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IMPROVED IL-6 ANTIBODIES

RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application No. 62/077,105, filed
November 7, 2014; U.S. Provisional Application No. 62/087,448, filed December 4, 2014; and
U.S. Provisional Application No. 62/247,705, filed October 28, 2015. The entire contents of each

of these applications are incorporated herein by reference.

FIELD OF THE INVENTION
The field of the invention relates to IL-6. More particularly, the field relates to

modulators of IL-6 and their uses in treating disease such as diseases of the eye.

BACKGROUND
IL-6 is a pleiotropic cytokine with reported roles in inflammation, hematopoiesis,
angiogenesis, cell differentiation, and neuronal survival. The present invention relates to

improved IL-6 antibodies and uses thereof.

SUMMARY

The invention relates to IL-6 antibodies and fragments (e.g., antigen-binding fragments)
or derivatives thereof, as well as nucleic acids encoding the IL-6 antibodies and fragments. The
invention also relates to uses of such antibodies, fragments, or derivatives. The antibodies and
fragments or derivatives thereof can be used, for example, in the treatment of an IL-6 associated
disease. In embodiments, the antibody, fragment, or derivative thereof can bind (e.g.,
specifically bind) to an IL-6, e.g., to a human IL-6. In embodiments, the antibody, fragment, or
derivative thereof can bind (e.g., specifically bind) to site II of an IL-6 (e.g., site II of human IL-
6).

In one aspect, provided herein is an isolated anti-IL-6 antibody or antigen binding

fragment thereof comprising: a) a heavy chain variable (VH) domain comprising a VH CDR1

comprising the amino acid sequence of SEQ ID NO:31. a VH CDR2 comprising the amino acid
sequence of SEQ ID NO:32. and a VH CDR3 comprising the amino acid sequence of SEQ ID

NO:33, and b) a light chain variable (VL) domain comprising a VL CDR1 comprising the amino
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acid sequence of SEQ ID NO:34. a VL. CDR2 comprising the amino acid sequence of SEQ ID
NO:35. and a VL CDR3 comprising the amino acid sequence of SEQ ID NO:36.

In one aspect, provided herein is a pharmaceutical composition comprising the isolated

antibody or antigen binding fragment thereof of any one of claims 1-36 and a pharmaceutically

acceptable carrier.

In one aspect, provided herein is the use of the pharmaceutical composition of any one of

claims 27-29 in the manufacture of a medicament for the treatment of an I1.-6 disease

characterized by an elevated level of 1L-6.

In one aspect, provided herein is the use of the pharmaceutical composition of any one of

claims 27-29 in the manufacture of a medicament for the treatment of an ocular disease

characterized by an elevated level of 1L-6.

In one aspect, provided herein is the use of any one of claims 27-29 in the manufacture of

a medicament for the treatment of diabetic macular edema (DME), diabetic retinopathy, dry eve,

allergic conjunctivitis, uveitis, age-related macular degeneration (AMD), proliferative diabetic

retinopathy (PDR)., Rhegmatogenous retinal detachment (RRD), retinal vein occlusion (RVO),

neuromyelitis optica (NMQO), corneal transplant, corneal abrasion, or physical injury to the eve,

characterized by an elevated level of 1L-6.

In one aspect, provided herein is an isolated nucleic acid comprising a sequence encoding

the isolated antibody or antigen binding fragment thereof according to any one of claims 1 to 26.

In one aspect, provided herein is an isolated vector comprising the nucleic acid of claim

35.

In one aspect, provided herein is an isolated host cell comprising the vector of claim 36.

In one aspect, provided herein is the pharmaceutical composition of any one of claims

27-29 for use in therapy.

In one aspect provided herein is an isolated antibody or antigen binding fragment
comprising a heavy chain variable region comprising
(i) a VH CDRI1 comprising the sequence of GYXi;LXoNYLIE (SEQ ID NO:45),
(i) a VH CDR2 comprising the sequence of VX3TPGX4GTIN (SEQ ID NO:46), and
(i) a VH CDR3,
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What is claimed is:

1. 1—AnAn isolated anti-IL-6 antibody or antigen binding fragment thereof comprising-:

a) a heavy chain variable regien(VH) domain comprising
{i+a VH CDR1 comprising the amino acid sequence of &¥ubeNYHELSEQ ID
NO:45};
{i}31, a VH CDR2 comprising the amino acid sequence of ¥ TP&X:6HNASEQ ID
NO:46);32, and
{i+a VH CDR3;
wherein-ene-ormere comprising the amino acid sequence of thefelewingistrue X
isRet-AXo-isrotSXsisrotiSEQ ID NO:33, and XsishetS:

2—b) alight chain variable (VL) domain comprising a VL CDR1 comprising the
amino acid sequence of SEQ ID NO:34, a VL CDR2 comprising the amino acid
sequence of SEQ ID NO:35, and a VL CDR3 comprising the amino acid
sequence of SEQ ID NO:36.

2. The isolated antibody or antigen binding fragment thereof of claim 1, wherein Xithe
VH domain comprises an amino acid sequence, excluding the CDRs, that is V-era

) itution for V. Xois P ) tution for P Yais T )
substitutionfor Fand-%is-G-era—conservativesubstitutionforGat least 90% identical to the
amino acid sequence represented by SEQ ID NO:37.

3. 3—The isolated antibody or antigen binding fragment thereof of claim 1, wherein the
VH domain comprises the amino acid sequence represented by SEQ ID NO:37.

4. The isolated antibody or antigen binding fragment thereof of claim 1-er2wherein,
wherein the VL domain comprises an amino acid sequence that is at least 90% identical,
excluding the CDRs, to the amino acid sequence represented by SEQ ID NO:38.

5. The isolated antibody or antigen binding fragment thereof of claim 1, wherein the VL
domain comprises the amino acid sequence represented by amino acids 1-111 of SEQ ID
NO:38.

6. The isolated antibody or antigen binding fragment thereof of claim 1, wherein the VL
domain comprises the amino acid sequence represented by SEQ ID NO:38.

7. The isolated antibody or antigen binding fragment thereof of claim 1, wherein the VH
domain comprises the amino acid sequence represented by SEQ ID NO:37 and the VL
domain comprises the amino acid sequence represented by SEQ ID NO:38.
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8. The isolated antibody or antigen binding fragment thereof of claim 1, wherein the VH
domain comprises the amino acid sequence represented by SEQ ID NO:37 and the VL
domain comprises the amino acid sequence represented by amino acids 1-111 of SEQ ID
NO:38.

9. The isolated antibody or antigen binding fragment thereof of claim 1, comprising a
light chain comprising an amino acid sequence that is at least 90% identical, excluding the
CDRs, to the amino acid sequence represented by SEQ ID NO: 42 that comprises the VL
domain.

10. The isolated antibody or antlgen blndlng fragmenthas—mereaeed—a#mmy—feehaman—l—l:—é

3 v icalthereof of claim 1, comprising a
light chain comprising the amino acid sequence represented by SEQ ID NO: 42 that
comprises the VL domain.

11. The isolated antibody or antigen binding fragment thereof of claim 1, comprising a
heavy chain comprising an amino acid sequence that is at least 90% identical, excluding the
CDRs, to the amino acid sequence represented by SEQ ID NO:41 that comprise the VH
domain.

12. The isolated antibody or antigen binding fragment thereof of claim 1, comprising a
heavy chain variableregioncomprising the amino acid sequence wheret-Xiis-A X554zt
and-XsisSrepresented by SEQ ID NO:41 that comprises the VH domain.

13. 4—~AnThe isolated antibody or antigen binding fragment thereof of claim 1, comprising
{i-a ¥H-cbriheavy chain comprising the amino acid sequence efrepresented by SEQ ID
NO:34,aVH-CDbR2comprisingd 1 that comprises the seguerceefSEQIB-NO:32,VH domain and a
WH-EBR3light chain comprising the amino acid sequence efrepresented by SEQ ID NO:3342
that comprises the VL.

14. 5—The_isolated antibody or antigen binding fragment efelaim-4,wherein-thethereof of
claim 1, comprising the amino acid sequence represented by SEQ ID NO:39 that comprises
the VH domain.

15. The isolated antibody or antlgen blndlng fragmentha&mereasedﬂaﬁﬂe&y—feehem&n—&—é

€bRithereof of claim 1, comprising the amino acid sequence represented by amino aC|ds 1-

225 of SEQ ID NO:4aH-CDR2comprising39 that comprises the sequence-ofSEQID-NO:5and
e P e e SR e segre e e R SRR -6V H domain.
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comprising an amino acid sequence that is at Ieast 90—9—1—92—93—94—95—96—97—98—9%99%
identical to SEe+b-N6+39-erthe amino acid sequence represented by SEQ ID NO:54,-wherein

settsecuesce (100 COMPIISES srecrrmerelor T oo/ omlne solde soloorad Boona VD0 Dol
T51,and-G55-{numberingaccording to- SEQD-NO:41)the VH domain.

17. 11-AnThe isolated antibody or antigen binding fragment thereof of claim 1,
comprising a-heawyehairan amino acid sequence thatisatleast96,94,92,93,94,95,96,97,98;
009 Hdeatiealtar egresented by SEQ ID NO 4—1—where+n—sa+d4°reav-y—eham—seq-uenee—54 that
comprises

(—ﬁu-mbe%m-g—aeeﬁdmg—te—SEQ—FB—N-Q%the VH domain.
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18. 12-The_isolated antibody or antigen binding fragment efany-enethereof of elaims9-te
Hwhereln-the-claim 1, comprising a heavy chain comprising the amino acid sequence
represented by SEQ ID NO:47 that comprises the VH domain.

19. The isolated antibody or antigen binding fragment thereof of claim 1, comprising a
heavy chain comprising the amino acid sequence represented by SEQ ID NO:47 that
comprises the VH domain and a light chain comprising the amino acid sequence
represented by SEQ ID NO:42 that comprises the VL.

20. The isolated antibody or antigen binding fragment hasinereased-affinityforhumanttb

andlorinereasedpoteneyretativeto-anthereof of any one of claims 1-19, wherein the antibody
is an 1IgG2 antibody.

21. The isolated antlbody or antlgen blndlng fragment@hat—os—etheamse—%rﬁeake*eept—t-hat

e+=4)—am+ne—ae+ds—5e+eeted—£pem—A%84%9—l54—aﬁd—555thereof of claim 20, wherein the antlbody

or antigen binding fragment is an 1gG2-A isoform or an IgG2-A/B isoform.

22.
isolated antlbody or antlgen b|nd|ng fragment eempnses—\%—P%@—T%—l—aad—G%%—and—thethereof

of claim 1, comprising a heavy chain comprising the amino acid sequence represented by
SEQ ID NO:41 comprising 0, 1, 2, 3, or 4 mutations at positions 1254, H311, D313, or H436.

23. The isolated antibody or antigen binding fragment showsimproved-affinity-for humantt

6-andferimproved-potencycompared-with-anthereof of claim 22, wherein the mutation at
position 1254 is 1254A or 1254R.

24. The isolated antibody or antigen binding fragment thatisetherwiseidenticalexceptthat

HecomprisesA28,-530154and-S55thereof of any one of claims 22 or 23, wherein the mutation
at position H311 is H311A, H311E or H311N.

25. 14—The isolated antibody or antigen binding fragment thereof of any one of the
precedingclaims 22-24, wherein the mutation at position D313 is D313T.

26. The isolated antibody or antlgen blndlng fragment#&ptheFeempHses—a—VL—GDR—L

a#l:@DR%—eempHﬂrg—the—sequeﬁee—ef—SEQ—LD—Ne%éthereof of any one of claims 22-25, wherein
the mutation at position H436 is H436A.
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15—Fhe-A pharmaceutical composition comprising the isolated antibody or antigen

binding fragment o
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-Zl—t-e%—?—a-nd—e-pt—%a-l-l-y—a— and a pharmaceutlcally acceptable carrier.

28. 39-The_pharmaceutical composition of claim 3827, wherein the composition
comprises at least 60, 70, 80, 90, 95, or 99% of IgG2-A or IgG2-A/B isoforms of the
antibody, or a combination thereof.

29. 46-The pharmaceutical composition of claim 3827 or 3928, wherein the
eempesitienscomposition comprises less than 10%, 5%, 2%, 1%, or 0.5% of IgG2-B isoforms
of the antibody.

30.  41.-TheUse of the -pharmaceutical composition of any one of claims 38-4627-29; for
gse-inthe in the manufacture of a medicament for the treatment of an IL-6 asseciated-disease
characterized by an elevated level of IL-6.

31. 42—The-Use of the pharmaceutical composition of elaim-4iany one of claims 27-29 ;
feruse-inthein the manufacture of a medicament for the treatment of an ocular disease
characterized by an elevated level of IL-6.

32. 12—The ecemeesitionatelairmiohormeeestonl corroociion e m 152 Of claim 57,
wherein the IL-6 associated disease is an ocular disease characterized by an elevated level
of IL-6 in the vitreous.

33. Use of -any one of claims 27-3229: feruse-in-thein the manufacture of a medicament
for the treatment of diabetic macular edema (DME), diabetic retinopathy, dry eye-{e-g--¢+y

eye-disease-ordry-eyesyndreme};, allergic conjunctivitis, uveitis, age-related macular
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degeneration (AMD), proliferative diabetic retinopathy (PDR), Rhegmatogenous retinal
detachment (RRD), retinal vein occlusion (RVO), neuromyelitis optica (NMO), corneal
transplant, corneal abrasion, or physical injury to the eye-, characterized by an elevated
level of IL-6.

34.  45-The methedpharmaceutical-compositionforuse of claim 4431- or 32, wherein the
H-6-associated-diseaseisan-ocular disease is dry eye disease or dry eye syndrome,
characterized by an elevated level of IL-6-+n-the-vitreous.

35. 49—AAn isolated nucleic acid comprising a sequence encoding anthe isolated
antibody or antigen binding fragment thereof according to any one of claims 1 to 3726.

36. 5+—AAn isolated vector comprising the nucleic acid of claim 49-e+56—35.
108



52—AAn isolated host cell comprising the vector of claim 36.

37.

38. The pharmaceutical composition of any one of claims 27-29 for use in therapy.
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