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Treatiment of Complement-Mediated Disorders

This invention relates {0 methods of freatment of complement-mediated disorders, in
particular disorders associated with over-activity of the complement C3b feedback cycle (for
example, age-related macular degeneration (AMD}), using gene therapy to elevate levels of
complement Factor | (or fragments or derivatives thereof), to recombinant viral vectors
encoding Factor | (or fragments or derivatives thereof), to recombinant virus particles
encapsidating the vectors, and fo their use in the methods of treatment.

The complement system forms a first line of defence against infections by triggering
inflammatory responses to alert the immune system to impending danger. It has an essential
role in tagging microbes and infected or damaged cells to promote their killing by lysis or
phagocytic clearance. The complement system can be activated by three different
mechanisms, the classical, lectin, and alternative pathways (see Figure 1). All three
pathways converge at the cleavage of the abundant plasma protein C3, which enables
activation of the terminal complement steps as well as other complement effector

meachanisms.

Today, it is generally accepted that the alternative pathway is activated either by one of the
other two complement pathways, giving rise to positive feedback amplification, or by iC3 (or
C3(H:0)), which is the result of the spontaneous hydrolysis of the internal thicester bond in
C3, or C3b which are constantly generated in serum at very low concentrations. This
“tickover” provides the required minimal amounts of activated C3 that can be bound by Factor
B which is further cleaved by Factor D to form the initial C3 convertase complex, iC3Bb, that
can convert native C3 to C3b. C3b undergoes a structural rearrangement that enables the
serine protease precursor Factor B to bind to C3b. Factor D then can join the complex and
cleave Factor B into Bb and Ba. C3bBb is the ailternative pathway C3 convertase. Factor D
does not cleave Factor B in serum unless Factor B is bound to either C3b or iC3. The newly
generated C3b can bind covalently to the surface of pathogens (or any other nearby surface),
where it can be bound by another molecule of Factor B. This binding is stabilized by
Properdin that increases the half-life of the alternative pathway C3 convertase by
antagonizing the functional activity of Factor H.

The alternative pathway is governed by a balance between two competing cycles that both
act on C3b. These are the C3b feedback and C3b breakdown cycles, which lie at the heart
of complement activation (see Figure 2). Once iC3 or C3b is formed and deposited on a
surface, two different reactions can occur independent of how C3b was generated in the first
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place: it can either be bound by Factor B (feedback) or by Factor H (or membrane bound Fi
cofactors CD46 or CD35) (breakdown).

Binding to C3b (or C3(H:0)) either leads to ampilification of the C3 convertase (in the
presence of Factor B, Factor D and Properdin) and initiation of the assembly of the
membrane attack complex (MAC) or to inactivation of C3b (in the presence of Factor H and
Factor 1). Whether ampilification or inactivation occurs depends solely on the nature of the
surface to which C3b is attached. On so-called "protected surfaces”, Factor H binding (and
therefore also Factor | cleavage of C3b) is impaired. For example, Factor H binding to C3b
on lipopolysaccharide (LPS) of Escherichia coli 04 is far weaker than that of Factor B.

The breakdown of C3 during complement activation is depicted in Figure 3. C3 (185 kDa)
consists of two chains, the a and the B chain, while in C3b, the N-terminal peptide, C3a
(9kDa), is cleaved off by a C3 convertase. Cleavage of C3b is achieved by two Factor I-
mediated cuts in the a’-chain of C3b. A small fragment called C3f (3kDa) is released, dividing
the a’-chain into a 68 and a 43kDa fragment. This proteolysed C3 is now called iC3b and it
can no longer take part in a C3 or C5 convertase. It is however an important mediator of
complement induced inflammation by virtue of its reactivity with the complement receptor
CR3 (CD11b,CD18) on neutrophils. This first cleavage to iC3b occurs quite quickly and uses
Factor H as a co-factor, while the second cleavage of iC3b is much slower. Only in the
presence of the co-factor complement receptor 1 (CR1) can iC3b be further cleaved by
Factor I. Factor | cleaves iC3b again in the 68 kDa fragment which releases a large part of
the molecule, called C3c. C3dg remains bound to the surface by a covalent bond (either an
ester bond to a sugar or an amide bond to a protein). C3dg does not react with CR3 and is
not an inflammatory mediator.

Genetic variations in complement proteins that affect their function are associated with
resistance to infectious diseases and susceptibility to various inflammatory diseases. The
best-described polymorphisms are associated with age-related macular degeneration
(AMD), dense deposit disease (DDD), and atypical haemolytic uremic syndrome (aHUS).

AMD is the most common disease affected by polymorphisms in the alternative pathway. It
is associated with several common variants in Factor H and FH-related proteins: FH
haplotype 1, which includes the fHvion SNP (Haines, et al., Science, 308(5720).419-421,
April 2005; Edwards, et al., Science, 308(5720).421-424, April 2005; Klein, ef al., Science,
308(5720):385-389, April 2005); FH haplotype 2, which includes the fHvsz SNP (Hageman
et al., Proc. Naltl. Acad. Sci. U.S.A., 102(20).7227-7232, May 2005); and FH haplotype 3,
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which includes the deletion of CFHR1/CFHRS, protective (Hughes et al., Nat. Genet,
38(10):1173-1177, October 2006). Inheriting two copies of the FH haplotype 1 was shown
by cited studies to increase the risk of AMD sevenfold. Other AMD-associated genetic
variations are in Factor B and C3 (C3 R102G (Heurich, ef al., Proc. Natl. Acad. Sci. U.S.A.,
108(21):8761-8766, May 2011)). Quite recently, rare Factor | mutations that predispose to
low Factor | serum levels have been associated with a significantly increased risk for
advanced AMD (Kavanagh, et al., Hum. Mol. Genet., 24(13):3861-3870, July 2015). The
polymorphisms mentioned above are listed in Table 1 below.

SNP name Coding variant Winor Aliele | ‘Odds Ratio (OR)
rs1061170 FH vaoan H sk NN
8800202 VfHvex | (protective) | 0.54%
| ACFHR1/CFHRS3 | deletion of CFHR 1 and { {A (protective}] '0.48“
3 3
'rs641153 B raza "R (risk) 0.324
r$2230199 C3rinaG (also SIF) G (risk) 2.6

“Table 1. Polvmorphisms assootated with age-related macular degeneratio

‘Hughes, et al., supra; *Zareparsi, et al., Am. J. Hum. Genet., 77(1):149-153, July 2005;
SHageman, et al., supra; *Gold, ef al., Nat. Genet., 38(4).458-462, April 2006; ®Yates, et al.,
New England Journal of Medicine, 357(6).553-561, August 2007.

Dense deposit disease, DDD, is clinically linked to AMD in that patients with DDD also
develop retinal changes as in AMD, but at a much earlier age (if they survive) than "AMD-
only” patients. In fact, polymorphisms in H1 and H2 haplotypes aiso confer an increased or
decreased risk for DDD, respectively, as reported for AMD (Pickering, et al., J. Exp. Med.,
204(6).1248-12586, June 2007) as well as polymorphisms in C3. Combinations of several
risk haplotypes increase DDD risk dramatically (Abrera-Abeleda, et al., J. Am. Soc. Nephrol.,
22(8):1551-1559, August 2011). It is known from mouse studies that the development of
DDD is entirely dependent on the capacity to generate iC3b (Rose, ef al., J. Clin. Invest,,
118(2):608-618, February 2008). There is an absolute need in disease development for the
presence of Factor I. Complete Factor | deficiency abolishes risk for DDD and AMD because
of the absence of the inflammatory mediator iC3b.

Both, AMD and DDD are associaled with changes in fluid phase alternative pathway
regulation and can therefore be seen as systemic, rather than eye- or kidney-specific

diseases. The reason why these two organs are particularly affected probably lies in the
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exact distribution of complement regulator proteins and organ architecture. In both organs,
there is a separation of erythrocytes and plasma and a basement membrane that is in direct
contact with plasma, making protection from complement attack much more dependent on
Factor H co-factor and Factor | activity. Most polymorphisms predisposing to AMD and DDD

are found in regions of Factor H that are responsible for C3 binding.

Atypical haemolytic uremic syndrome (aHUS) is also associated with mutations in alternative
pathway genes, particularly in the factor H gene (half of all aHUS cases), but as opposed to
AMD and DDD, these mutations were usually found in the C-terminus of Factor H, a region
responsible for sequestering Factor H to surfaces (Manuelian, ef al, J. Clin. Invest.,
111(8):1181-1190, April 2003). Other predisposing polymorphisms were found in the C3 or
CFB gene {Goicoechea de Jorge, et al., Proc. Natl. Acad. Sci. U.S.A., 104(1):240-245,
January 2007; Frémeaux-Bacchi, et al., Blood, 112(13):4948-4952, December 2008). in
summary, risk of aHUS is highly increased in the presence of risk polymorphisms that
promote inappropriate alternative pathway activation on cell surfaces (Rodriguez de
Cérdoba, et al., Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease,
1812(1):.12-22, January 2011).

Genome-wide association studies have identified further polymorphisms that lie in, for
example the CR1T gene, clusterin (both further predisposing to Alzheimer's disease (AD) in
individuals that already have one or two copies of the AD predisposing APOE-¢4 allele)
(Harold, et al., Nat. Genel., 41(10):1088-1093, October 2009; Lambert, et al., Nai. Genet,,
41(10):1084~1089, October 2009), and C5 (associated with rheumatoid arthritis)
(Kurreeman, ef al., PLoS Med., 4(8):e278, September 2007). It should also be noted that
amplification of complement and its effects via the feedback cycle is inherent in all
complement pathways, so its manipulation has the potential to improve other

pathophysiological processes as well.

Most of the polymorphisms mentioned above have in common that the disease allele
predisposes {o an increase in the alternative pathway feedback activity that amplifies all
complement pathways irrespective of triggering stimuius (Lachmann, Adv. Immunol.,
104:115-149, 2009). A hyperinflammatory complotype (defined as representing the pattern
of genetic variants in complement genes inherited by an individual which alters risk for both
inflammatory disorders and infectious diseases involving complement) thus protects against
infection, particularly in early childhood, but comes at the expense that, in later life when an
individual already has formed IgG antibodies against commonly invading pathogens, it

predisposes {o inflammatory diseases. Since, the list of diseases affecied by complotype
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grows steadily as genetic studies implicate known or novel complement polymorphisms
(Harris, et al., Trends Immunol., 33(10):513-521, October 2012), there is considerable
interest and need in finding methods for reversing this hyperactivity of the C3b feedback

cycle.

The balance of the feedback loop, which determines the amount of generated C3b, can be
tipped at both ends. More C3b can be generated either by amplification of the feedback loop
or by inhibition of the C3b breakdown mechanism. The feedback loop can be amplified by
increase of C3b input (for example, by more C3 convertases from the classical/lectin
pathways), by acceleration of the feedback reactions (for example, by gain of function
mutants of Factor B, or an increase of Factor D or magnesium ions), by addition of cobra
venom factor (which has C3b-like properties and can bind Factor B and form a C3 convertase
after cleavage of Factor B by Factor D), or by stabilisation of the altemnative pathway C3
convertase (for example, by Properdin or nephritic factors). C3b breakdown can be
prevented by either absence or low concentrations of Factor H and Factor | or membrane
cofactor protein (MCP) or by a susceptible C3 genotype (for example, in C3F, SNP: R102G
has a lower affinity to Factor H than C3S and is therefore more slowly cleaved by Factor 1).
C3 breakdown is also impeded on protected surfaces. Negative regulation of the C3b
feedback cycle is achieved by promotion of C3b breakdown. This is done either by raising
the concentration of Factor H or Factor |, or by inhibition of Factor D, Factor B, or Properdin.
Particular targets for downregulation of the C3b feedback cycle are Factor D, Factor H and

Factor |.

A therapy for the treatment of geographic atrophy, a late form of AMD, has already been
developed and is currently in a phase I clinical study (MAHALO study by
Genentech/Roche). Here, a humanised monoclonal inhibitory antibody to Factor D
(lampalizumab) administered by intravitreal injection is used to stop the rate of progression
of geographic atrophy. Factor D is present in very low serum concentrations and is an
essential factor for the alternative pathway. Nevertheless, due to its small size (27kDa),
Factor D is rapidly cleared out by the kidneys and quickly re-synthesized. Thus, the anti-
Factor D treatment works for local inhibition of Factor D in a small compartment such as the
retina, but not systemically. The route of administration, intravitreal injection, is not without
associated risk, which is another drawback of this treatment.

Regarding the other two target proteins, it has been known since the seventies that the C3b
feedback cycle can be down-regulated by increasing the plasma concentrations of Factor H
and | (Nydegger, ef al., J immunol, 120(4).1404-1408, January 1978; Lachmann and
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Halbwachs, Ciin. Exp. Immunol., 21(1):109-114, July 1975). New arising genomic data of
steadily increasing associations of complement and/or alternative pathway disorders with a
number of diseases (for example, Harris et al.,, 2012 (supra); Haines, et al., 2005 (supra);
Hageman, ef al., 2005 (supra); Kavanagh, ef al., Hum. Mol. Genet., 24(13):3861-3870, July
2015) supports the use of Factor | or Factor H in therapy against uncontrolled pathway
associated disorder. Nevertheless, Factor | is a better target for several reasons. First of all,
it is present in much lower concentrations than Factor H (= 35ug/mi (F1) and = 200-500ug/mi
(FH), respectively). Lower quantities are easier to handle and also reduce the cost of therapy.
Further, there are variants of Factor H, called Factor H-related proteins 1-5 (FHR1-5), that
compete with Factor H for binding to surfaces. FHR1, 2 and 5 contain a shared dimerization
motif that enables formation of three homodimers and three heterodimers which have
significantly increased avidity and out-compete Factor H at physiologically relevant
concentrations. Increasing Factor H concentration probably does not overcome the dominant
pathogenic effects of these competitive antagonists. The last and most important reason is
that Factor | is the only regulator that not only promotes cleavage of C3b to iC3b but also
accelerates the breakdown of iC3b. Under physiclogical conditions, the affinity of Factor H
to iC3b is too low to form a complex. Since iC3b reacting with the complement receptor CR3
is a major mechanism by which complement activation gives rise to inflammation, the
breakdown of iC3b to C3dg is essential for reducing complement-induced inflammation
(Lachmann, Adv. Immunol., 104:115-149, 2009).

Studies of AMD are hindered by the lack of optimal animal models that replicate the human
disease, in particular because of the absence of a macula in mice. However, we have
recognized that AMD has an underlying systemic, rather than an eye-specific defect, which
is shown by the increasing list of AMD-associated polymorphisms in complement proteins
and regulators. We have appreciated that the key to a therapy for AMD lies in the control of
systemic alternative pathway regulation. Down-regulation of the alternative pathway C3b
feedback cycle may be achieved by increasing plasma levels of Factor |. WO 2010/103291
describes methods for treatment of AMD by supplementation of plasma-purified or

recombinant Factor 1.

The effects of Factor | supplementation (in the presence of zymosan as alternative pathway
activator) on iC3b formation, and its subsequent breakdown to C3dg has been measured in
three different complotypes (Lay, et al., Clin. Exp. Immunol., 181(2).314-322, August 2015;
Lachmann, et al., Clin. Exp. immunol., September 2015). Chosen complotypes were divided
into susceptible- or protective-homozygous and heterozygous with respect to three common
polymorphisms associated with AMD, C3 S/Frioag, fHvaozn, and fHvez. The resuits show not
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only that the susceptible complotypes have delayed and much less iC3b to C3dg conversion
than both the protected and heterozygous group, but also that by increasing the total Factor
| concentration, the susceptible genotype can be "converted" to a protected one and can
overcome disadvantageous polymorphisms in CFH and C3. Supplementation with 22ug/mi
Factor { {less than normal Fl concentration) converts the "at risk" genotype to a protected
genotype (Lachmann ef al,, 2015 (supra)). The presence of just three loci therefore has
striking influence on the regulation of alternative pathway complement activation by Factor |
in that the hyperinflammatory complotype is more resistant to down-regulation by increased
Factor | concentration. By increasing plasma concentrations of Factor | the effects of a
disadvantageous complotype may be reversed, and disease progression slowed down.

Gene therapy is the delivery of genetic material into a patient with therapeutic intent. In the
case of in vivo gene therapy, a vector is injected into the patient and enters target cells where
a transgene carried by the vector is subsequently expressed. Initially, gene therapy focused
on orphan disease with monogenetic defects that require a straightforward but comparably
easy approach, e.g. severe combined immunodeficiency (SCID). Early successes allowed
the field to expand to acquired diseases such as cancer, cardiovascular diseases,
neurodegenerative disorders, and infectious diseases. Notable successes have been
achieved in the treatment of hemophilia B and lipoprotein lipase deficiency. However, no
gene therapy product has yet been approved by the Food and Drug Administration (FDA),
despite numerous clinical trials. In Europe, the first gene therapy, Glybera, was approved by
the European Medicines Agency in 2012. Glybera is a treatment for a rare monogenetic
disease, lipoprotein lipase deficiency (LPLD), and consists of the missing gene packaged
into a recombinant viral vector that is injected intramuscularly.

Current gene therapy treatments rely on gene replacement to replace a defective gene,
rather than {o achieve over-expression of an existing, functional gene. We have found,
surprisingly, that plasma levels of Factor | can be significantly increased in mice by gene

therapy using a recombinant viral vector.

The present invention is based on the recognition that negative regulation of the complement
C3b feedback cycle can be achieved by in vivo over-expression in plasma, by gene therapy,
of Factor . The resulting re-balancing of the feedback loop of the alternative pathway will
promote C3b and iC3b breakdown and thus remove major disease factors in complement-
mediated disorders, particularly disorders that have an underlying defect in alternative

pathway regulation.
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Summary

In one aspect, the present disclosure refers to the use of a recombinant adeno-associated virus
(rAAV) particle encapsidating a rAAV vector comprising nucleic acid encoding Factor |, or a
fragment or derivative thereof that retains C3b-inactivating and iC3b-degradation activity in the
manufacture of a medicament for preventing, treating, or ameliorating a complement-mediated
disorder in a subject in need thereof, wherein the use comprises that the medicament is to be
administered intravenously to the subject such that a therapeutically effective amount of the
encoded Factor I, or the fragment or derivative thereof, is expressed from the nucleic acid in the
subject, thereby increasing the level of C3b-inactivating and iC3b-degradation activity in the
subject, wherein the complement-mediated disorder is a disorder associated with over-activity
of the complement C3b feedback cycle, and wherein the rAAV particle is pseudotyped to confer
liver tropism, wherein the fragment or derivative of Factor | is a polypeptide that has at least
90% amino acid identity across its entire length to human Factor | with an amino acid sequence
of SEQ ID NO: 2 or 4. In another aspect, the present disclosure refers to a recombinant adeno-
associated virus (rAAV) vector which comprises nucleic acid encoding Factor I, or a fragment or
derivative thereof that retains C3b-inactivating and iC3b-degradation activity, wherein the
nucleic acid encoding Factor |, or the fragment or derivative thereof, is operably linked to a liver-
specific promoter, wherein the fragment or derivative of Factor | is a polypeptide that has at
least 90% amino acid identity across its entire length to human Factor | with an amino acid
sequence of SEQ ID NO: 2 or 4. In another aspect, the present disclosure refers to a rAAV
particle, which comprises a viral capsid encapsidating a rAAV vector as disclosed herein. In yet
another aspect, the present disclosure refers to pharmaceutical composition, which comprises:
a rAAV vector as disclosed herein, or a rAAV particle as disclosed herein; and a
pharmaceutically acceptable carrier, excipient, or diluent. In yet another aspect, the present
disclosure refers to a kit, which comprises: a rAAV vector according to the present disclosure,
or a rAAV particle according to the present disclosure; and a pharmaceutically acceptable
carrier, excipient, or diluent. In still another aspect, the present disclosure refers to a kit for
production of rAAV particles, which comprises: a rAAV vector according to the present
disclosure; and one or more helper plasmids comprising nucleic acid encoding AAV replication
and capsid proteins, and genes required for a productive AAV life cycle. In another aspect, the
present disclosure refers to a rAAV particle as disclosed herein, or a pharmaceutical
composition as disclosed herein, for use as a medicament. In another aspect, the present
disclosure refers to a rAAV particle as disclosed herein, or a pharmaceutical composition as
disclosed herein, for use in the treatment of a complement-mediated disorder, wherein the
complement-mediated disorder is a disorder associated with over-activity of the complement
C3b feedback cycle. In yet another aspect, there is provided the use of a rAAV particle
according to the present disclosure, or a pharmaceutical composition according to the present
disclosure, in the manufacture of a medicament for the treatment of a complement-mediated
disorder, wherein the complement-mediated disorder is a disorder associated with over-activity
of the complement C3b feedback cycle.

Detailed Description
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According to the invention there is provided a method for preventing, treating, or ameliorating
a complement-mediated disorder in a subject in need thereof, which comprises administering
to the subject a recombinant viral vector comprising nucleic acid encoding Factor |, or a
fragment or derivative thereof that retains C3b-inactivating and iC3b-degradation activity,
such that a therapeutically effective amount of the encoded Factor |, or the fragment or
derivative thereof, is expressed from the nucleic acid in the subject, thereby increasing the
level of C3b-inactivating and iC3b-degradation activity in the subject.

The methods of the invention may be used {o effect a systemic increase in the level of C3b-

inactivating and iC3b-degradation activity in a subject.

In particular embodiments, the level of C3b-inactivating and iC3b-degradation activity in the

subject is increased to a level that exceeds a normal level.

Thus, in one embodiment, the invention provides a method for preventing, treating, or
ameliorating a complement-mediated disorder in a subject in need thereof, which comprises
administering to the subject a recombinant viral vector comprising nucleic acid encoding
Factor |, or a fragment or derivative thereof that retains C3b-inactivating and iC3b-
degradation activity, such that a therapeutically effective amount of the encoded Factor |, or
the fragment or derivative thereof, is expressed from the nucleic acid in the subject, thereby
increasing the level of C3b-inactivating and iC3b-degradation activity in the subject to a level

that exceeds a normal level.

In particular embodiments, the subject is administered with a recombinant virus particle that

encapsidates the recombinant viral vector.

There is also provided according to the invention a recombinant viral vector, which comprises
nucleic acid encoding Factor |, or a fragment or derivative thereof that retains C3b-

inactivating and iC3b-degradation activity.

There is further provided according to the invention a recombinant virus particle, which

comprises a viral capsid encapsidating a recombinant viral vector of the invention.

The viral genome is comprised of genes and cis-acting regulatory sequences which are
spatially separated in most viruses. This arrangement is used o design viral vectors. The
viral genes which are responsible for replication or caspid/envelope proteins are exchanged
with therapeutic transgenes that are then flanked on both ends by the regulatory cis-acting
sequences (Thomas, ef al., Nat. Rev. Genel., 4{5):346-358, May 2003). The deleted genes
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work in frans and can be provided either by a packaging cell line that has the viral genes
incorporated into the genome, or by heterologous plasmids that are co-transfected with the
viral vector (Kay et al., Nat. Med., 7(1):33-40, January 2001). In this way, replication deficient
virus particles harbouring the transgene can be produced that are able to fransduce their

target cell.

A “recombinant viral vector” refers to a recombinant polynucleotide vector comprising one or
more heterologous sequences, i.e. nucleic acid sequence not of viral origin. A recombinant
viral vector can be in any of a number of forms, including plasmids, linear artificial
chromosomes, complexed with lipids, encapsulated within liposomes, and encapsidated in a
virus particle. A recombinant viral vector can be packaged into a virus capsid to generate a
recombinant virus particle. A "recombinant virus particle” refers to a virus particle composed

of at least one virus capsid protein and an encapsidated recombinant viral vector genome.

Recombinant viral vectors suitable for use according to the invention include recombinant
viral vectors derived from retroviruses, lentiviruses, herpes simplex-1 viruses (HSV-1),
adenoviruses, and adenc-associated viruses (AAVs) (Thomas et al., supra — see Table 1 of
this document for a comparison of the relative advantages and disadvantages of use of these

vectors in gene therapy).

Viral vectors can be divided into integrating and non-integrating vectors. Integrating vectors,
such as retroviruses and lentiviruses, insert the transgene permanently into the host cellular
chromosome. Non-integrating vectors, such as adenovirus and HSV-based vectors, mediate
transgene expression from episomes. AAV-based vectors are predominantly non-integrating
vectors (<10% integrated). Compared to integrating vectors, which will be inherited to every
daughter cell, non-integrating vectors will be quickly diluted out in rapidly dividing cells but
also do not pose the risk of insertional mutagenesis. Therefore, retroviruses are usually used
for transfection of cells which undergo rapid cell divisions and differentiation (for example,
haematopoietic stem cells), and non-integrating viruses are used for post-mitotic tissue (for

example, the liver, muscie or eye).

In particular embodiments of the invention, the recombinant viral vector is a non-integrating
(or predominantly non-integrating, i.e. less than 50%, for example less than 40%, 30%, 20%,

or 10%, of persistent vector genomes being integrated in vivo), episomal viral vector.

in particular embodiments of the invention, the recombinant virus particle infects non-dividing

cells, for example liver cells (hepatocytes).



10

15

20

25

30

WO 2017/194912 PCT/GB2017/051233

10

in other embodiments of the invention, the recombinant virus particle infects dividing celis,

for example B-lymphocytes.

in particular embodiments, the recombinant virus particle infects cells that result in
expression and secretion of the encoded Factor |, or fragment or derivative thereof, into the
subject’s bloodstream. Suitable cell types include liver cells (hepatocytes), and B-
lymphocytes.

The recombinant virus particle should be capable of transducing cells, which are the intended
target of expression of the encoded Factor | or fragment or derivative. In particular
embodiments, the recombinant virus particle is capable of transducing liver cells (in particular
hepatocytes).

In some embodiments, the recombinant viral vector comprises nucleic acid encoding the
Factor I, or fragment or derivative thereof, flanked by viral cis-acting regulatory sequences,
such as inverted terminal repeats (ITRs).

in some embodiments, the nucleic acid encoding Factor |, or the fragment or derivative
thereof, is operably linked to a promoter. Exemplary promoters include, but are not limited
to, the cytomegalovirus (CMV) immediate early promoter, the RSV LTR, the MoMLV LTR,
the phosphoglycerate kinase- 1 (PGK) promoter, a simian virus 40 (SV40) promoter and a
CK6 promoter, a transthyretin promoter (TTR), a TK promoter, a tetracycline responsive
promoter (TRE), an HBV promoter, a human alpha-1-anti-trypsin (hAAT) promoter, an
albumin promoter, a liver-specific promoter (LSP), chimeric liver-specific promoters (LSPs),
the E2F promoter, the telomerase (hTERT) promoter; the cytomegalovirus enhancer/chicken
beta-actin/Rabbit B-globin promoter (CAG promoter; Niwa et al., Gene, 1991, 108(2): 193-9)
and the elongation factor 1-alpha promoter (EFl-alpha) promoter (Kim et al., Gene, 1990,
91(2):.217-23 and Guo et al., Gene Ther., 1996, 3(9):802-10). In some embodiments, the
promoter comprises a human B-glucuronidase promoter, a B-actin promoter, a chicken B-
actin (CBA) promoter, a cytomegalovirus enhancer linked to a CBA promoter, a retroviral
Rous sarcoma virus {(RSV) LTR promoter, or a dihydrofolate reductase promoter.

in some embodiments, the promoter promotes expression of the nucleic acid encoding

Factor |, or the fragment or derivative thereof, in cells of the liver, for example, in hepatocytes.

Examples of liver-specific promoters suitable for use in the present invention include HLP,
LP1, HLPZ2, hAAT, HCR-hAAT, ApoE-hAAT, and LSP.
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These liver-specific promoters are described in more detail in the following references:
HLP: Mcintosh J. st al, Blood 2013 Apr 25, 121(17):3335-44, and WO 2011/005968;
LP1: Nathwani et al, Blood 2006 April 1, 107(7): 2653-2661, and WO006/036502;
HCR-hAAT: Miao et al, Mol Ther. 2000;1: 522-532;

ApoE-hAAT: Okuyama et al, Human Gene Therapy, 7, 637-645 (1996);

LSP: Wang et al, Proc Natl Acad Sci USA 1999 March 30, 96(7): 3906-3910; and
HLP2: WO 2016/075473.

The promoter can be a constitutive, inducible or repressible promoter. Exemplary promoters
and descriptions may be found, e.g., in US 2014/0335054.

Examples of constitutive promoters include, without limitation, the refroviral Rous sarcoma
virus (RSV) LTR promoter (optionally with the RSV enhancer), the cytomegalovirus (CMV)
promoter {optionally with the CMV enhancer) (see, e.g., Boshart ef al., Cell, 41:521-530
(1985}), the SV40 promoter, the dihydrofolate reductase promoter, the 13-actin promoter,
the phosphoglycerol kinase (PGK) promoter, and the EF1a promoter (Invitrogen).

Inducible promoters allow regulation of gene expression and can be regulated by
exogenously supplied compounds, environmental factors such as temperature, or the
presence of a specific physiological state, e.g., acute phase, a particular differentiation state
of the cell, or in replicating cells only. Inducible promoters and inducible systems are available
from a variety of commercial sources, including, without limitation, Invitrogen, Clontech and
Ariad. Many other systems have been described and can be readily selected by one of skill
in the art. Examples of inducible promoters regulated by exogenously supplied promoters
include the zinc-inducible sheep metallothionine (MT) promoter, the dexamethascne (Dex)-
inducible mouse mammary tumor virus (MMTV) promoter, the T7 polymerase promoter
systern (WO 98/10088); the ecdysone insect promoter (No ef al., Proc. Natl. Acad. Sci. USA,
93:3346-3351 (1898)), the tetracycline-repressible system (Gossen et al., Proc. Natl. Acad.
Sci. USA, 89:5547-5551 (1992)), the tetracycline-inducible system (Gossen et al., Science,
268:1766-1769 (1995), see also Harvey et al., Curr. Opin. Chem. Biol., 2:512-518 (1998)),
the RU486-inducible system (Wang ef al., Nat. Biotech., 15:238-243 (1997) and Wang et al.,
Gene Ther., 4:432-441 (1997)) and the rapamycin-inducible system (Magari ef al., J. Clin.
Invest., 100:2865-2872 (1997)). Still other types of inducible promoters which may be useful
in this context are those which are regulated by a specific physiological state, e.g.,
temperature, acute phase, a particular differentiation state of the cell, or in replicating cells

only.
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in another embodiment, the native promoter, or fragment thereof, for the Factor |, or fragment
or derivative there, may be used. The native promoter can be used when it is desired that
expression of the Factor |, or fragment or derivative thereof, should mimic the native
expression (as long as, following expression, the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased or exceeds a normal level). The native
promoter may be used when expression of the transgene must be regulated temporally or
developmentally, or in a tissue-specific manner, or in response to specific transcriptional
stimuli. In a further embodiment, other native expression control elements, such as enhancer
elements, polyadenylation sites or Kozak consensus sequences may also be used to mimic

the native expression.

The recombinant viral vector may include any regulatory sequence required to establish
expression of the encoded Factor |, or the fragment or derivative thereof, in the target tissue
or cell. For example, the recombinant viral vector may comprise an expression cassette
comprising the nucleic acid encoding Factor |, or the fragment or derivative thereof, operably
linked to a promoter and a polyadenylation recognition site. The recombinant viral vector may
also include other regulatory sequences to establish expression of the Factor |, or fragment
or derivative, such as a ribosome binding element, terminator, enhancer, selection marker,
intron, polyA signal, and/or origin of replication, or a Woodchuck Hepatitis Virus (WHP) Post-
transcriptional Regulatory Element (WPRE) sequence, or a mutated WPRE sequence.

In some embodiments, the regulatory sequences impart tissue-specific gene expression
capabilities. In some cases, the tissue-specific regulatory sequences bind fissue specific
transcription factors that induce transcription in a tissue specific manner. Such tissue-specific

regulatory sequences (e.g., promoters, enhancers, etc.) are well known in the art.

In some embodiments, the promoter sequence may be ubiquitously expressed in the subject,
and thus may express in one or more cells of the targeted tissue (for example, the liver) by
virtue of its delivery to that tissue. In other embodiments, a promoter sequence that
specifically expresses in the target tissue (for example, liver), or a subset of one or more cells

of the target tissue (for example, hepatocytes), may be used.

In some embodiments, the Factor |, or fragment or derivative thereof, is exclusively
expressed in particular cells of the target tissue (for example, hepatocytes), and not in other

cells of that tissue.
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In particular embodiments, the encoded Factor |, or the fragment or derivative thereof, is
expressed from a promoter that is specific for the particular tissue or cell-type that is the
intended target of expression of the encoded Factor |, or fragment or derivative. For example,
the promoter may be a liver-specific promoter, such as a hAAT promoter.

in one embodiment, the promoter is a liver-specific promoter selected from HLP, LP1, HLP2,
hAAT, HCR-hAAT, ApoE-hAAT, and LSP.

In one embodiment, the promoter comprises, or consists of, a nucleotide sequence thatis at
least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical over its entire length to
the nucleotide sequence of SEQ 1D NO: 8. in one embodiment, the promoter comprises, or

consists of, the nuclectide sequence of SEQ ID NO: 8.

In one embodiment, the promoter comprises, or consists of, a nucleotide sequence thatis at
least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical over its entire length to
the nucleotide sequence of SEQ ID NO: 9. in one embodiment, the promoter comprises, or
consists of, the nuclectide sequence of SEQ ID NO: 9.

in one embodiment, the promoter comprises, or consists of, a nucleotide sequence thatis at
least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical over its entire length to
the nucleotide sequence of SEQ ID NO: 10. In one embodiment, the promoter comprises, or
consists of, the nuclectide sequence of SEQ 1D NO: 10.

In some embodiments, the recombinant viral vector, or the expression cassetie, comprises
a liver-specific enhancer, such as liver-specific apolipoprotein E (ApoE) enhancer. In
particular embodiments, the recombinant viral vector, or the expression cassette, comprises
a liver-specific promoter, such as a hAAT promoter, and a liver-specific enhancer, such as
liver-specific apolipoprotein E (ApoE) enhancer.

In some embaodiments the expression cassette may be flanked by viral cis-acting regulatory
sequences, such as inverted terminal repeats (ITRs).

In particular embodiments, the recombinant virus particle infects the liver (for example,
hepatocytes) of the subject following administration, resulting in expression of the Factor |,
or the fragment or derivative thereof, from the liver {for example, hepatocytes), and secretion
of the Factor |, or the fragment or derivative thereof, into the subject’s bloodstream. In such

embodiments, the encoded Factor |, or the fragment or derivative thereof, may be expressed
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from a liver-specific promoter, such as a human alpha-1-anti-trypsin (hAAT) promoter, or an

albumin promoter.

In a particular aspect of the invention, the recombinant viral vector is a recombinant AAV
(rAAV} vector. AAV is a small, non-enveloped virus that consists of a linear single-stranded
DNA genome with a packaging capacity of approximately 4.7kb. its replicative cycle is
dependent on co-infection of a helper virus that is able to complement missing genes for AAV
replication (Buller, ef al., J. Virol., 40(1):241-247, October 1981), for example, adenovirus
(believed to be the natural helper virus) (Urabe, ef al., J. Virol, 80(4).1874-1885, February
2006), herpesvirus (Afione, et al., J. Virol, 70(5):3235-3241, May 1996) or baculovirus
(Samulski, ef al., EMBO J., 10(12):3941-3950, December 1991). The fact that AAV is a
"naturally defective” virus adds a safety barrier to prevent inappropriate spread of viral vector
in clinical applications (Nakai, et al., J. Virol., 75(15):6969-6976, August 2001). Recombinant
AAV (rAAV) vectors may be generated by insertion of a transgene (i.e. nucleic acid encoding
Factor |, or the fragment or derivative thereof) between the two inverted terminal repeats
(ITR). Recombinant AAV particles may be produced, for example, by co-transfection of such
vectors with one or more plasmids encoding for all other essential genes. They can infect
both dividing and quiescent cells, and persist mainly in an episomal form, as opposed {o the
wild-type AAV that preferably integrates at a specific site in human chromosome 18. if
present in a dividing cell, the episomal AAV genome gets rapidly diluted out during cell

division.

A “recombinant AAV vector (rAAV vector)’ refers to a polynucleotide vector comprising
nucleic acid encoding Factor i, or the fragment or derivative thereof that is flanked by at least
one AAV inverted terminal repeat sequence (ITR). in particular embodiments, the nucleic
acid encoding Factor |, or the fragment or derivative thereof, is flanked by two AAV [TRs.
Such rAAV vectors can be replicated and packaged into infectious viral particles when
present in a host cell that has been infected, for example, with a suitable helper virus (or that
is expressing suitable helper functions) and another plasmid that is expressing AAV rep and
cap gene products (i.e. AAV Rep and Cap proteins), as explained in more detail below.

In some embodiments, the rAAV vector comprises an expression cassette flanked by at least
one AAV ITR sequence, wherein the expression casselte comprises the nucleic acid
encoding Factor |, or the fragment or derivative thereof, operably linked to a promoter and a
polyadenylation recognition site, and optionally a WPRE sequence or a mutant WPRE
sequence. in particular embodiments, the expression cassette is flanked by two AAV ITR
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sequences. In some embodiments, the expression cassetie may further comprise control

sequences including transcription initiation and termination sequences.

A “helper virus” for AAV refers to a virus that allows AAV (which is a defective parvovirus) to
be replicated and packaged by a host cell. A number of such helper viruses have been
identified, including adenoviruses, herpesviruses and poxviruses such as vaccinia. The
adenoviruses encompass a number of different subgroups, although Adenovirus type 5 of
subgroup C (Ad5) is most commonly used. Numerous adenoviruses of human, non-human
mammalian and avian origin are known and are available from depositories such as the
ATCC. Viruses of the herpes family, which are also available from depositories such as
ATCC, include, for example, herpes simplex viruses (HSV), Epstein-Barr viruses (EBV),
cytomegaloviruses (CMV) and pseudorabies viruses (PRV).

An “inverted terminal repeat” or “ITR” sequence is a term well understood in the art and refers
to relatively short sequences found at the termini of viral genomes which are in opposite
orientation. An "AAV inverted terminal repeat (ITR)' sequence, also a term well-understood
in the art, is a sequence of approximately 145 nucleotides that is present at both termini of
the native single-stranded AAV genome. The outermost 125 nucleotides of the ITR can be
present in either of two alternative orientations, leading to heterogeneity between different
AAV genomes and beitween the two ends of a single AAV genome. The outermost 125
nucleotides also contain several shorter regions of self-complementarity (designated A, A,
B, B, C, C and D regions), allowing intrastrand base-pairing to occur within this portion of
the ITR.

The AAV ITR sequence(s) should function as intended for the rescue, replication and
packaging of the AAV virion (see Davidson ef al., PNAS, 2000, 97(7)3428-32; Passini et al.,
J. Virol,, 2003, 77(12):7034-40; and Pechan et al., Gene Ther., 2009, 16:10-16). AAV ITRs
for use in vectors of the invention need not have a wild-type nucleotide sequence (for
example, as described in Kotin, Hum. Gene Ther., 1994, §:793-801), and may be altered by
the insertion, deletion or substitution of nucleotides, or the AAV ITRs may be derived from
any of several AAV serotypes (see Gao ef al., PNAS, 2002, 99(18): 11854-6; Gao et al.,
PNAS, 2003, 100(10):6081-6; and Bossis et al., J. Virol., 2003, 77(12).6798-810.

ITRs for use in vectors of the invention may comprise or consist of nuclectide sequence of a
naturally occurring ITR, or may comprise or consist of nuclectide sequence that is at least
60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 89% identical over its entire length with the
nucleotide sequence of a naturally occurring ITR. In particular, AAV [TRs for use in vectors
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of the invention may comprise or consist of nuclectide sequence of a naturally occurring AAV
ITR, or may comprise or consist of nucleotide sequence that is at least 60%, 70%, 80%,
90%, 95%, 96%, 97%, 98%, or 99% identical over its entire length with the nucleotide
sequence of a naturally occurring AAV ITR, such as an AAV {TR of any of the following AAV
serotypes: AAV1, AAV2, AAV3, AAV4, AAVS, AAVE, AAVT, AAVSE, AAVY, AAV1(0, AAV11,
AAV12.

AAV vectors can integrate into the human genome, although the in vivo integration rate is
low. The primary source of rAAV-mediated gene expression is extrachromosomal, not
integrated genomes. In a model of murine hepatectomy, less than 10% of persistent vector
genomes are integrated in the liver (Miller, ef al, Nat. Genet., 30(2):147-148, February
2002).

AAV has an impressive safety record and has not been assoclated with any known human
or animal diseases, although most humans (> 70%) are seropositive for one or more
serotypes. AAV vectors have not been associated with toxicity or an inflammatory response,
although the generation of neutralizing antibodies that may affect re-administration. Such
immune responses may be reduced, however, by manipulating the capsid sequence
(Mingozzi and High, Blood, 122(1).23-36, July 2013).

in particular embodiments, the recombinant virus particle is a recombinant adeno-associated
virus (rAAV) particle. An “rAAV particle” refers to a virus particle composed of at least one
AAV capsid protein and an encapsidated recombinant viral vector genome, particularly an

encapsidated rAAV vector genome.

The basic steps of an AAV gene therapy method in accordance with the invention are
outlined in Figure 4. A recombinant AAV vector encoding Factor |, or the fragment or
derivative thereof, is used to produce rAAV particles encapsidating the vector. Following
administration of the rAAV particles to a subject, for example by injection, the rAAV particles
infect target cells, and the Factor I, or fragment or derivative thereof encoded by the vector
is expressed by the target cell, leading to secretion of the Factor | or fragment or derivative
into the subject’s bloodsiream. Such methods are explained in more detail below.

Heparan sulfate proteoglycan (HSPG) is known fo act as the cellular receptor for AAV
serotype 2 (AAV2) particles (Summerford, C. and Samuiski, R.J. (1998) J. Virol. 72(2): 1438-
45). Binding between an AAVZ particle and HSPG at the cell membrane serves to attach the
particle to the cell. Other cell surface proteins such as fibroblast growth factor receptor and
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avB5 integrin may also facilitate cellular infection. After binding, an AAV2 particle may enter
the cell through mechanisms including receptor mediated endocytosis via clathrin-coated
pits. An AAV2 particle may be released from an endocytic vesicle upon endosomal
acidification. This allows the AAV2 particle to travel to the perinuclear region and then the

cell nucleus.

The capsid of AAV is known to include three capsid proteins: VP1, VP2, and VP3. These
proteins contain significant amounts of overlapping amino acid sequence and unique N-
terminal sequences. An AAV2 capsid includes 60 subunits arranged by icosahedral
symmetry (Xie, Q., ef al. (2002) Proc. Natl. Acad. Sci. 99(16): 10405-10). VP1, VP2, and VP3
have been found to be present in a 1:1:10 ratio. The binding between AAV2 capsid proteins
and HSPG occurs via electrostatic interactions between basic AAV2 capsid protein residues
and negatively charged glycosaminoglycan residues (Opie, SR et al., (2003) J. Virol.
77:6995-7006; Kern, A et al.,, (2003) J. Virol. 11:11072-11081). Specific capsid residues
implicated in these interactions include R484, R487, K532, R585, and R588. Viruses infect
their natural host cell most efficiently. Pseudotyping involves exchanging the surface proteins
that mediate cell entry with the ones from another virus in order to change the viral tropism.
Examples of pseudotyping include lentivirus pseudotyped with protein G of vesicular
stomatitus virus (VSV G-pseudotyped lentivirus) that can transfect almost every cell (Akkina,
etal., J. Virol., 70(4):2581-2585, April 1996; Willett and Bennett, Front Immunol, 4:261, 2013;
Sharland, et al., Discov Med, 9(49):519-527, June 2010). In other cases, the tropism of a
virus is limited to only the target cell. This allows reduction of the vector dose administrated
and prevents transgene expression outside the respective cell type, for example expression
only in the eye (Grimm, et al., Blood, 102(7):2412-2419, October 2003) or the liver (Thomas,
et al., J. Virol., 78(6):3110-3122, March 2004; Lisowski, et al., Nature, 506(7488):382-386,
February 2014; Niidome and Huang. Gene Ther., 9(24):1647-1652, December 2002).
Pseudotypes can also be artificially generated, for example by preparing libraries composed
of DNA-shuffled AAV capsids with improved tropism for human hepatocytes (Li and Huang.
Gene Ther., 13(18):1313-1319, September 2006). This can help to overcome low vector
uptake and fransgene expression.

According to the invention the recombinant virus particle may be pseudotyped to confer
tropism for the cell type(s) to be infected. For example, in embodiments of the invention in
which the recombinant virus particle infects liver cells (for example hepatocytes), the
recombinant virus particle may be pseudotyped to confer liver tropism, particularly

hepatocyte tropism. In other embodiments of the invention in which the recombinant virus
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particle infects B-lymphocytes, tropism for B-lymphocytes can be achieved using gp220/350,
or a fragment thereof, from the Epstein Barr virus.

In certain embodiments, the recombinant virus particle is an rAAV particle pssudotyped to
confer liver, particularly hepatocyte, tropism.

Over one hundred different AAV serotypes have been identified (Atchison, et al., Science,
149(3685).754-756, August 1965; Warrington, et al., J. Virol., 78(12).:6595~-6608, June
2004). Pseudotyping can be easily achieved for rAAV virus particles for example, by
packaging the capsid sequence of another serotype into a helper plasmid. Several
approaches to improve tropism and transgene expression may be taken: i) construction of
capsid libraries that consist of randomized capsid sequences (Li and Huang, Gene Ther.,
13(18):1313-1319, September 2006); ii) insertion of amino acid sequences into the capsid
of AAV2 (up to 30 kDa, possibility to insert a ScFv sequence to target AAV to a specific cell
type) (Calcedo, et al., J. infect. Dis., 199(3):381-390, February 2009); and iii) a rational
design approach by combining knowledge of delivery mechanisms with AAV structural
analyses (Calcedo, ef al., Clin. Vaccine Immunol., 18(9):1586-1588, September 2011).

Use of any AAV serotype is considered within the scope of the present invention. In some
embodiments, an rAAV vector is a vector derived from an AAV serotype, including AAV1,
AAV2, AAV3, AAV4, AAVS, AAVE, AAVT7, AAVS, AAVO, AAV10, AAV1T1, or AAV12 ITRs. An
rAAV particle may comprise capsid protein derived from any AAV serotype, including AAV1,
AAVZ AAV3, AAV4, AAVS, AAVE, AAVT, AAVS, AAVY, AAV10, AAVIh10, AAVTY, or AAV12
capsid. Different AAV serotypes are used to optimize transduction of particular target cells
or to target specific cell types within a particular target tissue (e.g., a liver tissue). An rAAV
particle can comprise viral proteins and viral nucleic acids of the same serotype or a mixed

serotype.

A capsid protein of a recombinant virus particle of the invention may comprise or consist of
amino acid sequence of a naturally occurring capsid protein (for example, a naturally
occurring AAV capsid protein, such as a capsid protein of AAV serotype AAV1, AAV2, AAV3,
AAV4, AAVE, AAVE, AAVT, AAVSE, AAVY, AAV10, AAVIh10, AAV11, or AAV12), or may be
a derivative of a naturally cccurring capsid protein that includes one or more amino acid
substitutions, deletions, or additions, compared with the amino acid sequence of the naturally
occurring capsid protein, for example to confer enhanced tropism for a desired tissue type or
cell type (such as liver, or hepatocyte tropism), or to reduce the immunogenicity of the

recombinant virus particle.
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In some embodiments a capsid protein of a recombinant virus particle of the invention has
an amino acid sequence that has at least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or
99% amino acid identity along its entire length to the amino acid sequence of a naturally
occurring capsid protein. in some embodiments an AAV capsid protein of a rAAV particle of
the invention has an amino acid sequence that has at least 60%, 70%, 80%, 30%, 95%,
96%, 97%, 98%, or 99% amino acid identity along its entire length to the amino acid
sequence of a naturally occurring AAV capsid protein, for example a naturally occurring AAV
capsid protein of serotype AAV1, AAVZ, AAV3, AAV4, AAVS, AAVE, AAVT7, AAVS, AAVY,
AAV10, AAVIh10, AAV11, or AAV12.

In some embodiments a capsid protein of a recombinant virus particle of the invention is a
non-naturally occurring capsid protein, for example a non-naturally occurring AAV capsid
protein, such as an engineered or chimeric capsid protein.

Chimeric capsid proteins include those generated by recombination between two or more
capsid coding sequences of naturally occurring AAV serotypes. This may be performed for
example by a marker rescue approach in which non-infectious capsid seguences of one
serotype are co-transfected with capsid sequences of a different serotype, and directed
selection is used to select for capsid sequences having desired properties. The capsid
sequences of the different serotypes can be altered by homologous recombination within the
cell to produce novel chimeric capsid proteins.

Chimeric capsid proteins also include those generated by engineering of capsid protein
sequences to transfer specific capsid protein domains, surface loops or specific amino acid
residues between two or more capsid proteins, for example between two or more capsid

proteins of different serotypes.

Shuffled or chimeric capsid proteins may also be generated by DNA shuffling or by error-
prone PCR. Hybrid AAV capsid genes can be created by randomly fragmenting the
sequences of related AAV genes e.g. those encoding capsid proteins of multiple different
serotypes and then subsequently reassembling the fragments in a self-priming polymerase
reaction, which may also cause crossovers in regions of sequence homology. A library of
hybrid AAV genes created in this way by shuffling the capsid genes of several serotypes can
be screened to identify viral clones having a desired functionality. Similarly, error prone PCR
may be used to randomly mutate AAV capsid genes to create a diverse library of variants
which may then be selected for a desired property.
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The sequences of the capsid genes may also be genetically modified to introduce specific
deletions, substitutions or insertions with respect to the native wild-type sequence. In
particular, capsid genes may be modified by the insertion of a sequence of an unrelated
protein or peptide within an open reading frame of a capsid coding sequence, or at the N-
and/or C-terminus of a capsid coding sequence.

Examples of non-naturally occurring capsid proteins suitable for use in the present invention
are described in WO 2016/181123 and WO 2013/029030.

In one embodiment, a capsid protein of a recombinant virus particle of the invention is a MutC
capsid protein (for example, a Mut C capsid protein as described in WO 2016/181123). In
one embodiment, a capsid protein of a recombinant virus particle of the invention has an
amino acid sequence that has at least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99%
amino acid identity along its entire length {o the amino acid sequence of SEQ ID NO: 11. In
one embodiment, a capsid protein of a recombinant virus particle of the invention has an
amino acid sequence that comprises, or consists of, the amino acid sequence of SEQ ID
NO: 11.

in one embodiment, a capsid protein of a recombinant virus particle of the invention is an
LKO3 capsid protein (for example, an LKO3 capsid protein as described in WO 2013/029030).
in one embodiment, a capsid protein of a recombinant virus particle of the invention has an
amino acid sequence that has at least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99%
amino acid identity along its entire length to the amino acid sequence of SEQ ID NO: 12. In
one embodiment, a capsid protein of a recombinant virus particle of the invention has an
amino acid sequence that comprises, or consists of, the amino acid sequence of SEQ ID
NO: 12.

In one embodiment, a capsid protein of a recombinant virus particle of the invention is an
AAVrh10 protein as described in Wang et al. Mol Ther. 2015 Dec; 23(12). 1877-1887 or a
derivative thereof that has at least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99%
amino acid identity along its entire length to the amino acid sequence of the disclosed
AAVrh10 protein.

In particular embodiments of the invention, the recombinant viral vector is an AAV2-derived
viral vector, i.e. a recombinant viral vector in which the nucleic acid encoding Factor |, or the
fragment or derivative thereof, is flanked by at least one AAV2 ITR sequence (Kofterman and
Schaffer, Nat. Rev. Genet.,, 15(7):445-451, July 2014), or a derivative thereof with a
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nucleotide sequence that has at least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 899%
identity over its entire length with the nucleotide sequence of a naturally occurring AAV2 ITR.
in some embodiments, the nucleic acid encoding Factor |, or the fragment or derivative
thereof, is flanked by two AAV2 ITRs, or AAV2 ITR derivatives (wherein each AAV2 TR
derivative comprises nucleotide sequence that has at least 60%, 70%, 80%, 80%, 95%, 96%,
87%, 98%, or 99% identity over its entire length with the nucleotide sequence of a naturally
occurring AAV2 ITR).

AAV2 has a broad tropism and transduces many cell types, including hepatocytes, relatively
efficiently in vivo. Pseudotyping a recombinant AAV vector with different capsid proteins can
dramatically alter the fropism. Both AAVS and AAVQ have higher affinities for hepatocytes
when compared to AAVZ. In particular, AAV8 can transduce three- to fourfold more
hepatocytes and deliver three- to fourfold more genomes per transduced cell when compared
to AAVZ.

in one embodiment, the recombinant viral vector is not an AAV2-derived viral vector.

In some embodiments, an rAAV particle of the invention comprises AAVS or AAVS capsid
protein (or a derivative thereof that has at least 60%, 70%, 80%, 90%, 95%, 896%, 97%, 98%,
or 89% amino acid identity along its entire length to the amino acid sequence of a naturally
occurring AAVE or AAVS capsid protein). In particular embodiments, the rAAV particle
encapsidates an AAV2-derived viral vector, and is pseudotyped with AAV8 capsid (rAAV2/8)
or AAV9 capsid (rAAVZ2/9) (or a derivative thereof that has at least 60%, 70%, 80%, 90%,
95%, 96%, 97%, 98%, or 99% amino acid identity along its entire length to the amino acid
sequence of a naturally occurring AAVS or AAVY capsid protein). In other embodiments, the
rAAV particle encapsidates an AAV2-derived viral vector, and is pseudotyped with Mut C
capsid (rAAV2Z/Mut C) or LKO3 capsid (rAAV2/LK03) or AAVrh10 capsid (rAAV2/rh10).

Numerous methods are known in the art for production of rAAV particles, including
transfection, stable cell line production, and infectious hybrid virus production systems which
include adenovirus-AAV hybrids, herpesvirus-AAV hybrids (Conway, ef al., (1997} J. Virology
71(11):8780-8789) and baculovirus-AAV hybrids.

rAAV production cultures for the production of rAAV virus particles all require: i) suitable host
celis, including, for example, human-derived cell lines such as Hela, A549, 293, or 293T
cells, or insect-derived cell lines such as SF-9, in the case of baculovirus production systems;

i) suitable helper function, provided by wild-type or mutant adenovirus (such as temperature
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sensitive adenovirus), herpes virus, baculovirus, or a plasmid construct providing helper
functions; iii} AAV rep and cap genes; iv) nucleic acid encoding Factor |, or a fragment or
derivative thereof, flanked by at least one AAV ITR sequence; and v) suitable media and

media components to support rAAV production.

Suitable media known in the art may be used for the production of rAAV particles. These
media include, without limitation, media produced by Hyclone Laboratories and JRH
including Modified Eagle Medium (MEM), Dulbecco's Modified Eagle Medium (DMEM) high
glucose, custom formulations such as those described in US 6,566,118, and Sf-200 | SFM
media as described in US 6,723,551.

The rAAV pariicles can be produced using methods known in the art. See, for example, US
6,566,118, US 6,989,264, and US 6,995,006. iIn practicing the invention, host cells for
producing rAAV particles include mammalian cells, insect cells, plant cells, microorganisms
and yeast. Host cells can also be packaging cells in which the AAV rep and cap genes are
stably maintained in the host cell, or producer cells in which the AAV vector genome is stably
maintained. Exemplary packaging and producer cells are derived from 293, 293T, A549 or
Hel.a cells. AAV vectors are purified and formulated using standard techniques known in the
art.

In some embodiments, rAAV particles may be produced by a triple transfection method, such
as the exemplary triple transfection method provided infra. Briefly, a plasmid containing a rep
gene and a capsid gene, a helper adenoviral plasmid, and a plasmid comprising the
transgene (i.e. the gene encoding Factor |, or the fragment or derivative thereof), may be
transfected (e.g., using the calcium phosphate method, or Polyethylenimine) into a cell line
(e.g., HEK-293 celis), and virus may be collected and optionally purified.

in some embodiments, rAAV particles may be produced by a producer cell line method, such
as the exemplary producer cell line method provided infra (see also referenced in Martin ef
al., (2013) Human Gene Therapy Methods 24:253-269). Briefly, a cell line (e.g., a Hela cell
line) may be stably transfected with a plasmid containing a rep gene, a capsid gene, and a
promoter-transgene sequence. Cell lines may be screened to select a lead clone for rAAV
production, which may then be expanded to a production bioreactor and infected with an
adenovirus (e.g., a wild-type adencvirus) as helper to initiate rAAV production. Virus may
subsequently be harvested, adenovirus may be inactivated (e.g., by heat) and/or removed,
and the rAAV particles may be purified.
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In some aspects of the invention, a method is provided for producing an rAAV particle of the
invention comprising: (a) culturing a host cell under conditions for production of rAAV
particles, wherein the host cell comprises (i) one or more AAV packaging genes, wherein
each AAV packaging gene encodes an AAV replication and/or encapsidation protein; (i) an
rAAV vector comprising nucleic acid encoding Factor |, or a fragment or derivative thereof
that retains C3b-inactivating and iC3b-degradation activity, flanked by at least one AAV ITR
{preferably two AAV ITRs), and (iii) an AAV helper function (i.e. genes required for a
productive AAV life cycle, for example from adenovirus, herpesvirus, or baculovirus); and (b)
recovering the rAAV particles produced by the host cell. In some embodiments, (i), (ii), and
{iii) may be provided on three separate plasmids, for example as described in Example 1

below.

In some embodiments, the, or each AAV ITR comprises or consists of nuclectide sequence
of a naturally occurring AAV TR, for example any of the following serotype AAV ITRs: AAV1,
AAV2, AAV3, AAV4, AAVS, AAVE, AAV7, AAVS, AAVSY, AAV 10, AAV11, AAV12, for
example, AAV2 ITR, or comprises or consists of a nucleotide seguence that is at least 60%,
70%, 80%, 90%, 95%, 96%, 97%, 98%, or 98% identical over its entire length with the
nucleotide sequence of a naturally occurring AAV ITR, such as an AAV TR of any of the
following AAV serotypes: AAV1, AAVZ, AAV3, AAV4, AAVS, AAVE, AAV7, AAVS, AAVY,
AAV 10, AAV11, AAV12.

In some embodiments, the encapsidation protein is an AAVS or AAVS or Mut C or LKO3 or

AAVrh10 encapsidation protein.

Suitable rAAV production culture media may be supplemented with serum or serum-derived
recombinant proteins at a level of 0.5%-20% (v/v or w/v). Alternatively, as is known in the art,
rAAV particles may be produced in serum-free conditions which may also be referred to as
media with no animal-derived products. One of ordinary skill in the art may appreciate that
commercial or custom media designed to support production of rAAY particles may also be
supplemented with one or more cell culture components know in the art, including without
fimitation glucose, vitamins, amino acids, and/or growth factors, in order to increase the titre

of rAAV in production cultures.

rAAV production cultures can be grown under a variety of conditions {over a wide
temperature range, for varying lengths of time, and the like) suitable to the particular host cell
being utilized. As is known in the art, rAAV production cultures include attachment-dependent
cultures which can be cultured in suitable attachment-dependent vessels such as, for
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example, hyperflasks, roller bottles, hollow fiber filters, microcarriers, and packed-bed or
fluidized-bed bioreactors. rAAV vector production culfures may also include suspension-
adapted host cells such as Hel.a, 293, 2937, and SF-9 cells which can be cultured in a variety
of ways including, for example, spinner flasks, stirred tank bioreactors, and disposable
systems such as the Wave bag system.

rAAV particles of the invention may be harvested from rAAV production cultures by lysis of
the host cells of the production culture or by harvest of the spent media from the production
culture, provided the cells are cultured under conditions known in the art to cause release of
rAAV pariicles into the media from intact cells, as described more fully in US 6,566,118.
Suitable methods of lysing cells are also known in the art and include for example multiple
freezefthaw cycles, sonication, microfluidization, and treatment with chemicals, such as

detergents and/or proteases.

in a further embodiment, the rAAV particles are purified. The term “purified” as used herein
includes a preparation of rAAV particles devoid of at least some of the other components that
may alsc be present where the rAAV particles naturally occur or are initially prepared from.
Thus, for example, isolated rAAV particles may be prepared using a purification technique to
enrich them from a source mixture, such as a culture lysate or production culture supernatant.
Enrichment can be measured in a variety of ways, such as, for example, by the proportion of
DNase-resistant particles (DRPs) or genome copies (gc) present in a solution, or by
infectivity, or it can be measured in relation to a second, potentially interfering substance
present in the source mixture, such as contaminants, including production culture

contaminants or in-process contaminants, including helper virus, or media components.

in some embodiments, the rAAV production culture harvest is clarified fo remove host cell
debris. in some embodiments, the production culture harvest is clarified by filtration through
a series of depth filters including, for example, a grade DOHC Millipore Millistak+HC Pod
Filter, a grade ATHC Millipore Millistak+ HC Pod Filter, and a 0.2um Filter Opticap XL10
Millipore Express SHC Hydrophilic Membrane filter. Clarification can also be achieved by a
variety of other standard techniques known in the art, such as, centrifugation or filtration

through any cellulose acetate filter of 0.2um or greater pore size known in the art.

In some embodiments, the rAAY production culture harvest is further treated with
Benzonase® to digest any high molecular weight DNA present in the production culture. In

some embodiments, the Benzonase® digestion is performed under standard conditions
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known in the art including, for example, a final concentration of 1-2.5 units/ml of Benzonase®

at a temperature ranging from ambient to 37°C for a period of 30 minutes to several hours.

rAAV particles may be isolated or purified using one or more of the following purification
steps: density gradient ultracentrifugation using caesium chloride (e.g. as described in
Cooper et al., Molecular Therapy (2005) 11, Supplement 1, $53-854), or iodixanol;
equilibrium centrifugation; flow-through anionic exchange filtration; tangential flow filtration
(TFF) for concentrating the rAAV particles; rAAV capture by apatite chromatography; heat
inactivation of helper virus; rAAV capture by hydrophobic interaction chromatography; buffer
exchange by size exclusion chromatography (SEC); nanofiltration; and rAAV capture by
anionic exchange chromatography, cationic exchange chromatography, or affinity
chromatography. These steps may be used alone, in various combinations, or in different
orders. Methods to purify rAAV particles are described, for example, in Xiao et al., (1998)
Journal of Virology 72:2224-2232; US 6,989,264; US 8,137,948; and WO 2010/148143.

The recombinant virus particle may be administered to the subject by any suitable route. In
particular embodiments, the recombinant virus particle is administered intravenously to the

subject.

In particular embodiments of the invention, the recombinant virus particle is not administered

to the subject via local (or topical) administration.

In particular embodiments of the invention, the recombinant virus particle is not administered
to the eye. Thus, in particular embodiments, administration of the recombinant virus particle
does not comprise intraocular administration, such as intraocular, for example sub-retinal,

injection.

A recombinant virus particle of the invention may be administered to the subject via systemic

administration.

A skilled person will be familiar with multiple routes by which systemic administration may be

achieved, and associated techniques.

By way of example, systemic administration may achieved via parenteral administration.
Examples of parenteral administration include: intravenous administration, intra-arterial
administration, inframuscular administration, intrathecal administration, and subcutaneous

administration.
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Thus, in particular embodiments, a recombinant virus particle of the invention is administered

to the subject systemically.

A preferred route of administration of a recombinant virus particle of the invention is

intravenous administration.

in one embodiment, a recombinant virus particle of the invention is administered into the
hepatic portal vein of the subject. Advantageously, administration of the recombinant virus
particle into the hepatic portal vein directs the recombinant virus particle to the liver.

As described above, in particular embodiments, the recombinant virus particle infects the
liver (for example, hepatocytes) of the subject following administration, resulting in
expression of the Factor |, or the fragment or derivative thereof, from the liver (for example,
hepatocytes), and secretion of the Factor |, or the fragment or derivative thereof, into the
subject’s bloodstream. In such embodiments, the encoded Factor |, or the fragment or
derivative thereof, may be expressed from a liver-specific promoter.

The Factor |, or a fragment or derivative thereof, secreted into the subject’s bloodstream from
the liver may provide a therapeutic effect in a target tissue or cell located elsewhere in the
body. The Factor |, or a fragment or derivative thereof, secreted into the subject's
bloodstream from the liver may provide a systemic increase in the level of C3b-inactivating
and iC3b-degradation activity in the subject.

AAV-mediated liver-directed gene therapy is discussed in Sands Methods Mol Biol. 2011;
807: 141-157, and Sharland et al., Discovery Medicine, 9(49):518-527, June 2010.For
example, depending on the dose, AAVS8 can transduce up fo 90-95% of hepatocytes in the
mouse liver following intraportal vein injection. Interestingly, comparable levels of
transduction can be achieved following intravenous injection. Direct intraparenchymal
injection of an AAV vector also mediates relatively high-level long-term expression.
Additional specificity can be conferred by using liver-specific promoters in conjunction with
AAVS capsid proteins.

An effective amount of recombinant viral vector (in some embodiments encapsidated by
recombinant virus particles) is administered, depending on the objectives of treatment. For
example, where a low percentage of transduction can achieve the desired therapeutic effect,
then the objective of treatment is generally to meet or exceed this level of transduction. In
some instances, this level of transduction can be achieved by transduction of only about 1 to
5% of the target cells, in some embodiments at least about 20% of the cells of the desired
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tissue type, in some embodiments at least about 50%, in some embodiments at least about
80%, in some embodiments at least about 95%, in some embodiments at least about 99%

of the cells of the desired tissue type.

In some embodiments of the invention, the dose of viral particles administered to the subject
is 1 x 10% to 1 x 10" genome copies/kg of body weight.

in some embodiments of the invention, the total amount of viral particles administered to the
subject is 1 x 10° to 1 x 10"® genome copies.

For embodiments in which the virus particles are administered to the subject, as a guide, the
number of virus particles administered per injection is generally 1 x 10° to 1 x 10" particles,
1x 107 to 1 x 10" particles, 1 x 10° to 1 x 10" particles, or 1 x 10" particles.

The recombinant virus particles may be administered by one or more injections, either during
the same procedure or spaced apart by days, weeks, months, or years. In some
embodiments, multiple vectors may be used to treat the subject.

In some embodiments, at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, or 75%, up to 100% of cells of the target tissue (for example, hepatic cells
of the liver) are transduced. In some embodiments, 5% to 100%, 10% to about 50%, 10% to
30%, 25% to 75%, 25% to 50%, or 30% to 50% of cells of the target tissue (for example,
hepatic cells of the liver) are transduced.

Methods to identify cells transduced by recombinant viral particles comprising a recombinant
virus particle capsid are known in the art. For example, immunohistochemistry or the use of
a marker such as enhanced green fluorescent protein can be used fo detect transduction of

recombinant virus particles.

In some embodiments, the recombinant virus particles are administered (for example by
injection) to one or more locations in the desired tissue (for example, the liver). In some
embodiments, the recombinant virus particles are administered (for example by injection) to
any one of one, two, three, four, five, six, seven, eight, nine, ten or more than ten locations

in the tissue.

in some embodiments, the recombinant virus particles are administered to more than one

location simultaneously or sequentially. In some embodiments, multiple injections of
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recombinant virus particles are no more than one hour, two hours, three hours, four hours,

five hours, six hours, nine hours, twelve hours or 24 hours apart.

The subject may be administered with one or more additional therapeutic agents for treating
complement-mediated disorders. Such agent(s) may be co-administered with the virus
particles, or administered sequentially. The interval between sequential administration can
be in terms of at least (or, alternatively, less than) minutes, hours, or days.

it will be appreciated that the C3b-inactivating and iC3b-degradation activity in the subject
following expression of the Factor I, or fragment or derivative thereof, from the nucleic acid
of the recombinant viral vector may comprise C3b-inactivating and iC3b-degradation activity
from the subject's endogenous Factor | (i.e. the subject’s Factor | not produced by expression
from the recombinant viral vector) and C3b-inactivating and iC3b-degradation activity
produced by expression from the recombinant viral vector, such that the total level of C3b-
inactivating and iC3b-degradation activity in the subject is increased (relative to the level prior

to administration of the vector) or exceeds a normal level.

The level of C3b-inactivating and iC3b-degradation activity in the subject may be the level in
serum of the subject. For a human subject, the normal level of C3b-inactivating and iC3b-
degradation activity is equivalent {o that provided by 30-40ug/mi Factor | in serum of the

subject.

Prior to administration of a recombinant virus particle according to the invention, the subject
may have a normal level of endogenous Factor |. In other embodiments, the subject may
have lower than normal levels of Factor |, for example the Factor | in serum of the subject
may be less than 30ug/mi and greater than Oug/mi.

By way of further example, the level of Factor | in serum of the subject may be less than
25ug/ml and greater than Oug/mi, or less than 20ug/mi and greater than Oug/mi, or less than
15ug/mi and greater than Qug/mi, or less than 10ug/mi and greater than Oug/mi, or less than
5ug/mi and greater than Oug/mi.

In particular embodiments of the invention, the level of C3b-inactivating and iC3b-

degradation activity in the subject is increased to a level that exceeds a normal level.

In particular embodiments of the invention, the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is at least 5%, 10%, 15%, 20%,

or 25% above the normal level.
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In particular embodiments of the invention, the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is up to twice the normal level,
or up o 80%, 60%, 40%, or 20% above the normal level.

For example, the level of C3b-inactivating and iC3b-degradation activity in the subject may
be increased to a level that is 5-100%, 5-80%, 5-60%, 5-40%, 5-20%, 10-100%, 10-80%, 10-
60%, 10-40%, 10-20%, 15-100%, 15-80%, 15-60%, 15-40%, 15-20%, 20-100%, 20-80%,
20-60%, 20-40%, 25-100%, 25-80%, 25-60%, or 25-40% above the normal level.

As described above, the subject may have a level of endogenous Factor | in serum that is
lower than a normal level. Thus, the level of C3b-inactivating and iC3b-degradation activity
in such a subject prior to administration of a recombinant virus particle according to the
invention may be below a normal level. Therapeutic effects may be obtained in such a subject
by increasing the level of C3b-inactivating and iC3b-degradation activity to a level that is
greater than the baseline level of C3b-inactivating and iC3b-degradation activity in the
subject prior to administration of a recombinant virus particle according to the invention.
Optionally, said increased level of C3b-inactivating and iC3b-degradation activity may remain

below a normal level.

Thus, in particular embodiments of the invention, the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is greater than the baseline
level in the subject prior to administration of a recombinant virus particle according to the

invention.

In particular embodiments of the invention, the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is at least 5%, 10%, 15%, 20%,
or 25% above the baseline level in the subject prior to administration of a recombinant virus

particle according {o the invention.

In particular embodiments of the invention, the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is up to twice the baseline level
in the subject prior to administration of a recombinant virus particle according to the invention;
or up to 80%, 60%, 40%, or 20% above the baseline level in the subject prior to administration

of a recombinant virus particle according to the invention.

For example, the level of C3b-inactivating and iC3b-degradation activity in the subject may
be increased to a level that is 5-100%, 5-80%, 5-60%, 5-40%, 5-20%, 10-100%, 10-80%, 10-
60%, 10-40%, 10-20%, 15-100%, 15-80%, 15-60%, 15-40%, 15-20%, 20-100%, 20-80%,
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20-60%, 20-40%, 25-100%, 25-80%, 25-60%, or 25-40% above the baseline level in the

subject prior to administration of a recombinant virus particle according to the invention.

The complement-mediated disorder may be a disorder associated with a defect in alternative
pathway regulation, and in particular with over-activity of the complement C3b feedback

cycle.

The complement-mediated disorder may be a disorder characterised by symptoms that are
ameliorated by increased levels of C3b-inactivating and iC3b-degradation activity in the

subject.

Examples of complement-mediated disorders that may be prevented or treated according to
the invention include age-related macular degeneration (AMD) (particularly early (dry) AMD,
or geographic atrophy), dense deposit disease (DDD), atypical haemolytic uraemic
syndrome (aHUS), C3 glomerulopathies, membranoproliferative glomerulonephritis Type 2
(MPGN2 or MPGN type iI), atherosclerosis, chronic cardiovascular disease, Alzheimer's
disease, systemic vasculitis, paroxysmal nocturnal haemoglobinuria (PNH), and
inflammatory or autoinflammatory diseases of old age.

In one embodiment, the formation of geographic atrophy is prevented or reduced. In another
embodiment, the amount of geographic atrophy is reduced.

C3 glomerulopathies that may be prevented or treated according to the invention include C3
glomerulonephritis and Dense Deposit Disease (also known as membranoproliferative
glomerulonephritis (MPGN) type 11).

Further examples of complement-mediated disorders that may be prevented or treated
according to the invention include membranoproliferative glomerulonephritis type | (MPGN
type 1), membranoproliferative glomerulonephritis type 1l (MPGN type ), Guillain-Barré
syndrome, Henoch-Schonlein  purpura, IgA nephropathy, and membranous
glomerulonephritis. Membranoproliferative glomerulonephritis (MPGN) is also known as

mesangiocapillary glomerulonephritis.

In particular embodiments of the invention, the complement-mediated disorder that is
prevented, treated or ameliorated according to the invention is selected from DDD, aHUS,
C3 glomerulopathies, atherosclerosis, chronic cardiovascular disease, Alzheimer's disease,

systemic vasculitis, PNH, inflammatory or autoinflammatory diseases of old age, MPGN type
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I, MPGN type lli, Guillain-Barré syndrome, Henoch-Schonlein purpura, IgA nephropathy, and

membranous glomerulonephrilis.

In one embodiment, said preventing, treating, or ameliorating a complement-mediated
disorder in a subject in need thereof comprises reducing said subject’s required dose and/or
frequency of administration of a pre-existing treatment regimen, for example reducing said
subject’s required dose and/or frequency of administration of an inhibitor of a complement
pathway component (such as an inhibitor of complement protein C5, for example an anti-C5
antibody) or of an anti-inflammatory agent (such as a steroid).

In particular embodiments of the invention, the complement-mediated disorder that is
prevented or treated according to the invention is not an ocular disorder.

In particular embodiments of the invention, the complement-mediated disorder that is
prevented or treated according to the invention is not a complement-mediated disorder of the

eye.

In particular embodiments of the invention, the complement-mediated disorder that is
prevented or treated according to the invention is not age-related macular degeneration

(AMD) or geographic atrophy.

In particular embodiments of the invention, the complement-mediated disorder that is

prevented or treated according to the invention is not diabetic retinopathy.

The subject may be at risk of developing a complement-mediated disorder. For example, the
subject may be homozygous or heterozygous susceptible for one or more SNPs associated

with the complement-mediated disorder.

In particular embodiments, the subject is at risk of developing AMD. For example, the subject
may be homozygous or heterozygous susceptible for one or more SNPs associated with
AMD. Examples of such SNPs include rs1061170 (encoding Y402H) of Factor H, rs800292
{(encoding V621) of Factor H, rs641153 (encoding R32Q) of Factor B, or rs2230199 (encoding
R102G) of C3, and in particular rs1061170 of Factor H, rs800292 of Factor H, or rs2230199
of C3. Other examples of rare mutations in CF/ associated with advanced AMD, which
commonly result in reduced serum Factor | levels, are described by Kavanagh ef al., Hum
Mol Genet. 2015 Jul 1;24(13):3861-70. They include the following SNPs: rs144082872
{encoding P50A); 4:110687847 (encoding P64L); rs141853578 (encoding G119R); 4:110685721
{encoding V152M); 4:110682846 (encoding G162D); 4:110682801 (encoding N1771); rs146444258
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(encoding A240G); rs182078921 (encoding G287R); rs41278047 {encoding K441R); rs121964913
{encoding R474).

Methods of the invention may further comprise determining whether the subject is af risk of
developing a complement-mediated disorder (for example AMD), for example by determining
whether the subject is homozygous or heterozygous susceptible for one or more SNPs
associated with the complement-mediated disorder (for example, by determining whether the
subject is homozygous or heterozygous susceptible for one or more of the SNPs associated
with AMD listed above).

in the study described in Lay et al. (Clin Exp Immunol 181(2):314-322 Aug 2015), sera from
a large panel of normal subjects were typed for three common polymorphisms, one in C3
(R102G) and two in Factor H (V62! and Y402H) that influence predisposition to AMD and to
some forms of kidney disease. Three groups of sera were tested; those that were
homozygous for the three risk alleles; those that were heterozygous for all three; and those
homozygous for the low risk alleles. These groups vary in their response fo the addition of
exogenous Factor | when the alternative complement pathway is activated by zymosan. Both
the reduction in the maximum amount of iC3b formed and the rate at which the iC3b is
converted to C3dg are affected. For both reactions the at-risk complotype requires higher
doses of Factor | to produce similar down-regulation. Since iC3b reacting with the
complement receptor CR3 is a major mechanism by which complement activation gives rise
to inflammation, the breakdown of iC3b to C3dg can be seen to have major significance for
reducing complement induced inflammation. These findings demonstrate for the first time
that sera from subjects with different complement alieles do behave as predicted in an in-
vitro assay of the down-regulation of the alternative complement pathway by increasing the
concentration of Factor I. These results support the use of exogenous Factor | as a
therapeutic for down-regulating hyperactivity of the C3b feedback cycle and thereby
providing a treatment for AMD and some forms of kidney disease.

In the study reported in Lachmann ef al. (Clinical & Experimental Immunology, Volume 183,
Issue 1, pages 150-156, January 2016), the amounts of Factor | that were needed to convert
the highest risk group (homozygous for three AMD risk alleles, C3 (R102G), Factor H (V621
and Y402H}) to the activity of the least risk group (homozygous for the low risk alleles) was
about 22ug/mi of Factor |, the reduction of the highest risk group to the heterozygous group
{(heterozygous for all three risk alleles) was 12.5ug/ml, and of the heterozygous group to the

least risk group was 5Sug/mi.
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in particular embodiments of the invention, the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is at least 10% above the normal
level if the subject is heterozygous susceptible for one or more SNPs associated with AMD.
In particular embodiments, the SNPs associated with AMD are rs1061170 of Factor H,
rs800292 of Factor H, or rs2230199 of C3.

In particular embodiments of the invention, the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is at least 50% above the normal
level if the subject is homozygous susceptible for one or more SNPs associated with AMD.
In particular embodiments, the SNPs associated with AMD are rs1061170 of Factor H,
rs800292 of Factor H, or rs2230199 of C3.

Methods of the invention may further comprise determining the level of C3b-inactivating and
iC3b-degradation activity in the subject at least one, two, three, four five, or six days, at least
one, two, or three weeks, or at least one, two, thres, four, five, or six months, or at least a
year, following the administration, and repeating the administration if the level of activity is
found to be at, or below the normal level. If the level of activity is found {o have remained
above the normal level for one year since the first administration, subsequent checks may

then be made annually fo confirm that the level of activity continues to remain above normal.

in vivo, complement Factor | (FI} is mainly expressed in the liver by hepatocytes, although it
has also been found to be expressed in vitro in monocytes, fibroblasts, keratinocytes, and
human umbilical vein endothelial cells. Fi is a heterodimer, consisting of a heavy and a light
chain, which are covalently linked by a disulphide bond. Fl is expressed as a single pro-
peptide chain. Post-translationally, the protein undergoss several modifications, including N-
glycosylation in the endoplasmic reticulum and Golgi. Each chain can be glycosylated at
three asparagine residues; these heavy weight glycan sugar molecules make 20-25% of the
apparent protein molecular weight. Additionally, Flis proteolytically cleaved in the trans-Golgi
network by furin (or paired basic amino acid cleaving enzyme, PACE), which cuts out four
positively charged amino acids, namely RRKR. These four amino acids are found at the
interface between the heavy and light chain and form the linker peptide. After their removal,
the pro-enzyme is processed into the enzymatically active, cleaved heterodimeric form.
Although pro-Fi contains 28 paired basic amino acid residues throughout its sequence, furin
recognizes and cleaves only at the Arg-Arg-Lys-Arg site. Fl has an 18-residue N-terminal
leader sequence that is cleaved off before secretion and the mature protein is released into
the blood stream (Nilsson, ef al., Mol. Immunol., 44(8).1835-1844, March 2007).
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Fi consists of several domains (Nilsson ef al., 2011, Mol. Immunol. 48(14):1611-1620). The
heavy chain consists of an N-terminal FI membrane attack complex domain (FIMAC), a
scavenger receplior cysteine-rich domain (SRCR, also known as a CD5 domain), a low-
density lipoprotein receptor 1 and 2 domain, and a small region of unknown homology,
sometimes called the D-region. The light chain of Fl is the enzymatically active domain, which
consists of a chymotrypsin-like serine protease (SP) domain containing the residues that
form the His-Asp-Ser catalytic triad.

It has been suggested that the heavy chain of Factor | binds to the substrate and orients the
SP domain of intact Fl towards the two cleavage sites in C3b, which are cleaved to form
iC3b. In 2011, the crystal structure of Fl was published and shed more light on the
arrangement of the heavy and light chain in the C3b-FH-FI complex (Tsiftsoglou and Sim, J.
immunol., 173(1).367-375, July 2004). It was suggested that the substrate (i.e. the C3b-FH
complex) induces structural remodelling in the active site of Factor |. This is further supported
by the finding that the protease inhibitor diisopropy! fluorophosphate is only able to react with
the active site serine if Fl is pre-incubated with C3b. Superimposition of Fl on the crystal
structure of C3b-FH(1-4) complex shows that apart from the SRCR domain, the heavy chain
is closely packed against C3b and cofactor. This binding abrogates the allosteric inhibitory
effects of the heavy chain and induces remodelling of the SP domain, which then becomes
active and cleaves C3b. The importance of the FIMAC and Fl domain accessibility in proper
Fi function was elegantly demonstrated in a mutagenesis series (Schiott, et al., J. Mol. Biol.,
318(2):533-548, April 2002).

Factor |, or the fragment or derivative thereof, encoded by a recombinant viral vector of the
invention may include the native 18 amino acid residue signal sequence to ensure correct
processing and secretion of the mature Factor |. Alternatively a heterologous signal
sequence (i.e. a signal sequence not encoded by the native gene) may be used, or the signal

sequence may be omitted.

In particular embodiments, the Factor | is human Factor |, for example human Factor | with
an amino acid sequence of SEQ ID NO: 2 (variant 2, with 18-residue N-terminal signal
sequence, NCBI Reference Sequence: NM_000204.4), or SEQ ID NO: 4 (variant 2, without
18-residue N-terminal signal sequence).

in other embodiments, other variants of Factor | may be used, such as human Factor |,
variant 1 (this is a longer isoform, and includes an alternate in-frame exon in the central

cading region compared to variant 2). The sequence of this variant is NCBI Reference
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Sequence: NM_001318057.1, and may be used with or without the 18-aminc acid residue
N-terminal signal sequence.

The fragment or derivative of Factor | may be a polypeptide that retains C3b-inactivating and
iC3b-degradation activity, and has at least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or
99% amino acid sequence identity across its entire length to human Factor | with an amino
acid sequence of SEQ ID NO: 2 or 4. The fragment or derivative may comprise one or more
amino acid additions, deletions, or substitutions, for example one or more conservative

amino acid substitutions.

Conservative amino acid substitutions are likely to have minimal impact on the activity of the
resultant protein. Further information about conservative substitutions can be found, for
instance, in Ben Bassat et al. (J. Bacterial.,, 169:751-757, 1987), O'Regan et al. (Gene,
77:237-251, 1989), Sahin-Toth ef al (Profein Sci, 3:240-247, 1994), Hochuli ef al.
(Bio/Technology, 6:1321-1325, 1988) and in widely used textbooks of genetics and
molecular biology. The Blosum matrices are commonly used for determining the relatedness
of polypeptide sequences. The Blosum matrices were created using a large database of
trusted alignments (the BLOCKS database), in which pairwise sequence alignments related
by less than some threshold percentage identity were counted (Henikoff ef al., Proc. Natl.
Acad. Sci. USA, 89:10915-10919, 1992). A threshold of 90% identity was used for the highly
conserved target frequencies of the BLOSUMS0 matrix. A threshold of 65% identity was used
for the BLOSUMB5 matrix. Scores of zero and above in the Blosum matrices are considered
"conservative substitutions” at the percentage identity selected. The following table shows

exemplary conservative amino acid substitutions:
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Original | Very Highly - Highly Conserved Conserved Substitutions

t Residue | Conserved i Substitutions (from the (from the Blosum65 Matrix)

Substitutions - Blosum90 Matrix) : S

iAla {Ser 14 Gly, Ser, Thr .t Cys, Gly, Ser, Thr, Val

i Arg {Lys - Gln, His, Lys ‘I Asn, Gln, Glu, His, Lys o

1 Asn "Gin; His Asp, Gln, His, Lys, Ser, Thr " { Arg, Asp, Gln, Glu, His, Lys, Ser, Th

tAsp 1Glu Asn, Glu ' "1 Asn, Gin, Glu, Ser o

{ Cys Ser None {Ala _ o
Gln 't Asn i Arg, Asn, Glu, His, Lys, Met_{ Arg, Asn, Asp, Glu, His, Lys, Met, Ser
Glu | Asp Asp, Gin, Lys - Arg, Asn, Asp, Gin, His, Lys, Ser

1 Gly | Pro Ala Ala, Ser_

- His Asn; Gln 1 Arg, Asn, Gln, Tyr {Arg, Asn, Gin, Glu, Tyr

 Jle Leu; Val Leu, Met, Val - Leu, Met, Phe, Val
Leu Tle; Val Ile, Met, Phe, Val fle, Met, Phe, Val

- Lys Arg; Gin: Glu ‘Arg, Asn, Gln, Glu Arg, Asn, Gin, Glu, Ser,
Met - Ley; lle Gin, lle, Leu, Val Gln, lle, Leu, Phe, Val
Phe Met; Leu; Tyr | Leu, Trp, Tyr fle, Leu, Met, Trp, Tyr ‘

- Ser Thr ‘ i Ala, Asn, Thr - Ala, Asn, Asp, Gin, Glu, Gly, Lys, Thr
Thr tSer _Ala, Asn, Ser _ “Ala, Asn, Ser, Val
Trp . Tyr Phe, Tyr Phe, Tyr
Tyr ' Trp; Phe His, Phe, Trp { His, Phe, Trp

1Vl Ye: Leu Iie, Leu, Met Ala, He, Leu, Met, The

The fragment or derivative of Factor | may retain at least 50%, 60%, 70%, 80%, 90%, or
95%, or 100% of the C3b-inactivating and iC3b-degradation activity of native Factor |. The
C3b-inactivating and iC3b-degradation activity of the fragment or derivative of Factor |, and
native Factor |, may be determined using any suitable method known to those of skill in the
art. For example, measurement of Factor | proteolytic activity is described in Hsiung ef al.
(Biochem. J. (1982) 203, 293-298), at page 295, left column. Both haemolytic and
conglutinating assays for Fl activity are described in Lachmann PJ & Hobart MJ (1978)
"Complement Technology” in Handbook of Experimental Immunology 3rd edition Ed DM
Weir Blackwells Scientific Publications Chapter 5A p17. A more detailed description, also
including a proteolytic assay, is given by Harrison RA(1996) in "Weir's Handbook of
Experimental Immunology” 5th Edition Eds; Herzenberg Leonore A'Weir DM, Herzenberg
Leonard A & Blackwell C Blackwells Scientific Publications Chapter 75 36-37. The
conglutinating assay is highly sensitive and can be used for detecting both the first (double)
clip converting fixed C3b to iC3b and acquiring reactivity with conglutinin; and for detecting
the final clip to C3dg by starting with fixed iC3b and looking for the loss of reactivity with
conglutinin. The haemolytic assay is used for the conversion of C3b to iC3b, and the
proteolytic assay detects all the clips.

in some embodiments, the nucleic acid encoding Factor | encodes human Factor | with an

amino acid sequence of SEQ ID NO: 2 (variant 2, with 18-residue N-terminal signal
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sequence, NCBI Reference Sequence: NM_000204.4), or SEQ ID NO: 4 (variant 2, without

18-residue N-terminal signal sequence).

In some embodiments, the nucleic acid encoding human Factor | comprises nucleotide
sequence of SEQ ID NO: 1 (the coding region of the CDS for Factor |, transcript variant 2,
mRNA, from NCBI Reference Sequence: NM_000204.4, with 18-residue N-terminal signal
sequence), or SEQ ID NO: 3 (the coding region of the CDS for Factor |, transcript variant 2,
mRNA, without 18-residue N-terminal signal sequence).

in some embodiments, a codon optimized nucleotide sequence encoding Factor |, or the
fragment or derivative thereof, may be used. Suitable codon optimized sequences may be
generated, for example, using codon optimization software, such as SnapGene.

An example of a codon optimized nucleotide sequence encoding Factor | is SEQ ID NO: 7.
Thus, in some embodiments, the nucleic acid encoding Factor | comprises, or consists of,
the nucleotide sequence of SEQ ID NO: 7.

in some embodiments, the nucleic acid encoding Factor I, or the fragment or derivative
thereof, may comprise nucleic acid that has at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence identity across its entire
length to nucleic acid encoding human Factor | with a nucleotide sequence of SEQ 1D NO: 1

or 3.

“Percent (%) sequence identity” with respect to a reference polypeptide or nucleic acid
sequence is defined herein as the percentage of amino acid residues or nucleotides in a
sequence that are identical with the amino acid residues or nucleotides in the reference
polypeptide or nucleic acid sequence, after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent sequence identity. Alignment for purposes of
determining percent amino acid or nucleic acid sequence identity can be achieved in various
ways that are within the skill in the art, for example, using publicly available computer
software programs, such as those described in Current Protocols in Molecular Biology
(Ausubel et al., eds., 1987), Supp. 30, section 7.7.18, Table 7.7.1, and including BLAST,
BLAST-2, ALIGN or Megalign (DNASTAR) software. An example of an alignment program
is ALIGN Plus (Scientific and Educational Software, Pennsylvania). Those skilled in the art
can determine appropriate parameters for measuring alignment, including any algorithms
needed to achieve maximal alignment over the full length of the sequences being compared.

For purposes herein, the percentage amino acid sequence identity of a given amino acid
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sequence A to, with, or against a given amino acid sequence B (which can alternatively be
phrased as a given amino acid sequence A that has or comprises a certain % amino acid
sequence identity to, with, or against a given amino acid sequence B} is calculated as follows:
100 times the fraction X/Y, where X is the number of amino acid residues scored as identical
matches by the sequence alignment program in that program's alignment of A and B, and
where Y is the total number of amino acid residues in B. it will be appreciated that where the
length of amino acid sequence A is not equal to the length of amino acid sequence B, the
percentage amino acid sequence identity of A to B will not equal the percentage amino acid
sequence identity of B {o A. For purposes herein, the percentage nucleic acid sequence
identity of a given nucleic acid sequence C to, with, or against a given nucleic acid sequence
D {which can alternatively be phrased as a given nucleic acid sequence C that has or
comprises a certain percentage nucleic acid sequence identity to, with, or against a given
nucleic acid sequence D) is calculated as follows: 100 times the fraction W/Z, where W is the
number of nucleotides scored as identical matches by the sequence alignment program in
that program’s alignment of C and D, and where Z is the total number of nucleotides in D. It
will be appreciated that where the length of nucleic acid sequence C is not equal to the length
of nucleic acid sequence D, the percentage nucleic acid sequence identity of C to D will not
equal the percentage nucleic acid sequence identity of D to C.

The subject referred to herein is a mammal. Suitable examples include domesticated animais
(such as cows, sheep, cats, dogs, horses), primates (e.g., humans and non-human primates
such as monkeys), rabbits, and rodents (e.g., mice and rats). in certain embodiments, the

subject is a human.

As used herein, “treat” or “treatment” is an approach for obtaining beneficial or desired clinical
results. For purposes of this invention, beneficial or desired clinical results include alleviation
of symptoms, diminishment of extent of disease, stabilized (e.g., not worsening) state of
disease, preventing spread of disease, delay or slowing of disease progression, amelioration
or palliation of the disease siate, reduction in the required dose and/or frequency of
administration of a pre-existing treatment regimen, and remission (whether partial or total),
whether detectable or undetectable. “Treatment’ can also mean prolonging survival as
compared to expected survival if not receiving treatment. Treatment may be applied for a
sufficient period of time and/or at a sufficient frequency to obtain the beneficial or desired

clinical resulis.

As used herein, “prevent” or “prevention” refers to treatment, wherein an individual is known

or suspected to have or be at risk for having a disorder but has displayed no symptoms or
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minimal symptoms of the disorder. An individual undergoing preventative treatment may be

reated prior to onset of symptoms.

A “therapeutically effective amount” is an amount sufficient to effect beneficial or desired
results, including clinical results (for example, amelioration of symptoms, achievement of
clinical endpoints). A therapeutically effective amount can be administered in one or more
administrations. In terms of a disease state, a therapeutically effective amount is an amount
sufficient to ameliorate, stabilize, or delay development of a disease.

it will be appreciated that a recombinant viral vector of the invention will generally be an
isolated recombinant viral vector, i.e. separated and/or recovered from a component of its
natural environment. Similarly, a recombinant virus particle of the invention will generally be
an isolated recombinant virus particle, i.e. separated and/or recovered from a component of

its natural environment.

There is also provided according to the invention a pharmaceutical composition, which
comprises: a recombinant viral vector of the invention, or a recombinant virus particle of the

invention, and a pharmaceutically acceptable carrier, excipient, or diluent.

A pharmaceutical composition of the invention may be suitable for any appropriate mode of
administration of the composition, for example intravenous administration, or any further

appropriate mode of administration described above.

Pharmaceutical compositions of the invention may be suitable for adminisfration to a human

subject.

There is also provided according to the invention a kit, which comprises: a recombinant viral
vector of the invention, or a recombinant virus particle of the invention, and a

pharmaceutically acceptable carrier, excipient, or diluent.

in some embodiments, a kit of the invention may further comprise instructions for treating a
complement-mediated disorder described herein using any of the methods, vectors, or virus
particles of the invention. A kit of the invention may include a pharmaceutically acceptable
carrier, excipient, or diluent suitable for injection of a subject in need of freatment. A kit of the
invention may further comprise any of the following: a buffer, a filter, a needle, a syringe, and
a package insert with instructions for performing administration into the subject. Suitable
packaging materials may also be included and may be any packaging materials known in the

art, including, for example, vials (such as sealed viais), vessels, ampules, bottles, jars,
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flexible packaging (e.g., sealed Mylar or plastic bags). These packaging materials may
further be sterilized and/or sealed.

A pharmaceutical composition, or a kit of the invention may be packaged in single unit
dosages or in multi-dosage forms. A pharmaceutical composition of the invention, and the
contents of a kit of the invention, are generally formulated as sterile and substantially isotonic

solution.

Pharmaceutically acceptable carriers, excipients, and diluents are relatively inert substances
that facilitate administration of a pharmacologically effective substance and can be supplied
as liquid solutions or suspensions, as emulsions, or as solid forms suitable for dissolution or
suspension in liquid prior to use. For example, an excipient can give form or consistency, or
act as a diluent. Suitable excipients include but are not limited to stabilizing agents, wetting
and emulsifying agents, salts for varying osmolarity, encapsulating agents, pH buffering
substances, and buffers. Such excipients include any pharmaceutical agent suitable for
direct delivery to the subject (for example intravenously, or to the liver) which may be
administered without undue toxicity. Pharmaceutically acceptable excipients include, but are
not limited to, sorbitol, any of the various TWEEN compounds, and liquids such as water,
saline, glycerol and ethanol. Pharmaceutically acceptable salts can be included therein, for
example, mineral acid salts such as hydrochlorides, hydrobromides, phosphates, sulfates,
and the like; and the salts of organic acids such as acetates, propionates, malonates, or
benzoates.

In some embodiments, pharmaceutically acceptable excipients may include
pharmaceutically acceptable carriers. Such pharmaceutically acceptable carriers can be
sterile liquids, such as water and oil, including those of petroleum, animal, vegetable or
synthetic origin, such as peanut oil, soybean oil, mineral oil. Saline solutions and agueous
dextrose, polyethylene glycol (PEG) and glycerol solutions can also be employed as liquid
carriers, particularly for injectable solutions. Additional ingredients may also be used, for
example preservatives, buffers, tonicity agents, antioxidants and stabilizers, non-ionic
wetting or clarifying agents, or viscosity-increasing agents.

A thorough discussion of pharmaceutically acceptable excipients and carriers is available in
Remington’s Pharmaceutical Sciences (Mack Pub. Co., N.J. 1891).

in some embodiments, the viral titre of a pharmaceutical composition of the invention is at
least 5 x 10%%, 6 x 10%, 7 x 10", 8 x 10%2, 9 x 10'2, 10 x 102, 11 x 10"4, 15 x 10", 20 x 102,
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25 x 10", 30 x 10'?, or 50 x 10'? genome copies/mL. In some embodiments, the viral titre of
the composition is 5 x 10'? to 10 x 10, 10 x 10" to 25 x 10", or 25 x 10" o 50 x 102
genome copies/mL. In some embodiments, the viral tifre of the composition is 5 x 10'%to 6 x
102, 6 x 10210 7 x 10", 7 x 102 t0 8 x 10", 8 x 102 10 9 x 10", 9 x 10" to 10 x 102, 10 x
10 to 11 x 10"%, 11 x 10" t0 15 x 10", 15 x 10" to 20 x 10"2, 20 x 10'? to 25 x 102, 25 x
10" to 30 x 102, 30 x 10" to 50 x 102, or 50 x 10" to 100 x 10'? genome copies/mL.

In some embodiments, the viral titre of a pharmaceutical composition of the invention is at
least 5 x 10°, 6 x 10°%, 7 x 10°%, 8 x 10°%, 9 x 108, 10 x 10% 11 x 10°% 15 x 10°, 20 x 10°%, 25 x
10°, 30 x 10%, or 50 x 10° transducing units /mL. In some embodiments, the viral titre of the
composition is 5 x 10°to 10 x 10°, 10 x 10°to 15 x 10°, 15 x 10%t0 25 x 10°, or 25 x 10° to
50 x 10® transducing units /mL. In some embodiments, the viral titre of the composition is 5
x10%to6x10% 6x10%t0 7x 10°% 7x10%°t0 8 x 10°, 8 x 10%to 9 x 10%, 9 x 10° to 10 x 108,
10 x 10°to 11 x 10°, 11 x 10% to 15 x 10°, 15 x 10% to 20 x 10°, 20 x 10° to 25 x 10°, 25 x 10°
to 30 x 10°, 30 x 10° to 50 x 10° or 50 x 10° to 100 x 10° transducing units/mL.

The term “transducing unit” as used in reference o a viral tifre, refers to the number of
infectious recombinant vector particles that result in the production of a functional transgene
product as measured in functional assays, such as described in the Examples in WO
2015/168666, or for example, in Xiao et al. (1997) Exp. Neurobiol., 144:113-124; or in Fisher
et al. (1996) J. Virol.,, 70:520-532 (LFU assay).

In some embodiments, the viral titre of a pharmaceutical composition of the invention is at
least 5 x 10'°, 6 x 109, 7 x 100, 8 x 10", 9 x 10'%, 10 x 10°, 11 x 10", 15 x 100, 20 x 10'°,
25 x 100, 30 x 10, 40 x 109, or 50 x 10" infectious units/mL. In some embodiments, the
viral titre of the composition is at least 5 x 10'% to 10 x 10°, 10 x 10 to 15 x 107, 15 x 1010
to 25 x 109, or 25 x 10" to 50 x 10'0 infectious units/mL. In some embodiments, the viral
titre of the composition is at least 5 x 10"°to 6 x 10"%, 6 x 10'"°to 7 x 10, 7 x 10" to 8 x 107,
8x10"t09x 10", 9x10"t0 10x 100, 10 x 10" to 11 x 10", 11 x 10" to 15 x 10'°, 15 x
10'% to 20 x 10", 20 x 107 to 25 x 10", 25 x 10" to 30 x 10", 30 x 100 to 40 x 10", 40 x
10" to 50 x 100, or 50 x 10'° to 100 x 100 infectious units/mL.

The term “infectious unit” as used in reference {o a viral titre, refers to the number of infectious
and replication-competent recombinant vector particles as measured by the infectious centre
assay, also known as replication centre assay, as described, for example, in McLaughlin et
al. (1988) J. Virol,, 62:1963-1973.
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There is further provided according to the invention a kit for production of rAAV particles,
which comprises: a rAAV vector of the invention, and one or more helper plasmids
comprising nucleic acid encoding AAV replication and capsid proteins, and genes required

for a productive AAV life cycle.

In certain embodiments, a kit of the invention for production of rAAV particles comprises a
first helper plasmid comprising the nucleic acid encoding AAV replication and capsid
proteins, and a second helper plasmid comprising the nucleic acid encoding genes required
for a productive AAV life cycle.

The genes required for a productive AAV life cycle may be adenoviral, herpesvirus, or
baculovirus genes. In particular embodiments, the genes are adenoviral genes, in particular
E1a, E1b, E2a, E4 and VA RNA adenoviral genes.

There is further provided according to the invention a recombinant viral vector of the
invention, a recombinant virus particle of the invention, or a pharmaceutical composition of

the invention, for use as a medicament.

The invention also provides a recombinant viral vector of the invention, a recombinant virus
particle of the invention, or a pharmaceutical composition of the invention, for use in the
treatment of a complement-mediated disorder.

There is also provided according to the invention use of a recombinant viral vector of the
invention, a recombinant virus particle of the invention, or a pharmaceutical composition of
the invention, in the manufacture of a medicament for the treatment of a complement-
mediated disorder.

The complement-mediated disorder may be a disorder associated with a defect in alfernative
pathway regulation, and in particular with over-activity of the complement C3b feedback
cycle.

Examples of complement-mediated disorders that may be prevented or treated according to
the invention include age-related macular degeneration (AMD) (particularly early (dry) AMD,
or geographic atrophy), dense deposit disease (DDD), atypical haemolytic uraemic
syndrome (aHUS), C3 glomerulopathies, membranoproliferative glomerulonephritis Type 2
(MPGNZ2), atherosclerosis, chronic cardiovascular disease, Alzheimer’s disease, paroxysmal
nocturnal haemoglobinuria (PNH), autoinflammatory diseases of old age.
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Further examples of complement-mediated disorders that may be prevented or treated
according to the invention include MPGN type |, MPGN type 1li, Guillain-Barré syndrome,
Henoch-Schonlein purpura, IgA nephropathy, and membranous glomerulonephritis.

Embodiments of the invention are now described, by way of example only, with reference to

the accompanying drawings in which:
Figure 1 shows an outline of the steps of complement activation;
Figure 2 shows the feedback loop of the alternative pathway of vertebrate complement;

Figure 3 shows the proteolysis of C3 during complement activation. C3 consists of the o and
B chain. The p-chain is not modified while the a-chain is cleaved several times: i) C3a is
cleaved off by a C3 convertase and the remainder protein is now called C3b; i) Fl cleavage
at two sites, releasing the C3f peptide (FH as co-factor), it is now called iC3b or C3bi; iii) with
CR1 as co-factor, Fi cleaves again in the 68 kDa fragment of iC3b. While C3c diffuses off.
C3dg stays attached to the cell surface and can be cleaved further by trypsin-like proteases;

Figure 4 shows a schematic representation of AAV gene therapy;

Figure 5 shows an AAV2/8 construct used for over expression of serum levels of Factor 1.
The transgene, here Factor |, is inserted between a promoter and a polyadenylation
recognition site. Flanking on both sides are two inverted terminal repeats (ITR). The capsid
sequence and further adenoviral genes are packed into other plasmids;

Figure 6 shows elevated Factor | levels measured by western blot. Mouse serum was diluted
to 5% and 10ul were separated by SDS PAGE. Fl was detected with an a-Fl antibody (1:500)

that reacts with the heavy chain of mFl. The experiment was performed twice;

Figure 7 shows representative results from an inhibition ELISA. (a) The assay is calibrated
with known concentrations of purified recombinant mFl. Concentrations lower than 0.25ug/m!
give a positive signal. (b) Normal mouse serum {NMS) is positive at concentrations lower
than 0.625%. (c-f) Inhibition ELISA using sera from mice injected with AAV-constructs. Only
one serum sample per group is shown here. The experiment was performed twice in

triplicate;

Figure 8 shows the results of a C3b and iC3b in vitro cleavage assay to measure functional

activity of over-expressed Factor I. Substrate, i.e. C3a’1 chain, is generaied quickly and the
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rate of its breakdown is compared, i.e. generation of C3dg. C3 cleavage was detected with
a-hC3dg (1ug/ml). The experiment was performed twice; and

Figure 9 shows the results of an iC3b deposition assay to test functional activity of over-
expressed Factor . Serum of injected mice was diluted to 25% in alternative pathway
complement fixation buffer and loaded onto an LPS-coated plate. After incubation for 1 hour
at 37°C, bound iC3b was detected with an a-human C3c antibody. Absorption was measured

at 415nm. The experiment was performed twice in duplicate.

Example 1
AAV-expression system

This example describes preparation of a recombinant viral vector encoding murine Factor |
that enables over-expression of Factor | in murine hepatocytes, and preparation of viral

particles (virions) encapsidating the vector.

An adeno-associated virus (AAV) construct was used. It consists of an AAV2 viral backbone
that was pseudotyped with the AAVS capsid protein in order to confer liver tropism. The virus,
therefore, mainly infects the liver, and the Fi transgene is over-expressed at its natural site.
To further suppress exira-hepatic expression of Factor | transgene, an a-1-anti-trypsin (AAT)
promoter with two additional Apok hepatic control regions was used (see Figure 5). All
required genes for virus production are split up between three plasmids that are co-
transfected into a cell line that provides the remaining missing genes for AAV packaging, as
further described below.

AAV (wild type): The 4.7kb genome of wildtype AAV is characterized by two inverted terminal
repeats (ITRs) and two sets of open reading frames (ORFs), which encode the replication
(Rep) and capsid (Cap) proteins. The Rep ORFs encode four proteins (78, 68, 52, and 40
kDa), which function mainly in regulating AAV replication and integration. The Cap ORFs
encode three structural proteins (85kDa (VP1), 72kDa (VP2) and 61kDa (VP3)).
VP1:VP2:VP3 ratios are approximately 1:1:8 or 1:1:10 in the capsid.

Recombinant AAV (rAAV). rAAV used in this example is AAVZ pseudotyped with AAV8
capsid (rAAV2/8) to confer liver tropism. The rAAV2/8 virions are packaged in HEK293 cells
by triple transfection using the three plasmids described below:

1. pAM2AA (ITRs and transgene expression cassette): In this plasmid the 145 bp
inverted terminal repeats (ITRs) from AAV2 flank the transgene cassette. The two ITRs are
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the only cis elements essential for all steps in the AAV life cycle. They function as the origin
of DNA replication, provide packaging and integration signals, and serve as regulatory
elements for WT AAV gene expression. The pAM2AA cassette includes the human g-1-anti-
trypsin (hAAT) promoter with two ApoE enhancers followed by the ¢DNA encoding the
transgene. The 3J-untranslated region (UTR) contains the woodchuck hepatitis post-
transcriptional regulatory element (WPRE) and bovine growth hermone& polyadenylation
signal (BGH polyA). The packaging capacity of WT AAV is approximately 4.7 kb. In pAM2AA,
the regulatory regions fake up = 2390 bp, leaving = 2310bp for insertion transgenss.

2. p5E18VD/8 (AAV helper sequences). The deleted viral coding sequences from
AAVZ, including Rep and Cap genes are present in this plasmid driven by the p5 AAV
promoter. Here, the sequences encoding AAV2 capsid are replaced by sequences encoding
AAVS capsid. There is no homology between vector and helper sequences, reducing the
possibility of generating wild type AAV recombinants.

3. pXX6 (adenoviral helper functions): The adenoviral genes essential for a
productive AAV life cycle are the E1a, E1b, E2a, E4 and VA RNA genes. E1a serves as a
transactivator which upregulates transcription of adenoviral genes as well as the AAV Rep
and Cap genes. E1b interacts with E4 to facilitate transportation of viral mRNAs. E4 is also
involved in facilitating AAV DNA replication. E2a and VA RNA act to enhance the viral mRNA
stability and efficiency of translation especially for the Cap transcripts. pXX6 contfains the
essential adenoviral helper genes but lacks adenovirus structural and replication genes.
Essential helper genes included in pXX6 are E2a, E4 and VA genes. Both E1a and E1b have
been deleted, and the missing E1a and E1b genes are complemented by HEK293 cells.

Preparation of recombinant AAV vector encoding murine Factor L {AAV._mFl)

To enable cloning of Factor | into the pAM2AA expression vector, the restriction sites had to
be changed into compatible enzyme recognition sites (using primer sequences: FI-AAV-F:
5-TCT AGA GGA TCC GCC ACC ATG AAG CTC - 3" (SEQ ID NQ: 8); and FI-AAV-R: 5°-
AAG CTT GGC GGC CGC TCAGACATT GTG TTGC AGA AACAAG AGACCT TC - 3'(SEQ
ID NO:6). The new sequences were attached to the mouse Factor | cDNA via PCR
amplification. After purification of the amplified construct, it was ligated into pAM2AA. The
cDNA of murine complement Factor | was cloned into pAMZ2AA using Xbal and Hindili
restriction sites. Once the vector had been prepared, an AAV_GFP vector was treated the
same way alongside all subsequent virus packaging and purification steps. This ensures that
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no errors occurred since expression of hepatic GFP can easily be tracked visually under a

fluorescence microscope.

Preparation of rAAVZ/8 virions

The pAMZAA vector with cDNA of murine complement Factor | was transformed into SURE2
cells to prevent unwanted recombination events. HEK293 cells were transfected with all three
plasmids using CaP0s. Two days after transfection, cells were harvested and cells were
lysed by repeated freeze-thawing in a dry ice/100% ethanol bath and then stored at -80°C.
AAV virions were purified on a cesium chioride gradient and virus particles were quantified
by real-time PCR.

Example &
fn vivo overexpression of somplement Factor | by an aden
system

o-associated virus delivery

This example describes injection of mice with virions encapsidating the AAV_mFI vector
produced as described in Example 1, determination of plasma levels of Factor | following
injection of the virions, and an assessment of the down-regulation of the alternative

complement pathway in the mice following injection.

iniection . of mice

12 mice were divided into 4 groups, which received different concentrations of AAV _mkFlor

the control virus preparation:

« low mFl = 5x10° virions

s med mFl = 5x10"° virions (=100 % liver transduction in previous experiments)
e high mFi = 5x10" virions

« GFP = 5x10" virions

The mice were injected intravenously into the tail vein. Blood was taken after 4 weeks, and

after 8 weeks the mice were culled and their serum was analysed.
Results

Quantification of elevated Facior | levels
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To quantify Fl levels, a polyclonal custom-made a-mFl antiserum was ordered. In the
meantime, a western blot was performed. Here, a-Fi (Santa Cruz, sc-69465) was used as
detecting antibody to roughly quantify Fi levels. Serum was diluted in sequential steps to
reduce pipetting errors. The relative concentration of Fl was determined as foliows:
AAV_GFP < AAV_Filow < AAV_FI medium < AAV_FI high (see Figure 6).

Once the antiserum arrived, a much more sensitive assay, an inhibition ELISA, was
performed. Serum was pre-incubated with a before-determined concentration of a-mFi-
antiserum and then incubated on a microtiter plate coated with recombinant mF{. Preparation
and binding specificity of the a-mFi-antiserum are described in the Materials and Methods
section below. Only unbound antibodies are able to react with the immobilised antigen on
the plate. Therefore, the assay only gives a positive result if the amount of a-mFl-antibodies
in the antiserum exceeds the mF! present in serum. The assay is calibrated with known

Factor | concentrations.

It was found that antiserum concentrations above 75 yg/mi give a strong positive signal when
the microtiter plate is coated with 1ug mFl per well (not shown). Figure 7 shows
representative results from an inhibition ELISA. The assay gives a positive signal at
concentrations lower than 0.25ug/mi (Figure 7a). Using this calibration, the concentration of
Fi in a serum sample can be determined. First, a normal sample of wild-type mouse was
tested and concentrations lower than 0.625% gave a positive signal (Figure 7b). Knowing
that the threshold of a positive signal in this assay is 0.25ug/mi mF|, the concentration of mFi
in 100% serum can be calculated, i.e. 40 ug/ml. The same calculation was done for each of
the mouse sera injected with the AAV-constructs (Figure 7c-f), and the concentration range
per group was determined (see Table 2).

Group Flagiml,  Faoeasw
ANV _GHP .48 ix
AN _H o LR 1-2x
SAV_H medim K Ix
AAV_F high RPN 2odx

Table 2. Quantification of Factor | after over-expression by an adeno-associated virus

expression system
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Starting from 20-40ug/mi F! in the GFP control group, the concentration is 40-80ug/ml in the
low-, 80ug/mi in the medium-~ and 80-160ug/mi Fi in the high Fl dose. It was concluded that
the serum concentration can be raised up to four times normal levels by AAV gene therapy.

Funclional anatysis of serum with slevated Factor | levels

The serum of the transgenic mice was analysed in a similar manner as the recombinant
Factor {. Since the over-expressed protein will, theoretically, be processed and secreted as
endogenocus Fi, the sera of the mice could be directly compared with each other. After Fi
increase has been confirmed by immunobilotting and by an inhibition ELISA, the functional
activity of the over-expressed enzyme had {0 be confirmed. Therefore, the sera werse
analysed for Fi functional activity by an in vitro C3b cleavage assay, a hemolysis assay and
an iC3b deposition assay.

C3b and iC3b cleavage was measured in an in vifro assay. Human C3 was digested to C3b
with trypsin and incubated with hFH and serum from transgenic mice. After 30 minutes, 1 ug
human C3 was loaded onto a SDS gel and blotted with clone 9. C3b is first cleaved into iC3b
in & quick reaction (the antibody reacts with the C3a’1 chain of iC3b) and then further into
C3dg in a much slower reaction. This second reaction can be speeded up by increased Fi
concentrations. It is shown that human C3b incubated with human Factor H and serum from
the different mouse groups was more efficiently cleaved to C3dg within the incubation period
in the AAV_F! medium and AAV_FIi high group (see Figure 8, lanes 10-14). Mice that have
been injected only with a control plasmid show almost no C3dg band within the incubation

period.

The next step was to show that over-expressed Factor | was also functionally active in whole
serum. For this, a microtiter plate was coated with LPS and C3b/iC3b deposition was
measured after incubation with transgenic mouse serum at 37°C. The results are shown in
Figure 9. As with the recombinant protein, mice injected with AAV_mFI showed less
C3b/iC3b deposition on LPS since their positive feedback loop of the alternative pathway
was interrupted by Factor |. C3b/iC3b deposition was reduced by 11% in the AAV _low Fi, by
38% in the AAV_medium Fl and by 50% in the AAV% high Fi group.

it was concluded that complement Factor | can be over-expressed by gene therapy, using a
viral vector, o levels which cause significant down-regulation of the alternative complement

pathway.

Discussion.
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Gene therapy is a new and exciting therapeutic option for the freatment of various diseases.
it enables in vivo expression of proteins after transfection of the respective cell with a
construct harbouring the DNA sequence of the protein of interest. Theoretically, gene therapy
can be utilised for expression of every protein, although practically, there are usually
limitations, such as for example the length of the sequence. Using gene therapy, missing
proteins can be replaced. However, this always carries a risk of immunogenicity. We have
appreciated that this risk does not occur if concentrations of existing (endogenous) proteins
are raised. In this study we wanted {o elucidate whether complement Factor | can be over-
expressed by gene therapy {0 levels which cause significant down-regulation of the

alternative complement pathway.

We have succeeded in generating a vector for tfransgenic expression of mouse complement
Factor I. The viral expression system used is based on AAV2 and its capsid is derived from
AAVS. Together this AAV2/8 construct mainly results in liver transduction in mice, although
virus particles can be also found in extra-hepatic tissue. To increase liver-specific expression,
the transgene is under the control of the a-1-anti-trypsin promoter with two ApoE hepatic
control regions for high-level and specific expression in hepatocytes. Therefore, transgene
expression should only occur in hepatocytes (although, sometimes there can be very little
transgene expression also in pancreatic tissue, which is a very closely related tissue).

We have demonstrated that over-expression of Fl by the AAV expression system used
clearly has an effect on complement down-regulation and secondly that this effect is titrate-
able and becomes more profound as the vector dose is increased. In order to measure the
total Fl increase, a polyclonal antibody against mouse Factor | was raised in a rabbit, since
commercially available o-Fl antibodies were found unsuitable for measuring mouse Fli
concentrations in an ELISA (they do not react with native Fl but only with the denatured
protein in a western blot). Using this polycional custom-made antibody it was possible to
show that serum concentrations were increased up to four times normal levels, i.e. from 20-

40ug/mi in control mice to 80-160ug/mi Fl in transgenic mice.

Another interesting question is whether transgene expression is further increased in an acute
phase reaction. Since in the construct used, Fl is under the control of the a-1-anti- trypsin
promoter {o-1-anti-trypsin and Fl are both positive acute phase reactants), it can be expected
that transgene expression will also be increased in an acute phase reaction. This could be
tested in a straightforward animal experiment that could be easily performed by injection of
LPS or IL6 into wildtype and transgenic mice and then compare the rate of Fl increase.

Assuming both endogenous and transgenic Fl expression would increase, then this could be
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a solution to reduce the initial virus load during AAV administration but with the option to

increase expression if required.

Factors such as host immunity have prevented the widespread use of AAV in man. Once
exposed to AAV, people develop neutralizing antibodies that block gene delivery. However,
by engineering of the capsid proteins, new variations can be generated that have higher
transduction efficiencies and are not recognised by neutralising antibodies. New approaches
to limit these immune responses are therefore undertaken (Mingozzi, et al., Science
Translational Medicine, 5(194):194ra92-194ra92, July 2013). Recent clinical studies have
shown success of a single infusion of an AAV vector leading to two years of therapeutic
levels of Factor IX in men with severe hemophilia B (Mingozzi and High, Blood, 122(1):23~
36, July 2013), although it should be pointed out that an increase of only 1% of normal FIX
levels, substantially ameliorates the severe bleeding phenotype in hemophilia B patients
(Nathwani, ef al.,, N. Engl. J. Med., 371(21):1994-2004, November 2014). Before, AAV
transgene expression of FIX in skeletal muscle was shown {o persist for 10 years, although
in this case, circulating FIX levels remained subtherapeutic (< 1%) (Buchiis, et al., Biood,
119(13):3038-3041, March 2012).

An increase of Fl by 50% maximal is what is aimed for in human therapy. This is by far
exceeded in mice using the AAV_mFl-construct, and the iC3b deposition assay shows a
reduction of up to 50% less C3b deposition at the high AAV_mFIi dose. Separately, we have
shown that 50% more Fl converts the activity of an high-risk complotype to the activity of a
low-risk complotype (Lay et al., 2015 (supra)). Since both of these complotypes are extremely
rare and the majority of people will be within both extremes, an effect for risk reduction for
the majority of people is only required within the range of 50% F! increase.

Materials and Methods

g-mouse Factor |

This polyclonal antibody is commercially available from Santa Cruz Biotechnology, Inc (# sc-
69465). The antibody was raised in goats against a peptide in the heavy chain of mouse
Factor | and recognizes the heavy chain in reducing and non-reducing western blots or
ELISAs. If still intact, the antibody also recognises the pro-enzyme. Nevertheless, the
antibody is not precipitating because the peptide used for immunisation of is too short.

Normal working concentration 1:500.
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g-mouse Factor | antiserum

This antibody is not commercially available and was ordered from Absea Biotechnology Lid.
in order to get a precipitating antibody to mFI which would allow easy determination of Factor
| levels in a Quchterlony double immunodiffusion assay. A rabbit was immunised with a
peptide fragment (203aa-510aa) of recombinant mouse Factor | that was produced in
bacteria. Once tested, the antibody turned out fo be non-precipitating and therefore, an
inhibition ELISA was developed to measure the levels of Factor | in serum. To get a
multivalent antibody to mouse Factor | that precipitates Fi, Factor | purified from mammalian
cell cuiture was sent to Absea Biotechnology Ltd. but the immunisation period (8 weeks) for
this second a-mouse Factor | antiserum was not completed in time but can be used for future

experiments.

Clone 8 antibody

Clone 9 is a rat a-human C3g antibody that recognises a neo-epitope in C3g that only
becomes accessible if C3 is cleaved to iC3b or C3dg by Factor | {(Lachmann, et al.,
Immunology, 41(3):503-515, November 1980). Under native conditions, clone 9 only reacts
with iC3b or C3dg of human origin, whereas under denaturing conditions it detects the a, o
chain and the 68kDa fragment of human C3 because all these three fragments include its
epitope in C3g. Normal working concentration for detection in a western blot is 0.5ug/mi and
as capture antibody for coating is 1.35ug/ml. The names clone 9 and alpha-hC3g antibody
will be used interchangeably.

Clone 4 is a rat monoclonal anti-C3c antibody that recognizes a conformational epitope in
C3c and reacts with C3, C3b, iC3b and C3c¢ (Lachmann, ef al., Immunology, 41(3):503-515,
November 1980). It therefore does not bind to Cdg or C3g because of the absence of the

epitope in C3c¢. Normal working concentration is 5 ug/ml.
a-human C3¢

This antibody is commercially available from Dako and is used to detect C3b and iC3b
deposition. 1t is used at a concentration of 1:5000 and detected with an a-rabbit secondary

antibody.
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Enzyme-dinked immunosorbent sssay (ELISA)

1C3b deposition assay ~ dlone 9 assay’ Maxisorb Nunc Plates were coated overnight at 4°C

with clone 9 at a concentration of 1.25ug/well in coating buffer. Next day, the plates were
washed 5x with washing buffer (=PBS-0.05% Tween 20) and blocked with 4% Marvel milk
powder in PBS-T for 2 hours at room temperature. The plates were washed 5x and diluted
serum samples (1:2000 in PBS/gelatin) were added to each well (preparation of serum
samples is described below). After a 1 hour incubation, the plate was washed and incubated
for 1 hour with biotinylated clone 4 at a concentration of 5 y g/m! in PBS/gelatin. The plates
were washed 5x and incubated with 1:1000 Extravidin-HRP in PBS/gelatin. Finally, after
extensive washing, 100ul TMB substrate (Invitrogen) were added and plates were incubated
on a plate shaker for 30 minutes. The reaction was stopped with 50ul H2S04 and the plates
were read on a Microplate reader (450nm).

C3b deposition assay Maxisorb Nunc Plates were coated overnight with mannan (Sigma,

mannan from Saccharomyces cerevisiae) or lipopolysaccharide (Sigma) 1ug/weli at 4°C in
coating buffer. On the next day, the plates were washed in TBS-0.05% Tween-20 and
blocked with 1%BSA in TBS-T at room temperature. After 2 hours, the plates were washed
and incubated with serial dilutions of recombinant proteins and/or sera. After a 1 hour
incubation at 37°C, plates were washed with TBS-T and incubated for 1 hour with polycional
rabbit a-human C3c complement (Dako)}, used 1:5000 in TBS-T. After extensive washing, o-
rabbit IgG (whole molecule)-alkaline phosphatase (produced in goat, Sigma) 1:5000 in TBS-
T was added for 1 hour. The plates were washed 4x with TBS-T and the assay was
developed using Fast p-Nitrophenyl Phosphate Tablets (Sigma) and measured (405nm).
Alternatively, the assay development was stopped by addition of 3 M NaOH and read

afterwards.

Inhibition ELISA In an inhibition ELISA, microtiter plates are coated with antigen and, after

blocking, the concentration of antiserum is determined that gives a sitrong signal when
detected with the secondary antibody. This concentration is then used in the inhibition assay
and mixed with serial dilutions of a sample with an unknown antigen concentration. At the
same time, a dilution series of a known antigen concentration is prepared. During this pre-
incubation step, immune complexes form and when the mix is loaded on the coated microtiter
plate, only samples in which the concentration of antigen does not exceed the amount of
specific antibody give a positive signal. If there is excess antigen, no free antibodies are
available that can bind to the immobilised antigen on the microtiter plate. Therefore, a positive

result in an inhibition assay shows the dilution of sample in which the amount of free antigen
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is limiting and by comparison with the standard dilutions of known antigen concentrations,

the unknown conceniration can be determined.

For determination of the concentration of mouse Factor | in a serum sample, Maxisorb Nunc
Plates were coated overnight at 4°C with purified recombinant mouse Factor | (1ug/well) in
coating buffer. Next day, plates were blocked with 1% BSA in TBS-T for 2 hours at room
temperature. During this incubation, dilutions of mouse serum (5% down- wards) or purified
mouse Factor | (2ug/ml downwards) were prepared in 1% BSA/150mM NaCl. Next the
dilutions were mixed 1:1 with the determined concentrations of purified and bictinylated a-
mFl IgGs, i.e. 150ug/ml. The samples were incubated at room temperature for 1 hour on a
plate shaker and then loaded onto the coated plate. After one hour incubation, the plate was
extensively washed and bound biotinylated a-Factor | antibody was detected with Extravidin-
alkaline phosphatase at a concentration of 1:5000. The plates were washed 4x with TBS-T
and the assay was developed using Fast p-Nitrophenyl Phosphate Tablets (Sigma) and
measured (405nm).

Western blot

Western blot analysis was performed fo detect specific proteins or to confirm their presence
in a sample. First, gel electrophoresis was performed fo separate the proteins according on
their size. The protein samples were boiled up in 4x loading buffer to denature them; B -
Mercaptoethanol was added if reduced protein was required for analysis. SDS gel
electrophoresis was performed on a 4-12% bis-tris protein gel (Invitrogen) for 50 minutes at
200 V. After separating the proteins, a wet transfer was performed to transfer the separated
proteins onto a PVDF membrane where target proteins can detected with specific antibodies.

The blot was assembled by stacking in transfer buffer-equilibrated blotting paper, gel and
membrane (first activated with MeOH) into a transfer cassstte. The transfer was performed
for 1 hour at 350mA, 60W.

Next, the membrane was blocked for 30 minutes on a rotator in blocking buffer. Primary and
secondary antibody were both incubated for 1 hour rolling, in between which the membrane
was washed 3x 5 minutes in wash buffer. The last washes were done in TBS-T, pH 8,
because both used substrates gave stronger signals when the last washes have been in
slightly alkaline pH. Depending on the conjugate of the secondary antibody, different
substrates were used: proteins were detected chromogenically by addition of 3 ml of TMB or
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AP substrate (Life Technologies) or, in case of peroxidase conjugated antibodies were also
detected chemiluminescently after addition of ECL reagent.

Serum preparation was performed as described in (Lachmann, J. Immunol. Methods, 352(1-
2):195-197, January 2010). Blood was taken under sterile conditions and left to clot at room
temperature. The initial centrifugation is usually carried out in a bench centrifuge at about
3.000xg for about 5-10 minutes at room temperature. The serum is taken and a second, high
speed, centrifugation at; 20.000 xg for 2-5 minutes is carried out. This step is essential to
remove all fragments of RBCs that can later distort the resuits. The serum removed from this
second centrifugation can then be chilled, aliquoted and frozen for future experiment. it
should be noted that serum used for functional assays should never be stored at
temperatures above -80°C. Repeated freeze/thawing should be avoided by preparation of

aliquots.

in vitro assavs

Furin diqest of pro-Factor | Both, Hek and CHO cells, were secreting only partially processed

mFl and the majority was the inactive pro-enzyme of Factor |. In order to get active Factor |,
the purified pro-enzyme was digested with the protease furin. In brief, purified mFl was
dialysed against TBS and then adjusted to 10mM CaCi2. 1 unit of furin was added per 25ug
mFl. The reaction was carried out overnight at 30°C. On the next day, Factor | was used

immediately or aliquoted and stored at -80°C.

C:3b cleavage assay In a C3b cleavage assay, C3b was first prepared by limited tryptic digest
as described in {(Bokisch, ef al., J. Exp. Med., 129(5).1109-1130, May 1969). In brief, 2ul
human C3 were incubated with 0.8yl trypsin {10ug/mi) for exactly 60 seconds at 20°C. The

reaction was stopped by addition of 2.4 yl soy-bean trypsin inhibitor (10 pg/mi). This limited
digest results in generation of C3b of C3 by cleaving off C3a. Next, C3b was mixed with
various amounts of murine Factor | or human Factor | and 2 yl human Factor H and the
reaction volume was completed to 10ul with TBS. Alternatively, murine serum was added as
a source of Factor |. The reaction was carried out for 30-60 minutes at 37°C and then stopped
by addition of reducing 4x loading buffer and boiling. The samples were either analysed by

western blot or stored at 4°C.

iC3b, a time course assay was developed. For this, serum was thawed rapidly at 37°C,
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vortexed briefly, and then placed on ice. The serum was then mixed with recombinant human
or mouse Factor |, and then zymosan was added to a final concentration of 5%. Alternative
pathway buffer was used as buffer in this assay. Once prepared, the mixture was rotated in
a 37°C incubator and at selected time points 40ul of each sample were removed into 10ul of
50mM EDTA. The sampling times were: 0, 30, 60, 120, 180, 240, 480, 600 and 1440 minutes.
At each time point the samples were microfuged to remove the zymosan and frozen at -80°C
until tested by ELISA. Alternatively, the assay was also done with LPS as complement
activating reagent which was the advantage that it is soluble.

All references, including publications, patents, and patent applications, cited herein are
hereby incorporated by reference {o the same extent as if each reference were individually
and specifically indicated to be incorporated by reference and were set forth in its entirety
herein. The references discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that
any reference affects the novelty or non-obviousness of the embodiments described herein.
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Claims

1. Use of a recombinant adeno-associated virus (rAAV) particle encapsidating a rAAV vector
comprising nucleic acid encoding Factor I, or a fragment or derivative thereof that retains C3b-
inactivating and iC3b-degradation activity in the manufacture of a medicament for preventing,
treating, or ameliorating a complement-mediated disorder in a subject in need thereof, wherein the
use comprises that the medicament is to be administered intravenously to the subject such that a
therapeutically effective amount of the encoded Factor |, or the fragment or derivative thereof, is
expressed from the nucleic acid in the subject, thereby increasing the level of C3b-inactivating and
iC3b-degradation activity in the subject, wherein the complement-mediated disorder is a disorder
associated with over-activity of the complement C3b feedback cycle, and wherein the rAAV particle
is pseudotyped to confer liver tropism, wherein the fragment or derivative of Factor | is a polypeptide
that has at least 90% amino acid identity across its entire length to human Factor | with an amino
acid sequence of SEQ ID NO: 2 or 4.

2. The use according to claim 1, wherein the level of C3b-inactivating and iC3b-degradation
activity in the subject is increased to a level that exceeds a normal level, wherein the normal level of
C3b-inactivating and iC3b-degradation activity in the subject is equivalent to that provided by 30-

40ug/ml Factor | in serum of the subject.

3. The use according to claim 1 or claim 2, wherein the rAAV particle infects the liver of the
subject following administration, resulting in expression of the Factor I, or the fragment or derivative
thereof, from the liver.

4, The use according to any preceding claim, wherein the rAAV particle comprises one or two
AAV2 ITRs, or derivatives thereof wherein each derivative AAV2 ITR comprises nucleotide
sequence that is at least 90%, 95%, 96%, 97%, 98%, or 99% identical over its entire length with the
nucleotide sequence of a naturally occurring AAV2 ITR, and wherein the rAAV particle is
pseudotyped with AAV8 capsid protein (rAAV2/8), or pseudotyped with AAV9 capsid protein
(rAAV2/9), or a derivative thereof comprising amino acid sequence that is at least 90%, 95%, 96%,
97%, 98%, or 99% identical over its entire length to the amino acid sequence of a naturally
occurring AAV8 or AAV9 capsid protein.

5. The use according to any of claims 1 to 3, wherein the viral particle is pseudotyped with a
MutC capsid protein, or a capsid protein having at least 90%, 95%, 96%, 97%, 98%, or 99% amino
acid identity along its entire length to the amino acid sequence of SEQ ID NO: 11; or wherein the
viral particle is pseudotyped with a LKO3 capsid protein, or a capsid protein having at least 90%,
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95%, 96%, 97%, 98%, or 99% amino acid identity along its entire length to the amino acid sequence
of SEQ ID NO: 12.

6. The use according to any preceding claim, wherein the encoded Factor |, or the fragment or
derivative thereof, is expressed from a liver-specific promoter, such as a human alpha-1-anti-trypsin
(hAAT) promoter.

7. The use according to any preceding claim, wherein the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is up to twice the normal level, wherein
the normal level of C3b-inactivating and iC3b-degradation activity in the subject is equivalent to that

provided by 30-40ug/ml Factor | in serum of the subject.

8. The use according to any preceding claim, wherein the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is up to 80%, or up to 60%, above the
normal level, wherein the normal level of C3b-inactivating and iC3b-degradation activity in the
subject is equivalent to that provided by 30-40ug/ml Factor | in serum of the subject.

9. The use according to any preceding claim, wherein the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is up to 40%, or up to 20% above the
normal level, wherein the normal level of C3b-inactivating and iC3b-degradation activity in the

subject is equivalent to that provided by 30-40ug/ml Factor | in serum of the subject.

10. The use according to any preceding claim, wherein the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is at least 5%, 10%, 15%, 20%, or 25%
above the normal level, wherein the normal level of C3b-inactivating and iC3b-degradation activity

in the subject is equivalent to that provided by 30-40ug/ml Factor | in serum of the subject.

11. The use according to any preceding claim, wherein the level of C3b-inactivating and iC3b-
degradation activity in the subject is the level in serum of the subject.

12. The use according to any preceding claim, wherein the complement-mediated disorder is
age-related macular degeneration (AMD) (particularly early (dry) AMD, or geographic atrophy),
dense deposit disease (DDD), atypical haemolytic uraemic syndrome (aHUS), C3 glomerulopathies,
membranoproliferative glomerulonephritis Type 2 (MPGN2), atherosclerosis, chronic cardiovascular
disease, Alzheimer’s disease, systemic vasculitis, paroxysmal nocturnal haemoglobinuria (PNH),
membranoproliferative  glomerulonephritis type | (MPGN type 1), membranoproliferative
glomerulonephritis type lll (MPGN type Ill), Guillain-Barré syndrome, Henoch-Schonlein purpura,
IgA nephropathy, or membranous glomerulonephritis.
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13. The use according to claim 12, wherein the subject is at risk of developing AMD.

14. The use according to claim 13, wherein the subject is homozygous or heterozygous
susceptible for one or more SNPs associated with AMD.

15. The use according to claim 13 or 14, which further comprises determining whether the

subject is at risk of developing AMD.

16. The use according to claim 15, wherein it is determined whether the subject is at risk of
developing AMD by determining whether the subject is homozygous or heterozygous susceptible for
one or more SNPs associated with AMD.

17.  The use according to claim 14 or 16, wherein the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is at least 10% above the normal level
if the subject is heterozygous susceptible for one or more SNPs associated with AMD, wherein the
normal level of C3b-inactivating and iC3b-degradation activity in the subject is equivalent to that
provided by 30-40ug/ml Factor | in serum of the subject.

18.  The use according to claim 14 or 16, wherein the level of C3b-inactivating and iC3b-
degradation activity in the subject is increased to a level that is at least 50% above the normal level
if the subject is homozygous susceptible for one or more SNPs associated with AMD, wherein the
normal level of C3b-inactivating and iC3b-degradation activity in the subject is equivalent to that

provided by 30-40ug/ml Factor | in serum of the subject.

19. The use according to any preceding claim, which further comprises determining the level of
C3b-inactivating and iC3b-degradation activity in the subject at least a week after the administration,
and repeating the administration if the level of activity is found to be at, or below the normal level,
wherein the normal level of C3b-inactivating and iC3b-degradation activity in the subject is

equivalent to that provided by 30-40ug/ml Factor | in serum of the subject.

20. The use according to any preceding claim, wherein the Factor | is human Factor | with an
amino acid sequence of SEQ ID NO: 2 or 4.

21. The use according to any preceding claim, wherein the fragment or derivative of Factor | is a
polypeptide that has at least 95%, 96%, 97%, 98%, or 99% amino acid identity across its entire
length to human Factor | with an amino acid sequence of SEQ ID NO: 2 or 4.

22. The use according to any preceding claim, wherein the subject is a human subject.



10

15

20

25

30

71

23. A recombinant adeno-associated virus (rAAV) vector which comprises nucleic acid encoding
Factor I, or a fragment or derivative thereof that retains C3b-inactivating and iC3b-degradation
activity, wherein the nucleic acid encoding Factor |, or the fragment or derivative thereof, is operably
linked to a liver-specific promoter, wherein the fragment or derivative of Factor | is a polypeptide that
has at least 90% amino acid identity across its entire length to human Factor | with an amino acid
sequence of SEQ ID NO: 2 or 4.

24. A rAAV vector according to claim 23, wherein the liver-specific promoter is a human alpha-1-
anti-trypsin (hAAT) promoter.

25. A rAAV vector according to claim 23 or claim 24, which comprises an expression cassette
flanked by AAV inverted terminal repeats (ITRs), wherein the expression cassette comprises the
nucleic acid encoding Factor |, or the fragment or derivative thereof, operably linked to the liver

specific promoter and a polyadenylation recognition site.

26. A rAAV vector according to claim 25, wherein the ITRs are AAV2 ITRs, or derivatives
thereof, wherein each derivative AAV2 ITR comprises nucleotide sequence that is at least 90%,
95%, 96%, 97%, 98%, or 99% identical over its entire length with the nucleotide sequence of a
naturally occurring AAV2 ITR.

27. A rAAV vector according to any of claims 23 to 26, wherein the fragment or derivative of
Factor | is a polypeptide that has at least 95%, 96%, 97%, 98%, or 99% amino acid identity across
its entire length to human Factor | with an amino acid sequence of SEQ ID NO: 2 or 4.

28. A rAAV particle, which comprises a viral capsid encapsidating a rAAV vector according to
any of claims 23 to 27.

29. A rAAV particle according to claim 28 which is capable of transducing liver cells, particularly
hepatocytes.

30. A rAAV particle according to claim 28 or claim 29, wherein the rAAV particle is pseudotyped

to confer liver tropism.

31. A rAAV particle according to claim 30, wherein the rAAV particle is pseudotyped with a MutC
capsid protein, or a capsid protein having at least 90%, 95%, 96%, 97%, 98%, or 99% amino acid
identity along its entire length to the amino acid sequence of SEQ ID NO: 11; or wherein the rAAV
particle is pseudotyped with a LKO3 capsid protein, or a capsid protein having at least 90%, 95%,
96%, 97%, 98%, or 99% amino acid identity along its entire length to the amino acid sequence of
SEQ ID NO: 12.
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32. A rAAV particle according to claim 30, wherein the rAAV particle comprises AAV8 or AAV9
capsid protein, or a derivative thereof comprising amino acid sequence that is at least 90%, 95%,
96%, 97%, 98%, or 99% identical over its entire length to the amino acid sequence of a naturally
occurring AAV8 or AAV9 capsid protein.

33. A rAAV particle according to claim 32, wherein the rAAV particle comprises one or two AAV2
ITRs, or derivatives thereof wherein each derivative AAV2 ITR comprises nucleotide sequence that
is at least 90%, 95%, 96%, 97%, 98%, or 99% identical over its entire length with the nucleotide
sequence of a naturally occurring AAV2 ITR.

34. A pharmaceutical composition, which comprises: a rAAV vector according to any of claims
23 to 27, or a rAAV particle according to any of claims 28 to 33; and a pharmaceutically acceptable

carrier, excipient, or diluent.

35. A pharmaceutical composition according to claim 34, which is suitable for intravenous

administration.

36. A pharmaceutical composition, which comprises a rAAV particle according to any of claims
30 to 33 and a pharmaceutically acceptable carrier, excipient, or diluent.

37. A kit, which comprises: a rAAV vector according to any of claims 23 to 27, or a rAAV particle
according to any of claims 28 to 33; and a pharmaceutically acceptable carrier, excipient, or diluent.

38. A kit for production of rAAV particles, which comprises: a rAAV vector according to any of
claims 23 to 27; and one or more helper plasmids comprising nucleic acid encoding AAV replication
and capsid proteins, and genes required for a productive AAV life cycle.

39. A kit according to claim 38, which comprises a first helper plasmid comprising the nucleic
acid encoding AAV replication and capsid proteins, and a second helper plasmid comprising the
nucleic acid encoding genes required for a productive AAV life cycle.

40. A rAAV particle according to any of claims 30 to 33, or a pharmaceutical composition

according to claim 36, for use as a medicament.

41. A rAAV particle according to any of claims 30 to 33, or a pharmaceutical composition
according to claim 36, for use in the treatment of a complement-mediated disorder, wherein the
complement-mediated disorder is a disorder associated with over-activity of the complement C3b
feedback cycle.
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42, Use of a rAAV particle according to any of claims 30 to 33, or a pharmaceutical composition
according to claim 36, in the manufacture of a medicament for the treatment of a complement-
mediated disorder, wherein the complement-mediated disorder is a disorder associated with over-
activity of the complement C3b feedback cycle.

43. A rAAV particle or a pharmaceutical composition for use according to claim 41, or use
according to claim 42, wherein the complement-mediated disorder is age-related macular
degeneration (AMD) (particularly early (dry) AMD, or geographic atrophy), dense deposit disease
(DDD), atypical haemolytic uraemic syndrome (aHUS), C3 glomerulopathies, membranoproliferative
glomerulonephritis Type 2 (MPGN2), atherosclerosis, chronic cardiovascular disease, Alzheimer's
disease, systemic vasculitis, paroxysmal nocturnal haemoglobinuria (PNH), membranoproliferative
glomerulonephritis type | (MPGN type I), membranoproliferative glomerulonephritis type Ill (MPGN
type Ill), Guillain-Barré syndrome, Henoch-Schonlein purpura, IgA nephropathy, or membranous
glomerulonephritis.

44. A rAAV particle, or a pharmaceutical composition for use according to claim 41, or use
according to claim 42, wherein the complement-mediated disorder is age-related macular
degeneration (AMD).



