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HtrA1 promoter region, which results in increased HtrA1 transcript levels (Dewan, A., et al.,
Science 314:989-92 (2006); Yang, Z., et al., Science 314:992-3 (2006)). Therefore, inhibition
of HirA1 enzymatic function is an attractive therapeutic approach, e.g. in age-related macular

degeneration and in arthritic disease.

SUMMARY

The disclosure provides anti-HtrAl antibodies and methods of using the same for
diagnostic and therapeutic purposes.

In one aspect, the invention provides an isolated monoclonal antibody that binds to HtrAl
competitively with an antibody comprising a VH sequence of SEQ ID NO:8 and a VL sequence of
SEQ ID NO:7. Competitive binding may be determined, for example, using an ELISA assay.

In one embodiment, the disclosure provides an isolated antibody that bind to HirA1 having

one or more of the following properties: (i) an ICs, of less than 50 nM, 30 nM, 25 oM, 20 nM, 15
oM, 10 nM, 5 nM, 3 oM, 2.5 nM, 2 nM, 1 nM, or less for one or more HtrAl substrates; (ii) binds
to HtrAl with a ratio of 1 variable domain to one subunit of an HtrA1l trimer (e.g., a Fab binds to
an HtrA1 trimer with a ratio of 3 Fab to 1 HtrAl trimer, and an IgG binds to an HtrAl trimer with
a ratio of 3 IgG to 2 HtrA1 trimers), (1) for antibodies comprising two variable domains, binds to
HtrAl in a manner that results in the forming a “cage” similar to that shown in Fig. 9, (iv) does not
prevent trimer formation of HtrA 1, (v) binds to one or more residues in Loop C of the HtrAl
protein, (vi) binds to the protease domain of HirAl, (vii) binds to an epitope comprising one or
both of amino acids N224 or K248 of SEQ ID NO:13, or amino acids equivalent thereto in a
different HtrAl sequence (e.g., amino acids N224 and K248 of SEQ ID NO:14, see Figs. 10A and
B); (viii) binds to an epitope comprising one or more of the following residues of N224, K248,
V201, T223, K243, K225, E247 and H220 of SEQ ID NO:13, or amino acids equivalent thereto in
a different HtrA1 sequence; (ix) cross-reacts with murine HtrA1; (x) does not cross-react with
HirA2, HtrA3 and/or HtrA4; (xi) binds to HirA1 competitively with an antibody comprising a VH
sequence of SEQ ID NO:8 and a VL sequence of SEQ ID NO:7, (xii) binds to HtrAl with a
dissociation constant of <500 nM, or (x1ii) inhibits complex formation between HtrAl and o.l-
antitrypsin (A1AT).

In-another-aspeettheinvention-Also provided is an isolated antibody that binds to HtrA 1,
wherein the antibody (1) binds to an epitope that includes N224, K248, or both of HtrA1, and (ii)

inhibits HtrAl with an ICsy of < 30 nM. In one aspect, the invention provides an isolated

monoclonal antibody that binds to HtrA 1, wherein the antibody (i) binds to an epitope that

includes N224. K248, or both of HtrAl. and (i1) inhibits HtrAl with a dissociation constant of

<500 nM. In certain embodiments, the epitope further includes one or more of the following
residues of HtrAl: V201, T223, K243, K225, E247 and H220. In certain embodiments, the

antibody may further comprise one or more of the
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In certain embodiments, an antibody described herein comprises (a) HVR-L1
comprising the amino acid sequence of SEQ ID NO:18; (b) HVR-L2 comprising the amino
acid sequence of SEQ ID NO:2; and (¢) HVR-L3 comprising the amino acid sequence of SEQ
ID NO:19.

In certain embodiments, an antibody described herein comprises (a) HVR-L1
comprising the amino acid sequence of SEQ ID NO:21; (b) HVR-L2 comprising the amino
acid sequence of SEQ ID NO:2; and (¢) HVR-L3 comprising the amino acid sequence of SEQ
ID NO:22. '

In certain embodiments, an antibody described herein further comprises a heavy chain
variable domain framework (FR2) sequence of SEQ ID NO:17.

In one aspeetembodiment, there is provided an antibody that binds to HtrA1 comprising
(a) a VH sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO:8; (b) a VL sequence having at least 95% sequence identity to the amino acid sequence
of SEQ ID NO:7; or (¢} a VH sequence as in (a) and a VL sequence as in (b).

In certain embodiments, an antibody described herein comprises (a) a VH sequence
having at least 95% sequence identity to the amino acid sequence of SEQ 1D NO:29; (b) a VL
sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:7;
or (c) a VH sequence as in (a) and a VL sequence as in (b).

In certain embodiments, an antibody described herein comprises (a) a VH sequence
having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:29; (b) a VL
sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:28;
or (¢) a VH sequence as in (a) and a VL sequence as in (b).

In certain embodiments, an antibody described herein comprises (a) a VH sequence
having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:29; (b) a VL
sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:30;
or (c) a VH sequence as in (a) and a VL sequence as in (b).

In one aspeetembodiment, there is provided an antibody that binds to HtrAl comprising
(a) a VH sequence comprising SEQ ID NO: 32; (b) a VL sequence comprising SEQ ID NO:

3 i; or {¢) a VH sequence comprising SEQ ID NO: 32 and a VL sequence comprising SEQ ID
NO: 31. |

In certain embodiments, an antibody described herein comprises a VH sequence of
SEQ ID NO:8.

In certain embodiments, an antibody described herein comprises a VL sequence of SEQ
ID NO:7.



10

15

20

25

30~

In certain embodiments, an antibody described herein comprises a VH sequence of SEQ ID
NO:30.

In certain embodiments, an antibody described herein comprises a VL sequence of SEQ ID
NO:28. |

In certain embodiments, an antibody described herein comprises a VL sequence of SEQ ID
NO:29. ‘

In one aspect, an antibody described herein comprises a VH sequence of SEQ ID NO:8 and
a VL sequence of SEQ ID NO:7. .

In one aspect, there is provided an antibody comprising a VH sequence of SEQ ID NO:29
and a VL sequence of SEQ ID NO:28. |

In certain embodiments, an antibody described herein comprises a VH sequence of SEQ ID
NO:30 and a VL sequence of SEQ ID NO:28.

In one aspect, an antibody described herein comprises a VH sequence of SEQ ID NO:30
and a VL sequence of SEQ ID NO:29.

In one aspeetembodiment, there 1s provided an antibody comprising (a) HVR-H1
comprising the amino acid sequence GEX{IXn X, YYIH, wherein Xjis N, Sor T; X, is S, D, Y or
A; and X, is G or D (SEQ ID NO: 25); (b) HVR-H2 comprising the amino acid sequence
WIDPYGGDTX,YADSVKG, wherein X, is N or D (SEQ ID NO:26); (¢) HVR-H3 comprising the
amino acid sequence GTFLTX,WGHYFDY, wherein X, is S or T (SEQ ID NO: 27); (d) HVR-LI
comprising the amino acid sequence RASQX, XX XX XA, wherein X, is D, Sor V; X, is Vor [
Xeis S, NorG; Xyis Tor N; Xeis A or Y; and Xris Vor L (SEQ 1D NO: 23); (e) HVR-1L2
comprising the amino acid sequence of SEQ ID NO:2; and (f) HVR-L3 comprising the amino acid
sequence QQX XpXiX;PX, T, wherein Xy is S, VorD; Xpis Y, Dor 8; X;is T, S, A, D or N; X is
T,H,N,S, A LorR;and Xy is P, T, A or S (SEQ ID NO: 24).

In certain embodiments, an antibody described herein comprises (a) HVR-H1 comprising
an amino acid sequence selected from: SEQ ID NO:4, 20,and 47-51; (b) HVR-H2 comprising an
amino acid sequence selected from: SEQ ID NO:5 and 52; (¢) HVR-H3 comprising an amino acid
sequence selected from: SEQ ID NO:6 and 53; (d) HVR-L1 comprising an amino acid sequence
selected from: SEQ ID NO:1, 18, 21 and 33; (e) HVR-L2 comprising the amino acid sequence of
SEQ ID NO:2; and (f) HVR-L3 comprising an amino acid sequence selected from: SEQ ID NO:3,
19, 22, and 34-46.

In certain embodiments, an antibody described herein comprises (a) HVR-H1 comprising
the amino acid sequence of SEQ ID NO:4; (b) HVR-H2 comprising the amino acid sequence of
SEQ ID NO:5; (¢) HVR-H3 comprising the amino acid sequence of SEQ ID NO:6; (d) HVR-L1
comprising the amino acid sequence of SEQ ID NO:1; (e) HVR-L2 comprising
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the amino acid sequence of SEQ ID NO:2; and (f) HVR-L3 comprising the amino acid sequence of
SEQ ID NO:3.

In certain embodiments, an antibody described herein comprises (a) HVR-H1 comprising the
amino acid sequence of SEQ ID NO:20; (b) HVR-H2 comprising the amino acid sequence of SEQ 1D
NO:5; (¢) HVR-H3 comprising the amino acid sequence of SEQ ID NO:6; (d) HVR-L1 comprising the
amino acid sequence of SEQ ID NO:18; (¢) HVR-L2 comprising the amino acid sequence of SEQ ID
NO:2; and (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO:19.

In certain embodiments, an antibody described herein comprises (a) HVR-H1 comprising the
amino acid sequence of SEQ ID NO:20; (b) HVR-H2 comprising the amino acid sequence of SEQ ID
NO:5; (¢) HVR-H3 comprising the amino acid sequence of SEQ ID NO:6; (d) HVR-L1 comprising the
amino acid sequence of SEQ ID NO:21; (e) HVR-L2 comprising the amino acid sequence of SEQ ID
NO:2; and (f) BVR-L3 comprising the amino acid sequence of SEQ ID NO:22.

In certain embodiments, an antibody described herein comprises (a) HVR-H3 comprising the
amino acid sequence GTFLTX,WGHY, wherein X, is S or T (SEQ ID NO: 89); (b) HVR-L3
comprising the amino acid sequence X X XiX;PX,, wherein X, is S, VorD; X, is Y, Dor S; X;is T, S,
A,DorN;XjisT,H,N, S, A, LorR; and X is P, T, A or S (SEQ ID NO: 86); and (c) HVR-H2
comprising the amino acid sequence WIDPYGGDTX,, wherein X, is N or D (SEQ ID NO:§8).
the amino acid sequence of SEQ ID NO: 87; (b) HVR-H2 comprising the amino acid sequence of SEQ
1D NO:88; {¢) HVR-H3 comprising the amino acid sequence of SEQ 1D NO:&9; (d) HVR-L1
comprising the amino acid sequence of SEQ ID NO:85; (e) HVR-L2 comprising the amino acid
sequence of SEQ ID NO:58; and (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 86.

In certain embodiments, an antibody described herein comprises (a) HVR-H1 comprising the
amino acid sequence GFXIX,,X,YY, wherein X;isN, Sor T; X, is S, D, Y or A; and X, is Gor D
(SEQ ID NO:87); (b) HVR-H2 comprising the amino acid sequence WIDPYGGDTX,, wherein X, is N
or D (SEQ ID NO:88); and (¢) HVR-H3 comprising the amino acid sequence GTFLTX,WGHY,
wherein X, is S or T (SEQ ID NO: 89).

In certain embodiments, an antibody described herein further comprises (a) HVR-L1
comprising the amino acid sequence X, XX XX Xg wherein X,isD,SorV; XpgisVorl; X, i1s S, Nor
G; XgqisTorN; X, is A or Y; and X¢is V or L (SEQ ID NO: 85); (b) HVR-L2 comprising the amino
acid sequence of SEQ ID NO:58; and (¢) HVR-L3 comprising the amino acid sequence X X X;X;PXj,
wherein X, is S, VorD; X,is Y, Dor S§; X;is T, S, A,Dor N; X;is T, H, N, S, A, L or R; and Xy is P,
T, A or S (SEQ ID NO: 86).

In certain embodiments, an antibody described herein comprises (a) HVR-H1 comprising the
amino acid sequence GFXIX,,X,YY, wherein X;is N, Sor T; X,,is S, D, Yor A;and X,is Gor D
(SEQ ID NO:87); (b) HVR-H2 comprising the amino acid sequence



WHAT IS CLAIMED IS:
1. Axn isolated antibody that binds to HtrAl competitively with an antibody
comprising a VH sequence of SEQ ID NO:8 and a VL sequence of SEQ ID NO:7.
2. The antibody of claim 1, wherein competitive binding is determined using a
5 ELISA agsay.
3. Anisolated antibody that binds to HirAl, wherein the antibody (i) bindd to an
epitope that includes N224, K248, or both of HirA 1, and (ii) inhibits HirA1 with gh ICsg of <
30 oM. |
4. | The antibody of claim 3; wherein the antibody further comprisés one or more of
10 the following properties: (i) binds to HirAl with a ratio of 1 variable dorgain to one subunit of
an HirAl trimer, or (ii) does not prevent trimer formation of HtrAl.
5. The antibody of claim 3, wherein the ICs is determingd using a serine protease
assay with a substrate having SEQ ID NO:12.
6.  The antibody of any one of claims 1-5, whereinfhe antibody does not cross-react
15 with one or more of HirA2, HirA3 and HtrA4. |
7. The antibody of any one of claims 1-6, whtrein the antibody has a dissociation
constant of <500 nM.
8. The antibody of claim 6, wherein th dissociation constant is determined by
BlAcore using a Fab at 25 °C. |
20 9. The antibody of any one of ¢l ,4‘ 1-8, selected from a group consisting of:
1) an antibody which is a monoclgf 1 antibody,

if) an antibody which is a humén, humanized, or chimeric antibody, and

iii) an antibody which is an/ntibody fragment that binds HtrA1.
10.  The antibody of agi’ one of claims 1-9, wherein the antibody comprises () HVR-
25  H3 comprising the amino a'sequancc GTFLTX,WGHYFDY, wherein X, is S or T (SEQ ID
NO: 27); (b) HVR-L3 comprising the amino acid sequence QQX X XiXjPX T, wherein X, is
S, VorDy Xpis Y, Do 5, Xiis T, 5, A, D or Ny Xyis T, H, N, S, A, LorR; and Xy is P, T, A
or S (SEQ ID NO: 24); and (¢) HVR-H2 coniprising the amino acid sequence
WIDPYGGDTX Y ADSVKG, wherein X, is N or D (SEQ ID NO: 26).
30 11.  The antibody of any one of claims 1-10, selected from a group consisting of:

()

antibody which comprises (a) HVR-H3 comprising the amino acid sequence of
Q ID NO:6; (b) HVR-L3 comprising the amino acid sequence of SEQ ID NO:3; and
(¢) HVR-H2 comprising the amino acid sequence of SEQ ID NO:5,
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(ii) an antibody which comprises (a) HVR-H3 comprising the amino acid sequence of

SEQ ID NO:6; (b) HVR-L3 comprising the amino acid sequence of SEQ ID NO:19;

and (¢) EVR-H2 comprising the amino acid sequence of SEQ ID NO:5,

(iii) an antibody which comprises (a) HVR-H3 comprising the amino acid sequence 4

SEQ ID NO:6; (b) HVR-L3 comprising the amine acid sequence of SEQ ID NO:22;

and (¢) HVR-H2 comprising the amino-acid sequence of SEQ ID NO:5, and

(iv} an antibody which comprises (a) HVR-HI comprising the amino acid séquence

G}?XIIXanYYIH, wherein X;is N, Sor T; X 15 S, D, Y or A; and X, igG or D (SEQ

ID NO: 25); (b) HVR-H2 comprising the amino acid sequence

WIDPYGGDTX,YADSVKG, wherein X, 1s N or D (SEQ ID NO;Z6); and (¢) HVR-

H3 comprising the amino acid sequence GTFLTX WGHYFDY/ wherein X,is Sor T

(SEQ ID NO: 27).

12.  The antibody of any one of claims 1-10 or 11(iv), ffther comprising (a) HVR-LI
comprising the amino acid sequence RASQX XX XX XA, fvherein X, is D, Sor V; Xpis V
or; X.is 8, NorG; Xgis Tor N; Xeis A or Y; and X¢is Vor L (SEQ ID NO: 23); (b) HVR-
L2 comprising the amino acid sequence of SEQ ID NOZ; and (c) HVR-L3 comprising the
amino acid sequence QQX X XiX;PXy T, wherein Xgis S, Vor Dy X is ¥, D or 5; X515 T, S,
A DorN;XjisT,H,N, S, A, Lor Ry and X is PAT, A or S (SEQ ID NO: 24).

13.  The antibody of any one of claimg 1-10; 11(iv) or 12, selected from a group
consisting of: | |
(i) an antibody which comprises (a) HVBAH1 comprising the amino acid sequence of SEQ ID
NO:4; (b) HVR-H2 comprising the apino acid sequence of SEQ ID NO:5; and (¢) HVR-H3
comprising the amino acid sequengé of SEQ ID NO:6,

(i) an antibody which comprisgs {a) HVR-H1 comprising the amino acid séquence of SEQ ID
NO:20; (b) HVR-H2 compriging the amino acid sequence of SEQ ID NO:5; and (c) HVR-H3
comprising the amino acid sequence of SEQ ID NO:6,

(ii1) an antibody which comprises (a) HVR-L1 comprising the amino acid sequence of SEQ ID
NO:1; (b) HVR-L2 £omprising the amino acid sequence of SEQ 1D NO:2; and (c) HVR-L3
comprising the grhino acid sequence of SEQ ID NO:3,

(1v) an antibody which comprises (a) HVR-L1 comprising the amino acid sequence of SEQ 1D
NO:18; (byHVR-L2 comprising the amino acid sequence of SEQ ID NO:2; and (¢) HVR-L3
compriging the amino acid sequence of SEQ ID NO:19, and
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(v) an antibody which comprises (a) HVR-L1 comprising the amino acid sequence of SEQ ID
NO:21; (b) HVR-L2 comprising the amino acid sequence of SEQ ID NO:2; and (cj HVR-L3
comprising the amino acid sequence of SEQ ID NO:22.

14, The antibody of claim 13(i), further comprising (a) HVR-L1 comprising the
amino acid sequence of SEQ ID NO:1; (b} HVR-L.2 comprising the amino acid sequencg’of
SEQ ID NO:2; and (¢) HVR-L3 comprising the amino acid sequence of SEQ ID NO:3.

15. The antibody of claim 13(ii), selected from a group consisting of:

an antibody that further comprises (2) HVR-L1 comprising the amino agid sequence of

SEQ ID NO:21; (b) HVR-L2 comprising the amino acid segéence of SEQ ID NO:2;

and (c) HVR-L3 comprising the amino acid sequence of

having at least 95% sequence identity to the aming acid sequence of SEQ ID NO:7; or (¢) 2

VH sequence as in (a) and a VL sequence as in/

18. The antibody of any one of clgitns 1-17, comprising (a) a VH sequence

comprising SEQ ID NO: 32; (b) a VL segience comprising SEQ ID NO: 31; or (¢} a VH

sequence comprising SEQ ID NO: 324 ad 2 VL sequence comprising SEQ ID NO: 31.
19. The antibody of clainy/17 or 18, selected from a group consisting of:

(i) an antibody comprising a VE/sequence of SEQ ID NO:,

(ii) an antibody comprising 3 L sequence of SEQ ID NO:7,

a VL sequence of SEQ ID NO:30,

(iv) an antibody compyising a VL sequence of SEQ ID NO:28; and

(i) an antibody comprisip

FQ D NO:29.
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23.  An antibody that binds to HtrA1 comprising (a) a VH sequence having at ieast
95% sequence identity to the amino acid sequence of SEQ ID NO:8; (b) a VL sequence having
at least 95% sequence identity to the amino acid sequence of SEQ ID NO:7; or (¢) a VH
sequence as in (a) and a VL sequence as in (b).

24.  An antibody that binds to HirAl comprising (a) a VH sequence comprising 3EQ
ID NO: 32; (b) a VL sequence comprising SEQ ID NO: 31; or (¢} a VH sequence comprising
SEQ ID NO: 32 and a VL sequence comprising SEQ ID NO: 31,

25, An antibody comprising (a) HVR-HI comprising the amino acid sefjuence
GFX XX, YYTH, wherein X;is N, Sor T; Xp 18 S, D, Y or A; and X, is G o D (SEQ ID NO:

25); (b) HVR-H2 comprising the amino acid sequence WIDPYGGDTX,YADSVKG, wherein

X, is N or D (SEQ ID NO:26); (¢) HVR-H3 comprising the amino acidfequence
GTFLTX,WGHYFDY, wherein X;is S or T (SEQ ID NO: 27); (d) AVR-L1 comprising the
amino acid sequence RASQX XX XeXeXeA, wherein X, is D, Sor V; XyisVor L Xois S, N
orG; Xgis TorN; Xeis AorY; and Xeis Voor L {SEQ ID NO¥ 23); (e) HVR-L2 comprising
the amino acid sequence of SEQ ID NO:2; and (f) HVR-L3/comprising the amino acid
sequence QUXXpXiXiPX T, wherein Xgis S, Vor Dy ¥4 is Y, D or §; Xiis T, S, A, D or N
X;is T, H,N, S, A, Lor Ry and Xy 1s P, T, A or S (SEQ ID NO: 24).

26. The antibody of claim 25, wherein thé antibody comprises (a) HVR-H1
comprising an amino acid sequence selected frofn: SEQ ID NO:4, 20,and 47-51; (b) HVR-H2
comprising an amino acid sequence selectedArom: SEQ ID NO:5 and 52; (¢) HVR-H3
comprising an amino acid sequence selecged from: SEQ ID NO:6 and 53; (d) HVR-L1
comprising an amino acid sequence sgitcted from: SEQ ID NO:1, 18, 21 and 33; (¢) HVR-L2
comprising the amino acid sequencg of SEQ ID NO:2; and (f) HVR-L3 comprising an amino
acid sequence selected from: SEQ ID NO:3, 19, 22, and 34-46.

27. The antibody offlaim 26, selected from a group consisting oft

amino deid sequence of SEQ 1D NO:2Z; and {f) HVR-L3 comprising the amino acid
segence of SEQ ID NO:3,

fi) an antibody which comprises (a) HVR-H1 comprising the amino acid sequence of
SEQ ID NO:20; (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO:5;
() HVR-H3 comprising the amino acid sequence of SEQ ID NO:6; (d) HVR-L1

comprising the amino acid sequence of SEQ ID NO:1§; (e) HVR-L2 comprising the
]0



10

15

20

25

i
(]

amino acid sequence of SEQ ID NO:2; and (f) HVR-L3 comprising the amino acid
sequence of SEQ 1D NO:19, and
(ii)an antibody which comprises (a) HVR-H1 comprising the amino acid sequence of /
SEQ ID NO:20; (b) HVR-H2 comprising the amino acid sequence of SEQ 1D NOJ,
(¢j HVR-H3 comprising the amino acid sequence of SEQ ID NO:6; (d) HVR-LY
comprising the amine acid sequence of SEQ ID NO:21; (e} HVR-L2 compri fog the
arging acid sequence of SEQ ID NO:2: and (f) HVR-L3 comprising the apfl
equence of SEQ ID NO:22,
28. Theantibody of any one of claims 1-27, which is a full leagth / oG1 or 1gG4
antibody. ‘ “
29.  Anisolated nucleic acid encoding the antibody of any Jr of claims 1-28.
30. A host cell comprising the nucleic acid of claim 29. /

21, A method of producing an antibody comprising cylturing the host cell of claim 30

Q

under conditions suitable for expression of the nucleic acid ¢f oding the anti-HirAl antibody.
32, Themethod of claim 31, further comprising fecovering the anti-HirAl antibody
from the hest cell culture, | |
33, Anmmmunoconjugate comprising the ibofiy of any one of claims 1-28 and a
cytotoxic agent, |
34. A pharmaceutical formulation cyf px;i.sing the antibody of any one of claims 1-28
and a pharmaceutically acceptable carrier. / |

35, The antibody of any one of claims 1-28 for use as a medicament.

36, Use of the antibody any one of claims 1-28 in the menufacture of a
medicament. |
37.  Theuse of claifn 36, selected from a group consisting of:

(i) a use wi érein the medicament is for treamment of treating age-related macular

degenerpfion, geographic atrophy, diabetic retinopathy, retinopathy of
premg rity, or polypoidal choroidal vaseulopathy,
(iif'a use wherein the medicament is for inhibiting degeneration of retinal or
photoreceptor cells, and
(111} a use wherein the medicament is for inhibiting HirA1 protease activity in an
eve.
38, The uvse of claim 37(1), wherein the age-related macular degeneration is dry age-

rétated macular degeneration,
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39. The antibody of any one of claims 1-10, wherein the antibody comprises (a)
HVR-H]1 comprising the amino acid sequence of SEQ ID NO: 87; (b) HVR-H2 comprising the
amino acid sequence of SEQ ID NO:8§; and (¢) HVR-H3 comprising the amino acid sequen
of SEQ ID NO: 89.

40, The antibody of any one of claims 1-10 or 39, further comprising {a) HV
comprising the amino acid sequenée of SEQ ID NO: 85; (b) HVR-L2 comprising the/amino
acid sequence of SEQ ID NO:58; and (¢) HVR-L3 comprising the amino acid segtience of
SEQ ID NO: 86.

41. An‘antibody comprising (a) HVR—H 1 comprising the amino a#d sequence of
SEQ ID NO: 87; (b) HVR-H2 comprising the amino acid sequence of SRQ ID NO:88; (¢)
HVR-H3 comprising the amino acid sequence of SEQ ID NO:89; (d)HVR-L1 comprising the
amino acid sequence of SEQ ID NO:85; {e) HVR-L2 comprnising tHe amino acid sequence of
SEQ ID NO:58; and (f) HVR«LE» comprising the amino acid seghence of SEQ ID NO: 86.

42. The antibody of claim 41, wherein the antibody’comprises (a} HVR-H1
comprising the amino acid sequence of SEQ ID NO: 25;
acid sequence of SEQ ID NO:26; (¢) HVR-H3 compri
NO:27; (d) HVR-L1 comprising the amino acid se

} HVR-H2 comprising the amino
ing the amino acid sequence of SEQ 1D
ence of SEQ 1D NO:23; (e) HVR-L2
comprising the amino acid sequence of SEQ ID NG:2; and (f) HVR-L3 comprising the amino
acid sequence of SEQ ID NO:24.

43.  The antibody of claim 41 or 42, wherein the antibody comprises (a) HVR-H1
comprising an amino acid sequence selgeted from: SEQ ID NG:4, 20, 47-51 and 75-80; (b)
HVR-H2 comprising an amino acid gequence selected from: SEQ ID NO:3, 52 and 81-82; (¢}
HVR-H3 comprising an amino agid sequence selected from: SEQ ID NO:6, 53 and 83-84; (d)
HVR-L1 comprising an aming/acid sequence selected from: SEQ ID NQ:1, 18, 21, 33 and 54-
57; (e) HVR-L2 comprising/an amino acid sequence selected from: SEQ ID NO:2 and 58; and
(f) HVR-L3 comprising #n amino acid sequence selected from: SEQ ID NO:3, 19, 22, 34-46
and 59-74.

44. The

antibody.

tibody of any one of claims 39-43, which is a full length IgG1 or IgG4

An isolated nucleic acid encoding the antibody of any one of claims 39-44.

A host cell comprising the nucleic acid of claim 45,

A method of producing an antibody comprising culturing the host cell of claim 46
undér conditions suitable for expression of the nucleic acid encoding the anti-HirA1 antibody. -
48. The method of claim 47, further comprising recovering the anti-HirA 1 antibody

from the host cell culture.
82
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49, Animmunoconjugate comprising the antibody of any one of claims 39-44 and a
cytotoxic agent.

50. A pharmaceutical formulation comprising the antibody of any one of claims 39
44 and a pharmaceutically acceptable carrier.

51.  The antibody of any one of claims 39-44 for use as a medicament.

52, Use of the antibody of any one of claims 39-44 in the manufacture of

medicament.

L

3. The use of claim 52, selected from a group consisting of;
(i) a use wherein the medicament is for treatrnent of treating age-reléted macular
degeneration, geographic atmi}hy, diabetic retinopathy, retinopathy of prematurity, or
polypoidal choroidal vascnlopathy,
{ii) a use wherein the medicament 1s for inhibiting degenepation of retinal or
photoreceptor cells, and
(ii1) a use wherein the medicament is for inhibiting [AirAl protease activity in an eve.
534, The use of claim 53(i), wherein the age-relpfed macular degeneration is dry age-
related macular degeneration.
55.  Anisolated antibody that binds to HiyAl and inhibits ifs serine protease activity
for one or more HirAl substrates,

56,  The antibody of claim 55, whepéin the antibody inhibits HirAl with an HCsq of

less than 30 nM.



WHAT IS CLAIMED IS:

1. An isolated monocional antibody that binds to HirA1, wherein the antibody (i) binds to an
epitope that includes N224, K248, or both of HtrA1, and (i) inhibits HirA1 with a dissociation constant of
<500 niM.

2. The antibody of claim 1, wherein the antibody further comprises one or more of the
following properties: (i} binds to HirA1 with a ratio of one variable domain to ohe subunit of an HirA1

trimer, or (ii) does not prevent trimer formation of HtrA1.

3. The antibody of claim 1 or 2, wherein the antibody does not cross-react with one or more
of HirA2, HirA3 and HirA4.

4. The antibody of claim 1, wherein the dissociation constant is determined by BiAcore
using a Fab at 25 °C.

5. An isolated monoclonal antibody that binds to HirA1 competitively with an antibody
comprising a VH sequence of SEQ ID NO: 8 and a VL sequence of SEQ ID NO: 7.

6. The antibody of claim 5, wherein competitive binding is determined using an ELISA

assay.

7. The antibody of any one of claims 1-6, selected from a group consisting of:
i) an antibody which is a monocionai antibody,
ii) an antibody which is a human, humanized, or chimeric antibody, and
iiiy an antibody which is an antibody fragment that binds HirA1.

8. The antibody of any one of claims 1-7, wherein the antibody comprises (a) HVR-H3
comprising the amino acid sequence GTFLTX,WGHYFDY, wherein X, is S or T (SEQ ID NO: 27); (b)
HVR-L3 comprising the amino acid sequence QQXXoXXPX(T, wherein X,is S, Vor D; Xy is Y, Dor §;
XiisT,S,A, DorN; X;is T,H, N, S, A, Lor R; and X is P, T, A or S (SEQ ID NO: 24); and (¢) HVR-H2
comprising the amino acid sequence WIDPYGGDTX YADSVKG, wherein X, is N or D (SEQ ID NO: 26).

9. The antibody of any one of claims 1-8, selected from a group consisting of:
(i) an antibody which comprises {a) HVR-H3 comprising the amino acid sequence of SEQ
ID NO:6; (b) HVR-L3 comprising the amino acid sequence of SEQ ID NO:3; and
(c) HVR-H2 comprising the amino acid sequence of SEQ ID NO:5,
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(i) an antibody which comprises (a) HVR-H3 comprising the amino acid sequence of SEQ
1D NG:6; (b) HVR-L3 comprising the amino acid sequence of SEQ ID NO:19; and (c) HVR-H2 comprising
the amino acid sequence of SEQ ID NO:5,

(iti) an antibody which comprises (a) HVR-H3 comprising the amino acid sequence of SEQ
ID NO:6; (b) HVR-L3 comprising the amino acid sequence of SEQ ID NO:22; and (¢) HVR-H2 comprising
the amino acid sequence of SEQ 1D NO:5, and

{iv) an antibody which comprises (a) HVR-H1 comprising the aminc acid sequence
GFXIXa X YYIH, wherein Xjis N, Sor T; Xn is S, D, Y or A; and X, is G or D (SEQ ID NO: 25); (b} HVR-
H2 comprising the amino acid sequence WIDPYGGDTX,YADSVKG, wherein Xqis N or D (SEQ ID
NO:26); and (c) HVR-H3 comprising the amino acid sequence GTFLTXWGHYFDY, wherein X, is Sor T
(SEQ ID NO: 27).

10. The antibody of any one of claims 1-8 or 9(iv), further comprising (a) HVR-L1 comprising
the amino acid seqguence RASQX X X XeXeXiA, wherein X, is D, Sor V; XpisVorl; X.is 8, Nor G; X4 is
TorN; X, is AorY; and X;is V or L {(SEQ ID NO: 23); (b) HVR-L2 comprising the amino acid sequence of
SEQ D NO:2; and (c¢) HVR-L3 comprising the amino acid sequence QQX X XiXiPX(T, wherein Xy is §, V
orD; XpisY,DorS; Xis T, S, A, DorN; Xis T, H, N, S, A LorRyand Xcis P, T, A or S (SEQ ID NO:
24).

11. The antibody of any one of claims 1-8, 9(iv) or 10, selected from a group consisting of:

(i} an antibody which comprises (a) HVR-H1 comprising the amino acid sequence of SEQ
ID NO:4; (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO:5; and (¢) HVR-H3 comprising
the amino acid sequence of SEQ D NO:8,

(i) an antibody which comprises (a) HVR-H1 comprising the amino acid sequence of SEQ
ID N0:20; (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO:5; and (c) HVR-H3 comprising
the amino acid sequence of SEQ 1D NO:6, _

(iii) an antibody which comprises (a} HVR-L1 comprising the amino acid sequence of SEQ ID
NO:1; {(b) HVR-L2 comprising the amino acid sequence of SEQ 1D NO:2; and (c) HVR-L3 comprising the
amino acid sequence of SEQ ID NO:3,

(iv) an antibody which comprises (a) HVR-L1 comprising the amino acid sequence of SEQ ID
NO0:18; (b) HVR-L2 comprising the amino acid sequence of SEQ ID NO:2; and (¢) HVR-L3 comprising the
amino acid sequence of SEQ ID NO:19, and

(v) an antibody which comprises (a) HVR-L1 comprising the amino acid sequence of SEQ ID
NO;21; (b) HVR-L2 comprising the amino acid sequence of SEQ ID NO:2; and (¢} HVR-L3 comprising the
amino acid sequence of SEQ ID NO:22.
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12. The antibody of claim 11(i), further comprising (a) HVR-[.1 comprising the amino acid
sequence of SEQ ID NQO:1; (b) HVR-L2 comprising the amino acid sequence of SEQ 1D NO:2; and (¢)
HVR-L3 comprising the amino acid sequence of SEQ ID NO:3.

13. The antibody of claim 11(ii), selected from a group consisting of:
an antibody that further comprises (a) HVR-L1 comprising the amino acid sequence of SEQ
ID NO:18; (b) HVR-L2 comprising the amino acid sequence of SEQ ID NO:2; and (c) HVR-L3 comprising
the amino acid sequence of SEQ ID NO:19;and
an antibody that further comprises (a) HVR-L1 comprising the amino acid sequence of SEQ
D NO:21; (b) HVR-L2 comprising the amino acid sequence of SEQ 1D NO:2; and {c) HVR-L3 comprising
the amino acid sequence of SEQ ID NO:22.

14. The antibody of any one of claims 1-13, further comprising a heavy chain variable domain
framework (FR2) sequence of SEQ 1D NO:17. )

18. The antibody of any one of claims 1-14 comprising (a) a VH sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO:8; (b) a VL sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO:7; or (¢) a VH sequence as in (a) and a

VL sequence as in {b).

16. The antibody of any one of claims 1-15, comprising {a) a VH sequence comprising SEQ
ID NQ: 32; (b) a VL seguence comprising SEQ ID NO:31; or (c) a VH sequence comprising SEQ 1D NO:
32 and a VL sequence comprising SEQ 1D NO: 31.

17. The antibody of claim 15 or 16, selected from a group consisting of:
(i) an antibody comprising a VH sequence of SEQ ID NO:8,
(ii) an antibody comprising a VL sequence of SEQ ID NQO:7,
(ifi) an antibody comprising a VL. sequence of SEQ 1D NO:30,
(iv) an antibody comprising a VL sequence of SEQ ID NO:28; and
(v} an antibody comprising a VH sequence of SEQ ID NO:29.

18. An antibody comprising a VH sequence of SEQ {D NO:8 and a VL sequence of SEQ ID
NO:7.

19. An antibody comprising a VH sequence of SEQ ID NO:29 and a VL sequence of SEQ ID
NO:;28. '
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20. An antibody comprising a VL sequence of SEQ ID NO:30 and a VH sequence of SEQ ID
NO:29.

21. The antibody of any one of claims 1-7, wherein the antibody binds to HtrA1 comprising
{(a) a VH sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:8;
{b) a VL sequence having at least 95% sequence identity to the amino acid sequence of SEQ 1D NO:7; or
{c)a VH sequence as in () and a VL sequence as in (b).

22. The antibody of any one of claims 1-7, wherein the antibody comprises {(a) HVR-H1
comprising the amino acid sequence GFX|IX X, YYIH, wherein X;is N, Sor T; X,,is S, D, Y or A; and X,
is G or D (SEQ ID NO: 25); (b) HVR-H2 comprising the amino acid sequence WIDPYGGDTXYADSVKG,
wherein X; is N or D (SEQ ID NO:26); (¢) HVR-H3 comprising the amino acid sequence
GTFLTX,WGHYFDY, wherein X is S or T (SEQ 1D NO: 27); (d) HVR-L1 comprising the amino acid
sequence RASQX XX XX XA, wherein X, is D, SorV; XpisVorl; Xois S, Nor G; Xgis Tor N; Xe is A
orY;and Xeis V or L (SEQ D NO: 23); (e) HVR-L2 comprising the amino acid sequence of SEQ ID
NO:2; and (f) HVR-L3 comprising the amino acid sequence QQX X XXPXT, wherein X is 8, V or D; X,
isY,DorS; XiisT,S, A, DorN; Xjis T, H, N, S, A, Lor R; and X is P, T, A or S (SEQ ID NO: 24).

23. The antibody of claim 22, wherein the antibody comprises (a) HVR-H1 comprising an
amino acid sequence selected from: SEQ ID NO: 4, 20, and 47-51; (b} HVR-H2 comprising an amino acid
sequence selected from: SEQ ID NO: 5 and 52; (¢} HVR-H3 comprising an amino acid sequence selected
from: SEQ 1D NO: 6 and 53; (d) HVR-L1 comprising an amino acid sequence selected from: SEQ 1D NO:
1, 18, 21 and 33; (e) HVR-L2 comprising the amino acid sequence of SEQ 1D NO: 2; and (f) HVR-L3
comprising an amino acid sequence selected from: SEQ 1D NO: 3, 19, 22, and 34-46.

24, The antibody of claim 23, selected from a group consisting of:

(i) an antibody which comprises (a) HVR-H1 comprising the amino acid sequence of SEQ
ID NO:4; (b} HVR-MH2 comprising the amino acid sequence of SEQ ID NO:5; (¢} HVR-H3 comprising the
amino acid sequence of SEQ 1D NO:6; (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO:1;
(e) HVR-L2 comprising the amino acid sequence of SEQ ID NO:2; and (f) HVR-L3 comprising the amino
acid sequence of SEQ 1D NO:3,

(i) an antibody which comprises (a) HVR-H1 comprising the amino acid sequence of SEQ
ID NO:20; (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO:5; (¢} HVR-H3 comprising the
amino acid sequence of SEQ ID NO:6; (d) HVR-L1 comprising the amino acid sequence of SEQ D
NO:18; (e) HVR-L.2 comprising the amino acid sequencé of SEQ ID NO:2; and (f) HVR-13 comprising the
amino acid sequence of SEQ iD NO:19, and

80




(iii) an antibody which comprises (a) HVR-H1 comprising the amino acid sequence of SEQ
1D NO:20; (b) HVR-H2 comprising the amino acid sequence of SEQ 1D NO:5; (¢) HVR-H3 comprising the
amino acid sequence of SEQ 1D NO:6; (d) HVR-L1 comprising the amino acid sequence of SEQ 1D
NO:21; (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO:2; and (f) HVR-L3 comprising the
amino acid sequence of SEQ ID NO:22.

28, The antibody of any one of claims 1-24, which is a full length 1gG1 or igG4 antibody.

26, An isolated nucleic acid encoding the antibody of any one of claims 1-25.
27. A host cell comprising the nucleic acid of claim 26.
28, A method of producing an antibody comprising cuituring the host cell of claim 27 under

conditions suitable for expression of the nucleic acid encoding the anti-HirA1 antibody.

29, The method of claim 28, further comprising recovering the anti-HirA1 antibody

from the host cell culture.

30. An immunoconjugate comprising the antibody of any one of claims 1-25 and a cytotoxic

agent.

31. A pharmaceutical formulation comprising the antibody of any one-of claims 1-25 and a

pharmaceutically acceptable carrier.

32. The antibody of any one of claims 1-25 for use as a medicament.
33, Use of the antibody of any one of claims 1-25 in the manufacture of a medicament.
34, The use of claim 33, selected from a group consisting of:

(i) a use wherein the medicament is for treatment of treating age-related macular
degeneration, geographic atrophy, diabetic retinopathy, retinopathy of prematurity, or polypoidal choroidal
vasculopathy,

(i} a use wherein the medicament is for inhibiting degeneration of retinal or photoreceptor
cells, and

(iif) a use wherein the medicament is for inhibiting HirA1 protease activity in an eye.
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35. The use of claim 34(i), wherein the age-related macular degeneration is dry age-related

macular degeneration.

36. The antibody of any one of claims 1-24, wherein the antibody binds to HirA1 and inhibits

its serine protease activity for one or more HirA1 substrates.
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