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Summary of Invention

Technical Problem
An objective of the invention is to provide anti-CS antibodies and methods of using
the same.

Solution to Problem
The invention provides anti-CS antibodies and methods of using the same.
Ip one aspect, the present invention refers to an anti-C3 antibody comprising: (a) a VH
sequence of SEQ D NG: 106 and a VL sequence of SEQ ID NO: 111: (bya VH
sequenice of SEQ ID NG 107 and a VI sequence of SEQID NO: 111:{c)a VH
sequence of SEQ [DNO: 108 and a VL sequence of SEQ IDNO: [11:¢dya VH
sequence of SEQ 1D NO: 109 and a VL seguence of SEQ ID NO: f11:{e}a VH

seguence of SEQ 1D NO: 109 and a VL sequence of SEQ ID NG: 112; (iHa VH

sequence of SEQ 1D NO: 109 and a VL sequence of SEQ ID NO: 113 or{gya VH

sequence of SEQ ID NO: 110 and a VL secuence of SEQ ID NO: 113. In another

aspect, the present invention refers to an isolated rucleic acid encodine the antibody as

described herein, In another aspect, the present invention refers to a host cell comprising

the nucleic acid as described heremn. In another aspect, the present invention refers to

method of producing an antibody comprising culturing the host cell as described herein

50 that the antibodyv is produced. In another aspect. the present invention refers o a

pharmaceutical formulation comprising the antibodv as described herein and a

pharmaceutically acceptable carrier. In some embedimentsexamples, an isolated anti-C5

antibody of the present invention-disclosure binds to an epitope within the beta chain of
C5. In some emboedimentsexamples, an isolated anti-CS antibody of the present
mventien-disclosure binds to an epitope within the MG1-MG2 domain of the beta chain
of C5. In some embedimentsexamples, an isolated anti-CS antibody of the present
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ipvention-disclosure binds to an epitope within a fragment consisting of amino acids 33-
124 of the beta chain (SEQ ID NO: 40) of C5. In some embedimentsexamples, an
isolated anti-C5 antibody of the present ivention-disclosure binds to an epitope within
the beta chain (SEQ ID NO: 40) of C5 which comprises at least one fragment selected
from the group consisting of amino acids 47-57, 70-76, and 107-110. In some
embodimentsexanmples, an isolated anti-C5 antibody of the present inventien-disclosure
binds to an epitope within a fragment of the beta chain (SEQ ID NO: 40) of C5 which
comprises at least one amino acid residue selected from the group consisting of Glu48,
Asp51, His70, His72, Lys109, and His110 of SEQ ID NO: 40. In further
embedimentsexamples, the antibody binds to C5 with a higher affinity at neutral pH
than at acidic pH. In further embodimentsexamples, the antibody binds to C5 with a
higher affinity at pH7.4 than at pHS5.8. In another emsbedimentexample, an isolated anti-
C5 antibody of the present inventien-disclosure binds to the same epitope as an antibody
described in Table 2. In further embedimentsexamples, the antibody binds to the same
epitope as an antibody described in Table 2 with a higher affinity at
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pH7.4 than at pHS.8. In a further embodimentexample, the anti-C5 antibody of the present

ipvention-disclosure binds to the same epltope as an antibody described in Tables 7 or 8.
described in Tables 7 or 8 wzth a hlgher affinity at pH7.4 than at pH5.8.

In certain essbodimentsexamples, an anti-C5 antibody of the present inwvention-disclosure
competes for binding C5 with an antibody comprising a VH and VL pair selected from: (a)
a VH of SEQ ID NO:1 and a VL of SEQ ID NO:11; (b) a VH of SEQ ID NO: 5and a VL
of SEQ ID NO:15; (c) a VH of SEQ ID NO:4 and a VL of SEQ ID NO:14; (d) a VH of
SEQ ID NO: 6 and a VL of SEQ ID NO: 16; (e) a VH of SEQ ID NO:2 and a VL of SEQ
IDNO:12; (f) a VH of SEQ ID NO: 3 and a VL of SEQ ID NO: 13; (g) a VH of SEQ ID
NO:9 and a VL of SEQ ID NO:19; (h) a VH of SEQ ID NO:7 and a VL of SEQ ID NO:
17; (i) aVH of SEQ ID NO:8 and a VL of SEQ ID NO:18; and (j) a VH of SEQ ID NO:10
to C5 with a higher afﬁmty at neutral pH than at a<:1d10 pH. In furthcr
embodimentsexamples, the anti-CS antibody binds to C5 with a higher affinity at pH7.4
than at pH5.8.

In some embodimentsexamples, an isolated anti-C5 antibody of the present invention
disclosure has a characteristic selected from the group consisting of: (a) the antibody
contacts amino acids D51 and K109 of C5 (SEQ ID NO:39); (b) the affinity of the antibody
for C5 (SEQ ID NO:39) is greater than the affinity of the antibody for a C5 mutant
consisting of an E48A substitution of SEQ ID NO:39; or (¢) the antibody binds to a C5
protein consisting of the amino acid sequence of SEQ ID NO:39 at pH7.4, but does not
bind to a C5 protein consisting of the amino acid sequence of SEQ ID NO:39 with a H72Y

antibody binds to C5 with a higher affinity at p1-¥7.4 than at pHS.8.
In some embodimentse anpE 5, an isolated anti-C5 antibody of the present wrvention

dzsaksgwe isa monoclonal antxbody In some embodimentsexamples, an isolated anti-C5

antibody of the present invention-disclogure is a human, humanized, or chimeric antibody.
In some em{a@é—iﬁa%ﬁ%cxamnle an isolated anti-C5 antibody of the present Bpapiies

antibody.

In some embedimentseramples, an isolated anti-C5 antibody of the present invention-disclosure
comprises (a) a HVR-H3 comprising the amino acid sequence DX ;GY X, X PTHAMX ¢ X,
wherein X;1sGor A, X,isV,Qor D, XsisTor Y, XsisYorH, XsisLorY
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(SEQ ID NO: 128), (b) a HVR-L3 comprising the amino acid sequence QX;TX;
VGSSYGNX;, wherein X is S, C,Nor T, Xs isFor K, X5is A, T or H (SEQ ID NO: 131),
and (c) a HVR-H2 comprising the amino acid sequence X; X, TGSGAX;YX4AX;
WXKG, wherein X; 1sC,Aor G, Xpis YorF, X5is T,Dor E, Xy is Y, K or Q, Xs is
S,DorE, Xsis AorV(SEQ ID NO: 127).

In some embeodimentseramples, an isolated anti-C5 antibody of the present
smventiendisclosure comprises (a) a HVR-H1 comprising the amino acid sequence
SSYYX;X,, wherein Xjis M or V, X, is C or A (SEQ ID NO: 126), (b)a HVR-H2
comprising the amino acid sequence X; X, TGSGAX;YX,AXsWXKG, wherein X; is C, A
orG,XoisYorF,X5i8sT,DorE, Xsi1sY,KorQ, X5isS,DorE, X6is A or V(SEQ ID
NO: 127), and (c) a HVR-H3 comprising the amino acid sequence
DXGYX,XPTHAMX, X5, wherein X; is Gor A, Xpis V, Qor D, X3is Tor Y, Xy 1s Y
or H, Xs1s L or Y (SEQ ID NO: 128). In further essbedirsentsexamples, the antibody
comprises (a) a HVR-L1 comprising the amino acid sequence X; ASQX,IX3SXyLA,
wherein X;1s Qor R, X;1s N, Qor G, X5is Gor S, X4 1s D, K or S (SEQ ID NO: 129);
(b) a HVR-L2 comprising the amino acid sequence GASX,; X, X;S, wherein X; is K, E
orT,XyisLorT, Xsis A, H, E or Q (SEQ ID NO: 130); and (c) a HVR-L3 comprising
the amino acid sequence QX;TX; VGSSYGNX;, wherein X, is S, C,Nor T, X, is F or
K, X51s A, Tor H(SEQ ID NO: 131).

In some embodimentsexamples, an isolated anti-C5 antibody of the present invertion
disclosure comprises (a) a HVR-L1 comprising the amino acid sequence
XiASQXOIXES XA, wherein X is QorR, X5 is N, Qor G, X3is Gor S, Xy is D, K or

S (SEQ ID NO: 129); (b) a HVR-1L.2 comprising the amino acid sequence
GASX;X,X;S, wherein X; is K, Eor T, Xpis L or T, X5 is A, H, E or Q (SEQ ID NO:
130); and (c) a HVR-L3 comprising the amino acid sequence QX; TX,VGSSYGNX;,
wherein X; 18 S, C,Nor T, X;is ForK, X5 is A, T or H (SEQ ID NO: 131).

In some embadimentsexamples, an isolated anti-CS antibody of the present inverntion
disclosure comprises a heavy chain variable domain framework FR1 comprising the
amino acid sequence of any one of SEQ ID NOs: 132-134; FR2 comprising the amino
acid sequence of any one of SEQ ID NOs: 135-136; FR3 comprising the amino acid
sequence of any one of SEQ ID NOs: 137-139; and FR4 comprising the amino acid
sequence of any one of SEQ ID NOs: 140-141. In some embeodimentsexamples, an
isolated anti-C5 antibody of the present investien-disclosure comprises a light chain
variable domain framework FR1 comprising the amino acid sequence of any one of
SEQ ID NOs: 142-143; FR2 comprising the amino acid sequence of any one of SEQ ID
NOs: 144-145; FR3 comprising the amino acid sequence of any one of SEQ ID NOs:
146-147; and FR4 comprising the amino acid sequence of SEQ ID NO: 148.

In some embodimentscxamples, an isolated anti-05 antibody of the present
mventondisclosure
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comprises (a) a VH sequence having at least 95% sequence identity to the amino acid
sequence of any one of SEQ ID NOs: 10, 106-110; (b) a VL sequence having at least 95%
sequence identity to the amino acid sequence of any one of SEQ ID NOs: 20, 111-113; or
(c) a VH sequence as in (a) and a VL sequence as in (b). In further embedimentiscramples,
the antibody comprises a VH sequence of any one of SEQ ID NOs: 10, 106-110. In further
embodimentsezamples, the antibody comprises a VL sequence of any one of SEQ ID NOs:
20, 111-113.

The mvention-disclosure provides an antibody comprising a VH sequence of any one of
SEQ ID NOs: 10, 106-110 and a VL sequence of any one of SEQ ID NOs: 20, 111-113.
The invention-disclosure also provides isolated nucleic acids encoding an anti-C5
antibody of the present inventiendisclosure. The invention-disclosure also provides host
cells comprising a nucleic acid of the present inventiendisclosure. The invention

disclosure also provides a method of producing an antibody comprising culturing a host

some embodimentsexamples, the method comprises immunizing an animal against a
polypeptide which comprises the MG1-MG2 domain (SEQ ID NO: 43) of the beta chain of
C5. In some embedinentsexamples, the method comprises immunizing an animal against a
polypeptide which comprises the region corresponding to amino acids at positions 33 to 124
of the beta chain (SEQ ID NO: 40) of C5. In some embodimestsgxamplcs, the method
comprises immunizing an animal against a polypeptide which comprises at least one
fragment selected from amino acids 47-57, 70-76, and 107-110 of the beta chain (SEQ ID
NO: 40) of C5. In some embeodimentsexamples, the method comprises immunizing an
animal against a polypeptide which comprises a fragment of the beta chain (SEQ ID NO:
40) of C5, which comprises at least one amino acid selected from G1u48, Asp51, His70,
His72, Lys109, and His110.

anti-C5 antibody of the present investien-disclosure and a pharmaceutically acceptable
carrier.

Anti-C5 antibodies of the present iwvestion-disclosure may be for use in treating a
complement-mediated disease or condition which involves excessive or uncontrolied
activation of C5. Anti-C5 antibodies of the present #ventien-disclosure may be for use in
enhancing the clearance of C5 from plasma.

Anti-CS antibodies of the present ipvestion-disclosure may be used in the manufacture of a
complement-mediated disease or condition which involves excessive or uncontrolled
activation of C5. In some embodimmentsexamples, the medicament is for enhancing the
clearance of C5 from plasma.



| [0037] The svestion-disclosure also provides a method of treating an individual having a

complement- mediated disease or condition which involves excessive or uncontrolled
activation of C35. In some embedimentsexamples, the method comprises administering
to the individual an effective amount of an anti-CS antibody of the present
wrventiondisclosure. The inventiendisclosure also provides a method of enhancing the
clearance of C5 from plasma in an individual. In some embedimentsexamples, the
method comprises administering to the individual an effective amount of an anti-C5
antibody of the present invention-disclgsure to enhance the clearance of C5 from

plasma.

Brief Description of Drawings

[0038] [fig.1]Figure 1 illustrates epitope binning of anti-05 antibodies, as described in Example

2.2. Antibodies grouped into the same epitope bin are boxed with a thick line.
[fig.2A]Figure 2A illustrates BIACORE (registered trademark) sensorgrams of anti-05
antibodies at pH7.4 (solid line) and pHS5.8 (dashed line) to assess pH-dependency, as
described in Example 3.2. CFA0305, CFA0307, CFA0366, CFA0501, CFA0538, and
CFA0599 are antibodies grouped into epitope C, as described in Example 2.2.
[fig.2B]Figure 2B illustrates BIACORE (registered trademark) sensorgrams of anti~05
antibodies at pH7.4 (solid line) and pH5.8 (dashed line) to assess pH-dependency, as
described in Example 3.2. CFA0666, CFA0672, and CFAQ0675 are antibodies grouped
into epitope C, and CFA0330 and CFA0341 are antibodies grouped into epitope B, as
described in Example 2.2. 305105 is a humanized antibody of CFA0305, as described
in Example 2.3.

[fig.3]Figure 3 illustrates Western Blot analysis against C5 beta-chain-derived
fragments (amino acids 19-180, 161-340, 321-500, and 481-660 of SEQ ID NO:40)
fused to GST-tag, as described in Example 4.1. CFA0305, CFA0307, CFA0366,
CFA0501, CFA0538, CFA0599, CFA0666, CFA0672, and CFA0675 are antibodies
grouped into epitope C. Anti-GST antibody is a positive control. The position of the
GST-fused C5 fragments (46-49 kDa) is marked with an arrow.

[fig.4]Figure 4 illustrates BIACORE (registered trademark) sensorgrams of anti-05 an-
tibodies towards MG1-MG2 domain of C5 beta-chain, as described in Example 4.3. The
upper panel shows the results of CFA0305 (solid line), CFA0307 (dashed line),
CFA0366 (dash-dot line), and eculizumab (dotted line). The middle panel shows the
results of CFA0501 (solid line), CFA0599 (dashed line), CFA0538 (dash-dot line), and
eculizumab (dotted line). The lower panel shows the results of CFA0666 (solid line),
CFA0672 (dashed line), CFA0675 (dash-dot line), and eculizumab (dotted line).
CFA0305, CFA0307, CFA0366, CFA0501, CFA0538, CFA0599, CFA0666, CFA0672,
and CFAQ675 are antibodies grouped into epitope C. Eculizumab is a control anti-05
antibody.
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Claims

[Claim 1}

An anti-C5 antibody comprising:

(a) a VH sequence of SEQ ID NO: 106 and a VL sequence of SEQ ID NO: 111;
(b) a VH sequence of SEQ ID NO: 107 and a VL sequence of SEQ 1D NO: 111;
{(c) a VH sequence of SEQ ID NO: 108 and a VL sequence of SEQ ID NO: 111;
(d) a VH sequence of SEQ ID NO: 109 and a VL sequence of SEQ ID NO: 111;
(e} a VH sequence of SEQ ID NO: 109 and a VL sequence of SEQ ID NO: 112;
(f) a VH sequence of SEQ ID NO: 109 and a VL sequence of SEQ ID NO: 113; or
(g) a VH sequence of SEQ ID NO: 110 and a VL sequence of SEQ ID NO: 113.

[Claim 2]
The antibody of claim 1, which comprises a heavy chain constant region comprising the amino

acid sequence of SEQ ID NO: 114, and a light chain constant region comprising the amino acid
sequence of SEQ ID NO: 38.

[Claim 3]
The antibody of any one of claims 1 to 2, which is a full length IgG1 or IgG4 antibody.

[Claim 4]

An isolated nucleic acid encoding the antibody of any one of claims 1 to 3.

[Claim 5]

A host cell comprising the nucleic acid of claim 4.

[Claim 6]
A method of producing an antibody comprising culturing the host cell of claim 5 so that the
antibody is produced.

[Claim 7]
A pharmaceutical formulation comprising the antibody of any one of claims 1 to 3 and a

pharmaceutically acceptable carrier.
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Claims

[Claim 1] An isolated antibody that binds to C5, wherein the antibody comprisgs
(a) a HVR-H3 comprising the amino acid sequence DX,GYX,X;

or T, X,is For K, X;3is A, T or H (SEQ ID NO: 131), aid (c) a HVR-
H2 comprising the amino acid sequence X, JX,;TGSGAX; Y X, AX WX,
KG, wherein X;isC,Ao0r G, X, isYorF, Xsis T/DorE, X,is Y, K
or Q,Xsis S,DorE, Xsis A or V (SEQ ID NO/127).

[Claim 2] An isolated antibody that binds to C5, wherej
(a) a HVR-HI comprising the amino acid géquence SSYYX X,
wherein X, is M or V, X, is C or A (SE@ ID NO: 126), (b) a HVR-H2
comprising the amino acid sequence X IX,TGSGAX;Y X, AXWXKG,
wherein X, isC, Aor G, X, 18 Y ofF, X5is T,DorE, X, is Y, K or Q,
Xsis S, DorE, X¢is A or V (SEQ ID NO: 127), and (¢) a HVR-H3
comprising the amino acid seguence DX,GYX,X:PTHAMX X,
wherein X;is Gor A, X,1¢V, Qor D, X5is Tor Y, Xsis Y or H, X, is
L or Y (SEQ ID NO: 128).

[Claim 3] The antibody of claimy'2, further comprising (a) a HVR-L1 comprising
the amino acid segence X;ASQX,IX:SX LA, wherein X, 1s Qor R, X,
IsN,Qor G, Xsds Gor S, X,is D, Kor S (SEQ ID NO: 129); (b) a
HVR-L2 comprising the amino acid sequence GASX,X,X,S, wherein
X isK,E ‘ T.X;isLorT, Xsis A, H, E or Q (SEQ ID NO: 130); and

the antibody comprises

[Claim 4] isolated antibody that binds to C5, comprising (a) a HVR-L1
comprising the amino acid sequence X, ASQX,IX,SXLA, wherein X|
8SQorR, X,1sN,Qor G, X;is Gor S, X, is D, Kor S (SEQ ID NO:
129); (b) a HVR-L2 comprising the amino acid sequence GASX, X,X;
S,wherein X; is K, Eor T, Xpis Lor T, X;is A, H, Eor Q (SEQID
NO: 130); and (c) a HVR-L3 comprising the amino acid sequence QX
TX,;VGSSYGNX;, wherein X, is S,C,Nor T, X, is For K, X;is A, T
or H (SEQ ID NO: 131).

[Clgdm 5] The antibody of claim 2, further comprising a heavy chain variable

domain framework FR1 comprising the amino acid sequence of any
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[Claim 7]
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[Claim 9]

[Claim 10}

{Claim 1}

[Claim 12}

[Claim 13]
[Claim 14]

{Claim 15]
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one of SEQ ID NOs: 132-134; a FR2 comprising the amino acid

sequence of any one of SEQ ID NOs: [35-136; a FR3 comprising the
amino acid sequence of any one of SEQ ID NOs: 137-139; and a FR4
comprising the amino acid sequence of any one of SEQ ID NOs:
140-141.
The antibody of claim 4, further comprising a light chain vagiable

domain framework FR1 comprising the amino acid sequepte of any
one of SEQ ID NOs: 142-143; a FR2 comprising the apfino acid

sequence of any one of SEQ ID NOs: 144-145; a F
amino acid sequence of any one of SEQ ID NOs:

comprising the
46-147; and a FR4
O: 148,

An isolated antibody that binds to C5, compyising (a) a VH sequence

comprising the amino acid sequence of SEQ 1

having at least 95% sequence identity to tife amino acid sequence of
any one of SEQ ID NOs: 10, 106-110; fb) a VL sequence having at
least 95% sequence identity to the apfino acid sequence of any one of
SEQ ID NOs: 20, 111-113; or (c)/a VH sequence as in {(a) and a VL
sequence as in (b).

The antibody of claim 7, copfiprising a VH sequence of any one of SEQ
1D NOs: 10, 106-110.

The antibody of claim /7, comprising a VL sequence of any one of SEQ
1D NOs: 20, 111-113.

An antibody comprising a VH sequence of any one of SEQ ID NOs:
10, 106-110 apd a VL sequence of any one of SEQ ID NOs: 20,
111-113.

The antibody of any one of claims | to 10, which is a full length IgG1

A host cell comprising the nucleic acid of claim 12,

A method of producing an antibody comprising culturing the host cell
of claim 13 so that the antibody is produced.

A pharmaceutical formulation comprising the antibody of any one of

claims I to 11 and a pharmaceutically acceptable carrier.




