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DOSING REGIMENS

Cross-Reference to Related Applications

[0001] The present application claims priority to and benefit of United States provisional
patent application number 62/238.529, filed October 7, 2015, and United States provisional
patent application number 62/372,259, filed August 8, 2016, the entire contents of each

which are hereby incorporated by reference.

Background
[0002] Complement 1s a system consisting of more than 30 plasma and cell-bound
proteins that plays a significant role in both innate and adaptive immunity. The proteins of
the complement system act in a series of enzymatic cascades through a variety of protein
interactions and cleavage events. Complement activation occurs via three main pathways:
the antibody-dependent classical pathway, the alternative pathway, and the mannose-binding
lectin (MBL) pathway. Inappropriate or excessive complement activation 1s an underlying
cause or contributing factor to a number of serious diseases and conditions, and considerable
effort has been devoted over the past several decades to exploring various complement

inhibitors as therapeutic agents.

Summary

[0003] In some aspects, the invention provides and/or relates to certain long-acting
compstatin analogs. For example, the invention provides and/or relates to such long-acting
compstatin analogs, compositions comprising them, and methods of making, 1dentifying,
characterizing, and/or using them. In some aspects, the invention provides and/or relates to a
physiologically acceptable composition comprising a long-acting compstatin analog. In
some aspects, the invention provides and/or relates to a pharmaceutical grade composition
comprising a long-acting compstatin analog. Among other things, in some aspects, the
present disclosure describes particularly useful long-acting compstatin analogs and.,
furthermore provides particular doses, dose formats, dosing regimens, unit dose
compositions, and other technologies relating to administration of long-acting compstatin
analogs to human subjects, for example to particular human subjects e.g., suffering from

and/or susceptible to one or more certain diseases, disorders or conditions..
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[0004] In some aspects, the invention provides methods of treating a subject 1n need of
treatment for a complement-mediated disorder, which methods may comprise administering a
long-acting compstatin analog to the subject using particular doses, dose formats (e.g., unit
dose compositions and/or particular formulations) and/or dosing regimens (e.g., routes of
administration, timing of doses, etc., in some embodiments as determined to be particularly
desirable for treatment of certain diseases, disorders, or conditions).

[0005] In some embodiments, a complement-mediated disorder to be treated 1n
accordance with the present disclosure 1s paroxysmal nocturnal hemoglobinuria (PNH),
atypical hemolytic uremic syndrome (aHUS), or another disorder associated with
complement-mediated hemolysis. In some embodiments the disorder 1s 1schemia/reperfusion
(I’R) injury (e.g., due to myocardial infarction, thromboembolic stroke, or surgery. In some
embodiments, the disorder 1s trauma. In some embodiments, the disorder 1s transplant
rejection. In some embodiments the disorder 1s a chronic respiratory disorder, e.g., asthma or
COPD.

[0006] All articles, books, patent applications, patents, other publications, websites, and
databases mentioned in this application are incorporated herein by reference. In the event of
a conflict between the specification and any of the incorporated references the specification
(including any amendments thereto) shall control. Unless otherwise indicated, art-accepted
meanings of terms and abbreviations are used herein. The practice of certain aspects
described herein may employ conventional techniques of molecular biology, cell culture,
recombinant nucleic acid (e.g., DNA) technology, immunology, and/or nucleic acid and
polypeptide synthesis, detection, manipulation, and quantification, etc., that are within the
ordinary skill of the art. See, e.g., Ausubel, F., et al., (eds.), Current Protocols in Molecular
Biology, Current Protocols in Immunology, Current Protocols in Protein Science, and
Current Protocols 1n Cell Biology, all John Wiley & Sons, N.Y ., e.g., edition current as of
January 2010 or later; Sambrook, Russell, and Sambrook, Molecular Cloning: A Laboratory
Manual, 3" ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 2001 or 4" ed,
2012.

Brief Description of the Drawing
[0007] Figure 1 1s a plot that shows percent complement activation inhibiting activity of

compstatin analog CA28 (SEQ ID NO: 28) and three long-acting compstatin analogs (CA28-
1, CA28-2, CA28-3), as a function of peptide concentration (uM). Inhibition of complement
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activation was tested in vitro using a classical complement inhibition assay. The plot shows
values obtained by averaging the results of two sets of measurements. CA28 (circles; red),
CA28-1 (crosses (x); blue); CA28-2 (triangles, green), CA28-3 (squares (purple).

[0008] Figure 2 1s a plot that shows percent complement activation inhibiting activity of
CA28 and long-acting compstatin analogs CA28-2 and CA28-3, as a function of compound
concentration (uM). CA28 (squares, light gray), CA28-2 (diamonds, black), CA28-3
(circles, dark gray). CA28-3 1s a compound that contains multiple peptide moieties.
Although the activity per peptide moiety 1s less than the activity of an individual CA28
molecule, the total activity of CA28-3 exceeds the activity of CA28 on a molar basis.

[0009] Figure 3 1s a plot that shows plasma concentrations versus time of CA28 and
long-acting compstatin analogs CA28-2 and CA28-3 in Cynomolgus monkeys following a
single intravenous 1njection. CA28 was administered at 200 mg/kg. CA28-2 and CA28-3
were each administered at 50 mg/kg. In calculating the doses for these experiments the
administered CA28-2 and CA28-3 substance was assumed to consist 80% of active
compound w/w based on dry weight. However, during the sample analysis, the standard
curve assumed a 100% of active compound w/w based on dry weight, by an estimated 30%.
Thus, the values for Cmax overestimate the actual Cmax. CA28 (squares, light gray), CA28-2
(triangles, black), CA28-3 (circles, dark gray).

[0010] Figure 4 1s a plot that shows percent complement activation inhibiting activity of
CA28 and long-acting compstatin analog CA28-4, as a function of compound concentration
(uM). Inhibition of complement activation was tested in vitro using a classical complement
inhibition assay. The plot shows values obtained by averaging the results of four sets of
measurements for CA28-4. CAZ28 (squares, light gray), CA28-4 (crosses, black).

[0011] Figure S 15 a plot that shows concentrations versus time of CA28 and long-acting
compstatin analogs CA28-2, CA28-3, and CA28-4 in Cynomolgus monkeys following a
single intravenous mnjection. CA28 was admuinistered at 200 mg/kg. CA28-2, CA28-3, and
CA28-4 were each administered at 50 mg/kg. In calculating the doses for these experiments
the administered CA28-2 and CA28-3 substance was assumed to consist 80% of active
compound w/w based on dry weight. However, during the sample analysis, the standard
curve assumed a 100% of active compound w/w based on dry weight. Thus, the values for
Cmax overestimate the Cmax that would be achieved 1f these compounds had been

administered at the indicated doses on a dry mass basis, by an estimated 30%. CA28 (squares,
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light gray), CA28-2 (triangles, black), CA28-3 (circles, dark gray), CA28-4 (inverted
triangles, black).

[0012] Figure 6 1s a representative chromatogram showing ultraviolet (UV) detection of
a PEG-based long-acting compstatin analog using reverse phase HPLC. The peak with a
retention time (RT) of 33.68 minutes represents the PEGylated compstatin analog and had a
relative area of 96%.

[0013] Figure 7 1s a plot that shows percent complement activation inhibiting activity of
CA28 and long-acting compstatin analogs CA28-2CS, CA28-2GS, CA28-2HS, and CA28-
2'TS as a function of compound concentration (uM). CA28-2CS (diamonds, red); CA28-2GS
(crosses, blue); CA28-2HS (triangles, green); CA28-2TS (squares, black).

[0014] Figure 8 1s a plot that shows percent complement activation inhibiting activity of
CA28 and bifunctionalized long-acting compstatin analog, CA28-2GS-BF, as a function of
compound concentration (micromoles). CA28 (open circles, blue); CA28-2G-SBF (filled
circles, red)

[0015] Figure 9 1s a plot that shows the plasma concentration versus time of CA28 and
long-acting compstatin analog CA28-2GS-BF 1n Cynomolgus monkeys following either a
single intravenous mjection (CA28 (squares, red) and CA28-2GS-BF (circles, purple) or
when administered by subcutaneous injection once daily for 7 days (CA28-2GS-BF only,
asterisks, blue). CA28-2GSBF was administered at 25 mg/ml. Dosing volume was 2 ml/kg
for IV and 0.28 ml/kg/day for the subcutaneous administration. Data for CA28 was from a
different experiment in which the compound was also 1n 5% dextrose and was formulated as
20 mg/ml with a 10 ml/kg dosing volume. The vehicle in each case was 5% dextrose 1n
water.

[0016] Figures 10(A) and 10(B) presents plots that show percent complement activation
inhibiting activity of CA28 and bifunctionalized long-acting compstatin analog, CA28-2TS-
BF, as a function of compound concentration (micromoles). (A) Classical pathway inhibition
by CA28 (circles, red) and CA28-2TS-BF (crosses, blue). (B) Alternative pathway
inhibition. CA28 (circles, red) and CA28-2TS-BF (crosses, blue).

[0017] Figure 10(C) (assuming a PEG moiety of 40 kD) shows the structure of CA28-
2TS-BF.

[0018] Figure 11 1s a plot that shows the plasma concentration versus time of CA28 and
long-acting compstatin analog CA28-2TS-BF 1n Cynomolgus monkeys following a single

intravenous injection of CA28 at 200 mg/kg (squares, red), a single intravenous injection of
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CA28-2TS-BF at 7 mg/kg (asterisks, purple), subcutaneous injection of CA28-2TS-BF at 7
mg/kg once only (circles, blue) or subcutaneous injection of CA28-2TS-BF at 7 mg/kg once
daily for 7 consecutive days (inverted triangles, green). The vehicle in each case was 5%
dextrose in water.

[0019] Figure 12 shows flow cytometric analysis of C3 deposition on red blood cells
from a patient with PNH, which were exposed to activated complement in a modified Ham’s
test. (A) Results of a dilution experiment demonstrating the effect of CA28 on C3 deposition
are shown. (B) Results of a dilution experiment demonstrating the effect of CA28-2GS-BF
on C3 deposition are shown. Compound concentrations used are shown on and above each
panel.

[0020] Figure 13 shows flow cytometric analysis of C3 deposition on red blood cells
from a patient with PNH, which were exposed to activated complement in a modified Ham’s
test 1n the absence of complement inhibitors (left panel), in the presence of anti-C5
monoclonal antibody eculizumab (middle panel) and in the presence of CA28-2GS-BF (right
panel).

[0021] Figure 14 shows a plot of ex vivo serum-induced hemolysis observed 1n a
multiple ascending dose trial of a long-acting compstatin analog comprising a 40 kD PEG in

healthy subjects.

Detailed Description of Certain Embodiments

[0022] 1. Definitions

[0023] The terms "approximately" or "about" 1n reference to a number generally include

numbers that fall within £10%, 1n some embodiments £5%. 1n some embodiments £1%. 1n

some embodiments +£0.5% of the number unless otherwise stated or otherwise evident from
the context (except where such number would impermissibly exceed 100% of a possible
value).

[0024] A "complement component” or "complement protein" 1s a protein that 1s involved
1in activation of the complement system or participates in one or more complement-mediated
activities. Components of the classical complement pathway include, e.g., Clq, Clr, Cls,
C2, C3, C4, C5, Co, C7, C8, C9, and the C5b-9 complex, also referred to as the membrane
attack complex (MAC) and active fragments or enzymatic cleavage products of any of the
foregoing (e.g., C3a, C3b, C4a, C4b, C5a, etc.). Components of the alternative pathway

include, e.g., factors B, D, and properdin. Components of the lectin pathway include, e.g.,
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MBL2, MASP-1, and MASP-2. Complement components also include cell-bound receptors
for soluble complement components, wherein such receptor mediates one or more biological
activities of such soluble complement component following binding of the soluble
complement component. Such receptors include, e.g., C5a receptor (C5aR), C3a receptor
(C3aR), Complement Receptor 1 (CR1), Complement Receptor 2 (CR2), Complement
Receptor 3 (CR3, also known as CD45), etc. It will be appreciated that the term
“complement component™ 1s not intended to include those molecules and molecular
structures that serve as “triggers” for complement activation, e.g., antigen-antibody
complexes, foreign structures found on microbial or artificial surfaces, etc.

[0025] A “complement-mediated disorder” 1s any disorder in which complement
activation 1s known or suspected of being a contributing and/or at least partially causative
factor 1in at least some subjects suffering from the disorder, e.g., disorders in which
complement activation results 1n tissue damage. Non-limiting examples of complement-
mediated disorders include, but are not limited to, (1) various disorders characterized by
hemolysis or hemolytic anemia such as atypical hemolytic uremic syndrome, cold agglutinin
disease, paroxysmal nocturnal hemoglobinuria, transfusion reactions; (11) transplant rejection
(e.g., hyperacute or acute transplant rejection) or transplant dysfunction; (111) disorders
involving 1schemia/reperfusion injury such as trauma, surgery (e.g., aneurysm repair),
myocardial infarction, 1schemic stroke; (1v) disorders of the respiratory system such as
asthma and chronic obstructive pulmonary disease (COPD); (v) arthritis, e.g., rheumatoid
arthritis; (v1) ocular disorders such as age-related macular degeneration (AMD), diabetic
retinopathy, glaucoma, and uveitis. “Disorder™ 1s used interchangeably herein with
“disease”, “condition”, and stmilar words to refer to any impairment of health or state of
abnormal functioning of an organism, e.g., any state in which medical and/or surgical
management 1s indicated or for which a subject appropnately seeks medical and/or surgical
attention. It should also be understood that the listing of a particular disorder within a
particular category 1s for convenience and 1s not intended to limit the invention. It will be
understood that certain disorders could appropriately be listed in multiple categories.

[0026] A “complement regulatory protein™ 1s a protein involved 1n regulating
complement activity. A complement regulatory protein may down-regulate complement
activity by, e.g., inhibiting complement activation or by 1nactivating or accelerating decay of

one or more activated complement proteins. Examples of complement regulatory proteins

include C1 inhibitor, C4 binding protein, clusterin, vitronectin, CFH, factor I, and the cell-

bound proteins CD46, CD35, CD59, CR1, CR2, and CR3.
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[0027] “Isolated™, as used herein, means 1) separated from at least some of the
components with which 1t 1s usually associated 1n nature; 2) prepared or purified by a process
that involves the hand of man; and/or 3) not occurring 1n nature, e.g., present in an artificial
environment. In general, unless otherwise indicated or clearly evident, any entity, product,
agent, composition, etc., may be deemed “1solated”, if desired.

[0028] “Linked™, as used herein with respect to two or more moieties, means that the
moieties are physically associated or connected with one another to form a molecular
structure that 1s sufficiently stable so that the moieties remain associated under the conditions
in which the linkage 1s formed and, preferably, under the conditions in which the new
molecular structure 1s used, e.g., physiological conditions. In certain preferred embodiments
of the invention the linkage 1s a covalent linkage. In other embodiments the linkage 1s
noncovalent. Moieties may be linked either directly or indirectly. When two moieties are
directly linked, they are either covalently bonded to one another or are 1in sufficiently close
proximity such that intermolecular forces between the two moieties maintain their
association. When two moieties are indirectly linked, they are each linked either covalently
or noncovalently to a third moiety, which maintains the association between the two moieties.
In general, when two moieties are referred to as being linked by a “linking moiety™ or
“linking portion”, the linkage between the two linked moieties 1s indirect, and typically each
of the linked moieties 1s covalently bonded to the linking moiety. Two moieties may be
linked using a “linker”. A linker can be any suitable moiety that reacts with the entities to be
linked within a reasonable period of time, under conditions consistent with stability of the
entities (portions of which may be protected as appropriate, depending upon the conditions),
and 1n sufficient amount, to produce a reasonable yield. Typically the linker will contain at
least two functional groups, one of which reacts with a first entity and the other of which
reacts with a second entity. It will be appreciated that after the linker has reacted with the
entities to be linked, the term “linker” may refer to the part of the resulting structure that
originated from the linker, or at least the portion that does not include the reacted functional
groups. A linking moiety may comprise a portion that does not participate in a bond with the
entities being linked, and whose main purpose may be to spatially separate the entities from
each other. Such portion may be referred to as a ““spacer”.

[0029] As used heremn, “physiological conditions™ refers to a set of conditions such as
temperature, salt concentration, pH that at least in part mimic those conditions as typically
found 1n a living subject, e.g., a mammalian subject. In some aspects, physiological

conditions refer to conditions 1in an aqueous medium, e.g., a medium comprising at least 90%,
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95%, 96%. 97%, 97%, 99%. or about 100% water on a volume/volume basis. In some
embodiments other liquids, 1f present, do not substantially affect protein secondary or tertiary
structure. In some embodiments physiological conditions at least in part nimic those found
in a body flud such as blood or extracellular fluid, e.g., interstitial fluid, e.g.., of a mammalian
subject. A variety of physiological conditions useful for, e.g.. 1n vitro assays, are known 1n
the art. Generally, a medium under physiological conditions contains a physiological
concentration of salt, e.g., sodium chloride. In some embodiments a physiological
concentration of salt refers to a concentration ranging from about 250 mOsm/L to about 350
mOsm/L, e.g.., about 275 mOsm/L to about 325 mOsm/L, e.g., about 300 mOsm/L. In some
embodiments physiological conditions are approximately 1sotonic to a body fluid, e.g., blood
or extracellular fluid, e.g., interstitial fluid. In some embodiments physiological conditions
include a pH ranging from about 6.5 to about 7.8, e.g., about 7.0 to about 7.5. In some
embodiments a physiological medium comprises a buffer substance that helps maintain the
pH of the medium within a physiological range. In some embodiments physiological
conditions comprise conditions such that a typical mammalian protein, e.g., a protein
typically found 1n a body fluid, such as blood or extracellular fluid, substantially retains the
secondary and, 1f applicable, tertiary structure that such protein has in the body fluid in which
1t 1s normally found. In some embodiments components of a physiological medium are
typically substantially non-toxic to mammalian cells at the concentration at which they are
present in the physiological medium. A variety of physiological media (sometimes termed
“buffers”) are listed 1n various standard references, such as those cited above (e.g.,
Sambrook, et al., Protocols series). In some embodiments a physiological temperature ranges
from about 25 degrees C to about 38 degrees C, e.g., from about 30 degrees C to about 37
degrees C, e.g., 35 degrees C to 37 degrees C.

[0030] “Polypeptide”, as used herein, refers to a polymer of amino acids, optionally
including one or more amino acid analogs. A protein 1s a molecule composed of one or more
polypeptides. A peptide 1s a relatively short polypeptide, typically between about 2 and 60
amino acids 1n length, e.g., between 8 and 40 amino acids in length. The terms "protein",
“polypeptide”, and "peptide” may be used interchangeably. Polypeptides used herein may
contain amino acids such as those that are naturally found 1n proteins, amino acids that are
not naturally found in proteins, and/or amino acid analogs that are not amino acids. As used
herein, an “analog™ of an amino acid may be a different amino acid that structurally
resembles the amino acid or a compound other than an amino acid that structurally resembles

the amino acid. A large number of art-recognized analogs of the 20 amino acids commonly
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found 1n proteins (the “standard™ amino acids) are known. One or more of the amino acids 1n
a polypeptide may be modified, for example, by the addition of a chemical entity such as a
carbohydrate group, a phosphate group, a farnesyl group, an 1sofarnesyl group, a fatty acid
oroup, a linker for conjugation, functionalization, or other modification, etc. Certain non-
limiting suitable analogs and modifications are described in W02004026328 and/or below.
The polypeptide may be acetylated, e.g., at the N-termunus and/or amidated, e.g., at the C-
terminus.

[0031] The term “purified™, as used herein, refers to substances that have been separated
from at least some or most of the components with which they are associated in nature or
when originally generated or with which they were associated prior to purification. In
general, such purification involves action of the hand of man. Purified agents may be partially
purified, substantially purified, or pure. Such agents may be, for example, at least 50%, 60%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%., 99%., or more than 99% pure. In some
embodiments, a nucleic acid, polypeptide, or small molecule 1s purified such that 1t
constitutes at least 75%, 80%., 85%. 90%, 95%, 96%. 97%. 98%. 99%, or more, of the total
nucleic acid, polypeptide, or small molecule material, respectively, present in a preparation.
In some embodiments, an organic substance, e.g., anucleic acid, polypeptide, or small
molecule, 1s purified such that 1t constitutes at least 75%, 80%, 85%. 90%., 95%, 96%, 97%.
98%., 99%, or more, of the total organic material present in a preparation. Purity may be
based on, e.g., dry weight, size of peaks on a chromatography tracing (GC, HPLC, etc.),
molecular abundance, electrophoretic methods, intensity of bands on a gel, spectroscopic data
(e.g., NMR), elemental analysis, high throughput sequencing, mass spectrometry, or any art-
accepted quantification method. In some embodiments, water, buffer substances, 1ons, and/or
small molecules (e.g., synthetic precursors such as nucleotides or amino acids), can
optionally be present in a purified preparation. A purified agent may be prepared by
separating 1t from other substances (e.g., other cellular materials), or by producing it in such a
manner to achieve a desired degree of purity. In some embodiments “partially purified” with
respect to a molecule produced by a cell means that a molecule produced by a cell 1s no
longer present within the cell, e.g., the cell has been lysed and, optionally, at least some of the
cellular matenal (e.g., cell wall, cell membrane(s), cell organelle(s)) has been removed and/or
the molecule has been separated or segregated from at least some molecules of the same type
(protein, RNA, DNA, etc.) that were present in the lysate.

[0032] “Recombinant host cells”, “host cells™, and other such terms, denote prokaryotic

or eukaryotic cells or cell lines that contain an exogenous nucleic acid (typically DNA) such
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as an expression vector comprising a nucleic acid that encodes a polypeptide of interest. It
will be understood that such terms include the descendants of the original cell(s) into which
the vector or other nucleic acid has been introduced. Appropriate host cells include any of
those routinely used 1n the art for expressing polynucleotides (e.g., for purposes of producing
polypeptide(s) encoded by such polynucleotides) including, for example, prokaryotes, such as
E. col1 or other bacteria such as species of Escherichia; Lactobacillus, Bacillus (e.g., B
subtilis), Salmonella Pseudomonas, Streptomyces, Staphylococcus, etc.; and eukaryotes,
including for example, fungi, such as yeast (e.g., Pichia (e.g., Pichia pastoris),
Kluyveromyces, such as K. lactis, Hansenula, e.g. H. polymorpha). Examples of other fungal
cells are cells of filamentous fungi, e.g. Aspergillus spp., Neurospora spp., Fusartum spp. or
Trichoderma spp., e.g., strains of A. oryzae, A. nidulans or A. niger; insect cells (e.g., S19),
plant cells, and animal cells, e.g.. mammalian cells such as CHO, R1.1, B-W, L-M, African
Green Monkey Kidney cells (e.g. COS-1, COS-7, BSC-1, BSC-40 and BMT-10), and
cultured human cells. Also encompassed are genetically modified cells in genetically
modified (e.g., transgenic) plants or animals, wherein a recombinant polypeptide 1s produced
by at least some such cells. A polypeptide may be secreted in milk, harvested from plant
material, etc. The exogenous nucleic acid may be stably maintained as an episome such as a
plasmid or may at least in part be integrated into the host cell’s genome, optionally after
being copied or reverse transcribed. Terms such as “host cells™, etc., are also used to refer to
cells or cell lines that can be used as recipients for an exogenous nucleic acid, prior to
introduction of the nucleic acid. A "recombinant polynucleotide" generally 1s a
polynucleotide that contains nucleic acid sequences that are not found joined directly to one
another 1n nature. For example, the nucleic acid sequences may occur in different genes or
different species or one or more of the sequence(s) may be a variant of a naturally occurring
sequence or may at least in part be an artificial sequence that 1s not homologous to a naturally
occurring sequence. A “‘recombinant polypeptide” generally 1s a polypeptide that 1s at least
in part produced by transcription and translation of an exogenous nucleic acid by a
recombinant host cell or by a cell-free 1n vitro expression system and/or that contains amino
acid sequences that are not found joined directly to one another in nature. In the latter case,
the recombinant polypeptide may be referred to as a “chimeric polypeptide”. The amino
acid sequences 1n a chimeric polypeptide may, for example, occur 1in different genes or 1n
different species or one or more of the sequence(s) may be a variant of a naturally occurring
sequence or may at least in part be an artificial sequence that 1s not 1identical or in some

embodiments 1s not homologous to a naturally occurring sequence over a substantial portion
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of the length. It will be understood that a chimeric polypeptide may comprise two or more
polypeptides. For example, first and second polypeptides A and B of a chimeric polypeptide
may be directly linked (A-B or B-A) or may be separated by a third polypeptide portion C
(A-C-B or B-C-A). In some embodiments, portion C represents a polypeptide linker which
may, for example, comprise multiple glycine and/or serine residues or any of a variety of
other amino acids. In some embodiments, two or more polypeptides may be linked by non-
polypeptide linker(s). “Recombinant™ as used herein encompasses in certain embodiments
polypeptides produced by joining (e.g., chemically conjugating, enzymatically conjugating),
shorter recombinant polypeptides that may be produced in recombinant host cells. In some
embodiments a recombinant polypeptide may comprise a signal sequence that directs
secretion of the polypeptide or a sequence that directs the expressed polypeptide to a specific
compartment or organelle. Suitable sequences are known 1n the art. Appropriate sequences
for a host cell type of interest (e.g., bacterial, fungal, mammalian, plant, etc.) may be selected.
A signal sequence may be located at or near (e.g., within up to 10 - 50 amuno acids of) the N-
terminus or C-terminus 1n some embodiments. In some embodiments a polypeptide
comprises atag. A tag may be useful to facilitate detection and/or purification of a protein
that contains 1t. Examples of tags include polyhistidine-tag (e.g., 6X-His tag), glutathione-S-
transferase, maltose binding protein, NUS tag, SNUT tag, Strep tag, epitope tags such as V3,
HA, Myc, or FLAG. In some embodiments a protease cleavage site 1s located in the region
between the tag and the polypeptide, allowing the polypeptide to be separated from the tag by
exposure to the protease. In some embodiments a polynucleotide that encodes a recombinant
polypeptide 1s at least in part codon optimized for expression in a host cell of interest (e.g.,
bacterial, fungal, mammalian, plant, etc.). A tag may be located at or near (e.g., within up to
10 — 50 amino acids of) the N- or C-terminus of a polypeptide in various embodiments. A
recombinant polypeptide may be 1solated, purified, etc., using any of a variety of methods.
See, e.g.., Sambrook, Protocols series, or other standard references. Methods of use may
include, e.g., dialysis (e.g., using membranes having defined pore size), chromatography,
precipitation, gel purification, or affinity-based methods that may, in some embodiments,
utilize a tag or a specific binding reagent such as an antibody.

[0033] “Reactive functional groups™ as used herein refers to groups including, but not
limited to, olefins, acetylenes, alcohols, phenols, ethers, oxides, halides, aldehydes, ketones,
carboxylic acids, esters, amides, cyanates, 1socyanates, thiocyanates, 1sothiocyanates, amines,
hydrazines, hydrazones, hydrazides, diazo, diazonium, nitro, nitriles, mercaptans, sulfides,

disulfides, sulfoxides, sulfones, sulfonic acids, sulfinic acids, acetals, ketals, anhydrides,
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sulfates, sulfenic acids 1sonitriles, amidines, imides, imidates, nitrones, hydroxylamines,
oximes, hydroxamic acids thiohydroxamic acids, allenes, ortho esters, sulfites, enamines,
ynamines, ureas, pseudoureas, semicarbazides, carbodiimides, carbamates, imines, azides,
azo compounds, azoxy compounds, and nitroso compounds, N-hydroxysuccinimide esters,
maleinudes, sulthydryls, and the like. Methods to prepare each of these functional groups are
well known 1n the art and their application to or modification for a particular purpose 1s
within the ability of one of skill in the art (see, for example, Sandler and Karo, eds.
ORGANIC FUNCTIONAL GROUP PREPARATIONS, Academic Press, San Diego, 1989,
and Hermanson, G., Bioconjugate Techniques, 2" ed., Academic Press, San Diego, 2008).
[0034] "Specific binding" generally refers to a physical association between a target
polypeptide (or, more generally, a target molecule) and a binding molecule such as an
antibody or ligand. The association 1s typically dependent upon the presence of a particular
structural feature of the target such as an antigenic determinant, epitope, binding pocket or
cleft, recognized by the binding molecule. For example, 1f an antibody 1s specific for epitope
A, the presence of a polypeptide containing epitope A or the presence of free unlabeled A 1n a
reaction containing both free labeled A and the binding molecule that binds thereto, will
reduce the amount of labeled A that binds to the binding molecule. It 1s to be understood that
specificity need not be absolute but generally refers to the context in which the binding
occurs. For example, 1t 1s well known 1n the art that numerous antibodies cross-react with
other epitopes 1n addition to those present in the target molecule. Such cross-reactivity may
be acceptable depending upon the application for which the antibody 1s to be used. One of
ordinary skill in the art will be able to select antibodies or ligands having a sufficient degree
of specificity to perform appropriately 1in any given application (e.g., for detection of a target
molecule, for therapeutic purposes, etc.). It 1s also to be understood that specificity may be
evaluated 1n the context of additional factors such as the affinity of the binding molecule for
the target versus the affinity of the binding molecule for other targets, e.g., competitors. If a
binding molecule exhibits a high affinity for a target molecule that 1t 1s desired to detect and
low affinity for nontarget molecules, the antibody will likely be an acceptable reagent. Once
the specificity of a binding molecule 1s established 1n one or more contexts, 1t may be
employed 1n other, preferably similar, contexts without necessarily re-evaluating 1ts
specificity. In some embodiments, the affinity (as measured by the equilibrium dissociation
constant, Kd) of two molecules that exhibit specific binding is 10~ M or less, e.g., 10 M or
less, e.g.. 10 M or less, e.g., 10°M or less, 107'M or less, 10™°M or less, or 10 M or less

under the conditions tested, e.g., under physiological conditions.
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[0035] A “subject” treated according to the instant invention 1s typically a human, a non-
human primate, or a lower animal (e.g., a mouse or rat), which expresses or contains at least
some primate (e.g., human) complement component C3 and, optionally, one or more
additional primate complement component(s). In some embodiments the subject 1s male. In
some embodiments the subject 1s female. In some embodiments the subject 1s an adult, e.g., a
human at least 18 years of age, e.g., between 18 and 100 years of age. In some
embodiments, a human subject 1s at least 12 years of age. In some embodiments a subject 1s
an adult, e.g., a human at least 18 years of age, e.g., between 18 and 100 years of age. In
some embodiments a subject 1s at least 40, 45, 50, 55, 60, 65, 70, 75, or 80 years of age. In
some embodiments the subject 1s a child, e.g., a human between 0 and 4 years of age, or
between 5 and 11 years of age.

[0036] “Treating™, as used herein 1n regard to treating a subject, refers to providing
treatment, 1.e., providing any type of medical or surgical management of a subject. The
treatment can be provided 1n order to reverse, alleviate, inhibit the progression of, prevent or
reduce the likelihood of a disease, or in order to reverse, alleviate, inhibit or prevent the
progression of, prevent or reduce the likelihood of one or more symptoms or manifestations
of a disease. “Prevent” refers to causing a disease or symptom or manifestation of a disease
not to occur for at least a period of time 1n at least some individuals. Treating can include
administering a compound or composition to the subject following the development of one or
more symptoms or manifestations indicative of a disease, e.g., in order to reverse, alleviate,
reduce the severity of, and/or inhibit or prevent the progression of the disease and/or to
reverse, alleviate, reduce the severity of, and/or inhibit or one or more symptoms or
manifestations of the disease. A compound or composition can be administered to a subject
who has developed a disease, or 1s at increased risk of developing the disease relative to a
member of the general population. A compound or composition can be administered to a
subject who has developed a disease and 1s at increased risk of developing one or more
particular symptoms or manifestations of the disease or an exacerbation of the disease
relative to other individuals diagnosed with the disease, or relative to the subject’s typical or
average risk for such symptom or manifestation or exacerbation. For example, the subject
may have been exposed to a “trigger” that places the subject at increased risk (e.g..
temporarily increased risk) of experiencing an exacerbation. A compound or composition
can be administered prophylactically, 1.e., before development of any symptom or

manifestation of the disease. Typically 1n this case the subject will be at risk of developing
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the disease, e.g., relative to a member of the general population, optionally matched 1n terms
of age, sex, and/or other demographic variable(s).

[0037] A “vector’” may be any of a variety of nucleic acid molecules, viruses, or portions
thereof that are capable of mediating entry of, e.g., transferring, transporting, etc., a nucleic
acid of interest between different genetic environments or into a cell. The nucleic acid of
interest may be linked to, e.g., inserted into, the vector using, e.g., restriction and ligation.
Vectors include, for example, DNA or RNA plasmids, cosmids, naturally occurring or
modified viral genomes or portions thereof, nucleic acids that can be packaged into viral
capsids, mini-chromosomes, artificial chromosomes, etc. Plasmid vectors typically include
an origin of replication (e.g., for replication 1n prokaryotic cells). A plasmid may include
part or all of a viral genome (e.g., a viral promoter, enhancer, processing or packaging
signals, and/or sequences sufficient to give rise to a nucleic acid that can be integrated into
the host cell genome and/or to give rise to infectious virus). Viruses or portions thereof that
can be used to introduce nucleic acids into cells may be referred to as viral vectors. Viral
vectors include, e.g., adenoviruses, adeno-associated viruses, retroviruses (e.g., lentiviruses,
vaccinia virus and other poxviruses, herpesviruses (e.g., herpes simplex virus), and others.
Baculovirus are of use, e.g., in insect cells. A wide range of plant viral vectors are known
and 1nclude, e.g., those based on or comprising Cauliflower Mosaic Virus, Tobacco Mosaic
Virus, or one or more genetic elements thereof (e.g., Cauliflower Mosaic Virus 35S
promoter). Viral vectors may or may not contain sufficient viral genetic information for
production of infectious virus when introduced into host cells, 1.e., viral vectors may be
replication-competent or replication-defective. In some embodiments, e.g., where sufficient
information for production of infectious virus 1s lacking, 1t may be supplied by a host cell or
by another vector introduced into the cell, e.g., if production of virus 1s desired. In some
embodiments such information 1s not supplied, e.g., if production of virus 1s not desired. A
nucleic acid to be transferred may be incorporated into a naturally occurring or modified viral
genome or a portion thereof or may be present within a viral capsid as a separate nucleic acid
molecule. A vector may contain one or more nucleic acids encoding a marker suitable for
1dentifying and/or selecting cells that have taken up the vector. Markers include, for
example, various proteins that increase or decrease either resistance or sensitivity to
antibiotics or other agents (e.g., a protein that confers resistance to an antibiotic such as
puromycin, hygromycin or blasticidin), enzymes whose activities are detectable by assays
known 1n the art (e.g., P-galactosidase or alkaline phosphatase), and proteins or RNAs that
detectably affect the phenotype of cells that express them (e.g., fluorescent proteins).
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Vectors often include one or more appropriately positioned sites for restriction enzymes,
which may be used to facilitate insertion into the vector of a nucleic acid, e.g., a nucleic acid
to be expressed. An expression vector 1s a vector into which a desired nucleic acid has been
inserted or may be inserted such that 1t 1s operably linked to regulatory elements (also termed
“regulatory sequences”, “expression control elements”, or “expression control sequences”™)
and may be expressed as an RNA transcript (e.g., an mRNA that can be translated into
protein or a noncoding RNA). Expression vectors include regulatory sequence(s), e.g..
expression control sequences, sufficient to direct transcription of an operably linked nucleic
acid under at least some conditions; other elements required or helpful for expression may be
supplied by, e.g., the host cell or by an 1n vitro expression system. Such regulatory
sequences typically include a promoter and may include enhancer sequences or upstream
activator sequences. In some embodiments a vector may include sequences that encode a 5°
untranslated region and/or a 3 untranslated region, which may comprise a cleavage and/or
polyadenylation signal. In general, regulatory elements may be contained in a vector prior to
insertion of a nucleic acid whose expression 1s desired or may be contained 1n an inserted
nucleic acid or may be inserted into a vector following insertion of a nucleic acid whose
expression 1s desired. As used herein, a nucleic acid and regulatory element(s) are said to be
“operably linked” when they are covalently linked so as to place the expression or
transcription of the nucleic acid under the influence or control of the regulatory element(s).
For example, a promoter region would be operably linked to a nucleic acid if the promoter
region were capable of effecting transcription of that nucleic acid. One of ordinary skill in
the art will be aware that the precise nature of the regulatory sequences useful for gene
expression may vary between species or cell types, but may 1n general include, as
appropriate, sequences involved with the mnitiation of transcription, RN A processing, or
initiation of translation. The choice and design of an appropriate vector and regulatory
element(s) 1s within the ability and discretion of one of ordinary skill in the art. For example,
one of skill in the art will select an appropriate promoter (or other expression control
sequences) for expression in a desired species (e.g., a prokaryotic (bacterial) or eukaryotic
(e.g., fungal, plant, mammalian species) or cell type. A vector may contain a promoter
capable of directing expression in mammalian cells, such as a suitable viral promoter, e.g.,
from a cytomegalovirus (CMV), retrovirus, simuan virus (e.g., SV40), papilloma virus, herpes
virus or other virus that infects mammalian cells, or a mammalian promoter from, e.g., a gene
such as EFlalpha, ubiquitin (e.g., ubiquitin B or C), globin, actin, phosphoglycerate kinase

(PGK), etc., or a composite promoter such as a CAG promoter (combination of the CMV
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early enhancer element and chicken beta-actin promoter). In some embodiments a human
promoter may be used. In some embodiments, a promoter that ordinarily directs transcription
by a eukaryotic RNA polymerase I (a “pol I promoter™), e.g., (a U6, H1, 7SK or tRNA
promoter or a functional vanant thereof) may be used. In some embodiments, a promoter
that ordinarily directs transcription by a eukaryotic RNA polymerase II (a ““pol 1I promoter™)
or a functional variant thereof 1s used. In some embodiments, a promoter that ordinarily
directs transcription by a eukaryotic RNA polymerase III (a “pol III promoter”), e.g., a
promoter for transcription of ribosomal RNA (other than 5S rRNA) or a functional variant
thereof 1s used. One of ordinary skill in the art will select an approprate promoter for
directing transcription of a sequence of interest. Examples of expression vectors that may be
used in mammalian cells include, e.g., the pcDNA vector series, pSV2 vector series, pCMV
vector series, pRSV vector series, pEF1 vector series, Gateway® vectors, etc. In some
embodiments, regulatable (e.g., inducible or repressible) expression control element(s), e.g., a
regulatable promoter, 1s/are used so that expression can be regulated, e.g., turned on or
increased or turned off or decreased. In some embodiments a vector may comprise a
polynucleotide sequence that encodes a polypeptide, wherein the polynucleotide sequence 1s
positioned 1n frame with a nucleic acid inserted into the vector so that an N- or C-terminal
fusion 1s created. In some embodiments a polypeptide encoded by the polynucleotide
sequence may comprise a signal sequence (which directs secretion of a protein) or a sequence
that directs the expressed protein to a specific organelle or location 1n the cell such as the
nucleus or mitochondria. In some embodiments a polypeptide comprises a tag. A tag may be
useful to facilitate detection and/or purification of a protein that contains 1t. Examples of tags
include polyhistidine-tag (e.g., 6X-His tag), glutathione-S-transferase, maltose binding
protein, NUS tag, SNUT tag, Strep tag, epitope tags such as V5, HA, Myc, or FLAG. In
some embodiments a protease cleavage site 1s located 1n the region between the protein
encoded by the inserted nucleic acid and the polypeptide, allowing the polypeptide to be
removed by exposure to the protease. Vectors may be introduced mito host cells using
methods known in the art. One of ordinary skill will select an appropriate method based.

e.g.. on the vector, cell type, etc. Examples of sutfable methods include, e.g., calcium
phosphate-mediated transiection, transfection with any of a vanety of commercially available
reagents, e.g., lipid-based or non-hipid based, such as FuGENE, Lipofectanune, TurboFect:
electroporation; micropariicie bombardment, efc. Such methods are explained in detail in

standard references such as Sambrook, Protocols serntes, and others.
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[0038] As used herein the term “aliphatic” denotes a hydrocarbon moiety that may be
straight-chain (1.e., unbranched), branched, or cyclic (including fused, bridging, and spiro-
fused polycyclic) and may be completely saturated or may contain one or more units of
unsaturation, but which 1s not aromatic. Unless otherwise specified, aliphatic groups contain
1-30 carbon atoms. In some embodiments, aliphatic groups contain 1-10 carbon atoms. In
other embodiments, aliphatic groups contain 1-8 carbon atoms. In still other embodiments,
aliphatic groups contain 1-6 carbon atoms, and 1n yet other embodiments aliphatic groups
contain 1-4 carbon atoms. Suitable aliphatic groups include, but are not limited to, linear or
branched, alkyl, alkenyl, and alkynyl groups, and hybnids thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alkenyl.

[0039] As used heremn, “alkyl™ refers to a saturated straight, branched, or cyclic
hydrocarbon having from about 1 to about 22 carbon atoms (and all combinations and
subcombinations of ranges and specific numbers of carbon atoms therein), with from about 1
to about 12, or about 1 to about 7 carbon atoms being preferred in certain embodiments of the
invention. Alkyl groups include, but are not limited to, methyl, ethyl, n-propyl, isopropyl, n-
butyl, 1sobutyl, t-butyl, n- pentyl, cyclopentyl, 1sopentyl, neopentyl, n-hexyl, 1sohexyl,
cyclohexyl, cyclooctyl, adamantyl, 3- methylpentyl, 2,2-dimethylbutyl, and 2,3-
dimethylbutyl.

[0040] As used heremn, “halo” refers to F, Cl, Br or I.

[0041] As used herein, “alkanoyl” refers to an optionally substituted straight or branched
aliphatic acyclic residue having about 1 to 10 carbon atoms (and all combinations and
subcombinations of ranges and specific number of carbon atoms) therein, e.g., from about 1
to 7 carbon atoms which, as will be appreciated, 1s attached to a termunal C=0 group with a
single bond (and may also be referred to as an “acyl group™). Alkanoyl groups include, but
are not limited to, formyl, acetyl, propionyl, butyryl, 1sobutyryl, pentanoyl, isopentanoyl, 2-
methyl-butyryl, 2,2-dimethoxypropionyl, hexanoyl, heptanoyl, octanoyl, and the like, and
for purposes of the present invention a formyl group 1s considered an alkanoyl group.

“Lower alkanoyl™ refers to an optionally substituted straight or branched aliphatic acyclic
residue having about 1 to about 5 carbon atoms (and all combinations and subcombinations
of ranges and specific number of carbon atoms). Such groups include, but are not limited to,
formyl, acetyl, propionyl, butyryl, 1sobutyryl, pentanoyl, 1sopentanoyl, etc.

[0042] As used heremn, “aryl” refers to an optionally substituted, mono- or bicyclic
aromatic ring system having from about 5 to about 14 carbon atoms (and all combinations

and subcombinations of ranges and specific numbers of carbon atoms therein), with from
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about 6 to about 10 carbons being preferred. Non-limiting examples include, for example,
phenyl and naphthyl.

[0043] As used herein, “aralkyl” refers to alkyl radicals bearing an aryl substituent and
having from about 6 to about 22 carbon atoms (and all combinations and subcombinations of
ranges and specific numbers of carbon atoms therein), with from about 6 to about 12 carbon
atoms being preferred 1n certain embodiments. Aralkyl groups can be optionally substituted.
Non-limiting examples include, for example, benzyl, naphthylmethyl, diphenylmethyl,
triphenylmethyl, phenylethyl, and diphenylethyl.

[0044] As used herein, the terms “alkoxy™ and “alkoxyl™ refer to an optionally substituted
alkyl-O- group wherein alkyl 1s as previously defined. Exemplary alkoxy and alkoxyl groups
include methoxy, ethoxy, n-propoxy, 1-propoxy, n-butoxy, and heptoxy.

[0045] As used herein, “carboxy” refers to a -C(=0O)OH group.

[0046] As used herein, “alkoxycarbonyl™” refers to a -C(=0)0O-alkyl group, where alkyl 1s
as previously defined.

[0047] As used herein, “aroyl” refers to a -C(=0)-aryl group, wherein aryl 1s as
previously defined. Exemplary aroyl groups include benzoyl and naphthoyl.

[0048] The term “cyclic ring system™ refers to an aromatic or non-aromatic, partially
unsaturated or fully saturated, 3- to 10-membered ring system, which includes single rings of
3 to 8 atoms 1n si1ze and bi- and tri-cyclic ring systems which may include aromatic 5- or 6-
membered aryl or aromatic heterocyclic groups fused to a non-aromatic ring. These
heterocyclic rings include those having from 1 to 3 heteroatoms independently selected from
the group consisting of oxygen, sulfur, and nitrogen. In certain embodiments, the term
heterocyclic refers to a non-aromatic 5-, 6-, or 7-membered ring or a polycyclic group
wherein at least one ring atom 1s a heteroatom selected from the group consisting of O, S, and
N, including, but not limited to, a bi- or tri-cyclic group, comprising fused six-membered
rings having between one and three heteroatoms independently selected from the group
consisting of the oxygen, sulfur, and nitrogen. In some embodiments, “cyclic ring system™
refers to a cycloalkyl group which, as used herein, refers to groups having 3 to 10, e.g., 4 to 7
carbon atoms. Cycloalkyls include, but are not limited to cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl and the like, which, 1s optionally substituted. In some
embodiments, “cyclic ring system™ refers to a cycloalkenyl or cycloalkynyl moiety, which 1s
optionally substituted.

[0049] Typically, substituted chemical moieties include one or more substituents that

replace hydrogen. Exemplary substituents include, for example, halo, alkyl, cycloalkyl,
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aralkyl, aryl, sulthydryl, hydroxyl (-OH), alkoxyl, cyano (-CN), carboxyl (-COOH), -
C(=0)0-alkyl, aminocarbonyl (-C(=0O)NH,), -N-substituted aminocarbonyl (-C(=O)NHR™),
CF;, CF,CF;, and the like. In relation to the aforementioned substituents, each moiety R™
can be, independently, any of H, alkyl, cycloalkyl, aryl, or aralkyl, for example.

[0050] As used herein, “L-amino acid” refers to any of the naturally occurring
levorotatory alpha-amino acids normally present in proteins or the alkyl esters of those alpha-
amino acids. The term “D-amino acid” refers to dextrorotatory alpha-amino acids. Unless
specified otherwise, all amino acids referred to herein are L-amino acids.

[0051] As used herein, an “aromatic amino acid™ 1s an amino acid that comprises at least
one aromatic ring, e.g., 1t comprises an aryl group.

[0052] As used herein, an “aromatic amino acid analog™ 1s an amino acid analog that
comprises at least one aromatic ring, e.g., 1t comprises an aryl group.

[0053] II. Complement System

[0054] In order to facilitate understanding of the invention, and without intending to limut
the invention 1n any way, this section provides an overview of complement and 1ts pathways
of activation. Further details are found, e.g., in Kuby Immunology, 6" ed., 2006; Paul, W.E..
Fundamental Immunology, Lippincott Williams & Wilkins; 6™ ed., 2008; and Walport MJ.,
Complement. First of two parts. N Engl J Med., 344(14):1058-66, 2001.

[0055] Complement 1s an arm of the innate immune system that plays an important role
in defending the body against infectious agents. The complement system comprises more
than 30 serum and cellular proteins that are involved 1n three major pathways, known as the
classical, altemative, and lectin pathways. The classical pathway 1s usually triggered by
binding of a complex of antigen and IgM or IgG antibody to C1 (though certain other
activators can also initiate the pathway). Activated C1 cleaves C4 and C2 to produce C4a
and C4b, 1n addition to C2a and C2b. C4b and C2a combine to form C3 convertase, which
cleaves C3 to form C3a and C3b. Binding of C3b to C3 convertase produces C5 convertase,
which cleaves C5 into C5a and C5b. C3a, C4a, and C5a are anaphylotoxins and mediate
multiple reactions 1n the acute inflammatory response. C3a and C5a are also chemotactic
factors that attract immune system cells such as neutrophils.

[0056] The alternative pathway 1s mitiated by and amplified at, e.g., microbial surfaces
and various complex polysaccharides. In this pathway, hydrolysis of C3 to C3(H20), which
occurs spontaneously at a low level, leads to binding of factor B, which 1s cleaved by factor
D, generating a fluid phase C3 convertase that activates complement by cleaving C3 into C3a

and C3b. C3b binds to targets such as cell surfaces and forms a complex with factor B, which
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1s later cleaved by factor D, resulting in a C3 convertase. Surface-bound C3 convertases
cleave and activate additional C3 molecules, resulting 1in rapid C3b deposition 1n close
proximity to the site of activation and leading to formation of additional C3 convertase,
which 1n turn generates additional C3b. This process results in a cycle of C3 cleavage and C3
convertase formation that significantly amplifies the response. Cleavage of C3 and binding
of another molecule of C3b to the C3 convertase gives rise to a C5 convertase. C3 and C5
convertases of this pathway are regulated by host cell molecules CR1, DAF, MCP, CD59,
and fH. The mode of action of these proteins involves either decay accelerating activity (1.e.,
ability to dissociate convertases), ability to serve as cofactors in the degradation of C3b or
C4b by factor I, or both. Normally the presence of complement regulatory proteins on host
cell surfaces prevents significant complement activation from occurring thereon.

[0057] The C5 convertases produced i both pathways cleave C5 to produce C5a and
C5b. C5b then binds to C6, C7, and C8 to form C5b-8, which catalyzes polymerization of C9
to form the C5b-9 membrane attack complex (MAC). The MAC 1nserts 1tself into target cell
membranes and causes cell lysis. Small amounts of MAC on the membrane of cells may
have a variety of consequences other than cell death.

[0058] The lectin complement pathway 1s 1nitiated by binding of mannose-binding lectin
(MBL) and MBL-associated serine protease (MASP) to carbohydrates. The MB1-1 gene
(known as LM AN-1 1n humans) encodes a type I integral membrane protein localized in the
intermediate region between the endoplasmic reticulum and the Golgi. The MBL-2 gene
encodes the soluble mannose-binding protein found in serum. In the human lectin pathway,
MASP-1 and MASP-2 are involved 1n the proteolysis of C4 and C2, leading to a C3
convertase described above.

[0059] Complement activity 1s regulated by various mammalian proteins referred to as
complement control proteins (CCPs) or regulators of complement activation (RCA) proteins
(U.S. Pat. No. 6,897,290). These proteins differ with respect to ligand specificity and
mechanism(s) of complement inhibition. They may accelerate the normal decay of
convertases and/or function as cofactors for factor I, to enzymatically cleave C3b and/or C4b
into smaller fragments. CCPs are characterized by the presence of multiple (typically 4-56)
homologous motifs known as short consensus repeats (SCR), complement control protein
(CCP) modules, or SUSHI domains, about 50-70 amino acids in length that contain a
conserved motif including four disulfide-bonded cysteines (two disulfide bonds), proline,
tryptophan, and many hydrophobic residues. The CCP family includes complement receptor
type 1 (CR1; C3b:C4b receptor), complement receptor type 2 (CR2), membrane cofactor
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protein (MCP; CD46), decay-accelerating factor (DAF), complement factor H ({H), and C4b-
binding protein (C4bp). CD59 1s a membrane-bound complement regulatory protein
unrelated structurally to the CCPs. Complement regulatory proteins normally serve to limt
complement activation that might otherwise occur on cells and tissues of the mammalian,
e.g., human host. Thus, “self” cells are normally protected from the deleterious effects that
would otherwise ensue were complement activation to proceed on these cells. Deficiencies
or defects in complement regulatory protein(s) are involved in the pathogenesis of a variety
of complement-mediated disorders, e.g.. as discussed herein.

[0060] II1. Compstatin Analogs

[0061] Compstatin 1s a cyclic peptide that binds to C3 and inhibits complement
activation. U.S. Pat. No. 6,319,897 describes a peptide having the sequence Ile- [Cys-Val-
Val-Gln-Asp-Trp-Gly-His-His-Arg-Cys|-Thr (SEQ ID NO: 1), with the disulfide bond
between the two cysteines denoted by brackets. It will be understood that the name
“compstatin” was not used in U.S. Pat. No. 6,319,897 but was subsequently adopted 1n the
scientific and patent literature (see, e.g., Morikis, et al., Protein Sci., 7(3):619-27, 1998) to
refer to a peptide having the same sequence as SEQ ID NO: 2 disclosed in U.S. Pat. No.
6,319,897, but amudated at the C terminus as shown 1n Table 1 (SEQ ID NO: 8). The term
“compstatin™ 1s used herein consistently with such usage (1.e., to refer to SEQ ID NO: 8).
Compstatin analogs that have higher complement inhibiting activity than compstatin have
been developed. See, e.g., W02004/026328 (PCT/US2003/029653), Morikis, D., et al.,
Biochem Soc Trans. 32(Pt 1):28-32, 2004, Mallik, B., et al., J. Med. Chem., 274-286, 2005;
Katragadda, M., et al. J. Med. Chem., 49: 4616-4622, 2006; W0O2007062249
(PCT/US2006/045539); W0O2007044668 (PCT/US2006/039397), WO/2009/046198
(PCT/US2008/078593); W0O/2010/127336 (PCT/US2010/033345) and discussion below.

[0062] Compstatin analogs may be acetylated or amudated, e.g., at the N-terminus and/or
C-terminus. For example, compstatin analogs may be acetylated at the N-terminus and
amidated at the C-terminus. Consistent with usage 1n the art, “compstatin™ as used herein,
and the activities of compstatin analogs described herein relative to that of compstatin, refer
to compstatin amudated at the C-terminus (Mallik, 2005, supra).

[0063] Concatamers or multimers of compstatin or a complement inhibiting analog
thereof are also of use 1n the present invention.

[0064] As used herein, the term “compstatin analog™ includes compstatin and any

complement inhibiting analog thereof. The term “compstatin analog” encompasses
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compstatin and other compounds designed or 1dentified based on compstatin and whose
complement inhibiting activity 1s at least 50% as great as that of compstatin as measured,
e.g., using any complement activation assay accepted in the art or substantially similar or
equivalent assays. Certain suitable assays are described in U.S. Pat. No. 6,319,897,
WO02004/026328, Morikis, supra, Mallik, supra, Katragadda 2006, supra, W02007062249
(PCT/US2006/045539); W0O2007044668 (PCT/US2006/039397), WO/2009/046198
(PCT/US2008/078593); and/or WO/2010/127336 (PCT/US2010/033345). The assay may,
for example, measure alternative or classical pathway-mediated erythrocyte lysis or be an
ELISA assay. In some embodiments, an assay described in WO/2010/135717
(PCT/US2010/035871) 1s used.

[0065] The activity of a compstatin analog may be expressed in terms of 1ts ICs (the
concentration of the compound that inhibits complement activation by 50%), with a lower
ICso indicating a higher activity as recognized in the art. The activity of a preferred
compstatin analog for use 1n the present invention 1s at least as great as that of compstatin. It
1s noted that certain modifications known to reduce or eliminate complement inhibiting
activity and may be explicitly excluded from any embodiment of the mnvention. The ICsg of
compstatin has been measured as 12 uM using an alternative pathway-mediated erythrocyte
lysis assay (W02004/026328). It will be appreciated that the precise ICso value measured for
a given compstatin analog will vary with experimental conditions (e.g., the serum
concentration used 1n the assay). Comparative values, e.g., obtained from experiments in
which ICsg 1s determined for multiple different compounds under substantially 1dentical
conditions, are of use. In one embodiment, the ICsy of the compstatin analog 1s no more than
the ICso of compstatin. In certain embodiments of the invention the activity of the compstatin
analog 1s between 2 and 99 times that of compstatin (1.e., the analog has an ICs, that 1s less
than the ICso of compstatin by a factor of between 2 and 99). For example, the activity may
be between 10 and 50 times as great as that of compstatin, or between 50 and 99 times as
oreat as that of compstatin. In certain embodiments of the invention the activity of the
compstatin analog 1s between 99 and 264 times that of compstatin. For example, the activity
may be 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260,
or 264 times as great as that of compstatin. In certain embodiments the activity 1s between
250 and 300, 300 and 350, 350 and 400, or 400 and 500 times as great as that of compstatin.
The invention further contemplates compstatin analogs having activities between 500 and

1000 times that of compstatin, or more. In certain embodiments the 1Cso of the compstatin
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analog 1s between about 0.2 uM and about 0.5 uM. In certain embodiments the ICs, of the
compstatin analog 1s between about 0.1 uM and about 0.2 uM. In certain embodiments the
ICso of the compstatin analog 1s between about 0.05 uM and about 0.1 uM. In certain

embodiments the ICsy of the compstatin analog 1s between about 0.001 uM and about 0.05
UM.

[0066]  The K4 of compstatin binding to C3 can be measured using isothermal titration
calorimetry (Katragadda, et al., J. Biol. Chem., 279(53), 54987-54995, 2004). Binding
affinity of a variety of compstatin analogs for C3 has been correlated with their activity, with
a lower K4 indicating a higher binding affinity, as recognized in the art. A linear correlation
between binding affinity and activity was shown for certain analogs tested (Katragadda,
2004, supra;, Katragadda 2006, supra). In certain embodiments of the invention the
compstatin analog binds to C3 with a K4 of between 0.1 uM and 1.0 uM, between 0.05 uM
and 0.1 uM, between 0.025 uM and 0.05 uM, between 0.015 uM and 0.025 uM, between

0.01 uM and 0.015 uM, or between 0.001 uM and 0.01uM.

[0067] Compounds “designed or identified based on compstatin™ include, but are not
limited to, compounds that comprise an amino acid chain whose sequence 1s obtained by (1)
modifying the sequence of compstatin (e.g., replacing one or more amino acids of the
sequence of compstatin with a different amino acid or amino acid analog, inserting one or
more amino acids or amino acid analogs into the sequence of compstatin, or deleting one or
more amino acids from the sequence of compstatin); (11) selection from a phage display
peptide library i which one or more amino acids of compstatin 1s randomized, and optionally
further modified according to method (1); or (111) 1dentified by screening for compounds that
compete with compstatin or any analog thereof obtained by methods (1) or (11) for binding to
C3 or a fragment thereof. Many useful compstatin analogs comprise a hydrophobic cluster, a
B-turn, and a disulfide bridge.

[0068] In certain embodiments of the invention the sequence of the compstatin analog
comprises or consists essentially of a sequence that 1s obtained by making 1, 2, 3, or 4
substitutions 1n the sequence of compstatin, 1.e., 1, 2, 3, or 4 amino acids 1n the sequence of
compstatin 1s replaced by a different standard amino acid or by a non-standard amino acid.

In certain embodiments of the invention the amino acid at position 4 1s altered. In certain
embodiments of the invention the amino acid at position 9 1s altered. In certain embodiments
of the invention the amino acids at positions 4 and 9 are altered. In certain embodiments of

the invention only the amino acids at positions 4 and 9 are altered. In certain embodiments of
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the invention the amino acid at position 4 or 9 1s altered, or in certain embodiments both
amino acids 4 and 9 are altered, and 1n addition up to 2 amino acids located at positions
selected from 1, 7, 10, 11, and 13 are altered. In certain embodiments of the invention the
amino acids at positions 4, 7, and 9 are altered. In certain embodiments of the invention
amino acids at position 2, 12, or both are altered, provided that the alteration preserves the
ability of the compound to be cyclized. Such alteration(s) at positions 2 and/or 12 may be in
addition to the alteration(s) at position 1, 4, 7. 9, 10, 11, and/or 13. Optionally the sequence
of any of the compstatin analogs whose sequence 1s obtained by replacing one or more amino
acids of compstatin sequence further includes up to 1, 2, or 3 additional amino acids at the C-
terminus. In one embodiment, the additional amino acid 1s Gly. Optionally the sequence of
any of the compstatin analogs whose sequence 1s obtained by replacing one or more amino
acids of compstatin sequence further includes up to 3, or up to 10 additional amino acids at
the C-termunus. It should be understood that compstatin analogs may have any one or more
of the characteristics or features of the various embodiments described herein, and
characteristics or features of any embodiment may additionally characterize any other
embodiment described herein, unless otherwise stated or evident from the context. In certain
embodiments of the invention the sequence of the compstatin analog comprises or consists
essentially of a sequence 1dentical to that of compstatin except at positions corresponding to
positions 4 and 9 1n the sequence of compstatin.

[0069] Compstatin and certain compstatin analogs having somewhat greater activity than
compstatin contain only standard amino acids (“standard amino acids™ are glycine, leucine,
1soleucine, valine, alanine, phenylalanine, tyrosine, tryptophan, aspartic acid, asparagine,
olutamic acid, glutamine, cysteine, methionine, arginine, lysine, proline, serine, threonine and
histidine). Certain compstatin analogs having improved activity incorporate one or more
non-standard amino acids. Useful non-standard amino acids include singly and multiply
halogenated (e.g., fluorinated) amino acids, D-amino acids, homo-amino acids, N-alkyl
amino acids, dehydroamino acids, aromatic amino acids (other than phenylalanine, tyrosine
and tryptophan), ortho-, meta- or para-aminobenzoic acid, phospho-amino acids,
methoxylated amino acids, and a,a-disubstituted amino acids. In certain embodiments of the
invention, a compstatin analog 1s designed by replacing one or more L-amino acids 1n a
compstatin analog described elsewhere herein with the corresponding D-amino acid. Such
compounds and methods of use thereof are an aspect of the invention. Exemplary non-

standard amino acids of use include 2-naphthylalanine (2-Nal), 1-naphthylalanine (1-Nal), 2-
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indanylglycine carboxylic acid (2Igl), dihydrotrpytophan (Dht), 4-benzoyl-L-phenylalanine
(Bpa), 2-a-aminobutyric acid (2-Abu), 3-a-aminobutyric acid (3-Abu), 4-a.-aminobutyric
acid (4-Abu), cyclohexylalanine (Cha), homocyclohexylalanine (hCha), 4-fluoro-L-
tryptophan (4fW), 5-fluoro-L-tryptophan (5{W), 6-fluoro-L-tryptophan (6fW), 4-hydroxy-L-
tryptophan (4OH-W), 5-hydroxy-L-tryptophan (5SOH-W), 6-hydroxy-L-tryptophan (60OH-W),
1 -methyl-L-tryptophan (1MeW), 4-methyl-L-tryptophan (4MeW), 5-methyl-L-tryptophan
(5MeW), 7-aza-L-tryptophan (7aW), a-methyl-L-tryptophan (acMeW), B-methyl-L-
tryptophan (BMeW), N-methyl-L-tryptophan (NMeW ), ormithine (orn), citrulline, norleucine,
v-glutamic acid, etc.

[0070] In certain embodiments of the invention the compstatin analog comprises one or
more Trp analogs (e.g., at position 4 and/or 7 relative to the sequence of compstatin).
Exemplary Trp analogs are mentioned above. See also Beene, et. al. Biochemistry 41: 10262-
10269, 2002 (describing, inter alia, singly- and multiply-halogenated Trp analogs). Babitzke
& Yanofsky, J. Biol. Chem. 270: 12452-12456, 1995 (describing, inter alia, methylated and
halogenated Trp and other Trp and indole analogs); and U.S. Patents 6,214,790, 6,169,057,
5,776,970, 4,870,097, 4,576,750 and 4,299,838. Other Trp analogs include varnants that are
substituted (e.g., by a methyl group) at the o or B carbon and, optionally, also at one or more
positions of the indole ring. Amino acids comprising two or more aromatic rings, including
substituted, unsubstituted, or alternatively substituted variants thereof, are of interest as Trp
analogs. In certain embodiments of the invention the Trp analog, e.g., at position 4, 1s 5-
methoxy, 5-methyl-, 1-methyl-, or 1-formyl-tryptophan. In certain embodiments of the

invention a Trp analog (e.g., at position 4) comprising a 1-alkyl substituent, e.g., a lower

alkyl (e.g., C1-Cs) substituent 1s used. In certain embodiments, N(o) methyl tryptophan or 5-
methyltryptophan 1s used. In some embodiments, an analog comprising a 1-alkanyol
substituent, e.g., a lower alkanoyl (e.g., C1-Cs) 1s used. Examples include 1-acetyl-L-
tryptophan and L-B-tryptophan.

[0071] In certain embodiments the Trp analog has increased hydrophobic character
relative to Trp. For example, the indole ring may be substituted by one or more alkyl (e.g.,
methyl) groups. In certain embodiments the Trp analog participates in a hydrophobic
interaction with C3. Such a Trp analog may be located, e.g., at position 4 relative to the
sequence of compstatin. In certain embodiments the Trp analog comprises a substituted or
unsubstituted bicyclic aromatic ring component or two or more substituted or unsubstituted

monocy clic aromatic ring components.
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[0072] In certain embodiments the Trp analog has increased propensity to form hydrogen
bonds with C3 relative to Trp but does not have increased hydrophobic character relative to
Trp. The Trp analog may have increased polarity relative to Trp and/or an increased ability
to participate 1n an electrostatic interaction with a hydrogen bond donor on C3. Certain
exemplary Trp analogs with an increased hydrogen bond forming character comprise an
electronegative substituent on the indole ring. Such a Trp analog may be located, e.g., at
position 7 relative to the sequence of compstatin.

[0073] In certain embodiments of the invention the compstatin analog comprises one or
more Ala analogs (e.g., at position 9 relative to the sequence of compstatin), e.g., Ala analogs
that are 1dentical to Ala except that they include one or more CH, groups in the side chain. In
certain embodiments the Ala analog 1s an unbranched single methyl amino acid such as 2-
Abu. In certain embodiments of the invention the compstatin analog comprises one or more
Trp analogs (e.g., at position 4 and/or 7 relative to the sequence of compstatin) and an Ala
analog (e.g., at position 9 relative to the sequence of compstatin).

[0074]  In certain embodiments of the invention the compstatin analog is a compound that
comprises a peptide that has a sequence of (X aa),- Gln - Asp — Xaa — Gly-(X"aa)n,, (SEQ ID
NO: 2) wherein each X aa and each X"aa 1s an independently selected amino acid or amino
acid analog, wherein Xaa 1s Trp or an analog of Trp, and wherein n>1 and m>1 and n+m 1s
between 5 and 21. The peptide has a core sequence of Gln - Asp — Xaa — Gly, where Xaa 1s
Trp or an analog of Trp, e.g., an analog of Trp having increased propensity to form hydrogen
bonds with an H-bond donor relative to Trp but, in certain embodiments, not having
increased hydrophobic character relative to Trp. For example, the analog may be one 1n
which the indole ring of Trp 1s substituted with an electronegative moiety, e.g., a halogen
such as fluorine. In one embodiment Xaa 1s 5-fluorotryptophan. Absent evidence to the
contrary, one of skill in the art would recognize that any non-naturally occurring peptide
whose sequence comprises this core sequence and that inhibits complement activation and/or
binds to C3 will have been designed based on the sequence of compstatin. In an alternative

embodiment Xaa 1s an amino acid or amino acid analog other than a Trp analog that allows
the Gln - Asp — Xaa — Gly peptide to form a B-turn.

[0073]  In certain embodiments of the invention the peptide has a core sequence of X aa-
Gln - Asp — Xaa — Gly (SEQ ID NO: 3), where X'aa and Xaa are selected from Trp and
analogs of Trp. In certain embodiments of the invention the peptide has a core sequence of

X'aa-Gln - Asp — Xaa — Gly (SEQ ID NO: 3), where X aa and Xaa are selected from Trp,
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analogs of Trp, and other amino acids or amino acid analogs comprising at least one aromatic

ring. In certain embodiments of the invention the core sequence forms a -turn in the context

of the peptide. The B—turn may be flexible, allowing the peptide to assume two or more
conformations as assessed for example, using nuclear magnetic resonance (NMR). In certain
embodiments X aa 1s an analog of Trp that comprises a substituted or unsubstituted bicyclic
aromatic ring component or two or more substituted or unsubstituted monocyclic aromatic
ring components. In certain embodiments of the invention X'aa 1s selected from the group
consisting of 2-napthylalanine, 1-napthylalanine, 2-indanylglycine carboxylic acid,
dihydrotryptophan, and benzoylphenylalanine. In certain embodiments of the invention X'aa
1s an analog of Trp that has increased hydrophobic character relative to Trp. For example,
X'aa may be 1-methyltryptophan. In certain embodiments of the invention Xaa is an analog
of Trp that has increased propensity to form hydrogen bonds relative to Trp but, 1n certain
embodiments, not having increased hydrophobic character relative to Trp. In certain
embodiments of the invention the analog of Trp that has increased propensity to form
hydrogen bonds relative to Trp comprises a modification on the indole ring of Trp, e.g., at
position 5, such as a substitution of a halogen atom for an H atom at position 5. For example,
Xaa may be 5-fluorotryptophan.

10076] In certain embodiments of the invention the peptide has a core sequence of X aa-
Gln - Asp — Xaa — Gly-X"aa (SEQ ID NO: 4), where X'aa and Xaa are each independently
selected from Trp and analogs of Trp and X aa 1s selected from His, Ala, analogs of Ala,
Phe, and Trp. In certain embodiments of the invention X aa i1s an analog of Trp that has
increased hydrophobic character relative to Trp, such as 1-methyltryptophan or another Trp
analog having an alkyl substituent on the indole ring (e.g., at position 1, 4, 5, or 6). In certain
embodiments X aa 1s an analog of Trp that comprises a substituted or unsubstituted bicyclic
aromatic ring component or two or more substituted or unsubstituted monocyclic aromatic
ring components. In certain embodiments of the invention X'aa is selected from the group
consisting of 2-napthylalanine, 1-napthylalanine, 2-indanylglycine carboxylic acid,
dihydrotryptophan, and benzoylphenylalanine. In certain embodiments of the invention Xaa
1s an analog of Trp that has increased propensity to form hydrogen bonds with C3 relative to
Trp but, 1n certain embodiments, not having increased hydrophobic character relative to Trp.
In certain embodiments of the invention the analog of Trp that has increased propensity to
form hydrogen bonds relative to Trp comprises a modification on the indole ring of Trp, e.g.,

at position 5, such as a substitution of a halogen atom for an H atom at position 5. For
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example, Xaa may be 5-fluorotryptophan. In certain embodiments X aa is Ala or an analog
of Ala such as Abu or another unbranched single methyl amino acid. In certain embodiments
of the invention the peptide has a core sequence of X'aa-Gln - Asp — Xaa — Gly-X"aa (SEQ
ID NO: 4), where X'aa and Xaa are each independently selected from Trp, analogs of Trp,
and amino acids or amino acid analogs comprising at least one aromatic side chain, and X" aa
1s selected from His, Ala, analogs of Ala, Phe, and Trp. In certain embodiments X aa 1s
selected from analogs of Trp, aromatic amino acids, and aromatic amino acid analogs.

[0077] In certain preferred embodiments of the invention the peptide 1s cyclic. The
peptide may be cyclized via a bond between any two amino acids, one of which 1s (X aa), and
the other of which 1s located within (X"aa),. In certain embodiments the cyclic portion of the
peptide 1s between 9 and 15 amino acids 1n length, e.g., 10-12 amino acids 1n length. In
certain embodiments the cyclic portion of the peptide 1s 11 amino acids in length, with a bond
(e.g., a disulfide bond) between amino acids at positions 2 and 12. For example, the peptide
may be 13 amino acids long, with a bond between amino acids at positions 2 and 12 resulting
1in a cyclic portion 11 amino acids 1n length.

[0078]  In certain embodiments the peptide comprises or consists of the sequence X aal -
X'aa2 - X'aa3 - X'aa4d -GIn-Asp-Xaa-Gly- X" aal- X aa2- X"aa3- X aa4- X aa5 (SEQ ID NO:
5). In certain embodiments X aa4 and Xaa are selected from Trp and analogs of Trp, and
X'aal, X'aa2, X'aa3, X aal, X "aa2, X"aa3, X aa4, and X" aa5 are independently selected from
among amino acids and amino acid analogs. In certain embodiments X aa4 and Xaa are
selected from aromatic amino acids and aromatic amino acid analogs. Any one or more of
X'aal, X'aa2, X'aa3, X aal, X aa2, X "aa3, X aa4, and X" aa5 may be identical to the amino
acid at the corresponding position in compstatin. In one embodiment, X aal 1s Ala or a
single methyl unbranched amino acid. The peptide may be cyclized via a covalent bond
between (1) X'aal, X'aa2, or X'aa3:; and (11) X aa2, X "aa3, X aad or X aaS. In one
embodiment the peptide 1s cyclized via a covalent bond between X aa2 and X aa4. In one
embodiment the covalently bound amino acid are each Cys and the covalent bond 1s a
disulfide (S-S) bond. In other embodiments the covalent bond 1s a C-C, C-O, C-S, or C-N
bond. In certain embodiments one of the covalently bound residues 1s an amino acid or
amino acid analog having a side chain that comprises a primary or secondary amine, the other
covalently bound residue 1s an amino acid or amino acid analog having a side chain that
comprises a carboxylic acid group, and the covalent bond 1s an amide bond. Amino acids or
amino acid analogs having a side chain that comprises a primary or secondary amine include

lysine and diaminocarboxylic acids of general structure NH,(CH,),CH(NH,)COOH such as
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2.3-diaminopropionic acid (dapa), 2,4-diaminobutyric acid (daba), and ornithine (om),
wherein n = 1 (dapa), 2 (daba), and 3 (orn), respectively. Examples of amino acids having a
side chain that comprises a carboxylic acid group include dicarboxylic amino acids such as
olutamic acid and aspartic acid. Analogs such as beta-hydroxy-L-glutamic acid may also be
used. In some embodiments a peptide 1s cyclized with a thioether bond, e.g., as described 1n
PCT/US2011/052442 (WO/2012/040259). For example, in some embodiments a disulfide
bond 1n any of the peptides 1s replaced with a thioether bond. In some embodiments, a
cystathionine 1s formed. In some embodiments the cystathionine 1s a delta-cystathionine or a
gamma-cystathionine. In some embodiments a modification comprises replacement of a Cys-
Cys disulfide bond between cysteines at X aa2 and X aa4 in SEQ ID NO: 5 (or corresponding
positions in other sequences) with addition of a CH,, to form a homocysteine at X aa2 or
X"aa4, and introduction of a thioether bond, to form a cystathionine. In one embodiment, the
cystathionine 1s a gamma-cystathionine. In another embodiment, the cystathionine 1s a delta-
cystathionine. Another modification in accordance with the present invention comprises
replacement of the disulfide bond with a thioether bond without the addition of a CH,,
thereby forming a lantithionine. In some embodiments a compstatin analog having a
thioether 1n place of a disulfide bond has increased stability, at least under some conditions,
as compared with the compstatin analog having the disulfide bond.

[0079)] In certain embodiments, the compstatin analog 1s a compound that comprises a
peptide having a sequence:

10030 Xaal — Cys — Val — Xaa2 - Gln - Asp — Xaa2* - Gly — Xaa3 - His - Arg — Cys —
Xaad (SEQ ID NO: 6); wherein:

Xaal is Ile, Val, Leu, B'-Ile, B'-Val, B'-Leu or a dipeptide comprising Gly-Ile or B'-Gly-Ile,
and B' represents a first blocking moiety

Xaa2 and Xaa2™* are independently selected from Trp and analogs of Trp;

Xaa3 1s His, Ala or an analog of Ala, Phe, Trp, or an analog of Trp;

Xaad 1s L-Thr, D-Thr, Ile, Val, Gly, a dipeptide selected from Thr-Ala and Thr-Asn, or a
tripeptide comprising Thr-Ala-Asn, wherein a carboxy terminal —OH of any of the L-Thr, D-
Thr, Ile, Val, Gly, Ala, or Asn optionally is replaced by a second blocking moiety B*; and
the two Cys residues are joined by a disulfide bond. In some embodiments, Xaa4 1s Leu, Nle,
His, or Phe or a dipeptide selected from Xaa5-Ala and Xaa5-Asn, or a tripeptide Xaa5-Ala-
Asn, wherein Xaa5 1s selected from Leu, Nle, His or Phe, and wherein a carboxy terminal —

OH of any of the L-Thr, D-Thr, Ile, Val, Gly, Leu, Nle, His, Phe, Ala, or Asn optionally 1s
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replaced by a second blocking moiety B*; and the two Cys residues are joined by a disulfide
bond.

[0081]  In other embodiments Xaal is absent or is any amino acid or amino acid analog,
and Xaa2, Xaa2*, Xaa3, and Xaa4 are as defined above. If Xaal 1s absent, the N-terminal
Cys residue may have a blocking moiety B attached thereto.

10032]  Tn another embodiment, Xaa4 is any amino acid or amino acid analog and Xaal,
Xaa2, Xaa2*, and Xaa3 are as defined above. In another embodiment Xaa4 1s a dipeptide
selected from the group consisting of: Thr-Ala and Thr-Asn, wherein the carboxy terminal —
OH or the Ala or Asn is optionally replaced by a second blocking moiety B*

[0083] In any of the embodiments of the compstatin analog of SEQ ID NO: 6, Xaa2 may
be Trp.

[0084] In any of the embodiments of the compstatin analog of SEQ ID NO: 6, Xaa2 may
be an analog of Trp comprising a substituted or unsubstituted bicyclic aromatic ring
component or two or more substituted or unsubstituted monocyclic aromatic ring
components. For example, the analog of Trp may be selected from 2-naphthylalanine (2-
Nal), I-naphthylalanine (1-Nal), 2-indanylglycine carboxylic acid (Igl), dihydrotrpytophan
(Dht), and 4-benzoyl-L-phenylalanine.

[0085] In any of the embodiments of the compstatin analog of SEQ ID NO: 6, Xaa2 may
be an analog of Trp having increased hydrophobic character relative to Trp. For example, the
analog of Trp may be selected from 1-methyltryptophan, 4-methyltryptophan, 5-
methyltryptophan, and 6-methyltryptophan. In one embodiment, the analog of Trp 1s 1-
methyltryptophan. In one embodiment, Xaa2 1s 1-methyltryptophan, Xaa2* 1s Trp, Xaa3 1s
Ala, and the other amino acids are 1dentical to those of compstatin.

[0086] In any of the embodiments of the compstatin analog of SEQ ID NO: 6, Xaa2*
may be an analog of Trp such as an analog of Trp having increased hydrogen bond forming
propensity with C3 relative to Trp, which, 1n certain embodiments, does not have increased
hydrophobic character relative to Trp. In certain embodiments the analog of Trp comprises
an electronegative substituent on the indole ring. For example, the analog of Trp may be
selected from S-fluorotryptophan and 6-fluorotryptophan.

[0087] In certain embodiments of the invention Xaa2 1s Trp and Xaa2* 1s an analog of
Trp having increased hydrogen bond forming propensity with C3 relative to Trp which, in
certain embodiments, does not have increased hydrophobic character relative to Trp. In

certain embodiments of the compstatin analog of SEQ ID NO: 6, Xaa2 1s analog of Trp
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having increased hydrophobic character relative to Trp such as an analog of Trp selected
from 1-methyltryptophan, 4-methyltryptophan, 5-methyltryptophan, and 6-methyltryptophan,
and Xaa2* 1s an analog of Trp having increased hydrogen bond forming propensity with C3
relative to Trp which, 1n certain embodiments, does not have increased hydrophobic character
relative to Trp. For example, in one embodiment Xaa2 1s methyltryptophan and Xaa2* 1s 5-
fluorotryptophan.

[0088] In certain of the afore-mentioned embodiments, Xaa3 1s Ala. In certain of the
afore-mentioned embodiments Xaa3 1s a single methyl unbranched amino acid, e.g., Abu.
[0089]  The invention further provides compstatin analogs of SEQ ID NO: 6, as described
above, wherein Xaa2 and Xaa2* are independently selected from Trp, analogs of Trp, and
other amino acids or amino acid analogs that comprise at least one aromatic ring, and

Xaa3 1s His, Ala or an analog of Ala, Phe, Trp, an analog of Trp, or another aromatic amino
acid or aromatic amino acid analog.

[0090] In certain embodiments of the invention the blocking moiety present at the N- or
C-termunus of any of the compstatin analogs described herein 1s any moiety that stabilizes a
peptide against degradation that would otherwise occur in mammalian (e.g., human or non-
human primate) blood or interstitial fluid. For example, blocking moiety B' could be any
moiety that alters the structure of the N-terminus of a peptide so as to inhibit cleavage of a
peptide bond between the N-termunal amino acid of the peptide and the adjacent amino acid.
Blocking moiety B* could be any moiety that alters the structure of the C-terminus of a
peptide so as to inhibit cleavage of a peptide bond between the C-terminal amino acid of the
peptide and the adjacent amino acid. Any suitable blocking moieties known 1n the art could
be used. In certain embodiments of the invention blocking moiety B' comprises an acyl
ogroup (1.e., the portion of a carboxylic acid that remains following removal of the —OH
oroup). The acyl group typically comprises between 1 and 12 carbons, e.g., between 1 and 6
carbons. For example, in certain embodiments of the invention blocking moiety B' is selected
from the group consisting of: formyl, acetyl, proprionyl, butyryl, 1sobutyryl, valeryl,
isovaleryl, etc. In one embodiment, the blocking moiety B'is an acetyl group, i.e., Xaal is
Ac-Ile, Ac-Val, Ac-Leu, or Ac-Gly-lle.

[0091] In certain embodiments of the invention blocking moiety B” is a primary or
secondary amine (-NH, or -NHR', wherein R is an organic moiety such as an alkyl group).
[0092] In certain embodiments of the invention blocking moiety B' is any moiety that

neutralizes or reduces the positive charge that may otherwise be present at the N-terminus at
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physiological pH. In certain embodiments of the invention blocking moiety B” is any moiety
that neutralizes or reduces the negative charge that may otherwise be present at the C-
terminus at physiological pH.

[0093] In certain embodiments of the invention, the compstatin analog 1s acetylated or
amidated at the N-termunus and/or C-terminus, respectively. A compstatin analog may be
acetylated at the N-terminus, amudated at the C-termunus, and or both acetylated at the N-
terminus and amidated at the C-terminus. In certain embodiments of the invention a
compstatin analog comprises an alkyl or aryl group at the N-termunus rather than an acetyl
group.

[0094] In certain embodiments, the compstatin analog 1s a compound that comprises a
peptide having a sequence:

[0095]  Xaal — Cys — Val — Xaa2 - Gln - Asp — Xaa2* - Gly — Xaa3 - His - Arg — Cys —
Xaad (SEQ ID NO: 7); wherein:

Xaal 1s Ile, Val, Leu, Ac-lIle, Ac-Val, Ac-Leu or a dipeptide comprising Gly-Ile or Ac-Gly-
Ile;
Xaa2 and Xaa2* are independently selected from Trp and analogs of Trp;

Xaa3 1s His, Ala or an analog of Ala, Phe, Trp, or an analog of Trp;

Xaad 1s L-Thr, D-Thr, Ile, Val, Gly, a dipeptide selected from Thr-Ala and Thr-Asn, or a
tripeptide comprising Thr-Ala-Asn, wherein a carboxy terminal —OH of any of L-Thr, D-Thr,
Ile, Val, Gly, Ala, or Asn optionally 1s replaced by -NH,; and the two Cys residues are joined
by a disulfide bond. In some embodiments, Xaa4 1s Leu, Nle, His, or Phe or a dipeptide
selected from Xaa5-Ala and Xaa5-Asn, or a tripeptide Xaa5-Ala-Asn, wherein Xaa5l 1s
selected from Leu, Nle, His or Phe, and wherein a carboxy terminal —-OH of any of the L-Thr,
D-Thr, Ile, Val, Gly, Leu, Nle, His, Phe, Ala, or Asn optionally 1s replaced by a second
blocking moiety B2; and the two Cys residues are joined by a disulfide bond.

[0096] In some embodiments, Xaal, Xaa2, Xaa2*, Xaa3, and Xaa4 are as described
above for the various embodiments of SEQ ID NO: 6. For example, in certain embodiments
Xaa2* 1s Trp. In certain embodiments Xaa2 1s an analog of Trp having increased
hydrophobic character relative to Trp, e.g., 1-methyltryptophan. In certain embodiments
Xaa3 1s Ala. In certain embodiments Xaa3 1s a single methyl unbranched amino acid.

[0097] In certain embodiments of the invention Xaal 1s Ile and Xaa4 1s L-Thr.

[0098] In certain embodiments of the invention Xaal 1s Ile, Xaa2* 1s Trp, and Xaa4 1s L-
Thr.
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[0099]  The invention further provides compstatin analogs of SEQ ID NO: 7. as described
above, wherein Xaa2 and Xaa2* are independently selected from Trp, analogs of Trp, other
amino acids or aromatic amino acid analogs, and Xaa3 1s His, Ala or an analog of Ala, Phe,
Trp, an analog of Trp, or another aromatic amino acid or aromatic amino acid analog.
[00100] 1 certain embodiments of any of the compstatin analogs described herein, an
analog of Phe 1s used rather than Phe.

[00101] Table 1 provides a non-limiting list of compstatin analogs useful 1n the present
invention. The analogs are referred to 1n abbreviated form 1n the left column by 1ndicating
specific modifications at designated positions (1-13) as compared to the parent peptide,
compstatin. Consistent with usage 1n the art, “compstatin™ as used herein, and the activities
of compstatin analogs described herein relative to that of compstatin, refer to the compstatin
peptide amidated at the C-terminus. Unless otherwise indicated, peptides in Table 1 are
amidated at the C-terminus. Bold text 1s used to indicate certain modifications. Activity
relative to compstatin 1s based on published data and assays described therein
(W02004/026328, W02007044668, Mallik, 2005; Katragadda, 2006). Where multiple
publications reporting an activity were consulted, the more recently published value 1s used,
and 1t will be recognized that values may be adjusted in the case of differences between
assays. It will also be appreciated that in certain embodiments of the invention the peptides
listed in Table 1 are cyclized via a disulfide bond between the two Cys residues when used 1n
the therapeutic compositions and methods of the invention. Alternate means for cyclizing the
peptides are also within the scope of the invention. As noted above, 1n various embodiments
of the invention one or more amino acid(s) of a compstatin analog (e.g., any of the
compstatin analogs disclosed herein) can be an N-alkyl amino acid (e.g., an N-methyl amino
acid). For example, and without limitation, at least one amino acid within the cyclic portion
of the peptide, at least one amino acid N-terminal to the cyclic portion, and/or at least one
amino acid C-termunal to the cyclic portion may be an N-alkyl amino acid, e.g., an N-methyl
amino acid. In some embodiments of the invention, for example, a compstatin analog
comprises an N-methyl glycine, e.g.. at the position corresponding to position 8 of compstatin
and/or at the position corresponding to position 13 of compstatin. In some embodiments, one
or more of the compstatin analogs 1n Table 1 contains at least one N-methyl glycine, e.g., at
the position corresponding to position 8 of compstatin and/or at the position corresponding to
position 13 of compstatin. . In some embodiments, one or more of the compstatin analogs
in Table 1 contains at least one N-methyl 1soleucine, e.g., at the position corresponding to

position 13 of compstatin. For example, a Thr at or near the C-termuinal end of a peptide

33



CA 03001128 2018-04-05

WO 2017/062879 PCT/US2016/056144

whose sequence 1s listed 1n Table 1 or any other compstatin analog sequence may be replaced
by N-methyl Ile. As will be appreciated, in some embodiments the N-methylated amino
acids comprise N-methyl Gly at position 8 and N-methyl Ile at position 13. In some
embodiments the N-methylated amino acids comprise N-methyl Gly 1n a core sequence such
as SEQ ID NO: 3 or SEQ ID NO: 4. In some embodiments the N-methylated amino acids

comprise N-methyl Gly 1n a core sequence such as SEQ ID NO: 5, SEQ ID NO: 6, or SEQ
ID NO: 7.
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[00102]  Table 1

P B L
Peptide ) compstatin
H-ICVVQDWGHHRCT-CONH? 8 1 =
Ac-compstatin__ | AcICVWQDWGHHRCT-coviz2 [ 9 | 3xmore
14xmore
27xmore
45xmore
Ac-ICV(2-Nal) QDWGAHRCT-CONH2

Ac-ICV(2-Nal) QDWGAHRCT-COOH
Ac-ICV(1-Nal)QDWGAHRCT-COOH 30xmore
39xmore
37xmore

Ac-V4Dht/H9A -OH Ac-ICVDhtQDWGAHRCT-cooH Sxmore

Ac-V4(Bpa)/H9A -OH Ac-ICV(Bpa)QDWGAHRCT-cooH 49xmore
Ac-V4(Bpa)/H9A Ac-ICV(Bpa)QDWGAHRCT-conH2 86xmore
Ac-V4(Bta)/H9A -OH Ac-ICV(Bta) QDWGAHRCT-cooH 65xmore
Ac-V4(Bta)/H9A Ac-ICV(Bta)QDWGAHRCT-CONH2 64xmore
Ac-VAW/H9I(2-Abu Ac-ICVWQDWG(2-AbU)HRCT-conH2 64xmore
+G/V4W/HOA +AN -OH H-GICVWQDWGAHRCTAN-cooH 38xmore
Ac-V4(5TW)/HOA Ac-ICV(6TW)QDWGAHRCT- cCONH; 31xmore
Ac-V4(5-MeW)/H9A Ac-ICV(5-methyl-W)QDWGAHRCT- CONH. 67xmore
Ac-V4(1-MeW)/H9A Ac-ICV(1-methyl-W)QDWGAHRCT- CONH, 264 xmore
AcC-VAW/WT (STW)/HOA Ac-ICVWQD(STW)GAHRCT-CONH, 121xmore

AC-V4(STW)/WT7 (5TW)/HOA Ac-ICV(STW)QD(STW)GAHRCT- CONH, NA

Ac-ICV(5-methyl-W)QD(5fW)GAHRCT- 3
Ac-V4(5-MeW)/W7(5fW)H9A | conr.

Ac-ICV(1-methyl-W)QD(5fW)GAHRCT- 32
Ac-V4(1MeW)/WT7 (5f0W)/H9A | conm,

+G/V4(61W)/W7 (6[W)HOA+N-

NN N
N| —=]| O

N
On

NIN
ool

NN
W

Wl N N —
— | O] © 8) O

NA

264xmore

W
W

126xmore

/6xmore

H-GICV(6fW)QD(6fW)GAHRCTN-COOH

Ac-V4(1-formyl-W)/HOA Ac-ICV(1-formyl-W)QDWGAHRCT-CONH,
Ac-ICV(1-methyoxy-W)QDWGAHRCT- 35

o8
N

I

Ac-V4(5-methoxy-W)/HI9A CONH.
G/V4(5+-W)/W7 (5T\W)/HIA+N- 36 119%more
OH H-GICV(SfW)QD(8fW)GAHRCTN-COOH

NA =not available
[00103] In certain embodiments of the compositions and methods of the invention the
compstatin analog has a sequence selected from sequences 9-36. In certain embodiments of

the compositions and methods of the invention the compstatin analog has a sequence selected

from SEQ ID NOs: 14, 21, 28, 29, 32, 33, 34, and 36. In certain embodiments of the
compositions and/or methods of the invention the compstatin analog has a sequence selected

from SEQ ID NOs: 30 and 31. In one embodiment of the compositions and methods of the

33



CA 03001128 2018-04-05

WO 2017/062879 PCT/US2016/056144

NO: 32. In one embodiment of the compositions and methods of the invention the
compstatin analog has a sequence of SEQ ID NO: 34. In one embodiment of the
compositions and methods of the invention the compstatin analog has a sequence of SEQ ID
NO: 36.

[00104] In some embodiments a blocking moiety B' comprises an amino acid, which may
be represented as Xaa0. In some embodiments blocking moiety B* comprises an amino acid,
which may be represented as XaaN. In some embodiments blocking moiety B' and/or B
comprises a non-standard amino acid, such as a D-amino acid, N-alkyl amino acid (e.g., N-
methy] amino acid). In some embodiments a blocking moiety B' and/or B* comprises a non-
standard amino acid that 1s an analog of a standard amino acid. In some embodiments an
amino acid analog comprises a lower alkyl, lower alkoxy, or halogen substituent, as
compared with a standard amino acid of which 1t 1s an analog. In some embodiments a
substituent 1s on a side chain. In some embodiments a substituent 1s on an alpha carbon atom.
In some embodiments, a blocking moiety B' comprising an amino acid, e.g., a non-standard
amino acid, further comprises a moiety B'®. For example, blocking moiety B' may be
represented as B'*-Xaa0. In some embodiments B'® neutralizes or reduces a positive charge
that may otherwise be present at the N-terminus at physiological pH. In some embodiments
B'® comprises or consists of, e.g., an acyl group that, e.g.. comprises between 1 and 12
carbons, e.g., between 1 and 6 carbons. In certain embodiments blocking moiety B'? is
selected from the group consisting of: formyl, acetyl, proprionyl, butyryl, 1sobutyryl, valeryl,
isovaleryl, etc. In some embodiments, a blocking moiety B* comprising an amino acid, e.g..
a non-standard amino acid, may further comprise a moiety B** For example, blocking moiety
B” may be represented as XaaN-B*, where N represents the appropriate number for the
amino acid (which will depend on the numbering used 1n the rest of the peptide). In some
embodiments B* neutralizes or reduces a negative charge that may otherwise be present at
the C-terminus at physiological pH. In some embodiments B* comprises or consists of a
primary or secondary amine (e.g., NH,). It will be understood that a blocking activity of
moiety B'*~Xaa0 and/or XaaN-B** may be provided by either or both components of the
moiety 1n various embodiments. In some embodiments a blocking moiety or portion thereof,
e.g., an amino acid residue, may contribute to increasing affinity of the compound for C3 or
C3b and/or improve the activity of the compound. In some embodiments a contribution to
affinity or activity of an amino acid residue may be at least as important as a contribution to
blocking activity. For example, in some embodiments Xaa0 and/or XaaN in B'*-Xaa0 and/or

XaaN-B** may function mainly to increase affinity or activity of the compound, while B'
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and/or B** may inhibit digestion of and/or neutralize a charge of the peptide. In some
embodiments a compstatin analog comprises the amino acid sequence of any of SEQ ID
NOs: 5-36, wherein SEQ ID NOs: 5-36 1s further extended at the N- and/or C-terminus. In
some embodiments, the sequence may be represented as B'*-Xaa0 -SEQUENCE - XaaN-B*,
where SEQUENCE represents any of SEQ ID NOs: 5-36, wherein B'* and B** may
independently be present or absent. For example, in some embodiments a compstatin analog
comprises B'%-Xaa0 - X’'aal - X'aa2 - X’'aa3 - X'aa4 -Gln-Asp-Xaa-Gly- X”aal- X aa2-
X”aa3- X aad- X"aas - XaaN-B* (SEQ ID NO: 37A) ,where X aal - X'aa2 - X'aa3 - X'aa4 .
Xaa, X"aal, X"aa2, X aa3, X aa4, and X aa5 are as set forth above for SEQ ID NO: 5.
[00105] In some embodiments a compstatin analog comprises B'*-Xaa0 — Xaal — Cys —
Val -Xaa2 -Gln - Asp — Xaa2*-Gly — Xaa3 -His -Arg — Cys-Xaa4 - XaaN-B* (SEQ ID NO:
38A), where Xaal, Xaa2, Xaa2*, Xaa3, and Xaa4 are as set forth above for SEQ ID NO: 6 or
wherein Xaal, Xaa2, Xaa2*, Xaa3, and Xaa4 are as set forth for SEQ ID NO: 6 or SEQ ID
NO: 7.

[00106] In some embodiments a compstatin analog comprises B'*-Xaa0 — Xaal — Xaa2—
Xaa3 — Xaad — Xaad — Xaa6 — Xaa7 — Xaa8 — Xaa9 - XaalO- Xaall- Xaal2-Xaal3-XaaN-
B (SEQ ID NO: 39A) wherein Xaal, Xaa2, Xaa3, Xaa4 ., Xaa5, Xaa6, Xaa7, Xaa8, Xaa9,
XaalO, Xaall, Xaal2, and Xaal3 are identical to amino acids at positions 1-13 of any of
SEQ ID NOs: 9-36.

[00107] In some embodiments Xaa0 and/or XaaN 1n any compstatin analog sequence
comprises an amino acid that comprises an aromatic ring having an alkyl substituent at one or
more positions. In some embodiments an alkyl substituent 1s a lower alkyl substituent. For
example, in some embodiments an alkyl substituent 1s a methyl or ethyl group. In some
embodiments a substituent 1s located at any position that does not destroy the aromatic
character of the compound. In some embodiments a substituent 1s located at any position that
does not destroy the aromatic character of a ring to which the substituent 1s attached. In some
embodiments a substituent 1s located at position 1, 2, 3, 4, or 5. In some embodiments Xaa0
comprises an O-methyl analog of tyrosine, 2-hydroxyphenylalanine or 3-
hydroxyphenylalanine. For purposes of the present disclosure, a lower case “m” followed by
a three letter amino acid abbreviation may be used to specifically indicate that the amino acid
1s an N-methyl amino acid. For example, where the abbreviation “mGly™ appears herein, 1t
denotes N-methyl glycine (also sometimes referred to as sarcosine or Sar). In some
embodiments Xaa0 1s or comprises mGly, Tyr, Phe, Arg, Trp, Thr, Tyr(Me), Cha, mPhe,
mVal, mlle, mAla, DTyr, DPhe, DArg, DTrp, DThr, DTyr(Me), mPhe, mVal, mlle, DAla, or
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DCha. For example, in some embodiments a compstatin analog comprises a peptide having a
sequence B'-Ile-[Cys-Val-Trp(Me)-Gln-Asp-Trp-mGly-Ala-His-Arg-Cys]-mlle-B* (SEQ ID
NO: 40A) or B'-Ile-[Cys-Val-Trp(Me)-Gln-Asp-Trp-mGly-Ala-His-Arg-Cys]-mlle-B* (SEQ
ID NO: 41A). The two Cys residues are joined by a disulfide bond 1n the active compounds.
In some embodiments the peptide 1s acetylated at the N-terminus and/or amidated at the C-
terminus. In some embodiments B' comprises B'*-Xaa0 and/or B* comprises XaaN-B*, as
described above. For example, in some embodiments B' comprises or consists of Gly, mGly,
Tyr, Phe, Arg, Trp, Thr, Tyr(Me), mPhe, mVal, mlle, mAla, DTyr, DPhe, DTrp, DCha, DAla
and B” comprises NH; e.g., a carboxy terminal —OH of mlle 1s replaced by NH,.. In some
embodiments B' comprises or consists of mGly, Tyr, DTyr, or Tyr(Me) and B* comprises
NH, e.g., a carboxy terminal —OH of mlle 1s replaced by NH,. .In some embodiments an Ile
at position Xaal 1s replaced by Gly. Complement inhibition potency and/or C3b binding
parameters of selected compstatin analogs are described in W0O/2010/127336
(PCT/US2010/033345) and/or 1n Qu, et al., Immunobiology (2012),
do1:10.1016/;.1mb10.2012.06.003.

[00108] In some embodiments a blocking moiety or portion thereof, e.g., an amino acid
residue, may contribute to increasing affinity of the compound for C3 or C3b and/or improve
the activity of the compound. In some embodiments a contribution to affinity or activity of
an amino acid or amino acid analog may be more significant than a blocking activity.

[00109] In certain embodiments of the compositions and methods of the invention the
compstatin analog has a sequence as set forth in Table 1, but where the Ac- group 1s replaced
by an alternate blocking moiety B, as described herein. In some embodiments the —-NH,
oroup is replaced by an alternate blocking moiety B>, as described herein.

[00110]  1n one embodiment, the compstatin analog binds to substantially the same region

of the B chain of human C3 as does compstatin. In one embodiment the compstatin analog 1s

a compound that binds to a fragment of the C-terminal portion of the 3 chain of human C3
having a molecular weight of about 40 kDa to which compstatin binds (Soulika, A M., et al.,
Mol. Immunol., 35:160, 1998; Soulika, A.M., et al., Mol. Immunol. 43(12):2023-9, 2006). In
certain embodiments the compstatin analog 1s a compound that binds to the binding site of
compstatin as determined in a compstatin-C3 structure, e.g., a crystal structure or NMR-
derived 3D structure. In certain embodiments the compstatin analog 1s a compound that
could substitute for compstatin in a compstatin-C3 structure and would form substantially the

same intermolecular contacts with C3 as compstatin. In certain embodiments the compstatin
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analog 1s a compound that binds to the binding site of a peptide having a sequence set forth in
Table 1, e.g., SEQ ID NO: 14, 21, 28, 29, 32, 33, 34, or 36, 37, 37A, 38A, 39A, 40A, or 41A
or another compstatin analog sequence disclosed herein 1in a peptide-C3 structure, e.g.., a
crystal structure. In certain embodiments the compstatin analog 1s a compound that binds to
the binding site of a peptide having SEQ ID NO: 30 or 31 1n a peptide-C3 structure, e.g., a
crystal structure. In certain embodiments the compstatin analog 1s a compound that could
substitute for the peptide of SEQ ID NO: 9-36, e.g., a compound that could substitute for the
peptide of SEQ ID NO: 14, 21, 28, 29, 32, 33, 34, or 36, 37 ,37A, 38A, 39A, 40A, or 41 A or
another compstatin analog sequence disclosed herein 1n a peptide-C3 structure and would
form substantially the same intermolecular contacts with C3 as the peptide. In certain
embodiments the compstatin analog 1s a compound that could substitute for the peptide of
SEQ ID NO: 30 or 31 1n a peptide-C3 structure and would form substantially the same
intermolecular contacts with C3 as the peptide.

[00111]  One of ordinary skill in the art will readily be able to determine whether a
compstatin analog binds to a fragment of the C-termunal portion of the 3 chain of C3 using
routine experimental methods. For example, one of skill in the art could synthesize a
photocrosslinkable version of the compstatin analog by including a photo-crosslinking amino
acid such as p-benzoyl-L-phenylalanine (Bpa) in the compound, e.g.. at the C-terminus of the
sequence (Soulika, A M., et al, supra). Optionally additional amino acids, e.g., an epitope tag
such as a FLAG tag or an HA tag could be included to facilitate detection of the compound,
e.g.. by Western blotting. The compstatin analog 1s incubated with the fragment and
crosslinking 1s imtiated. Colocalization of the compstatin analog and the C3 fragment
indicates binding. Surface plasmon resonance may also be used to determune whether a
compstatin analog binds to the compstatin binding site on C3 or a fragment thereof. One of
skill 1n the art would be able to use molecular modeling software programs to predict whether
a compound would form substantially the same intermolecular contacts with C3 as would
compstatin or a peptide having the sequence of any of the peptides in Table 1, e.g., SEQ ID
NO: 14, 21, 28, 29, 32, 33, 34, or 36, or in some embodiments SEQ ID NO: 30 or 31, 37,
37A, 38A, 39A, 40A, or 41 A or another compstatin analog sequence disclosed herein.
[00112] Compstatin analogs may be prepared by various synthetic methods of peptide
synthesis known 1n the art via condensation of amino acid residues, e.g., 1n accordance with
conventional peptide synthesis methods, may be prepared by expression in vifro or in living

cells from approprate nucleic acid sequences encoding them using methods known 1n the art.

39



CA 03001128 2018-04-05

WO 2017/062879 PCT/US2016/056144

For example, peptides may be synthesized using standard solid-phase methodologies as
described 1n Malik, supra, Katragadda, supra, W0O2004026328, and/or W02007062249.
Potentially reactive moieties such as amino and carboxyl groups, reactive functional groups,
etc., may be protected and subsequently deprotected using various protecting groups and
methodologies known in the art. See, e.g.. "Protective Groups in Organic Synthesis", 3™ ed.
Greene, T. W. and Wuts, P. G., Eds., John Wiley & Sons, New York: 1999. Peptides may be
purified using standard approaches such as reversed-phase HPLC. Separation of
diasteriomeric peptides, if desired, may be performed using known methods such as reversed-
phase HPLC. Preparations may be lyophilized, 1f desired, and subsequently dissolved in a
suirtable solvent, e.g., water. The pH of the resulting solution may be adjusted, e.g. to
physiological pH, using a base such as NaOH. Peptide preparations may be characterized by
mass spectrometry if desired, e.g., to confirm mass and/or disulfide bond formation. See,
e.g., Mallik, 2005, and Katragadda, 2006.

[00113] In certain embodiments, a compstatin analog may be or comprise a cell-reactive
compstatin analog. Cell-reactive compstatin analogs are compounds that comprise a
compstatin analog moiety and a cell-reactive functional group that 1s capable of reacting with
a functional group exposed at the surface of a cell, e.g., under physiological conditions, to
form a covalent bond. The cell-reactive compstatin analog thus becomes covalently attached
to the cell. Without wishing to be bound by any particular theory, a cell-tethered compstatin
analog protects the cell from complement-mediated damage by, for example, binding to C3
(which may be in the form of C3(H;0)) at the cell surface and/or in the vicinity of the cell
and 1nhibiting C3 cleavage and activation, and/or by binding to C3b and inhibiting 1ts
deposition on the cell or participation in the complement activation cascade. In some aspects
of the invention, 1solated cells are contacted with a cell-reactive compstatin analog ex vivo
(outside the body). In some aspects of the invention, the cells are present in an 1solated tissue
or organ, e.g., a tissue or organ to be transplanted into a subject. In some aspects of the
invention, cells are contacted with a cell-reactive compstatin analog 1n vivo, by administering
the cell-reactive compstatin analog to a subject. The cell-reactive compstatin analog becomes
covalently attached to cells 1n vivo. In some aspects, the inventive approach protects cells,
tissues, and/or organs from the deleterious effects of complement activation for at least two
weeks, without need for retreatment during that time.

[00114] In some embodiments, the invention provides and/or utilizes compstatin analogs
comprising a targeting moiety that binds non-covalently to a target molecule present at the

surface of cells or tissues or to an extracellular substance not attached to cells or tissues.
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Such compstatin analogs are referred to herein as “targeted compstatin analogs™). Often the
target molecule 1s a protein or carbohydrate attached to the cell membrane and exposed at the
cell surface. The targeting moiety targets the compstatin analog to a cell, tissue, or location
susceptible to complement activation. In some aspects of the invention, 1solated cells are
contacted with a targeted compstatin analog ex vivo (outside the body). In some aspects of
the invention, the cells are present in an 1solated tissue or organ, e.g., a tissue or organ to be
transplanted into a subject. In some aspects of the invention, a targeted compstatin analog 1s
administered to a subject and becomes non-covalently attached to a cell, tissue, or
extracellular substance 1n vivo. In some aspects, the inventive approach protects cells,
tissues, and/or organs from the deleterious effects of complement activation for at least two
weeks, without need for retreatment during that time. In some embodiments, a targeted
compstatin analog comprises both a targeting moiety and a cell-reactive moiety. The
targeting moiety targets the compstatin analog, e.g., to a particular cell type, by binding non-
covalently to a molecule on such cells. The cell-reactive moiety then binds covalently to the
cell or extracellular substance. In other embodiments, a targeted compstatin analog does not
comprise a cell-reactive moiety.

[0011S5] In some aspects, a compstatin analog may be or comprise a long-acting
compstatin analog, wherein the long-acting compstatin analogs comprise a moiety such as
polyethylene glycol (PEG) that prolongs the lifetime of the compound 1n the body (e.g., by
reducing 1ts clearance from the blood). In some embodiments, a long-acting compstatin
analog does not comprise a targeting moiety or a cell-reactive moiety. In some
embodiments, a long-acting compstatin analog comprises a targeting moiety and/or a cell-

reactive moiety.

[00116] A compstatin analog, optionally linked to a cell-reactive moiety or targeting
moilety, can be modified by addition of a molecule such as polyethylene glycol (PEG) or
similar molecules to stabilize the compound, reduce 1ts immunogenicity, increase its lifetime
in the body, increase or decrease 1ts solubility, and/or increase 1ts resistance to degradation.
Methods for pegylation are well known 1n the art (Veronese, F.M. & Harris, Adv. Drug
Deliv. Rev. 54, 453-456, 2002; Davis, F.F., Adv. Drug Deliv. Rev. 54, 457-458, 2002);
Hinds, K.D. & Kim, S W. Adv. Drug Deliv. Rev. 54, 505-530 (2002; Roberts, M.J., Bentley,
M.D. & Harris, J M. Adv. Drug Deliv. Rev. 54, 459-476; 2002); Wang, Y .S. et al. Adv. Drug
Deliv. Rev. 54, 547-570, 2002). A wide variety of polymers such as PEGs and modified
PEGs, including dernivatized PEGs to which polypeptides can conveniently be attached are
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described in Nektar Advanced Pegylation 2005-2006 Product Catalog, Nektar Therapeutics,
San Carlos, CA, which also provides details of appropriate conjugation procedures. In
another embodiment a compstatin analog 1s fused to the F¢c domain of an immunoglobulin or
a portion thereof. In some other embodiments a compstatin analog 1s conjugated to an
albumin moiety or to an albumin binding peptide. Thus 1n some embodiments a compstatin
analog 1s modified with one or more polypeptide or non-polypeptide components, e.g., the
compstatin analog 1s pegylated or conjugated to another moiety. In some embodiments the
component 1s not the F¢ domain of an immunoglobulin or a p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>