGAGCCGAGCGCGCAGAGAGGGAGTGGCCAA (SEQ 1D NG:39)

[0678]  Fxpression Control Sequences

[0879]  The hFH gene is operatively linked to at least one transcription control seguence,
preferably a transcription control sequence that is heterologous to the nucleic acid. In some
aspects, the transcription control sequence comprises a celi- or tissue~specific promoter that
results in cell-specific expression of the nucleic acid e.g. in photoreceptor cells, such as
hurnan rod photoreceptor-specific uman G-protein coupled receptor rhodopsin kinase 1
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(hGRK) promaoter or 3 human interphotoreceptor retinoid-binding protein (IRBP) promoter.
In other aspects, the transeription control sequence comprises a constifutive promoter that
resufts in similar expression level of the nucleic acid in many celf types. Suttable constitutive
promaoters inchude CAG promoter comprising (C) cytomegalovirus (CMV) immediate-earty
enhancer element, (A) first exon and the first intron of chicken bera-actin gene and (G) splice
aceeptor of the rabbit befa-globin gene (see Miyazaki et al. (1989) Gene 79(2): 269-277),
cytomegalovirus promoter (CMV) (Stinski et al, (1985) Journal of Virclogy 55(2): 431-4413,

human elongation factor 1o promoter (EFLa) (Rim et al. (1990} Gene 91(2): 217-223)

human phosphoglhveerate kinase promoter (PGK) (Singer-Sam et al. (1984) Gene 32(3): 409-
417}, mitochondrial heavy-strand promoter (Loderio et al, (2012) PNAS 109(17). 6513~
6518), and ubiguitin promoter (Wulff et al. (1990) FERS Lerters 261 101-103).

[8086]  In a preferred aspect, the hfH gene is operably linked to 2 CAG promoter. Ina
particularty preferred embodiment, the CAG promoter comprises the sequence of SEQ ID
NO:40 or comprises a sequence at least 95%, at least 96%, at least 97%, at least 98% or at

feast 99% identical thereto:

ACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGG
AGTTCCGCOGTTACATAACTTACGGTAAATGGCCCGCCTGGCTCACCGCCCAACGA
CCCCCOCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGUCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTITACGGTAAACTGCCCACTTGGCAG
TACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAA
ATGGCCCGCCTGGCATTATGCCCAGTACATCGACCTTATGGOACTTTCCTACTTGG
CAGTACATCTACGTATTAGTCATCOCTATTACCATGCTCGAGGTGAGCCCCACGT
TCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTIGTATTTATTITA
FITTTTAATTATTTTGTGCAGCGATGGGGGCGGGEGGGGGGGGGGGGCGCGLGT
CAGGCGGOCCGEGGCGHGGCEAGGEECGUGGELGGEGEGCEAGGCGGAGAGGTGC
GGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTITCCTTTTATGGCGAGGCG
GCGGCGGCGECGECCCTATAAAAAGCGAAGCGCGCOGCGGGLGGGGAGTCGCT
GCGACGCTGCCTTCGCCCCGTGCCCCOLTCCGLCGCOGCOTCGUGCCGUCLGLC
COGCTCTGACTGACCGCOTTACTCCCACAGOTGAGCGGGCGEGACGGLCCTTICTC
CTCCGGGCTGTAATTAGCGCTTGOTTTAATGACGGCTTGTTTCTTITICTGTGGCTG
CGTGAAAGCCTTOAGGGGCTCCGGGAGGGLCCTITGTCGCGGGGGGAGLGGECTCG
GGGGGETGCGTGCGTGTGTGTGTGCGTGGGGAGCGCCGLCGTGLGEETCCGCGUTG
CCCGGCOGCTGTGAGUGCTOGCGGRCGCGGCGCGCGCCTTTGTGCGCTCCGCAGT
GTGCGCCGAGGGRAGCGCGGLCGGGCGCEATGUCCCGUGGTECGRGEGGHEECTG
CGAGGGGAACAAAGGUTGCGTGCGGGGTETGTGCGTGGGGGGOTGAGCAGGGG
GYGTGGGCGCATCGGTCGGGCTGCAACCCCCCCTGCACCCCCCTCCCCGAGTTGC
TCGAGCACGGCCCGGCTTCGGOTGCGGOCCTCCGETACGGGGCGTGGCGCGGGEGCT
CGCCOTGCCGGGCGEGEEETGGCOGGCAGATOGGEGGTOCCGGGUGGEGLGGGGT
CGCCTCGGGCCGGOGAGGGCTCGGEGGAGGGGCGLGGCGGLCCCCGGAGUGCC
GGCGGLTGTCGAGGCGCGGCCAGCLGCAGCCATTGCCTTTTATGGTAATCGTGCG
AGAGGGUCGCAGGCACTICCTTIGTCCCAAATCTGTGUGCGAGCCGAAATCTGGGA
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GGCGUCGCCOCACCCCCTCTAGCGGGCGUGGGOCGAAGCGGTGCGOCGCCGGCA
GGAAGGAAATGGGCGGGGAGGUCCTTCGTGCOTCGCCGLGCCGCCGTCCCCTTC
TCCCTCTCCAGCCTCOGGGCTETCCGCOGOOGEACGOITGCLTTCGGGGGGGAC
GOGGCAGGGCGGGETTCGEITTCTGGCGETGTGACCGGCGOCTCTAGAGCCTCTG
CTAACCATGTTCATGCCTTCTTCTTITTCCTACAG (SEQ ID NO:w40)

[0681]  In some aspects, the heterologous nucleic acid encapsulated by the rAAV virion

comprises a SV40 polyadenylation sequence the following sequence:

GGGOATCCAGACATOATAAGATACATTGATCGAGTTTGGACAAACCACAACTAGA
ATGCAGTGAAAAAAATGCTTITATITGTGAAATTTGTGATGCTATTGCTTITATTTGT
AACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATG
TTTCAGGTTCAGGGGGAGCGTGTOGUAGGTTTTITAAAGCAAGTAAAACCTCTACA
AATGTCCGTATGGCTCGATTATGATCA (SEQ 1D NG:41)

{0082] In some aspects, the heterologous pucleic acid comprises the following nucleotide
sequence or a nucieotide sequence at least 80%, at least 85%, at least 90%, at least 95%, at

{east 98% or at least 99% identical thereto:

TTGGCCACTCCCTCTCTGCGCGCTCGUTCOCTCACTCGAGGCCOGGCOACCAAAGG
TCGCCCGACGCCCOGGLTTTGCCCGOGCGGLCTCAGTCAGCGAGCGAGCGLGTA
GAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTATCGATTGAATTICCCCGG
GGATCCACTAGTTATTAATAGTAATCAATTACGGGUGTCATTAGTTCATAGCCCAT
ATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGUCTGGCTGACCGEC
CAACGACCCCCGCCCATTGACGTCAATAATCGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTIGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGA
CGGTAAATGGCCCGCCTGOCATTATGCCCAGTACATOGACCTTATGGGACTTTCCT
ACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCC
CCACGTTICTGCTTCACTCTCCCCATCTCCCCCCCCTCOCCACCCCCAATTITGTAT
TTATTTATTTITTITAATTATTITGTGCAGCGATGEGEGCGGGEEGEEEGGGGEGEGGEC
GCGCGCCAGGCGGGGUGGGECGGGGCRAGGGGCGEEGGCEEGECGAGGUGGAG
AGGTGCGGCGGCAGUCAATCAGAGCGGLGCGCTCCGAAAGTITCCTITTTATGGC
GAGGCGGCGGUGGRCGGLGGECCCTATAAAAAGCGAAGCGCGCGGCGGGCGEGGA
GTCGCTGCGACGCTGCCTTCGCCCCGTGCCCCGLTCCGCCGLCGCCTCGUGLCGO
CCGCCCCGECTCTGACTGACCGCOTTACTCCCACAGGTGAGCGGGCEGGACGGC
CCTTCTCCTCCGGGCTGTAATTAGCGCTTIGGTITAATGACGGCTTGTITICTTTICT
GTGGCTOCGTCGAAAGCCTTOAGGGOCTCCOGGGAGGGCCCTTTGTGCGGGGGGAG
CGGCTCGGGGGGTGCOTCCGTGTGTGTGTGCOTGGGCAGCGCCGCOTGCGGLIC
CGCGCTGCCCOGOCGGLCTGTGAGCGCTGCGEGCGCGGUGCGGGOITITGTGCGOT
CCGCAGTGTGCGCGAGGGGAGCGCGGCLCGEGGECGGTGCCLCGCGGETGCGGGE
GGGGCTGCCAGGGCGAACAAAGGCTGCGTGCGGGETOTGTGCGTGGGGGGGTGA
GCAGGGGETETGGGCGCETCGHTCGOGUTGLAACCCCCCCTGCACCLCCCTOCCC
GAGTTGCTGAGCACGGLCCOGCTTCGGGTGCGGGGUTCCETACGGGGLGTGGCG
COGGBOTCRUUGTGCUGEHCGGGEEEETGGCGECAGETGGEGETGCLGGGLGGE
GCGGGGUCGCCTCGGACCGGGGAGGGUTCGRGRGAGGGGLGCGGTGGELCCCCG
GAGCGCCGGCGGCTETCOAGGCGCGGCCAGCCGCAGCCATTGCCTTTTATGGTA
ATCOGTGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTOTGCGGAGCLGAA

28



WO 2024/211416 PCT/US2024/022843

ATCTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCOGAGCEAAGCGOTECGEG
CGCOGGCAGGAAGGAAATGGGCGGGGAGGECCTTCGTGCGTCGCCGLGCCGLCG
TCCCCTTCTCCCTCTCCAGCCTCGOGGCTGTCCGCGGGGOGACGGUTGCCTTCGR
GGGGEACGGGGCAGGGCGGGETTCGGCTTCTGGRCGTGTGACCGGCGGCTCTAGA
GCCTCTGCTAACCATGTICATGCCTTCTTCTTITICCTACAGTCTAGAGTCGACCT
GCAGGTGGATATCTTGCTAGCACGCCACCATGCGCCTGCTGGCCAAGATCATCTG
CCTCATGCTGTGOGCCATCTGCOTGGCCGAGGACTGTAACGAGCTGCCCCUTCGG
AGAAATACAGAGATCCTGACCGGCTCTTGGAGCGATCAGACCTACCCAGAGGGC
ACACAGGCCATCTACAAGTGCAGGCCCGGCTATCGCTUCCCTGGGCAATATCATCA
TGOTGTGCAGGAAGGCAGAGTGGGTGGCCCTGAACCCACTGAGAAAGTGCCAGA
AGAGGCCATOTGGACACCCAGGCGACACACCTTTCGGCACCTTTACACTGACCG
GCGGCAACGTGTTCCAGTACGGCGTCAAGGCCGTGTATACCTGCAATGAGGGCT
ACCAGCTGCTGGOCGACGATCAACTACCGGGAGTGTGACACAGATGGCTGGALCCA
ATGATATCCCCATCTGCGAGGTGOTGAAGTGTCTGCCAGTGACCGCCCCCGAGA
ACGGCAAGATCGTGAGCTCCGCCATGGAGCCTCGACAGAGAGTATCACTTCGGCC
AGGCCGTCAGGTTCGTGTGCAATAGCGGCTACAAGATCCGAGGGCGATGAGGAGA
TGCACTGTTCCGACGATGOCTTCTGOTCTAAGGAGAAGCCCAAGTGCGTGGAGA
TCTCCTGTAAGTCTCCTGACGTGATTAACGGCAGCCCAATCTCCCAGAAGATCAT
CTATAAGGAGAATGAGCGGTTTCAGTACAAGTGCAACATGGGCTACGAGTATTC
CGAGAGAGGCGATGCCOGTGTGCACAGAGTCTGGATGGAGGCCCCTGCCTAGCTG
COAGGAGAAGTCCACCCTOAAGCCTTGTGACTATCCAGATATCAAGCACGGCGG
CCTGTATCACGAGAATATCAGGCGCCCTTACTTCCCAGTGGCCGTGGGCAAGTAL
TATTCCTACTATTGCGACGAGCACTTTGAGACACCATCCGGLTCTTACTGGGACC
ACATCCACTGTACCCAGGATGGCTGGTCTCCCGCCGTGUCTTIGCCTGAGAAAGTG
TTACTTCCCCTATCTGGAGAACGGCTACAACCAGAATTATGGCAGGAAGTTTGTG
CAGGGCAAGTCCATCGACGTGGCATGUCACCCAGGATACGCACTGCCTAAGGCA
CAGACCACAGTGACCTGTATGGAGAATGGCTGUGAGCCCAACACCCAGGTGCATC
COCGTGAAGACCTGTTCCAAGAGCAGCATCGACATCGAGAACGGLTTCATCAGC
GAGTCCCAGTACACCTATGCCCTGAAGGAGAAGGCCAAGTATCAGTGCAAGCTG
GOATACCGTOACCGCAGACGOGAGAAACATCTGGCAGCATCACCTGCGGCAAGGAT
GGCTGOTCTGCCCAGCCCACATGCATCAAGAGCATCAAGACCGACTGTCTGTCTC
TCGCCCAGCTTTGAGAATGCCATCCCTATGGGCGAGAAGAAGGACGTGTACAAGG
CCGGCGAGCAGGTGACATACACCTGCGCCACATACTATAAGATGGACGGCGLCA
GCAACGTGACCTGTATCAATTCCCGGTAGGACAGGCAGACCTACCTGCAGGGATA
CAAGCTGCGTGAACCCACCCACCGTOCAGAATGCCTATATCGTGTCCCGCCAGAT
GTCTAAGTACCCTAGCGGCGAGCGGGTGAGATATCAGTGCCGGTCCCCATACGA
CATGTTCGGCOGACGAGGAAGTCGATGTGCCTGAACGGCAATTGGACAGAGCCTCC
ACAGTGCAAGGATAGCACCGGCAAGTOTGGACCACCTCCACCAATCGACAACGG
COATATCACATCCTTTCCACTGAGCGTGTACGUCCCCGUCTCCTCTGTGGAGTAT
CAGTGCCAGAACCTGTACCAGCTGOAGGGCAATAAGCGCATCACCTGTCGGAAC
GQCCAGTGOTCTGAGCCTCCAAAGTGCCTGCACCCTTGUGTGATCTCCAGAGAGA
TCATGGAGAACTATAATATCGCCCTGCGUTGGACAGCCAAGCAGAAGCTGTACT
CTCGGACCGGCGAGAGCGTGUAGTTCOTGTGCAAGCGGGGCTATAGACTGAGCT
CCCGCAGCCACACACTGCGGACCACATCCTGGOACGGCAAGCTGUAGTACCCAA
CCTGTGCCAAGAGGTGAGCCACGCGTAACACGTGCATGCCGAGAGATCTGLGGCC
GCCAGCTCGGGOATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCA
CAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTCGAAATTTGTGATGCTATTGC
TTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATT
CATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTITTTTAAAGCAAGTAAA
ACCTCTACAAATGTCGGTATGGCTGATTATGATCAATGCATUCTAGCCGGAGGAAC
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CCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGC
CGCCOGRGCAAAGCCCGGECGTCOOGCGACCTTTGETCGUCCGGCCTCAGTGAG
COAGCOAGCGCOGCAGAGAGGGAGTGOCCAA (SEQ IDNOG43)

{8883]  In related aspects, the heterologous mucleie acid comprises the following
nuclevtide sequence or a nucleotide sequence at least 80%, at least 85%, at least 90%, at least

953%, at least 98% or at least 99% identical thereto:

TTGGCCACTCCCTCTCTGCGCGCTCGUTCGCTCACTGAGGUCGGGCGACCAAAGG
TCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCA
GAGAGGGAGTGGCCAACTCCATCACTAGGGGTICCTATCGATTGAACCAGGLGL
GCCCAGTTTAAACAGTCCGGAACTAGTTATTAATAGTAATCAATTACGGGGTCAY
TAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCC
GCCTOGGCTCGACCGCCCAACGACCCCCGCCCATTIGACGTCAATAATGACGTATGTT
CCCATAGTAACGCCAATAGGGACTTITCCATTGACGTCAATGGGTGGAGTATITAC
GOTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCC
TATTGACGTCAATGACGGTAAATGGCCCGCOTGGCATTATCGCCCAGTACATGACC
TTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCOCTATTACCAT
GOTCGAGOTCAGCCCCACGTTCTGCTTCACTCTCCCLCATCTCCCCCCCCTCCCCAC
CCCCAATTITGTATTTATITATTTTITAATTATTITGTGCAGCGATGGGGGCGGGG
GOGGGHGEGGGGCECECELCAGGLGGGGCEEHGGCEGGGLGAGGGGCEGGELE
GGGUCGAGGCGGAGAGGTGCGGCGGUAGCCAATCAGAGCGGCGUGCTCCGAAAG
TYTCCTTTTATGGCGAGGCGGCGGCGGUGGCGGCCCTATAAAAAGCGAAGUGCG
COGCGGGLGGGEAGTCGCTGCGACGCTGCCTTCGCCCCGTGCCCCGCTCCGCOGT
CGLCTCGCGCCGCCCGCCCLGOCTCTGACTGACCGCOTTACTCCCACAGGTGAGC
GGGCGGGACGGCCCTTCTCCTCCGOGUTGTAATTAGCGCTTGOTTTAATGACGGC
TTGTTTICTTTTCTGTGGCTGCGTGAAAGCCTTGAGGGGCTCCGGCGAGGGCCCTTT
GTGCGGGGGCAGCOGCTCGGEEOETGCGTGCOTGIGTGTGTGCGTGGGGAGLGC
CGCGTGCGGCTCCGUGLTGCCCGGLGGCTGTGAGCGCTGCGGGLGCGGCGLGRE
GCTTTGTGCOCTCCGCAGTOTGCGLGAGGGGAGCGCGGLCGGEGGLGGTECCCC
GCGGTGCGGGEGGGGETGCGAGGGGAACAAAGGCTGCOTGCGGGOTERTGTGCG
TGGGGGGGTCAGCAGGGGGTETGGGCGCOTCGOTCGGGCTGCAACCCCCCCTGC
ACCCCCCTCCCCCAGTTGCTGAGCACGGCCCGGCTTCGGOTGCGGGGCTCCGTAL
GGCGCETGCRCGCGGGGUTCOCCOTGICGCGCOGGGGAETGGCGGCAGETGGGGE
TGCCGGGCGEGACOOGECCGCCTCGGECCOGGUAGGGCTCGGGGGAGGGGCGL
GOCGOLCCCCGRAGCGCLGRCGRCTATCCAGGCGCGGCGAGCCGCAGCCATTGC
CTTTTATGGTAATCGTGCGAGAGGGCGCAGGCGACTTCCTTITGTCCCAAATCTOIG
CGGAGCCGAAATCTGGGAGGCGCCGCCGLACCCCCTCTAGCGGGUGCGGGGCGA
AGCGGTGCGOCGUCGGCAGGAAGGAAATGGGCGGGGAGGGCCTTCGTGUGTCG
CCGCGCCGCCETCCCCTTCTCCCTCTCCAGCCTCGGGGUTETCCGLGGGGGGACG
GCTGCCTTCGGOGGGGACGGGGCAGGGLGGGHTTCOGUTICTGGUGTGTGACCG
GCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTTICTTCTITTTCCTACAGTCT
AGAGTCGACGGTCACCGOTCAGCTAGCACGCUACCATGCGCCTGCTGGCCAAGA
TCATCTGCCTGATGCTGTGGGCCATCTGCOGTGGUCCGAGGACTOTAACGAGCTGCC
CCCTCGGAGAAATACAGAGATCCTGACCGGCTCTTGCGAGCGATCAGACCTACCC
AGAGGGCACACAGGCCATCTACAAGTCCAGGCCCGGCTATCGCTCCCTGOGCAA
TATCATCATGGTGTGCAGGAAGGCGAGAGTGGOTGGCCCTGAACCCACTGAGAAA
GTGCCAGAAGAGGCCATGTGGACACCCAGGCGACACACCTTTCGGCACCTITAL
ACTCACCGGCGGCAACGTGTTCCACTACGOCGTGAAGGCCGTGTATACCTGCAA
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TOAGGGCTACCAGCTGCTGGGCGAGATCAACTACCGGGAGTGTGACACAGATGG
CTGGACCAATGATATCCCCATCTGCGAGGTGGTCGAAGTGTCTGCCAGTGACCGEC
CCCGAGAACGGCAAGATCGTGAGCTCCGCCATGGAGCCTGACAGAGAGTATCAC
TTCGGCCAGGCCGTGAGGTTCGTGTGCAATAGCGGCTACAAGATCGAGGGCGAT
GAGGAGATGCACTGTTCCCGACGATGGCTTCTGGTCTAAGGAGAAGCCCAAGTGC
GTGGAGATCTCCTGTAAGTCTCCTGACGTCGATTAACGGUAGCCCAATCTCCCAGA
AGATCATCTATAAGGAGAATGAGCGGTTTCAGTACAACTGUAACATGGGCTACG
AGTATTCCGAGAGAGGCGATGCCOGTGTGCACAGAGTCTGGATGGAGGCCCCTGL
CTAGCTGCGAGGAGAAGTCCACCCTGAAGCCTTGTGACTATCCAGATATCAAGE
ACGGCOGGCCTGTATCACGAGAATATGAGGCGCCCTTACTTCCCAGTGGLCGTGO
GCAAGTACTATTCCTACTATTGCGACGAGCACTTTGAGACACCATCCGGCTCTTA
CTGGGACCACATCCACTGTACCCAGGATGGCTGGTCTCCCGCCGTGCCTTGCCTG
AGAAAGTGTTACTTCCCCTATCTGGAGAACGGUTACAACCAGAATTATGGCAGG
AAGTTTGTGCAGGGCAAGTCCATCGACGTOGGCATGCCACCCAGGATACGCACTG
CCTAAGOGCACAGACCACAGTGACCTGTATGOAGAATGGCTYTGOAGCCCAACACCC
AGGTGCATCCGCOGTGAAGACCTGTTCCAAGAGCAGCATCGACATCGAGAACGGT
TTCATCAGCGAGTCCCAGTACACCTATCGCCCTGAAGGAGAAGGCCAAGTATCAG
TGCAAGCTGGGATACGTGACCGCAGACGGAGAAACATCTGGCAGCATCACCTGC
GGCAAGGATGGCTGGTCTGUCCAGCLCCACATGCATCAAGAGCATCAAGACCGAC
TGTCTGTCTCTGCCCAGCTTTCAGAATGCCATCCCTATGGGCGAGAAGAAGGACG
TGTACAAGGCCGGUGAGCAGGTGACATACACCTGUGCCACATACTATAAGATGES
ACGGCGCCAGCAACGTGACCTGTATCAATTCCCGGTGGACAGGCAGACCTACCT
GCAGGGATACAAGCTGCGTCAACCCACCCACCOTGCAGAATGCCTATATCGTGT
CCCOCCAGATCTCTAAGTACCCTAGCGGCGAGCGGGTCAGATATCAGTGCCGGT
CCCCATACGAGATGTTCGGCGACGAGGAAGTOATGTGCCTGAACGGCAATTGGA
CAGAGCCTCCACAGTGCAAGGATAGCACCGGCAAGTGTGGACCACCTCCACCAA
TCOACAACGGCOATATCACATCCTTITCCACTGAGCGTGTACGCCCCCGCLTCOTE
TGTGOAGTATCAGTGCCAGAACCTCTACCAGCTGGAGGGCAATAAGCGCATCAL
CTGTCGGAACGGCCAGTGGTCTCGAGCCTCCAAAGTGCCTGCACCCTTGCGTGATC
TCCAGAGAGATCATGGAGAACTATAATATCGCCCTGUGCTGGACAGCCAAGLAG
AAGCTGTACTCTCGGRACCGGCGAGAGCGTGGAGTTCGTGTGCAAGCGGGGCTAT
AGACTGAGCTCCCGCAGCCACACACTGLGGACCACATGUTGGGACGGCAAGCTG
GAGTACCCAACCTGTGCCAAGAGGTGAGCCTAGGACTGTACAGTACGCGTAACA
COGTGGGGGATCCAGACATCGATAAGATACATTCATGAGTTTGGACAAACCACAAC
TAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTA
TTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATT
TTATGTTTCAGGTTCAGGGGCAGGTGTGGCAGGTTITITAAAGCAAGTAAAACCT
CTACAAATGTGGTATGGCTCGATTATGATCAATGCATGGTCCCAGCCTTCATTGAG
CCTATTGOTCCCCCCTCAGAACCCACCCACCTGUOCAGTAGAGGATGTCTCTTGAG
ACACCACTGICTCCCTCAAGTTCAGGAGGCCCCCATTAATTAAGAGAGAGTGGEG
AGCAGGAGGCCTGTCAGATGGCTACTCTTAAGTGGAGTACTGCCCAGAGGGLTG
CTCAGAGTGGGTGGCTGTAACCOCTGCAGGGGUTGACAGAGCACACATCCATACT
GGTGAAGGACCTGTGACCCACTGOCCAGACTGGCCGGLOGGAGGAACCCCTAGT
GATGGAGTTIGGCCACTCCCTCTCTGCOGCGCTCGCTCGUTCACTGAGGCCGCCCGG
GCAAAGCCCGEGCGTCGGECCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGA
GCOCGCAGAGAGGGAGTGGCCAA (SEQ ID ND:44)
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[0084]  Inrelated aspects, the heterologous nucleic acid comprises the following
nucleotide sequence or a micleotide sequence at least 80%, at least 85%, at least 30%, at least

5%, at least 98% or at least 99% dentical thereto:

TTGGCCACTCCCTCTCTGCGCGCTCGCTCOCTCACTGAGGCCGGGCGACCAAAGG
TCGCCCGACGCCCOGEOUTTTGCCCGGGCGGUCTCAGTGAGCGAGCGAGLCGCGLA
GAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTATCGATTCAACCAGGCGC
GCCCAGTTITAAACAGTCCGGAACTAGTTATTAATAGTAATCAATTACGGGGTCAT
TAGTTCATAGCCCATATATGGAGTTICCGCGTTACATAACTTACGGTAAATGGCCC
SCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT
CCCATAGTAACGUCAATAGGGACTTTICCATTGACGTCAATGGGTGGAGTATTTAC
GGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCOC
TATTCGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACC
TTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCAT
GGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCLCCTCCCCAC
CCCCAATTITOTATTTATITATTITTTTAATTATTTTGTGCAGCGATGCGGGCGGEEG
GGGGEHGEGEGEECGCECEGCLAGGLGEEELGEGGCEGGGGCGAGGGGCGGGGRLG
GGGCGAGGUGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAG
TITCCTITTATGGCGAGGCGGCGGUGGEGGUGGCCCTATAAAAAGCGAAGCGCG
CGGUGGGCGOGGAGTCGCTGUGACGCTGLCTTCGLCCCGTGUCCCGLTCCGLCGT
CGCCTCRCGLCGCCCGLUCCGGLTCTGACTGACCOCOTTACTCCCACAGGTGAGC
GGGCGGGACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGACGGT
TTCTTTCTTITICTGTGGCTGCGTYCGAAAGCCTTGAGGGGOCTCCGGGAGGGCCCTTT
GTGCGOGGGOAGCGOCTCGGGGGGTCCGTGCGTOTGTGTGTGCGTGGGGAGCGT
CGCGTGCOGCTCCGCGCTGCCCGGCGGLTGTCGAGCGCTGCGGGCGCGECGLGGaG
GCTTTGTGCGCTCCGCAGTGTGCGCGAGGGCAGCGCGGCCGGOGGCEHETGCCLC
GCGGETGCGGGGEGAGCTGCGAGGGGAACAAAGGCTGCGTGCGGGETGTGTGCG
TGGGGGGGTGAGCAGGGGOGTETGGGCGCETCGETCGGGCTGCAACCUCCCCTGC
ACCCCCCTCCCCCAGTTGCTGAGCACGGCCCGGETTCGRGGTGCGGGGCTCCGTAL
FGGGCGTGGCGCGGCGCTCGCCOTGCCGGGCGGGGGETGGCGGCAGRTGGGGE
TGCCGGGECGGGELGOGECCGLCTCGGGCCOGGHGAGGGCTCGGGGGAGGGGCGC
GGCGGCCCCCGRAGCGCCOGOCGGCTGTCCAGGCOGLOGLGAGCCGCAGCCATTIGL
CTITTTATGGTAATCOTGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTOTG
CGGAGCCGAAATCTGGGAGGCGCCGCCGCACCCLCTCTAGCGGGLGEGGGGCGA
AGCGGTGCGECGCLGECAGGAAGGAAATCGGCGGGCAGGGCCTTICGTGCGTCG
CCGCGCCGUCAGTCCCCTTCTCCCTCTCCAGCCTCGGGGITGTCCGCGGGGGGACG
GCTGCCTTCGGGGGEGACGOGGCAGGGLCGGGOTTCGGCTICTGGUETGTGALCG
GCGGCTCTAGAGCCTCTGCTAACCATGTTCATCCCTTCTTCTTITTICCTACAGTICT
AGAGTCGACGGTCACCOGGTCAGCTAGCACGCCACCATGAGGCTGCTGGCCAAGA
TCATCTGCCTGATGUTGTGGGCCATCTETCTGGCTGAGGACTGTAATGAGCTGCC
CCCTAGGAGAAATACAGAGATCCTCGACTGGCTCTTGGTCTGATCAGACCTACCCA
GAGGGCACACAGGCCATCTACAAGTGCAGGCCTOGGCTATAGATCCCTGGGCAAT
ATCATCATGOTGTGCAGGAAGGGAGAGTGGGTGGCCCTGAACCCACTGAGAAAG
TGCCAGAAGAGGCCATGTGGACACCCAGGAGACACACCTTTTGGCACCTTTACA
CTGACAGGGGGCAATGTGTTTGAGTATGGTGTGAAGGCAGTGTATACCTGCAAT
GAGGGCTACCAGCTGCTGOGAGAGATCAACTACAGGGAGTGTGACACAGATGGC
TGGACCAATGATATCCCCATCTGTGAGGTOGTGAAGTGTCTGLCAGTGALCTGLCC
CTGAGAATGGCAAGATAGTGAGCTCTGCCATGGAGCCTGACAGAGAGTATCACT
TTGGCCAGGCTOTCGAGGTITOTGTOCAATAGTGGCTACAAGATTIGAGGGGGATG
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AGGAGATCCACTOTTCAGATGATGGCTTICTGGTCTAAGGAGAAGCCCAAGTGTG
TGGAGATCTCCTGTAAGTCTCCTGATGTGATTAATGGCAGCCCAATCTCCCAGAA
GATCATCTATAAGGAGAATGAGAGATTTCAGTACAAGTGCAACATGGGCTATGA
GTATTCAGAGAGAGGTGATGCTGTGTGCACAGAGTCTGGATGGAGGCCCCTGCC
TAGCTGTGAGGAGAAGTCCACCCTGAAGCCTTGTGACTATCCAGATATCAAGCAT
GGAGGCCTGTATCATGAGAATATGAGGAGGCCTTACTTCCCAGTGGCTOTGGGC
AAGTACTATTCCTACTATTGTCGATCGAGCACTTTGAGACACCATCTGGUTCTTACT
GGGACCACATCCACTGTACCCAGGATGGCTGOGTCTCCTGCTGTGCCTTGCCTGAG
ABAGTGTTACTTCCCCTATCTGGAGAATOGGCTACAACCAGAATTATGGCAGGAA
GTTTGTGCAGGGCAAGTCCATTCGATGTGGCATGCCACCCAGGATATGCACTGCCT
AAGGCACAGACCACAGTGACCTGTATGCGAGAATGGCTGGAGCCCAACACCCAGS
TGCATCAGGGTCGAAGACCTGTTCCAAGAGCAGCATTCGACATAGAGAATGGCTTC
ATCTCAGAGTCCCAGTACACCTATGCCCTGAAGGAGAAGGCCAAGTATCAGTGC
AAGCTGGCGATATOTGACAGCAGATGGAGAAACATCTGGCAGCATCACCTGTGGC
AAGGATGOCTGGTCTGCCCAGCCCACATGCATCAAGAGCATCAAGACTGACTGT
CTGTCTCTGCCCAGCTTTGAGAATGCCATCCCTATGGGTGAGAAGAAGGATGTGT
ACAAGGUTGGAGAGCAGGTGACATACACCTGTGCCACATACTATAAGATGGATG
GAGCCAGCAATGTCGACCTGTATCAATTCCAGATGGACAGGCAGACCTACCIGCA
GGGATACAAGCTGTGTGAACCCACCCACTGTGCAGAATGCCTATATTGTGTCCAG
GCAGATGTCTAAGTACCCTTICTGCAGAGAGAGTGAGATATCAGTGCAGATCCCC
ATATGAGATGTTTGGGGATGAGGAAGTGATGTCCCTCGAATGGCAATTGGACAGA
GCCTCCACAGTGCAAGGATAGCACTGGCAAGTGTGGACCACCTCCACCAATIGA
CAATGUAGATATCACATCCTITCCACTGTCAGTGTATGCCCCTGCCTICCTCTGTGE
AGTATCAGTGCCAGAACCTGTACCAGCTGGAGGGCAATAAGAGAATCACCTGTA
GAAATGGCCAGTOOTCTGAGCCTCCAAAGTGCCTGCACCCTTGTGTGATCTICCAG
AGAGATCATGGAGAACTATAATATAGCCCTCGAGGTGGACAGCCAAGCAGAAGCT
GTACTCTAGCGACTGGGGAGTCAGTGGAGTTTGTGTGCAAGAGAGGCTATAGACT
GAGCTCCAGAAGCCACACACTCGAGGACCACATGCTGGGATGGCAAGCTGGAGTA
CCCAACCTGTGCCAAGAGGTCGAGCCTAGGACTGTACAGTACGCGTAACACGTGG
GGGATCCAGACATGATAAGATACATTGATGAGTITGCGACAAACCACAACTAGAA
TGCAGTGAAAAAAATGCTTITATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTA
ACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGT
TTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACA
AATGTGGTATGGCTGATTATGATCAATGCATGGTCCCAGCCTTCATTGAGCCTAT
TOGTCCCOCCTCAGAACCCACCCACCTGGCAGTAGAGGATGTCTCTTGAGACACC
ACTGTCTCCCTCAAGTTCAGGAGGCCCCCATTAATTAAGAGAGAGTGGGAGCAG
GAGGCCTGTCAGATGGCTACTCTTAAGTGGAGTACTGCCCAGAGGGCTGCTCAG
AGTGGGTGGCTGTAACCCTGCAGGGOUTGACAGAGCACACATCCATACTGGTGA
AGGACCTOTCGACCCACTGOCCAGACTCOCCGOCCGOAGGAACCCCTAGTOATGG
AGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGLCCGGGCAAA
GCCCOQGCOGTCGOGUGACCTTITGOTCQUCCGGCCTCAGTGAGCGAGCGAGLGLG
CAGAGAGGGAGTGGCCAA (SEQ ID NO45)

{8085}  In related aspects, the heterologous nucleic acid comprises the following
nucleotide sequence or a nuclectide sequence at least 80%, at least 85%, at least 90%, at least

95%, at least 98% or at least 99% identicai thercto:

TTGGCCACTCCCTCTCTGCOGCGCTCGCTCGCTCACTGAGGCCGGGCCGACCAAAGO
TCGCCCOACGCCCGGOCTTTGLCCGGGCGOCCTCAGTGAGCGAGCGAGCGCGCA
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GAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTATCGATTGAACCAGGCGC
GCCCAGTTTAAACAGTCCGGAACTAGTTATTAATAGTAATCAATTACGGGGTCAT
TAGTTCATAGCCCATATATGCGAGTTCCGCOTITACATAACTTACGGTAAATGGLCCC
GCCTGGLCTGACCGCCCAACCGACCCCOGCCLCATTGACGTCAATAATGACGTATGTT
CCCATAGTAACGCCAATAGGGACTITCCATTGACGTCAATGGGTGGAGTATTTAC
GOTAAACTGCCCACTTGGCAGTACATCAAGTOTATCATATGUCAAGTACGCCCCC
TATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACC
TTATGGGACTTICCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCAT
GGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCAC
CCCCAATTTTGTATTTATTTATTTTITAATTATTTTIGTGCAGCGATGGOGGCGGGG
GOGGGHOGHGGGLGCGLGCCAGHLGGGGLGGOGCHGGGTGAGGGECGEEGELG
GGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAG
TTTCCTTTTATGGCGAGGCGGCOGCGGCGOCGGECCTATAAAAAGCGAAGCGCG
COGCOGGCOGOGEAGTCGCTGCGACGLTGCCTTICGCCCCGTGCCCCGCTCCGCLGC
CGCCTCGCGLCGCCCECCCCGAGCTCTCGACTCACCGUGTTACTCCCACAGGTGAGC
GGGCCGCACGGCCCTTCTCCTCLCGGGLTGTAATTAGCGCTTGGTTITAATGACGGC
TTGTTTCITITCTGTGGCTGCOTCAAAGCCTTGAGGGGCTCCGGUAGGGUCCTTT
GTGCGEGGGGAGCGGCTCGGGEGETGCCTGUCETGTGTGTGTGCGTGGGGAGLGC
CGCGETGCGGUTCCGUCGLTGCCCGGCGGCTGTGAGCGCTGUGEGLGLGGCGLGGE
GCTTTGTGCGCTCCGCAGTGTGUGCGAGGGGAGCGCGGCCGGHGGGCGETGCCCO
GCGGTGCORGGGGEGGCTECGAGGGGAACAAAGGCTGCOGTGCGGGEGTGTGTGCG
TGGGGGGGTGAGCAGGOGOTETGGGCGCETCOGTCGGGCTGCAACCCCCECTGC
ACCCCCCTCCCCGAGTTOCTGAGCACGGCCCGOGCTTCGGETGCGGGGCTCCGTAC
GGGGRCGTCGCGCGEGECTCGCCGTGCCGGGCGGGGEETEGCGGCAGGTGGGEE
TGCCGGGCGGGCCEGGGCCGLCTCGGGCCGGGUAGGGCTCGGGGGAGGGGLGC
GOUGGCCCCCGBACCGCLGGLGECTGTCCGAGGCGLGGCGAGCCGCAGCCATTGC
CTTTTATGGTAATCGTGCGAGAGGGCGCAGGCGACTTCCTTTGTCCCAAATCTGTG
CGGAGCCGAAATCTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGGCGA
AGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGOGCAGGGCCTICGTGCGTCG
CLGOHECCGELEGTCRUCTTCTCCCTCTCCAGCCTCGGGGCTGTCCGCGGGEGGACG
GCTGCCTTCGGGGGGGACGGGGCAGGGCGGGETTCGGCTTICTGGCGTGTGACCG
GCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTICTTCTTTTITCCTACAGTCT
AGAGTCGACGGTCACCGOTCAGCTAGCACGLCACCATCGAGACTTCTAGCAAAGA
TTATITGCCTTATGTTATGGGCTATTTGTGTAGCAGAAGATTGCAATGAACTTCCT
CCAAGAAGAAATACAGAAATTCTGACAGGTTCCTGGTCTGACCAAACATATCCA
GAAGGCACCCAGGCTATCTATAAATGCAGGCCTGGATATAGATCICTTGGAAAT
ATCATAATGGTATGCAGGAAGGGAGAATGGGTTGCTCTTAATCCATTAAGGAAA
TGTCAGAAAAGGCCCTGTGGACATCCTGGAGATACTCCTTTTGGTACTTTTACCC
TTACAGGAGGAAATCTGTTYGAATATCOGTGTAAAAGCTGTGTATACATGTAATGA
GOGGGTATCAATTGCTAGGTGAGATTAATTACAGGGAATGTGACACAGATGGATG
GACCAATGATATTCCTATATGTGAAGTTGTGAAGTGTTITACCAGTGACAGCACCA
GCAGAATGCAAAAATTOGTCAGTAGTGCAATGGAACCAGATAGAGAATACCATTTT
GGACAAGCAGTAAGATTTGTATGTAACTCAGGCTACAAGATTGAAGGAGATGAA
GAAATGCATIGTTCAGATCATGGTTTTTGGAGTAAAGAGAAACCAAAGTGTGTG
GAAATTTCATGCAAATCCCCAGATGTTATAAATGGATCTCCTATATCTCAGAAGA
TTATTTATAAGGAGAATCGAAAGATTTCAATATAAATGTAACATGGGTTATGAATA
CAGTGAAAGAGGAGATGCTGTATGCACTGAATCTGGATGGAGACCTTTGLCTYC
ATGTGAAGAAAAATCAACCTTIGAAACCTTGTGATTATCCAGACATTAAACATGE
AGGTCTATATCATCGAGAATATCGAGAAGACCATACTTTCCAGTAGCTGTAGGAAA
ATATTACTCCTATTACTGTGATGAACATTTTGAGACTCCTTCAGGAAGTTACTGG
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GATCACATTCATTGCACACAAGATGGATGGAGTCCAGCAGTACCATGCCTCAGA
AAATGTTATTTITCCTTATTTGGAAAATGGATATAATCAAAATTATGGAAGAAAGT
TTGTACAGGGTAAATCTATAGATGTTGCCTGCCATCCTGGCTATGCTCTICCAAA
AGCTCAGACCACAGTTACATGTATGGAGAATGGCTGGTCTCCTACTCCCAGATGC
ATCAGAGTCAAAACATGTTCCAAATCAAGTATAGATATTGAGAATGGGTTTATTT
CTGAATCTCAGTATACATATGCCTTAAAAGAAAAAGCTAAATATCAATGCAAAC
TAGGATATGTAACAGCAGATGGTCAAACATCAGGATCAATTACATGTGGOAAAG
ATGGATGGTICAGCTCAACCCACCTGUATTAAATCTATAAAAACAGATTGTCTCAG
TITACCTAGCTTITGAAAATGCCATACCCATGGGAGAGAAGAAGGATGTGTATAA
GGCTGGTGAGCAAGTCGACTTACACTTGTGCAACATATTACAAAATGGATGGAGC
CAGTAATGTAACATGCATTAATAGCAGATGGACAGGAAGGUCAACATGCAGAGA
CACCTCCTGTGTGAATCCTCCCACAGTACAAAATGCTTATATAGTGAGTAGACAG
ATCGAGTAAATATCCATCTGOTGAGAGAGTAAGATATCAATGTAGGAGCCCTTAT
GAAATGTTTGOGGATGAAGAAGTGATCTGTTTAAATGGAAACTGGACAGAACCA
CCTCAATGCAAAGATTCTACAGCAAAATGTGOGCCCCCTCCACCTATTGACAATG
GGGACATTACTTCATTCCCCTTGTCAGTATATGCTCCAGCTTCATCAGTTCGAGTAC
CAATGCCAGAACTTGTATCAACTTGAGGGTAACAAGAGGATAACATGTAGAAAT
GGACAATGGTCAGAACCACCAAAATGCTTACATCCCTGTGTAATATCCAGGGAA
ATTATGGAAAATTATAACATAGCATTAAGGTGCACAGCCAAACAGAAGCTTTAT
TCTAGAACAGGTGAATCAGTIGAATTTGTGTGTAAAAGAGGATATAGACTTICAT
CAAGGTCTCACACATTGAGGACAACATGTTGOGATGGGAAACTGGAGTATCCAA
CTTGTGCAAAAAGATGAGCCTAGGACTGTACAGTACGCGTAACACGTGGGGGAT
CCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAATTAGAATGLAG
TOAAAAAAATGCTTTATTTGTCAAATTTGTGATGCTATTGCTTTATTTIGTAACCATY
TATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTITATGTTITCAG
GTTCAGGGGGAGGTGTGGGAGGTTTTTTAAACGCAAGTAAAACCTCTACAAATGT
GGTATGGCTGATTATCGATCAATGCATGOTCCCAGCCTTCATTGAGCCTATIGGTC
CCCCCTCAGAACCCACCCACCTGGCAGTAGAGGATGTCTCTTGAGACACCACTOT
CTCCCTCAAGTTCAGGAGGCCCCCATTAATTAAGAGAGAGTGGGAGCAGGAGGT
CTGTCAGATGGCTACTCTTAAGTGGAGTACTGCCCAGAGGGCTGCTCAGAGTGG
GTGGCTGTAACCCTGCAGGGGUTGACAGAGCACACATCCATACTGGTGAAGGAC
CTGTGACCCACTGGCCAGACTGGCCOGGCCGGAGGAACCCCTAGTGATGGAGTTG
GCCACTCCCTCTCTGCOCGCTCOCTCGCTCACTOAGGCCGCCCGGGLAAAGCCCG
GGCGTCGGGCCACCTITGOTCGCCCGGCCTCAGTGAGCGAGCGAGCGLGCAGAG
AGGGAGTGGCCAA (BEQ ID NO:46)

[0086]  AAV Capsid

{08871  The variant AAV capsid of the rAAV - encapsulating the heterologous nucleic acid
encoding an hFh variant - comprises a variant AAV capsid protein comprising an insertion of
from about 7 to about 20 amine acids (a “heterologous peptide” or “peptide insertion”) in the
GH-Joop of a parental AAV capsid protein, wherein the peptide comprises the amino acid
sequence ISDQTKH (SEQ 1D NO:1). Preferably, the variant capsid protein, when present in
an AAY virion, confers increased infectivity of a retinal cell compared to the infectivity of a

retinal cell by an AAV virion comprising the corresponding parental capsid protein.
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{0888] By the “GH loop,” or loop IV, of the AAV capsid protein it is meant the solvent-
accessible portion referred to in the art as the GH loop, or loop IV, of AAV capsid protein.
For the GH loop/loop IV of AAY capsid, see, e.g., van Viiet et al. (2006) Mol Ther. 14:809;
Padron et al. (2005} J. Virol 79:5047; and Shen et al. (2007 Mol. Ther. 15:1955. Thus, for

example, the insertion site can be within about amino acids §76-611 of AAV2 VPL.

{0089]  In some embodiments, the peptide insertion has from 1 to 3 spacer amino acids
{(Y1-Y3) at the amino and/or carboxyl terminus of the amino acid sequence ISDQTKH (SEQ
I NO:1). Exeraplary spacer amine acids include, without lumitation, leucine (L), alanine
{A), glycine (G), serine {8), threonine (T), and proline (P). In certain embodiments, a peptide
insertion comprises 2 spacer amino acids at the Neterminus and 2 spacer amino acids at the
C-terminus. In other embodiments, 2 peptide insertion comprises 2 spacer amino acids at the
N-terminus and 1 spacer amine acids at the C-terminus. In preferred embodiments, the
peptide insertion comprises or consists of the amino acid sequence LAISDQTRHA (SEQ D
NO:2).

{0890]  In some aspects, the variant AAV capsid protein comprises a peptide insertion
comprising the amino acid sequence ISDQTKH (SEQ 113 NO:1) and further comprises one or
more amino acid substitutions relative to a corresponding parental AAV eapsid protein.
Representative examples of amino acid substitutions may be found at e.g., col. 26, lines 40-
65 of U.8. Patent No. 11,576,983, the entire contents of which are incorporated herein by

reference.

[8091]  In some preferred embodiments, the variant AAV capsid protein comprises a
peptide insertion comprising the amino acid sequence ISDQTKH (SEQ ID NG:1) and further
comprises a P34A amino acid substitution refative to VP1 capsid of AAVZ or the

corresponding substitution in another AAV serotype.

{0632]  In other aspects, the variant capsid protein may comprise one or more features
disclosed in 1.8, Patent No. 11,576,983, in particalar, one or more features disclosed at

column 24, line 66 to column 29, line S¢ of U.S. Patent No. 11,576,983,

[0883]  In a particularly preferred embodiment, the variant capsid protein comprises the
following amino acid scquence or comprises an amino acid sequence at least 80%, at least

90%, least 95%, at least 8%, or at least 99% identical to the following amino acid sequence:
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MAADGYLPDWLEDTLSEGIRQWWKLEPGPPPPKAARRHKDDSRGLVLPGYRYLGP
FNGLDRKGEPYVNEADAAALEHDKAYDROLDSGDNPYLX YNHADAEFQERLKEDTSF
GONLOGRAVFQAKKRVLEPLGLVEEPVKTAPGKRKRPVEHSPVEPDISSSGTGKAGQQP
ARKRENFGQTGDADSVPDPOPLGQPPAAPSGLGINTMATGSGAPMADNNEGADGY
GNSSGNWHCDSTWMGDRVITTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYST
PWGEYFDFNRFHCHFSPRDWQREINNNWGFRPKRLNFELFNIQVKEVTONDGTTTIA
NNLTSTVQVFTDSEYQLPYVLGSAHQGULPPFPADVFMVPOYGYLTLNNGSAVGR
SSFYCLEYFPSQMLRTGNNFTFSYTFEDVPFHSSYAHSCGSLDRUMNPLIDQYLYYLSR
TNTPSGTTTQSRLOFSQAGASDIRDOSRNWLPGPCYRQOQRVEKTSADNNNSEYSWT
GATKYHLNGRDSLVNPGPAMASHKDDEERFFPOSGVLIFGKQGSEK TN VDIEK VMIT
DEEEIRTINPVATEQYGSVSTNLORGNLAISDOQTKHARQAATADVNTQGVLPGMYW
QDRDVYLOGPIWAKIPHTDGHFHPSPLMGGFGLKHFPPOILIKNTPVPANPSTTFSAA
KFASFITQYSTGQVSVEIEWELQKENSKRWHNPEIQY TSNYNKSVNVDFTVITNGVYS
EPRPIGTRYLTRNL (SEQ ID N(O:42).

{8094} The variant AAV capsid protein of SEQ ID NO:42 contains the following
maodifications relative to native AAV2 capsid: {i} a profine (P} to alanine (A) mutation at
aming acid position 34, which is located inside the assembled capsid (VP protein only), and
(it} an insertion of 10 amino acids (leucine-alanine-isoleucine-serine-aspantic acid-ghitamine-
threonine-lysine-histidine-alanine/LAISDQTKHA (SEQ ID NO:2)) at amino acid position
588, which is present in VPI, VP2, and VP3. In some embodiments, the capsid comprises a
variant capsid protein comprising a sequence at least 80%, at least 958%, at least 98%, at least
99% identical to SEQ ID NO:42 and comprising a P34A substitution and an LAISDQTKHA

{BEQ Il NO:2) peptide insertion at amino acid position S88.

{6095]  Also provided herein are packaging cells, which are encompassed by "host cells,”
which may be cultured to produce packaged viral vectors of the invention. The packaging
cells of the invention generally include cells with heterclogous (1) viral vector function(s),
(2} packaging function{(s}, and (3) helper function(s). Each of these component functions is

discussed inn the ensuing sections.

{0096]  Initially, the vectors can be made by several methods known to skilled artisans
(see, e.z., WO 2013/063379). A preferred method is described in Grieger, f of. 2015,
Molecular Therapy 24(2):287-297, the contents of which are incorporated by reference hergin
for all purposes. Briefly, efficient transfection of HEK293 cells is used as a starting point,
wherein an adherent HEK293 cell line from a qualified clinical master cell bank is used to
grow in apimal component-free suspension conditions in shaker {lasks and WAVE
bioreactors that allow for rapid and scalable rAAV production. Using the triple transfection

method {e.g., WO 96/40240), the suspension HEK293 cell line generates greater than 10°
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vector genome containing particies (vg)/cell or greater than 10" vg/L of cell culiure when
harvested 48 hours post-transfection. More specifically, triple transfection refers to the fact
that the packaging cell is wransfected with three plasmids: one plasmid encodes the AAV rep
and cap genes, another plasmid encodes various helper functions {e.g., adencvirus or HSV
proteins such as Ela, Elb, E2a, E4, and VA RNA, and ancther plasmid encodes the

transgene and s various control elements (e.g., modified GLA gene and CAG promoter).

{0897}  To achieve the desired yields, a number of variables are optimized such as
selection of a2 compatible serum-free suspension media that supports both growth and
transfection, selection of a transfection reagent, transfection conditions and cell density. A
universal purification strategy, based on ion exchange chromatography methods, was also
developed that resulted in high purity vector preps of AAV serotypes 1-8, 8, 9 and various
chimeric capsids. This user-friendly process can be completed within one week, resulis in
high full to eropty particle ratios (>90% full particles), provides post~-purification yields
(>1x1073 ve/L}y and purity suitable for clinical applications and is universal with respect to
all serotypes and chimeric particles. This scalable manufacturing technology has been utilized
to manufacture GMP Phase T clinical AAY vectors for retinal neovascularization (AAV2),
Hemophilia B {scAAVS), Giant Axonal Neuropathy {scAAVY) and Retinitis Pigmentosa
(AAVD), which have been administered into patients. In addition, a mininmum of a 5-fold
increase in overall vector production by implementing a perfusion method that entails

harvesting rAAV from the culture media at numerous time-points post-transfection.

{00981  The packaging cells include viral vector functions, along with packaging and
vector functions. The viral vector functions typically include a portion of a parvovirus
genome, such as an AAV genome, with rep and cap deleted and replaced by the modified
GLA sequence and its associated expression control sequences. The viral vector functions
inchade sufficient expression conirol sequences to result in replication of the viral vector for
packaging. Typically, the viral vector inchudes 3 portion of a parvovirus genome, such as an
AAY genome with rep and cap deleted and replaced by the transgene and its associated
expression control sequences. The transgene is typically flardied by two AAV TRs, in place
of the deleted virsl rep and cap ORFs. Appropriate expression conirol sequences are
inchaded, such as a tissue-specitic promoter and other regulatory sequences suitable for use in

facilitating tissue-specific expression of the transgene in the target cell. The ransgene is
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typically a nucleic acid sequence that can be expressed to produce a therapeutic polypeptide

or a marker polypeptids.

{80991  The terminal repeats (TR{s}} {resolvable and non-resolvable) selected for use in the
viral vectors are preferably AAV sequences, with serotypes 1, 2, 3, 4, 5 and 6 being
preferred, Resolvable AAV TRs need not have a wild-type TR sequence {e.g., a wild-type
sequence may be altered by insertion, deletion, truncation or missense mutations), as long as
the TR mediates the desired functions, ¢.g., virus packaging, integration, and/or provirus
rescue, and the like. The TRs may be synthetic sequences that function as AAV inverted
terminal repeats, such as the "double-D sequence™ as deseribed in U8, Pat. No. 5,478,745 1o
Samuliski ef al., the entire disciosure of which is incorporated in its entirety herein by
reference. Typically, but not necessarily, the TRs are from the same parvovirus, e.g., both TR

sequences are from AAVI.
[#6108] The packaging functions include variant capsid components as described above.

[80161] The packaged viral vector inclodes a variant hff transgene and expression control
sequences flanked by TR elements, referred to herein as the "transgene” or "transgens
expression cassette,” sufficient to result in packaging of the vector DNA and subseguent
cxpression of the gene sequence in the transduced cell. The viral vector functions may, for
example, be supplied to the cell as a component of a plasmid or an amplicon. The vival vector
functions may exist extrachromosomally within the cell line and/or may be integrated into the

cell's chromosomal DNA.

{80102] Any method of introducing the nucleotide sequence carrying the viral vector
functions inio & cellular host for replication and packaging may be employed, including but
not limited to, electroporation, calcium phosphate precipitation, microinjection, cationic or
anionic liposomes, and Hiposomes in combination with a naclear localization signal. In
embodiments wherein the viral vector functions are provided by transfection using a virus

vector; standard methods for producing viral infection may be used.

{88163] The packaging fimetions include genes for viral vector replication and packaging.
Thaus, for exarople, the packaging functions may include, as needed, functions necessary for
viral gene expression, viral vector replication, rescue of the viral vector from the integrated
state, viral gene expression, and packaging of the viral vector into a viral particle. The
packaging functions may be supplied together or separately to the packaging cell using a

9
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genetic construct such as a plasmid or an amplicon, a Baculovirus, or HSV helper construct.
The packaging functions may exist extrachromosomally within the packaging cell, but are
preferably integrated into the cell's chromosomal DNA. Examples include genes encoding

AAN Rep and Cap proteins.

[601047 The helper functions include helper virus elements needed for establishing active
infection of the packaging cell, which is required to initiate packaging of the viral vector.
Examples include functions derived from adenovirus, baculovirus and/or herpes virus
sufficient to result in packaging of the viral vector. For example, adenovirus helper functions
will typically include adenovirus components Ela, Elb, E2a, F4, and VARNA. The
packaging funciions may be supplied by infection of the packaging cell with the required
virus. The packaging functions may be supplied together or separately to the packaging cell
using a genestic construct such as a plasmid or an aroplicon. See, e.g., pXR belper plasmids as
described in Rabinowitz ef al., 2002, J, Virol. 76:7%1, and pDG plasmids described in Grimm
et al., 1998, Human Gene Therapy 9:2745-2760. The packaging functions may exist
extrachromosomally within the packaging cell, but are preferably integrated into the cell's

chromosomal DNA (e.g., El or E3 in HEK 293 cells).

i00105} Aoy suitable helper virus functions may be eraployed. For example, where the
packaging cells are insect cells, baculovirus may serve as a helper virus. Herpes virus may
also be used as a helper virus in AAV packaging methods. Hybrid herpes viruses encoding
the AAY Rep protein(s) may advantageously facilitate for more scalable AAV vecior

praduction schemes.

681081  Any method of introducing the nucleotide sequence carrving the helper fumcetions
into a cellular host for replication and packaging may be employed, including but not lHmited
to, electroporation, calcium phosphate precipitation, microinjection, cationic or anionie
liposomes, and liposomes in combination with a nuclear localization signal. In embodiments
wherein the helper functions are provided by transfection using a virus vector or infection

using a helper virus; standard methods for producing viral infection may be used.

(061071  Any suitable permissive or packaging cell known in the art may be employed in
the production of the packaged viral vector. Mammalian cells or insect cells are preferred.
Examples of cells useful for the production of packaging cells in the practice of the invention

include, for example, human cefl lines, such as VERO, WI38&, MRCS5, AS49, HEK 293 cells
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{(which express functional adenoviral E1 under the control of a constitutive promoter), B-30
or any other HeLa cells, HepG2, Saos-2, HuH7, and HT1080 cell lines. In one aspect, the
packaging cell is capable of growing in suspension culture, more preferably, the cell ts
capable of growing in serum-free culture. In one embodiment, the packaging cellis a
HEK?293 that grows in suspension in serum free medium. In another embodiment, the
packaging cell is the HEK293 cell described in U.S. Pat. No. 9,441,206 and deposited as
ATCC No. PTA 13274, Numerous rAAY packaging cell lines are known in the art,
including, but not hmited to, those disclosed in WO 2002/46359. In another aspect, the
packaging cell is cultured in the form of a cell stack {e.g. 10-layer cell stack seeded with

HEK293 cells).

[06108] Cell lines for use as packaging cells include insect cell lines. Any insect cell which
allows for replication of AAV and which can be maintained in colture can be used in
accordance with the present invention. Examples include Spodoptera frugiperda, such as the
S5 or 5§21 cell lines, Drosophila spp. cell lines, or mosquito cell lines, ¢.g., Aedes albopictus
derived cell lines. A preferred cell line is the Spodoptera frugiperda S19 ceil line, The
following references are incorporated herein for their teachings conceraing use of jnsect cells
for expression of heterclogous polypeptides, methods of introducing nucleic acids into such
ceils, and miethods of maintaining such cells in culture: Methods in Molecular Biology, ed.
Richard, Humana Press, N J (1895); O'Reilly et al., Baculovirus Expreasion Vectors: A
Laboratory Manual, Oxford Univ. Press (1994); Samulski et al., 1989, 1. Virol. 63:3822-
3828, Kajigaya et al., 1991, Proc. Nat'l. Acad. Sci, USA 28: 4646-4650; Ruffing et al., 1992,
J. Virol. 66:6922-6930; Kimbauer et al., 1996, Virol. 219:37-44; Zhao et al., 2000, Virol.
272:382-393; and Samulski et al., 1.8, Pat. No. 6,204,059,

{08189]) Virus capsids according o the invention can be produced using any method known
in the art, e.g., by expression from a baculovirus (Brown et al,, (1994) Virology 198:477-
488). As a further alternative, the virus vectors of the invention can be produced in insect
cells using baculovirus vectors to deliver the rep/cap genes and rAAV template as described,

for example, by Urabe et al,, 2002, Human Gene Therapy 13:1935-1943,

{08116]  In another aspect, the present invention provides for a method of rtAAYV production
in insect cells wherein a baculovirus packaging system or vectors may be constructed 1o carry
the AAYV Rep and Cap coding region by engineering these genes into the polyhedrin coding

region of a baculoviras vector and producing viral recombinants by transfection into g host
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cell, Notably when using Baculovirus production for AAY, preferably the AAV DNA vector
product is a self~complementary AAY like molecule without using mutation {o the AAV [TR.
This appears to be a by-product of inefficient AAV rep nicking in insect cells which results in
a self-complementary DNA molecule by virtue of lack of functional Rep enzyme activity.
The host cell is a baculovirus-infected cell or has introduced therein additional nucleie acid
encoding baculovirus helper functions or includes these baculovirus helper functions therein
These baculovirus viruses can express the AAV components and subsequently facilitate the

production of the capsids.

{80318] During production, the packaging cells generally include one or more viral vector
functions along with helper functions and packaging functions sufficient to result in
replication and packaging of the viral vector. These various functions may be supplied
together or separately to the packaging cell using a genetic construct such as a plasmid or an
amplicon, and they may exist extrachromoasomally within the cell line or integrated into the

cell's chromosomes.

{86112] The cells may be supplied with any one or more of the stated functions already
incorporated, e.g., a cell line with one or more vector functions incorporated
extrachromosomally or integrated into the cell's chromosomal DNA, a cell line with one or
more packaging functions incorporaied extrachromosomally or integrated into the cell's
chromosomal BNA, or a cell line with helper functions incorporated extrachromosomally or

integrated into the cell's chromosomal DNA.

(601131 The rAAY vector may be purified by methods standard in the art such as by
coluran chromatography or cesium chloride gradients. Methods for purifying rA AV vectors
are known in the art and inclhude methods described in Clark et al., 1999, Human Gene
Therapy 10(6):1031-1039; Schenpp and Clark, 2002, Methods Mol. Med. 69:427-443; U.8.
Pat. No. 6,566,118 and WO 98/08657.

080114]  Mebods of Debivering Noslsie Acidy encoding R o the Reting

i88115] In several embodiments, methods for delivering heterologous nucleotide sequences
encoding hit to the reting are provided utilizing an rAAYV as herein described. The rAAV
may be employed to deliver a nucleotide sequence encoding hiH to a retinal cell in virro, e.g,,
to produce an hiH pelypeptide or nucleic acid in vitro for ex vivo gene therapy. The rAAV
are additionally useful in 8 method of delivering a nuclestide sequence to 2 subject in need
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thereof, e.g., 10 express hiH in a subject in need thereof, such as human with dry AMD or a
human with geographic atrophy. In this manner, the hfH may thus be produced i vivo in the

subject to restore complement regulation.

[60116] Thus, in one aspect, a method of delivering a nucieic acid encoding an hil{ variant
to a retinal cell is provided, the method comprising contacting the retinal cell with an rAAV

virion as herein described.

[68117]  In another aspect, a method of delivering a nucleic acid encoding an hfH variant to
a retinal cell in a mammalian subject is provided, the method comprising administering an
effective amount of the rAAV virion as herein described or a pharmaceutical formulation

comprising same to a mammalian subject,

{88118] The rAAV may be administered 1o retina of a subject by any suitable route. In
preferred embodiments, the rAAV is administered to the subject intraocularly, preferably by
subretinal, suprachoroidal, and/or intravitreal injection. In some particularly preferred
embodiments, rAAV is administered to a subjeet via intravitreal injection, more preferably by

a single intravitreal injection.

[80119] Treamentsmethods

{80128} In certain embodiments, a method is provided for the treatment of dry AMD ina
subject in need of such treatment, the method comprising administering to the subject a
recombinant adenoc-associated virus (rAAV) comprising: (a) a variant AAV capsid protein
comprising a heterologous peptide insertion with a length of 7 to 20 amino acids covalently
inserted in the GH-loop of the AAV capsid protein, wherein the peptide insertion comprises
the amino acid sequence 'ESDQ"I‘RH (SEQ YD NO:1) and (ii} a heterologous nucleis acid
comprising a nucleotide sequence encoding an hfH variant as herein described, said
nucleotide sequence operably linked fo a promoter, or administering to the subject a
pharmaceutical composition comprising said rAAV and & pharmaceutically acceptable
carrier, preferably wherein said rAAV or said pharmaceutical composition is administered 1o
the subject by intravitreal injection. Also provided is the use of said rAAV or a
pharmaceutical composition comprising same for the treatment of dry AMD. Also provided

is the use of said rAAYV in the manufacture of & medicament for the treatment of dry AMD.

£
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[66121] In related embodiments, 2 method is provided for the treatment of a geographic
atrophy in a subject in need of such treatment, the method comprising administering to the
subject a recombinant adenc-associated virus (rAAY) virion comprising: (a) a variant AAY
capsid protein comprising a heterologous peptide insertion with a length of 7 to 20 amino acids
covalently inserted in the GH-loop of the AAV capsid protein, wherein the peptide insertion
nucleic acid comprising a nucleotide sequence encoding an hfH variant as herein described,
said nucleotide sequence operably linked to a promoter, or administering to the subject a
pharmaceutical composition comprising said rAAV virion and a pharmaceutically acceptable
carrier, preferably wherein said rtAAY or sald pharmaceutical composition is administered to
the subject by intravitreal injection. Also provided is the use of said rAAV or a
pharmaceutical composition comprising same for the treatment of geographic airophy. Also
provided is the use of said rAAV in the manufacture of & medicament for the treatment of

geographic atrophy.

{80122] In some aspects, the variant AAV capsid protein comprises an amino acid
sequence at least 80%, at least 85%, at least 90%, at least 95%, at |east 98%, at least 99%
identical to, or is 100% identical to, the amino acid sequence set forth as SEQ 1D NO:42 and
comprises a P34 A substitution and an LAISDQTKHA (SEQ 1D NO:2) peptide insertion at

amino acid position 588,

{B0123] In some preferred aspects, the nucleotide sequence encoding the hfH variant
encodes an hiH variant with the structure SCRIS(LD-SCR2-(L2)-SCR3-{(LI-SCR4-(14)-
SCRE-(L5)-SCRT-(L6)}-SCRB(L7»SCRIT-(LE)-SCRIS(LIWSCRIG-(L f@)nSCRZQ,
wherein each of 8CRs 1-4, 6-8 and 17-20 comprises the amino acid sequence according o
Table 1 and wherein each of L1.L10 comprises the amine acid sequence according to Table
2. Inrelated aspects, the nucleotide sequence encoding the hfH variant encodes an hfH
variant comprising the amino acid sequence of SEQ ID N34 or comprising an amino acid
sequence at least 90%, at least 95%%, at least 88%, or at least 99% identical to the amino acid
sequence set forth as SEQ 1D N(O:34. In other related aspects, the nucleotide sequence
encoding the hfH variant comprises the nuclectide sequence set forth as any one of SEQ ID

Nos: 35-37.

{66124} Insome aspects, the rAAV is administered by periccular, intravitreal,

suprachoroidal and/or subretinal injection, preferably by intravitreal injection, to a subjest
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with dry AMD and/or geographic atrophy at a dose of from about 1x10% vector genomes
{vg)eye tw about 1x10"* vgieye, from about 1x10% vg/leye to about 1x10'2 vgleye, from about
1210° vg/eye to about 1102 vg/eye, from about 1x10° ve/eye to about 1x10'! vpleye or
from about 6x10” vg/eye to about 6x10'% vg/eye. In some embodiments, the rAAV is
administered by periocular, intravitreal, suprachoroidal and/or subretinal injection, preferably
by intravitreal injection, to a subject with dry AMD and/or geographic atrophy at a dose of
about 1x10% vgleye, about 2x10° vg/leye, about 3x10° vg/eve, about 4x10fvgleve, about 5x10°
vgleye, about 6x10% vgleve, about 7x10% vg/eye, about 8x10% vg/eve, about x10% veseye, about
1x10° vgleve, 2x10° vgleye, about 3x10° vgieye, about 4x10° vgleye, about 5x10° vgleye,
about 6x 11 vgleye, about 7x10° vgleve, about 8x10° vg/eye, about 9x10° vgleve, about
1x10!° vgieye, about 2x10'° valeye, about 3x10'% vg/eye, about 4x10Y vg/leve, about 3x10°
vgleye, zbout 6x10'° vgleye, about Tx10% vg/eye, about 8x10' vg/eye, about 9%19'% ve/eve,
about 1x10'7 vg/eye, about 2x10" vgleye, about 3x10" vg/eye, about 4x10'! vgleye, about
Sx10' vgleye, about 6x101 vgleye, sbout Tx10' vg/eye, about 8x101 vg/eye, about 9x16"

vefeye or about 1x10'* vg/eye.
& &

[08125] In some embodiments, a method for treating dry AMD and/or geographic atrophy
in 4 subject in need thereof is provided comprising administering to the subject by periocular,
intravitreal, suprachoroidal and/or subretinal injection, an effective amount of an rAAVY
virion comprising (i} a capsid comprising & capsid protein comprising the amino acid
sequence set forth as SEQ D NG:42 and (i) a heterologous nucleic acid comprising from 5
o 3 (a) an AAV2 terninal repeat (b) a CAG or CMVY promoter (¢} a nucleotide sequence
selected from SEQ 1D Nos:35-37 (d} 2 polyadenylation sequence and {¢) an AAV2 terminal

repest.

[88126] In related emsbodiments, a mathed for treating dry AMD and/or geographic atrophy
in a subject in need thereof is provided comprising administering to the subject by periocular,
intravitreal, suprachoroidal and/or subretinal injection, a pharmaceutical composition
comprising a pharmaceutically accepiable carrier and an rAAV virion comprising {1) a capsid
protein cornprising the amino acid sequence set forth as SEQ TD NQ:42 and (i) a
heterologous nucleic acid comprising from 5' to 3" {a) an AAV2 terminal repeat (b} a CAG
or CMV promoter {¢) a nucleotide sequence selected from SEQ I Nos:35-37 (d) a
polyadenylation sequence and {e) an AAV?Z terminal repeat. In some aspects, the

pharmaceutical composition comprises between abaut 1x10% vg to about 1x107 vg, between

45



WO 2024/211416 PCT/US2024/022843

about 1%10% vg to about 1x10'2 vg, between about 1x10° vg to about 1§01 vg or between
about 6x10° vg to about 6x10'% vg. In other aspects, the pharmaceutical composition
comprises about 1x10%vg, about 2x10% v, about 3x10% vg, abour 4x10%vg, about Sx10%vg,
about 6x10° vg, about Tx10% v, about 8x10%vg, about x10% vy, about 1x10° v, 2x107 vg,
about 3x10° vg, about 4x10° vg, about 5x10° vg, about 6x10° vg, about 7x10° vg, about 8x10°
vg, about $x10° vg, about 1x18¢ vg, about 2x10'° vg, about 3x10'¢ vg, about 4x10'% vg,
about 5x10'° vg, about 6x10' v, about 7x10%° vg, about 8x10% vg, about 9x10' vg, about
1x10" vg, about 2x10° vg, about 3x16™ vg, about 4x10" vg, about 5x10' vg, about 6x10%

vg, about Tx10M vg, shout 8x10M vg, abowt 9x10" vg or about 1x107 ve.

{8168]  Pharmaceutical compaositions comprising an rAAV as described herein are
provided. In some embodiments, the pharmaceutical composition comprises about 1 x 108t
about 1 x 10™ vector particles or vector genomes, about 1 x 10% to about 1 x 10" vector
particles or vector genomes, about | x 10° to about 1 x 10'? vector particles or vector
genomes, or about 1x10%, about 2x10%, about 3x10%, about 4x10%, about Sx10%, about 6x10%,
about 7x10%, about 83105, aboat 9x10%, about [ x 10°, about 2 x 10, about 3x 10°, about 4 x
10°, about 5 x 10%, about 6 x 14°, about 7 x 10°, about & x 10°, about 9 x 10°, about T x 101
about 2 x 109, about 3 x 14'°, about 4 x 10%, about 5§ x 10', about 6 x 10, ahout 7 x 109,
about § x 101, about 9 x 10'%, about 1 x 10V, about 2 x 10}, about 3 x 10V, about 4 x 10",
about 5 x 1077, about 6 x 10", about 7 x 10", zbout 8 x 109, about 8 x 10 or about 1 x 102
vector particles or vector genomes. In some aspects, the pharmaceutical composition
comprises about 110 to about 1x10" vg, and preforably comprises about 210° vg to about
6x10% vg. In some preferred embodiments, the pharmaceutical composition is administered

to a human with dry AMD and/or geographic atrophy via intravitreal fnjection.
EXAMPLES

{80127}  The following examples illustrate preferred embodiments of the present invention
and are not intended 1o limit the scope of the invention in any way. While this invention has
been described in relation to its preferred embodiments, various modifications thereof will be

apparent to one skilled in the art from reading this application.
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[60128] A recombinant AAV (tAAV) virion was constructed carrying a transgene encoding
a shortened form of buman corsplement factor H (Fig. 1), Complement factor W (CFHYis a
natural inhibitor of the alternative complement pathway and as such the rtAAV is useful for
the weatment of, inter alia, geographic atrophy secondary to age-related macular
degeneration. Endogenous CFH is a 155 kD protein comprising 20 short consensus repeat
(SCR) units. The N-terminus is the critical site for co-factor activity/decay accelerating
activity and the C-terminus for cell regulation (see e.g., de Cordoba SR, de Jorge EG.
Translational mini-review series on complement factor H: genetics and discase associations

of human complement factor H. Clin Exp Immunel. 2008 lan:151(1):1-13).

{66328] The rAAV comprises a capsid protein comprising the amino acid sequence set
forth in SEQ ID N0:42 and a heterologous nucleie acid encoding a shortened from of
complement factor H (“miniCFH”) having the amine acid sequence set forth in SEQ 1D
NQ:34, operably linked to a CAG promoter. The miniCFH transgene contains SCRs1-4, 6-8

and 17-20.

180130] The rAAV was subjected to in vitro characierization by (a) transfection of the
tAAV plasmid cassette in human HEK293T cells and (b) in vitro transduction of human

iPSC-derived retinal pigment epithelial (RPE) cells with the rAAV,

[00131] Exprossion snd Sctivitv of miniCFH In HER 29T Cells

[80132] To demonstrate in vitre function of the miniCFH transgene utilized in the rAAY,
human cells were transfected with the rAAV plasmid cassette. HEK293T cells were
transfected at low (0.125 ug) or high (0.5 pg) plasmid DNA encoding a miniCFH or CFH
(full length}, each driven by a CAG promoter. Dose-dependent expression and properly sized
protein was observed from cell supematants (Figures 2A and 28), miniCFH from cell
supernatants was shown to bind directly to C3b and beparin similar to full length CFH
{figures 2C and 2D). These data confirm that the miniCFH transgene is expressed from the
rAAY plasmid cassette, secreted, and retains complement and heparin binding characteristics.
Next, the activity of the miniCFH transgene was assessed and functionality was confirmed.
The complement 3 (C3) protein is cleaved into C3a and C3b fragments and the C3b fragment
further degraded by complement factor I (CFI), in the presence of CFH as a co-factor, into
smaller inactive fragments to interrupt the aliernative complement cascade. Protein lysates

from rAAV plasmid cassetic-transfected cells demonstrate that miniCFH mediated C3b
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degradation (figure 2E). Further, miniCFH from transfected cells demonstrated complete
MAC formation inhibition (Figure 2F). In total, these results demonstrate that transfection

with miniCFH cDNA leads to expression and secretion of functional CFH protein.

001331 I Vine Teasduction of Human iPSC-derived Retinal Plavneut Bpttbelial (RPES

cells

{08134} To demonstrate in vitro expression and confirm function of the miniCFH transgene
following transduction with the rAAV, human iPSC-derived RPE cells were transduced with
the rAAV at different multiphicities of infection (MOT}. Transduction of cells with the rAAV
resulted in dose~-dependent secreted protein expression of the miniCFH transgens (Figure
3A). Additionally, the alternative compiement pathway was irthibited demonstrated MAC
formation inhibition (Figures 3B and 3C). Together these in vitro data confirm expression,

secretion, and functionality of the miniCFH transgene from the rAAY,

(661351 Materlalyand Methods

{00136] Expression of miniCFH (RLISA, WB). HEK293T cells (CRL-3216 from
ATCC) were transfected with plasmid DNA encoding & miniCFH or CFH (full length) driven
by CAG promoter. Plasmid DNA was transfected at 0.125 ug or 8.5 pg DNA/I2 well) (2e5
cells/well) with Fugene HID reagent (Promega Corporation cat # E2311). Cells were
incubated for 48h in I mi DMEM media with 1% Penicillin/Streptomycin and 10% heat-
inactivated serum. After the initial 48h, the media was exchanged for 0.35 ml seyum free
media {DMEM media with 1% Penicillin/Streptomycin) and cells were incubated for 24h.

Serwm-free supernatants were tested for transgene expression by ELISA and Western blot.

{60137} C3b cleavage assay was performed to confirm the functional activity of CFH
expressed in 2937 cells. U3 protein is made of alpha and beta chains. The C3 protein is
cleaved into C3a and C3b fragments. Cla is a small, 77 amino acids, fragment with
approximate molecular weight of § kDa. C3b fragment {containing the remaining alpba and
beta chains) can form €3 convertase upon binding factor B, or can be degraded by
complement factor [ (CFT), in the presence of CFH as a co-factor, into smaller inactive
fragments. The fater event interrupts the alternative complement cascade. These smaller
fragments resulting from the C3b degradation can be detected by Western blot. Serum free
media supernatant from CEFH-transfected cells (or un-transfected cells at negative control)
was incubated with 1 ug purified C3b (Complement Technoiogy Inc. cat # Alidjand 1 ug
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purified CFI (Complement Technology Ine. cat # A138) for 1 hour at 37 °C. As a positive
control we used 0.5 pg purified CFH (Complement Technology Inc. cat € A137) mized withl
ug purified C3b (Complement Technology Inc. cat # A114) and 1 pg purified CFI
{Complement Technology Inc. cat # A138) in PBBS and incubated forl hour at 37 °C.
Additional negative controls where either CFH or CFI are omitted in the mix of recombinant

proteins were included.

{00138 Complement inhibition assay. The Wieslab® Complement systemm Alterative
pathway kit (Eagle Biosciences Inc. cat #COMPL AP 330) is an enzyme immunoassay for
the gualitative determination of fimetional alternative complement pathway in human seram.
The assay combines principles of the hemolytic assay for complement activation with the use
of labeled antibodies specific for neoantigen produced as a result of complement activation.
The amounti of neoantigen generaied is proportional to the functional activity of complement
pathways. The wells of the 96 well plate are coated with specific activator of the alternative
pathway {(Bacterial lipopolysaccharides, LP8). Normal human serur is dituted to $% in
diluent containing specific blocker to ensure that only the alternative pathway is activated.
During the incubation of the diluted serum in the wells, complement is activated by the LPS.
The wells are then washed, and C5b-9 is detected with a specific alkaline phosphatase
igbelled antibody to the neoantigen expressed during MAC formation. After a further
washing step, detection of specific antibodies is obtained by incubation with alkaline
phosphatase substrate solution. The amount of complement activation correlates with the
color intensity and is measured in terms of absorbance {optical density (OD). Addition of
comp]ement inhibitors such as Heulizumab (a CS-blocking antibody), CFH from CFH-
transfected cell culture supernatants, or CFH recombinant protein to the 5% normal human
serum can inhibit the reaction partially or fully as evidenced by a deereased absorbance

signal.

j064139] C3b binding FLISA. The C3b binding ELISA is an in-house ELISA adapted from

Michols er. al {fpubmed.nebiadmnibomy/262217334. The assay tests if CpG-free miniCFH

retains direct C3b binding ability by utilizing monoclonal anti-CFH blocking antibodies to
prevent miniCFH binding to a C3b coated plate. The assay was carried out with both full-

iength recombinant CFH as proof of concept, and supernatants from 2937 cells transtected
with CpG-free miniCFH. As a control, we included conditions of mock incubation of CFH

and transfected cell supematant with no antibodies.
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{06140] Heparin binding ELISA. The Heparin binding ELISA is an in-house ELISA

adapted from Nichols 22 ol {Fpubmednebindmaib gow263217539. The assay tests if CpG-

free miniCFH retains heparin binding ahility by utilizing monoclonal anti-CFH blocking
antibodies to prevent miniCFH binding to a heparin coated plate. The assay was carried out
with both full-length recombinant CFH as a control, and with supernatants from 2937 cells
fransfected with CpG-free miniCFH. As controls, we also included transfected cell
supernatant not treated with blocking antibodies. Results show that preincubation with
blocking CFH antibodies reduces recombinant CFH and CpG-free miniCFH signal,

indicating that CpG-free miniCFH consiruets bind retain heparin binding activity.

{04141} Transduction of human RPE cells. IPSC-derived RPE were transduced with a
capsid of SEQ ID NO:42 delivering a payload encoding miniCFH driven by a CAG
promoter. RPE were previously derived and eryopreserved in-house. 30+/- 5 days prior to
transduction, RPE were seeded onto plates coated with hESC-qualified Matrigel™ (Comning
catff 354277) and maintained in serum-free X-VIVO-1{ media {Lonza cat¥ BEBP02-055Q)
with 1% Penicillin/Streptomycin and RHOROCK pathway inhibitor Y-27632 (STEMCELL
Technologies cat# 72304) at 10 uM 30 +/~ § days. Media was changed every 2-3 days. RPE
were tranaduced at 5,000; 20,000; and 50,000 multiplicity of infection (MO, vector genomss
(vg) per cell). Cell counts were performed on the same day and just prior to transductions; the
appropriate volume of virus was mixed with fresh media and added to cells. After the initial 3
days following transduction, media was removed, and fresh media added. 4 days later, 7 days

post-transduction, media was harvested and assayed for miniCFH expression and activity.

{83142} High performance liquid chromatography/mass spectrometry (LC-MS) was
employed to confimm the presence of the miniCFH gene product (short CFH or sCFH) in non-
human primates (NHPs) following intravitreal administration of the rAAV of Example 1
{comprising a capsid protein comprising the amino acid sequence set forth in SEQ ID NG:42
and a heterologous micleie acid encoding a shortened from of complement factor H
{(“miniCFH") having the amino acid sequence set forth in SEQ TD NO:34, aperably linked to
a CAG promoter).

{06143} Materials and methods
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[B0144] Aqgueous humor (AH) and Vitreous Humor (VH) saniples were collected from
NHPs treated (intravitreally) with the rtAAY, snap frozen and stored for analysis, sCFH
LCMS method was developed & qualified to identify peptide signatures specific to the sSCFM
encoded by the rAAY. These specific peptide mass signatures were then quantified against a
standard curve 1o determine the concentration of SCFH protein in each sample. Quality
comtrol samples containing known levels of sCFH are included in each experimental run.
Standard deviation acceptance criteria for repeated sample testing is <20%. LLOQ/BLQ for

assay was determined to be ~ 50 ng/mL and samples were run in iriplicate.
{00145] Results

{00146] Table 3 below contains a summary of the results of LCMS quantification of sCFH
concentrations in AH samples of NHPs intravitreally administered the specified dose (110,

5¢10, Sell vgleye) of rAAV (see also FIG. 4):

Table 3
sample type | dose {vgfeye} timepoint {days} avg mini-CFH ng/mi sb BLQ frequency
AH 1lell ] 15 58.27 34.80 0/6BLO
AH leil 29 52.83 22.74 0/6 BLQ
AH 1lei0 43 66.16 34.83 1/6BLQ
AH lell 58 S4.00 0.85 4/6BLQ
AH 1ei0 71 £7.30 3.25 4/6 BLQ
AH 1el0 85 85.10 25.31 4/6 8LQ
AH 5010 15 104.40 4837 0/88.Q
AH Sel0 29 164.62 139,38 2/8BLQ
AH 5e10 43 65.53 19.63 2/6BLO
AH 5ell 58 43,30 5.37 2/4BLG
AH 5e10 71 39.85 0.78 2/4BLQ
AH 5el10 85 44.50 4.53 2/4BLQ
AH Sell . 15 176.95 87.40 /6 BLO
AH Sell 29 118.53 104.92 G/6 BLO
AH Sell 43 107.02 97.77 0/68LQ
AH Sell 58 146.00 63.64 0/2 BLG
AH 5ell 71 85.15 2.19 0/2 BLQ
AH 5ell 85 359.30 1.27 0/2 BLQ

j08147] Table 4, below, contains a summary of the results of LCMS quantification of

sCFH concentrations in VH samples of NHPs treated with the specified dose of rAAYV:

Table 4
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sampie type | dose {vgfeye} timepoint {days} avg mini-CFH ng/mlL sD BLO frequency
VH 1e10 85 213.00 NA 2/3BLQ
VH Sell 43 309.00 NA 1/28LO
VH Sell 85 141.00 NA 1/28LQ
VH Seil 42 12057 52.97 0/3BLQ
VH 5ell 86 80,10 NA 0/1BLQ

{06148] Comvlusian

[09149]

sCFH gene product encoded by the rAAYV was detected in VH and AH at each

timepoint and dose (Tables 3 and 4; F1G. 4). Based on AH levels of sCFH measured and

previous studies/models with TAAV comprising a capsid protein of SEQ ID NG:42 exploring

relative concentrations of AH/VH/retina, retinal sCFH concentrations were predicted {o be

within normal/therspeutic range (see Table 5 below)

Table 8
Dose Mean Predicted Predicted Predicted Predicted
Observed Peak AH Peak AH R/C come R/IC sCFH
AH conc {(ng/ml) | conc (ng/mi) | (ng/g) cope (M)
(Al PK {LowPK
Regression} : Regression}
lel2 — ' 373 2232 15,624 185 nM
Sell 1767 (87) 187 1116 13,606 170 nM
1E1 - 37 223 1715 21.5n0M
5e10 16 (48) 19 112 800 10 M
3.3¢10 = 12.3 74 570 7nM
ield 58 (35) 37 22, 447 5.6 nM
6¢9 - 2.2 13 103 1,29 nM
3e8 == ] 6.7 52 0.65 nM
18 - 0.4 2.2 17 0.213 nM

Endogenous CFH AH: 50-350 ng/ml
Endogenous CFH predicted retina/choreid:3-70 nM

{06150]

An in sity hybridization (ISH) method was developed to assess expression of sCFH

using transfected 2937 cells to confirm specificity and optimize assay conditions. The [SH

method was then used to detect the presence of sSCFH RNA in NHP ocular tissue following

intravitreal injection with the rAAV {comprising a capsid protein comprising the amino acid

sequence set forth in SEQ ID NO:42 and a heterologous nucleic acid encoding miniCFH

having the amino acid sequence set torth in SEQ 1D NG:34, operably linked to a CAG

promoter).
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[06151] Materials and methods

{80132] Ocular tissue samples (whole globe eye sarnple) were collected frormn NHPs treated

with the rAAV at SE10 vgleye, fixed and processed for analysis.

[86133] The sCFH ISH assay was performed using a custom, proprietary 20Z7 probe to
sCFH mRNA (designed to not cross react to endogenous cyno or human FL CFH) targeting
amino acids 195-1318 (sCFH ISH was performed on the Roche Discovery ULTRA
Autostainer platform using Roche DISC. mRNA Probe AMP. Kit RUO, Roche mRNA
Sampie Prep Kit RUG, DISC. mRNA DABR Detection RUQ, Bluing Reagent and
Hematoxylin and ACD RNAscope® V8 Universal HRP Reagent Kit. Whole slide image
scans were captured using Zeiss Axioscan instrument and representative images were

captured and reported using Zeiss Zenelite imaging software.

The risults of the ISH analysis are shown in Figures 5 and 6. Figure 5 demonstrates sCFH
RNA in transfected HEK2937T celis compared to untransfected (negative control) HEK293T
cells. Figure 6 demonstrates widespread sCFH RNA ¥SH signal in the retina and macula

regions.

N

Example 3

[80154]  Additional in vitro studies were performed to demonstrate the in virro functional

activity of the expressed miniCFH protein following transfection of human HEK293T cells.

[003585] TIEK293T cells were transfected with a low (0,125 pg) or high level (0.5 pug) of the
rAAV plasmid cassette of Example | (comprising a heterologous nucleic acid encoding a
shortened from of complement factor H (“mindCFH™) having the amino acid sequence set
forth in SEQ ID N(:34, operably linked to a CAG promaoter) or an tAAV plasmid cassette
encoding full-length CFH protein. The miniCFH or full length CFH protein secreted ingo the
supernatant was visualized by Western biot. Dose-dependent expression and properly sized
protein was ohserved in supernatants from transfected cells (Figure 7A). Secreted CFH
protein expression was quantified following transfections with the rAAYV plasmid cassette of
Exaraple 1 by ELISA (Figure 7B). Transfection led to secreled and deiectable CFH

expression over non-transfection conirol (Figure 7B).

W
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fG0156] In addition to protein expression, activity of miniCFH secreted from HEK293T
cells transfected with the roiniCFH construct was evaluated. Complement factor Hisa
complement regulator essential for controlling the aliernative pathway and, in tum,
negatively regulates the formation of the C5b-9 complex, also called the Membrane Attack
Complex (MAC), an endpoirg of the complement cascade. To test whether miniCFH was
functional, alternative complement inhibiting activity was measured using a modified version
of the Wieslab® Complement System Alternative Pathway Assay. Supernatants from cells
transiecied with the rAAY plasmid cassette of Example 1 showed significant inhibition of
alternative complement system activity (Figure 7C). Recombinant eculizumab antibody, a €5
inhibitor, was used as a positive contro! and shows strong inhibition of the alternative

complement pathway in this assay (Figure 7C).

{00157  In addition to assaying the effect of miniCFH on the endpoint of complement
activation, MAC formation, an upstream mechanism of CFH was evaluated via the C3b
cleavage activity assay. An upstream complement protein C3 can be hydrolyzed into C3a and
(3b fragments upon complement activation. The C3b fragment contains an alphs and beta
chain and can either form €3 convertase upon binding factor B or can be degraded by
complement factor T {CF1), in the presence of CFH as a co-factor, into smaller inactive
cleavage products. The degradation of C3b beta chain interrupts the alternative complement
cascade and is a marker of complement pathway inbibition. These smaller fragments
resulting from the C3b cleavage can be detected by Western blot., Supernatant from cells
transfected with the rAAV plasmid cassette of Example 1 or non-transfected cells were
incubated with recombinant proteins CFI and C3b and analyzed by Westerm blot (Figure 7D).
The membrane was probed with an anti-C3 antibody to detect all C3 protein products
including C3 alpha chain, C3 beta chain and three beta chain cleavage products. Inthe
reaction incubated with supernatants of cells transfected with the rAAV plasmid cassette of
Exampie i, all three C3b cleavage products can be seen, similar to positive control but not
detected in NT reaction. Additionally, the C3b o chain band was depleted in this condition
similar to the positive control. These data support the upstream function of mintCFH
produced from the rAAV plasmid cassette of Example 1 to aid CFI in the cleavage of C3b

beta chain to ultimately inhibit the progression of the complement cascade.

[80138] TFurthermore, as expected, miniCFH from cell supernatants of cells transfected with

b

the rAAY plasmid cassette of Example 1 bound directly to both C3b and heparin similarly to
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full length CFH (Figare 78 and Figure 7F). These data confirmed that the miniCFH iransgene
could be expressed, secreted, and retained proper complement and heparin binding

characteristics.

[00159] Further experiments were performed to demonsirate expression of the miniCFH
gene produact as well as fonctional activity of the expressed miniCFH protein in vector-
transduced tuman iPSC-derived RPE cells following transduction at different mnultiplicities
of infection (MOI}, IPSC-derived RPE cells were transduced with rtAAV at several different
MOT: 5,000; 20,000; and 50,000 vg/cell for experbments to assess the expression and
functional activity of miniCFH secreted irito cell supernatants, and MOI 800; 2,000; and
5,000 vgicell for disease model experiments. The rAAV comprise a capsid protein
comprising the amino acid sequence set forth in SEQ 1D NO:42 and a heterologous nucleie
acid encoding a shortensd from of complement factor H (“miniCFH”) having the amino acid
sequence set forth in SEQ TD NO:34, operably linked to a CAG promoter. Foliowing
transduction, the viral inoculum was removed after approximately 72 howrs and media was
changed. Seven days post transduction, cell supernatants were coliected, aliquoted, and stored

at -80% C and ceils were fixed.

{00168]  To order to demonstrate that transduction of iIPSC-derived RPE cells with the
rAAV resulis in expression of a functional protein, the concentration of secreted miniCFH in
the cell supernatants was quantified by ELISA seven days post-transduection. The ELISA
detects both endogenous full-length CFH and the niniCFH eocoded by the rAAV. Signal
beyond that seen from non-transduced cells correlates to miniCFH expressed from the rAAV.
As shown in Figure 8, non-transduced RPE cells secrete low levels of endogenous CFH, and
supernatants from RPEs transduced at MOIs of 20,000 and 50,000 showed statistically higher
CFH concentrations, Moreover, the CFH concentration was significantly higher in
supernatants from RPE cells transduced at MOT 50,000 compared to MOT 5,000. This data

demonstrates an in vitro dose-dependent response.

[00161] Subsequently, the ability of the secreted miniCFH protein to inhibit the alternative
complement pathway was also assessed in RPE cells transduced with tAAV comprising a
capsid protein comprising the amino acid sequence set forth in SEQ IDNG:42 and &
heterologous nucleie acid encoding the amino acid sequence set forth in SEQ 1D N(O:34,
operably linked to a CAG promoter. Alternative complement inhibitiog activity was

measured in supernatants from transduced cells via two different methods. 1} A modified
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version of the Wicslab® Complement System Alternative Pathway assay and 2)
Quantification of soluble C5b-9. In order to assess the functional inhibitory effect of
miniCFH on Wieslab® Complement System Altemative pathway, supernatant samples from
RPE cells transduced with the rAAV were mixed with serum and samples were applied to the

Wieslab assay plates. Complement pathway inhibition resulted in a decreased MAC signal.

{08162} Supernatants from cells transduced with the rAAV at 20,000 MOI and 50,000 MO
produced statistically significant complement inhibition relative to the non-transduced RPE
cell samples. As a positive control, RPE cells were treated with 200 nM recombinant CFH, a
concentration comparable to the highest levels of expressed miniCFH seen in this study.
Dose-dependent complement inhibitory activity was observed, and treatment of RPE cells
with a high concentration eculizumab, a known complement inhibitor that targets C3, also

resulted in near-complete complement inhibition. (Figure 94)

{00163]  Since the Wieslab assay is not a truly quantitative measure of complement
activation, the complement-inhibitory activity of expressed miniCFH was evaluated using a
second, more guantitative method. The concentration of soluble C55-9 was measured using a
SCS5b ELISA kit. Supernatant samples from RPE transduced with the rAAV showed
significantly decreased SC3b-9 formation in comparison to samples with supernatant from
non-transduced RPE (Figure 9B). Furthermore, a dose-dependent effect on soluble C5b-9
formation was also observed. As expected, non-transduced cell samples supplemented with
sculizumab showed minimal C5b-9 formation. This decrease in soluble C8b-9 demonstrates
functional inkibition of the alternative compiement pathway. Together, these results
demnonstrated that miniCFH secreted by RPE cells transduced with the rAAV was able to

inhibit the alternative complement pathway in a dose-dependent manner.

[00164] In addition to characterizing the functional effect of the expressed miniCFH on
coniplement activation, an upstream mechanism of miniCFH was evaluated via a C3
convertase decay acceleration activity assay. In order to determine whether miniCFH acts as
a cofactor with Complement Factor [ {CF1) to promote C3b breakdown in the same manner
as full-length CFH, supernatants from cells transduced with the rAAVY were combined with
purified C3b and CFI in place of purified full-length CFH (Figure 10, lanes 5-9), Compared
to non-transduced samples (Figure 10, lane 5), samples from transduced RPE (Figure 10,
lanes 6-8} resulted in greater C3b o chain cleavage, with the higher MOI samples producing

more cleavage than the lower MOI samples. In the absence of CF1, the miniCFH produced by
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RPE produced minimal cleavage of C3b, similar to purified full length CFH (Figwre 10, lane

&), supporting its role as a cofactor in the breakdown of C3b.

[00165] In addition to these findings, the efficacy of rAAV comprising a capsid protein
comprising the aniine acid sequence set forth in SEQ TD NG:42 and a heterologous nucleic
acid encoding the amino acid sequence set forth in SEQ 1D NO:34, operably linked to a CAG
promoter, was examined in an in vifro human RPE disease model. For this purpose, a model
of retinal complement activation was established in human iPSC-derived RPE cultures. To
mimic the discase state, serum and the alternative complement pathway activator Zymeosan
were introduced to the culture medium, resulting in the deposition of MAC on the RPE over

the following 24 hours, as determined by Immunocytochemistry (ICC) and flow cytometry.

[80166] As shown below in Figure 11, rAAV treatment of RPE six days prior to
coniplement activation elicited a dose-dependent decrease in MAC deposition on RPE
triggered by the presence of Zymaosan. Eculizumab, when added to cultures simultaneously
with complement activation, exerted a similar protective effect, as expected. Flow cytometric
quantiification of MAC deposition (Figure 11B) revealed that RPE cells transduced with the
rAAV and RPE supplemented with Eculizumab exhibited significantly decreased MAC
formation in comparison to non-transduced RPE. Moreover, MAC formation was
significantly tower in RPE cells transduced at MOT 2,000 and 5,600 compared to MOI 800,
indicating a dose-dependent response. Together, these immunocytochemistry (JCC) and flow
cytometry data demonstrated that mintCFH secreted from RPE transduced with the rAAV
product, in addition to their inhibition of complement in cell-free assays, also protected RPE

from MAC deposition in a disease-like context.

(801677  Finally, the upstream function of miniCFH in this ir vitro model was assessed. The
activation of the alternative complement pathway results in a large increase in C3b, which is
converted to #C3b. As discussed earlier, CFH is a cofactor in the cleavage of T3 to iC3b;
however, because this cleavage inactivates the €3 convertase, the creation of iC3b oltimately
results in less C3b being produced and therefore less iC3b in the system. iC3b is conunonly
used as a readout for C3b, because it has a significantly greater halflife compared with C3b.
Therefore, iC3b concentration was measured in disease mode} supernatants as a surrogate for
C3b lavels (Figure 12). Supernatants from RPE cells transduced with the rAAV showed a
decreased level of IC3b in comparison to supernatant from non-transduced RPE {Figure 12).

However, as expected, there was no difference in iC3b concentration between non-transduced
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RPE supernatant and non-transduced RPE supernatant supplemented with eculizamab, since

eculizumab regulates the complement system farther downstream in the protein cascade.

[00168] In summary, human IPSC-derived RPE cells transduced with tAAV {comprising a
capsid protein comprising the amino acid sequence set forth in SEQ IDNG42 and a
heterologous mucleic acid encoding the amino acid sequence set forth in SEQ 1D NO:34,
operably linked to a CAG promoter) expressed and secreted miniCFH in a dose-dependent
manner. The expressed miniCFH exhibited functional alternative complement-inhibiting
aetivity, and specific C3 convertase decay acceleration activity, consistent with the functional
activity of endogenous CFH. Furthermore, transduction of RPEs with the rAAV resulted ina
pratective effect on RPE cultures when the complement pathway was subsequently activated,
as assessed by the level of C3b-9/MAC deposition on RPE as well as iC3b levels. MAC i
the termminal complex in the complement cascade and a primary effector of complement-
mediated cell death. iC3b is a breakdown product of C3b and is 2 non-endpoint readout of
alternative complement activation. Ultimately, sohuble 1C3b levels were reduced in cultures
transduced with the rAAV compared with non-transduced cultures, as was deposition of

MAC on RPE as visualized by ICC and quantified by flow cytometric analysis.

Exsmple d

{08169} In Vive Ocular Pharmacodynamic Study with rAAV expressing miniCFH in

Norhuman Primates

[88178] The safety and miniCFH transgene protein expression of an rAAV {comprising a
capsid protein comprising the amino acid sequence set forth in SEQIDNG:42 and a
heterslogous mucleic acid encoding the amino acid sequence set forth in SEQ 1D NO:34,
operably linked to 3 CAG promoter) in male cynomolgus monkeys following a single
intravitreal (IVT) dose to both eyes followed by either a § or 12-week observation period was
assessed. Male cynomolgus monkeys were dosed once IVT in both eyes with the rAAV ina
dose volume of 50 pl/eve. Groups 1-2 consisted of 2 males/group and were dosed with
Sx10' and 5x10'% vg/eve, respectively and were sacrificed at 6 wesks post-dose for tissue
cotlection. Groups 3, 4 and 5 were dosed once IVT with the rAAYV at Sx10", 5x10"¥and
1210 vp/eye (bilaterally), respectively, and were observed for 12 weeks prior to terminal

sacrifice.
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(601731 Following IVT dosing with the rA AV, samples of aqueous humar, retinal tissue
and seram were examined for concentrations of miniCFH protein by LC-MS. A treatment-
refated dose response for miniCFH protein expression was observed in agueous humor.

{Figure 13).

{86172] miniCFH transgene protein fevels were higher in the retina and RPE/choroid, with
comparatively low concentrations in aqueous humor (Figure 14). This pattern of distribution
was anticipated given the retinotropic characteristic of the capsid and the fact that retinal

tissues are likely a predominant source of miniCFH protein secretion.

[86173] miniCFH protein was only detectable in serum from the Sx10 ve/eye dose
groups on Day 15, with very low values close to LLOGQ of 5 ng/ml, demonstrating that
miniCFH protein expressed from the rAAYV is largely contained within the eye following IVT
administration and is not distributed to the systemic circulation af meaningfid levels (see

Table 6 below).

Table 6. miniCFH Levels in Aqueous Humor, Vitreous Humor and Serom in rAAV Treaied

Cynomolgus Monkeys Samples

Treatment Day IS Serum mimdCHFH
Group Levels (ng/mL)

High dose 6.07
(Sx10Y valeye) OB ont of 3
Medinm dose ANBGL
(510" vgleye)

Low doss AN BQL
{110 vgleye)

BQL: Below guantifiable limit

Lower Lirnit of Quantification: 5 ng/mb

{86174} There were no significant gross macroscopic findings seen in animals sacrificed at
Weeks 6 or 12, or any significant changes in clinical pathology, hematology, or coagulation
findings across the rAAV dose groups. No tfreatment-related changes were observed on any
clinical pathology parameters following rAAV treatment, and minor fluctuations were

generally attributable to the immunosuppression regimen.

(88175} Microscopic findings noted following rAAV treaiment at 6 weeks included
minimal non-adverse perivascular mononuclear cell infiltrates in the reting. Findings at Week

12 were comparable and included minimal to mild non-adverse mononuciear cell infiltrates in
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the ciliary body, minimal retinal degeneration and pykootic cells of uncertain significance in
one eye, and minimal perivascular mononuclear cell infiltrates in the optic nerve head, none
of which were considered adverse. Systemic organs had no microscopic findings in any dose
group. 1VT treatment with the rAAV resulted in generation of both vector capsid antibodies
and anti-miniCFH antibodies in a majority of animals by Week 12, No antigen-specific IFN-y
T-cell responses measured by ELISPOT were detected against either veetor capsid or CFH
peptide pools in rAAY treated NHY eyes at either 6- or 12-weeks post-dose. Overall, the
rAAYV was well tolerated following a single bilateral IVT dose in male cynomolgos monkeys

at doses up to 5210 vgleve (HED 13107 vgleye).

[8108]  Singls Inteavitreal Dose Geular Assessment Stady in Conomelons Macagues

{80176] Another study was initiated to comprehensively assess ocular structure and
function parameters in small groups of male and female cynomolgus nonhuman primates
following a single unilateral VT dose of rAAV (comprising a capsid protein comprising the
amino acid sequence set forth in SEQ ID N(G:42 and a heterologous nucleic acid encoding the
amine acid sequence set forth in SEQ [D NO:34, operably linked to g CAG promoter) and

follow for 12 weeks post-dose.

{98177] Two groups of cynomolgus macadques consisting of 1 male and 2 females per
group were dosed once on siudy Diay 1 in the right eye with the rAAV at either 2.8x161°
vgleye or 1.5%10" vgleye. Animals’ Jeft eves were treated concurrently with vebicle. The

dose volume was 50 pl/eye for both right and left eyes.

{86178] In-life parameters inchided daily mortality/cageside assessments, detailed clinical
observations once prior to dose during Week -1, pre-dose and at 1, 2, 4 and 8 hrs post-dose
on Study Day 1, and on days 2-7, then weekly for the rest of the study. Body weights were
assessed prior to dosing, and weekly during the study. Ophthabmic exams were performed

pre-test for all animals and on Days 2, 4 (z1), 7, and during Weeks 2, 3, 4, 3, 6, 9and 12.

{86379] Intraccular pressure was assessed pre-study and on Days 2, 4 (1), 7, and during
Weeks 2, 3, 4, 5, 6, 9 and 12. Fluorescein angiography, Optical Coherence Tomography
{OCT) and wide-field color fundus imaging were evaluated pre-study and during Weeks 3, 6
and 12. Finally, clectroretinography (ERG) assessments were performed prior 1o dosing and

during Weeks 6 and 12, prior to terminal sacrifice,
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{68180] Intravitreal administration of the TAAY at doses of 2.8x10'%or 1.5%10' vg/eye was
well tolerated in cynomolgus macagues through 12 weeks post-injection as supported by
mortality, clinical observation, ophthalmic, clinical pathology, macroseopic pathology, and
organ weight parameters. There were no findings of intraocular inflammation at any
timepoint, and no rAAV-related changes in IOP values or ocular structure as identified on
fluorescein angiography or anterior and posterior segment OCT, and no treatment-related

effects on retinal function identified by ERG evaluation.

{00181] There were no definitive rAAV treatment-related effects on clinical pathology
parameters in either sex following intravitreal administration of the rAAV at 2.8x10 or
1.5x10 vg/leye up to Day 86. Minor fluctuations in hematology and clinical chemisiry
findings were Jikely attributable to methylprednistlone administration and were not

considered to be related to rAAV treatment.

{00182} Overall, the rAAV was well tolerated following a single intravitreal dose in
nonhuman primates up to 1.5x10" vg/eye with no definitive treatment-related effects or

changes in ocular strocture or function.

{08183} While the materials and methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those of skill in the art that variations may be
appiied to the method described herein without departing from the concept, spirit and scope
of the invention. All such similar substitutes and modifications apparent to those skilled in

the art are deemed 1o be within the spirit, scope and concept of the invention.
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CLAIMS

. A recombinant adeno-associated virus (rAAV) comprising (i) a variant AAY
capsid protein comprising a heterologous peptide with a length of 7, &, 9, 10 or 11
amine acids covalently inserted in the GH-loop of the capsid protein relative fo a
corresponding parental AAY capsid protein, wherein the peptide insertion
comprises the amino acid sequence ISDQTKH (SEQ ID NO: 1} and (i} a
heterologous nucleic acid comprising a nuclectide sequence encoding a
complerment regolator factor H (CFH) protein or a fragment thereof.

2. The rAAY according to claim 1, wherein the insertion peptide has from 1to 3
spacer amino acids {Y1-Y3) at the amino and/or carboxyl terminus of amino acid
sequence ISDOQTKH (SEQ 10 NO:1), preferably wherein the insertion peptide is
LAISDQTKHA (SEQ ID NO:2).

(V5

The rAAV according to claim | or 2, wherein the insertion site is located between
amino acids corresponding to amino acids 587 and 588 of VP1 of AAV2 (SEQ ID
NO:47) or the corresponding position in the capsid proiein of another AAV
serotype.

4. The rAAY according to any one of clabms | to 3, wherein the capsid protein
comprises one or more amino acid substitution(s) relative to VP of AAV2 (SEQ
1D NO:47) or one or more corresponding substitution(s) in the capsid protein of
another AAV serotype, preferably one or more of the following amino acid
substitutions: MIL, L15P, P34A, NS7D, N66K, RBIQ, QI01R, S1097T, R144K,
R144M, Q164K TI76P, L1881, S196Y, G226F, (3238V, 1240T, P2508, N312K,
P363L, DI6EH, N449D, T456K, S463Y, DA72N, R484C, AS24T, P5358, NSSIS,
ASD3E, 1698V, VT70BE, V7I9M, S721L, and L7350, more preferably a P34A
amino acid substitution.

5. The rAAV according to claim 4, wherein the capsid protein comprises a P34A
amino acid substitution relative to VPL of AAV2 and comprises an amino acid
sequence at least 90% identical, at least 95% identical, at least 98% identical or
100% identical to the entire length of the amino acid sequence set forth as SEQ ID
NG:42, preferably wherein the capsid protein consists of the amine acid sequence
set forth as SEQ ID NG:42.

6. The rAAV according to any one of claims 1 to 5, wherein the rAAV exhibits an

increased infectivily, preferably at least a 2-fold increased infectivity, of a retinal
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celi compared 1o the infectivity of the retinal cell by an AAV comprising the
corresponding parental AAY capsid protein,

7. The rAAV according to any one of claims 1 to 6, wherein the variant AAV capsid
profein comprises an amino acid sequence with 100% sequence identity to the
amino acid sequence set forth in SEQ ID NQ:42.

& The rAAV according to any one of claims 1 to 7, wherein the rAAV comprises a
heterologous acid comprising from §' to 3" (a) an inverted terminal repeat (b) a
promoter (¢} a nucleotide sequence encoding the CFH protein or a fragment
thereof (d) a polyadenylation sequence and/or a WPRE sequence and (e} an
inverted terminal repeat.

8. The rAAV according claim 8, wherein the rAAV wherein the inverted terminal
repeat is an AAYZ inverted terminal repeat.

10.  TherAAV according to any one of claims 1 to 9, wherein the CFH protein or a
fragment thereof comprises one or more short consensus repeats (SCRs).

1. The rAAV according to claim 10, wherein the CFH protein fragment consists of
SCRs: 1,2, 3, 4, 19, 20 and one or more of SCR 7, 17 and/or 18, and optionally a
ieader sequence and one or more linker sequenceé.

12, The rAAV according to claim 11}, whersin the CFH protein fragment consists of
SCRs: 1,2, 3,4, 19, 20 and one or more of SCR 7, 17 and/or 18 and one or more
of SCRS, SCR6, SCRE, SCR16, and optionally a leader sequence and one or more
linker sequences.

13, The rAAV according to any one of claims 11-13, wherein the CFH protein
fragment lacks at least SCRS, SCRY, SCR10, SCR11, SCR12, S8CR13, SCR14,
SCR13, and/or SCR16.

14, The rAAVY according to any one of claims 10 to 13, wherein the CFH protein
fragment consists of a combination of SCR domains selected from one or more of

{a) SCRL, 2,3, 4,7, and 19-20;
(b) SCRI- 4, 6, 7, and 19-20;
{cy SCRI-4, 7, §, and 19-20;
{d) SCRI-4, 6, 7, &, and 18-20;
(e} SCRI-4, 17, 19-20;
() SCRI-4, and18-20;
(g} SCRI-4, and 17-26;
{h} SCRI-4, 7, and 18-2¢;
63



WO 2024/211416 PCT/US2024/022843

(i) SCRI-4, 6, 7, and 18-20
() SCRI-4, 7, 8, and 18-20;
(k) SCRi-4, 6-8, and 18-20,
(1) SCRI-4, 7, and 17-20;
{m) SCRI-4, 6,7, and 17-26;
{n} SCRI-4, 7, 8, and 17-20; or
{0) SCRI-4, 6-8, and 17-20,
and optionally a leader sequence and one or more linker sequences,
i5. The rAAV according 1o any one of claims 10 (o 14, wherein the CFH protein
- fragment comprises SCRI-4, 6-8, and 17-20, preferably wherein the CFH protein
fragment does not comprise SCRS and SCRY-16.

16.  The rAAV according to any one of claims 10 to 15, wherein the CFH protein
fragment comprises at least a linker of 1 to about 18 amino acids located between
one or more of the SCRs.

17, The rAAV according to any one of claims 10 to 18, wherein the CFH protein
fragment comprises SCRI-(LI}- SCR2-(L.2)-SCR3~(L3)-SCR4-{L4)-(SCRE~{LA}-
SCR7-{(L5) (SCRE-(LSN-(SCRIG{L"N-{SCRITA{L5")3-(SCRI8LE"")}-
SCRI9-(L6)-SCR2G, wherein the () indicate optional component(s), "L refers to
a linker, and each of LI, 1.2, L3, L4, L4", LS, LS, L8, L5™ L5"" and L6 may be
absent or independently selected from an amino acid sequence of about 1 to about
12 to about 18 amino acids.

18, The rAAV according to any ove of claims 1 1o 17, wherein the CFH protein
fragment comprises an amine acid sequence with at least 80% sequence identity
to the aming acld sequence set forth in SEQ IDNO:34.

19, The rAAV according to any ove of claims 1 to 18, wherein the CFH protein
fragment comprises an amino acid sequence with at least 90% sequence identity
to the amino acid sequence set forth in SEQ 1D NO:34.

20.  The rAAV according to any one of claims 1 to 19, wherein the CFH protein
fragment comprises an amino acid sequence with at least 5% sequence identity
to the amine acid sequence set forth in SEQ ID NG:34,

2. TherAAV according to any one of claims 1 to 20, wherein the CFH protein
fragment comprises an amino acid sequence that is 100% identical to the amino

acid sequence set forth in SEQ 1D NOG:34.
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26.

N2

[
o5

36.
31

32.

33.

=X

The rAAY according to any one of claims 10 to 21, wherein the CFH protein
fragment comprises at least one glycosylation site in one or more of the SCRs.
The rA AV according to claim 22, wherein the glycosylation site is engineered into
one or more of SCR1, SCR2, SCR3, SCR4, SCRI7, SCR18, SCR19, and/or
SCR20.

The rAAV according to claim 23, wherein the glycosylation site is engineered into
one or more of SCR17 and/or SCRIS.

The rAAY according to claim 25, wherein the glycosylation site is engineered into
SCR17 and SCRI8.

The rAAV according to any one of claims 22 to 25, wherein the CFH protein
fragment comprises SCRI-4, 6-8, and 17-20 and wherein the glycosylation site is
engineered into SCR 17 and SCR18, preferably wherein the CFH protein
fragment does not comprise SCRS and SCRY-186.

The rAAYV according to any one of claims 22 10 26, wherein the CFH protein
fragment comprises an amino acid sequence with 100% sequence identity to the
sequence set forth in SEQ TD NO:34 and wherein the glycosylation site is
engineered jnto SCR17 and SCRI18.

The rAAV according to any one of claims 8 to 27, wherein the promoter is a
ubiguitous promoter,

The rAAV according to any one of claims § 1o 27, wherein the promoter is a
tissue-specific promoter.

The rAAV according to claim 28, wherein the promoter is a CAG promoter.

The rAAV according to any one of claims & 1o 30, wherein the rAAV comprises a
heterologous nucleic acid comprising a nucleotide sequence with at feast 80%
sequence identity to the nucleotide sequence set forth in any one of SEQ ID
Ns:43-46.

The rAAY according to any one of claims 8 10 31, wherein the rAAV comprises a
heterologous nueleic acid comprising a nucleotide sequence with at least 90%
sequence identity to the nucleotide sequence set forth in any ene of SEQ ID
NQOs:43-46.

The rAAY according to any one of claims 8 to 32, wherein the rAAV comprises a
heterologous nucleis acid comprising 8 nuclestide sequence with at least 95%
sequence identity to the nucleotide sequence set forth in any one of SEQ ID
NOs:43-46.

N
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34, TherAAV according 1o any one of claims 8 1o 33, wherein the rAAV comprises a
heterologous nucleic acid comprising the nucleotide sequence set forth in any one
of SEQ 1D N3s:43-46.

35, Ahost cell comprising the rAAV according to any one of claims 8 10 34.

36. A pharmaceutical composition comprising the rAAV according to any one of
claims 8 to 34 and & pharmaceutically acceptable carrier, diluent, excipient or

buffer.

[95)
=3

A method for reating dry age-related macular disorder {dry AMD) in & subject in
need thereof, comprising is administering o the subject a therapeutically effective
amount of the tAAV according to any one of claims 8 1o 34 or the pharmaceutical

composition according to claim 36.

ts2
20

The method according to ¢laim 37, wherein the rAAV or the pharmaceutical
corpposition is administered to the subject by periocular, intravitreal,
supracheroidal or subretinal administration at a dosage from about 10% vector
genomes (vg)eye to about 10%? vg/eye, preferably at a dosage from about

510 vg/eye to about 6x10'° vg/eye, or at a dosage of about 1x10% vg/eye, about

2x10% vg/eye, about 3x10° vg/eye, about 4x10°% ve/eye, about 5x10% vgleye, about

6x10% vg/eye, about 7x10% vgleve, about 8x10°% vg/eve, about x10% vig/eye, about
1x10° v‘eye, 2x10° vg/eve, about 3x10° ve/eye, about 4x10% vg/eve, about 5x10°
vgfeye, about 6x10° vg/eve, about 7x10° ve/eye, about 8x10° vg/eye, about 9x10°
vgleye, about 1x10'° ve/eye, about 2x10'° vifeye, about 3x10™° vi/eye, about
4x10'% vg/leye, about 5x10'C vgleye, about 6x10'% vseye, about 7x101 veleve,
about 8x16"° vg/eye, about 9x10' vg/eye, about 1x16'! vgleye, about 2x10"
vgleye, about 3x10'! vg/eye, about 4x10'! vg/eye, about 5x10" vedeye, about
6x10" vgleye, about 7x10 vgleye, about 8x18Y vgleye, about 9x10' vg/eye or
about 1x10"? vgfeye.

39, The method according to claim 38, wherein the rAAVY or the pharmaceutical
composition is administered to the subject by intravitreal administration at a
dosage from about Ix 107 vg/eye to about 1 x 101 vg/leye.

40. A method for treating geographic atrophy {GA) in a subject in need thereof,

comprising administering to the subject a therapeutically effective amount of the

rAAV according to any one of claims 8 to 34 or the pharmaceutical composition

according to clatim 36.
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43,

44,

The method according to claim 40, wherein the rAAV or the pharmaceutical
comnposition is administered to the subject by periocular, intravitreal,
suprachoroidal or subretinal administration at a dosage from about 10 vector
genomes {vg)/eve to about 10" vg/eve, preferably dosage from about

6x10° vseys to about 6x10° vg/eve, or at a dosage of about 1x10% vg/eve, about
2x10% vgdeye, about 3x10%vp/eye, about 4x10%va/eye, about 5x10% veseye, about
6x10% vgleye, about Tx10% vgleye, about 8x10° vg/eye, about x10° veleve, about
1x16° vgleye, 2x10° vgleye, about 3x10° vg/eye, about 4x10° vgieye, about 5x10°
ve/eye, about 6x10° vg/eye, about 7x10° v/eve, about 8x10° viveve, about 9x10°
vg/eve, about 1x10 vgleve, about 2x10' vg/eve, about 3x10' vg/eve, abow
4x10" vg/eve, about 5210' vgleye, about 6x10!° veleye, about 7x10' vg/eve,
about 8x10' vg/eve, about Sx10'¢ veleve, about 110" vg/eye, about 2101
vgleve, about 3x10% vg/eve, about 4x10" vg/eye, about 3x10°) vgleve, about
6x10" vgleye, about 7x10!! ve/eye, about 8x10'! ve/eye, about 9x10" vg/leye or
about 1x10' vgleve. _

The method according to claim 41, wherein the rAAV or the pharmaceutical
compasition is administered to the subject by intravitreal administration at a
dosage from about | x 10% va/eye to about 1 x 10 vg/eve.

A method for delivering the rAAV aceording to any one of claims § to 34 or the
pharmaceutical composition according to clalim 36 to an eye of a subject, wherein
is wherein the rAAVY or the pharmaceutical composition is administered to the
subject by periocudar, Intravitreal, suprachoroidal or subretingl administration.
The method according to claim 43, wherein the rAAV or the pharmaceutical

composition administered to the eye of the subject by intravitreal administration.



