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COMPLEMENT FACTOR-IFORMULATIONS
CROSS REFERENCE TO RELATED APPLICATION

10061} This application claims prionty to U.S. Provisional Application No. 63/293,013 filed
on December 22, 2021, the contents of which are incorporated herein by reference in their

entireties.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING
{00621 The contents of the electronic sequence listing
(VIEX 707 O1WO Seqlist STZ¢xml; Size: 31,757 bytes; and Date of Creation: December

17, 2022) are herein incorporated by reference in its entirety.
BACKGROUND

[0003]  Complement Factor T {CFT) is a soluble protein of the complement system, that
regulates complement activation by cleaving cell-bound or fluid phase C3b and C4b . Itisa
soluble glycoprotein that circulates in human blood and acts to maintain the balance between the
classical, lectin, and alternative pathways of the complement system. Dysregulated CFI, mutated
and dystunctional CFl, and CFI deficiency have been implicated in diseases involving the
complement system. Needed are pharmaceutically acceptable CFI formulations useful for

regulating complement system. Provided here are formulations address this need.
SUMMARY

[0004]  The disclosure provides formulations comprising wild type complement factor { (CFY)
or CF1 variants, and fusion proteins thereof. The formulations provided stabilize the active

ingredient against acute stresses and allow for storage in both liquid and tvophilized states. Also
provided are methods of making the formulations, and methods of using the formulations in the

treatment of diseases.
DETAILED DESCRIPTION

{0005 The disclosure provides formulations comprising wild type CFI or CFI variants, and

fusion proteins thereof. The formulations provided stabilize the active ingredient against acute



WO 2023/122691 PCT/US2022/082179

stresses and allow for storage in both liquid and lyophilized states. Also provided are methods of

making the formulations, and methods of using the formulations in the treatment of diseases.
i Pharmaceutically Acceptable Formulations

{0006}  The pharmaceutically acceptable formulations described herein provide stabilizing
properties to wild type CFI or CFI variants, and fusion constructs thereof of the disclosure
{(interchangeably referred to herein here as the “active ingredient” or “active pharmaceutical
ingredient”} at a range of concentrations that allow for pharmaceutically acceptable storage
conditions. Stabilizing properties can be, for example, prevention of degradation, maintenance of

concentration, prevention of aggregation, and/or maintenance of bicactivity.

{0067}  The formulations of the disclosure include wild type CFI, CFI variants, fusion
constructs comprising wild type CFI (e.g. CFI-HSA), or fusion constructs comprising a CF1
variants (e.g. any CFI variant of Table 2-HSA fusion), buffering agents, tonicity modifiers,
surfactants, and further optionally bulking agents, cryoprotectants, lyoprotectants, and/or

stabilizers.

[6688]  The formulation can be designed to support storage of the active ingredient as a solid
{drv) form {e.g. lvophilized cake or cryopreserved). In some embodiments, the formulation is a

fyophilizate. In some embodiments, the formulation s a liquid formulation.

{00097 The formulations can be designed to support storage (while maintaining, e.g. stability,
activity) of the active ingredient in solution as a liquid at a range of concentrations. The
concentration can be adjusted in the formulation for use in different types of administration {e.g.
subcutaneous or intravenous). For example, the active ingredient can be stored in the
formulation as a liquid solution at about 10 mg/mL to about 300 mg/mL, for example at about

10 mg/ml, about 15 mg/ml, 20 mg/mlL, about 25 mg/mL, 30 mg/ml, about 35 mg/mL, 40
g o g & o >

mg/mL, about 45 mg/mL, about SO mg/mL, about 55 mg/mL, about 60 mg/mL, about 65
me/m, about 70 mg/mL., about 75 mg/ml., about 830 mg/ml., about 85 mg/mi., about 90
mg/ml, about 95 mg/mL, about 100 mg/mL, about 105 mg/ml, about 110 mg/mL, about 115
mg/ml, about 120 mg/ml, about 125 meg/ml, about 130 mg/mL, about 135 mg/ul, about 140
mg/ml, about 145 mg/mL, about 150 mg/mL, about 155 mg/mL, about 160 mg/mb, about 165

mg/ml., about 175 mg/rol, about 180 mg/mL., about 185 mg/ml., about 190 mg/ml, about 195
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mg/ml, about 200 mg/mL, about 205 mg/mL, about 210 mg/mL, about 215 mg/mL, about 220
mg/ml, about 225 mg/mL, about 230 mg/mL., about 235 mg/mL, about 245 mg/ml., at about
250 mg/mL, at about 255 mg/ml., at about 260 mg/ml., at about 260 mg/mL, at about 265
mg/ml., at about 270 mg/ml., at about 275 mg/ml., at about 280 mg/ml., at about 285 mg/mL, at
about 290 mg/mL, at about 295 mg/mlL, or about 300 mg/mL. In some embodiments, the
formulation comprises the active ingredient at a concentration of about 50 mg/ml.. In some
embodiments, the formulation comprises the active ingredient at a concentration of about 100
mg/ml. In some embodiments, the formulation comprises the active ingredient at a
concentration greater than 150 mg/mb. In some embodiments, the formulation comprises the
active ingredient at a concentration of about 170 mg/mL. In some embodiments, the formulation

comprises the active ingredient at a concentration of about 190 mg/mlL.,

{0018} The formulations of the disclosure allow the active ingredient to maintain stability (e.g.
activity) at any one or more of the following teroperatures: -80°C +/- 2°C, -20°C +/- 2°C, (°C

- 2°C, 4°C +/- 2°C, 25°C - 2°C, 37°C +/- 2°C, 45°C +/- 2°C, or at 60°C +/- 2°C.

{0011} The formulations of the disclosure allow the active ingredient to maintain stability (e.g.
activity) for at least 1 week, at least 2 weeks, at least 3 weeks, at least 1 month, at least 2 months,
at least 3 months, at least 4 months, at least 5 months, at least 6 months, at feast 7 months, at

least 8 months, at least 9 months, at least 10 months, at least 11 months, at least one vear, at least

2 years, of more.

{0012} The pH of the formulation described herein is any pH that provides stabilizing
properties to the CFI variants and fusion constructs described herein. In some embodiments, the
formulation comprises a pH between about S to about 7.5 The pH can be, for example, about pH
5.0, about pH 5.1, about pH 5.2, about pH 5.3, about pH 5.4, about pH 5.5, about pH 5.6, about
pH 3.7, about pH of 5.8, about pH 5.9, about pH 6.0, about pH 6.1,, about pH 6.2, about pH 6.2,
about pH 6.3, about pH 6.4, about pH 6.5, about pH 6.6, about pH 6.7, about pH 6.8, about pH
6.9, about pH 7, about pH 7.1, about pH 7.2, about pH 7.3, about pH 7.4, or about pH 7 .5.

{90131 The formulations include a pharmaceutically acceptable buffering agent. Butfer agents
can be used to maintain the pH of the formulation in a desired range. Any suitable buffer can be
used in the formulations of the disclosure. Examples of pharmaceutically acceptable buffers
comprise histidine, acetate, citrate, succinate, tarirate, glutamate, glyeine, bicarbonate, sulfate,

3
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nitrate, phosphate, and hydroxvmethylaminomethane (tris) buffers. In some embodiments the
buffering agent is present at about 1 mM to about to about 53¢ mM. In some embodiments the
buffering agent is present at about 20 nM. In some embodiments, the buffer comprises histidine,
e.g. histidine hydrochioride. In some embodiments, the buffer comprises acetate, e.g. sodium

acetate. In some embodiments, the buffer comprises succinate, e.g. sodium succinate.

{0014} The formulations include a surfactant, sometimes referred to as a wetting and/or
sotubtlizing agent. Without limitation, a surfactant excipient can be used to modulate solubility
and binavailability of biclogic molecules, increasing the stability of biclogics molecules in
dosage forms, and maintain preferred polymorphic forms. Examples of surfactants include
polysorbate 20 (PS20, Tween 20}, polysorbate 80 (PS80, Tween 80), PS80/20, poloxamer
(Pluronic F68 and F127), Triton X-100, Brij 30, and Brij 3S. In some embodiments, the
formulation of the disclosure comprises a surfactant. In some embodiments, the surfactant is
polysorbate 20 or polysorbate 80. In some embodiments, the formulation comprises polysorbate
20. In some embodiments, the polysorbate 20 is about 0.01% to about 0.05%. In some
embodiments, the polysorbate 15 about 0.02%. In some embodiments, the formulation comprises
polysorbate 80, In some embodinments, the polysorbate 80 is about 0.01% to about 6.05%. In

some embodiments, the polysorbate 80 is about 0.02%.

{0615} The formulations include a tonicity modifier, sometimes may also be referredto as a
tonicity agent, tonicifier or tonicifying agent. Tonicily modifiers are used to adjust the
osmolality of the formulation such that the osmotic pressure of the formulation when
administered to a subject does not cause any deleterious effects, such as unwanted cell lysis. Any
pharmaceutically acceptable tonicity modifiers that is compatible with the active ingredients of
the disclosure may be suitable for use in the formulations described herein. Pharmaceutically
acceptable tonicity modifiers can include, for example, mannitol, sorbitol, lactose, dextrose,
trehalose, sodium chloride, potassium chioride, glycerol, glycerin, or arginine hydrochloride. In
some embodiments, the formulation comprises a tonicity modifiers. In some embodiments, the
tonicity modifier is arginine hydrochloride. In some embodiments, the formulation comprises
arginine hydrochloride. In some embodiments, the arginine hydrochlornide is about 10 mM 1o
about 200 mM. In some embodiments, the arginine hydrochloride ts about 70 mM. In some
embodiments, the arginine hydrochloride 1s about 135 mM. In some embodiments sorbitol is the

tonicity modifier, and the sorbitol is present at about 1% to about 10% v/v, e.g. at about 5% v/v.
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In some embodiments the tonicity modifier is trehalose, and trehalose is present at about 1% to
about 15% v/v, e.g. at about 10% v/v. In some embodiments the tonicity modifier is sodium
chloride, and is present at about 1 mM to about 500 mM, e.g. at about 150 mM. In some
embodiments the tonicity modifier is sorbitol or trehalose for non-ionic buffering agents, and

sodium chloride for ionic buffering agents.

{0016} The formulation can include a bulking agent, for example a trehalose or glycine. In
some embodiments, the bulking agent is glycine and is present in the formulation at about 1% to
about 5% v/v, e.g. at about 2%. In some embodiments, the bulking agent is glycine and is

present in the formulation at about 1 mM to about 100 nM, e.g. at about 60 mM.

{00177 The formulation can include a eryoprotectant and/or a lyoprotectant. Cryoprotectants
and lyoprotectants are included in formulations to provide protection to biologic molecules from
denaturation during cycles of freezing and thawing. They can also aide in preserving biologic
integrity, e.g. matntaining bioactivity, during lvophilization (7.e. freeze drying} and
reconstitution. In some instances, cryoprotectants and lyoprotectants can be referred to
interchangeably. Any pharmaceutically acceptable cryoprotectant and/or tyoprotectant capable
of providing stabilizing properties to formulations including the CFI variants and fusion
constructs of the disclosure can be used. Non-limiting examples of eryoprotectants and
fyoprotectants include polyols, disaccharides, polysaccharides, glucose, glycine, mannitol,
sorbitol, sucrose, trehalose, and dexiran 40, In some embodiments, the formulation comprises a
cryoprotectant. In some embodiments, the cryoprotectant is at least one of sucrose, glycine,
sorbitol, trehalose, and mannitol. In some embodiments, the eryoprotectant is sucrose. In some
embodiments, the sucrose is aboui 2% to about 10%. In some embodiments, the sucrose s about
4% to about 5%. In some embodiments, the sucrose 18 about 8.5%. In some embodiments, the
cryoprotectant is glycine. In some embodiments, the glycine is about 30 mM to about 150 mM,
e.g about 120 mM. In some embodiments, the glycine is about 120 mM. In some embodiments,
the cryoprotectant is sorbitol. In some embodiments, the glucose is present in the formulation at

about 1% to about 10% v/v, e.g. at about 4% v/v. In some embodiments, the sorbitol is present at

about 1% to about 5%. In some embodiments, the sorbitol is about 2.53% v/v. In some
0o/

embodiments, the trehalose is present at about 1% to about 10% v/v, e.g. about 4% v/v. In some

embodiments, the sorbitol is about 2.5%. In some embodiments, the cryoprotectant is mannitol.
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In some embodiments, the mannitol is about 1 mM to about 100 mM. In some embodiments, the

mannitol is about 60 mM.

[6018] The formulation can include a stabilizing agent, sometimes referred to as a stabilizer. A
stabilizing agent is any excipient that provides stabilizing properties to formulations that include
the CFI variants and fusion constructs described herein. For example, a stabilizing agent can be
calcium chloride (CaCly), histamine, methionine, ascorbic acid, glutathione, vitamin E,
poly{ethylenimine}, chelating agents, antimicrobial preservatives, antioxidant preservatives, ot
any other pharmaceutically acceptable stabilizing agent. In some embodiments the formulation
comprises a stabilizer. In some embodiments, the stabilizer is calcium chiornide. In some
embodiments, the formulation comprises calcium chloride. In some embodiments, the calcium
chloride is about 20 mM to about 50 mM. In some embodiments, the calcium chloride is about

35 mM.
[0019]  Exemplary formulations are provided in Table 2.2 and Table 3.3.

{0028}  In some embodiments the formulation comprises 20mM sodium acetate, 5% sorbitol,

0.02% PS80, and is at 4 pH of about 5.

{0021} In some embodiments the formulation comprises 20mM sodium acetate, 5% sorbitol,

0.02% PS80, and is at a pH of about 5.5,

{00221  In some embodiments the formulation comprises 20mM sodium acetate, 150 mM

sodium chioride, 0.02% PS80, and is at a pH of about 5.5.

100231 In some embodiments the formulation comprises 20mM sodium acetate, 70mM

arginine hydrochloride, 2% sucrose, 60 raM glycine, 0.02% PS80, and is at a pH of about 5.5,

{0024} In some embodiments the formulation comprises 20mM histidine hydrochloride,
70mM arginine hydrochioride, 2% sucrose, 60 mM glycine, 0.02% PS80, and is at a pH of about

6.

{0025}  In some embodiments the formulation comprises 20mM histidine hydrochloride, 150

mM sodium chloride, 0.02% PS80, and is at a pH of about 6.
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[0026]  In some embodiments the formulation comprises 20mM sodium succinate, 10%

irehalose, 0.02% PS80, and is at a pH of about 5.

{66271 In some embodiments the formulation comprises 20mM sodium succinate, 5%

trehalose, 2% glycine, 0.02% PS80, and is at a pH of about S.

{00281  In some embodiments the formulation comprises 20mM histidine hvdrochlonde, 10%

trehalose, 0.02% PSRQ, and is at a pH of about 6.

{00291 In some embodiments the formulation comprises 20mM histidine hydrochloride, 5%

.....

00381 In some embodiments the formulation comprises 20mM histidine hydrochlonide, 10%

trehalose, 0.02% PS80, and 1s at a pH of about 7.

{0031} In some embodiments the formulation comprises 20mM histidine hydrochloride, 5%

trehalose, 2% glycine, 0.02% PS80, and is at a pH of about 7.

{0032} In some embodiments, the formulation comprises 20 mM histidine, 135 mM arginine

hydrochloride, 0.02% polysorbate 20, and has a pH of about 5.8,

{90331  In some embodiments, the formulation comprises 20 mM histidine, 70 mM arginine

hydrochioride, 4% sucrose, 0.02% polysorbate 20, and has pH of about 5.8,

{00347  In some embodiments, the formulation comprises 20 mM histidine, 8 5% sucrose,

0.02% polysorbate 20, and has pH of about 5.8,

{00351 In some embodiments, the formulation comprises 20 mM histidine, 70 mM arginine

hydrochioride, 120 mM glycine, 0.02% polysorbate 20, and has a pH of about 5.8

[0036] In some embodiments, the formulation comprises 20 mM histidine, 70 mM arginine

hydrochloride, 2.5% sorbitol, 0.02% polysorbate 20, and has a pH of about 5.8

{0037}  In some embodiments, the formulation comprises 20 mM histidine, 70 mM arginine

hydrochloride, 4% trehalose, 0.02% polysorbate 20, and has a pH of about 5.8
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[0038]  In some embodiments, the formulation comprises 20 mM histidine, 5% sucrose, 35

mM caleium chloride, 0.02% polysorbate 20, and has a pH of about 5.8,
il Complement Factor | Variants and Fusion Constructs {or Formulation
A, Complement Factor | Variants

{80391  Provided herein are formulations that comprise variants comprising one or more
modifications with respect to a wild type CFI, referred to herein as “CF1 variants.” As used
herein, a “modification” to a wild type CFlinclades: a deletion of one or more amino acid
residues, a deletion of one or more domains, a substitution of one or more amino acid residues,
an insertion {i.¢. addition) of one or more amino acid residues, an insertion (1.e. addition) of one
or more domains, an inversion of or one or more domains, and a substitution of one or more

domatns.

{0048} The CF1 variants of the disclosure do not directly act on C3, for example, the varianis
of the disclosure do not directly cleave C3, do not directly inhibit C3, do not directly inhibit the

activation of C3, and do not directly reduce the activation of C3.

100411  As used herein, a “wild type CFY” refers to any naturally occurring full-length CFI that
is not a disease~-causing CFI, with or without a signal sequence, and which may be of any

species.

{0042} In some embodiments, a wild type CFl is plasma-derived. In some embodiments, a
wild type CF1 is a human wild type CFL In some embodiments, a wild type, human CFI having
a signal sequence comprises the aming acid sequence set forth in SEQ ID NO: 1 {as shown in
Table 1 below). In some embodiments, a wild type CFl i3 a human CFL In some ersbodiments, a
wild type, human CFI does not include a signal sequence. In some embodiments, a wild type
CFI without a signal sequence comprises the amino acid sequence set forth in SEQ ID NO: S (as

shown in Table 1 below),

{00431 A wild type CFI comprises a heavy chain and a light chain, which are also referred to
as the A-chain and B-chain, respectively. The heavy chain (A-chain) has four domains: the F1
membrane attack complex (FIMAC) domain {(residues 36 to 90 of SEQ ID NO: 3), the SRCR

domain is further composed of a plurality of scavenger receptor cysteine-rich (SRCR) domains,
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a low density lipoprotein 1 domain (LDLr1), and a low density lipoprotein 2 domain (LDLf2).
The light chain (B-chain) consists of a sering protease domain (8PD). The interface between

these chains is referred to as the A:B chain interface.

{0044} A CFIvanant of the disclosure includes one or more of a deletion of one or more
amino acid residues of a wild type CFl, a deletion of one or more CFI domains of a wild type
CF1, a substitution of one or more amino acid residues of a wild type CFL, an insertion of one or
more amino acid residues to a wild type CFL an inversion of ove or wore CFI domains of a wild

type CF, and an insertion of one or more domains to a wild type CFL

{0045}  The CF1varnants of the disclosure may be generated by the introduction of one or more
modifications to a CFI base molecule, wherein the domains of the CFI base molecule correspond
to those domains found in a wild type CFI. A CFI base molecule may therefore be a wild type
CFI of any species, or a CFI base molecule may comprise only portions of a wild type CFL,
having only some of the domains of a wild type CF1 of any species {e.g. already a CF1 variant}.
In some embodiments, a CFI base molecule is a wild type, mouse CFL In some embodiments, a
CFI base molecule is a wild type, human CFL In some embodiments, a CFI base molecule is a
wild type, non-human primate CFL In some embodiments, a CF1 base molecule comprises only

sorne domains of a wild type, human CFL

(80461 In some embodiments, the CFI vanants provided herein rodulate the activity of the
complement system and have at least one improved characteristic as compared to a wild type
CFL Such improved characteristics include, but are not Hmited to an increase or decrease in any
one or more of bicavailability, half-life, activity, potency, catalytic capability, cofactor affinity
{e.g. atfinity for Factor H and/or CR1), substrate specificity and substrate affinity (e.g. affinity
for C3b and/or C4b). In some embodiments, the improved characterisiic is increased half-life. In
some embodiments, the improved characteristic is an increase in activity, discussed further in
detail, in subsequent sections below. In other embodiments, the improved characteristic is a

change in substrate specificity for C3b and/or C4b, allowing for tunability of the CFI variant.

{0047F Provided in Table 1 are exemplary base molecules that may be used for the generation
of CFI variants. The base molecules provided herein may be useful for modulation of the
complement system without further modification, or may be useful for modulation of the

complement system with further modification. For example, any one of the base molecules

g
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provided in Table 1 may be further modified to include one or more modifications, such as a

deletion of one or more amino acid residues, a deletion of one or more CFI domaius, a

substitution of one or more amino acid residues, or an addition of one or more amine acid

residues or CFI domains. The base molecules of Table 1 may be further part of a fusion

construct, further described below.

Table 1: Base Molecules for Generation of CFI Variants

Description of CFI Base
Molecule

Nomenciatare
of Base
Molecule

Amino Acid Sequence

Plasma derived, wild type
human CFI (wt hCFI)
(with signal sequence
underlined)

CFI-PD

MKLLHVFLLFLCFHLRECKVIYTSQEDLVEKKCL
AKKYTHLSCDKVFCQPWQRCIEGTCVCKLPYQCP
KNGTAVCATNRRSFPTYCQQKSLECLHPGTKFLN
NGTCTAEGKESVSLKHGNTDSEGIVEVKLVDQDE
TMFICKSSWSMREANVACLDLGFQOGADTORRY

KLSDLSINSTECLHVHCRGLETSLAECTFTKRRTM
GYQDFADVVCYTQKADSPMDDFFQCYNGKYISQ
MKACDGINDCGDQSDELCCKACQGKGFHCKSGY
CIPSQYQCNGEVDCITGEDEVGCAGFASVTQEETE
ILTADMDAERRRIKSLLPKLSCGVKNRMHIRRKRE
VGGKRAQLGDLPWOVAIKDASGITCGGIVIGGOW
ILTAAHCLRASKTHRYQIWTTVVDWIHPDLKRIVE
EYVDRIUFHENYNAGTYQNDIALIEMKKDGNKKD
CELPRSIPACYPWSPYLFQPNDTCIVSGWGREKDN
ERVFSLOWGEVKLISNCSKFYGNRFYEKEMECAG
TYDGSIDACKGDSGGPLVCMDANNVTYVWGVVS
WGENCGKPEFPGVY TKVANY FDWISYHVGRPFIS
OQYNV (SEQ ID NO: 1)

wt BCFL, no signal
sequence

hCFI

KVTYTSQEDLVEKKCLAKKY THLSCDKVFCOQPW
QRCIEGTCVCKLPYQCPEKNGTAVUATNRRSFPTY
CQQKSLECLHPGTKFLNNGTCTAEGKFSVSLKHG
NTDSEGIVEVKLVDQDKTMFICKSSWSMREANVA
CLDLGFQQGADTQRRFKLSDLSINSTECLHVHCR
GLETSLAECTFTKRRTMGYQDFADVVIYTQKAD
SPMDDFFQCYNGKYISQMKACDGINDCGDOQSDEL
CCKACQGKGFHCKSGVCIPSQYQUNGEVDCITGE
DEVGCAGFASVTQEETEILTADMBDAERRRIKSLLP
KLSCGVKNRMHIRRKRIVGGKRAQLGDLPWQVA
IKDASGITCGGIYIGGCWILTAAHCLRASKTHRY QI
WTTVVDWIHPDLKRIVIEYVDRIFHENYNAGTY(Q
NDIALIEMKKDONKKDCELPRSIPACVPWSPYLFQ
PNDTCIVSGWGREK DNERVESLOWGEVKLISNCS
KFYGNRFYEKEMECAGTYDGSIDACKGDSGGPL
VCMDANNVIYVWOVVSWGENCGKPEFPGVYTK
VANYFDWISYHVGRPFISQYNV (SEQ ID NQ: 5)

AKI-P303), deletion of
A-~chain of wt hCF1L

AA-chain (CF-
SPD)

KLSCGVEKNRMHIRRKRIVGGKRAGLGDLPWQVA

IKDASGITCGGIYIGGCWILTAAHCLRASKTHRY (1
WTTVVDWIHPDLKRIVIEYVDRIFHENYNAGTY(
NDIALIEMKKDGNKKDCELPRSIPACVPWSPYLFQ

10
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Bescription of CFI Base
Molecule

Nomenclature
of Base
Molecule

Amino Acid Sequence

PNDTCIVSGWOREKDNERVESLOWGEVKLISNGS
KFYGNRFYEKEMECAGTYDGSIDACKGDSGGPL
VCMDANNVTYVWGVVSWGOENCGRPEFPGVYTK
VANYFDWISYHVGRPFISQYNY (SEQ ID NO: 12}

Wild type mouse CFI
{(https:/www uniprot.org/
uniprot/361129)

Maouse CFI
{m{FD

MKLAHLSLFLLALHLSSSRSPSASDLPOEELVDOK
CLLOKYTHRSCNKVFCOPWORCIEGTCICKLPYQ
CPRAGTPVCAMNGRSY PTY CHOQKSFECLHPEIKFS
HNGTCAAEGKFNVSLIYGRTKTEGLVOVKLYDQ
DERMFICKNSWSMAEANVACYDLGFPLGVRDIO
GSFNISGNLHINDTECLHVHCRGVETSLAECAFTK
RRTELSNGLAGVVCYKQDADFPTSLSFQCVNGKH
PQEKACNGVNDCGDOQSDELCCKGCRGNASLCKS
GVCIPDOYKCNGEVDCITGEDESRCEEDRQONIPK
GLARSAQGEAEIETEETEMLTPGMDNERKRIKSLL
PKLSCGVKRNTHTRREKRVIGGKPANVGDYPWQV
AIKDGQRITCGGIYIGGCWILTAAHCVRPSRAHSY
QOVWTALLDWLKPNSQLGIQTVKRVIVHEKYNGA
TRONDIALIEMKMHTGKKECELPNSVPACVPWSP
YLFQPNDRCISGWGRGKDNQKVYSLRWGEVDLI
GNCSQFYPDRYYEKEMOQCAGTRDGSIDACKGDS
GGPLVCEDINNVTY VWGIVSWGENCGKPEFPGVY
TRVANYFDWISYHVGRSLVSQHNV (SEQ 1D NO:
23)

wt hCFI + GSSGG
(linker} + wt hCFI

hCFE-hCHT

fusion

KVTYTSQEDLVERKCLAKKYTHLSCDKVFCQPW
QRCIEGTCVCKLPYQUPKNGTAVCATNRRSFPTY
COOKSLECLHPGTKFLNNGTCTAEGKFSVSLKHG
NTDSEGIVEVKLVDODKTMFICKSSWSMREANVA
CLDLGFQQGADTQRRFKLSDLSINSTECLHVHCR
GLETSLAECTFTKRRTMGY(QDFADVVCYTQKAD
SPMDBDFFQCVNGKYISQMEACDGINDCGDBQSDEL
CCRACQGKGFHCKSGVCIPSQY QUNGEVDCITGE
DEVGCAGFASVTOEETEILTADMDAERRRIKSLLE
KLSCGVEKNRMHIRRKRIVGGKRAQLGDLPWOVA
IKBASGITCGOGIYIGGUWILTAAHCLRASKTHRY (B
WTTVVDWIHPDLKRIVIEY VDRIFHENYNAGTY(
NDIALIEMKKDONKKDCELPRSIPACVPWSPYLFQ
PNDTCIVSGWOGREKDNERVFSLOQWGEVELISNCS
KFYGNRFYEKEMECAGTYDGSIDACKGDSGGPL
VEMDANNVTYVWGVVSWGENCGKPEFPGVYTK
VANYFDWISYHVGRPFISQYNVGSSGGKVTYTSQ
EDLVEKKCLAKKYTHLSCDKVFCOPWQRCIEGTC
VCKLPYQCPEKNGTAVCATNRRSFPTYCQQKSLEC
LHPGTEKFLNNGTCTAEGKFSVSLEKHONTDSEGIVE
VELVDOQDKTMFICKSSWSMREANVACLDLGFQO
GADTORRFKLSDLSINSTECLHVHCRGLETSLAEC
TFTKRRTMGYQDFADYVCYTOKADSPMDDFFQC
YNGKYISQMKACDGINDCGDQSDELCCKACQGK
GFHCKSGVCIPSQY QUNGEVDCITGEDEVGCAGE
ASVTOQEETEILTADMDAERRRIKSLLPELSCGVEN

i1
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o R ) Nomenclature
Description of U1 Base of Base Amino Acid Sequence
Molecule ax
Molecule

RMHIRRERIVGGKRAQLGDLPWOVAIKDASGITC
GGIVIGGCWILTAAHCLRASKTHRY QIWTTVVDW
IHPDLKRIVIEY VDRIFHENYNAGTYQNDIALIEM
KKDONKKDCELPRSIPACVPWEPYLFQPNDTCIVS
GWGRERKDNERVESLOWGEVEKLISNCSKFYGNRF
YEKEMECAGTYDGSIBACKGDSGGPLYCMBANN
VIYVWGOVVSWOENCGEPEFPGVYTEVANYFDW
ISYHVGRPFISOYNVY (SEQ ID NO: 16)

{0048}  In some embodiments, a base molecule itself may be a CFI variant, for example in
some embodiments, a CFI variant comprising only the serine protease domain {CFI-SPD) itself
is a CFI variant. In some embodiments, the CFI variants are derived from any base molecule of
Table 1, and comprise modifications to leops corresponding to the loops of an unmoditied CFL
in some embodiments, the CFI variants are derived from any base molecule of Table 1, and
comprise substitution mutations. In some embodiments, the CFI variants are derived from any
base molecule of Table 1, and comprise a deletion of one or more domains of CFL In some
embodiments, the CFI variants are derived from any base molecule of Table 1, and comprise an

tnversion of the A-chatn and the B-chain of the CFL

{80491  In some embodiments, provided herein are CFI variants comprising at Jeast one CFI
domain, wherein the at least one CFI domain corresponds to those of a wild type CF{ of any
species. For example, the amino acid sequence of the at least one CFI domain ruay comprise the
amino acid sequence derived from a wild type human CFl as set forth in SEQ 1D NO: 5. The
CFI variants provided herein comprising an amino acid sequence derived from SEQ ID NO: §
may comprise gue or more modifications with respect to the sequence set forth in SEQ ID NOG:
5. For example, the one or more modifications may include a deletion of one or more amino acid
residues, substitution mutations of one or more amino acid residues, an addition of one or more
amino acid residues, the deletion of one or more domains of CFI, the substitution of one or more

domains of CFI, or the addition of one or more domains of CFI

[0088]  In some embodiments, provided herein are CFI variants comprising at least one CF1
domain of any species, wherein the at least one CFI domain comprises any one or more CFl
domains selected from: a serine protease domain (SPD), a Factor I membrane attack complex
{(FIMAC) domain, a scavenger receptor cvsteine-rich domain (SRCR}, a low density lipoprotein
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receptor | {(LDLr1), and low density lipoprotein receptor 2 (LDLe2) domains. In some
embodiments, the any one or more CFI domains are that of a human CFL In some embodiments,
the any one or more CFI domains comprise an amino acid sequence derived from the sequence

set forth in SEQ 1D NO: 5.

{0051} In some embodiments, the CFi variants comprise all domains of a witd type CFL L.g,,
each one of the SPD, the FIMAC domain, the SRCR domain, the LDLrl domain, and the LDL2
domain, and comprises a roodification in any ove or wore of these domains with respect to the

wild type CFL

{0052}  In some embodiments, the CFI variants do not comprise all of the domains
corresponding to that of the wild type CFL In some embodiments, the CFI variants comprise the
SPD. In some embodiments, the CFI variants comprise only the SPD, wherein the A-chain of the
CFI has been deleted, referred to herein as “CFI-SPD.” In some embodiments, the CFI-SPD
comprises the amino acid sequence set forth in SEQ I3 NG 12 {(as shown 1n Tabie 1), which is
the SPD of a human CFL In some embodiments, the CFI-SPD comprises no further
modifications with respect to that of a wild type CF1 SPD. In some embodiments, the CFI-SPD
comprises one of more modifications with respect to that of a wild type CFI SPD. In some
erabodiments, the CFI-SPD coruprises at least one modification with respect to the amino acid

sequence set forth in SEQ ID NG 12,

{6053] Exemplary variants of CFI are described in further detail below. Exemplary CF{
variants comprise one or more substitutions of amino acid residues with respect to a CF1 having
the amino acid sequence set forth in SEQ I NO: 5. For example, a CF1 variant that includes
substitutions at positions 8499 and I500 will have substitutions at positions 5499 and 1500 in the

amino acid sequence set forth in SEQ ID NO! 5.
Tuning of Activity and Specificity

{00547 The activity and specificity of the CFI variants provided heretn can be tuned {adjusted)
for particular applications and therapeutic indications. For example, activity and specificity can
be tuned by selection of C3b degraders, or C4b degraders, or degraders of both C3b and C4b. As
referred to herein, protease activity for a substrate refers to the ability of a CFI variant of the

disclosure to cleave its subsirates, C4b and C3b. This can be expressed in a number of ways, for
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example as an increase in C4b degrader activity, protease activity towards C4b, C3b degrader

activity, protease activity towards (3b, yield of cleavage products, and the like.

{0055]  As used herein a C3b degrader is a CFI variant that is capable of cleaving U3b;
fikewise, a C4b degrader is a CF1 variant that is capable of cleaving C4b. The use of C3b
degrader does not imply that it does not degrade C4b. A CFI variant can be both 3 C3
degrader, and a C4b degrader, and may, but not necessarily, show specificity for one over the

other.

{80561 The CFI variants provided herein have modified characteristics that include increases
or decreases in protease activity for a substrate as well increases or decreases in substrate

specificity.

{00871  In some embodiments, the CFI variants of the disclosure that are specific C3b

degraders are useful for the treatment of diseases.

100581  In some embodiments, the CFI variants of the disclosure that are specific C4b

degraders are useful for the treatment of diseases.

100591 In some embodiments, the CFI variants of the disclosure that are both C4b and C3b
degraders, and show an improved characteristic as compared to wild type CFl {e.g. increased

activity for both C4b and C3b) are useful for the treatment of diseases.
Fxemplary CFI Varianis

{0068} Provided herein are CFI variants comprising or consisting of at least one modification

with respect to a wild type CFL

{00611 Without limitation, the disclosure contemplates the exemplary CFI variants described
in Table 2. The varants of Table 2 include moditfied CFls, described herein. For avoidance of
doubt, unless otherwise indicated, where a residue number is indicated, it refers to SEQ ID NO:
5 (wild type human CFI), or a sequence corresponding thereto. For avoidance of doubt, by way
of example a variant whose description 1s P433 A 1s a CFI vanant comprising a P4334A
substifution, e.g. a CFl variant comprising a PA33A substitution in SEQ 1D NO: 5 (or a sequence
corresponding thereto); the disclosure also provides for a CFI variant consisting of a P433A
substitution, e.g. a CFI variant, wherein SEQ 1D NOG: 5 has a P433 A substitution.
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[0062] CFI variants of the disclosure may have at least one, at least two, at least three, at least

four, at least five, at least six, at least seven, or more modifications, e g. substitutions, deletions,

insertions and fusions. Modification, e.g. substitutions, for a given variant may he represented in

one of many ways recognized by the skilled artisan. For example, a hCFI variant having

substitutions at D395A and F416Amay be referred to as having substitutions: “D395A and

E410A”, “D395A-E416A”, “D30SA + E416A”, “D3395A /E410A”, or “DD39SA; E416A” and

are used interchangeably herein. In some instances, a CFI variant having substitutions at D395A

and E416Amay be referred to as “hTCFI D39SA; E416A7 or CFI variant (D395A; E416A).7 As

described herein, vanants with other modifications, such as deletions, or combinations of

modifications, such as deletions, fusions and substitutions, can conform to similar styles of

nomenclature.

{60663} Table 2 provides exemplary CFI variants of the disclosure. This and other tables

disclosing variants may include the following symbols and abbreviations and associated

meanings: HSA= human serum albumin; CFi= complement factor I; A= Deletion of the amino

acid range noted; =2 or > = Deletion of noted sequence and replaced with noted amino acids

Table 2 Exemplary CFI Variants and CF1I Variant Combinations

Yariant Description

Ki4Aa

Variant Bescription

Y20A

Y20F

AC-~term (AS558-
PFISQYNVY-563 (SEQ ID
NO: 23)

Variant Description

N531A

P535A

26A

R35TA

Y408F

F29A

K326A;R327A

Y408F, N331G

R35A

Y408LN331G

13070

Y408L; NS31G; HE4STG;
E461Q; R462K; T464Y

M220A:K2210

N331G: P335A

E530D

S507A

Y408L

E437G

S250A

S250L

A{K1-P305}

456-REKDNERVFS-465
(SEQ 1D NO: 26) =
NTASSGADYPDE (SEQ
ID NO: 27)

E4610

R462K

F464Y

D4235A

D425K

E437G: 4610 R462K.
F464Y

317D, R318D;R319D: K32
O0D:R321K

MKI1-P305); NS31G

D425R

E38A; D425R

514-MDANNYT-520
(SEQ 1D NO: 24) = NG

Y20F; DA25R

A{K1-P305); Y408L,
NS31G

S250A; D4Z5R

NS3IG

AKI-P305); N331G;
P335A

15
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Variant Description

Y408L; N331G; E4576

Variant Description

PCT/US2022/082179

Y4081 N331G: E457G:
B4610

F337K

Variant Description

F537R

V311-V365 - G(13) (SEQ
I3 NO: 29) - K1-G310

A(K1-P303); Y4051,
N331G; E457G: B461Q:
RA62K: FA64Y

Q467K

C3098

Q467R

4358

Q467K. F337K

Y408L; NS31G; PS35A

E530G

Y4081, N331G; E457G:
E4614); R462K

A(K1-P305);
[317D:R318D:R319DK32
OD:R321K

E530G; NS31G

Y4081, NS31G; E457G;
E4610; F464Y

E330F

K14A; D425R

E330Y

Y408L; N331G; E457G;
R462K; F464Y

Y408G

E330D; F537K

Y4039

R55TK

Y40RL. NS31G: E4610.
R462K: F464Y

Y4080

P358L

Y408L; E457G; E4614);
R462K; F464Y

Y408A

E4570G; E461Q

Y408N

R4AGZA

E457G, NS31G; E461¢Q;
R462K; F464Y

Y4087

R462D

Y408K

E457G; B4o1G

Y408L; HASTG; E4610;
R462K

Y408R

N531G; E457G; 4610

N331G. £457G: E4610Q:;
Fa64Y

Y408H

W3SIK

E416A

Y4041

N4Q4G

PS35K

DSO6A

K534Q

Dso6Y

Y408L; N331G; E457G;
E461Q; R462K; F464Y,
S5307A

ES30DNA3IGGS33AK5
340 PS35KES36N

D306E

H370A

DS06G

P384A

R321A

{322V

P384G

NAOZE

{322V, V3231

N42ZK

R3279P

420-DGNK-424 (SEQ ID
N 30) > GG

AS028; K5044; F537K

1322V, V3231 R327

ES36A

AS028

V323A

N30

K5040

A328C; W468C

Ni390Q

K304E

K504R

A328C; W468(; K326Y;

RI2TN

N4760

N3IRQ

K504A

Y408L; N531G:; E461Q

N52Q: N85Q: N159Q

K504G

K504L

D425R; Y4081, N53iG;
E457G; E4014); R462K;
f4odY

N446Q; N4760; N318Q

K504P

K504H

Y20F; E38A; S250A,
D425 A

A361G

T495F; Y4961, D497E;
S499G; 1500K

T495F. Y4961, DAOTE:
S499G: ISO0K. GS33A:
K53340: PS35K; ES36N:
F337K

Y20F: [38A; S230A.
D425A; V405L; N531G;
E457G; B4610Q; R462K:
F464Y

V311-V363

Ki-G310
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Variant Description

E457Q

Variant Description

PCT/US2022/082179

E457R

F359L

Variant Description

E4578

1560V

K4358A

E4sTT

Y563H

G4691; R456N; E457T,
K4584A

EASTW

PSS8S; FS59L; 1560V
Y363H

(G4069L; R456N; K458A

E45TY

PSSEG

G469 R456N; K458A;
E461G

E457V

Y408E

1304G, P303G: K306G:
L307G: S308G

(4691 R436N; K458A;
E461G; FA37K

K 14A: Y20F. DI6A:
R35A: E38A

N531D

K504D

N531E

K504F

K14A; Y20F: D26A,
RI5A: B38A: L304G;
PR05G: K306(; L30TG:
$308G

NS3IF

K5041

NS31H

K504M

NS&311

K504N

Y408M

NS3IK

K5048

Y4080

NS31L

K504T

Y4085

NS3IM

K504V

Y408W

13227

K504W

D341A

N531P

K504Y

Y408V

N3310

G406D

E461A

N331IR

G406E

E461D

N5318

G406F

Ed6lF

NS31T

G406H

E461G

N531Y

(4061

B461H

NI3TW

G406K

H4611

NS31Y

G406L

E461L

Y403F

G406M

E461M

A4058

G406N

H461N

G406R.

G406P

E461P

Q405D

G406

E4618

E461T

A403S; GAG6R: Y408L:
Q409D

54068

E401W

A403S: GA06A; YA08L:
Q409D

G406T

G406V

Ed461Y

Q405Y

G406W

E461V

Q405H

G406Y

R456A

G406A

G4061: Y408L

BI7D-R318D-R319D-
K320D-R321K; Y4081,
N531G; E457G; E461Q;
R462K; Fd64Y

G406A; Y408L

G406 NS31G

T377G

G406, PS35A

W3RLIA

G406Dy; Y4081, N331G

K312A

W3RBIA: P384A

G406D; Y408L,; P335SA

R314A

W3B1A: AP384

G406y NS31G; PS35A

K312A; R314A

4691

P3588

R456N

G406D; Y4081, N531G;
P335A

L3400
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Variant Description

Variant Description

Variant Description

1345G

K340G:; 1345G

Y372G

Y4081, N531G; E457(,
E4610; R462K,; F464Y;
SS50TA

N331G; E457G; R462K;
F464Y

P384A

E457G; S507A

NS31G; E461Q; R462K;
F404Y

P384G

N331G; P535A; S507A

Y408L; N531G; R462K

W3RLIG

F208Y

Y408L; NS31G, Fd64Y

V3900

F246Y

Y408L; B457G; E461Q

W3B1G, V390G

F480Y

Y408L; E457(G; R462K

W381G; P384A; V3G

FS37Y

Y408L; HASTG; F4o4Y

W381G; P384G; V390G

N4G4G

F208Y, F246Y, F480Y,
F337Y

YA0SL: E4616); RAGIK

Q409G

H362T, V463S; R456];
D459W; 8343R

Y408L,; E4614; F464Y

Y408L, R462K; F464Y

K4138G

D425G

H362T. V4635, RA56L;
D459W: $343K

N331G; E457G; R462K

NS31G; B457G; F464Y

K418G; D425G

S465G

H362T, V4638, RASOF,
D4SYW: S343R

NS31G; £4610Q; R462K

G344R

H362T, V4635 R4561 ;
S343R

N531G; E461Q; F464Y

N331G; R462K; F464Y

(344K

1344Y

H362T, R436L DASOW,
S343R

E457G; E461Q; R46ZK

E457G; B461Q; F4o4dY

T346R

H362T, R4561; S343R

E457G, R462K,; F464Y

T346K

H362T, R4561; 8343K

E4614(}; R462K; F464Y

T346H

K504E

KI4A; D425R; Y408L-
N331G

Y4081, NS31G

K504D

Y408L; E457G; S507A;
N531G

Y408L; F4610Q

Y4081, R46Z2K

E530R.

E457G NS31G

Y403L; F464Y

E3530K

E457G; Y408L

N531G: E461Q

T346R; K304E; E530R

T346K,; K304D; ES30K

Y408L; N331G: E457¢;
R462K

NS31G; R462K

NS31G; F464Y

(G344R; Y408L, NS31G

(344K Y408L; N331G

Y4681, N331G; E457G;
Fa64Y

E4370G; R462K

T346R [ Y408L; NS31G

Y408L; N531G: E4614;
R462K

E457G; F464Y

E4610Q; R462K

T346K ; Y4088, N531G

K5041; Y4081, N331G

Y408L; N331G; E461Q;
Fd64Y

E461Q); F464Y

R462K; F464Y

K504E: Y408L; N531IG

Y408L; E530R, NS31G

Y408L; N531G: R462K;

F464Y

Y408L, N422K

Y408L; E530K; N331G

Y408L; E457G; E461(3;
F464Y

E457G, N422K

N331G; N422K

T346R: Y408L, KSO4E;
E330R: N331G

Y408L; B457G: RAG2K;
F464Y

P3350; N422K

Y408L; PS35G; N422K

T346K; Y408L; K504D;
ES30K; NS31G

Y408L; E4614); R462K;
F464Y

E457G; P335G; N422K

Y408L; 85074, NS31G

NS31G; BE457G; E461Q;
R462K

NAS31G: PA35G; N422K

Y408L; E457G; N422K
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Variant Description

E457G; N331G; N422K

Variant Description

PCT/US2022/082179

Y408L; B457G; NS31G;
N422K

Y4081, N531G; D425R;

£330Y

Variant Description

K424N

Y408L; E457G; P535G;
N422K

E457G; N531G; D42SR;

ES30Y

K4240

K424R

E457G; N331G; P535(,;
N422K

Y408L; E457G; NS31G;
D425R; BS30Y

K424H

Y408L; E457G; N531G;
P535G; N422K

D425R; Y408L; N531(:

E457G: B4610; R462K;
F464Y, ES30Y

K424D

KA424E

K423G

Y408L; E416A

E457G; E416A

E457G; N531G. E4610);
RAGIK: F464Y: ES30Y

K423A

K423E

N331G: E416A

R365A

K423D

P535G; E4l6A

R365V

D549A

Y408L: D425R; E416A

R3651

D349V

E457G; D425R; E416A

R365L

D349L

N331G: D425R; E416A

R365M

D349M

Y4081 E457G; E416A

R365F

D349F

Y408L; NS31G, E416A

R365Y

D549Y

E4ST7G; NS31G; E416A

R365W

D540W

Y408L; E457G; N531G;
E416A

R365G

D5497

R365P

D540N

Y408L: E457G: DA25R.
FAI6A

R365S8

D549G

Y408L; NS31G, D425R;
E416A

R363T

D546G

R3635N

Ds46p

E457(G; N331G; D425R;
E416A

R365Q

D540R

R365H

D549H

D4Z5R; Y408L N531G;

E457G; E461Q: RA62K;
F464Y: E416A

R365K

B549K

R365D

E457G: NS31G; E461Q;
R462ZK; F464Y; E416A

R365E

A366G

Y408L; E330Y

K368G

E457(G; ES30Y

N531G; E330Y

K424A

P535G; E530Y

K424V

Y408L,; D423R; E330Y

K4z4i

E457G; D425R; E530Y

K424L

MN531G; D425SRES30Y

K424M

Y553K

Y4085 B457G; BE530Y

K424F

YS553E

Y4081 NS31G; E530Y

K424Y

RS37V

E457G: NS31G; E530Y

K4214W

RS571

Y4081 E457G; N331G;
E330Y

K424G

RS57L

Y408L: E457G: DA25R;
ES30Y

K424P

R357M

K4248

R357F

K424T

R357Y
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Variant Description

RSSTW

Variant Description

PCT/US2022/082179

RS5575

069G

Variant Description

RS37Y

L73G

Y408F; H457G; E461(;
N531G

L76G

H362G

Y408F; E457G; E461Q;
R46ZK; F464Y; N531G

H370G

F305G

YI08F: EASTG. E4610.

E401G

R462K: NS3IG
Y403F, E457G; E461Q);
F464Y: N531G

A405G

RS37E

R456G

E457G; B461Q); R462K;
F464Y; NS31G; R337K

3774, N331G

459G

1377, EASTG

R4B4G

E437G; E461; F464Y
N331G: RSSTK

T377G: F4610

D301G

ES30F; P338S

377G EA57G: E461Q

A302G

E330Y; P358S

T377G; EASTGL E4614;
N33IG

V326G

E457G; E461Q; E330F,
N531G; P3585

$827G

Y408L; NS31G, R537A

W328G

NS31G; PS35SA; R357A

F537G

E437G; EA61Q; R462K:
F4s4Y; ES30F; N331(;
P5588

F457G; E461Q; RS5TA

PA3RG

NS31G; B457G; B461Q;
R537A

V540G

Y408L; H457G; E461Q;
R462K; E530F; N331G;
P5588

YS53G

Y408L: E457G; E461(;
R462K; N331G; R357A

A342¢G

E457G; E461G; F404Y,
ES30F; N331G, PS58S

NS31G PS35A; R557K

R371G

E457G; E461Q; BES30Y,
NS3IG; P358S

E457G; E461Q; RS5TK

R327G

N531G; B457G; E461(;
R5357K

8343G

Q373G

E457G; B461Q; R462K;
F464Y; ES30Y; N331G;
P5588

Y408L; BE457G; E461(;
R462K; N331G; R3STK

W373G

1382G

Y4081, £457G: E461Q;
R462K: ES30Y: NS3IG:
P558S

Y408L; N331G; AC-term
{A358-PFISQYNV-563
(SEQ 1D NO: 25))

H383G

L3860

N3G PS35A; ACterm
{AS38-PFISQYNVY-563
{(SEQ ID NG: 25)

K387G

Y408F; H4STG F461(,
R462K: E530Y; NS31G;
P3588

R388G

F437G; B461Q; F464Y
E530Y: N331G; P3588

N331G; E457G; 4614,
AC-term (AS58-
PFISQYNVY-565 (SEQ 1D
NG 25)

391G

E4370; E461Q; K504H;
N3G

E392G

Y3930

E457(G, E461G; R462K;
F464Y; K504H, N331G

Y4081 B437G: E4610;
RAGIK: N331G: AC-term
(A558-PFISOYNV-365
(SEQ ID NO: 25))

K419G

D426G

Y408L; E457G; E461¢,;
R462K; K504H; N531(G

N422G

E457G; E461Q; F464Y;
K504H; NS31G

AC-~term (AS57-
RPFISQYNV-365 (SEQ
ID NQO: 28)

N460G

R462G

E416A; E457G; E461¢Q;
NS31G

V463G
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Variant Description

Y408F; E416A; E457G;
E461(; R462K: N531G

Variant Description

PCT/US2022/082179

TA16A; BASTG: B461Q:

F464Y  N531G

D425R; P5588; E457G,
E4610;, NS31G

Variant Description

EASTG; H461Q; N422ZK

3770, B4570G; E461¢,

R462K; FA64Y; N531G

D425R; ES30F; B4S7G
E461Q: NS31G

E437G; N422K;, 13776

E46 10}, N422K;, T377G

T377G. Y4AOSL; E437G:

B4610: R462K; NS3IG

D423K; ES30F; E457G,
E461Q; NS31G

N331G: E457G; N422K:
377G

T377G: F457G: £4610):

F464Y: N531G

D425R; ES30F. P3SEG:
E457G: B4610. NS31G

N331G; E461Q; N422K;
’1“37"(}

T377G: E416A; K504H

K504R: E330F; P558G,
E457G; B4610Q; N531G

~77G

E4i6A; K504H

K504R; D425R; P358G:

EA457G: B4610: NS31G

T377G; N4A22K; E457G;

T377G; K504H

N422K: E457G; E461(Q;

N531G

K304R; D425R; ES30F;
E457G; B4610); NS31G

D423K; Y408M

RSSTA; NS3IM

D425K; ES30F

N422K. E437G; B4616):

Q467K N531G

RES5TK; NS31IM

D423K; F337K

E416A; N422K; E457G;

E461G; Q467K N33 1G

RS557A; NS3IM; Y403F;

K304Y

D425K; K504R

D425K; P35S

KS04R; ES30F; D423K;
PS58S

RASTA; NS31D; Y403F;

K304Y

Y408M; E530F

Y408M; KSO4R

K504R; E530F; D425R;
P358S

RS5S57A; NS3IM; Y403F;

KS04Y; B457G; E4610

Y408M; PSS8S

K504R; ES30F; D423K;
P553G

R357A; N531G; Y403F,

K504Y; E457G; E4610

E330F; F337K

K304R; E330F; D425K;
PSS8G

RSSTA; NS31D; Y403F;
KS04Y; E457G; E4610Q

ES3 (;i“ ?‘hSQ

F337K; KS04R

K504R; E530F. D LJK
P53588; E437G E
N331G

R357A; N331M; Y403F,

K304Y; E457G; E461L

F537K; P538S

RISTA; NS3IM; Y403F;

KS04Y,; E457G; E461T

K504R; P3588

D425K; Y408M; F337K

K304R; B457G, F4610:
N331G

RES5TA; NS31M; Y403F,

K504Y; B457G; BE461Y

D425K; Y408M; K304R

ES30F. E457G, E4610.
N331G

RESTA; NS31IM; Y403F;

K304Y: E457N, B46 10

D423K; Y408M; ES30F;
F537K

D423R; EASTG; BE461Q;
N331G

R357A; N33 IM: Y403F:

K504Y; H45TN; E461L

D425K; Y408M,; H530F;
PS58S

D425K; BE487G; 4614,

NS31G

R357A; N531M; Y403F,

K304Y; E457N: B461T

D4251K; ES30F, FS37K,
KS04R

P3588; E457G; E461Q;
N33IG

RSSTA; NS31M; Y403F;

KS04Y; H45TN; E461V

Y408M; E330F; F537K;
KS504R

PS58G; B4STG; BE461;
NE3IG

NAIIM: Y403F, K504Y

E457G: B4610

Y408M; F337K; K304R!
P5585

K304R; E330F; E457G;
E4614; NS31G

N422K; 46143

D425K; Y408M; ES30F;
FS37K; KSR

K504R; D425R; E457G;
E4610Q: N331G

T377G;, N4Z2K

N331G; E457G T77G

D425K; Y408M,; E530F;
F537K: P558S

K504R; P558S; E457G;
461, NS3IG

N331G; E46143; N422K

D423K; Y408M; ES30F;
KS504R; P3588

NS31G; E461Q;, T377G

ES30F; P358S; E457G;
B461Q:; N331G

N531G; N422K; T377G

D425K; Y405M: FSATR.
K504R: P558%
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Variant Description

D425K; E330F; F337K;
K504R: P3588

Variant Description

PCT/US2022/082179

DA25K; Y408M; ES30F,
F537K:. K504R; P358S

Y403F; G406A; D425K;

E457G; E461Q; K504Y;
N531G

Variant Description

N4OZR

H554F

D425K; E457G; E46143;
KA504R, N331G

D425K: E457G; B4614,
NS3IG

H554K

R371E

D425K; B457G; B461();
N531G; P5585

D425K; B45T7G; E461Q;
N531G; RSSTA

A342R

T377G; Y408M; N422K;
E4S7G; E461Q; ES30F;
N331G

RSSTA

K51R: N3ZA. ASSP.
TSOM: R61G: Fo4Y

AV563)

N5ZA

F559Y

ASSP

T377G; N422K; D425K,
E457QG; E461Q; ES30F;
N331G

A(S308)

T30H

F359W

L73F

E4370G: E4610: N331G:
$307A

F559H

L73D

L30TF

N531G: S507A

L307TH

E457G; S507A

L307TW

E4614); 8507A

L307Y

AZT5-CAGFASVAQE-

284 (SEQ ID NO: 31)) >

CEEDROOQNIPKGLARS
AQGEAEIETE (SEQ ID
NO: 32)

N422K; S507A

P433A

R484A

T377G; 8507A

P433G

R4R4K

D425K; S507A

P433F

R484E

Y408M; S507A

AY 496}

AY565) > VG

P3585; S507A

A(D49T)

A(V565) > VY

E530F; S507A

A(Y496; D49Ty

E416K

F337K; §507A

8499C

E416R

K504R; 5507A

84994

D395A

Y408F; S507A

S499K

D395G

RSS7A; S507A

S499V

D395K

E416A; E457G; E4614;
R462K; F464Y  N531G

Y496L

D393R

$499G; I500K

D39SA; D425A

NS2; N159G

S499A; I500K

D395A; E416A

N476(Q; NSI8Q

Y408F; N33 1M

T495F; Y496L; S499(;
1500K

D395A; FA16A; D425A

Y408F; K504Y

K423R

N402D

G406A; Y403F

RE2A

368D

D425K

R62E

K1I03A

Y403F; D425K; E457G;
NS31G

R62L

EH106A

R62H

134G

G400A; D425K; E457G;
E4610; N331G

E401K

208G

Y403F: G406A. DAZ5K.
F457G: E461Q; N531G

E401R

E401A

Y403F; D42SK; E457G;
E461(3; K304Y; N531G

E401F

383K, D383N; K3578;

R388Q: E3920; Y3937,
395K K419M: D420H;

G421T; N422G: D425E

N402G

N40ZK

H383K; R3RE(; E392(3;
Y393T, K419M

K510, T59E; R61D
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Variant Description Variant Description Variant Description
Q6S9H,; L73F; G79E; T80L, HO48N Q1I31IN
A(I-KVTYTS-6 (SE : 477 A
NO: 33)) > RSPSASDLP DYSSN fi224
(SEQ ID NO: 34) LI9US T377A
MIB6E; GI8T7L; Y1885, VII08N
GQ189N; DIS0G; FiolL,; Fi1108
D936
B. Fusion Constructs Comprising Complement Factor {

{0064} Provided herein are formulations for fusion constructs comprising a first component
{CF1I portion) comprising at least one domain of complement factor I, and at least a second
component, wherein the first component and second and subsequent components are fused (e.g.
contiguous or separated by an optional linker). These fusion constructs are referred to herein as
“CF1 fusion constructs” or simply as “fusion constructs.” In some emboduments, the fusion

construct comprises additional components, e.g. a third component, a fourth component, etc.

{0065} In some embodiments, the second and subsequent components of the fusion construct

18 a protetn. In sorve ernbodiments, the second and/or subsequent components 18 not a protein.

{0066}  The components of the fusion constructs of the disclosure may be held together by
optional linkers. They may be of any suitable length of at least one amino acid. A linker may be
a flexible linker, and may be a peptide of about 1 to about 20 amino acid residues in length,
wherein the amino acid residues may comprise glycine residues. The linker may also optionally
comprise serine residues. Exemplary flexible linkers can include, but are not limnited to, glycine
polymers, glycine-serine polymers, glycine-alanine polymers, alanine-serine polymers, or any
other suitable flexible linkers known in the art. An exemplary linker is (GGSS)", wherein n 15
any number from about 1 o about 20 (SEQ ID NG: 35). An exemplary linker is (GGSSY'GG
{SEQ ID NO: 36}, wherein 11 is any number from about 1 to about 20. An exemplary linker is
{GGSSGG)", wherein nis any nuber from about 1 to about 20 (SEQ 1D NG: 37). In some
embodiments, the linkers are protease-sensitive cleavable linkers. Exemplary linkers linking the
fusion constructs can be 1-50, 5-50, 10-50, 15-50, 20-50, 25-50, 1-20, 2-20, 3-20, 4-20, 5-20, 6~
20, 7-20, 8-20, 9-20, 10-20, 3-15, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 4-15, 4-10, 4-9, 4-8, 4-7, 4-6, 4-5,

5-15, 5-10, 5-9, 5-8, 5-7, 5-6, 6-15, 6-10, 6-9, 6-8, or 6-7 amino acids in length.

o
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CFi + Half-Life Extender Fusion Constructs

100677  In some embodiments, the fusion construct comprises a wild type CFI or CFI variant
{first component}, and at least a second component, and wherein the second component is a half-
fife extender. Because naturally cccurring CFI has a relatively short half-life, it may be
advantageous in some embodiments to increase the half-life of CFI or a variant thereof. By using
a second component that is a half-life extender, the activity may increase, or it may improve
another characteristic as compared to a wild type CFI. For example, a wild type CFl or a CFI

variant may have their half-life extended by fusing the CFI to a half-life extender.

{6068} Exemplary half-life extenders include, but are not limited to albumin, such as human
serum albumin, PEG, a non-biodegradable polymer, a biodegradable polymer, and Fe. In some
embodiments, the second component is a protein, and is a halt-life extender, such as albumin or
Fc. In some embodiments, the second component is not a protein, and is a half-life extender,

such as PEG. In some embodiments, the half-life extender is comprising peptide repeats.

{0069} In some embodiments, a second component is a half-life extender, and is albumin. It s
noted that as used herein, albumin refers to any albumin such as any serum albumin, or an
albumin variant, or albumin derivative. As an example, a variant of albumin includes any
albumin comprising at least one modification corresponding to the amino acid sequence set forth
in SEQ ID NG 7 (wild type Hurman serum albursin (HSA)), or at least one modification
corresponding to the amino acid sequence of an albumin of any non-human species. In
exemplary embodiments, the albumin s buman serum albumin (HSA) and 1s provided in SEQ

IDNOG: 7.

{06781 Exemplary fusion constructs comprising wild type CFl and HSA are referred to herein,
as “CFL-HSA” and are discussed in further detail below. An exemplary fusion construct of the

disclosure comprises the amino acid sequence of SEQ ID NO: 21

{0071}  In some embodiments, a fusion construct of the disclosure comprises albumin and a

CFI variant of the disclosure. Exemplary CFI variants are provided in Table 2.
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Structural Arrangements of Fusion Construcis

{00721  In some embodiments, provided herein are fusion consiructs comprising at least a first
component, wherein the first component 18 any of the wild type CF1 or CFI variants provided
herein (CFI portion), and a second component, wherein the first component and second
component are fused, and wherein the second component is fused fo the N-terminal end of the
CFl portion. In some embodiments, the second component is fused to the C-terminal end of the
CFI portion. In some embodiments, the second comaponent is fused to the C-terminal end of the
C¥FI portion, and a third component is further fused to the N-terminal end of the CFI portion. In
some embodiments, the secoud component is fused to the N-terminal end of the CFI portion, and

a third component is further fused to the C-terminal end of the CFI portion.

{06731 Turning to Table 3, SEQ ID NO: 1 is the amino acid sequence of wild type plasma-
derived human CF], referred to as “CFI-PD”, and has a leader sequence. Wild type CFl used for
fusion with a second component may comprise the amino acid sequence of SEQ D NG §,
which does not include the leader sequence present in SEQ ID NO: 1. A mouse Ig kappa chain
V-1 region MOPC 63 leader sequence (SEQ D NO: 2) may instead be used for the
recombinant production of any of the CFI fusion constructs provided herein. In some
erabodiments, provided herein are CFI fusion counstructs comprising at least one CFI domain,
wherein the at least one CFI domain comprises the amino acid sequence set forth in SEQ 1D NO:
]

{86741  Anexemplary fusion construct of the disclosure comprises the amino acid sequence of
SEG D NO: 21

Tabile 3: Components of Exemplary CFI Fusion Constructs

Description Sequence

Wild type MKLLHVFLLFLCFHLRFCKVTYTSQEDLVEKKCLAKKYTHLSCDEVECQP
plasma-derived WORCIEGTCVCRKLPY QCPENGTAVCATNRRSFPTY CQOKSLECLHPGTKERL
human CFE(CFL- | NNGTCTAEGKFSVSLKHGNTDSEGIVEVKELVDGDKTMEFICKSSWSMREAN
PD) VACLDLGFOQUGADTORRFKLSDLSINSTECLHVHCRGLETSLAECTFTRKRRT
MGYQBFADVVCYTQKADSPMDBFFQCVNGKYISQMKACDGINDCGDQSD
ELCCKACQGKGFHCKSGVCIPSQYQUNGEVDCITGEDEVGCAGFASVTQEE
TEILTADMDAERRRIKSLLPKLSCGVKNRMHIRRKRIVGGKRAQLGDLPWG
VAKDASGITCGGIYIGGCWILTAAHCLRASKTHRYQIWTTVVDWIHPDLK
RIVIEYVDROHFHENYNAGTYOQNDIALIEMKKDGNKKDCELPRSIPACYVPWSE
YLFQPNDTCIVSOGWGREKDNERVESLOWGEVKLISNCSKFYGNREFYEKEM
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Bescription

Sequence

ECAGTYDGSIDACKGDSGGPLYVCMDANNVTYVWGYVSWGENCGKPEFPG
VYTKVANYFDWISYHVGRPFISQYNV (SEQ ID NO: 1)

Leader sequence
{mouse leader for
CFI-HSA)

METDTLLLIWVYLLLWYPGSTG (SEQ IDNO: 2)

Human CFI
leader sequence

MKLLHVFLLFLCFHLRFC (SEQ ID NO: 3)

Wild type CFI of
SEQIDNO 1
withoot signal
sequence

KVTYTSQEDLVEKKCLAKKY THLSCDKVFCQPWQRCIEGTCVCKLPYQCP

KNGTAVCATNRRSFPTYCQOKSLECLHPGTKFLNNGTCTAEGKFSVSLKHG
NTDSEGIVEVKLVDODKTMFICKSSWSMREANVACLDLGFQQGADTORRE
KLSDLSINSTECLHVHCRGLETSLAECTFTKRRTMGYQDFADVVCYTQOKAD
SPMDDFFQCYNGKYISOMKACDGINDCGDQSDELCCKACQGKGFHCKSGY
CIPSQY GCNGEVDCITGEDEVGCAGFASVTQEETRILTADMDAERRRIKSLL

PKLSCGVKNRMHIRRKRIVGGKRAQLGBLPWOVATKDASGITCGGIVIGGC

WILTAAHCLRASKTHRYQIWTTVV DWIHPDLKRIVIEY VDRIFHENYNAGT
YONDIALIEMKKDGNKKDCELPRSIPACVPWSPYLFQPNDTCIVSGWGREK

DNERVFSLOWGEVKLISNCSKFYGNRFY EKEMECAGTYDGSIDACKGDSG

GPLVCMDANNVTYVWGVVSWGENCGKPEFPGVY TKVANYFDWISYHVG

RPFISQYNV (SEQ ID NO: 3)

Linker

GGSSGG (SEQ 1D NO: 6)

Human serum
albumin (HSA)

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDHVKLVNEVTEFA
KTCVADESAENCDKSLHTLFGDRLCTVATLRETYGEMADCCAKQEPERNE
CFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLEKKYLYEIARRHPYFYA
PELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKASSAKQRLKCA
SLOKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHTECCHGDLL
ECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAEVENDEMPADLP
SLAADFVESKDVCKNYAEAKDVFLOMEFLY EYARRHPDYSVVELERLAKTY
ETTLEKCCAAADPHECY AKVFDEFKPLVEEPOQNLIKOQNCELFEQLGEYKFQ
NALLVRYTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLS
VVINQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFNAE
TFTFHADICTLSEKERQIKKOTALVELVKHK PKATKEQLKAVMBDDFAAFVE
KCCKADDKETCFAEEGKKLVAASQAALGL (SEQ ID NO: 7}

HSA linked with
CFI {CFI-HSA)

DAHKSEVAHRFKDLGEENFKALVEIAFAQYLGQQCPFEDHVKLVNEVTEFA
KTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPERNE
CFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYA
PELLFFAKRYRAAFTECCQAADKAACLLPKLDELRDEGKASSAKQRLECA
SLOQKFGERAFKAWAVARLSQRFPKAEFAEVSKLVIDLTKVHTECCHGDLL
ECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAEVENDEMPADLP
SLAADFVESKDVCKNYAEAKDVFLOGMFLYEY ARRHPDYSVVLLERLAKTY
ETTLEKCCAAADPHECY AKVFDEFKPLVEEPQNLIKQNCELFEQLGEYKF(
NALLVRYTKEVPOVSTPTLVEVSRNLGEVGSKCCKHPEAKRMPCAEDYLS
VVINQLCVLHEKTPVSDRVTKCCTESLYVNRRPCFSALEVDETYVPKEFNAE
TFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQGLKAVMBDEAAFVE
KCCKADDKETCFAEEGKKLVAASQAALGLGGSSGOKVTYTSQEDLVEKKC
LAKKYTHLSCDKVFCOPWORCIEGTCVCKLPYQCPKNGTAVCATNRRSEP
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Bescription Sequence

TYCQOQKSLECLHPGTKFLNNGTCTAEGKFSVSLKHGNTOSEGIVEVKLVDQ
DETMFICKSSWSMREANVACLDLGFQQGADTQRRFEKLSDLSINSTECLHVH
CRGLETSLAECTFTKRRTMGY QDFADVVCYTQKADSPMDDFFQCYNGKY]
SQMEACDGINDCGDQSDELCCKACQGKGFHCKSGVUIPSQY QCNGEVDCE
TGEDEVGCAGFASVTQEETEILTADMDAERRRIKSLLPKLSCGVENRMHIR
RERIVGOKRAQLGDLPWOVAIKDASGITCGGIYIGGCWILTAAHCLRASKT
HRYQIWTTVVDWIHPDLERIVIEY VORIFHENYNAGTYQNDIALIEMEKDG
NKKDCELPRSIPACVPWSPYLFQPNDTCIVSGWGREKDNERVESLOQWGEVK
LISNCSKFYGNRFYEKEMECAGTYDGSIDACKGDSGGPLYCMBDANNYTYV
WOVVSWGENCGKPEFPGVYTRVANYFDWISYHVGRPFISQYNY (SEQ ID
NO: 213

i, Uses of CFI-Containing Formulations

10075]  The formulations of the disclosure may be used for therapeutics in a subject. As used
herein, a subject includes any mammalian subject and includes primates, rodents, domestic
animals, zoo animals, and pets. In some embodiments, the mammalian subject is a human

subject In some erbodiments, the mammalian subject is a non-human primate.
A, Treatment of Non-Ocular Conditions

{06761 1o some embodiments, the formulations provided herein are useful for treating a non-
ocular condition in a subject. In some embodiments, provided herein is a method of treating an
ocular condition in a subject in need thereof, the method comprising administering to the subject

a therapeutically effective amount of any one of the formulations provided herein.

10077} In some embodiments, the non-ocular condition is characterized by 2 deficiency of
CFL In some embeodiments, the non-ocular condition is characterized by dysregulation of the

complement system.

{06781  In some embodiments, the non~-ocular condition is a systemic acute indication. In some
embodiments, the non-ocular condition is a systemic acute indication selected from the group
consisting of: acute glomerulonephritis, acute renal injury, acute respiratory distress syndrome,
bacterial meningitis, brain hemorrhage, burns, coronavirus infection, Epstein-Barr virus
infection, hematopotetic stem cell transplantation, ischemia reperfusion injury, Lyme disease,
myocardial infarction, organ transplantation, periodontitis, pneumonia, pre-eclampsia,
schistosomiasis, sepsis, stroke, thromboembolism, and traumatic brain injury.
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[0079]  In some embodiments, the non-ocular condition is a systemic chronic indication. In
some embodiments, the non-ocular condition is a systemic chronic indication selected from the
group consisting of. Alzheimer’s disease, anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis, antiphospholipid syndrome, asthma, atherosclerosis, atypical hemolytic
uremic syndrome (aHUS), autoimmune hemolytic anemia, bullous pemphigoid (BP), €3
glomerulopathy, chronic kidney failure, chronic obstructive pulonary disease (COPD), Cold
agglutinin disease (CADY), Crohn’s disease, diabetic neuropathy, generalized myasthenia gravis
{eMG}, Granulomatosis with Polvangutis (GPA), Gullain-Barré Syndrome (GBS), hereditary
angioedema (HAE), hidradenitis suppurativa (HS), IgA nephropathy (IgAN), lupus nephritis
(LN}, membranous glomerulonephritis (MN}, microscopic polyangiitis (MPA), motor neuron
disease, multifocal motor neuropathy (MMN), muliiple sclerosis (MR), non-insulin dependent
diabetes, osteocarthritis, pancreatitis, Parkinson’s disease, paroxysmal nocturnal hemoglobinuria
{(PNH), post-transplant lymphoproliferative disease, protein losing enteropathy, psoriasis,
pyoderma gangrenosum, theumatoid arthritis, schizophrenia (8Z), systemic lupus erythematosus
{SLE}, immune thrombocytopenia {(ITP), and ulcerative colitis, Lampert-Eaton myasthenic
svadrome {LEMS), CHAPLE syndrome {CD55 deficiency), thrombotic microangiography
{TMA) and chronic inflammatory demyelinating polyneuropathy (CIDP), Huntivgtou disease

and ischemia reperfusion injuries.

j00881  In some embodiments, the diseases that may be treated by use of the formulations
provided herein that comprise CFI variants or fuston constructs that are C4b degraders include,
but are not limited to a non-ocular condition. In some embodiments, the non-ocular condition is
a systemic chronic indication. In some embodiments, the non-ocular condition 18 a systemic
chronic indication selected from the group consisting of. Alzheimer’s disease, Amyotrophic
lateral sclerosis (ALS), anti-neutrophil cytoplasmic antibody (ANCA}-associated vasculitis,
antiphospholipid syndrome, asthma, atherosclerosis, atypical hemolytic uremic syndrome
{aHUS), autoimmune hemolytic anemia, bullous pemphigoid (BP), C3 glomerulopathy, chronic
kidney failure, chronic obstructive pulmonary disease (COPD), Cold agglutinin disease (CAD),
Crohn’s disease, diabetic neuropathy, generalized mvasthenia gravis {(¢MG), Granulomatosis
with Polyangiitis (GPA), Guillain-Barré Syndrome {GBS), hereditary angioedema (HAE),
hidradenitis suppurativa (HS), IgA nephropathy, lupus nephritis (LN}, membranous
glomerulonephritis (MN}, microscopic polyangiitis (MPA), motor neuron disease, multifocal
motor neuropathy (MMN}, multiple sclerosis (MS), non-insulin dependent diabetes,
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osteoarthritis, pancreatitis, Parkinson’s disease, paroxysmal nocturnal hemoglobinuria (PNH),
post-transplant iymphoproliferative disease, protein losing enteropathy, psoriasis, pyoderma
gangrenosum, theumatoid arthritis, schizophrenia (82), systemic lupus erythematosus {SLE),
immune thrombocytopenia (ITP), warm Autoimmune hemolytic anemia (wAIHA), Immune-
Complex Membranoproliferative Glomerulonephritis (IC-MPGN), and ulcerative colitis,
Lampert-Eaton myasthenic syndrome (LEMS), CHAPLE syndrome (CD55 deficiency),
thrombaotic microangiography {(TMA ) and chronic inflammatory demyelinating polyneuropathy

{CIDP), Huntington disease and ischemia reperfusion injuries.
{00811 In some embodiments, the non-ocular condition is non-oncological.

{00821  In some embodiments, the non-ocular condition is oncological. In some embodiments,
the non-ccular condition is oncological, and is characterized by solid tumors, or by liguid
tumors. In some embodiments, the non-ocular condition is characterized by solid tumors, and is
selected from the group consisting of’ colorectal tumors, hormone-refractory prostate cancer,
melanoma, metastatic breast cancer, metastatic colorectal cancer, metastatic esophageal cancer,
metastatic pancreas cancer, metastatic stomach cancer, nasopharyngeal carcinoma, non~-small
cell lung cancer, pancreas tumors, squamous cell carcinoma, and stomach tumors. In some
erabodiments, the non-ocular condition 15 characterized by liquid tumors, and is selected from

the group consisting of: acute myelogenous leukemia, B-cell lymphoma, and Hodgkin’s disease.
B. Treatment of Ocular Conditions

{0083} In some embodiments, the formulations provided herein are useful for treating an
ocular condition in a subject. In sorve embodiments, provided herein is a method of treating an
ocular condition in a subject in need thereof, the method comprising administering to the subject

a therapeutically effective amount of any of the formulations provided herein.

[0084] In some embodiments, the ocular condition is characterized by a deficiency of CFL In
some embodiments, the ocular condition is characterized by dysregulation of the complement

system.

{0083} In some embodiments, the ocular condition is characterized by the presence of a
dysfunctional CFI geve. In some embodiments, the ocular condition is characterized by
dysregulation of the complement system and low CF1 levels.
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[0086]  In some embodiments, the ocular condition selected from the group consisting of’
diabetic macular edema (DME), diabetic retinopathy, dry age-related macular degeneration
{AMD), glaucoma, keratoconjunctivitis, neuromyelitis optica spectrum disorder (NMOSD),
open angle glaucoma, polypoidal choroidal vasculopathy, Stargardt Disease, uveitis, and

vitreoretinopathy.
{00871 In some embodiments, wherein the ocular condition is non-oncological.
L 08 Administration

{0088] The in vivo administration of the formuliations described herein may be carried out

intravenously or subcutaneously.

[808%]  In exemplary embodiments, adiministration of the formulations described hereinis a
subcutaneous administration. In some embodiments, the subcutaneous administration is a daily,

every other day, twice weekly, or weekly administration.

[0098] In some embodiments, administration of the formulations described herein is an

intravenous administration.

{0091} As generally contemplated herein, the CFl variants or fusion constructs described
herein are delivered in an activated two chain form. However, in some instances, inactive CF1
variants or fusion constructs can be delivered in an inactive single chain form. In some

embodiments, what is delivered comprises both single chain inactive and two chain active forms.
B. Dosages

[0692] In some embodiments, any of the formulations described herein may be administered
to a subject v need thereof iv a dosage of about 0.05 mg/kg to about 10 mg/kg. In some
embodiments, the dosage is about 1 mg/kg. In some embodiments, administration of the
therapeutic CF1, variants or fusion constructs in the formulations described hereinis a
subcutaneous administration, at a dosage of about 0.05 mg/kg, about 0.1 mg/kg, about 0.5
mg/kg, about T mg/kg, about 1.5 mg/kg, about 2 mg/kg about 2.5 mg/kg, about 3 mg/kg, about
3.5 mg/kg, about 4 mg/kg, about 4.5 mg/kg, about § mg/kg, about 5.5 mg/kg, about 6 mg/kg,
about 0.5 mg/kg, about 7 mg/kg, about 7.5 mg/kg, about 8 mg/kg, about 8.5 mg/kg, about 9
meg/ke, about 9.5 mg/kg, or about 10 mg/kg. In some embodiments, administration of the
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therapeutic CF1, variants or fusion constructs in the formulations described herein is an
intravenous administration, at a dosage of about 0.1 mg/kg, about 0.5 mg/kg, about 1 mg/ke,
about 1.5 mg/kg, about 2 mg/kg, about 2.5 mg/kg, about 3 mg/kg, about 3.5 mg/kg, about 4
mg/kg, about 4.5 mg/kg, about 5 mg/kg, about 5.5 mg/kg, about 6 mg/kg, about 6.5 mg/kg,
about 7 mg/kg, about 7.5 mg/kg, about 8 mg/kg, about 8.5 mg/kg, about 9 mg/kg, about 9.5
mg/kg, or about 10 mg/kg. Tv some embodiments, administration of the therapeutic CF1 variants
or fusion constructs described herein is daily administration, every other day administration,

weekly administration, or twice weekly adrotoistration.

{66831 1o some embodiments, the target level of the therapeutic CF1, variants or fusion
constructs in the formulations provided herein in plasma may be about 0.1 pg/ml, about 0.5
pg/ml, about 1 pg/ml, about 1.3 ug/ml, about 2 ng/ml, about 2.5 ug/ml, about 3 pg/ml, about 3.5
pg/ml, about 4 pyg/mi, about 4.5 ug/ml, 5 ug/ml, about 5.5 yg/ml, about 6 ug/mi, about 6.5
ug/mi, about 7 ug/ml, about 7.5 ug/ml, about 8 ug/ml, about 8.5 ug/mi, about 9 ug/ml, about 9.3
ug/ml, about 10 pg/mli, about 10.5 ug/ml, about 11 pug/ml, about 11.5 pg/mi, about 12 pg/ml,
about 12.5 pg/ml, about 13 ug/mi, about 13.5 ug/mi, about 14 ug/ml, about 14.5 pg/ml, 15
peg/mi, about 15.5 pg/ml, about 16 pg/mi, about 16.5 pg/ml, about 17 pg/ml, about 17.5 pg/ml,
about 18 pug/mil, about 18.5 ug/ml, about 19 ug/mi, about 19.5 pg/mi, about 20 ug/ml, about 20.5
ug/ml, about 21 pg/ml, about 21.5 pgfml, about 22 pg/ml, about 22.5 pg/mi, about 23 pg/ml,
about 23.5 ng/mi, about 24 pg/mi, about 24.5 pg/mi, 25 pg/ml, about 25.5 pg/mi, about 26
pg/ml, about 26.5 ug/ml, about 27 pg/mi, about 27.5 ug/ml, about 28 pg/mi, about 28.5 pg/ml,
about 29 pug/ml, about 29.5 pg/ml, about 30 ug/ml. The target level may be about 10 pg/ml,
about 25 ng/ml, about 50 pg/ml, about 100 ug/ml, about 150 pg/mi, about 200 png/ml, about 250

ug/mi, or even about 300 pg/ml.

EXAMPLES
Example 1: Preparation of CFL, CFl Varianis and Fusion Proteins
{verview

10084 The methods provided below are applicable for expression, purification, activation, and
in vitre sialvlation of wild type CFI, CFI variants, and fusion constructs comprising wild type

C¥FI and CFT variants.
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[00%5]  For Example 1, reference to CFI-HSA refers to human serom albumin fused to the N-

terminal end of a human wild type CFE{SEQ D NO: 21).

[0096] A wild type CFI-HSA protein is expressed in Chinese hamster ovary {CHQO) cells,
purified with anti-albumin affinity purification, activated with furin, and purified by sizing
columns. The activated CFI-HSA protein was subjected 1o 712 vitro sialylation to increase the
total sialylation of CFI-HSA. Finally, the sialylated protein was purified using anti-albumin

affinity purification and polished by size-exclusion columin chrowatography.
Fxpression

{00977 The CFI-HSA gene (SEQ ID NG: 21) was synthesized (ThermoFisher Scientific,
(Geneart, Regenshurg, Germany), with the human serum albumin at the amino terminus of the
CFI protein. The protein was made with the signal sequence of SEQ ID NO: 2, which was
removed during expression. The amino terminal albumin tag was connected to the CFI gene
through a linker (SEQ ID NO: 6). The gene of CFI-HSA was inserted into an expression vector
{1.ake Pharma, Hayward, CA) utilizing standard molecular biclogy techniques. The resulting
plasmid DNA was transformed into £. cofi. The transfected £, cofi were grown in 200 ml of LB
media for expression of plasmid DNA and harvested utilizing standard techniques. The plasmid
DNA was run on an agarose gel for quality assessment and sequence confirmed before

proceeding to transfection.

[0098] 1.0 liter of suspension TunaCHO™ cells were seeded in a shake flask and were
expanded using serum-free chemically defined medium. On the day of transfection, the
expanded cells were seeded into a new flask with fresh medium. The plasmid BNA was
transiently transfected into the CHO cells using Lipofectamine 2000 (ThermoFisher Scientific).
The cells were maintained as a batch-fed culture until the end of the production run. The protein
was expressed for 14 days at 37°C at 125 RMP with 8% CO: concentration. (ells were
centrifuged and supernatant was collected for purification of secreted CFI-HSA at the end of 14

days expression.
Purification

{00991 The supernatant with expressed CFI-HSA protein was passed through a 10 mi gravity
flow column of CaptureSelect™ human albumin affinity matrix (ThermoFisher Scientific).
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Column-bound protein was washed with 10 column volume of 20 mM sodium phosphate buffer.
Bound CFI-HSA protein was eluted in two steps: first, with 3 column volume of 20 mM Tris~
HCI, pH 7.0 buffer with and 2 M MgCl2, and second, with 3 column volume of 20 mM citric
acid, pH 3.0, Elution from both steps 1 and 2 was collected in 5 mli fractions. Each fraction of
the step 2 elution was neutralized with 10% of neutralization buffer (1.5 M tris-HCL pH 7 4}
All fractions were analyzed by reducing and nou-reducing SDS-PAGE electrophoresis and
bands were visualized by SimplyBlue™ SafeStain {ThermoFisher Scientific). CFI-HSA runs as
a 130 kDa band on a non-reducing gel and as 102 kDa and 23 kDa bands on a reducing gel.

Fractions with maximum CFI-HSA concentration and purity were pooled for further processing.
Furin Activation

{01887 CFI-HSA is expressed as an inactive, single chain precursor protein, and is activated by
furin, another serine protease. Furin is an endoprotease that cleaves CFI at its conserved RRKR
sequence {also referred to as the furin recognition sequence}, resulting in a heavy and light chain
connected by a disulfide bond. The furin-processed, mature, two-chain protein is the activated

form of the CFI protein.

{0181} Cleavage of CFI-HSA for producing the protein in its activated form was performed by
incubation of 4 pg of recombinant furin per myg of purified CFI-HSA in Tris-NaCl (tris buffered
saline), 2.5 mM Callz and 0.5 % CHAPS at 30°C for 18 hours. The CFI-HSA protein
concentration was maintained at 1.4 mg/ml. This results in more than 90% activation of the
protein. The activated protein was separated from inactivated CFI-HSA, and other proteins by
size-exclusion chromatography. Size exclusion chromatography (SEC) was performed using a
HiLoad 16/600 Superdex 200 column {GE Healthcare Life Sciences) and phosphate buffer saline
{(PBS, 137 mM NaCl, 2.7 mM KC, 10 mM NazHPO4, 2 mM KHoPO4, pH 7.4) as the mobile
phase. Collected fractions were analyzed by CE-SDS (LabChip GXH, Perkin Elmer). Fractions

containing the target protein were pooled and analyzed by SE-UPLC.
i vitro sialylation

{01027 The activated CFI-HSA protein was subject to in vizro sialvlation. Briefly, the
sialylation was carried out in a two-step enzymatic reaction. First, a galactosylation reaction of

CFI-HSA was performed 1n a 200 pl volume utilizing a 1:200 molar ratio of

(5
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galactosyltransferase (GalT1) enzyme and CFI-HSA in 10 ;M UDP-Galactose, 5 mM MnCly,
and 100 mM MES, pH 6.5 buffer. Galactosylated CFI-HSA was purified from the reaction
mixture by CaptureSelect™ Human Albumin affinity chromatography, as described earlier.
Next, the sialylation reaction was performed in a 250 pl volume utilizing a 1:50 molar ratio of
enzyme alpha 2, 6-sialyl transferase and puritied CFI-HSA in 80 uM Alkaline phospahatase, 6.1
mM CMP-NANA, 10 mM ZnCl and 200 mM MES buffer, pH 6.5 at 37°C for 1 hour. The
sialylated CFI-HSA protein was purified from the reaction mixture by CaptureSelect™ Human
Albumin affinity chromatography. The extent and characteristics of the sialic acid chain on CFI-
HSA was determined by utilizing an Agilent/Prozyme Analytical service, G8-SAP method for
total sialic acid quantitation (Agilent GS48), and mass spectrophotometric (MS) analysis (Lake

Pharma analyiical service), described in further detail below.

{0103}  Briefly, total sialic acid quantitation was performed by mixing 20 pl of each sample
with 10 @ of release reagent in a 96 well plate. The reaction mixture was incubated for 2 hours
at B0°C. The samples were cooled to room temperature and 10 yl of labeling reagent was added
to each sample for a further incubation of 3 hours at 50°C. The samples were again cooled down
to room temperature and 160 pl of de-tonized (dI} water was added to bring the {otal volume to
200 pl. 10 pl of samiple was injected in the Agilent UHPLC Poroshell Ci8 columntorunata
flow rate of 0.4 ml/minute at 30°C in 4% methanol, 8% acetonitrile in water {Line A1) and
100% ACN (Line B1). The peaks were recorded at 373/448 nm wavelength. A standard curve of
total peak area versus picomoles (pmol) of sialic acid was generated by running 1-2000 pmol of
NANA (N-acetylneuraminic acid, NeuSAc) supplied with the kit on the same column. Total
sialic acid of each sample was quantitated by comparing the peak area of samples against the

standard curve.

{0164} The mass spectrometric analysis was performed by a siandard trypsin Q-TOF mass
spectrometer. Briefly, all samples were treated, reduced and alkylated by DTT and
iodoacetamide, followed by tryvpsin digestion. The digested samples were analyzed by Waters
ACQUITY UPLC coupled to a Xevo G2-XS-QTOF mass spectrometer using a protein BEH

CIR column.
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Folishing

{0195}  Purified CFI-HSA protein was subjected to size-exclusion chromatography (SEC)
using a Hil.oad 16/600 Superdex 200 column (GE Healthcare Life Sciences) and phosphate
buffer saline as the mobile phase. Collected fractions were analyzed by CE-SDS (LabChip GXJ1,
Perkin Elmer). Fractions containing the target protein were pooled, and the concentration was

—~

brought to 5 mg/mi, and the samples were flash frozen for storage at -80°C
FExpression and Purification of CFI-HSA Variants

{01661 The DNA of CFI-HSA variants was generated either by synthesis or by site-directed
mutagenesis utilizing standard techniques. The proteins were expressed in 250 mi of suspension
in TunaCHO™ cells, as described herein with reference to wild type CFI-HSA protein, with the
exception that the expression was done for 7 days instead of 14 days. After 7 days, the cells were
cenirifuged, and conditioned media was passed through a gravity flow colump of
CaptureSelect™ human albumin affinity matnx (ThermoFisher Scientific). Column-bound
protein was washed with 10 column volume of 20 mM sodium phosphate buffer. Bound CFI-
HSA protein was eluted with 3 column volume of 20 mM Tris-HCIL pH 7.0 buffer with and 2 M
MgClz in 5 ml fractions. CFI-HSA or its variants were buffer exchanged {either by dialysisora
spin concentrator} into 30 mM HEPES, 156 mM NaCl, 2.5 mM CaCly, pH 7.4, Recombinant
human furin, at a molar ratio of 123 urin: CFI-HSA), was added to CFI-HSA and the reaction
mixture was incubated at 30°C for 16 hours. Two micrograms of the activation mixture was run
on a 9% SDS-PAGE gel to assess the activation efficiency. Generally, more than 80 %

activation was achieved.
Example 2: Formulation Development Stady

{01871 For Example 2, reference to CFI-HSA refers to human serum albumin fused to the N-
terminal end of wild type CFL(SEG ID NO: 21). CFI-HSA was formulated at a concentration of

about 150 mg/mL.

{0108}  The study was designed to investigate the physical and chemical properties of CFI-
HSA, in a range of Hquid and lyophilized formulations to assess the conditions that provide
optimal options for stability. For example, to enable subcutaneous adminisiration, a high
concentration and stability of a CFI containing composition would be desired.
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{SEQ 1D NO: 21). The material used for this study included the following:

{1} Drug Substance: CFI-HSA, 153 4 mg/mL, F1 formulation

PCT/US2022/082179

The active pharmaceutical ingredient (APD) examined in this study was CFI-HAS

{2) The chemicals and materials used to formulate and analyze CFI-HSA were as follows,

show in Table 2.1:

Table 2.1: Materials

Chemicals Vendor Catalog # CAS# Grade
Acetic acid EMD AX0073-9 64-19-7
Sorbitol EMD 111597 50-706-4 EP, BP, NF, IP
Na(’l EMD 106404 7647-14-3 EP
Suceinic acid Sigma Aldrich 1623411 110-15-6 USP
Agginme HCH Sigma Aldrich A4590 1119-34-2 EP, JP USP
Sucrose Pfanstichl $-124-2-MC 57-50-1 NE, EP, IP, ChP
Trehalose Pfanstichl T-104-4 6138-23-4 NF, EP, iP, ChP
Glyeine JT Baker {1581-05 56-40-6 usp
Polysorbate 80 Croda Super Refined™ 9005-65-6 USP, JP EP

{0116}

formulations containing various tonicity modifiers/bulking agents across an optimal range of pH.

Table 2.2 provides the formulation matrix for the twelve tested.

(1) pH 57

(2} Butters (also referred to interchangeably herein as buffering agents)

In this stability study, the stability of CFI-HSA was monitored in twelve (12)

(3} Tomeity modifiers (sothitol or trehalose for non-lonic buffering agents, and sodium

chloride for ionic buffering agents)

{4) Bulking agents (trehalose or glycine)

(5) Surfactants

)
N
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Table 2.2: Formulation Matrix

Form Form. ) - Tonicity Modifier/ APY
No. Type Buffer 20 mM)) pH Bulking Agent {mg/mb} Surfactant
1 Liquig | Sodium S 5% Sorbitol 150 0.02% PS 80
acetate
] o Sodiam . . . B el
2 Liquid acetate 55 5% Sorbitol 150 (.02% PS80
3 Liquid iﬁf;;‘g 55 150 mM Na(l 150 0.02% PS 80
[N "
Sodi 70 mM arginine HCL
4 Liguid Socium 35 2% sucrose, 60 mM 150 1.02% PS &0
acetate gl}cme
70 mM argioine HCL,
5 Liguid Histidine HCH 6 2% sucrose, 60 mM 150 (0.02% PS80
glveine
6 Laguid Histidine HCl 6 150 mM NaCl 150 0.02%PS 80
7 Lvo Sodium S 10% Trehalose 150 4.02% PS &0
succinate
o 3 . 5% Trehalose e
8 Lyvo bod}mn 5 2 0% Glveine 150 $.02% PS 80
succnate )
9 Lyo Histiding HCI 6 10% Trchalose 150 0.02% PS 80
5% Trehalose, 2% B
10 Lyo | Histidine HC1 | 6 o Tgsz“ﬁj 2% 150 0.02% PS 80
1 Lvo Hastidine HCl 7 10% Trehalose 150 0.02% PS 80
59, alose. 2%
12 Lyo | Histidine HC1 | 7 e Téffifi?f’ “ 150 0.02% PS 80
*Form. = Formulation, AP = active pharmaceutical ingredient, CFI-HSA;

Lyo=lyophilized

Lyophilized Formulation Preporations

{0118} For each formulation, CFI-HSA DS solution was loaded into a dialysis cassette (Slide-~
A-Lyzer®Dialysis Cassette, 10,000 MWCQ). Formulations were dialyzed into their respective

formulation buffers,

{6112} Formulations were sterile-filtered through a 0.2 pm PES rwembrane 1o an aseptic BRC

and filled to 0.2 mL into 2 cc stertlized glass vials. Vials were then partially stoppered with lyo
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vent stoppers and were lyophilized using the parameters outlined in Table 2. Following
tyophilization, the chamber was backfilled with nitrogen and vials were stoppered. Vials were
then removed from and stoppered, crimped, and labeled. Additional vials were set aside and

frozen prior to Iyophilization for pre-lyophilization analysis alongside time zero.
Liguid Formulation Preparations

{0113} For each formulation, CFI-HSA DS solution was loaded into a dialysis cassette (Slide-
A-Lyzer®Dialysis Cassette, 10,000 MWCO). Formulations were dialyzed into their respective
formulation buffers. Formulations were sterile-filtered through a 0.2 o PES membrane in an
aseptic BSC and filled to 0.2 mL into 2 cc sterilized glass vials. Vials were then stoppered,

crimped, and labeled.
Analytical Methods
{0114} The following analytical methods were employed.

{0115} (1) Visual Inspection: Visual inspection was performed under a white light source
{(13Wiluorescent fube) against black or white background. Digital photographs were acquired of

all formulations at every time point.

{0116} (2} Concentration Measurement: The concentration of CFI-HSA was analyzed by

A280 via SoloVPE using an E.C. of 1.041 mg/mL ™ x em™

{01177 (3} SE-HPLC: Size-exclusion HPLC chromatography was executed with the

following parameters.

« HPLC: Agilent 1260 system

» Column: Agilent AdvanceBio SEC 3004, 4.6 x 300 mm, 2.7 um,
LC columnP/N: PL1580-5301

¢« Mobile Phase: 150 mM Sodium Phosphate, pH 6.9+ 0.1

+  Diluent: D water

»  Sample Concentration: 0.5 mg/mbL

»  Flow Rate: 0.35 mL/min

»  Run Time: 1S min

«  Autosampler Temp.: 5°C

+  Column Temp. 30°C

*  Absorbance Detection: 280 nm, 215 nm

» Injection Volume: 20 ul

»  Injection load: IS minutes
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{0118} (43 FlowCAM: The FlowCAM particle imaging system combines optics, electronics,
and fluidicsfor automated analysis of particles. The optical system is used to capture real-time
images of the particles in the fluid as they pass through the flow cell. The imaging software
provides the abilityto assess particle size and morphology. All samples were analyzed and

degassed for 30 minutes at 75 torr prior to analysis.

101191 (8} Suob-Assbient DSC: Using a Pyris Diamond DSC with an Intercooler I,
approximately 10 ulLof each sample was frozen at -60°C. At a ramp rate of 10°C min, the

sample was warmed until thawed and the heat flow during the warming process was recorded,

{0128] (6) Fourier Transform Infrared Spectroscopy (FTIR): FTIR is a techuique used to
obtain an infrared spectrum of absorption of a gas, liquid, or solid. IBf uses an FTIR-660 Plus
spectrometerwhich collects absorption of infrared radiation by the sample material versus

wavenumber [cm™'] This data yvields information on secondary structure of polypeptides.
Surfactont Screening

{0121} The CFI-HSA drug substance was diluted to 15 mg/mL with water. The solution was
then sterile- filtered through a 0.2 pm syringe filter and filled into 3 cc vials at a fill volume of
1.0 mL. Four vials each were then divectly spiked with the stock solutions of either 1% PS20,
1% PS80, or 10% F-08 to reach final concentrations of 0.015% PS20, 0.015% PS80, or 0.15%
F-68. Four of the filled vials were used as a surfactani-free conirol. A total of four vials per
condition were prepared. The vials per condition were placed on a shaker and were agitated at
1000 rpm for four hours at ambient temperature. One (1) vial per condition was concurrently

incubated at ambient temperature for four hours.

Table 2.3: Surfactant Screen Matrix

Surfactant CFE-HSA (mg/mL)

None {(No Surfactant}
0.015% PS20

[y
o4
fad

0.015% PSRO
0.15% F-68
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[0122]  The stability of CFI-HSA with and without surfactants was studied following agitation
for four hours (1000 RPM on an orbital shaker, room temperature); and static conditions at four

hours room temperature).

{0123} Following agitation and static conditions, all samples appeared clear, colorless, and free

of visibleparticulates, regardiess of surfactant.

{01241  After four hours of agitation or static incubation, similar chromatographic profiles were
observed for all samples with or without PS80, PS20, and F68. All samples also showed similar

purity andtotal peak area {Table 2.4).

Table 2.4: Surfactant Screeping SE-HPLC Resulis

Static Samples Agitated Sample 1 Agitated Sample 2
Sample Percent Total Area (%) | Pevcent Total Area (%) | Percent Total Area {%)
HMW 1 Biain Peak | HMW1 | Main Peak | HMW 1 | Main Peak
No surfactant 0.2 998 0.6 994 03 G995
Palysorbate 86 0.2 99.8 0.5 995 0.8 99.5
Polysorbate 28 0.2 99.8 0.6 994 0.4 99.6
Poloxamer Fo8 0.2 998 0.3 997 0.2 99.8

{0125} FlowCam Analysis is show in Table 2.5, Samples without a surfactant shows
significant increase in the particle counts. However, all surfactant-containing samples displayed

relatively lower particle concentrations, regardless of surfactant.

Table 2.5: Surfactant Screening FlowCam Results

Surfactants

Particles/mL Mo surfactant PS80 (0.02%:) PS20 (0.01%) Pluronic F68 {0.1%)
.| Agitation | | Agitagion { | Agitation Stati Agitation

Static 7 T3 Static NERE Statie T 5 3 Static TS TS
> um 498 3111689611516 648 [4091004|818] 259 [1504i344201335 80 12143(988(22372
>5 pm G0 1136521731 6081 279 1109 SO 120) 110 | 57819781309 30 | 6681265] 578
=10 um 50 1259123911501 10 (350 70 {20] 20 | 90 {1901 701 10 | 90 | 49| &0
>25 um 0 i o 0 {3 T 010 0 1615641 0 0 201251 O
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10126} Based on these results, it was determined that the 0.62% polysorbate 80, was ong

optimal choice for the next round of formulation optimization study.
Formulation Optimization

{01271  The objective of the accelerated stability study was to assess the stability of both liquid
and lyophilized formulations, containing CFI-HSA at 150 mg/mi.. All formulations were filled
at 0.2 mL fili volumes and F7-F12 were Iyophilized. Pre-lyophilized samples were frozen at -

70°C for the duration of the lyophilization cycle andwere thawed at time zero for analysis,

{0128} This study included the incubation of all formulation candidates at refrigerated (5°C),
stressed (25°C), and accelerated (40°C) storage temperatures. The temperature storage portion of
the studywas performed over a four-week period. Table 2.6 summarizes storage conditions that

were used for formulation stability evaluation.

Table 2.6: Summary of Stability Study Stress Conditions

Stress Cenditions Time Point{s}
Temperature{Liquid) 3°C; 25°C; 40°C
0,1, 2, 4 weeks
Temperature{ Lyophilized) 3°C; 25°C; 40°C
Agitation Vortex 4 hours at 1000 RPM

{91291  Atume zero, vials were placed at appropriate temperatures following Table 2.6, Vials

were pulled at each time point and analyzed.

{0138} At time zero, all pre-lyophilized fornmiations appeared clear, colorless, and free
of visibleparticulates. Lyophilized formulations displayed good cakes. All liquid and
reconstituted lyophilized formulations appeared clear, slightly yellowish tint, and free of visible
particulates. Throughout the study up to the four-week time point, no significant changes
were observed in the lyophilized cakes, regardless of storage temperature. Similarly, most hiquid
and reconstituted lyophilized formulations appeared clear and yellow tint, with no visible

particulatesat alt temperatures.

[0131] At time zero, all formulations displayed concentrations near the target, ranging from
130 mg/mL to 160 mg/mL. Throughout the study up to the four-week time point, most
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formulations at 5°C, 25°C, and 40°C displayed concentrations within experimental variability.

Table 2.7 shows the stability concentration results.

Table 2.7: Stability Concentration Results

Form - Concentration (mg/mL)

No. _ T =1 week T=2 week T =4 week
s oaeeC e 25°C 40°C | 8°C | 258°C | 40°C
1 15049 | 150251 148.81 | 144891 14586 | 14750 {1481} 143.0 § 1428
2 14467 | 15714 1 15621 P IS371] 15185 § 153411 {15551 1554 1 1588
4 % 14357 | 14907 | 14549 {11726 11640 | 10987 {1177} 1180 | 1103
4 % 14164 | 147391 13979 | 13698 13645 | 13040 {1383} 1395 | 1330
S 14723 151121 14723 130474 13393 § 12585 [ 1303} 1323 {1181
6 12891 | 13509 12799 | 118921 12016 | 107.19 {1193} 1194 | 947
7 15646 § 18031 | 17571 {17060 17447 | 17483 {16891 1742 | 1854
8 15847 § 16032 ) 150,62 | 142271 15129 | 15259 {153,641 1531 | 1519
9 E 17819 | 17042 § 17428 (17035 15501 | 17156 {1513} 1742 {1694
i¢ Sf 14310 | 14145 ] 14656 | 147611 14688 | 14756 [ 1455] 1469 {1494
i1 - 147.09 § 15420 1 13970 § 146201 14373 | 143.09 {1468 143.6 {1516
12 2843 | 1277701 12612 [ 128324 12746 | 12772 {12764 1279 {1285
13 137.87 N/A 13639 | N/A N/A 19996 § N/A | 1488 1439

01321  FTIR spectrum of CFI-HSA appeared similar to what was reported from alburoin with
strong a- helical signal at 1650-1660 cm™'. No major change in the FTIR spectrum was observed

when CFI-HSA was lyophilized in the candidate formulations.

{0133} At time zero, all formulations including reconstituted lyophilized formulations
displayed comparable chromatographic profiles with minor HMW (high molecular weight) and

LMW (low molecular weight) peaks. (SE-HPLC results)

{0134} After | week storage at 25-40°C, all liquid formulations displaved increase in HMWS
as well as LMW, The increase of LMW was much faster at lower pHs. All lyophilized
formulations, however, remained much more stable, especially with no sign of increaseof LMW,

(SE-HPLC results)
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10135 After 2 week storage at 5, 25 and 40°C, all liquid formulations displayed increase in
HMWS as well as LMW, The increase of LMW was much faster at lower pHs. All lyophilized
formulations, however, remained much more stable, especially with no sign of increase of

LMW, (SE-HPLC results)

{0136} General degradation process remained consistent at 4 week time pointat S, 25 and
40°C: all liquidformulations displaved increase in HMWS as well as LMW . The increase of
LMWwas rouch faster at fower pHs. All lyophilized formulations, however, remained more

stable, espectally with no sign of increase of LMW . (SE-HPLC results)

{0137} The rates of degradation in each tested formulation over 4 week time storage at 40°C
were compared. Among all tested formulations, in this study, lvophilized formulations

containing both irehalose and glycine as bulking agents performed best at pH range of 6-7.
Findings

{01381 The stability of CFI-HSA at 150 mg/mL in various formulation conditions was
examined in this example. The conditions investigated included liquid and lyophilized
fornmulations containing various buffers (20 mM sodium acetate, sodium succinate, or
hustidine HCL, ), tonicity modifiers (sodium chloride, sorbitol, or trehalose), bulking agents
{(trehalose or glycine), and across pH values ranging from 5.0 to 7.0. Formulations were examined
under static storage conditions at refrigerated (5°C}, ambient (25°C), and accelerated (40°C)
ternperatures for up to four (4) weeks. Over the course of the study, analysis by visual
inspection, concentration, SE-HPLC, and Flow(CAM was carried out. Additionally, lyophilized

formulations were also analyzed by DSC and FTIR.

{01391 Initially, a small surfactant screen was performed using commonly used surfactant
stabilizers. The study evaluated the benefit of surfactants in stabilization of CFI-HSA fo
degradation following exposure to agitation induced shear stresses. CFI-HSA drug substance at
15 mg/ml. was spiked with surfactants 0.015% PS20, 0.015% PSB0, and 0.15% F68.
Comparison of surfactant- containing vials following the agitation stress by SE-HPLC showed
comparable profites for all saraples regardiess of agitation. However, MFI analysts demonstrated
surfactant-free samples displayed substantially increased sub-visible particulate concentrations

compared to those containing surfactant. This provided evidence that CFI-HSA was sensitive to
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shear stress and tmproved stability could be achieved with addition of surfactant in further
studies. The current surfactant in the drug substance, 0.02% PS80, was selected for the

accelerated stability study.

{0148} Following the preparation of the 12 candidate formulations, all samples appeared clear

and free of visible particulates at time zero.

{01411 Throughout the entire study, no significant changes in visual appearance were gbserved
in the lyophilized cakes — regardless of storage temperature. Stmilarty, most liquid and
reconstituted lyophilized formulations appeared clear with signature vellow tint at all
temperatures. Following four weeks, most formulations were near target concentration at all

storage conditions.

{6142} FTIR resuits found no significant differences in spectra profiles between pre-

fyophilized and lyophilized samples.

101437 FlowCAM analysis saw relatively low subtracted subvisible particle concentrations for
all samples, suggesting that precipitation or particle is not a critical factor for properly formulated

CFI-HSA.

{0144}  The accelerated study was under conditions of extreme pressure and may not be
predictive. Nonetheless, analysis by SE-HBPLC following four weeks at all temperatures saw
significantly higher LMW in liquid formulations, especially low pH formulations like F1, F2,
F3, and F4. Even at pH 6, FS and F6 saw approximately 1% increase in LMW during storage
for four weeks at 5 °C. Additives that are effective in inhibiting the autolysis of CFI-HSA may be
useful to include. The autolysis is stopped when CFI-HSA is lyophilized. No significant increase
in the LMW was seen when the lyophilized formulations were stored for four weeks at 40°C.
Among tested, formulations F8, F10, and F12 containing glycine as a bulking agent, an ionic
bulking agent as compared to non-ionic trehalose, showed irmproved stability against the

aggregation. In addition, the aggregation was slower as the pH increased from Sto 7.

{0145}  The key degradation products and stability indicating assays were identified as
increases in HMWand EMW by SE-HPLC. Based on all the results generated in this study, one
teadingformulation for CFI-HSA at 150 mg/mL may be the Iyophilized condition of 20 mM
histidine, 5.0% trehalose, 2.0% glycine, and 0.02% polysorbate 80 at pH 6.0 - 7.0,
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Example 3: Formulation Development Study I

[0146] Additional formulations for the active ingredients described herein were developed in
an indepent study. To enable subcutaneous administration, high concentration and stability of a

CFI containing composition is desirable to achieve.

{01471 For Example 3, reference to CFI-HSA refers to human serurn albumin fused to the N-
terminal end of wild type CFI(S3EQ ID NG: 21). CFI-HSA was formulated at a concentration

between 30-189 mg/mL.
Biophysical characterization and pH stability profile

0148} A stock solution of CFI-HSA at 5 mg/mb was dialyzed to citrate phosphate buffer
containing 135 mM sodium chloride, at pH S, 55,6, 6.5, 7, or 7.5. Following visual appearance
to assess any potential precipitation, the samples were 0.2 micron filtered, adjusted to 2 mg/mL
in the corresponding buffer and aseptically transferred to microtubes. Sets of samples were
stored at either -70°C, 25°C, or 40°C. After 7 days, sets were analyzed by appearance
{opalescence and particles), protein concentration {OD280), SEC, DSF, DLS, iclEF, CE-SDS,

and 82288 chromogenic activity assay.

{01491 Following 7 days of storage at either 25°C or 40°C, all samples were found to be
visually clear with no visibly detectable particles at both temperatures and all pH levels tested.

Protein concentration was stable in all sarmples (Table 3.1}

Table 3.1; CFI-HSA concentration after one week storage at 28°C and 40°C

Safn iple pH | Temperature ng;i;?g: 2333’5&%{?}:‘13}3 ?:f?er Con té{ﬂil‘ﬂiﬁﬂn (mg/ni)

Code mg/ml post-dialysis at one week
Sample A | 5.0 25°C 2.0 1.95
Sample A | 5.8 40°C 2.0 1.94
Sample B | 5.8 25°C 2.0 2.0
Sample B | 8.5 49°C 2.0 202
Sample € | 6.0 25°C 2.0 1.99
Sample € | 6.8 40°C 240 202
Sample D | 6.5 25°C 2.0 1.98
Sample D | 6.8 40°C 2.0 1.99
Samplc £ | 7.0 25°C 2.0 §97
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T e
Sample x| Cm}? {'m;:dtm? (mg/ml) | lisg after Concentration (mg/mL}
y pH | Temperature dialysis adjusted from Sto 2 . . )

Code _, post-dialysis at one week
meg/ml
Sample E | 7.8 40°C 2.0 1.99
SRample F | 7.8 25°C 2.0 202
Sample F | 7.8 40°C 2.0 2.04

(81507 SEC-HPLC was used to assess aggregation under storage conditions. At 25°C storage,
the main peak purity showed a steady increase as the pH decreased from 7.5 to 5.0. On the
contrary, at pH 5.0 and 40°C storage conditions, the main peak purity had a sharp decrease and
the lower molecular weight species had a spike, indicating potential protein degradation had
occurred. In summary, under these conditions, a pH of between 5.5 and 6.0 appeared to be the

optimal range for CFI-HSA stability,

{0151}  The bydrodynamic size of the ensemble collection of particles was measured by
dynamic light scattering (DLS) to further assess aggregation under storage conditions. The
results showed that both the intensity weighted mean (Zave) and polydispersity increased steeply
at pH 5, but were comparable between pH 6-7.5 Meanwhile, size of the major species (>99.8%)
increased slightly with increasing pH. Taken together, the polvdispersity and particle size data
measured by DLS indicated an optimal storage pH of about 6, corroborating the SEC-HPLC

results.

{01821 CE-SDS was performed io assess the purity changes using the pre-formulations.
Results showed a small decrease in purity at pH S and 7.5 and comparable purity between pH
5.5-6.5 by both reducing and non-reducing CE-SDS. Similarly, optimum pH levels between 5.5
and 7.0 were suggested by differential scanning fluorimetry (D8F), while pH 5 was found to be

the least stable by imaged capillary isoelectric focusing (icIEF).
High concentration liguid formulations

{0153} Feasibility of a high concentration formulation was assessed. Purified CFI-HSA was
dialyzed to 20 mM histidine, 150 mM ArgHCL pH of 5.8, and concentrated to 18% mg/ml. in a
spin filter unit. A high concentration of arginine was used to increase solubility and prevent
excessive viscosity caused by the concentrated CFI-HSA. To evaluate the impact of protein

concentration and arginine concentration on viscosity, concentrated sample at 189 mg/mL was
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also diluted with 20 mM His, pH of 5.8 to 169 mg/mL to reach 135 mM ArgHCl The data
presented in Tabie 3.2 indicated that the viscosity was only 10.6 centipoise (CP) even at 189

mg/mb CFI-HS A indicating minimal risk of excessive viscosity using the tested formulation.

Table 3.2: Viscosity of high-concentration CFL-HSA

CFI-HSA Buffer Viscosity
189 mg/ml. 20 mM His, 150 mM Arg HCL pH of 5.8 1066 CP
169 mg/mL 20 mM His, 135 mM Arg HCL pH of 5.8 81CP

{01547 The concentrated samples were 0.2 micron filtered and tested for aggregates using
SEC. No change in aggregate level (1.5%) was observed in the 188 7 mg/mL sample in 130 mM
arginine diluted to 5 mg/mL and stored in the 5°C autosampler. The 169.7 mg/mi. sample that
was diluted to 5 mg/ml and stored in the 5°C autosampler for 1 week showed only 1.72%
aggregates. The 1697 mg/ml sample after 1 week at 5°C then diluted to 5 wg/ml showed 2.5%

HMW species.

{0185} Biocactivity of the CFI-HSA sample concentrated to 169.7 mg/mL was assessed using
an 52288 chromogenic assay. As shown in FIG. 20, the activity of the 169.7 mg/mL sample is
comparable to that of the control {Ctl) sample. The minor difference in the stope of the curves
could be due to etther inaccuracy of the final concentration in the assay after significant dilutions

of a viscous solution, or due to some loss in bicactivity after about 1 month storage at 5°C.

{0186} Taken together, these results suggest a liquid formulation containing arginine
hydrochloride and histidine buffer can stabilize CFI-HSA at high concentration {e.g. greater than

150 mg/mi).
Formdation Screening

{01871 A panel of formulations (F1 to F7) were screened to determine the effect of ionic
strength, buffer type, cryoprotectant and calcium chlornide (CaCly) on the stability of CFI-HSA.
Formulations included pharmaceutically acceptable excipients, including a range of
concentrations of tonicity modifiers (also referred to interchangeablely herein as tonicifiers),
cryoprotectants, Iyoprotectants, stabilizer and surfactant were added to the previously tested
histidine and arginine buffer. Table 3.3 shows the formulations tested in this example, F1- F7,

not to be confused with the F1-F12 of Example 2.
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Table 3.3: Tested formulations for CFI-HSA

e g Tonicifier
Histidine Arginine Cryoprotecant / Surfactant
Formulation | pH | Buffer FATEIIRE 1Yo | Stabilizer | T Lo Osmolarity
} Hydrochioride | Lyoprotectant {PS20)
{mM} )
{mM)
Fl 58 2{} i35 - - 0.02% 279
F2 38 20 70 4% glucose - 0.02% 279
F3 58 20 - 8.5% sucrose - 0.02% 285
F4 5.8 20 70 120 mM glveine - 0.02% 282
5 58 20 TO 2.5% sorbitol ~ 0.02% 299
Fé 58 20 70 4% trehalose ~ 0.02% 279
35 /

F7 58 20 - 5% sucrose -éa%ii 0.02% 279

[0138] The stock CFI-HSA sample was concentrated to about 40 mg/mL, then dialyzed
against the 7 formulations listed in Table 3.3, The concentrated samples were 0.2 micron filtered
and aseptically filled in glass vials and capped. One vial of each composition was subjected 10 3
cycles of freezing and thawing, and assessed by appearance, OD280 and SEC. For a short term
thermal stability study, four vials of each composition were included in a 5 week stability study,
one each at -70°C, 5°C, 25°C and 40°C. S-week stability samples were analyzed by OD280,
SEC and CE-SDS. In addition, to assess deamidation and oxidation, peptide map MS/MS and

bicactivity analysis were conducted for selected samples.

{01597 After 5 weeks, visual inspection showed that all the formulations were colloidally
stable, with the exception of F3 when stored at 40°C sample which had signs of the
precipitation. Protein concentration measurements at OD280 showed the CFI-HSA
concentrations remained unchanged after either three freeze/thaw cycles 1-week, or S-week

storage at all tested temperatures.

[0168] Assessment of purity by SEC and CD-8DS showed that for all 7 formulations, -70°C
samples were unchanged in purity, 5°C samples have about 97% purity, 25°C samples have
about 26%, and all 40°C samples are between 90-92% purity of the main species. The significant
decrease in purity at 40°C and slight decrease in purity at 25°C over S weeks of storage in all 7
formulations indicate that a hiquid high concentration formulation at room temperature is not

feasible.

{0161} Bioactivity assays were performed to verify that CFI-HEA maintained activity

following storage in the tested formulations and storage conditions (Table 3.4). The formulations
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are overall relatively comparable. Formulation F1 is slightly more stable than the other six
formulations at 40°C. Formulation F3 is the least stable at both 25°C and 40°C, which showed
20-30% lower activity compared to -70°C controls, and a greater loss of activity than F2, F4, or

1 samples.

Table 3.4: Bioactivity of CFI-HSA following tested storage conditions

¥F1 ¥2 F3 ¥4 Fs F6 ¥7
5°C 113% 94% 92% 98% 107% i12% 107%
25°C 116% 83% 72% 89% 85% 90% -
40°C 62% 35% 26% 32% 35% 38% -

{6162} Peptide mapping MS/MS was performed for the CFI-HSA formulations to determine
the fevel of deamidation and oxidation following the tested storage conditions. Formulations F1,
F2, F4, FS, and F6 following storage for 5 weeks at 5°C samuples were tested. An F4 (F/T) frozen
was run as a control. The results indicated that deamidation and oxidation levels on all sites are

comparable among different formulations.

{61631 Additional testing and formulations developed for clinical evaluation and drug
manufacturing include formulations in Table 3.5, CFI-HSA was buffer exchanged io the 3 new
formulations in Table 3.5 and concentrated to 100 mg/mL or 150 mg/mL while observing any
precipitation, severe opalescence, or high viscosity. To make the formulations more suitable for
fyophilized product, 60 mM glycine or 60 mM mannitol were added to F2 and F3 to protect the
structure of the lyophilized cake, respectively. Sampies were then sterile filtered and fille, and

tested for viscosity, SEC and activity.

Table 3.5: Formulations for clinical manufacturing and festing

P;Z; ,g:?;' pH Buffer Tonicifier/Cyro/Lyoprotectant P5-80
Fi 135 mM Arg HCL 0.02%
F2 100 70 mM Arg HCL | 2% sucrose | 60 ;M Glyeine | 0.02%
3 o 70 mM Arg HCL | 2% sucrose | 60 mM Mannitol | 8.02%
1 5.8 1 20mM T e ACL 0.02%

150 Histidine v - : ’

F2 e 70 mM Arg HCL | 2% sucrose | 60 mM Glyemne | 0.02%
F3 70 mM Arg HCL | 2% sucrose | 60 mM Mannitol | 0.02%
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CLAIMS

i, A formulation comprising a wild type complement factor 1 {CFI} or a variant thereof (CFI
variant}, wherein the formulation comprises a buffering agent, a surfactant, and a tonicity

modifier.

2. The formulation of claim 1, wherein the formulation comprises one or more of a bulking
agent, a cryoprotectant, and a tyoprotectant.

3. The formulation of any one of claims 1-2, wherein the concentration of the CFI or variant

thereof is present at about 10 mg/ml to about 300 mg/mi.

4. The formulation of any one of claims 1-2 wherein the concentration of the CFI or variant

thereof is present at about 150 mg/ml.
5. The formulation of any one of claims 1-4, wherein the buffering agent comprises acetate,

histidine, or succinate.

6. The formulation of any one of claims 1-5, wherein the buffer agent is sodium acetate,

histidine hydrochloride, or sodium succinate.

7. The formulation of any one of claims 1-6, wherein the buffering agent is present at about

1M to about 50mM.

3. The formulation of any one of claims 1-7, wherein the surfactant is polysorbate 80,

polysorbate 20, polysorbate 80/20, or poloxamer F68.

9, The formulation of claim 8, wherein the surfactant is present at about 0.001% to about

0.1% viv.

18, The formulation of claim 9, wherein the surfactant is present at about 0.01% to about

0.03% viv.
11, The formulation of claim 10, wherein the surfactant is present at about 0.02% v/v.

12.  The formulation of any one of claims 1-11, wherein the tonicity modifier is sorbitol,

trehalose, sodium chloride, or arginine hydrochloride.
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13, The formulation of any one of claims 1-12, wherein the bulking agent is trehalose or
glycine.

14.  The formulation of claim 12, wherein the sorbitol is present at about 1% to about 10%

18, The formulation of claim 14, wherein the sorbitol is present at about 3% viv.

16,  The formulation of claim 12, wherein the trehalose is present at about 1% to about 15%

17.  The formulation of claim 16, wherein the trehalose is present at about 10% viv.

18.  The formulation of claim 12, wherein the sodium chloride is present at about 1M to

about 500mM.
19.  The formulation of claim 18, wherein the sodium chloride is present at about 150 mM.

28, The formulation of claim 12, wherein the arginine hydrochloride is present at about 10

mM to about 200 mM.

21.  The formulation of claim 20, wherein the arginine hydrochloride is present at about 70

mM.

22.  The formulation of claim 20, wherein the arginine hydrochloride is present at about 135

mbh.
23, The formulation of claim 13, wherein the glycine is present at about 1% to about 5% v/v.
24.  The formulation of claim 23, wherein the glycine is present at about 2%.

28, The formulation of claim 13, wherein the glycine is present at about 1mM to about

100mM,

b
(=2

. The formuldation of claim 25, wherein the glycine is present at 60mM.

27, The formulation of any one of claims 2-26, wherein the crvoprotectant or tyoprotectant is

selected from glucose, sucrose, glycine, sorbitol, trehalose, sucrose, or mannitol.

st
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28.  The formulation of claim 27, wherein the glucose is present at about 1% to about 10%

viv.

29.  The formulation of claim 28, wherein the glucose is present at about 4% v/v.

3¢, The formulation of claim 27, wherein the sucrose is present at about 1% to about 10% v/v.
31, The formulation of claim 28, wherein the sucrose is present at about 4% viv.

32.  The formulation of claim 28, wherein the sucrose is preseunt at about 5% v/iv.

33, The formulation of claim 28, wherein the sucrose is present at about 8% viv.

34,  The formulation of claim 27, wherein the glycine is present at about 50 mM to about 150

mM.
38, The formulation of claim 34, wherein the glycine is present at about 120 mM.

36.  The formulation of claim 27, wherein the trehalose is present at about 1% to about 10%

37.  The formulation of claim 36, wherein the trehalose is present at about 4% v/v.

38. The formulation of claim 27, wherein the mannttol is present at about 1mM to about

100mM.

3%.  The formulation of claim 38, wherein the mannitol is present at about 60 mM.

40,  The formulation of claim 27, wherein the sorbitol is present at about 1% to about 5% v/v.
41,  The formulation of claim 40, wherein the sorbitol is present at about 2.5% viv.

4%, The formulation of any one of claims 1-41, wheretn the formulation is selected from the

formulations presented in Table 2.2 or Table 3.3
43.  The formulation of any one of claims 1-42, wherein the formulation is in a solid form.

44, The formulation of any one of claims 1-42, wherein the formulation is in a lyophilized

form.
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45,  The formulation of any one of claims 1-42, wherein the formulation is in a liquid form.

46,  The formulation of any one of claims 1-45, wherein the formulation is stable at any one or
more of -80°C +/- 2°C, -20°C +/- 2°C, 0°C +/- 2°C, 4°C +/- 2°C, 25°C +/- 2°C, 37°C +/- 2°C,

45°C +/- 2°C, or at 60°C +/- 2°C.

47,  The formulation of any one of claims 1-46, wherein the formulation is stable for at least 1

week, for at least one month, or at least one year.

48.  The formulation of any one of claims 1-47, wherein the formulation comprises wild type

CFL

48.  The formulation of any one of claims 1-47, wherein the formulation comprises a CF1
variant comprising at least one modification with respect to a wild type CFI, wherein the CF1
variant is capable of modulating the complement system, and wherein the CFI variant has at

feast one improved characteristic as compared to the wild type CFL

38, The formulation of claim 49, wherein the improved characteristic is selected from an
increase in half-life or bicavailability, or increase or decrease in any one or more of activity,

substrate specificity, potency, substrate affinity, cofactor affinity and catalvtic capability

51.  The formulation of claim 50, wherein the improved characteristic is an increase in

activity.

52,  The formulation of claim 51, wherein the increase in activity comprises an increase in the

cleavage of C3b and/or C4b, as compared to wild type CFL

53, The formulation of claim 49, wherein the CFI variant comprises at least one modification
corresponding to a wild type CFI having the amino acid sequence set forth in SEQ ID NO: T or
SEQ ID NO: 5.

54.  The formulation of claim 49, wherein the CFI variant is selected from those presented in

Table 2.

n
“3
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83,  The formulation of any one of claims 1-54, wherein the wild type CFI or CFl variantis a
first component of a fusion construct comprising a first component and at least a second

compoenent, and the wild type CFI or CFI variant s fused to the second component.

56.  The formulation of claim 35, wherein the second component of the fusion construct is a

protein.

5§7.  The formulation of any one of claims 55-56, wherein the second component of the fusion

construct is a halt-life extender.

58.  The formulation of claim 57, wherein the half-life extender is a modified albumin or

)

albumin derivative.

(4]

9. The formulation of claim 57, wherein the half-life extender is a wild type albumin,

68,  The formulation of ¢laim 57, wherein the half-life extender is a homan serum albumin, or

a variant thereof.

61.  The formulation of ¢laim 60, wherein the fusion construct comprises the amino acid

sequence of SEQ 1D NO: 21,

62. A formulation comprising a fusion construct comprising a wild type CFI or variant thereof
(CF1 variant}, where the wild type CFI or CFI variant is fused to a human serum albumin, and

the formulation is selected from those presented in Table 2.2 or Table 3.3,

63. The formulation of claim 62, wherein the fusion construct comprises the amino acid

sequence of SEQ 1D NG: 21,

64. A method of treating a condition in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of any one of the formulations of
claims 1-63.

65,  The method of claim 64, wherein the condition is an ocular condition.

66. The method of claim 64, wherein the condition is a non-ocular condition.

67.  The method of any one of claims 64-66, wherein the subject is human.
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68,  The method of any one of claims 64-67, wherein the route of administration is

subcutaneous.

69.  The method of any one of claims 64-67, wherein the route of administration is
intravenous.



