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FIELD OF THE INVENTION

The present invention relates to agents for use in gene therapy. In particular, the invention

relates to polynucleotides encoding Complement Factor I (CFI) or Complement Factor H-like

Protein 1 (FHL1), vectors comprising said polynucleotides, and their uses in the treatment or

prevention of complement-mediated and complement-associated disorders, including eye

diseases, such as age-related macular degeneration (AMD).

BACKGROUND TO THE INVENTION

The macula is a small area in the retina of the eye, approximately 3 to 5 millimetres in size,

10 adjacent to the optic nerve. It is the most sensitive area of the retina and contains the fovea,

a depressed region that allows for high visual acuity and contains a dense concentration of

cones, the photoreceptors that are responsible for colour vision.

Age-related macular degeneration (AMD) is the most common cause of functional blindness

in developed countries for persons over 50 years of age (Seddon, J.M., Epidemiology of

15 age-related macular degeneration. In: Ogden, T.E., et al., eds. Ryan S.J., ed-in-chief. Retina

Vol II. 3rd ed. St. Louis, Mo.: Mosby; 2001: 1039-1050). AMD is associated with

neovascularisation originating from the choroidal vasculature and extending into the

subretinal space. In addition, AMD is characterised by progressive degeneration of the

retina, retinal pigment epithelium (RPE), and underlying choroid (the highly vascular tissue

20 that lies beneath the RPE, between the retina and the sclera).

A variety of factors including oxidative stress, inflammation with a possible autoimmune

component, genetic background (e.g. mutations), and environmental or behavioural factors

such as smoking and diet may contribute to the pathogenesis of AMD.

The clinical of AMD is characterised inprogression stages according to changes in the

25 macula. The hallmark of early AMD is the appearance of drusen, which are accumulations of

extracellular debris underneath the retina and appear as yellow spots in the retina during

clinical examination and on fundus photographs. Drusen are categorised by size as small

(<63 µm), medium (63-124 µm) and large (>124 µm). They are also considered as hard or

soft depending on the appearance of their margins on ophthalmological examination. While

30 hard drusen have clearly defined margins, soft drusen have less defined, fluid margins. The

Age-related Eye Disease Study (AREDS) fundus photographic severity scale is one of the

main classification systems used for this condition.
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AMD has been classified into "dry" and "wet" (exudative or neovascular) forms. Dry AMD is

more common than wet AMD, but the dry form can progress to the wet form, and the two

occur simultaneously in a significant number of cases. Dry AMD is typically characterised by

progressive apoptosis of cells in the RPE layer, overlying photoreceptor cells, and frequently

also the underlying cells in the choroidal capillary layer. Confluent areas of RPE cell death

accompanied by overlying photoreceptor atrophy are referred to as geographic atrophy.

Patients with this form of AMD experience a slow and progressive deterioration in central

vision.

Wet AMD is characterised by bleeding and/or leakage of fluid from abnormal vessels that

have grown from the choroidal vessels (choriocapillaris) beneath the RPE and the macula,

which can be responsible for sudden and disabling loss of vision. It has been estimated that

much of the vision loss that patients experience is due to such choroidal neovascularisation

(CNV) and its secondary complications. A subtype of neovascular AMD is termed retinal

angiomatous proliferation (RAP). Here, angiomatous proliferation originates from the retina

and extends posteriorly into the subretinal space, eventually communicating in some cases

with choroidal new vessels.

The complement system (CS) has been implicated in early AMD pathogenesis based on the

identification of CS components in drusen from eyes of AMD patients. In AMD, at least 129

types of drusen-deposited proteins have been identified, including different apolipoprotein

types (E, B or A-I), several amyloid peptides (P, Aß or SA-1), TIMP-3, serum albumin, and

certain proteins associated with cellular function (e.g. ATP synthase ẞ subunit, scavenger

receptor B2 and retinol dehydrogenase). AMD-derived drusen also contain almost all of the

complement proteins, including regulatory proteins (CFH, complement receptor 1 (CR1),

vitronectin and clusterin), the products of CS activation and degradation (C1q, C3, C3a, C3b

and C5a), and members of the terminal CS pathway comprising the MAC components (i.e.

5, 6, 8 (a, ẞ and y) and 9) in the separated and complex form. Accumulating drusen may

activate the CS, trigger the local production of inflammatory mediators, and attract

leukocytes that in turn augment the local inflammatory state present in AMD.

Current treatment options for AMD include photodynamic therapy with benzoporphyrin (Arch

30 Ophthalmol (1999) 117: 1329-1345) and a number of therapies which target the Vascular

Endothelial Growth Factor (VEGF) pathway. Examples of such VEGF-targeted therapies

include the aptamer pegaptanib (N Engl J Med (2004) 351: 2805-2816) and antibodies such

as ranibizumab (N Engl J Med (2006) 355: 1432-1444) and bevacizumab (BMJ (2010) 340:

c2459). However, not all patients respond to treatment with an anti-VEGF antibody and

35 either do not recover vision or progress to registered blindness.
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A therapy for the treatment of geographic atrophy has been developed and was used in a

phase III clinical study. Lampalizumab is a humanised monoclonal inhibitory antibody to

Complement Factor D, administered by intravitreal injection to stop the rate of progression of

geographic atrophy. However, in the Phase III randomised clinical trial, involving 906

participants, Lampalizumab failed to reduce GA enlargement when compared with sham

over 48 weeks.

Accordingly, there is a significant need in the art for new approaches to treat eye diseases,

such as AMD.

Due to the ubiquitous nature of the complement system, overactive or improperly-functioning

10 complement system has been implicated in the pathology of many chronic inflammatory

conditions for which treatment options either do not exist or require management of

symptoms via regular interventions over a period of years. There is, therefore, a general

need to develop gene therapy treatments that provide new or alternative treatments for

complement-mediated and complement-associated disorders, particularly chronic

15 inflammatory conditions and even more particularly those which are associated with

overactivity of the complement C3b feedback cycle (Figure 1).

20

SUMMARY OF THE INVENTION

The applicant has identified codon optimised sequences of Complement Factor I (CFI) and

Complement Factor H-like Protein 1 (FHL1), which provide for substantially increased

expression of the encoded CFI and FHL1 proteins compared to the wild type sequences.

The improved CFI- and FHL1-encoding sequences developed by the applicant enable higher

doses of the respective proteins to be delivered to a patient without increasing the amount of

vector that is administered. The invention therefore provides improvements in terms of

manufacturing output (i.e. protein delivery can be achieved with lower amounts of vector that

25 is produced), efficacy of the medicament and also safety. In particular, as a higher encoded

protein dose may be achieved with delivery of the same amount (e.g. volume) of vector, the

risk of damage to the tissue to which vector is administered is reduced. For example, when a

vector is delivered to the eye by subretinal injection, the risk of damage to or detachment of

the retina caused by injection of larger volumes of medicament is reduced. In addition, the

30 risk of off-target effects that arise through spread of larger volumes of medicament to

adjacent tissues is reduced. Furthermore, the use of the claimed nucleotide sequences in

gene therapy, has the potential to deliver a treatment in a single dose, allowing for long-term,

stable expression of protein, and avoiding the need for monthly or regular injections. The

nucleotide sequences and compositions of the invention have the additional advantage,
3
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therefore, that they have the potential to provide a one-time or "single-shot" therapy that

avoids repeated or regular surgical interventions.

In one aspect, the invention provides an isolated polynucleotide comprising a nucleotide

sequence encoding Complement Factor I (CFI), wherein the nucleotide sequence has at

least 85% sequence identity to SEQ ID NO: 10.

In some embodiments, the nucleotide sequence encoding CFI has at least 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity to SEQ ID NO: 10.

In preferred embodiments, the nucleotide sequence encoding CFI is SEQ ID NO: 10.

In another aspect, the invention provides an isolated polynucleotide comprising a nucleotide

sequence encoding Complement Factor H-like Protein 1 (FHL1), wherein the nucleotide

sequence has at least 75% sequence identity to SEQ ID NO: 12.

In some embodiments, the nucleotide sequence encoding FHL1 has at least 80%, 85%,

86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity to

SEQ ID NO: 12.

In preferred embodiments, the nucleotide sequence encoding FHL1 is SEQ ID NO: 12.

In some embodiments, the polynucleotide comprises one or more adeno-associated virus

(AAV) inverted terminal repeats (ITRs). In preferred embodiments, the polynucleotide

comprises an AAV ITR at its 5' end and an AAV ITR at its 3' end.

In some embodiments, the AAV ITRs are AAV2 or AAV8 ITRs. In preferred embodiments,

the AAV ITRs are AAV2 1ITRs.

In another aspect, the invention provides a vector comprising the polynucleotide of the

invention.

In some embodiments, the vector is an adeno-associated viral (AAV), retroviral, lentiviral or

adenoviral vector.

25 In preferred embodiments, the vector is an AAV vector.

In some embodiments, the vector is in the form of a viral vector particle.

In some embodiments, the AAV vector particle comprises an AAV2 or AAV8 genome.

In some embodiments, the AAV vector particle comprises AAV2 or AAV8 capsid proteins.
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In some embodiments, the AAV vector particle comprises an AAV2 genome and AAV2

capsid proteins (AAV2/2). In other embodiments, the AAV vector particle comprises an

AAV2 genome and AAV8 capsid proteins (AAV2/8). In other embodiments, the AAV vector

particle comprises an AAV8 genome and AAV8 capsid proteins (AAV8/8).

5 In some embodiments, the nucleotide sequence encoding the CFI is operably linked to a

CMV promoter. In some embodiments, the nucleotide sequence encoding the CFI is

operably linked to a regulatory element, such as a WPRE regulatory element. In preferred

embodiments, the WPRE regulatory element is a WPRE3 regulatory element. In some

embodiments, the nucleotide sequence encoding the CFI is operably linked to a

polyadenylation (poly-A) signal, such as a Bovine Growth Hormone poly-A signal.10

In preferred embodiments, the nucleotide sequence encoding the CFI is operably linked to a

CMV promoter; a WPRE regulatory element (preferably a WPRE3 regulatory element); and

a Bovine Growth Hormone poly-A signal.

In some embodiments, the nucleotide sequence encoding the FHL1 is operably linked to a

15 CMV promoter. In some embodiments, the nucleotide sequence encoding the FHL1 is

operably linked to a regulatory element, such as WPRE regulatory element. In preferred

embodiments, the WPRE regulatory element is a WPRE3 regulatory element. In some

embodiments, the nucleotide sequence encoding the FHL1 is operably linked to a poly-A

signal, such as a Bovine Growth Hormone poly-A signal.

20

25

30

In preferred embodiments, the nucleotide sequence encoding the FHL1 is operably linked to

a CMV promoter; a WPRE regulatory element (preferably a WPRE3 regulatory element);

and a Bovine Growth Hormone poly-A signal.

In another aspect, the invention provides a cell comprising the polynucleotide of the

invention.

In another aspect, the invention provides a cell transduced with the vector of the invention.

In another aspect, the invention provides a pharmaceutical composition comprising the

polynucleotide, vector or cell of the invention in combination with a pharmaceutically

acceptable carrier, diluent or excipient.

In a particular embodiment, the pharmaceutical composition is suitable for systemic

administration, e.g. by infusion via peripheral vein.
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In a particular embodiment, the pharmaceutical composition is suitable for local

administration, e.g. intrathecal administration.

In preferred embodiments, the pharmaceutical composition is for intraocular administration

for example, by intravitreal injection, suprachoroidal injection or sub-retinal injection.

In another aspect, the invention provides the polynucleotide, vector or cell of the invention

for use in therapy.

In a particular embodiment the polynucleotide, vector or cell of the invention is used in the

treatment of complement-mediated disorders, particularly chronic inflammatory conditions.

In a preferred embodiment the polynucleotide, vector or cell of the invention is used in the

treatment of a disorder associated with overactivity of the complement C3b feedback cycle.

In another aspect, the invention provides the polynucleotide, vector or cell of the invention

for use in treating or preventing an ocular disorder.

In another aspect, the invention provides the polynucleotide, vector or cell of the invention

for use in treating or preventing a complement-mediated disorder of the eye.

15 In another aspect, the invention provides a method of treating or preventing a complement-

mediated disorder of the eye comprising administering the polynucleotide, vector or cell of

the invention to a subject in need thereof.

20

25

In another aspect, the invention provides a method of providing Complement Factor I (CFI)

and/or Complement Factor H-like Protein 1 (FHL1) to a subject, comprising delivering the

polynucleotide, vector or cell of the invention to the eye of the subject.

In some embodiments, the disorder is associated with over-activity of the complement C3b

feedback cycle and/or under-activity of the C3b breakdown cycle (see Figure 1).

In some embodiments, the disorder is a chronic complement-mediated inflammatory

condition of the eye.

In some embodiments, the disorder is age-related macular degeneration (AMD) or diabetic

retinopathy. In other embodiments, the disorder is glaucoma, Stargardt's disease, central

serous chorioretinopathy or retinitis pigmentosa.

In preferred embodiments, the disorder is AMD. In some embodiments, the AMD is dry

AMD.
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In some embodiments, a subject has been diagnosed with AMD or is at risk of acquiring

AMD.

In some embodiments, the use is for treating or preventing a disorder in a subject:

(a) having lower than normal Complement Factor I activity or concentration in

the eye and/or serum, preferably having a concentration of, or activity

equivalent to, 0-30, 0-20 or 0-10 µg/mL in serum; and/or

(b) being heterozygous or homozygous for an age-related macular

degeneration (AMD)-associated SNP, preferably a rare Complement

Factor I variant.

In some embodiments, the use is for treating or preventing a disorder in a subject:

(a) having a normal level of Complement Factor I activity or concentration in

the eye and/or serum, preferably at least 30 µg/mL, such as 30-40 µg/mL

in serum; and/or

(b) not carrying a rare Complement Factor I variant allele.

In another aspect, the invention provides the polynucleotide, vector or cell of the invention

for use in treating or preventing age-related macular degeneration (AMD). In preferred

embodiments, the AMD is dry AMD.

In another aspect, the invention provides the polynucleotide, vector or cell of the invention

for use in treating or preventing diabetic retinopathy.

In some embodiments, the formation of geographic atrophy is prevented or reduced, and/or

the amount of geographic atrophy is reduced.

In some embodiments, the progression of geographic atrophy is slowed.

In some embodiments, there is at least a 10% reduction in the increase in geographic

atrophy area over the 12 months following administration to a treated eye of a subject,

relative to an untreated eye over the same period. In other embodiments, there is at least

20%, 30%, 40%, 50%, 60%, 70%, 80% or 90% reduction in the increase in geographic

atrophy area over the 12 months following administration to a treated eye of a subject,

relative to an untreated eye over the same period

In some embodiments, administration of the polynucleotide, vector or cell increases the level

of C3b-inactivating and iC3b-degradation activity in a subject, or in an eye, such as in the
7
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CLAIMS 

1. An isolated polynucleotide comprising a nucleotide sequence encoding Complement 

Factor I (CFI), wherein the nucleotide sequence is SEQ ID NO: 10. 

2.  The isolated polynucleotide of claim 1, wherein the polynucleotide comprises an 

adeno-associated virus (AAV) inverted terminal repeat (ITR) at its 5’ end and an AAV 

ITR at its 3’ end. 

3.  The isolated polynucleotide of claim 2, wherein the AAV ITRs are AAV2 or AAV8 ITRs, 

preferably wherein the AAV ITRs are AAV2 ITRs. 

4.  The isolated polynucleotide of any one of claims 1-3, wherein the nucleotide sequence 

encoding CFI is operably linked to a WPRE regulatory element. 

5.  The isolated polynucleotide of any one of claims 1-3, wherein the nucleotide sequence 

encoding CFI is operably linked to a polyadenylation (poly-A) signal. 

6.  The isolated polynucleotide of any one of claims 1-3, wherein the nucleotide sequence 

encoding CFI is operably linked to a promoter, optionally wherein the promoter has the 

nucleotide sequence of SEQ ID NO: 5, or a nucleotide sequence having at least 75%, 

80%, 85% 90%, 95%, 96%, 97%, 98% or 99% identity to SEQ ID NO: 5. 

7.  The isolated polynucleotide of any one of claims 1-3, wherein the nucleotide sequence 

encoding CFI is operably linked to a CMV promoter; a WPRE regulatory element; and 

a poly-A signal. 

8.  The isolated polynucleotide of claim 7, wherein the promoter has the nucleotide 

sequence of SEQ ID NO: 13, or a nucleotide sequence having at least 75%, 80%, 85% 

90%, 95%, 96%, 97%, 98% or 99% identity to SEQ ID NO: 13.  

9. The isolated polynucleotide of any one of claims 5, 7 or 8, wherein the poly-A signal is 

a Bovine Growth Hormone poly-A signal. 

10.  The isolated polynucleotide of any one of claims 5 or 7-9, wherein the poly-A signal 

has the nucleotide sequence of SEQ ID NO: 14 or SEQ ID NO: 6, or a nucleotide 

sequence that has at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identity 

to SEQ ID NO: 14 or SEQ ID NO: 6. 

11.  The isolated polynucleotide of any one of claims 4 or 7-10, wherein the WPRE 

regulatory element has the nucleotide sequence of SEQ ID NO: 7 or SEQ ID NO: 15, 



 

65 
 

or a nucleotide sequence that has at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 

98% or 99% identity to SEQ ID NO: 7 or SEQ ID NO: 15. 

12. A vector comprising the polynucleotide of any preceding claim. 

13. The vector of claim 12, wherein the vector is an adeno-associated viral (AAV) vector. 

14. The vector of claim 12 or 13, wherein the vector is in the form of a viral vector particle. 

15. The vector of claim 14, wherein the viral vector particle is an AAV vector particle that 

comprises AAV2 or AAV8 capsid proteins. 

16.  The vector of claim 15, wherein the AAV vector particle comprises an AAV2 genome 

and AAV2 capsid proteins (AAV2/2), an AAV2 genome and AAV8 capsid proteins 

(AAV2/8) or an AAV8 genome and AAV8 capsid proteins (AAV8/8). 

17. A cell comprising the polynucleotide of any one of claims 1-11 or a cell transduced with 

the vector of any one of claims 12-16. 

18. A pharmaceutical composition comprising the polynucleotide, vector or cell of any 

preceding claim in combination with a pharmaceutically acceptable carrier, diluent or 

excipient. 

19. The polynucleotide or vector of any one of claims 1-16 for use in therapy, preferably 

for use in treating or preventing a complement-mediated disorder of the eye, wherein 

the complement-mediated disorder of the eye is associated with over-activity of the 

complement C3b feedback cycle and/or under-activity of the C3b breakdown cycle. 

20. The polynucleotide or vector for use according to claim 19, wherein the disorder is age-

related macular degeneration (AMD) or diabetic retinopathy, preferably AMD. 

21. The polynucleotide or vector for use according to claim 20, wherein the AMD is dry 

AMD. 

22. The polynucleotide or vector for use according to any one of claims 19-21, wherein: 

(i) the formation of geographic atrophy is prevented or reduced, and/or the amount of 

geographic atrophy is reduced; and/or 

(ii) the progression of geographic atrophy is slowed; and/or 
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(iii) there is at least a 10% reduction in the increase in geographic atrophy area over 

the 12 months following administration to a treated eye of a subject, relative to an 

untreated eye over the same period; and/or  

 (iv) administration of the polynucleotide, vector or cell increases the level of C3b-

inactivating and iC3b-degradation activity in a subject, or in an eye, such as in the 

retinal pigment epithelium (RPE), of a subject, optionally to a level that exceeds a 

normal level in a subject, or eye or RPE thereof. 

23. The polynucleotide or vector for use according to any one of claims 19-22, wherein the 

polynucleotide or vector is administered intraocularly. 

24. The polynucleotide or vector for use according to any one of claims 19-23, wherein the 

polynucleotide or vector is administered to the eye of a subject by subretinal, direct 

retinal, suprachoroidal or intravitreal injection. 

25. The polynucleotide or vector for use according to any one of claims 19-24, wherein the 

polynucleotide or vector is administered to the eye of a subject by subretinal injection. 

26. The use of a polynucleotide or vector of any one of claims 1-16 for the manufacture of 

a medicament for treating or preventing a complement-mediated disorder of the eye, 

wherein the complement-mediated disorder of the eye is associated with over-activity 

of the complement C3b feedback cycle and/or under-activity of the C3b breakdown 

cycle. 

27. The use according to claim 26, wherein the disorder is age-related macular 

degeneration (AMD) or diabetic retinopathy, preferably AMD. 

28. The use according to claim 27, wherein the AMD is dry AMD. 

29. The use according to any one of claims 26-28, wherein: 

(i) the formation of geographic atrophy is prevented or reduced, and/or the amount of 

geographic atrophy is reduced; and/or 

(ii) the progression of geographic atrophy is slowed; and/or 

(iii) there is at least a 10% reduction in the increase in geographic atrophy area over 

the 12 months following administration to a treated eye of a subject, relative to an 

untreated eye over the same period; and/or  
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 (iv) administration of the polynucleotide, vector or cell increases the level of C3b-

inactivating and iC3b-degradation activity in a subject, or in an eye, such as in the 

retinal pigment epithelium (RPE), of a subject, optionally to a level that exceeds a 

normal level in a subject, or eye or RPE thereof. 

30. The use of a polynucleotide or vector of any one of claims 1-16 for the manufacture of 

a medicament for improving or restoring reading speed in a subject in a subject 

suffering from an eye disorder such as AMD and/or mitigating reduction in reading 

speed associated with an eye disorder such as AMD. 

31. The use of a polynucleotide or vector of any one of claims 1-16 for the manufacture of 

a medicament for reducing or preventing loss of photoreceptors and/or the retinal 

pigment epithelium (RPE). 

32. The use according to any one of claims 26-31, wherein the polynucleotide or vector is 

to be administered intraocularly. 

33. The use according to any one of claims 26-32, wherein the polynucleotide or vector is 

to be administered to the eye of a subject by subretinal, direct retinal, suprachoroidal 

or intravitreal injection. 

34. The use according to any one of claims 26-33, wherein the polynucleotide or vector is 

to be administered to the eye of a subject by subretinal injection. 

 

 


