(12) STANDARD PATENT (11) Application No. AU 2018322032 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)
(44)

(71)

(72)

(74)

(56)

Title
Highly concentrated low viscosity MASP-2 inhibitory antibody formulations, kits, and
methods of treating subjects suffering from atypical hemolytic syndrome

International Patent Classification(s)
CO7K 16/40 (2006.01) A61K 45/06 (2006.01)
A61K 39/395 (2006.01)
Application No: 2018322032 (22) Date of Filing:  2018.08.21
WIPO No: WO19/040453

Priority Data

Number (32) Date (33) Country
62/550,328 2017.08.25 us
Publication Date: 2019.02.28

Accepted Journal Date: 2025.04.17

Applicant(s)
Omeros Corporation

Inventor(s)
DEMOPULOS, Gregory  A.;FERGUSON, Kenneth M..LAMBERT, William
Joseph;WHITAKER, John Steven

Agent / Attorney

FPA Patent Attorneys Pty Ltd, Level 19, South Tower 80 Collins Street, Melbourne, VIC,
3000, AU

Related Art
WO 2017/083371 A1




wO 2019/040453 A1 | I 0000 00000 Y0 T 00 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
28 February 2019 (28.02.2019)

(10) International Publication Number

WO 2019/040453 Al

WIPO I PCT

(51) International Patent Classification:
CO7K 16/40 (2006.01) AG61K 45/06 (2006.01)
A61K 39/395 (2006.01)

(21) International Application Number:
PCT/US2018/047255

(22) International Filing Date:
21 August 2018 (21.08.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/550,328 25 August 2017 (25.08.2017) UsS

(71) Applicant: OMEROS CORPORATION [US/US]; 201
Elliott Avenue West, Seattle, WA 98119 (US).

(72) Inventors: DEMOPULOS, Grogory, A.; 4845 Forest Av-
enue SE, Mercer Island, WA 98040 (US). FERGUSON,
Kenneth, M.; 2125 First Avenue #2902, Seattle, WA 98121
(US). LAMBERT, William, Joseph; PO Box 3032, In-
cline Village, NV 89450-3032 (US). WHITAKER, John,
Steven; 1510 40th Avenue, Seattle, WA 98122 (US).

(74) Agent: QUINTON, Tineka, J.; Omeros Corporation, 201
Elliott Avenue West, Seattle, WA 98119 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: HIGHLY CONCENTRATED LOW VISCOSITY MASP-2 INHIBITORY ANTIBODY FORMULATIONS, KITS, AND
METHODS OF TREATING SUBJECTS SUFFERING FROM ATYPICAL HEMOLYTIC SYNDROME

Syringeability: Average Load

6
5
g 4
E 3
P
o~
o
§
< 1
Q} .
GA | 15GA | 25GA | MGA | 25GA | 5CA | 27GA | 15GA | 25GA
(Thin-Wall) {Thin-Wsll (Thin-Wsll
185 mg/mL ! 185 mg/mL 185 mgfmL
26 M Citrate, 200 mM Arglaine | 20 mM Histidine, 200 mM Argiaine | 20 mM Citrate, 200 mM Arginize
0.01% PS-80, pH 5.8 ! 0.01% PS-88, pH 5.9 pH 33

FIG.74

(57) Abstract: The present invention relates to therapeutic methods of using stable, high-concentration low-viscosity formulations of
MASP-2 inhibitory antibodies, and kits comprising the formulations for treating subjects suffering from atypical hemolytic uremic

syndrome (aHUS).

[Continued on next page]



WO 2019/040453 A1 |10} 00P 000 000 OO Y0 0O

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))
—  with sequence listing part of description (Rule 5.2(a))



WO 2019/040453 PCT/US2018/047255

HIGHLY CONCENTRATED LOW VISCOSITY MASP-2 INHIBITORY ANTIBODY
FORMULATIONS, KITS, AND METHODS OF TREATING SUBIECTS SUFFERING
FROM ATYPICAL HEMOLYTIC SYNDROME

FIELD OF THE INVENTION
The present invention relates to stable, high-concentration low-viscosity formulations
of MASP-2 mhibitory antibodies, kits comprnising the formulations and therapeutic methods
asing the formulations and kits for inhubiting the adverse effects of MASP-2 dependent

complement activation.
STATEMENT REGARDING SEQUENCE LISTING

The sequence listing associated with this application is provided in text format in licu
of a paper copy and 1s hereby incorporated by reference mto the specification. The name of
the st file containing the sequence listing is

on August 14, 2018; and 1s bemg submitted via EFS-Web with the filing of the specitication.
BACKGROUND

Antibody-based therapy 1s usually administered on a regular basis and often requires
several mg/kg dosing by injection. A preferred form of delivery for treating chronie conditions
15 outpationt administration of high-dose monoclonal antibodies {(several mg per kg) via
subcutancous (5C) injection {Stockwin and Holmes, Fxperr Opin Hiol Ther 3:1133~1152
(2003); Shire et al., J Pharm Sci 93:1390-1402 (2004}, Highly concentrated pharmaceutical
formudations of a therapeutic antibody are desirable because they allow lower volume
administration and/or fewer adnmunistrations which consequently mean less discomfort to the
patient. Additionally, such lower volumes allow packaging of the therapeutic doses of a
monoclonal antibody in individual single-dose, pre-filled syringes for self-administration. SC
delivery via pre-filled syringe or auto-injector technology allows for home admimistration and
improved patient compliance of drug administration.

However, the development of a formulation with a high protein concentration poses
challenges related to the physical and chemical stability of the protein, as well as difficulty
with manufacture, storage and delivery of the protein formulation (sec c.g., Wang et al., J of
Pharm Sci vol 96(1):1-26, (2007)). A challenge m the development of high protein

concentration formulations is concentration-dependent solution viscosity. At a given protein
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concentration, viscosity vanes dramatically as a function of the formulation. In particular,
monoclonal antibodies are kaown to exhibit pecuhar and diverse viscosity-concentration
profiles that reveal a sharp cxponential increasc in solution viscosity with increasing
monoclonal antibody concentration (see e.g., Connolly B.D. et al., Biophysical Journal vol
103:65-78, (2012)). Ancther challenge with higuid formulations at high monoclonal antibody
concentration s protein physical stability (Alford ot al., J Pharm Sci 97:3005-3021 (2008);
Salinas et al., J Pharm Sci 99:82-93 (2010); Sukumar et al., Pharm Res 21:1087-1093 (2004)).
Therefore, the high viscosity of monoclonal antibody pharmaceutical formulations at high
concentrations together with the potential for decreased stability can impede their development
as products suitable for subcutancous and/or intravencus delivery.

The complement syvstem plays a role in the inflammatory response and becomes
activated as a result of tissue damage or microbial infection. Complement activation must be
tightly regulated to ensure selective targeting of mvading microorganisms and avoid self-
mflicted damage (Ricklin et al, Nar Immunol. 11:785-797, 2010). Currently, 1t is widely
accepted that the complement system can be activated through three distinet pathways: the
classical pathway, the lectin pathway, and the alternative pathway. The classical pathway is
usoally triggered by a complex composed of host antibodies bound to a foreign particle (e,
an antigen) and generally requires prior exposure to an antigen for the generation of a specific
antibody response. Since activation of the classical pathway depends on a prior adaptive
immune response by the host, the classical pathway is part of the acquired immune system. In
contrast, both the lectin and alternative pathways are independent of adaptive immunity and
are part of the innate inmune system.

Mannan-binding lectin-associated serine protease-2 (MASP-2) has been shown to be
required for the function of the lectin pathway, one of the principal complement activation
pathwayvs {(Vorup-fensen ¢t al., J Tmmumol 165:2093-2100, 2000, Ambrus ot al., J Tmmunol.
170:1374-1382, 2003; Schwaeble et al., PNAS 108:7523-7528, 201 1). Importantly, inhibition
of MASP-2 does not appear to interfere with the antibody-dependent classical complement
activation pathway, which is a critical component of the acquired inunune response to
mfection. As described in U.S. Patent No. 9,011,860 {(assigned to Omeros corporation), which
i3 herchy meorporated by reference, OMS646, a fully human monoclonal antibody targeting
human MASP-2 has been generated which binds to human MASP-2 with high affinity and
blocks the lectin pathway complement activity and is therefore useful to treat various lectin

coraplement pathway-associated discases and disorders.
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As further described i U.S. Patent No. 7,919,094, US. Patent No. 8,840,893, U S.
Patent N0.8,652.477, U.S. Patent No. 8,951,522, U.S. Patent No. 9.011,860; U.S. Patent No.
9,644,035, U.S. Patent Application Publication Nos. US2013/0344673, US2013/0266360, US
2015/0166675; US2017/0189525; and co-pending U.S. Patent Application Serial Nos.
15/476,154, 15/347 434, 15/470,647, 62/315,857, 62/275,025 and 62/527 926 {cach of which
is assigned to Omeros Corporation, the assignee of the instant application, cach of which is
hereby incorporated by reference), MASP-Z-dependent complement activation has been
mmplicated as contributing to the pathogenesis of numerous acute and chromic disease states.
Therefore, anced exists for a stable, high-concentration, low-viscosity formulation of a MASP-
2 monoclonal antibody that is suitable for parenteral {c.g., subcutancous) administration, for
treatment of subject suffering from MASP-2 complement pathway-associated diseases and

disorders.

SUMMARY

In one aspect, the present disclosure provides a stable pharmaceutical formulation
suttable for parenteral admumistration to a mammalian subject, comprising: (&) an aqueous
solution comprising a buffer system having a pH of 5.0 to 7.0; and (b) a monoclonal antibody
or fragment thereof that specifically binds to human MASP-2 at a concentration of about 50
mg/ml. to about 250 mg/ml., wherein said antibody or fragment thereof comprises (i) a heavy
chain variable region compnsing CDR-HI, CDR-H2 and CDR-H3 of SEQ ID NG:2 and (1) a
Lght chain variable region comprising CDR-L1, CDR-L2 and CDR-L3 of SEQ ID NGO:3, or a
variant thereof comprising a heavy chain variable region having at least 95% identity to SEQ)
1D NO:2 and a light chain vanable region having at least 95% wdentity to SEQ 1D NO:3;
wherein the formulation has a viscosity of between 2 and 30 centipoise (¢P), and wherein the
formulation is stable when stored at between 2°C and §°C for at least one month. In some
embodiments, the concentration of the anttbody in the formulation is from about 150 mg/mi.
to about 200 mg/mi. In some embodiments, the viscosity of the formulation less than 25 ¢P.
In some embodiments, the buffering svstem comprises histidine. In some embodiments, the
buffering system comprises citrate. In some embodiments, the formudation further comprises
an cxeipient, such as a tonicity modifyving agent m a sufficient amount for the formulation to
be hvpertomic. In some embodiments, the formulation further comprises a surfactant. In some

embodiments, the formulation further compriscs a hyaloronidase enzyme I an amount
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effective to ncrease the dispersion and/or absorption of the antibody following subcutaneous
administration.

In another aspect, the formulation is contained within a subcutancous administration
device, such as a pre-filled syringe.

In another aspect, the present disclosure provides a kit comprising a pre-filled

container containing the formulation.

In another aspect, the present disclosure provides a pharmaceutical composition for use
in treating a patient suffering from, or at risk for developing a MASP-2-dependent discase or
condition, wherein the composition is a stenile, single-use dosage form comprising from about
350 mg to about 400 mg (1.e., 350 mg, 360 mg, 370 mg, 380 mg, 390 mg, or 400 mg) of MASP-
2 mhibitory antibody, wherein the composition comprises about 1.8 mL to about 2.2 mL (ie.,
18mb, 19mb, 2.0 ml, 2.1 mL or 2.2 ml) of a 185 mg/mL antibody formulation, such as
disclosed herein, whercin said antibody or fragment thereof comprises (i) a heavy chain
variable region comprising the amino acid sequence set forth in SEQ D NO:2 and (1) a light
chain variable region comprsing the amino acid sequence set forth in SEQ ID NG:3; and
wherein the formulation is stable when stored at between 2°C and 3°C for at ieast six months.
In some embodiments, the MASP-2 dependent discase or condition is selected from the group
consisting of aHUS, HSCT-TMA, IgAN and Lupus Nephritis (LN).

In another aspect, the present disclosure provides a method of treating a subject
suffering from a disease or disorder amenable to treatment with a MASP-2 inhibitory
antibody comprising administering the formulation comprising a MASP-2 antibody, as
disclosed herein.

In another aspect, the present disclosure provides a method of treating a subiect
suffering from, or at risk for developing aHUS comprising administering to the subject an
effective amount of an anti-MASP-2 antibody, or antigen binding fragment thercof,
comprising a heavy chain variable region comprising the amino acid sequence set forth in
SEQ 1D NO:2 and (u1) a light chain variable region comprising the amino acid sequence sct
forth m SEQ 1D NO:3; wheremn the method comprises an adoinistration cvele comprising an
mduction phase and a maintenance phase, whergin:

{a) the induction phase comprises a period of one week, wherein the antu-MASP-2

antibody, or antigen-binding fragment thereof, is administered at a dose of about 370

mg on Day 1 and on Day 4; and
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{b) the mamtenance phase comprises a period of at least 26 weeks, commencing on Day |
of the induction period, wherein the anti-MASP-2 antibody, or antigen-binding

fragment thereof, is administered at a daily dose of about 150 mg.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will
become more readilv appreciated as the same become better understood by reference to the
following detaled description, when taken in conjunction with the accompanying drawings,
wherein:

FIGURE 1A graphically iHlustrates the amount of lectin pathway-dependent membrane
attack complex (MAC) deposition in the presence of different amounts of human MASP-2
monoclonal antibody (OMS646), demonstrating that OMS646 inhibits loctin-mediated MAC
deposition with an ICse value of approximately 1 oM, as described in Example 1;

FIGURE 1B graphically illustrates the amount of classical pathway-dependent MAC
deposition n the presence of different amounis of human MASP-2 monoclonal antibody
{OMS646}, demonstrating that OMS646 does not imhibit classical pathway-mediated MAC
deposition, as described in Example 1;

FIGURE 1€ graphically illustrates the amount of alicmative pathway-dependent MAC
deposition in the presence of human MASP-2 monoclonal antibody (OMS646), demonstrating
that OME646 does not inhibit altemative pathway-mediated MAC deposition, as described m
Example 1;

FIGURE 2A graphically illustrates the results for Dynamic Light Scattering (DLS)
analysis for OMS646 formulation excipient screening, showing the overall particle diameter
observed for formulations containing various candidate excipients, as deseribed in Example 2;

FIGURE 28  graphically dlustrates the results for DLS analysis for OMS646
formulation excipient screening, showing the overall polydispersity observed for tormulations
containing various candidate excipients, as described in Example 2;

FIGURE 3 graphically illustrates the results of viscosity analvsis of a range of OMS646
concentrations in varous formulations as measured at pH 3.0 and pH 6.0, as described m
Example 2;

FIGURE 4 graphically illustrates the percent protein recovery following buffer-
exchange for the OMS646 solubility/viscosity study with vanous candidate formulations, as

described 1in Example 2;
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FIGURE 3 graphically llustrates the viscosity (as determined by exponential fit of the
viscosity data} versus protein concentration for the OMS646 solubility/viscosity study with
various candidate formulations, as described in Example 2;

FIGURE 6 graphically illustrates the protem concentration-normalized viscosity data
for the viscosity study with various candidate OMS646 formulations, as described in Example
2

FIGURE 7A graphically tllustrates the average load (Ibf) of three candidate OMS646
formulations 1o a syringeability study using 27 GA (1.257), 25GA (17} and 25GA thin-walled
{17} needles as described in Example 3; and

FIGURE 7B graphically illustrates the maximum load (1bf) of three candidate OMS646
formulations in a svringeability study using 27 GA (1.257), 25GA (17} and 25GA thin-walled

(17} needles as described in Example 3.

DESCRIPTION OF THE SEQUENCE LISTING
SEQ ID NO: 1 human MASP-2 protein (mature)
SEQ 1D NO:2: OMS646 heavy chain variable region (VH) polypeptide
SEQ 1D NO:3: OMS646 hght chain variable region (VL) polypeptide
SEQ 1D NO:4: OMS646 heavy chain IgG4 mutated heavy chain full length polypeptide
SEQ D NO:5: OMS646 light chain full length polyvpeptide
SEQ ID NO:6: DNA encoding OMS646 full length heavy chain polvpeptide
SEQ ID NO:7: DNA encoding OMS646 full length light chain polypeptide.

DETAILED DESCRIPTION

L DEFINITIONS

Unless specifically defined herein, all terms used heremn have the same meaning as
wottld be understood by those of ordinary skill in the art of the present invention. The folowing
definitions are provided in order to provide clarity with respect to the torms as they are used in
the specification and claims to describe the present invention.

Standard technigues may be used for recombinant DNA| oligonucleotide svnthesis, and
tissue colture and transformation {e.g., clectroporation, lipofection). Enzymatic reactions and
purification techniques may be performed according to manufacturer's specifications or as
commonly accomplished in the art or as described heremn. These and related technmigues and
procedares may be generally performed according to conventional methods well known in the

6
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art and as described 1n various general and more specific references that are cited and discussed
throughout the present specification.  See eg., Sambrook er af, 2001, MOLECULAR
CLONING: A LABORATORY MANUAL, 3d od., Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y .. Current Protocols in Molecular Biology (Greene Publ. Assoc. Inc.
& John Wiley & Sons, Ing., NY, NY); Carrent Protocols 1 Immunology (Edited by John E.
Coligan, Ada M. Kruisbeek, David H. Margulies, Ethan M. Shevach, Warren Strober 2001
John Wiley & Sons, NY, NY); or other relevant Current Protocol publications and other hike
references. Unless specific definitions are provided, the nomenclature utilized 1o connection
with, and the laboratory procedures and technigues of, molecular biology, analytical chemistry,
synthetic organic chemistry, and medicinal and pharmaceutical chemistry described herein are
those well known and commonly used n the art. Standard techniques mav be used for
recombinant technology, molecular biological, microbiclogical, chemical syntheses, chemical
analyses, pharmaceutical preparation, formulation, and deliverv, and treatment of patients.

The torm “pharmaceutical formulation” refers to a preparation that is m such form as
to permit the biological activity of the active agent {¢.g., MASP-Z inhibifory antibody) to be
cffective for treatment, and which contains no additional components that are unacceptably
toxic to a subject in which the formulation would be administered. Such formulations are
sterile.  In one embodiment, the pharmaceutical tormulation is suitable for parcnteral
admnigtration, such as subcutancous administration.

The term “MASP-27 refers to mannan-binding lectin-associated sevine protease-2.
Human MASP-2 protein {(mature) is set forth as SEQ D NO:1.

The term "MASP-2-dependent complement activation” comprises MASP-Z-dependent
activation of the lectin pathway, which occurs under physiological conditions (1.2, in the
presence of Ca™) leading to the formation of the lectin pathway C3 convertase C4bZa and upon
accumulation of the C3 cleavage product C3b subsequently to the C5 convertase C4b2a(C3bn.

The term "lectin pathway" refers to complement activation that occurs via the specific
binding of serum and non-serum carbohvdrate-binding proteins mcluding mannan-binding
fectin (MBL)}, CL-11 and the ficolins (H-ficolin, M-ficolin, or L-ficolin}.

The term "classical pathway” refers to complement activation that is triggered by an
antibody bound to a forgign particle and requires binding of the recognition molecule Clg,

The term "MASP-2 inhibitory antibody" refers to an antibody, or antigen binding
fragment thereof, that binds to MASP-2 and effectively inhibits MASP-2-dependent
complement activation {¢.g., OMS646). MASP-2 mhibitory antibodies usetul m the method
of the invention may reduce MASP-2-dependent complement activation by greater than 20%,

7
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such as greater than 30%, or greater than 40%, or greater than 30%, or greater than 60%, or
greater than 70%, or greater than 80%, or greater than 90%, or greater than 95%.

The term "OMS646 monocional antibody” refers to a monocional antibody comprising
CDR-HI, CDR-H2 and CDR-H3 of the heavy chain vanable region amino acid sequence set
forth i SEQ ID NO:2 and comprising CDR-L1, CDR-L2 and CDR-L3 of the light chain
variable region amino acid sequence sct forth in SEQ ID NOG:3. This particular antibody is an
example of a MASP-2 mhibttory antibody that specitically binds to MASP-2 and inhibits
MASP-2 dependent complement activation.

A “monoclonal antibody” refers to a homogensous antibody population wherein the
monoclonal antibody is comprised of amino acids (naturally occurring and nou-naturally
occurring) that are involved in the selective binding of an epitope. Monoclonal antibodies are
highly specific for the target antigen. The term "monoclonal antibody" encompasses not only
mtact monoclonal antibodies and full-length monoclonal antibodies, but also fragments thereof
{such as Fab, Fab', F(ab"):, Fv), single chain {scFv), variants thercof, fusion proteins comprising
an antigen-binding portion, humanized monocional antibodies, chimeric monoclonal
antibodies, and any other modified configuration of the mmunoglobulin molecule that
compnses an antigen-binding fragment (epitope recoguition site} of the required specificity
and the ability to bind to an cpitope. It is not intended to be luntied as regards the source of
the antibody or the manner m which it 15 made {e.g, by hybridoma, phage sclection,
recombinant expression, transgenic animals, ¢tc.}. The term includes whole immunoglobulins
as well as the fragments etc. described above under the definttion of "antibody".

The term "antibody fragment” refers to a portion derived from or related to a full-length
antibody, sach as, for example, a MASP-2 inhibitory antibody, generally including the antigen
binding or variable region thereof Hlustrative examples of antibody fragments include Fab,
Fab', F{ab)y, F{ab'})p and ¥Fv fragments, scFv fragments, diabodies, linear amtibodics,
single-chain antibody molecules and mudtispecific antibodies formed from antibody fragments.

As used herein, a "single-chain Fv" or "scFv" antibody fragment comprises the Vi and
V1 domains of an antibody, wherein these domains are present in a single polvpeptide chain.
Generally, the Fv polvpeptide further comprises a polypeptide linker between the Vg and Vi
domains, which enables the scFv to form the desired structure for antigen bindmg.

The term “CDR region” or “CDR” s intended to indicate the hypervariable regions of
the heavy and light chains of the immunoglobulin as defined by Kabat et al., 1991 (Kabat, E.

A etal , (1991) Sequences of Proteins of Immunological Interest, S Edition and later editions.



WO 2019/040453 PCT/US2018/047255

An antibody typically contains 3 heavy chain CDRs and 3 light chain CDRs. The term CDR
or CDRs 18 used here in order to indicate, according to the case, one of these regions, or several,
or ¢ven the whole, of these regions which contain the majority of the amino acid residues
responsible for the binding by affinity of the antibody for the antigen of the epitope which it
recognizes.

The term "specific binding” refers to the ability of an antibody to preferentially bind to
a particular analvie that is present in a homogencous mixture of different analvtes. In certain
embodiments, a specific binding interaction will discriminate between desirable and
andesirable analvies in a sample, in some embodiments more than about 10 to 100-fold or more
{c.g., more than about 1000- or 10,000~fold). In certain embodiments, the affinity between a
capture agent and analyvte when they are specifically bound in a capture agent/analyvte complex
is characterized by a Ky {(dissociation constant) of less than aboat 100 nM, or less than about
50 nM, or less than about 25 oM. or less than about 10 nM, or less than about 3 oM, or less
than about 1 oM.

The term "isolated antibody” refers to an antibody that has been identified and separated
and/or recovered and/or purified from a component of its natural environment or cell culture
expression sysiem. In preferred embodiments, the antibody will be punfied (1) to greater than
95% by weight of antibody and most preferably more than 99% by weight; as determined by a
suitable method to measure protein concentration, such as, for example, the Lowry method, or
absorbance at D280, (2} to a degree sufficient to obtain at keast 15 residues of N-terminal or
mternal anino acid sequence by use of a spinning cup sequenator; or {3) to homogeneity by
SDS-PAGE under reducing or non-reducing conditions using Coomassie blue or, preferably,
sifver stain. Typically an isolated antibody for use in the formulations disclosed herein will be
prepared by at least one purification step.

Ags used herein, the anuno acid residuces are abbreviated as follows: alanine (AlaA},
asparaginge (Asn: N}, aspartic acid (Asp; D), argmine (Arg:R), cysteine (Cys (), glutamic acid
{Ghi E), ehatamine (Gln Q) glycme (Gly. G}, histidine (Hush), isoleucine (Jha), leucine (Lull),
lvsing {Lys;K), methionine {(Met;M), phenvialanine (Phe ¥}, proline (Pro;P), serine (Ser;S),
threonine {Thr; T}, tryptophan (Trp; W}, tyrosine {Tyr;Y), and valine (Val,V).

In the broadest sense, the naturally occurring aming acids can be divided into groups
based upon the chemical characternistic of the side chain of the respective amino acids. By
"hydrophobic" amino acid s meant either He, Leu, Met, Phe, Trp, Tyr, Val, Ala, Cys or Pro.

By "hydrophilic” amino acid is meant ¢ither Gly, Asn, Gln, Ser, Thr, Asp, Glu, Lys, Arg or
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His. This grouping of amino acids can be further subclassed as follows. By "uncharged
hydrophilic” ammo acid 1s meant either Ser, Thr, Asn or Gln. By "acidic” amino acid 13 meant
cither Glu or Asp. By "basic” amino acid is meant cither Lys, Arg or His.

As used herein the term "conservative anmino acid substifution” is dlustrated by a
substitution among amino acids within each of the followmg groups: (1) glveine, alanine,
valine, leucine, and isoleucine, {2} phenvlalanine, tyrosine, and tryptophan, (3} serine and
threomine, (4) aspartate and glutamate, (5) glutamine and asparagine, and (6) lvsine, arginine
and histidine.

Ag used herein, "a subject” includes all mammals, mcluding without lmmitation,
humans, non-human primates, dogs, cats, horses, sheep. goats, cows, rabbits, pigs and rodents.

The term “pharmaceutically acceptable” with respect to an excipient m a
phamaceutical formulation means that the excipent 1s suitable for administration to a human
subject.

The term “subcutancous administration” refers to administration of a fornwlation under
all lavers of the skin of a subject.

The term "buffer” refers to a boffered solution that resists changes in pH by the action
of its acid-basc conjugate components. The buffer of this mvention has a pH in the range from
about 4 to about 8; preferably from about 5 to about 7, and most preferably has a pH in the
range from about 5.5 to about 6.5. Examples of buffers that will control the pH in this range
mclude acetate {e.g., sodium acetate}, succinate (such as sodium succinate), gluconate,
histidine, citrate, and other organic acid buffers. A “buffering agent” is a compound that is used
to produce buftered solutions.

The term “histidine” specifically includes L-histidine unless otherwise speetfied.

The term "isotonic” refors to a formulation that has essentially the same osmuotic
pressure as human blood. Isotonic formulations will generally have an osmotic pressure from
about 250 to about 330 mOsmol/KgH20. Tsotonicity can be measured using a vapor pressure
or freezing point depression osmometer, for example.

The term “hypertonic” refers to a formulation with an osmotic pressure above that of
human (i.¢., greater than 350 mOsm/KgH20).

The term “tonicity modifyving agent” refers to a pharmacecutically acceptable agent
suitable to provide an isctonic, or in some embodiments, a hypertonic formulation.

The term “sterile” refers to a pharmaceutical product that s asceptic or free of viable

bactenia, fungi or other microorganisms, which can be achieved by anv suitable means, such
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as, for example, a formulation that has been aseptically processed and filled, or filtered through
sterile filtration membranes, prior to, or following, preparation of the formudation and filled.

The term “stable formulation” refers to maintenance of the starting level of purity of a
formulation over a period of time. In other words, if a formulation 1s at least 95% pure, such
as at least 96% pure, at least 97% pure, at least 98% pure or at least 99% pure with respect to
a given antibody species (¢.g.. MASP-2 mhibitory antibody) at time 0, stability is a measure of
how well and for how long the formulation retains substantially this level of punity {(e.g.,
without formation of other specics, such as fragmented portions (LMW) or aggregates of the
pure specigs (HMW))., A formulation 18 stable if the level of purity does not decrease
substantially when stored at approximately 2-8°C over a given period of time, such as at Jeast
6 months, at least 9 months, at least 12 months, or at least 24 months. By “not decrease
substantially.” 15 meant that the level of purity of the formulation changes by less than 5%,
such as by less than 4%, or by less than 3%, or by less than 2% or by less than 1% per time
period {c.g., over 6 months, over Y months or over 12 months or over 24 months). In one
embodiment, a stable formulation is stable at a temperature of from 2-8°C for a period of at
least six months. In a preferred embodiment, a stable formulation is stable at a temperature of
from 2-8°C for a period of at least one vear, or for a pericd of at least two years. In one
embodiment, the formulation is stable if the MASP-2 inhibitory antibody remains at least 95%
monomeric during storage at 2°C to 8°C for at least one month, or for at least six months, or
for at least 12 months, as determined by SEC-HPLC.

The term "preservative” refers to a compound which can be included in a formulation
to essentially reduce bacterial growth or contamination. Non-limiting examples of potential
preservatives inclade octadecyldimethyibenzyl ammontam chlonide, hexamethonium chlonide,
benzalkoniom chlonde (a mixture of alkylbenzyidimethylammonium chlorides in which the
alkyl groups are long-chain compounds), and benzethonium chloride. Other types of
preservatives include aromatic alcohols such as phenol, butvl and benzyl alcohol, alkyl
parabens such as methyl or propyl paraben, catechol, resorcinol, cvelohexanol, 3-pentanol, and
m-cresol.

The term “excipient” refers to an inert substance m a formulation which imparts a
beneficial physical property to a formulation such as increased protein stability and/or
decreased viscosity. Examples of suitable excipients include, but are not lumited to, proteins
{c.g., serom albumin}, amino acids {e.g., aspartic acid, glutamic acid, lvsine arginine, glycine
and histiding), saccharides (¢.g., glucose, sucrose, maltose and trchalose), polvols {¢.g.,
mannitol and sorbitol), fatty acids and phospholipids (e.g., alkyvl sulfonates and caprylate).
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The torm "substantially free” moeans that cither no subsiance 1s present or ondy minimal,
trace amounts of the sabstance are prosent which do not have any substantial impact on the
propertics of the composition. If reforence is made 1o no amount of a substance, i shouid be
vnderstood as "no detectable amount.”

The term “viscosity” refers to the measure of the resistance of a fluid which is being
deformed by cither shear stress or tenstle stress; it can be evaluated using 3 viscometer {e.g., a
rolling ball viscometer} or theometer. Unless otherwise indicated, the viscosity measurement
{centipoise, ¢P) 1s that at about 25°C with a shear rate in the range of 100,000 to 250,000 1/sec.

The term “parenteral adminmistration” refers o a route of administration other than by
way of the intestines and includes injection of a dosage form into the body bv a svringe or other
mechanical device such as an mfusion pump. Parenteral routes can mclude intravenous,
mtramuscolar, subcutancous and intraperitongal routes of admunistration. Subcutancous
mjection is a preferred route of administration.

The term "treatment” refers to therapeutic treatment and/or prophvlaciic or preventative
measures. Those in need of treatment mcelude the subjects already having the disease as well
as those in which the discase 1s to be prevented. Hence, the patient to be treated herein may
have been diagnosed as having the disease or may be predisposed or susceptible to the discase.

The term "effective amount” refers to an amount of a substance that provides the desired
gffect. In the case of a pharmaceutical drog substance it 1s the amount of active ingredient
affective to treat a disease in the patient. In the case of a formulation ngredient, for example,
a hyaluronidase enzyme, an cffective amount is the amount neccssary to increase the dispersion
and absorption of the co-admimstered MASP-2 mhibitory antibody in such a way that the
MASP-2 inhibitory antibody can act in a therapeutically effective way as outlined above.

As used herein, the term “about” as used herein is meant to specify that the specific
value provided may vary to a certain extent, such as a variation in the range of £10%, preferably
+5%, most preferably £2% are included in the given value. For example, the phrase “a
phamaceutical formulation having about 200 mg/mb MASP-2 inlubitory antibody”™ is
understood to mean that the formulation can have from 180 mg/mlk. to 220 mg/mi, MASP-2
mhibitory antibody {¢.g., OMS646). Where ranges are stated, the endpoints are mcluded within
the range unless otherwise stated or otherwise evident from the context.

As used herein the singular forms "a", "an" and "the" include plural aspects unlegs the
context clearly dictates otherwise. Thus, for example, reference to "an excipient” includes a
plurality of such excipients and equivalents thereof known to those skilled in the art, reference
to "an agent” mchudes one agent, as well as two or more agents; reference to "an antibody™
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mcludes a plurality of such antibodies and reference to "a framework region” includes reference
to one or more framework regions and equivalents thereof known to those skilied in the art,
and so forth.

Each embodiment n this specification is to be applied pudtaris mutandis to every other
embodiment unless expressly stated otherwise. It 18 contemplated that any embodiment
discussed in this specification can be implemented with respect to any method, kit, reagent, or
composition of the invention, and vice versa. Furthermore, compositions of the invention can

be used to achieve methods of the invention.
if Overview of the Invention

The present disclosure provides stable, high-concentration low-viscosity MASP-2
mhibitory antibody pharmaceutical formulations suitable for parenteral administration {¢.g.,
subcutancous adnunistration) and also suitable for dilution prior fo mtravenous admunistration.
Highly concentrated pharmaccutical formulations of therapeutic antibody are desirable because
they allow lower volume administration and/or fewer administrations, which consequently
mean legs discomfort to the paticnt. Additionally, such lower volumes allow packaging of the
therapeutic doses of MASP-2 mhibttory antibody in individual single-dose, pre-filled syringes
or vials for self-admimistration. The high-concentration, low-viscosity formulations of the
present disclosure comprise an agquecus solution comprising a buffer system having a pH of
4.0 to 8.0, more preferably having a pH of about 5.0 to about 7.0, and a MASP-2 inhibitory
monoclonal antibody {e.g., OMS646} or antigen-binding fragment thereof at a conceniration
of about 30 mg/mL to about 250 mg/mL. In preferred embodiments, the MASP-2 inhibitory
antibody {c.g., OMS646) is present in the high concentration formulations sutable for
subcutancous administration at a concentration of from about 100 mg/mL to about 250 mg/mi..
In particular embodiments, the MASP-2 ihibitory antibody {¢.g., OMS646) is present in the
high concentration formulations at a concentration of from about 150 mg/ml to about 200
mg/ml., such as about 173 mg/ml. to about 195 mg/mi., such as about 185 mg/ml.

In varnious embodiments, the pharmaceutical formulations further comprise, m addition
to the highly concentration MASP-2 inhibitory antibody and buffer svstem, one or more
exeipients, such as a tonicity modifyving agent (¢.g.. an aminc acid with a charged side cham),
and optionally a non-~ionic surfactant. In some embodiments, the pharmaceutical formulations
m accordance with this disclosure further comprise a hyaluronidase enzyme.

A significant advantage of the highly concentrated pharmaceatical formulations of

MASP-2 mhibitory antibody of the present invention is their low viscosity at high protein
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concentrations. As known to those skilled in the art, high viscosity of monoclonal antibody
pharmaceutical formulations at concentrations >100 mg/mL can impede their development as
products suitable for subcutancous and/or intravenous deliverv. Therefore, pharmaceutical
formulations having lower viscosity are highly desirable because of their ease of
manufacturability, such as but not limited to processing, filtering, and filing. As described in
Examoples 2 and 3 herein, the formmulations of the present disclosure comprising from 100
mg/ml to 200 mg/mi, MASP-2 miubitory antibody OMS646 have surprsingly low viscosity,
such as a viscosity less than about 50 ¢P, such as between 2 ¢P and 50 ¢P, such as between 2
P and 40 ¢P, such as between 2 ¢P and 30 ¢P, or between 2 ¢F and 25 ¢P, or between 2 ¢P and
20 cP, or between 2 of and 18 ¢P.

Additionally, the low viscosity, highly concentrated MASP-2 mhibitory antibody
pharmaceutical formulations of the present invention allow the pharmaceutical formulations to
be adminisiered via standard synnge and needles, auto-injector devices, and microinfusion
devices known in the art. As described in Example 3, the high concentration low viscosity of
the MASP-Z inhibitory antibody pharmaceutical formulations as disclosed herein were
determined to have syringeability and injectability switable for subcutancous adnunistration.
Syringeability and injectability are key product performance parameters of a pharmaceutical
formulation mtended for any parcuteral administration, e.g., intramuscular or subcutancous and
permit the administration of such formolations by intramuscular or subcutaneous injection via
small-bore needies typically used for such injections, such as, for example, 29GA regular or
thin~walled, 27GA (1.257) regular or thin-walled, or 25GA (17) regular or thin-walled needles.
In some instances, the low viscosity of MASP-2 mhibitory antibody pharmaceutical
formulations as disclosed herein permit the admmistration of an acceptable (for example, 1-3
cc} injected vohume while delivering an effective amount of the MASP-2 inhibitory antibody
OMS646 1 a single injection at a single injection site.

A further significant advantage of the formulations of the present disclosure is that the
high concentration low viscosity formulations of MASP-2 mhibitory antibedy (e, 2100
mg/mk to 200 mg/mL} are stable when stored at 2°C to 8° C for at feast 30 davs, up to at least
9 months, or up to at least 12 months or longer, as described in the stability studics in Examples
2and 4.

The present disclosure also provides a process for the preparation of the high
concentration low viscosity MASP-2 nhibitory antibody formulations, containers including
said formulations, therapeutic kits comprising the formulations; and to therapeutic methods of
using such formulation, containers and kits for the treatment of a subject suffermg from, or at
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risk for developing a discase or condition associated with MASP-2-dependent complement

activation.

MASP-2 Inhibitory Antibody

As detailed herein, the present imvention is drawn to formulations comprising
monoclonal antibodies that specifically bind to MASP-2 and inhibt MASP-2-dependent
complement activation and antigen-binding fragments thereof. In certain embodiments, a
MASP-2 mhibitory antibody or antigen-binding fragment thereof for use m the claimed
formulations 15 a MASP-2 inhibitory antibody referred to as “OMS646” as described in
WO2012/151481 (hereby incorporated herein by reference} which comprises a heavy chain
polypeptide comprising the amino acid sequence of SEQ D NO:2 and a light cham polypeptide
comprising the amino acid sequence of SEQ 1D NO:3. As described in W0O2012/151481 and
descnbed in Example 1, OMS646 specifically binds to buman MASP-2 with high affinity and
has the ability to block lectin pathway complement activity. [n certain embodiments, a MASP-
2 inhibitory antibody or antigen-binding fragment thereof for use in the claimed formulations
is a MASP-2 mhibitory antibody comprising a heavv-chain variable region comprising (i)
CDR-HI compnsing the aming acid sequence from 31-35 of SEQ 1D NO:2, ) CDR-H2
comprising the amino acid sequence from 50-63 of SEQ 1D NG:2, and 111} CDR-H3 comprising
the aming acid sequence from 95-107 of SEQ 1D NO:2; and (b} a light-chain variable region
comprising: 1) CDR-L1 comprising the amino acid sequence from 24-34 of SEQ 1D NO:3, i)
CDR-L2 comprising the anmino acid sequence from 50-56 of SEGQ 1D NO:3, and 1) CDR-L3
comprising the amino acid sequence from 89-97 of SEQ ID NG:3. In some embodiments, the
MASP-2 mhibitory antibody for use in the claimed formulations comprises a variant of
OMS646 comprising a heavy chain variable region having at least 93% idendity to SEQ 1D
NGO:2 and comprising a hight chain variable region having at least 93% identity to SEQ 1D
NG:3, In some embodiments, the MASP-2 mhibitory antibody for use m the claimed
formulations comprises a variant of OMS646 comprising an amino acid sequence having at
feast 95% identity to SEQ 1D NO:2, wherein residue 31 1s an R, residue 32 1s a (G, residue 33
i3 a K residoc 34 15 an M, residoe 35 s a (5, residue 3615 a V., residue 37 15 an S, residue 30 15
an L, residue 51 1san A, residue 52 is an H, residue 33 is an §, residue 54 is an F, residue 55 is
an S, residue 56 is an S, residue 57 15 a D, residue 58 15 an E, residue 59 15 a K, residue 60 15
an S, residue 61 is a Y, residue 62 15 an R, residue 63 is a T, residue 64 18 an §, residue 63 18
an L, residuc 66 s a K residue 67 i an S residuc 9515a ¥, residuc 96 3 a Y, residue 9718 a

C, residue 9% 15 an A, residue 99 15 an R, residue 100 1 an | residue 101 s an B, residue 102
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13 an Ror A, residue 103152 G, residue 10415 2 G, residue 105 18 an §, residue 106 15 a D and
residue 107 18 a Y and b} a hight chain variable region comprising an amino acid sequence
having at least 95% identity to SEQ 1D NO:3, wherein residue 23 1s an S, residue 24 is a G,
residue 25 1s an E or D, residue 26 15 a K, restdue 27 1s an L, residue 28 15 a G, residue 2915 a
D, residue 301sa K, residue 31 sa Y or F, residue 32 18 an A, residue 33 is a Y, residue 4915
aQQ, residue 30152 D, residue 51 1sa Kor N, residue 52 1s a Q or K, residue 53 15 an R, residue
5418 a P, residue 35 is an S, residue 56 15 a G, residue 88 15 a , residuc 89 15 an A, residue 90
15 a W, residue Bl isa D, residue 92 isan S, residue 93 15 an S, residue 9415 a T, residue 95 15

an A, residue 96 is a V and residue 97 is an F.

In some embodiments, the monoclonal MASP-2 inhibitory antibody (e.g., OMS646 or
a variant thercof} for use in the claimed formulations is a full length monoclonal antibody. In
some cmbodiments, the monoclonal MASP-2 inhibitory antibody is a human igG4 full length
antibody. In some embodiments, the Ig(G4 comprises a point mutation in the hinge region to

eunhance the stability of the antibody.

In some embodiments, the MASP-2 mhibitory antibody {¢.g., OMS646 or a vanant
thercof) is comprised of variable regions of human origin fused to human IgG4 heavy cham
and lambda light chain constant regions, wherein the heavy chain comprises a pomnt mutation
i the hinge region {¢.g., wherein the 18G4 molecule comprises a 5228P mutation} to enbance
the stability of the antibody. In some cmbodinments, the MASP-2 inlubitory antibody is a
tetramer consisting of two identical heavy chains having the amino acid sequence set forth m
SEQ ID NO:4 and two identical hght chams having the amino acid sequence set forth in SEQ
D NG5,

in some embodiments, the concentration of the MASP-2 mhibitory antibody in the
formulation is from about 100 mg/mL to about 250 mg/mL, such as about 150 mg/ml to about
220 mg/ml., such as about 175 mg/mL to about 200 mg/mL, or about 175 mg/mL to about 195
mg/ml. In certain embodiments, the MASP-2 inhubitory antibody 1s present in the formulation
at a concentration of about 175 mg/mi to about 195 mg/ml, such as about 180 mg/mL to about
190 mg/mL, such as about 175 mg/mL, such as about 180 mg/mL, about 181 mg/mL, about
182 mg/mL. about 183 mg/mL, about 184 mg/mi, about 185 mg/mL, about 186 mg/mi., about
187 mg/ml., about 188 mg/mL., about 189 mg/mL. or such as about 190 mg/ml..

in some embodiments, nunor variations in the amino acid sequences of the MASP-2
mhibitory antibodies or fragments thereof are contemplated as being encompassed by the

claimed formulations, provided that the variations in the amino acid sequence maintains at feast

16



WO 2019/040453 PCT/US2018/047255

50%, at least 93%, at least 969, at least 97%, at least 98%, or at least 99% sequence dentity
to the MASP-2 mhibitory antibodies or antigen-binding fragments thereof deseribed herem
{i.c., at least 90%, at least 95%, at least 969, at least 97%, at least 98%. or at least 99%
sequence identity to SEQ ID NG:2 and/or at least at least 90%, at least 5%, at least 96%, at
least 97%, at least 98%, or at least 999 sequence identity to SEQ ID N{O:3) and retain the
ability to inhibit MASP-2-dependent complement activation.

As will be appreciated, MASP-2 mhibitory antibodics or antigen-binding tragments
thereot that are formulated in the context of the present disclosure can be produced using
techmques well known in the art (e.g., recombinant technologies, phage display technologies,
synthetic technologics, or combinations of such technologies or other technologics readily
known in the art). Methods for producing and purifying antibodics and antigen-binding
fragments are well known in the art and can be found, for example, in Harlow and Lane (1988}
Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
Mew York, Chapters 3-8 and 15.

For example, MASP-2 mhibitory antibodies, such as OMS646 can be expressed in a
suitable mammalian cell line. Sequences encoding the heavy chain variable region and the
hight chain variable region of a particular antibody of interest such as OMS646 (e.g., SEQ ID
NO:6 and SEQ 1D NO:7) can be used to transform a suitable mammalian host cell. Methods
for mtroducing heterologous polvnucleotides imto mammaban cells are well known in the art
and include dextran-mediated transfection, calcium phosphate precipitation, polybrene
mediated  transfection, protoplast  fusion, clectroporation, encapsulation  of  the
polynucleotide(s) in liposomes, and direct micromjection of the DNA nto nuclet.

Mammalian cell lines avatlable as hosts for expression are well known m the art and
mchide many tmmortalized cell lines available from the American Type Cultare Collection
{ATCC), including but not limited to Chinese hamster ovary (CHGO) cells, Hella celis, baby
hamster kidnev (BNK) cells, monkey kidney cells (COS), human hepatocellular carcinoma
cells {e.g., Hep(G2), human epithelial kidney 293 cells (HEK293) and numerous other cell lines.

Following the protein production phase of the cell culture process, MASP-2 mhibitory
antibodies are recovered from the cell culture mediam using techmques understood by one
skilled m the art. In particular, in some embodiments the MASP-2 inhibitory antibody heavy
and light chain polypeptides are recovered from the colture medium as secreted polypeptides.

MASP-? nhubuory antibodies can be punified using. for example, hvdroxvapatite
chromatography, gel clectrophoresis, dialysis, and affony chromatography, and any
gombination of known or yet to be discovered punfication technigues, including but not mited
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to Protein A chromatography, fractionation on an won-exchange columm, sthanol proopitation,
reverse phase HPLC, chromatography on silica, chromatography on heparin SEPHAROSETE,
an anion or cation oxchange rosin chromatography (such as a polyaspartic acid coluon).
chromatofocumng, SD5- PAGE, and ammomom sulfaie procipiiation. The punfication method
can further comprise additional steps that inactivate and/or remove viruses and/or retrovirnises
that might potentially be present in the cell culture mediom of mammalian cell fings. A
signiticant number of viral clearance steps are available, including but not limited to, treating
with chaotropes such as urea or guanidine, detergents, additional ultrafiltration/diafiltration
steps, conventional separation, such as ion-exchange or size exclusion chromatography, pH
cxtreres, heat, proteases, organic solvents or any combination thereof,

¢ purified MASP-2 mhibitory antibodies typically require concentration and a butfer
exchange prior to storage or further processing. As a non-limiting example, a tangential flow
filtration (TFF) system may be used to concentrate and exchange the elution buffer from the
previous purification columm with the final buffer desired for the drug substance.

The monoclonal MASP-2 mhibitory antibody which 1s formulated herein is preferably
casentially pure and desirably essentially homogeneous {i.¢., free from contaminating proteins,
ctc). “Essentially pure™ antibody means a composition comprising at keast 90% by weight of
the antibody, based on the total weight of the composition, preferably at least 95% by weight.
“Hasentially homogenous” antibody means a composition comprising at least about 99% by

weight of antibody, based on total weight of the composition.

Agueous Solutions

The high-concentration, low-viscosity MASP-2 inhibitory antibody formulation of the
present disclosure comprises an agucous solution comprising a butfer system having a pH of
4.0 to 8.0 {¢.g., having a pH from about 5.0 to about 7.0, or having a pH from about 3.5 to
about 6.5} and a MASP-2 mhibitory antibody {¢.g., OMS646 or a variant thereof) or antigen-
binding fragment thereof at a concentration of about 50 rag/ml. to about 250 mg/mL (¢.g.. from
about 100mg/mL to about 250 mg/mL). The agueous solution for use in the formulations of
the present disclosure is one which is pharmaceutically acceptable (safe and non-toxic for
administration to a human) and is useful for the preparation of a liguid formulation. In some
embodiments, the agueous solution is water, such as sterile water for injection {(WFI), which is
a sterile, solute-free preparation of distilled water. Altematively, other agueous solutions that
arc suitable for therapeutic administration and which would not adversely affect the stability

of the formulation may be used. such as deionized water. Other suitable agueous solutions
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melude bacteriostatic water for mjection (BWFI), sterile saline solution, Ringer’s solution, or

other similar agueous solutions used for pharmaceutical solutions.

Buffering Systems

The high-concentration, low-viscosity MASP-2 inhibitory antibody formulation of the
present disclosure is adjusted to a pH from 4.0 1o 8.0, preferably from pH 5.0 t0 7.0, The
desired pH is suitably maintained by use of a buffering system.  In some embodiments, the
buffer system comprises at least one pharmaceutically acceptable buffering agent with an acid
dissociation constant within 2 pH units of the formulation pH. The buffer system used in the
formulations in accordance with the present invention has a pH in the range from about 4.0 to
about 8.0, Various buffering agents arc known to the person skilled in the art. Examples of
buffering agents that will control the pH in this range inchude acetate, succinate, gluconate,
histidine, citrate, and other organic acid buffers. In some embodiments, the buffering agent is
selected from the group consisting of succinate, histidine and citrate. In some embodiments,
the pharmaceutical formulations comprise a buffering system with a buffering agent n a
concentration of from 1 to 30 mM, such as from 10 to 40 mM, or such as from 10 to 30 mM,
or from 20 to 30mM., or about 20 mM.

In some embodiments, the buffering agent is a histidine buffer. A “listidine buffer” is
a buffer comprising the amino acid histidine. Examples of histidine buffers include histidine
or any histidine salis including bistidine hydrochloride, histidine acetate, histidine phosphate,
and histidine sulfate, including combinations of any of these salts with or without histidine. In
one embodiment, the buffering system comprises histidine hydrochlonide buffer (L-
Histidine/HCL)}. Such histidine hydrochloride buffer may be prepared by titrating L-histiding
{free base, solid) with diluted hydrochloric acid or by using the appropriate mixture of histidine
and histiding hvdrochloride. In some embodiments, the pH of the L-Histidine/HCl buffer 1s
about 5.0 to about 7.0, such as about 5.5 to about 6.0, ¢ .g., about 5.8 orabout 5.9

In some cmbodiments, the buffering agent 1s a citrate buffer. Such citrate buffer may
be prepared by titrating citric acid, the mono-sodium salt of citric acid, and/or the di~sodium
salt of citric acid with diluted sodiom hydroxide solution to the appropriate pH or by using the
appropriate muxture of citric acid and the salt(s) to achieve this same pH. In another
embodiment, the citrate buffer may be prepared by titrating a tri-sodium citrate solution with
diluted hydrochloric acid solution to the appropriate pH. In this case, the 1onic strength may
be slightly higher than starting with citric acid due to the gencration of additional ions of

sodiom and chlornide in the solution. In certain embodiments, the pH of the citrate buffer s
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about 5.0 to about 7.0, such as about 5.3 to about 6.0, ¢.g., about 5.8 or about 5.9. In some
embodiments, the buffering agent 18 a succinate buffer. In certain embodiments, the pH of the
succinate buffer is about 5.5 to about 6.0, ¢.g., about 5.8 orabout 5.9.

In some embodiments, the buffering agent is a sodium citrate buffer, wherein sodium
citrate 1s present in the formulation at a concentration of about 10 mM to about 50 mM, such
as from about 10 mM to about 25 mM, such as about 20 mM. In some embodiments, the
buffering agent is a L-histidine buffer, wherein L-histidine is present in the formulation at a
concentration of about 10mM to about 30 mM, such as from about 10 mM o about 25 mM,
such as about 20 mM. In some embodiments, the formuddation comprises about 20 mM sodium
citrate and has a pH from about 5.0 to about 7.0. In some embodiments, the formulation

coraprises about 20 mM L-lustidine and has a pH from about 5.0 to about 7.0.

Excipients

In some embodiments, the high-concentration, low-viscosity MASP-2 inhibitory
antibody formulation of the present disclosure further comprises at least one excipient.
Examples of suitable excipients inclhude, but are not limited to, proteins {e.g., serum albumin},
amino acids (c.g., aspartic acid, ghiamic acid, lysine, arginine, ghyeine and histidine},
saccharides {¢.g., glucose, sucrose, maitose and trehalose}, polyols (e.g., mannito] and sorbitol),
fatty acids and phospholipids {¢.g., alky! sulfonates and caprylate}.

In some embodiments, the formulation comprises an excipient selected from the group
consisting of an amino acid with a charged side chain, a sugar or other polvol and a salt. In
some embodiments, the formulation comprises a sugar or other polvol, such as, for example,
sucrose, trehalose, mannitol or sorbitol. In some embodiments, the formulation comprises a
salt, such as, for exaraple NaCl or a salt of an anuno acid.

In some embodiments, the formulation comprises an excipient that 18 a tonicity
modifying agent. In some embodiments, the tonicity modifving agent is included in the
formulation in a concentration suitable to provide an isotonic formulation. In some
embodiments, the tonicity modifying agent is included in the formulation in a concentration
suitable to provide a hypertonic formulation. In some embodiments, the tonicity modifying
agent for use in the formulation is sclecied from the group consisting of an amino acid with a
charged side chain, a sugar or other polvol and a salt. In some embodiments, the tonicity
moditving agent 15 an anmino acid with a charged side chain (1.¢., a negativelv charged side
chain or a posttively charged side chain} at a concentration of from about 50 mM to about 300

mM. In some embodiments, the tonicity modifying agent is an amino acid with a negatively
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charged side chain, such as glutamate. In some embodiments, the formulation comprises
glutamate at a concentration of about 50mM to about 300 mM. In some embodiments, the
tonicity modifying agent is an amino acid with a positively charged side chain, such as arginine.
In some embodiments, the formulation comprises arginmine {¢.g., argimne HCL), at a
concentration of from about 50 mM to about 300 mM, such as from about 150 mM to about
225 mM.

Preferably, the pharmaceutical formulations as disclosed herein arc hvpertonic {(ic,
have a higher osmotic pressure than human blood). As described herein, it was unexpectedly
observed that hypertonicity led to reduced sample viscosity, which was achieved, for example,
with modest increases in argining concentration. As described i Example 2, it was
unexpectedly observed that low viscosities were achieved (e.g., less than 25 ¢P) with the
citrate/arginine and the histidine/arginine high concentration MASP-2 inhibitory antibody
formulations comprising an arginine concentration of 200 mM or greater in the absence of
CaClh. Accordimgly, in some embodiments, the formulation comprises arginine (e.g., arginine
HCL)} at a hyvpertonic level of from about 200 mM to about 300 mM.

As further described in Example 2, it was also observed that formulations which
mehuded divalent cations (CaCl or MgCly) had elevated high molecolar weight matenial as
corpared to formulations that did not mchude CaClz or MgCls additives. Accordingly, in one
embodiment, the high-concentration, low viscosity MASP-2 inlubitory antibody fornmulation
of the present disclosure is substantially free of a Call additive. In one embodiment, the high-
concentration, low-viscosity MASP-2 mbibitory antibody formulation of the present disclosure
18 substantially free of a MigCl additive.

As further described in Example 2, it was determined for the high concentration MASP-
2 antibody formulations that the inclusion of sucrose was associated with elevated
polvdispersity in all buffering svstems tested. Accordingly, in one embodiment, the high
concentration low viscosity MASP-2 inlubitory antibody formulation of the present disclosure
is substantially free of sucrose.

As described in Example 2, 1t was also determined for the bigh concentration MASP-2
antibody formulations that the inclusion of sorbitol was associated with elevated polydispersity
in all buffering systems tested. Accordingly, in one embodiment, the high concentration low
viscosity MASP-2 inhibitory antibody formulation of the present disclosure is substantially

free of sorbitol.
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Surfactants

Optionally, i some embodiments, the high-concentration, low-viscosity MASP-2
mhibttory antibody fornulation of the present disclosure further comprises a pharmaceutically
acceptable surfactant. Non-hmiting examples of suitable pharmaceutically acceptable
surfactants include polvoxyethylensorbitan fatty acid esters (e.g., Tween), polyethylence-
polypropylene  glyeols, polvoxyethylene-stearates, polvoxyethviene alkyl ¢thers {eg,
polyvoxvethylene monolauryl cther), alkviphenvipolvoxvethviene cthers (e.g. Triton-X),
polyvoxyethyiene-polvoxypropylene copolymer (e.g., Poloxamer and Pluronic), and sodium
dodecyl sulphate (8DS). In certain embodiments, the pharmaceutically acceptable surfactant is
a polyoxyethylenesorbitan-fatty acid ester (polysorbate), such as polysorbate 20 (sold under
the trademark Tween 20™) and polysorbate 80 (sold under the trademark Tween 80™). In
some embodiments, the high-concentration, low-viscosity MASP-2 inhibitory antibody
formulation of the present disclosure comprises a non-ionic surfactant. The nonionic surfactant
can be a polvsorbate, {e.g., selected from the group of polvsorbate 20, polvsorbate 80, and
polvethviene-polypropviene copolvmer). In some embodiments, the concentration of the
surfactant s about 0.001 to 0.1% (w/v), or 0.003% to 0.1% (w/v), or (.01 1o 0.1% {(w/v), or
0.01 to 0.08% (w/v), or 0.025 10 0.075% (w/v}, or more particulardy about 0.01% {w/v), about
0.02% (w/v), about 0.04% (w/v), or about 0.06% (w/v), or about 0.08% (w/v), or about 0.10%
(w/v}. In some embodiments, the formulation comprises a non-iomic surfactant {c.g.,
potysorbate 80} at a concentration of from about 0.001 1o 0.1% (w/v), or 0.0053%10 0.1% (wWiv),
or 0.01 10 0.1% (w/v), or .01 to 0.08% (w/v}, or 0.025 10 0.075% (w/v), or more particularly
about 0.01% {(w/v), about $.02% {w/v), about 0.04% {(w/v), or about 0.06% {w/v), or about
0.08% {w/v), or about 0.10% (w/v}. Asdescribed in Example 2, it was unexpectedly observed
that the inclusion of the non-ionic surfactant polysorbate 80 (PS-80) led to a further reduction
m viscosity while also preserving protein recovery, thereby allowing for a high concentration
of OMS646 antibody while maintaining a low viscosity suitable for use in an injection device,

such as an autoinjector.

Stabilizers

Optionally, in some embodiments, the high-concentration, low-viscosity MASP-2
mhibttory antibody formulation of the present disclosure further comprises a stabilizer. The
stabilizer (used synonymously with the term "stabilizing agent” herein) may be a carbohyvdrate
or sacchanide or a sugar admitted by the reguolatory authoritics as a suitable additive or excipient

m pharmaceutical formulations, ¢.g., trehalose or sucrose. The typical concentration of the
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stabilizer is 15 to 250 mM, or 150 to 250 mM, or about 210 mM. The formulations may contam
a secondary stabihizer, such as methioning, e.g., in a concentration of 5 to 25 mM or in a
concentration of 5 to 13 mM {(c.g., methionine in a concentration of about 5 mM, about 10 mM

or about 15 mM}.

Freservatives

Optionally, in some embodiments, the high-concentration, low-viscosity MASP-2
mhibitory antibody formulation of the present disclosure further comprises a preservative {e.g.,
an antimicrobial agent). Antimicrobial agents are generally required for parenteral products
that are miended for multiple dosing. Sinularly, preservatives are added to pharmaceutical
formudations aseptically packaged in single dose vials if the active ingredient(s} does not have
bactericidal or bacteriostatic propertics or is growth promoting. Some typical preservatives
used arc benzyl aleohol (0.9% to 1.5%]), methyiparaben (0.18% to 0.2%), propylparaben

{0.02%}, benzalkonium chlonde {(0.01% to 8.02%), and thimeresal {0.001% to 0.01%;.

Svringeability

The subcutancous route of administration requires njections using injection devices,
such as svringes, auto-injectors, wearable pumps, or other devices, which restricts product
formulation with regard to mjection volume and solution viscosity.  In addition, product
formulation must be switable for use in an mjection device with regard to mjection force and
time reqaired for injection delivery. “Syringeablity,” as used herein, refers to the ability of an
mjectable therapeutic to pass casily through a hypodermic needle on transfer from a vial prior
to an injection. “Injectability,” as used herein, refers to the performance of the formulation
during injection (see, e.g., Cilurzo F, Selmin F, Minghetti P, et al. Injectability Evaluation: An
Open lssue. AAPS PharmScilTech. 2011,12(2).604-609}. Syringeability mcludes such factors
as case of withdrawal, clogging and foaming tendencies, and accuracy of dosc measurements.
Injectability includes pressure or force required for mnjection, evenness of flow, and freedom
from clogging (i.c., no blockage of the syringe needle). Syringeability and mjectability can be
affected by the needle geometry, 1., 1uner diameter, length, shape of the opening, as well ag
the surface finish of the syringe, especially 1 self-injection devices such as pens and auto-
mjectors {¢.g., equipped with 29-31 GA needles), and i pre-filled svringes for subcutancous
dosing (¢.g., equipped with 24-27 GA needles). Injection force (or glide force) 1s a complex
factor influenced by sclution viscosity, the size of the needle (i.¢., needle gavge), and surface
tension of the container/closure. Smaller needles, ¢.g., 2> gange, will pose less pain scnsation
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to patients. Overcashier and co-workers established a viscositv-glide force relationship as a
function of needle gauge based on Hagen-Poiseuille Eguation (Overcashier et al., Am Pharm
Rey H6):77-83 (2006}, For example, with a 27-gauge thin walled needle, the liqud viscosity
should be mamtained at or below 20 ¢P in order to not exceed the glide force of 25 Newton
{N).

In certain embodiments, the pbarmaceutical formulations of the invention are
characterized by having an mjection ghide force of about 25N or less when mjected through a
27GA (1.257) needle at room temperature.

In certain embodiments, the pharmaceutical formudations of the invention are
characterized by having an injection glide foree of about 20N or less when injected through a
25GA (17) needle at room temperature.

As exemplified in Example 3, the high-concentration, low-viscosity MASP-2 mhibitory
antibody {e.g., OMS646) formulations of the present disclosure have surprisingly good
syringeability and injectability. The high-concentration, low-viscosity MASP-2 inlubitory
antibody formulations as disclosed herein allow for the administration of such formulations by
mtramuscidar or subcutaneous mjection via small-bore needles tvpically vsed for such
mjections, for example, 27G (1.257), 27G thin-walled, 25G thin-walled (17}, or 25G {17}
needles. In some instances, the low viscosity of MASP-2 mhibitory antibody formulations as
disclosed herein allows for the admunistration of a tolerable (for example, 1-3 ¢¢) injected
volume while delivering an effective amount of the MASP-2 inhibitory antibody in a single

mjection at a single injection site.

Stability

For any of the foregoing, it should be noted that the MASP-2 inhubitory antibody or
anfigen binding fragment thereof m the formulation retains the ability to mhibit MASP-2-
dependent complement activation. For example, the MASP-2 inhibitory antibody retains the
ability to bind MASP-2 and inhibit lectin pathway activity as described in Example 1 or other
fectin pathway assay, for example as described in WO2012/151481. In addition to potency
assavs, various physical-chemical assays can be used to assess stability meluding 1soelectric
focusing, polvacrylamide gel electrophoresis, size exclusion chromatography, and visible and
subvisible particle asscssment.

In certain embodiments, the formulations of the present disclosure exhibit stability at a
temperature range of -20°C to 8°C for at least 30 dayvs, op to at least 9 months or longer, or up

to at least 12 months or longer. as described in the stability studies in Examples 2 and 4.
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Additionally or altemmatively, m certain embodiments, the formulations are stable at the
temperature of -20°C to 8° €, such as from 2°C to 8°C for at least 6 months, at least 1 vear, or
at least 2 vears or longer. In certain embodiments, stability mav be assessed, for example, by
maintenance of a level of purity over ime. For example, in certain embodiments, tormulations
of the present disclosure have less than 59 decrease, such as less than 4% decrease, such as
less tharn 39 decrease, such as fess than 2%, such as less than 1% decrease in purity per month,
6 months, 9 months, or 1 vear when stored at 2°C to 8°C, as determined by size exclusion
chromatography {SEC), which monitors the presence or absence of fragments (LMW} and/or
aggregate species (HMW).

In certain embodiments, the formulations of the present disclosure promote low to
undetectable fevels of aggregation and/or fragmentation and maintain potency after storage for
a defined period. Described another way, the formulations disclosed herein are capable of
maintaining the structural integrity of the MASP-2 inhibitorv antibody (OMS646 present at high
concentrations in a solution, ¢.g., at concentrations of greater than 150 mg/ml., or greater than
175 mg/mL, or of at least 185 mg/ml., such that the MASP-2 inhibitory antibody can remain
predominately monomeric {1.¢., at least 95% or greater) after storage of a defined pened at
approximately 2°C to 8§°C. Preferably. no more than 5%. no more than 4%. no more than 3%,
no more than 2%, no more than 1%, and most preferably no more than 0.5% of the antibody
forms fragment (EMW) or aggregate forms (HMW) as measured by SEC after storage of a
defined period at approxamately 2°C to 3°C.

As excroplified in Example 4 described herein, the inventors provide fornwudations
suitable for mamtaining a MASP-2 inhibitory antibody, OMS646, at about 185 mg/mL m

predominately monomeric form for at least 12 months at about 2°C to 8°C.

Tissue Permeability Modifier

In ancther embodiment, the high-concentration, low-viscosity MASP-2 mhibitory
antibody formulations of the present disclosure further comprise a tissue permeability moditier
that increases the absorption or dispersion of the MASP-2 inhibitory antibody following
parenteral admimstration {¢.g., sabcutancous mection). In some embodiments, the tissue
permeability modifier is a hyaluronidase enzyme which acts as a tissue permeability modifier
and increases the dispersion and absorption of the injoected MASP-2 inhibitory antibody. A
particularly useful tissue permeabiiity modifier is hvaluronidase {e.g., a recombinant human
hvaluronidase). Hyaluronidases work as tissue permeability modifiers by temporarily breaking

down the hvaluronan barrier (o open access to the ymphatic and capillary vessels allowing
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mjected drugs and fluids to be absorbed guickly mto systemic airculation. The hvaluronan
rebuilds naturally, and the barrier is completely restored, e.g., within 48 hours. Addition of
byvaluronidase in the injectable phammaccutical formulations increases bicavailability of the
MASP-2 mhibitory antibody following parenteral administration, particularly subcutaneous
administration. It also allows for greater injection site volumes {i.¢., greater than 1 mL) with
ess pain and discomfort, and munimizes the incidence of injection site reactions {e.g., flatiens
the wyection site bump).

In some embodiments, the high-concentration, low-viscosity MASP-2 inhibitory
antibody (e.g., OMS646) formulation of the present disclosure comprise from about 100 U/mL
to about 20,000 Ul of a hyaluronidase cnzyme. The actual concentration of the
hyvaluronidase enzyme depends on the type of hyaluronidase enzyvme used in the preparation of
the MASP-2 inhibitory antibody formuilations of the present invention. An effective amount of
the hyaluronidase can be determined by the person skilled in the art. It should be provided m
sufficient amount so that an merease in the dispersion and absorption of the co-administered
or sequentially admiustered MASP-2 mmhibitory antibody is possible. The minimal amount of
the hvahronidase enzyme is greater tham 100 U/mL. More particularly, the effective amount
of the hvaluronidase enzyme 1s from about 150U/mL to about 20,600U/mL, whereby the said
amount corresponds to about 6.01 mg to 0,16 mg protein based on an assumed specific activity
of 100,000 U/mg. In some embodiments, the pharmaceutical formulations comprise
hyaluronidase in concentration of about 1,000 to about 20,000 U/ml, such as about 1,000 1o
about 16,000 U/ml. Alternatively, the concentration of the hyaluronidase 1s about 1,500 to
about 12,000 U/mL, or more particularly about 2,000 U/ml to about 12,000 U/ml. The
amounts specified herein correspond to the amount of hyaluronidase nitially added to the
pharmaceutical formulation. In some embodiments, the ratio (w/w) of the hyaluronidase to the
MASP-2Z inhibitory antibody is in the range of 1:1,000 to 1:8,000, or in the range of 1:4,000 to
1:6,000 or n the range of about 1:4,000 to 1:5000.

The hyaluronidase may be present as a component of the high-concentration, low-
viscostty MASP-2 mhibttory antibody formulation of the present disclosure, or it may be
provided as a separate solution in a kit-of-parts. Thus, in one embodiment, the MASP-2
mhibitory antibody is co-formulated with a hyaluronidase. In another embodiment, the MASP-
2 mhibitory antibody and hyaluronidase are formulated separately and mixed just prior to
subcutancous administration. In vet another embodiment, the MASP-2 inhibitory antibody and
hyvaluronidase are each formulated and admimsiered separatelv, ¢.g., the hyvaluromdase 1s
administered as a separate mjection directly before or after admunistration of the formulation
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comprising the MASP-2 inhibitorv antibody. In some instances, the hvaluronidase is
administered subcutanecusly from about 5 seconds to about 30 minutes prior to the mjection
of the pharmaceutical formulation comprising the MASP-Z inhibitory antibody of the present
disclosure mto the same njection site arca. In certam embodiments, the pharmaceutical
formulation of MASP-2 inhibitory antibody and hyvaluronidase solution are included in
separate chambers of a phammaceutical device which automates delivery, either simultaneousty

{c.g., using a dual barrel svringe) or sequentially.

Pre-filled Containers

In a further aspect of the present disclosure, the high-concentration, low-viscosity
MASP-2 inlubitory antibody fornudation as disclosed herein is contained in a pre-filled sealed
container in an amount sufficient for administration to a mammalian subject. Thus a sufficient
quantity of drug composition fornulated in accordance with the present disclosure, that is equal
or just slightly more {(i.¢., not more than 25% excess, such as not more than 10% excess) than
the amount of MASP-2 inhibitory antibody desired to be administered to a mammahian subject
is contained within a pre-filled container that facilitates dispensing the antibody formulation
for parenteral administration (1.¢., injection or infusion). In some embodiments, the pre-filled
container comprises at least one pharmaceutical unit dosage form of the MASP-2 mhibitory
antibody.

For example, a desired single-use quantity of high-concentration, low-viscosity MASP-
2 mhibitorv antibody formulation may be packaged m pre-filled container, such as, for
example, a glass vial closed with a stopper or other closure that includes a septum through
which a hypodermic needle may be inserted to withdraw the formulation, or may be packaged
m a pre-filled syringe or other pre-filled container suitable for mjection (¢.g., subcutancous
mjection) or mfusion. Examples of such containers include, without limitation, vials, syringes,
ampoules, bottles, cartridges, and pouches. Preferably the containgrs are each single-use
prefilled svringes, which may suitablv be formed of glass or a polymeric material such as a
cvehic olefin polymers or acrvionitnile butadiene styrene (ABS). polvearbonate (PO),
polvoxymethylene (POM), polystyrene (PS), polybutylene terephthalate (PBT), polvpropylene
{(PP), polyethylene (PE), polvamide (PA), thermoplastic clastomer (TPE), and their
combinations. The barrels of such svringes are operated with an elastomer plunger which can
be urged along the barrel to ¢ject hiquid content via a needle comnected thereto. In some

embodiments of the invention, cach syringe includes a needle affixed thereto.
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In some embodiments, the high-concentration, low-viscosity MASP-2 inhibitory
antibody formulation as disclosed herein 13 contained within a pre-filled container selected
from the group consisting of’ a syringe {c.g., a single or double barreled syringe}, a pen injector,
a scaled vial {e.g., a dual chamber vial), an auto-injector, a cassette, and a pump device {¢.g.,
an on-body patch pump, a tethered pump or an gsmotic pump}. For subcutaneous delivery, the
formulation may be contained within a pre-filled device suitable for subcotaneous delivery,
such as, for example, a pre-filled svringe, automjector, njection device (e.g., the INJECT-
EASE™, or GENIECT™ device), injector pen {(such as the GENPEN™) or other device
suitable for subcutancouns administration.

The formulations of the present disclosure can be prepared as unit dosage forms in a
pre-filled contamner, which can be particularly suitable for self-administration. For example, a
unit dosage per vial, cartridge or other pre-filled container (e.g., pre-filled syringe or disposable
pen may contain about 8. 1 mb, 02 mb, 03 mb, 04 mb, 05 mL, 06mL, 0.7mL, 08mi 09
wh, Imbl, LIml, 12ml, 13ml, Ldml, I5mb, 1.6ml, 1.7mL, 1. 8mlL, [ 9ml, 2.0mlL,
2 0mi, 22mEL, 23 mL, 24 b, 25 mL, 26 mL, 2.7 mL, 28 mL, 29 mL, 3.0 mL, 3.3 mL,
40mL, 45mb, 50mbL, 3 5mEL, 6. 0mL, 65mL, 70mL, 75 mL, 8.0mL, 85 mL, 9.0 ml,
6.5 mL, or about 10.0 mL or greater volume of the high concentration formmulation containing
various concenirations of MASP-2 inhibitory antibody {¢.g., OMS646) ranging from about 100
mg/mL to abouat 230 mg/mlL, about 150 mg/mL to about 200 mg/ml, about 175 mg/mL to
about 200 mg/mL., such as about 135 mg/mb. resulting in a total unit dosage of OMS646 per
container ranging from about 20 mg to about 1000 mg or higher.

In some embodiments, the formulation of the present disclosure 1s prepared as a unit
dosage form in a pre-filled container, such as a vial or syringe, at a unit dosage of abowt 350mg
to 400mg, such as about 350mg, about 360mg, about 370mg,. about 380mg, about 390mg, or
about 400mg.

In some embodiments, the formulations of the present disclosure are prepared as unit
dosage forms in a pre-filled synnge with a volume of from 0.1 mL to 3.0 mL, such as about
Olml, 02mL, 03mL, 04mL, 05ml, 06mL, 07ml, 68mL,09%mL, Iml, 1.1mL, 1.2
mL, 13ml, l4dmL, 153mL, 16ml, 1. 7mL, 18mL, 1 9mL, 20mL, 2.1 mL, 2.2 mL, 2.3
mb, 24mb 235mb 26 mb, 27mb, 28 mL, 2.9 mL, or about 3.0 mL comprising from about
20 mg to 750 mg of the MASP-2 inhibitory antibody {e.g., OMS646}. As described herein, the
stable formulations prepared as wnit dosages can be adnunistered to a subject directlv {(e.g., via
subcutancous injection}, or alternatively are prepared to be suitable for dilution pror to
mtravenous adounistration.
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The formulations of the present disclosure may be stenilized by various sterilization
methods suitable for antibody formulations, such as stertfe filtration. In certain embodiments
the antibody formulation is filter-sterilized, for example, with a presterilized 0.2 micron filicr,
Sterilized formulations of the present disclosure may be administered to a subject to prevent,
treat or ameliorate a discase or disorder associated with MASP-2-dependent complement
activation.

In a related aspect, the present disclosure provides a method of making an article of
manufacture comprising filing a container with a high concentration MASP-2 mhibitory

antibody formulation of the present disclosure.

In one embodiment, the present disclosure provides a pharmaceutical composition for
use 1n treating a patient suffering from, or at risk for developing a MASP-2-dependent discase
or condition, wherein the composition i3 a sterile, single-use dosage form comprising from
about 350 mg to about 400 mg (1.¢., 350 mg, 360 mg, 370 mg, 380 mg, 390 mg, or 400 mg) of
MASP-2 inhibitory antibody, wherein the composttion comprises about 1.8mL to about 2.2
mb (e, 1.8 mL, 1.9mL, 20 mL, 2.1 mL or 2.2 mL} of a 185 mg/mL antibody formulation,
such as disclosed herein, wherein said antibody or fragment thereof comprises (1) a heavy chain
variable region comprising the amino acid sequence set forth in SEQ D NO:2 and (1) a hight
chain vanable region comprising the anmino acid sequence set forth m SEQ 1D NO:3; and
wherein the formulation is stable when stored at between 2°C and 8°C for at least six months.
In some embodiments, the MASP-2 dependent disease or condition is selected from the group

consisting of aHUS, HSCT-TMA, {gAN and Lupus Nephritis (LN).

Kits comprising high-concentration, low-viscosity MASP-2 inhibitory antibody fornmlations

¢ present disclose also features therapeutic kits comprising at least one container
mclading the high-concentration, low-viscosity MASP-2 mlubitory antibody formulation as
disclosed herein.

In some embodiments, the present disclosure provides a kit comprising (i) a container
comprising any of the formulations comprising MASP-2 mhibitory antibody described herein;
and {1} a suitable means for delivering the formulation to a patient in need thercof. In some
embodiments of any of the kits described herein, the means is suitable for subcutancous
delivery of the formulation to the patient.

Various types of containers are suitable for containment of pharmaceutical formulations

of MASP-2 mhibitory antibody included in the kits of the present invention. In certain
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embodiments of the kits of the present invention, the container is a prefilled syringe {e.g., a
single barrel or double-barreled syringe) or a prefilled sealed vial.

in some embodumnents, the contaimer comprising a formulation comprising MASP-2
mhibitory antibody is a pre-filled contamer selected from the group consisting of: a syringe
{e.g., asmgle or double barreled syringe}, a pen injector, a sealed vial {¢.g., dual chamber vialg),
an autc-injector, a cassetie, and a pump device {e.g., an on-body patch pump or atethered pump
or an osmotic purnp). For subcutancous delivery, the formulation may be contained within a
pre~-filled device suitable for subcutancous delivery, such as, for example, a pre-filled syringe,
autoinjector, mjection device {e.g., the INJECT-EASE™, and GENJECT™ device), injector
pen {such as the GENPEN™) or other device suitable for subcutaneous administration.

fn addition to a comtainer pre-filled with a single-dose of the pharmaceutical
formudation, the kit of the present invention may also include an outer container into which
such pre-filled container 1s placed. For example, the outer contaimer may include a plastic or
paperboard tray into which recesses are formed that receive the pre-filled container and
mmobilize it during shipping and handiing prior to use. In some embodiments, the outer
container 1§ suitably opaque and acts to shicld the pre-filled container from light to prevent
hight induced degradation of the components of the phammaceutical formulation. For example,
the plastic or paperboard tray that receives pre-filled container may be further packaged withm
a paperboard carton that provides light shielding. The kit of the present invention may also
mclude a set of mstructions for admimustration and use of the MASPE-2 inhibitory antibody
formulations m accordance with the present invention, which may be printed on the outer
container or printed on a sheet of paper that is contained within the outer container.

In some embodiments, the kits comprise a second container (2.g.,

a prefilled syringe)
containing an effective dose of a hyaluronidase.
The kit may further include other materials desirable from a commercial and user

standpoint, including needles, svringes, package inserts and the like.

Fxemplary Formulations

As described above, the stable, high-concentration, low-viscosity MASP-2 mhibitory
antibody formulations of the present discloswre include MASP-2 mhibitory antibody a
concentration of from 50 mg/ml. to 250 mg/ml. in an aqueous solution comprising a buffering
agent having a pH of 4.0 t0 8.0,

The buffer system, such as histidine, citrate or succinate, is suitably included at a

concentration of from about 10 mM to about 50 mM, and preferably at about 20 mM. In some
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preferred embodiments, the formulation further comprises an amino acid with a charged side
chain at a concentration of from 30 mM to 300 mM. In some embodiments, the formelation
comprises an amino acid with a posiively charged side chain, such as arginine, at a
concentration of from 50 mM to 300 mM. In some preferred embodiments, the formulation
further comprises a non-ionic surfactant, such as polysorbate 80, in an amount from 0.001 %
{w/v) to 0.1 % (w/v), such as about 0.03% (w/v) to about 0.1% (w/v). ln some embodiments,
the formulation further compnses a byaluronidase enzyme in an amount effective to increase
the dispersion and/or absorption of the MASP-2 inhibitory antibody following subcutanecous
administration.
in some embodiments the stable high-concentration, low-viscosity MASP-2 inhibitory
antibody formulations of the present disclosure comprise, consist of, or consist essentially of
one of the following compositions:
ay 100 fo 200 mg/mL MASP-2 mhibitory antibody; 10 to 50 mM of 2 histidine buffer
at a pH of about 5.0 to about 7.0; 100 oM to 225 mM arginine; and optionally 100
o 20,000 U/mL of a hyaluronidase.
b} 100 to 200 mg/mL MASP-2 inhibitory antibody; 10 to 50 mM of a histidine buffer
at a pH of about 5.0 to about 7.0; 100 mM to 225 mM arginine, about 8.01% to
0.08% (w/v) of a nonionic surfactant; and optionally 100 to 20,000 U/mb of a
hyaluronidase.
¢y 100 {0 200 mg/mL MASP-2 inhibitory antibody; 10 to 50 mM of a citrate buffer at
a pH of about 5.0 to about 7.0; 100 M to 225 mM arginine, and optionally 100 to
26,000 U/mL of a hvaluromdase.
d) 100 to 200 mg/mL MASP-2 mhibitory antibody; 10 to 50 mM of a citrate buffer at
apH of about 5.0 to about 7.0; 100 mM to 225 mM arginine, about $.01% to $.08%
(w/v) of a nomonic surfactant; and optionally 100 to 20,000 U/ml of a
hvaluromdase.
¢y 106 1o 200 mg/mL MASP-2 mhibitory antibodv; 10 to 530 mM of a succinate buffer
at a pH of about 5.0 to about 7.0; 100 oM to 225 mM arginine, and optionally 100
to 20,000 U/mL of a hyaluromdase.
£} 100 to 200 mg/mL MASP-2 mhibitory antibody; 10 to 530 mM of a succinate buffer
at a pH of about 5.0 to about 7.0; 100 mM to 225 mM arginine, about 0.01% to
0.08% (w/v) of a nonionic surfactant; and optionally 100 to 20,000 U/mb of a

hvaluromdase.
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In certain embodiments, the stable high-concentration, low-viscosity MASP-2
mhibitory antibody formmudations of the present disclosure comprise, consist of, or consist
cssentially of one of the following compositions:

g} 185+18.5 mg/ml MASP-2 imhibitory antibody; 2042 mM citrate buffer at a pH of

about 5.8; 200420 mM arginine, and optionally 100 to 20,000 U/mL of a
hyaluronidase.
hy 185+18.5 mg/ml MASP-Z mnhbitory antibody; 20=2 mM citrate bufter at a pH of
about 5.8; 200420 mM arginine, about 0.01% (w/v) polysorbate 80, and optionally
104 10 20,000 U/mL of a hyaluromdase.

1y 185+18.5 mg/mil. MASP-2 whibitory antibody; 20+2 mM histidine buffer at a pH
of about 5.9, 200+20 mM arginine, and optionally 100 to 20,000 U/ml of a
hyaluronidase.

1) 185+18.5 mg/mL MASP-2 inhibitory antibody; 2042 mM histidine buffer at 2 pH

of about 5.9, 20020 mM arginine, about 0.01% polysorbate 80, and optionally 100
o 20,000 U/mL of a hyaluronidase.

U e

Methods of producing high-concentration, low-viscosity MASF-Z inhibitory antibody
Jformulations

In another aspect, the present disclosure provides a method for producing a formulation
comprising 100 mg/mL or greater of a MASP-2 mhibitory antibody. the method comprising:
{a) providing a first pharmaccutical formulation comprising purified OMS646, the first
phammaceutical formulation having a first formulation and comprising no more than 530 mg/mL
of the OMS646 protein; (b}  subjecting the first pharmaceutical formulation to filtration to
thereby produce a second pharmaceutical formulation, wherein the second pharmaceutical
formulation has a second formulation as a result of the filtration; and {(¢) concentrating the
second pharmaceutical formulation to produce a concentrated antibody solution comprising
100 mg/mb. or greater of OMS646. The formalated bulk solution is typically set at a fixed
protein concentration so that the desired fill volume can be kept constant. The liguid drug
product manufacturing process typically involves mixing the MASP-2 inhibitory antibody with
the buffering system, excipients and optionally surfactant, followed by aseptic filtration and
filling in vials {or other contamer, such as syringes) and scaling {(¢.g., stoppering, capping, ofr

the like).
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TABLE 1. Example Formulation |

Component (USP)
added to water for . .

Concentration
injection

OMS5646 antibody | 185 mg/

Sodium Citrate 20 mM

L-Arginie HCL 200 oM

Polysorbate 80 0.61%

TABLE 2. Example Formulation 2

Component (USF)

added to water for ~ o
{Concentration

injection

OMS646 antibody | 185 mg/mlL

L-Histidine 20 M

L-Arginige HCL 200 mM

Polysorbate 80 0.61%

Methods of Treatment

In another aspect, the present disclosure provides a method of treating a patient
suffering from, or at risk for developing a MASP-2-dependent complement-associated disecase
or disorder comprising admimstering a high concentration low viscosity formulation
comprising a MASP-2 inhibitory antibody {e.g., OMS646} as disclosed herein.

As described in U.S. Patent No. 7,919,0094; U.S. Patent No. 8,840,893; U.S. Patent No.
8,652,477, U.S. Patent No. 8,951,522, U.S. Patent No. 9,611,860, US. Patent No. 9,644,035,
U.S. Patent Application Pablication Nos. US2013/0344073, US2013/0266560, US
2015/0166675, US2017/0137537, US2017/0189525 and co-pending U.S. Patent Application
Scrial Nos. 15/476,154, 15/347 434, 15/470,647, 62/315,857, 62/275,025 and 62/527,926
{cach of which 1s assigned to Omeros Corporation, the assignee of the instant application, ¢ach

of which is hereby incorporated by reference), MASP-2-dependent complement activation has
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been implicated as contributing to the pathogenesis of numerous acute and chronic disease
states. For example, as described in U.S. Patent No. 8,951,522, the primary function of the
coraplement systom, a part of the innate immune system, is to protect the host against infections
agents, however, mappropriate or over-activation of the complement system can lead to serious
discase, such as thrombotic microangiopathies (TMAs, including aHUS, TTP and HUS) in
which endothelial damage as well as fibrin and platelet-tich thrombi in the microvasculature
lead to organ damage. The lectin pathway plays a dominant role in activating complement in
settings of endothehal cell stress or mjury, and preventing the activation of MASP-2 and the
lectin pathway halts the sequence of enzymatic reactions that lead to the formation of the
membrane attack complex, platelet activation and leukocyte recruitment. As described in U8,
Patent No. 8,632,477, 1 addition to witiation of the lectin pathwav, MASP-2 can aiso activate
the coagulation system and is capable of cleaving prothrombin to thrombin.

Asdescribed m Example 1and U S, Patent No. 9,011,860, OMS646 is a potent inhibitor
of lectin-dependent complement activation. This antibody shows no significant binding (at
feast 5000-fold lower affinity} to the other complement pathway serine proteases Clr, Cls,
MASP-1 and MASP-3, and does not inhubit classical pathway dependent complement
activation.

Accordingly, in some embodiments, the method comprises administering to a pationt
suffering from or a risk for developing a MASP-2-dependent complement-associated disgase
or disorder an amount of any of the high-concentration, low-viscosity MASP-Z inhibifory
antibody formulations disclosed hercin in an amount sufficient to tnhibit MASP-2 dependent
complement activation in said mammalian subject to thereby treat the disease or disorder. In
some embodiments, the methods can be performed using any of the kits or pre-filled containers
{c.g., pre-filled syringes or vials) described herein.  In some embodiments, the method can
further comprise, prior to administering the formulation to the patient, determining that the
patient is atflicted with the lectin complement-associated disease or disorder. In some
embodiments, the method further comprises administering a tissue permeabihity modifier{e g,
hvaluronidase) that increases the absorption or dispersion of the MASP-2 inhibitory antibody
following parenteral admunistration. The tissue permeability modifier may be co-administered
with the MASP-2 mhibitory antibody formulation or administered sequentially {c.g., within 3
mingtes of administering the MASP-2 mhibitory antibody formulation at or near the same
mjection stie).

In some embodiments, the method comprises injecting a subject in need thereof from a
first prefilled syringe containing a high concentration low viscosity formulation comprising
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MASP-2 mhubitory antibody {c.g., OMSG646) to inhibit MASP-2-dependent complement
activation. In some embodiments, the method farther comprises mnjecting the subject from a
second pre-filled syringe containing a tissue permeability modificr, whercm the njection is at
ot near the site of the injection with the MASP-2 mhibifory antibody.

In some embodiments, the MASP-2-dependent complement-associated discase or
disorder is a thrombotic microangicpathy {(TMA) mcluding thrombetic thromboeyiopenic
purpura (TTP), refractory TTP, Upshaw-Schulman Svodrome (USS), hemolytic uremic
syndrome (HUS), atvpical hemolytic syndrome (aHUS), non-Factor H-dependent atvpical
hemolvtic syndrome, aHUS secondary to an infection, plasma therapy-resistant aHUS, a TMA
sccondary to cancer, a TMA secondary to chemotherapy, a TMA secondary to transplantation,
or a TMA associated with hematopoietic stem cell transplant.

In some embodiments, the MASP-2-dependent complement-associated discase or
disorder 15 a renal condition including, but not hmited to, mesangioproliferative
glomerulonephritis, membranous glomerulonephritis, membranoproliferative
clomervlonephritis  (mesangiocapillary  glomerulonephritis), acute  post  nfections
glomervlonephritis  (poststreptococcal  glomerulonephritis), €3 glomerulopathy,
crvoglobulinemic glomenilonephritis, PaLCH-Inmune necrotizing crescentic
glomerulonephritis, lupus nephritis, Honoch-Schonlein purpura nephritis and IgA nephropathy.

In some embodiments, the MASP-2-dependent complement-associated discase or
disorder is renal fibrosis (e.g.. tubulocinterstitial fibrosis) and/or protemuria in a subject
suffering from or at risk for developing chronic kidney discase, chronic renal fatlure,
clomerular disease {e.g., focal scgmental glomerulosclerosis), an immune complex disorder
{c.g., IgA nephropathy, membranous nephropathy), lupus nephritis, nephrotic syndrome,
diabetic nephropathy, tobulointerstital  damage and glomerulonepthritis {eg., €3
glomerulopathy), or a discase or condition associated with proteinuria, including, but not
bmited to nephrotic syndrome, pre-eclampsia, eclampsia, toxic lesions of kidneys,
amyloidosis, collagen vascular diseases (o.g., systemic lupus ervthematosus), dehydration,
glomerular  diseases {c.g, membranous glomerulonephritis, focal  segmental
glomerulonephritis, C3 glomerulopathy, mimimal change disease, lipoid nephrosis), strenuous
exercise, stress, benign orthostatis (posturaly proteimuria, focal segmental glomenudosclerosis,
IgA wuwephropathy (1o, Berger's disease), IlgM nephropathy, membranoproliferative
glomerulonephritis, membranous nephropathy, minimal change disease, sarcoidosis, Alport’s
syndrome, diabetes mellitus (diabetic nephropathy), drug-mduced toxicity {(e.g., NSAIDS,

nmicotine, penicillammme, lithium carbonate, gold and other heavy metals, ACE inlubitors,
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antibiotics {(e.g., adriamycin} or opiates {¢.g., heroin} or other nephrotoxins), Fabrv’s disease,

mfections {(e.g.,

HIV, syphilis, hepatitis A, B or C, poststreptococcal infection, urinary
schistosomiasis); aminoaciduria, Fancon syndrome, hyperiensive nephrosclerosis, iterstitial
nephrnitis, sickle cell disease, hemoglobinuria, multiple mveloma, myvoglobinuna, organ
rejection {e.g., kidney transplant rejection), cbola hemorrhagic fever, Nail patella syndrome,
familial mediterrancan fever, HELLP syndrome, systemic lupus erythematosus, Wegener's
granulomatosis, Rheumatoid arthritis, Glvcogen storage discase type 1, Goodpasture’s
syndrome, Henoch-Schénlein purpura, urinary tract mfection which has spread to the kidneys,
Siogren’s syndrome and post-infections glomerulonepthritis,

In some cmbodiments, the MASP-2-dependent complement-associated discase or
disorder is an inflammatory reaction resulting from tissue or solid organ tramsplantation
mcloding, but not hmited to, allotransplantation or xenotransplantation of whole organs
{e.g.. kidney, heart, liver, pancreas, lung, comea, and the like) or tissue grafis {e.g., valves,
tendons, bone marrow, and the like).

In some embodiments, the MASP-2-dependent complement-associated disorder is an
ischemia reperfasion injury (/R), mclading but not limited to, myocardial IR, gastromtestinal
VR renal VR and I/R following an aortic ancunsm repair, VR associated with cardiopulmonary
bypass, cercbral VR, stroke, organ transplant or reattachment of severed or traumatized linbs
or digits; revasculanization to transplants and/or replants, and hemodynamic resuscitation
following shock and/or surgical procedures.

In some embodiments, the MASP-Z-dependent complement-associated discase or
disorder is a complication associated with non-obese diabetes (Type-1 diabetes or Insulin-
dependent diabetes mellitus) and/or complications assoctated with Type-1 or Type-2 (adelt
onset) diabetes including, but not imited to diabetic angiopathy, diabetic neuropathy, diabetic
retinopathy or diabetic macular edema.

In some embodiments, the MASP-2-dependent complement-associated discase or
disorder is a cardivascular disease or disorder, including but not limited to, Henoch-Schonlein
purpura nephrtis, systemic lupus ervthematosus-associated vasculitis, vasculitis associated
with theumatoid arthnifis (also calied malignant rheumatoid arthrtis), immune complex
vasculitis, and Takayasu's disease; dilated cardionmyopathy; diabetic angiopathy; Kawasaki's
discase (arteritis); venous gas cmbolus (VGE), and inhibition of restenosis following stent
placement, rotational atherectomy and/or percutancous transluminal coronary angioplasty

(PTCA).
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In some embodiments, the MASP-Z-dependent complement-associated disease or
disorder 1s an mflammatory gastrointestinal disorder, including but not kmited to, pancreatitis,
diverticulitis and bowel disorders including Crohn's disease, ulcerative colitis, irntable bowel
syndrome and inflammatory bowel disease (IBD).

In some embodiments, the MASP-2-dependent complement-associated disecase or
disorder is a pulmonary disorder, mcluding bwt not houted to, acute respiratory distress
syndrome, transfusion-related acute lung injury, ischemia/reperfusion acute lhung injury,
chronic obstructive pulmonary disease, asthma, Wegener's granulomatosis, antiglomerular
basement membrane disease (Goodpasture’s disease), meconmium  aspiration syndrome,
aspiration pucumonia, bronchiolitis obliterans syndrome, idiopathic pulmonary fibrosis, acute
lung njury secondary to bum, non-cardiogenic pulmonary edema, transfusion-related
respiratory depression and emphysema.

In some embodiments, the MASP-Z2-dependent complement-associated discase or
disorder is a cxiracorporeal exposure-iriggered inflanunatory reaction and the method
comprises treating a subject undergoing an extracorporeal circulation procedure including, but
not limited to, hemodialveis, plasmapheresis, loukopheresis, extracorporeal membrane
oxyvgenation (ECMO), heparin-induced extracorporeal membrane oxyvgenation LDL
precipitation {HELP) and cardiopulmonary bypass (CPB).

In some embodiments, the MASP-2-dependent complement-associated disecase or
disorder s inflammatory or non-inflammatory arthritides and other musculoskeletal disorders,
mchuding but not limited to, osteoarthritis, theumatoid arthritis, juvenile rheumatoid arthritis,
gout, neuropathic arthropathy, psonatic arthnins, ankviosing spondviitis or other
spondyloarthropathies and crystalline arthropathies, muscular dystrophy and systenuc lupus
ervthematosus (SLE}).

In some cmbodiments, the MASP-2-dependent complement-associated discase or
disorder 15 a skin disorder, including, but not limited to, psoriasis, autoimmune bullous
dermatoses, eosinophilic spongiosis, bullous pemphigoid, epidermolysis bullosa acquisita,
atopic dermatitis, herpes gestationis and other skin disorders, and for the treatment of thermal
and chemical burns including capitlary leakage caused thereby.

In some embodiments, the MASP-2-dependent complement-associated disease or
disorder is a penipheral nervous system (PNS) and/or central nervous system (CNS} disorder
or ijury including, but not himited to, multiple sclerosis {(MS), myasthenia gravis (MG},
Huntington's discase (HD), amvotrophic lateral sclerosis (ALS), Guillain Barre syndrome,
reperfusion following stroke, degencrative discs, cerebral trauma, Parkinson's discase (PD),
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Alzheimer's disease (AD), Miller-Fisher syndrome, cerebral trauma and/or hemorrhage,
traumatic brain injury, demvelination and meningitis.

In some cmbodiments, the MASP-2-dependent complement-associated discase or
disorder is sepsis or a condition resulting from sepsis including without limitation severe sepsis,
septic shock, acute respiratory distress syndrome resulting from sepsis, hemolytic anemia,
systemic inflarmmatory response syndrome, or hemosrhagic shock.

In some embodiments, the MASP-Z-dependent complement-associated discase or
disorder is a urogenital disorder mncluding, but not imited to, painful bladder disease, sensory
bladder disease, chronic abactenal cystitis and interstitial cystitis, male and female mfertibity,
placental dvsfunction and miscarriage and pre-cclampsia.

In some embodiments, the MASP-2-dependent complement-associated discase or
disorder is an inflammatory reaction in a subject being treated with chemotherapeutics and/or
radiation therapy, including without limitation for the treatment of cancerous conditions.

In some embodiments, the MASP-Z-dependent complement-associated discase or
disorder 1s an angiogenesis-dependent cancer, including but not limited to, a sohd tumor(s),
blood borne tumor(s), high-risk carcinoid tumors and tumor metastases.

In some embodiments, the MASP-2-dependent complement-associated disease or
disorder is an angiogenesis-dependent bemign tumor, including but not himited to
hemangiomas, acoustic neuromas, neurofibromas, trachomas, carcinoid tumors and pyvogenic
gramtomas.

In some embodiments, the MASP-Z-dependent complement-associated discase or
disorder is an endocrine disorder including, but not imited to, Hashimoto's thyroiditis, stress,
anxiety and other potential hormonal disorders involving regulated release of prolactin, growth
or msulin-like growth factor, and adrenocorticotropin from the pitutary.

In some cmbodiments, the MASP-2-dependent complement-associated discase or
disorder 1s an ophthalmic disease or disorder including, but not limited o age-related macular
degeneration, glaucoma and endophthalmitis,

In some embodiments, the MASP-Z-dependent complement-associated discase or
disorder 1s an ocular angiogenic disease or condition includimg, but not limited to age-related
macular degeneration, oveitis, ocular melanoma, comeal neovascularization, primary
pterygium, HSVY stromal keratitis, HSV-1-induced corneal lymphangicgenesis, proliferative
diabetic retinopathy, diabetic macular edema, retinopathy of prematurity, retinal vein
occlusion, comeal graft rejection, neovascular glaucoma, vitreous hemorrhage secondary to
proliferative diabetic retinopathy, neuromyelitis optica and rubeosis.

38



WO 2019/040453 PCT/US2018/047255

In some embodiments, the MASP-Z-dependent complement-associated disease or
disorder is disseminated intravascular coagulation (BIC) or other complement mediated
coagulation disorder, including DIC secondary to sepsis, severe trauma, including neurological
trauma {e.g., acule head mjury, see Kumura et af., dcta Neurochirurgica 85:23-28 (1987),
mfection {bacterial, viral, fungal, parasitic), cancer, obstetrical complications, hiver disease,
severe toxic reaction {e.g., snake bite, insect bite, transfusion reaction), shock, heat stroke,
transplant rejection, vascular ancuryvsm, hepatic failure, cancer treatment by chemotherapy or
radiation therapy, burn, or accidental radiation exposure.

In some embodiments, the MASP-2-dependent complement-associated disease or
disorder is selected from the group consisting of acute radiation syndrome, dense deposit
disease, Degos Disease, Catastrophic Antiphospholipid Syndrome (CAPS), Behcet's disease,
cryoglobulinemia; paroxysmal nocturmal hemoglobinuria ("PNH") and cold agglatinimn disease.

In some embodiments, the MASP-Z2-dependent complement-associated discase or
disorder is selected from the group comsisting of aHUS, HSCT-TMA, IgAN, and Lupus
Nepthritis (LN}

Atvpical hemolviic wremic syndrome (aHUS)

Atypical hemolvtic aremie syndrome (aHUS) ts part of 8 group of conditions termed
“Thrombotic microangiopathies.” In the atypical form of HUS (aHUS), the discase is
associated with defective complement regulation and can be erther sporadic or famihal.
Familial cases of aHUS are associated with mutations in genes coding for complement
activation or complement regulatory proteins, mchiding complement factor H, factor |, factor
B, membrane cofactor CD46 as well as complement factor H-related protein 1 (CFHR 1) and
complement factor H-related protem 3 (CFHR3). (Zaipfel, P.F, et al,, PioS Genefics 3(3)e41
(20073, The unifying feature of this diverse array of genetic mutations associated with
aHUS is a predisposition to erhanced complement activation on cellular or tissue surfaces. A
subject 1s a risk for developing aHUS upon the onset of at least one or more symptoms
mdicative of aHUS (¢ .g., the presence of anemia, thrombocyiopena and/or renal
msufficiency) and/or the presence of thrombaotic microangiopathy i a biopsy obtained from
the subject. The determination of whether a subject is at risk for developing aHUS comprises
determining whether the subject has a genetic predisposition o developing aHUS, which may
be carried out by assessing genetic information {e.g. from a database containing the genotvpe

of the subject), or performing at least one genetic scregning test on the subject to determing
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the presence or absence of a genetic marker associated with aHUS (i.e., determining the
presence or absence of a genetic mutation associated with aHUS in the genes encoding
complement factor H (CFH), factor 1 (CFI), factor B (CFB), membrane cofactor CD46, C3,
complement factor H-related protem 1 (CFHR1), or THBD (encoding the anticoagulant
protein thrombodulin) or complement factor Herelated protein 3 (CFHR3}, or complement
factor H-related protein 4 (CFHR4)) cither via genome sequencing or genc-specific analysis
{c.g.. PCR analysis), and/or determining whether the subject has a family history of aHUS,
Methods of genetic screening for the presence or absence of a genetic mutation associated
with aHUS are well established, for example, sec Noris M et al. “Atvpical Hemolytie-Uremic
sSyndrome,” 2007 Nov 16 {Updated 2011 Mar 10]. In: Pagon RA, Bird TD, Dolan CR et al,

editors. GeneReviews™, Seattle (WA): Umiversity of Washington, Scaitie.

As described in US2015/0166673, 1 a human ex vivo experimental modcl of
thrombotic microangiopathy (TMA}, OMS646 inhibited complement activation and
thrombus formation on microvascular endothehial cells exposed to serum samples from aHUS
patients in both the acute phase and in renission. As further described 1n US2017/0137537,
data obtained in an open-label Phase 2 clinical trial (i v. admunistration of 2-4 mg/kg MASP-2
mhibitory antibody OMS646 once per week for 4 consecutive weeks), treatment with
OMS5646 showed efficacy in patients with aHUS. Platelet counts in all three aHUS patients
i the mid- and high-dose cohorts {two in the mid-dose and one in the high-dose cohort)
retumed to normal, with a statistically significant mean increase from baseline of

approximately 68,000 platelets/mL (p=0.0055).

Hematopoictic stem cell transplant-associated TMA (HSCT-TMA)

Hematopoictic stem cell transplant-associated TMA (HSCT-TMA ) 15 a life-
threatening complication that is triggered by endothehial injury. The kidney 1s the most
commonly affected organ, though HSCT-TMA can be a multi-system disease that also
mvolves the tung, bowel, heart and brain. The occurrence of even mild TMA is associated
with fong-teom renal impairment. Development of post-allogeneic HSCT-associated TMA
differs in frequency based on varying diagnostic criteria and conditioning and grafi-versus-
host disease prophylaxis regimens, with calcineurin mhibitors being the most frequent drugs

mmphicated (Ho VT et al., Biol Blood Marrow Transplant, 11{8):571-5, 2005).
As described in US2017/0137537, in an Phase 2 clinical trial {i.v. admnistration of 4
mg/kg MASP-2 inhibitory antibody OMS646 once per week for 4 to 8 consecutive weeks},

40



WO 2019/040453 PCT/US2018/047255

treatment with OMS646 improved TMA markers in patients suffering from HSCT-TMA,
mehuding a statistically significant improvement in LDH and haptoglobin levels. The HSCT-
TMA patients treated with OMS646 represent some of the most difficult to treat, thereby
demonstrating chinical evidence of a therapeutic effect of OMS646 m patients with HSCT-

TMA.

Immunoglobulin A nephropathy (IsAN)

Immunoglobulim A nephropathy (1gAN} is an autoimmunc kidney disease resulting in
mirarenal inflammation and kidney injury. IgAN is the most common primary glomerular
disease globally. With an annaal incidence of approxamately 2.5 per 160,000, it 15 estimated
that 1 1 1400 persons in the U.S. will develop IgAN. As many as 40% of paticnts with IgAN
will develop end-stage renal discase (ESRD). Patients typically present with microscopic
hematuria with mild to moderate proteinuria and variable levels of renal insufficiency (Wyatt
R, etal, N EnglJ Med 368(25%.2402-14, 2013}, Clinical markers such as impaired kidney
function, sustained hyperiension, and heavy proteinuria {over 1 g per day) are associated with
poor prognosis (Goto M et al., Nephro! Dial Transplant 24(10):3068-74, 2009, Berthoux F.
etal., J Am Soc Neplirol 22{4).752-61, 2011}, Protemuria is the strongest prognostic factor
mdependent of other risk factors 1n mudtiple large observational studies and prospective trials
{Coppo R. etal., J Nephrol 18(5):503-12, 2005; Reich H. N, et al., J 4m Soc Nephrol
18(12):3177-83, 2007). It is estimated that 15-20% of patients reach ESRD within 10 vears
of disease onset if left untreated (D Amico G, Am J Kidney Dis 36(2):227-37, 2000). The
diagnostic hallmark of IgAN is the predominance of IgA deposits, alone or with 1gG, igM, or

both, n the glomerular mesanginm.

As described in US2017/0189525, in a Phase 2 open-label renal tnal (v,
adnunistration of 4 mg/kg MASP-2 inhibitory antibody OMS646 once per week for 12
congecutive weeks), patients with IgA nephropathy that were treated with OMS646
demonstrated a clinically meaningful and statistically significant decrease in urine albumin-
to-creatinine ratios (uACRs) throughout the trial and reduction in 24-hour uring protein levels

from baseline to the end of reatment.

Lupus Nephntis (LN}

A main complication of systemic lupus ervthematosus {(SLE) 1s nephntis, also known

as lupus nephritis, which 1s classified as a secondary tform of glomerulonephntis. Up to 60%
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of aduits with SLE have some torm of kidnev involvement later i the course of the disease
{Koda-Kimble et al., Koda-Kimble and Young’s Applied Therapeutics: the clinical use of
drugs, 10® Ed, Lippincott Williams & Wilkins: pages 792-9, 2012) with a prevalence of 20-70
per 100,000 people in the US. Lupus nephritis often presents in patients with other symptoms
of active SLE, including fatigue, fover, rash, arthritis, serositis, or central nervous system
disease {Pisetsky DS et al, Med Clin North Am 81{(1):113-28, 1997 Some patients have
asymptomatic lupus nephritis; however, during regular follow-up, laboratory abnormalitics
such as ¢levated serum creatinine levels, low albumin levels, or uninary protein or sediment

suggest active lupus nephritis,

As described m U8, Patent Application No. 15/470,647, in a Phase 2 open-label renal
triad (i.v. administration of 4 mg/kg MASP-2 mnhibitory antibody OMS646 once per week for
12 consecutive weeks), 4 out of 5 patients with Lupus Nephritis (LN) that were treated with an
anti-MASP-2 antibody demonstrated a clinically meaningful decrease i 24-hour urine protem

levels from baseline to the end of treatment.

Administration

The high conceniration low viscosity MASP-2 imhibitory antibody formulations
described herein can be administered to a subject in need of treatment using methods known 1
the art, such as by single or multiple injections or infusions over a period of time in a suitable
manner, ¢.g., injection or mfusion by subcutancous, intravenous, Intraperitoneal,
mtramuscolar. As described berein, parenteral formulations can be prepared in dosage unit
form for case of administration and uniformity of dosage. Asused herein the term “unit dosage
form” refers to physically discrete units suited as unitary dosages for the subject to be treated;
cach unit containing a predetermined guantity of active compound calculated to produce the
desired therapeutic effect in association with the selected pharmaceutical agquecus solation |

For the prevention or treatment of discase, the appropriate dosage of the MASP-2
mhibitory antibody will depend on the type of disease to be treated, the severity and course of
the disease. The antibody 1s suitably administered to the patient at one time or over a series of
treatments. Depending on the type and severity of the disease, the MASP-2 inhibitory antibody
can be administercd at a tixed dose, or in a milligram per kilogram (mg/ke) dosc. HExemplary
dosages of the MASP-2 inhibitory antibody contained in the formulations described herein

mchude, e.g., about 0.05 mg/kg to about 20 mg/ke, such as about 1 mg/kg, 2 mg/kg. 3 mg/kg,
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4 mg/kg, 3 mg/kg, 6 mg/kg, 7 mglkg, & mgkg, 9 mgke, 10 mg/kg, 11 mgikg, 12 mg/ks, 13
mg/kg, M mgke, 15 me/kg, 16 mg/ke, 17 mg/kg, 18 mg/ke, 19 me/ke or 20 mg/kg which can
be administered daily, twice weekly, once weekly, bi-weekly, or monthlv.

Exemplary fised dosages of the MASP-2 mhibitory antibody, such as the formulations
described herein include, e.g., about 10 mg to about 1000 mg, such as about 50 mg to about
750 mg, such as about 100 mg to about 500 mg, such as about 200 mg to about 400 mg, such
as about 200 mg, about 225 mg, about 250 mg, about 275 mg, about 300 mg, about 325 mg,
about 350 mg, about 375 mg, or about 400 mg which can be admimistered daily, twice weekly,
once weekly, bi-weekly, or monthly.

With regard to delivery volume of the formulations, the concentration of the antibody
m a formulation used for a therapeutic application i1s determuned based on providing the
antibody in a dosage and volume that is tolerated by, and of therapeutic value to, the patient.
For a therapeutic antibody formulation to be admunistered by imjection, the antibody
concentration will be dependent on the injection volume {(usually from 0.5 mL to 3 mb).
Antibody based therapies can require several mg/kg of dosing per day, per week, per month,
or per several months. Accordingly, if a MASP-2 inhibitory antibody is to be provided at
Img/kg to 5 me/kg {e.g., Imgrkg, 2 mg/keg,. 3 mg/ke, 4 mg/kg or 3 mg/ke) of body weight of
the patient, and an average patient weighs 75 kg, then 75 mg to 375 mg of the antibody will
need to be debivered in a 0.5 mL to 3.0 mL injection volame. Altematively, the fornudation 1s
provided in a concentration suitable for delivery at more than one injection site per treatment,

In a preferred embodiment in which the concentration of the OMS646 antibody 1 the
formulation 1s about 185 mg/mL., for a dosage of 1 mg/kg to 5 mg/kg of body weight of the
patient {assuming 75 kg), the formalation would be delivered subcutancously in about .40 mL
to about 2.0 m injection volume.

As described herein, the formulations of the present disclosure are suitable for both
miravenous (1.v.) dosage and subcutancous (s.¢.) adminstration.

Depending on the type and severity of the discase, the MASP-Z inhibitory antibody can
be administered miravenously at a fixed dose, or in a milligram per kilogram (mg/kg} dose.
Exemplary dosages of the MASP-2 mhibitory antibody contained in the formulations described
herein can be delivered intravenously by diluting an appropriate amount of the high
concentration formulation described herein with a pharmaceutically acceptable diluent prior to
administration such that the MASP-2 inhibitory antibody is administered to a human subject at
adosage of e.g., about 0.05 mg/kg to about 20 mg/kg, such as about § mg/kg, 2 mgikg, 3 mg/ky,
4 mg/kg, S mg'kg, 6 mgke, 7 mg/kg, 8 mgke, 9 mg/keg, 10 megkg, 11 mgkg, 12 mg/kg, 13
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mg/ke, 14 me/ks, 15 mg/kg, 16 mghkg, 17 mg/kg, 18 mg/ke, 19 me/kg or 20 mg/kg which can
be administered daily, twice weekly, once weekly, bi-weekly, or monthly .

The MASP-2 inhibitorv antibody can also he delivered intravenously at a fixed dosage
by diluting an appropriate amount of the high concentration formulation described heren with
a pharmaceutically acceptable diluent prior to administration such that the MASPE-2 mhibitory
antibody is administered to a human sobject at a dosage of about 10 mg to about 1000 mg, such
as about 50 mg to about 750 mg, such as about 100 mg to about 500 mg, such as about 200 mg
to about 400 mg, such as about 200 mg, about 225 mg, about 250 mg, about 275 mg, about 300
mg, such as about 300 mg to about 400 mg, such as about 310 mg, about 320 mg, about 323
mg, about 330 mg, about 340 mg, about 350 mg, about 360 mg, about 370 mg, about 3735 mg,
about 380 mg, about 390 mg or about 400 mg which can be administered daily, twice weekly,
once weekly, bi-weekly, or monthly.

In some embodiments, the formulation comprising the MASP-2 inhibitory antibody is
diluted o a pharmaceuticallv-acceptable diluent prior to systenuc {e.z., imtravenous)
delivery. Exempiary diluents which can be used include water for injection, 5% dextrose, 0.9%
saline, Ringers solution and other pharmaceutically-acceptable diluents suitable for
mitravenous delivery. While in no way intended to be limiting, exemplary dosages of a MASP-
2 inhibitorv antibody to be adnumistered intravenously to treat a subject suffering from a
MASP-2-dependent complement disease or disorder inchude, €.g., about 0.05 mg/kg to about
20 mg/kg, such as about 1 mg/ke, 2 me/ke, 3 me/kg, 4 mekg, 5 mekg, 6 mgkg, 7 mg/kg, 8

g, 17

mg/kg, Y mg/kg, 10 mg/ke, 11 me/ke, 12 mg/kg, 13 mg/kg, 14 mg/ke, 15 mgikg, 16 ma/ke,
mg/ke, 18 mg/ke, 19 mg/ke or 20 mgskyg which can be administered daily, twice weekly, once
weekly, bi-weekly, or monthly. Exemplary fixed dosages of the MASP-2 whibitory antibody
to be delivered mtravencusly to treat a subject suffering from a MASP-2Z-dependent
coraplement disease or disorder include, ¢.g., about 10 mg to about 1000 mg, such as about 50
mg to about 750 mg, such as about 100 mg to about 500 mg, such as about 200 mg to about
400 me, such as about 200 myg, about 225 mg, about 250 mg, about 275 mg, about 300 mg,
about 323 g, about 330 mg, about 375 mg, or about 400 mg which can be administered datly,
twice weekly, once weekly, bi-weekly, or monthly.

In some embodiments, the formulation is diduted into a pharmaceutically acceptable
diluent and adnunistered to a subject in need thereof with an initial i v, loading dose {e.g.. about
300 mg to about 750 mg, such as about 400 mg to about 750 mg, such as about 300 mg to about
500 mg, such as about 300 mg to about 400 mg, such as about 300 mg , about 310 mg, about

320 mg, aboot 330 mg, about 340 mg, about 350 mg, about 360 myg, about 370 mg, aboat 380
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mg, about 390 mg, or about 400 mg), followed by one or more subcutaneous injections of the
formulation with a dosage of Img/kg to 3 mg/kg of body weight, or a fixed dosage of about
100 mg to about 400 mg, such as about 100 mg, about 150 mg, about 200 mg, about 250 mg,
about 300 mg, about 350 mg, or about 400 mg. For example, an imtial 1.v. loading dose may
be the preferred adminmistration route in particular instances, such as when a patient is in the
hospital or in a clinic and suffering from an acute condition {e.g., aHUS} that requires an mitial

loading dose followed by maintenance dosing with subcutancous injection of the formulation.

Examples

The mvention s further ilustrated in the following examples, which should not be
construed as further bmiting.  All biterature citations herein are expressly incorporated by

reference.
EXAMPLE1

Thig Example demoustrates that OMS646, a monoclonal antibody targeting human
MASP-2, binds to human MASP-2 with high affimity and blocks the lectin pathway

coraplement activity.

A fully human monoclonal antibody targeting human MASP-2 (set forth as SEQ ID
NG:1}, referred to as “OMS646” was generated as described in WO2012/151481, which is
hereby incorporated hercin by refercnce. The OMS646 monoclonal antibodv comprises a
heavy chain variable region (VH) set forth as SEQ ID NG:2 and a light chain variable region
(VL) set forth as SEQ 1D NO:3. OMS646 1s comprised of vanabile regions of human onigin
fused to human Ig(G4 heavy chain and lambda light chain constant regions and is secreted as a
disulfide-hinked glycosviated tetramer consisting of two identical heavy chains (having the
amino acid sequence set forth as 4) and two identical lambda light chains (having the amino
acid sequence set forth as SEQ ID NO:5). The Asparagine residue {N) at position 293 of the
heavy chan (SEQ ID NG:4) 1s glycosylated and 1s indicated in bold and underlined text.
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Heavy Chain Vanable Region

Presented below is the heavy-~chain variable region (VH) sequence for OMS646. The Kabat
CDRsg (31-35 (H1), 50-65 (H2) and 93-167 (H3)) are bolded; and the Chotlua CDRs (26-32
(H1), 52-56 {H2} and 95-101 (H3)) are underhned.

OMS646 heavy chain variable resion (VHY (SE

OVTLEKESGPVLVKPTETLTLTCTVAGESLSRGKMGVSWIRQPPGKALEWLABIFSSDEKSYR
TSEESRLTISKDTSKNQVVLTMTNMDPVDTATYYCARIBRRGGIDYWGOGTLVTVES

Light Chain Vanable Resion

Presented below is the hight-chain variable region (VL) sequence for OMS646. The Kabat
CDRs {(24-34 (L1}, 50-56 (1.2} and 89-97 {L3) are onderhined. These regions are the same

whether numbered by the Kabat or Chothia system.

OMS646 light chain variable resion (VL)Y (SEQ 1D NG:3)

QPVLTOPPSLSVEPGOTASITCSGERLGDPEYAYWYQOKPGOSPVLVMY QBKQRPSGIPERF
SGSNSGNTATLTISGTQAMDEADY YCQAWBSSTAYFGGGTKLTVL

OMS646 beavy chan JoG4 mutated heavy chamn full leneth polvpeptide {445 aa) (SEQ ID

NG:4)

QVTLKESGPVLVKPTETLTLTCTVSGFSLSRGKMGY SWIRQPPGRALEWLAHIFSSDEKSYRT SLKSRLT T SKDT
SKNQVVLTMTINMDEVDTATYYCARIRRGGIDYWGQOGTLVIVESASTRGESVEPLAPCSRSTSESTAALGCLVEDY
SWNSGALTSGVHTEFPAVLOSSGLYSLSSVVIVRSS GTKTYTCNVDHE NTKVDKRVESKYGPECP

VVVDVEQE

VSVLTVLHODWLNGKEYKCKVENKGLEPSSIEKTI SKAKGOPREPQVYTLPPSQEEMTKNQVSLTCLVKGEYPSDI

AVEWESNGUPENNYRKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVESCSVMHEEALENHYTOKSLSLSLGK

OMS646 heht chan full Iength polvpentide (2172 aa) (SEQG ID NG5S

QPVLTOPPSLSVSPGOTASITCSGEKLGDRKYAYWYQORKPGQ
GTOAMDEADYYCQAWDS STAVEGGGTRKLTVLGOPRKAAPSVTLEFPPSSEELOANKATLVCLI SDEYPGAVTVAWKA

DSSPVKAGVETTTPSKQSNNRKYAASSYLSLTPEQWKSHRSYSCOVTHEGSTVERKTVARPTECS

Ag described in WO2012/151481, OMS646 binds to MASP-2 and selectivelv inhibits

the lectin pathway and does not substantially mhibit the classical pathway (1o, inhibits the
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lectin pathway while leaving the classical complement pathway intact) and also exhibits at least
one or more of the following characteristics: said antibody binds human MASP-2 with a Ky, of
10 nM or less, said antibody binds an epitope in the CCP1 domain of MASP-2, said antibody
mhubits C3b deposition 1n an /n vifre assay in 1% human serum at an {Cq of 10 oM or less,
said antibody inhibits C3b deposition in 90% human serum with an ICsy of 30 nM or less,
wherein the antibody is an antibody fragment selected trom the group consisting of Fv, Fab,
Fab', F{ab), and F{ab'), wherem the antibody 1s a single-cham molecule, wherein said antibody
is an 1252 molecule, wherein said antibody is an IgGl molecule, wherein said antibody is an
1G4 molecule, wherein the 1g(G4 molecule comprises a S228P mutation.

As deseribed in WO2012/151481, OMS646 was determined to avidly bind to human
MASP-2 (SEQ ID NO: 1) with >5000 fold selectivity when compared to Cls, Clr, MASP-1 or
MASP-3. As shown in this example, OMS646 specifically binds to human MASP-2 with high
affinity and has the ability to block lectin pathway complement activity.

As shown above, OMS646 comprises (a) a heavy-chain variable region comprising (3}
CDR-HI comprising the amino acid sequence from 31-35 of SEQ ID NG:2, u) CDR-H2
corprnsing the amino acid sequence from 50-63 of SEQ H3 NO:2, and 111) CDR-H3 comprising
the amino acid sequence from 93-107 of SEQ 1D NO:2; and (b) a light-chamn variable region
comprising: 1} CDR-L1 comprising the amino acid sequence from 24-34 of SEQ 1D NQO:3, i)
CDR-L2 comprising the amino acid sequence from 50-56 of SEQ ID NO:3, and iu) COR-L3
comprising the amino acid sequence from 89-97 of SEQ 1D NG:3.

As further described 1o WO2012/151481, a vanant of OMS646, having a heavy cham
variable region with at least 95% wdentity to SEQ I3 NO:2 and a light chain vanable region
with at least 95% dentity to SEQ 1D NO:3 was demonstrated to have functional activity similar
to OMS646. The OMS646 vanant described in W0O2012/151481 comprises a) a heavy chain
variable region compnsing: SEQ ID NO:2, or a vanant thereof comprising an amino acid
sequenae having at least 95% dentity to SEQ 1D NO:2, wherein residue 31 is an R, residue 32
i1s a G, residue 33 is a K, residue 34 is an M, residue 35 15 a G, residue 3615 a V, residue 37 15
an 8, residue 5015 an L, residue 51 15 an A, residue 52 1s an H, residue 533 s an [, residue 54 15
an F, residue 55 is an 5, residue 56 18 an S, residue 37 15 a D, residue 38 15 an E, residue 59 1
al residuc 60isan S, residuc 61 isa 'Y, residue 62 1s an B, residue 63 15 a T, residue 64 15 an
S, residuc 65 1san L, residuc 661sa K, residuc 67 isan 8, residuc 95 isa Y, residuc 9615 a 'Y,
residue 97 is a C, residue 98 1s an A, residue 99 18 an R residue 100 is an I residue 101 1s an

R, residue 102 1san R or A, residue 103 is a G, residue 104 is a G, residue 105 15 an |, residue
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106 15 a D and residue 107 is a Y, and b) a hght chain variable region comprising: SEQ ID
NO:3 or a variant thereof comprising an amuno acid sequence having at least 95% identity to
SEQ ID NG:3, wherein residue 23 15 an S, residue 24 1s a G, residue 25 is an E or D, residuc
261sa kK, residue 27 15 an L, residue 28 15 2 G, residue 2913 2 D, residue 301s a K, residue 31
1isa ¥ or F, residue 32 1san A, residue 33 1sa Y, residue 49 1s a Q, residue 50 1s a D, residue
S5lisaK or N, residue 52 isa @ or K, residue 53 s an R, residue 54 1s a P, residue 55 1san §,
residue 56 1s a G, residue 88 15 2 Q, residuc 89 is an A, residue 90 is a W, residue 91 s a D,
residuoe 92 1s an S, residue Y3 1san S, resadue 94 15 a T, residue 93 s an A, residuec 96 1sa 'V

and residue 97 isan F.

1. OMAS646 specifically blocks lectin-dependent activation of terminal complement

components
Methods:

The effect of OMS646 on membrane attack complex (MAC) deposition was analyzed
using pathway-specific conditions for the lectin pathway, the classical pathway and the
altemative pathway. For this purpose, the Wieslab Comp300 complement screening kit

{(Wieslab, Lund, Sweden) was used following the manufacturer’s instructions.
Results:

FIGURE 1A graphically llustrates the amount of lectin pathway-dependent MAC
deposition in the presence of different amounts of human MASP-2 inhibitory antibody
(OM5646). FIGURE 1B graphically illustrates the amount of classical pathway-dependent
MAC deposition in the presence of human MASP-2 mhibitory antibody (OMS646). FIGURE
1 graphically tHustrates the amount of alternative pathway-dependent MAC deposition in the
presence of different amounts of human MASP-2 inhibitory antibody (OMS646). As shown
m FIGURE 1A, OMS646 blocks lectin pathwayv-mediated activation of MAC deposition with
an {Csp value of approxamately T oM. However, OMS646 had no effect on MAC deposition
generated from classical pathway-mediated activation (FIGURE 1B} or from alternative

pathway-mediated activation {FIGURE 1().
EXAMPLE 2

OMS646 Pre~-Formulation Studies
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Background/Rationale:

The composition of a reduced viscosity protein formulation is determined by
consideration of several factors including, but not limited to: the nature of the protein, the
concentration of the protein, the desired pH range, the temperature at which the protein
formulation is to be stored, the period of ime over which the protein formulation is to be stored,
and how the formulation is to be administered fo a patient. For a reduced viscosity formulation
to be admnistered by mjection, the protein concentration is dependent upon the injection
volume (usually 1.0 mL to 2.25 mL}. If a protein 15 to be provided at 2 to 4 mg/kg of body
weight of a patient, and an average patient weighs 75 kg, then 130 mg-300 mg of the protein
will need to be dehivered ina 1.0 mL to 1.62 mi imection volume. Viscosity is ideally
maintained below about 25 ¢P to ensure a realistically syringeable subcutancous therapeutic
product. In some embodiments, viscosity is maintained below about 20 ¢P to allow for delivery
of the therapeutic product with an injection device, and also to allow for various types of
bioprocessing, such as tangential flow filtration.

The primary aim of these studies was to identify formulation components that would
resuft in optimal chemical, physical, and structural stability of OMS646 antibody in liqud
formulation resulting 1o a stable formulation with a viscosity of less than 235 ¢P, such as less
than 20 cP. with a lugh concentration of OMS646 (100 mg/ml or greater) suitable for

subcutancous injection nto a human subject.

Analvtic Methods:

To test various buffer and excipient combinations, a purified preparation of OMS646
antibody (102 mg/mb m 20 mM sodium acctate, 50 mg/ml sorbitol, pH 5.0} was diluted to ~
1 mg/mbL i the selected formulation solutions and 4 mi volumes were placed in
concentrators pre-rinsed with the appropriate buffer. Each unit was spun down to ~ 1 mL at

3200 x g. This process was repeated for a total of three rounds of butfer-exchange.

Formulation appearance was evaluated using an Fisai Machiery Observation Lamp,
Model MIH-DX against water using white and black backgrounds. Each formulation sample

was tested for color, clarity {opalescence), and the presence of particulate matter,

The protein content of OMS646 formulations was determined using an extinction
cocfficient of 1.49 ml/mg*cm. Measurement of absorbance at 280 nm with correction for
absorbance at 320 nm was performed using disposable UVeties and a path length of 0.2 cm.

Samples were prepared in duplicate by difation with 1x Dulbecco’s Phosphate-Buffered Saline
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(DPBS) to a final concentration of ~2 mg/mb. For high concentration samples, the neat
sohutions were first diluted 111 i formulation buffer, and then diluted to ~2 mg/mL i Ix
DPBS. Duplicate measurements for cach sample were averaged, and the percent relative
standard deviation {RSD) was calculated. For any duplicate samples displaving > 5% RSD, an

additional dilution set was prepared and measured.
The protein concentration was calculated as follows:

Corrected A280 = A280 - A320

Protein Concentration (mg/mbL) = (Corrected A280 * Dilution Factory/ 1.49 mL/mg*cm

To assess sample turbidity/light scattering, 100 uL of undiluted sample was measured
at 320 nm in a disposablc UWetic using a 1 cm path length. For each sample, the
spectrophotometer was blanked with the appropriate buffer-exchange solution without the
protein present. Following measurement, samples were recovered and used for pH analysis. In
order to normalize turbidity measurements for sample concentration, A320 was also divided
by the concentration in mg/mbL and the resulting value in mAU*ml/mg was reported.

pH measurements of all formulations and solutions were performed at room
temperature using a calibrated SevenMulon Meter (Mettler Toledo) with an automatic
temperature compensation sloctrode.

The thermal stability of the OMS646 formulations was monitored by differential
scanning calorimetry (DRCY. Melting temperatore {(Ty) data for the mAb were collected using
a MicroCal Capillary DSC. The protemn samples were diluted to a final concentration of ~2
mg/ml in the appropriate buffer-cxchange solution. Evaluation of the samples by DSC was
performed by scanning from 20-110°C at 1°C/unute or 2°C/minute. The pre-scan thermostat
was set to 10 minutes, post-scan thermostat to 0 minutes, and the post-cycle thermostat set i
25°C. For Tw data analysis, a buffer-buffer scan was subtracted from the buffer-sample scan
and the thermogram was then normalized to protein conceniration {molar) using a molecular
weight estimate of 150 kDa. A progressive baseline was generated and subtracted from the data
to facilitate Tm determination. Melting temperatures were determined using the pick peaks
function of the associated Origin® scientific software.

Dynamic light scattering (DLS) measures time-dependent fluctuations in the intensity
of scattered hight from particles in a sample, where the Stokes Einstein equation is used to
calculate the hydrodynamic radius of the particle(s) in sclution. The DLS experiments for

OMS646 formulations were performed with duphicate undihuted samples (30 - 46 pl) using a
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DynaPro™ Plate Reader I instrument {Wvatt). A total of 10 individual scans were performed
at 25°C, with an acquisition time of 5 seconds. Viscosity was set to that of phosphate buffered
saline, 1.019 ¢P. The resultant intensity distribution plots were compared to evaluate the effects
of various formulation components on mean particle size by intensity {overall diameter), a
global size distribution width parameter (overall percent polvdispersity, or 9% Pd), the average
peak diameter of the OMBS646 monomer {(Peak 2 diameter), and that peak’s width parameter
(Peak 2 % Pd). Percent polvdispersity (overall or Peak 2) 1s a width parameter that refiects the
heterogeneity detected in the intensity distribution plot, where % Pd < 20% is indicative of a
near monodisperse solation and/or specics conformation.

Stability against chemical denaturation was cvaluated using the AVIA Isothermal
Chemical Denaturation Svstem (Model 2304), which tests chemical stability under ambient
conditions in an automated fashion by generating a denaturant gradient by mixing constant
volumes of formulated protein with fornmulation buffer and formulation buffer containing vrea.
Briefly, formulated protein was diluted to 0.33 mg/mL in formulation buffer. For a given
formulation, a second formulation buffer containmg 10M urea was also prepared. Due to
solubihity 1ssugs, 9M uprea solutions were prepared for sucrose- and sorbitol-containing
formulations. After a uniform incubation time (~30 minutes), intrinsic protein fhiorescence
{i.c.. tryptophan fluorescence) is measured for cach data pomt, where chemical unfolding of
the protein results in exposure of buried tryptophans to solvent with an associated red-shift in
the fluorescence signal. For cach formulation, data was obtained for a total of 24 wrea
concentrations (0-9.0M for 10 M urea stocks and 0-8.1M for 9M urea stocks), and the ratio of
Abs350/Abs330 was used for baseline subtraction of background fluorescence changes, and a
non-linear least squares fit to the unfolding transition data was emploved using either a 2-state
or 3-state model.

Viscosity of the formulations was determined using either a rolling ball viscometer or
arheometer. All viscosity measurements were performed at 25°C with a shear rate in the range
of 0.5 s to 1000 s Rolling ball measurements were performed using an Anton Paar AMVn
viscometer. For rolling ball viscosity measurements, the time a gold ball takes to pass a
distance m a capillary filled with the sample is measured after tilting the capillary to a
predefined angle (80 degrees). Capillaries were tilted a total of three times and the results were
averaged to determing the final dynamic viscosity, a value which is not dependent on sample
density. For rolling ball measurements, the capiliary was first cleaned using DY water and

methanol. Calibration of the mstrument/capiilary was confirmed by measurement of 10 ¢P,
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50cP and/or 100 ¢P Brookfield viscosity standards. The capillary was re~cleaned with DI water
and methanol prior to and between cvery sample measurement.

Rheometer-based viscosity measurcments were performed using a DV Ultra
Programmable Rheometer which was calibrated with Brookfield Viscosity Standard Fluid #10
and #50. 0.5 mL of each sample was measured at various spindle speeds (shear rates). Samples
displaying viscosity {(cP) readings with <10% RSD for all shear rates were considered
Mewtonian over this range, while samples were shear rate-dependent viscosity were considered
non-Newtoman.

Density measurements were carmied out using an Anton Paar DMA  4500M
Densttometer.  Briefly, the instrument was flushed with DY water several times followed by
methanol. The instrument was calibrated for air and water prior to measuring the density of
water as a sample. The instrument was again washed with water and methanol and a single
sample measurcment was performed on ~175 mg/mlL material pooled from several
formulations. The reported value was used as a reasonable density approximation for high-
concentration OMS646 formulations to be used in gravimetric content measurements.

Osmolality measurements were performed using a freezing poimt depression
osmometer {Mualti-Osmette Osmometer, Precision Systems model 24303, which measuares the
decrease in a solution’s freczing pourt as solute concentration nCreases.

A liguid particle-counting system (Hach Model 9703, Sensor Model: HRLD-150) was
used for determining particle size and abundance in OMS646 formulation samples. Sample
data was obtained using a single 500 uL draw of sample (200 pL tarc volume). Briefly, the
mstrument was allowed to warm up for ~30 minutes and both the synnge {1 mL) and system
were flushed with deionized water for at least 10 cvcles before use. Eanvironment suitability
was tested by showing that 25 mb of deionized water contained no more than 25 particles >10
um in size. System suitability was confirmed by analyzing a single 500 ul draw of 2, 5, 10
and 15 uM standards using appropriate channel sizes. I cumulative counts/mL detected fell
within the specification given for the standard, then the system was deemed suitable for sample
testing. Before the first sample measurement, the system was flushed once with Ix Phosphate
Buffered Saline (PBS) to ensure that samples did not precipitate upon contact with deionized
water. Samples were analyzed using a single 500 il draw, and cumulative counts/mb for 2
pm, 5 pm, 10 pm and 25 pm channels were determined to the nearest whole number.

Size exclusion chromatography (SEC) was used to evaluate the guantity of aggregates
and degradation products present in the OMS646 formulations. Briefly, an Agilent 1100 HPLC
system was fitted with a G30005Wx1 SEC column (Toscoh, 7.8 x 300 mm, 5 um particle size).
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OMS646 formulation samples were diluted to 2.5 mg/mL 10 SEC mobile phase (140 mM
potassium phosphate, 75 mM potassium chlonde, pH 7.0) and 20 L of sample was iyjected
o the HPLC column. The systern was run using a flow rate of 0.4 mb/oun, and eluted protein
was detected by absorption at 280 nm (bandwidth 4 nm) with no reference correction. To
assess system suitability, all samples were bracketed by mobile phase blank and gel filtration
standard injections, and reference material was injected in doplicate at the beginming of the
sequence. Percent abundances for individual and total high molecular weight (HMW) species
and low molecular weight (LMW) species, m addition to percent monomer and total integrated
peak area were determuined.

Analysis by reduced SDS capillary gel (SDS-CE) electrophoresis was performed with
a Beckman Coulter PA 800 Plus capillary electrophoresis system and PDA detection module,
using an SDS-MW Analysis Kit. Samples and reference were first diluted to 1.0 mg/mL m
SBS-MW Sample Buffer. To 95 pb of this working solution 5 ub of B-mercapioethanol and 2
ul. of Internal Standard {10 kida) were added. All samples were centrifuged at 300 x g for |
minute, heated at 70 = 2°C for ~10 minutes, and transferred to a PCR vial and kept at 25°C
until analysis. Separations were conducted by applyving 15 kV (reverse polanty) across the
capillary for 30 minutes and applying a 20.0 psi pressure at both indet and outlet. Data was
acquired at 220 nm with a collection rate of 4 Hz Reference (unprocessed OMS646) was
mjected twice at the begimming of each sequence. Percent LT, HC and IgG were reported.

Non-reduced SDS capillary gel electrophoresis analyses were carried out as described
for reduced CE-SDS, with the exception that freshly prepared 230 mM iodoacetamide was used
m place of reducing agent, and separations were performed for 35 minutes. Total
clectropherogram area and % Ig(s were reported.

A purified preparation of OMS646 antibody (102 mg/mb)} was generated using
recombinant mcthods as described in W0O2012/151481, which 1s hereby incorporated herein
by reference. Briefly described, OMS646 antibody was generated in CHO cells containing
expression constricts encoding the heavy chain and light chain polypeptides of OMS646 and

puriticd using standard technigues.

1. Comparison of Candidate Bufferine Svstems:

Methods:

In the pre-formulation studies, the stability of MASP-2 mlubitory antibody OM5S646

was iitially evaluated against 3 panel of candidate buffers including those commonly vsed in
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therapeutic antibody formulation {citrate, histidine, phosphate), as well as more unconventional
buffers (acetate, sacemate) i order to cover a wide pH range (pH 4.0 — pH 8.0}, For this study,
the protein was exchanged nto 20 mM succinate (pH 4.0, 5.0 and 5.5}, acetate (pH 4.0, 5.0 and
5.5}, citrate {(pH 5.0, 6.0 and 7.0}, lustidime (pH 6.0 and 7.0} and phosphate (pH 6.0, 7.0 and
3.0} buffers using Amicon Ultra~4 (10 kDa MWCO) concentrators. A purified preparation of
OMS646 antibody (102 mg/mL in 20 mM sodium acetate, 5C mg/mL sorbitol, pH 5.0} was
dilited to ~1 mg/mi. in each of the 14 formulation solutions, and 4.0 mL volumes were placed
m concentrators pre-ninsed with the appropriate buffer. Each unit was spun down to ~1 mL at
3200 x g. This process was repeated for a total of three rounds of buffer-exchange. During the
final round of concentration, the protein was over-concentrated to < 1 mL. The approximate
volume and centrifuge time of each solution was recorded atier each cvcle.

Results: Overall) the data generated for the five buffer types were comparable with
regard to buffer-exchange rate, protein content recovery, differential scanning colonmetry
{(DSC), dynamic light scattering (DLS) and chemical stability {data not shown). Acetate, cifrate
and histidine were selected for further evaluation based on the apparent overall optimal thermal
and conformational OMS646 properties in the pH range 5.3-6.0. Acetate was selected over
succinate af pH 5.5 due primarily to superior thermal stability, while histidine and citrate were

sclocted over phosphate at pH 6.0 based upon DLS data.

2. Excipient Screening

The stability of OMS646 was evaluated in the presence of various excipients with
reported antibody-stabilizing properties, using buffening systems identified duning baseline
buffer screening (20 mM acetate, pH 5.5, citrate, pH 6.0, and histidine, pH 6.0} For this study,
OMS646 was buffer-exchanged into each candidate buffer contaming cither 150 mM Na(Cl,
250 mM sorbitol, 250 mM sucrose, 150 mM L-arginine, 150 mM L-glutamate or 250 mM L-
proline using Amicon Uktra~-4 (10 kDa MWCO) concentrators. Sample preparation was carried
out as described n the buffer system comparison wherein the target protein concentration was

2.0 mg/mlL.
Resulis:

With regard to protein recoveries, the estimated protein recoveries ranged from ~72-
106%, which represented a modest improvement over recoveries in the absence of excipient.
Histidine buffer appeared to be preferred for the majority of excipients, and acetate and ciiraie

showed mixed results.
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With regard 1o DSC, 1t was observed that citrate buftfer resulted in OMS646 thermal
stabilization for all excipients tested. FIGURE 2A graphically illustrates the results for
Dynamic Light Scattering (DLS) analysis for OMS646 formulation excipient screcning,
showing the overall particle diameter observed for formulations containing various candidate
excipients. FIGURE 2B graphically illustrates the resalts for DLS analvsis for OMS646
formulation excipient screening, showing the overall polydispersity observed for formulations
contatming varous candidate excipients. As shown i FIGURE 2A and 28, with regard to
DLS, most formulations vielded comparable results. However, for all buffering systems,
sucrose was associated with elevated polydispersity and the largest overall and monomeric
diameters. Following sucrose, sorbitol was the least preferred by DLS, showing larger mean
sizes and increased polvdispersity. The remaming formulations were generally comparable by
DLS with monomer diameters of 10-12 nm {see FIGURE 2A} and polvdispersity <20%
mdicating monodisperse populations (see FIGURE 2B). With regard to stability against
chemical denaturation, as cvaluated using the AVIA fsothermal Chenucal Denaturation
System, a buffer/pH trend was clearly observed where acetate pH 5.5 formulations denatured
at urea concentrations ~0.5 M lower than citrate and histidine pH 6.0 formulations for all
exeipients tested. Citrate and histidine were comparable for all excipients.

in summary, the data supported cifrate at approximately a pH of 6.0 as the optimal
buffer/pH combmation, which was carried forward into solubility screening studies. Given the
poor DLS data observed with all buffer types, sucrose was excluded from further consideration.

y

3. Solhubilitv/Viscosity Screening

First Viscostiy Study:

Methods:

In order to catablish conditions for maximmum OMS646 sclability, 20 mM citrate (pH
5.0 and 6.0) and 20 mM succinate (pH 4.0) were used in the presence of several isotonic
combinations of NaCl, sorbitol, arginme, glutamate and proline. OMS646 was buffer-
exchanged using Amicon 15 concentrator wmts i mudtiple cycles and on the final cycle the
volume of each solution was reduced to ~1 mL. Buffer exchange rates for all formulations and
cxchange cycles were recorded and analvzed. Following buffer exchange, protein contents
were measured, percent recovery was calculated and the samples were stored overnight at 5°C.
Dhiring storage, the succinate/glutamate formalation was observed to precipitate and was not
evalvated further. Remainmg formmulations were added to Amicon 4 concentrator units and

concentrated until a target concentration of ~200 mg/mb was reached, or until contrifugation
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no longer resulied m volume reduction and/or sampie viscosity {via sample manipulation) was

deemed to be unmanageable.
Results:

With regard to buffer-exchange rates. the highest exchange rates were clearty observed
m pH 4.0 samples, with succinate/sorbitol showing the fastest exchange rates overall. Exchange
rates at pH 5.0 and 6.0 were comparable, where formations contaming only charged amimo acid
excipients showed higher rates than other formulations. The slowest exchange ratc was
observed for the citrate/sorbitol formulation at pH 6.0, This formulation was the lone sample
with pH > 5.0 and an uncharged excipient component. Under the assumption that exchange
rate 1s a surrogate indicator for OMS646 self-association, it appears that charged species are
mumportant for mitigating this behavior at a more peutral pH. With regard to DLS, all high-
concentration tormulations showed comparable overall diameters of ~12nm, with the exception
of succinate/arginine pH 4.0 which showed an elevated global size distribution at > 18 nM.

The buffer-exchanged samples were concentrated until sohutions became physically
paworkable due o high viscosity. Maximum concentrations in excess of 225 mg/ml. were
achieved for both pH 4.0 formulations.  For formulations at higher pH values, maximal
OMS646 protein concentrations ranged from 160.5 to 207.6 mg/ml. Viscosity for the majority
of formulations was evaluated using a rolling ball viscometer with a shear rate between 0.5 s
to 1000 s7! as described above. FIGURE 3 graphically iflustrates the results of viscosity
analysis for OMS646 solubility screening over a range of profein concentrations in various
formulations as measured at pH 5.0 and pH 6.0, As shown in FIGURE 3, when plotted against
protein concentration, an exponential increase in viscosity was observed over the formulations,
with the highest viscosity recorded for citrate/argimine/glutamate pH 5.0 (161.1 ¢P fora 196.6
mg/ml solution). At pH 6.0 and a comparable OMS646 protewn concentration, the
citrate/sorbitol  formulation  showed  considerably  higher viscosity than either the
sorbitol/ghitamate or proline/glutamate formulation. The citrate/argmine/glutamate pH 6.0
formulation (95.3 mg/mL) displayed approximately half the viscosity (5.8 va. 9.3 ¢P) of the
citrate/NaCl pH 6.0 sample (87.5 mg/mL) at a higher protein content suggesting an importance
of charged amino acids over ionic excipients.

it is 1mporiant to note that at a given concentration {1.e., 125 mg/mL), viscosity varies
dramatically as a function of the formulation. Viscosity is ideally maintained below ~25 ¢P to
ensure a realistically svringeable subcutaneous therapeutic product. In some embodiments of

the $3MS646 formulation, viscosity is maintained below about 20 P to allow for delivery of
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the therapeutic product with an injection device, and also o allow for various tvpes of
bioprocessing, such as tangential flow filtration.

Second Viscosity Study

In an effort to reduce OMS646 formulation viscosity and, thus, maximize OM5646
concentration in a given formulation, an additional study was performed. Based on the initial
results, the formulations most likely to produce a reduced viscosity formulation at high
concentration were selected, namely: succimate/sorbitol pH 4.0 and glutamate~-and arginine-
containing citrate formulations at pH 6.0, Based on provious studies, charged amino acids were
associated with several beneficial properties at neutral pH inchuding increased buffer-exchange
rate, mcreased sample processing recovery, and reduced viscosity. The impact of amino acids
with a positively charged side chain (¢.g., arginine} or amino acids with a negatively charged
side chain {e g, glutamate) were evaluated over a range of coneentrations (50 mM to 150 mM)
to gauge both excipient charge and concentration on viscosity. Fmally, CaClz was used as an
additive in both isotonic and hyvpertomie citrate/glutamate solutions due to its potential viscosity

reducing properties as described in U S, Patent No. 7,390,786

Samples were buffer-exchanged and concentrated as described above. Following
buffer-exchange, the protein content of all formulations was calculated. The exception was the
formulation containing 50 mM glutamate and 30 mM Cally, which precipitated folowing
buffer-cxchange and was not evaluated further. This 15 hikely duc in part to the lumited

solubthty of citrate and divalent cations such as Ca’
Results:

FIGURE 4 graphically illustrates the percent protein recovery following buffer-
exchange for the OMS646 solubility/viscosity study with various candidate formulations. As
shown in FIGURE 4. a trend towards increasing recovery with increasing argining
concentration was observed, where the 150 mM arginine formulation showed the highest
protein recovery at 85%. Recoveries for the remaining fornudations were comparable and
ranged from 64-75%. Samples were then concentrated as described above uuntil they became
manually voworkable. All formulations were evaluated for viscosity as described above and

the results are shown below in TABLE 3.
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TABLE 3: Summary of the viscosity data from the pre-formulation studics
Sample Buffer Excipient Additive pH Cone Viscosity
(mgimi) (cP)
100 ¢P Standard (97.2 ¢P Claim) ~ 97.1
50 ¢P standard (49.2 Claim) - 491

Si 20 mM Succinate | 250 mM sorbitol - 4.0 2093 109.6
S2 20 mM Citrate 150 aM Arginine - 6.0 181.2 705
a3 20 oM Citrate 100 mM Axginine - 6.0 170.8 102.8
S4 20 mM Citrate 30 mM Arginine - 6.0 158.3 1460.1
S5 20 mM Citrate 150mM Glutamate - 6.0 1803 71.2
56 20 mM Citrate | 100 mM Glutamate - 6.0 170.7 74.6
S7 20 mM Citrate 50 mM Glutamate - 6.0 1527 137.0
S8 20 mM Citrate 150 mM Glatamate | 50 oM Calll, 6.0 202.8 73.4

Ag shown above in TABLE 3, viscosities for all formulations were >70 ¢P, and despite
the broad range of final concentrations, clear trends were observed. From this preliminary data,
it was evident that increased arginine or glutamate concentration led to reduced viscosity. The
viscosity of the succinate/sorbitol formulation appeared comparable to the 150 mM amino acid
formudations. Inclusion of Cal’ly showed a reduction in viscosity, where viscosity for thig
formulation was comparable to samples of 10% lower protein content,

Four formulations (81, 82, 85 and S8 shown in TABLE 3) were selected for a more
detaled viscosity analysis, where recovered neat samples were mncrementally diluted 1o
formulation boffer of 25 mg/mb. FIGURE 5 graphically illustrates the viscosity {as determined
by exponential fit of the viscosity data} versus protein concentration for the OMS646
solubility/viscosity study with various candidate formulations. The exponential fit of the
viscosity data was determined m accordance with the methods described 1 Connolly B. et al.,
Biophysical Journal vol 103:69-78, 2012, As shown in FIGURE 3, the 150 mM glatamate and
arginine formulations showed almost identical curves that displaved the highest viscosity per
unit concentration- a viscosity of 23 ¢P equating to ~ 150 mg/mL OMS646. The succinate
sorbitol formulation performed somewhat better, with 25 ¢P corresponding to an estimated

OMS646 content of ~160 mg/mL. The lowest overall viscosity was observed in the CaCle-
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contatning formulation where the estimated content at 25 ¢P was ~175 mg/mL. The most
mtriguing result of this analysis was that the hypertonic formulation ncluding 150 mM
glutamate and 50 mM CaCl: dramatically reduced sample viscosity. Given the desire for the
highest concentration hgud formulation possible, the application of divalent cations and
hypertonicity towards viscosity reduction was carried forward into an additional viscosity
study.

Thard Viscosity Study

Based on the results from the initial viscosity studies described above, an additional
study was carried out to determine whether the apparent viscosity reducing properties of CaCh
were related to the divalent Ca® or hypertonicity. A change in predominate excipient from
glutamate to argimine was performed due to the improved buffer-exchange rates observed for
arginine-contamning formations. The incorporation of histidine was performed due to the
potential for chelation of Ca?" by citrate which could lead to precipitation. A subset of samples
also evaluated the impact of pH and surfactant on sample viscosity, as well as the impact of
CaClz and hypertonicity on the succmate/sorbitel pH 4.0 formulation.  Samples were buffer-
exchanged and concentrated as described for the previcus viscosity studies. Viscosity for all
formulations was measurcd using a rolling ball instrument as described above. Viscosity data
was normalized to a sample protein concentration of 170 mg/mi.. This was performed by first
calculating a theoretical viscosity from the measured protein content using the exponential
regression to previously calculated Viscosity/Solubility viscosity data from the citrate/arginine
pH 6.0 formulation (y=0.0917¢%9¢1%} The normalized viscosity was calculated by multiplying
the theoretical viscosity for citrate/argimine pH 6.0 at 170 mg/mL (424 ¢P} by measared
viscositv/theoretical viscosity (see Table 4, footnote b). The resulting normalized viscosities
reveal much clearcr trends by smoothing conceniration-associated variability (see TABLE 4

and FIGURE 6).
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TABLE 4. Summary of Viscosity Data for OMS646 (170 mg/mL} formulations

Means Theor | Approx
Viaenci Norm S . Norm
- o Viscosity ™ Tiscosity A .
Fo;m Bm}f 7 Excipient Additive P5-80 ' ’ Cone | ViScosity Viscosity at
. P ch . (cPy® 170 mg/ml
{mg/mL) 5 b
(cPy
100 ¢P Standard {97.2 ¢P Claim) 369 -
1A 112.5 mM Arginine | 25 mM CaCly - 38.8 165.3 36.0 457
iB 112.5 mM Arginine | 25 mM CaCl; | 0.05% 417 168.5 40.2 440
20 mM . TR z z :
2 . 50 mM Arginiy - - (.8 7 53 9
2 Citrate 150 mM Arginine 20 155 253 34
3 . 130 mM Arginine | 25 mM CaCl, - 201 137.0 26.5 322
pH 6.0 &
4 200 oM Arginine - - 223 169.1 410 231
3 225 mM Arginine - - 20.2 169.0 40,9 209
A 112,58 mM Arginive | 25 wM Cally - 341 1654 359 40.4
n '
6B ﬁ;ﬁf 112.5 mM Arginine | 25 mM CaCl, | 0.05% | 310 170.0 424 311
7 50 mM Arginine - - 2. 5 28 33.0
7 PH 5.0 130 mM Arginine 2.1 1389 284 33.0
8 150 mM Arginine | 25 mM CaCl, - 17.4 539 237 3101
9 75 mM Arginine 50 mM CaCly - 9.9 174.5 499 16.9
10A F12.5 md Argimge | 23 mM Cally - 279 169.6 418 28.4
0B 20 mM 112.5 mM Arginine { 25 mM CaCl; | 0.03% 28.1 184.6 718 16.6
i1 Histidi 135 M Arginine 18 mM Cally - 341 167.1 382 37.9
12 He 150 mM Arginine - - 355 156.6 261 577
pH 6.0 — .
13 P ’ 200 mM Arginine ~ - 20.2 167.2 383 223
4 225 mM Arginine - - 16.4 161.9 36 22.0
13 130 mM Axginine | 30 mM CaCly - £5.9 164.9 332 19.1
164 20 mM 23 M Sorbitol 50 mM Call, - 19.5 1727 467 17.7
168 | Sucecin 125 wM Sorhitol 50 mM CaCly | 0.03% 18.1 168.7 404 19.0
17 ate 250 mM Sorbitol | 50 mM CaCl, | - 155 157.2 26.8 246
pH 4.0 — - -
I8 ! 230 mM Sorbitol - 16.8 161.3 310 23.0

“Theoretical viscosity was calculated using the regression to the measured content citrate/arginine pH

6.0 viscosity curve (y=0.09170 0361

YTheotetical viscosity of 170 mg/ml citrate/arginine pH 6.0 (42.4 ¢Py* (Measured Viscosity/Theor
Viscosity)

FIGURE 6 graphically illustrates the concentration-normalized viscosity data for the

viscosity studv with various candidate OMS646 formulations based on the data from TABLE

4. As shown m FIGURE 6 and TABLE 4, for citrate and histidine formulations, examination

of the normalized data set clearly shows that hypertonicity leads to reduced sample viscosity,

wherein the majority of the impact is obscrved with only modest increases in argining

&0
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concentration. For example, the nommalized viscosity of formulation 12 (20 mM histidme with
150 mM arginine} is 57.7 ¢P, compared with viscosities of 22.3 and 22.0 P for histidine
formulations containing 200 and 225 mM arginine, respectively. A similar trend was observed
for citrate/arginine formulations. There was no obvious benefit of CaCl: inclusion. Rather, it
was surprising to find that in the absence of Callz, low viscosities {g.g., less than 25 ¢P) were
achicved with the citrate/arginine and the histidine/arginine formulations with an arginine
concentration of 200 mM or greater. Inclusion of 0.05% PS-80 resulted in substantial viscosity
reduction in two of the three formulations evaluated at pH > 5.0, Finally, viscosities at pH 5.0
appeared somewhat lower than those for comparable formulations at pH 6.0.

In view of the results obtained from the viscosity studies, hypertonic argining, the
presence or absence of divalent cations and the succinate/sorbitol pH 4.0 formulations were
carried forward into surfactant screening studies to further evaluate the impact on OM5646
physical, conformation, and chemical stability.

4. Surfactant Screening

The impact of surfactant on OMS646 stabihity was evalvated wsing candidate
formulations identified in prior studies described herein. For surfactant screening studies, six

formulations were analyzed as follows:

20 mM citrate, 200 mM arginine at pH 3.0

20 mM citrate, 200 mM arginine at pH 6.0

20 mM succinate, 2530 mM sorbitol at pH 4 .0;

20 M histidine, 200 mM arginine at pH 6.0;

20 mM histidine, 75 mM arginine/30 mM CaClz at pH 6.0;
20 mM histiding, 73 mM argimine/50 oM MgCh at pH 6.0

Each of the six formulations shown above was evaluated etther without surfactant or in
the presence of 0.01% PS-80 for a total of twelve unique formulation conditions. For cach
formulation, OMS646 was exchanged mto buffer-exchange solutions (no PS-80}, concentrated,
the content was measored and the samples were nommalized to 175 mg/mbL protein. Each
formulation was then split and PS-80 was added into the appropriate samples to a final
concentration of 0.01% (whv).

¢ formulated samples were cach subjected to mechamical stress by agitation, and
freeze/thaw cycling. For both types of stress, 0.3 mL of sample was transferred nto four type

1 borosilicate glass vials (2.0 mL} and sealed using FluroTec® stoppers. For agitation stress,
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the samples were placed in a microplate shaker at 600 rpm for ~60 hours at room temperature.
Agitation control samples were kept next to the shaker for the duration of the agitation stress.
For frecze/thaw cyeling, the samples were frozen at -R80°C for 260 minutes and then allowed to
thaw at room temperature, for a total of 5 ficeze-thaw cyeles. Following stressing, samples
were stored at 2-8°C until analysis. The remaining sample was maintained at 2-8°C as an
unstressed control.  Appearance, A280 measurements, DLS and SEC were performed to
evaluate the impact of surfactant on OMS5646 aggregation and stability.

Resulis:

Following stressing of the six OMS646 formulations, no sample showed evidence of
product-related particulate matter. Protemn content was essentially constant for all samples of
agiven formulation. Analysis of BL5 data for freeze/thaw and agitation samples revealed only
subtle differences between formulations and stress-types, with no clear global trends observed
with regard to PS-80 inclusion. The one exception was the succinate/sorbitol pH 4.0
formulation m which inclusion of PS-80 led to high overall polydispersity (i.c., multimodal)
for frecze/thaw and 5°C control samples. This acidic formaulation also showed evidence of
aggregation/self-association by DLS in the absence of PS-80 upon agitation.

Analysis of SEC data was performed to evaluate any aggregation and/or degradation

products anising during sample stressing. The results are summarized i TABLES 5A-5D.

TABLE SA: Summary of SEC data for OMS646 formulation surfactant screcning (2-87C)

Form. | Buffer Excipient | Additive | pH | PS- | Ave Ave Ave
80 Total Monomer | Total
(%o) HMW (%) LMW
(%o} (%o}
Average Unprocessed Reference Sample 3.7 96.3 -
i 20 mM 260 mM - 5.0 - 3.0 96.3 -
3 citrate Argiunine 5o 3 565 -
3 20 mM 200 mM - 8.0 - 3.2 96.4 -
3 citrate Argiuine oy % 57 -
5 20 mM 200 mM - 6.0 - 33 96.7 -
c histidine Arginine T T Y3 .
7 20 mM 250 mM - 4.0 - 32 96.6 2
g Succinate | Sorbitol oy 35 5E3 53
9 20 mM 75 mM 50 M 6.0 - 33 96.7 -
N histidine Arginine CaCl, 0ol 13 Y -
i 50 mM 6.0 - 34 96.6 -
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12

20 mM
histidine

73 mM
Arginine

(O8]
U

96.5

TABLE 5B: Summary of SEC data for OMS646 formulation surfactant screening (Freeze/Thaw)

Form. | Buffer Excipient | Additive | pk PS-80 | Ave Total | Ave Ave
(%) HMW Monomer Total
{Y%) (Ve) LMW
%)
Average Unprocessed Reference Sample 37 96.3 -
1 20 mM 200 mM - 5.0 - 3.1 96.9 -
3 citrate Arginine 51 % 56 -
3 20 mM 200 mM - 6.0 - 3.3 96.7 -
i citrate Arginine Y % 56 -
3 20 M 200 mM - 8.0 - 33 96.7 -
3 histidine Argiunine 0ol W 50 E -
7 20 mM 250 mM - 4.0 - 3.2 96.6 0.2
3 Succinate | Sorbitol 001 12 Y3 03
9 20 mM 75 mM 50 mM 6.0 - 34 96.6 -
T histidine Arginine CaCly 0T 37 56 E -
il 20 mM 75 mM 50 mM 6.0 - 35 96.6 -
5 histidine Argintne MeCh ool 13 56 E -
TABLE 3C: Swnmary of SEC data for OMS646 formmlation surfactant screening (25°C)
Form. Buffer Excipient | Additive | pH | PS~ | Ave Total Ave Ave Total
80 HMW Monome LMW
o) (%) g (%)
(Vo)
Average Unprocessed Reference Sample 3.7 963 ~
i 20 mM 200 mM - 50 |- 31 96.9 -
7 citrate Arginine 001 %) %63 -
3 20 mM 200 mM - 6.0 |- 33 96.7 -
i citrate Arginine or ) Y -
5 20 mM 200 mM - 60 | - 3.3 967 -
3 histidine Argine oy 13 56h -
7 20 mM 250 mM - 40 |- 3.3 96.5 0.2
3 Succinate | Sorbitol ool 3 553 %)
9 20 mM 75 mM 50 mM |60 |- 3.4 96.6 -
T histidine Arginine Ca(l, oot Tz 56 % N
il 20 mM 75 M 30 mM 6.0 |- 3.5 96.5 -
T histiding Arginine MeCl, ooT T3 563 -

63



WO 2019/040453

PCT/US2018/047255

TABLE 8B Sumwpary of SEC data for OMB646 formulation surfaciant screening {Agitation)

Form. | Buffer Excipient | Additive | pH | PS- | Ave Total | Ave Ave Total
80 HMW Mounome | LMW
o o ! %)
(%o}
Average Unprocessed Reference Sample 3.7 963 -
1 20 mM 200 mM - 50 |- 3.0 97.0 -
3 citrate Arginine 001 33 e R -
3 20 mM 200 mM - 60 |- 33 96.7 -
3 citrate Arginine 001 T3 Y3 .
5 20 mM 200 mM - 60 |- 33 96.7 -
3 histidine Arginine oot v 5EE ;
7 20 mM 250 mM - 40 |- 2.8 97.0 0.2
a Succinate | Sorbitol oot 3 563 02
9 20 mM 73 mM 50 mM}eo |- 3.4 96.3 0.3
o histidine Arginine CaCl, 0ol 13 563 -
it 20 mM 75 mM 50 mM 6.0 |- 34 96.6 -
5 histidine Arginine MsCl T TE 55 .

As shown above in TABLES 5A-5D, overall, the SEC data indicate that the OMS646
molecule is generally insensitive to inclusion of P5-80 and both freeze/thaw (TABLE 5B) and
agitation stress (TABLE 5D}, regardless of surfactant. It was observed that the worst
performing OMS646 formulations were those containing divalent cation additives {CaCl and
MgCls) where high molecular weight (HMW) material for these samples was clearly clevated

relative to other samples and the lowest levels of monomer were observed.

5. Stabuitv analvsis under stressed and unstressed conditions for 28 days

After narrowing the potential buffer, excipient, and sorfactant combinations through
the pre-formulation studies described above, citrate and histidine buffers were formulated using
200 oM arginine over the pH range 5.5 — 6.5 at high concentrations of 175 mg/ml and 200
mg/ml. OMS646 1o identifv the most suitable formulation under both stressed (40°C) and
unstressed (5°C) conditions. Arginine was included at a hyvpertonic tevel {200 mM) due to the
viscositv-reducing propertics at this clevated concentration. Based on statistical numerical
optimization of the pre-formulation data, the most suitable OMS646 formulation was
determined to be 20 mM citrate and 200 mM arginine. A panel of samples was also prepared

to evaluate the impact of 8.01% PS-30 on citrate and histidine formulations.
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Buffer-exchange was carried out as described above, samples were concentrated and
dilated to achieve the target concentrations of 175 or 200 mg/mL OMS646. During this final
normalization, PS-80 was added to 0.01% for the appropriate formulations. The formulations
were sterile filtered using Millipore Ultrafree-CL GV 0.22 uM sterile concentrators. One vial
of cach formulation was placed at 5°C and one at 40°C for a 28 day mcubation period. The
samples were analyzed at To and 28 days with regard to concentration, appearance, turbidity,
osmolality, pH, DLS, DSC and viscosity. Following the 28 day incubation, it was observed
that both the 175 and 200 mg/ml OMS646 succmate/sorbitol formulation stored at 40°C
developed a gel-like consistency, and thus were not analyzed.

With regard to the stability analysis, pH values remained stable over the duration of the
study, regardless of formulation and storage condition. After 28 days, both SEC and SDS-CE
analysis indicated substantial increases in LMW content for the acidic pH 5.0 and pH 4.0
formulations, clinunating these formulations from further consideration. For the pH 6.0
citrate/argimine and histidine/arginime formulated with 0.01% PS-80, most responses were
nearly indistinguishable from associated surfactant-free samples. SEC, however, showed
reductions m HMW content of 0.2% - 0.6% relative to surfactant-free counterpart formulations.
Coupled with the apparent viscosity-reducing properties of the surfactant, polysorbate-80 (PS-
80} was chosen to be included m further formulation studies.

The concentration and viscosities of a total of 10 formulations were tested after 28 days

at 5°C. Representative resulis are shown in TABLE 6.

TABLE 6. Viscosity of Formulations after 28 days at 5°C.

Sample Formulation Concentration | Viscosity
28 days at 3°C &P
{mg/mlL)
i 20 mM Citrate, 200 oM Argiuine, pH 6.6, 175 mg/ml. OMS646 153 4 10.6
2 20 mM Histidine, 200 mM Arginine, pH 6.0, 173 mg/mL OMS646 1513 127
3 20 mM Ciirate, 200 mM Arginine, pH 6.0, 200 mg/mL OMS646 176.5 274
4 20 mM Histidine, 200 mM Arginine, pH 6.0, 200 mg/mL OMS646 184.2 18.1
3 20 oM Citrate, 200 mM Argimne, 0.61% PS-80, pH 6.0, 156.2 90
175 mg/ml OMB646
6 20 mM Histidine, 200 mM Arginine, 0.01% PS-80, pH 6.6, 175 156.0 7.8
mg/rul OMS646
7 20 mM Citmate, 200 mM Arginine, pH 3.0, 175 mg/mL OMS646 i43.2 9.8
8 20 mM Histidine, 200 M Arginine, pH 5.0, 200 rag/ml OMS646 i82.4 i5.9
9 20 mM Succinate, 250 mM Sorbitol, pH 4.6, 175 mg/mlL OMS646 156.6 14.5
16 20 mM Succinate, 250 mM Sobitol, pH 4.0, 200 mg/mL 1843 18.0
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As shown above in TABLE 6, higher concentration formulations displayed higher
viscosities. Of considerable interest was the observation that mclusion of PS-80 led to
reduction in viscosity for both citrate (10.6 vs 9.0 ¢P) and histiding {127 vs. 7.8 cP)
formulations, while also preserving protemn recovery.  Such reductions in viscosity upon
mclasion of PS-8C are beneficial, allowing for a higher concentration of OMS646 while
maintaining & low viscosity that i1s considered to be syringeable i a clinical setting and also

suitable for use in an autoinjector and other injection devices.

Summary of the results

¢ primary aim of these studies was to identify formulation components that would
result in optimal chemical, physical, and structural stability of high concentration OMS646
antibody in liguid formulations. In addition, several viscosity-specific studies were carried with
the goal of obtaining a final formulation with maximal OMS646 antibody concentration that
could be feasibly delivered by subcutaneous administration.

Several buffer types, pH conditions, excipients, and surfactant concentrations were
cvaluated o an iterative fashion over the course of the studies directed at evaluation of buffer
systems, exeipients, solubility, viscosity, and swrfactant screening studies. The mnitial Baseline
Buffer Evaluation Study tested five different buffer types (acetate, citrate, succinate, histidine,
and phosphate) over the pH range 4.0 — 8.0 Analysis by DSC, DLS, and the AVIA chemical
denaturation system indicated that more acidic and basic conditions were least suitable for
OMS646 antibody stability. Based on the results, acetate, citrate, and histidine buffer systems
were selected for further evaluation.

Excipient screening evaloated the effect of Nall, L-arginine, L-glutamate, L-proline,
sucrose, and sorbitol on OMS646 antibody stabibity in cach of the three chosen buffer systems.
Citrate (pH 6.0) was carried forward alone mto further studies 1o maximize design space for
additional excipient evaluation. Only sucrose was climinated as a potential excipient dug to
poor fight scattering data. Solubility screcning evaluated the ahility of citrate (pH 5.0 and pH
6.0) formulations contaming isofomc combinations of Na(l, sorbitol, argimine, glutamate, and
proline to support high solotion concentrations of OMS5646 antibody. All formulations were
concentrated 1n excess of 150 mg/ml OMS646 without evidence of aggregation
Succinate/arginine and succnate/glutamate formulations, however, showed cvidence of
precipitation/aggregation following short<term storage and were not evaluated further.

Biophysical analvsis of the citrate formuddations showed only minor differences between
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excipients at pH 6.0 and only a modest reduction of HMW content mw counterpart pH 5.0
formulations.

Interesting data came from viscosity measurements of this subsct of samples, which
suggested that citrate/glutamate and succinate/sorbitol imparted the lowest viscosities. Given
the similar biophysical stabilities observed between excipients and the importance of obtaining
a formulation with maximum OMS646 content, additional viscosity studies were performed.
These viscosity studics identified divalent cations and/or modest hypertonicity as a significant
factor in reducing OMS646 antibody formulation viscosity at more neutral pH. Both cifrate
{pH 5.0 and 6.0} and histidine (pH 6.0} werc evaluated m the presence of 200 mM arginine.
Histidine pH 6.0 was also cvaluated m the presence of 75 mM arginine and either 50 mM CaClz
or 50 mM MgCl. Finally, succinate/sorbitol pH 4.0 was tested. Al buffer/excipient
combinations were tested etther in the absence or presence of 0.01% PS-80 fo determine if
surfactant promoted OMS646 antibody stability under agitation and freeze/thaw stress
conditions. All formulations appeared stable against the environmental stresses apphied,
regardless of surfactant. One striking observation was the increase m OM&S646 HMW content
observed by SEC for formulations containing divalent cations. Therefore, CaCly and MgCh
were elimmated form further consideration as excipionts. Succinate/sorbitol also showed
reduced OMS646 antibody punty, which was mainly atiributable to an apparent increase in
LMW impurnitics. While the differences between formulation contaming and lacking 0.01%
P5-80 were minor, samples contaiming surfactant did appear to show modestly increased HMW
content {~0 1% relative to their surfactant-frec comterparts.

EXAMPLE 3

This Example describes a study in which three candidate highly concentrated. low
viscosity OMS646 formulations, wdentified based on the pre-formulation studies described

Example 2, were compared with respect to syrningeability,

Backeround/Rationale:

The time and force required for a manual mjection {or time required for an tgection
gsing an agio-mjectorn are tmportant and may impact the ease of use of the product by the end-
user and thus conphiance. The forme mqmmd for the injection of a sohifion at a given mjoction
rate via a needle of prodetermined gauge and length is reforred (o as “svringeabibity” {see ¢ g,
Burckbuchler, V. ef ol Bur. J Pharm. Riopharm. 76 {33, 351.336, 2018). With regard to
syringeability for administration to a human subject, one generally does not want to excecd a

25N force (although there are marketed formulations more viscous than this). A 27GA needle
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or a 27GA thm wall needle are generally considered standard needles for subcutanecous
mjection of monoclonal antibodics. The 27GA thin wall needle has an ID roughly equal to a
25GA needle (smaller G numbers are bigger diameters).

The following study was carried out to determine the syringeabality of three candidate
haghly concentraton low viscosity OMES46 formudations.

Methods:

Based on the pre-formulation studies described in Example 2, the following three candidate
high concentration OMBS646 formulations were selected and further stadied, as shown in
TABLE 7. In this example, the formulations were prepared using arginine hvdrochloride,
polysorbate 80 if indicated, and either trisodium citrate or histidine, with the pH being adjuste

to about 5.8 to 6.0 using hydrochlonc acid.

TABLE 7: Candidate high concentration OMS646 formulations

Formulation | Buffer/Excipients/Surfactant/pH Concentration of | Protein
OMS646 content
1 20 mM Citrate, 200 mM Arginine, 185 mg/mL 187.1

0.01% P3-80, pH 5.8

[N

20 wM Histidine, 200 mM Arginiue, 185 mg/ml 188.2
$.01% PS80, pH 5.9

[

20 mM Citrate, 200 1M Arginine, pH 5.8 185 mg/ml 1933

1. Osmolality and Viscosity of OMS646 candidate formulations

Osmolality and viscositv of the three candidate formulations generated as shown n
TABLE 7 were determuned using methods desenibed in Example 2. Fluid behavior of the
formulation was considered to be non-Newtonian if the %RSD >10 over shear rates tested.

The resulis are shown in TABLE .

TABLE 8 Osmolality and Viscosity

Formulation | Buffer/Excipients/Surfactant/pH Conc, Osmolality Viscosity Fluid
{wQsm/kg) {cP) Behavior
1 20 mM Citrate, 200 mM Arginine, 183 mg/mL 473 16.1 Newtonian

0.01% PS-80, pH 5.8

2 20 mM Histidine, 200 mM Arginine, | 185 mg/mL 440 139 Newtonian
0.0196 PS-80, pH 5.9

[

20 wmiM Citrate, 200 yaM Arginine, 185 mg/wml. 468 213 Newtoian
pH 3.8
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2. Svrinceability of OMS646 candidate formulations

Methods:

Syringeability analvsis of the three OMS646 formulations was carried out with respect
to average load and max load using 27 GA (1.257), 25GA (17) and 25GA thin-walled (17)
needles. Triplicate rephicates of each formulation were cach injected once. Results for the
syringeability samples are averages of the triple replicates.

Resulis:

The three formulations shown in TABLE 7 (containing OMS646 at 185 mg/ml.} were
evaluated for their syningeability using 27GA (1.257), 25GA thin-walled (17), and 23GA (17}
needles. Reported resulis are the average of iniphicaie replicates. The results are shown in
TABLE 9 and arc graphically illustrated in FIGURE 7A and 7B. FIGURE 7A graphically
iHustrates the average load (1bf) of three candidate OMS646 formulations using 27GA, 25GA
and 25GA thin-walled needles. FIGURE 7B grapbically llustrates the maximum load (Ibf) of

three candidate OMS646 formulations using 27GA, 25GA and 25GA thin-walled needles.

TABLE 9. Syringeability of the candidate high-concentration OMS646 formulations

Formulation Conditivn Average Max Load | Average Max
Load a6 Load Load
(b (N} W)
27 GA 472 5.07 20.99 22.35
1 25GA 1.88 2.03 8.36 9.03
25GA (thin-wall) 1.27 1.36 565 6.05
27 GA 4,51 485 20.06 21.57
2 25GA 1.84 1.99 818 8.83
25GA (thin-wall) 1.26 1.32 3.60 5.80
27 GA 5.58 5.83 24.82 2593
3 25GA 2,29 2.51 10.18 1116
25GA (thin-wall) 1.50 1.60 6.67 7.4

Ag described above, with regard to synngeability for administration to a human subject,
one generally does not want to exceed a 25N force. As shown above in TABLE 9, all throe
candidate high concentration OMS646 formulations have acceptable svringeability (e, a

force not exceeding 25N} when injected through a 25GA or 25GA thin-walled syringe.
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Formulation #2 also has acceptable synngeability when injected through a 27G needle. The

addition of P5-30 0.01% cauvsed an unexpected improvement in syringeability.

3. SEC Analvsis of OMS646 candidate formulations post-injection

Size exclusion chromatography (SEC) was used to evaloate the quantity of aggregates
and degradation products present in the three OMS646 candidate formulations post-injection.
Briefly, an Agilent 1100 HPLC svstem was fitted with a G30005SWxI SEC column (Tosoh, 7.8
x 300 mm, 5 pm particle size). OMS646 samples were diluted to 2.5 mg/mL in SEC mobile
phase (140 mM potassium phosphate, 75 mM potassium chionde, pH 7.0} and 20 pl. of sample
was injected into the HPLC column. The system was run using a flow rate of 0.4 mL/oun, and
chited protein was detected by absorption at 280 nm (bandwidth 4 nm) with no reference
correction. o assess system suttability, all samples were bracketed by mobile phase blank and
gel filtration standard mjcctions, and reference maternial was injected 1 duplicate at the
beginning of the sequence. Percent abundances for individual and total high molecunlar weight
{(HMW) species and low molecular weight (LMW) specics, in addition to percent monomer

and total integrated peak area were reported.
Results:

The resuits of the SEC anmalysis of the high concentration OMS646 candidate

formulations post-injection are shown in TABLE 10,

TABLE 18 SEC Analysis of the high-concentration OMB646 formulations post-injection

Formulation Condition %% Purity %% HVIW Yo LMW

Control 86.3 3.3 0.1
27 GA 96.4 35 02
i 25 GA 96.4 3.4 02
25GA (thin-wall) 96.4 3.4 0.2

Control 96.6 3.4 Not detected

2 27 GA 96.5 35 Not detected

25 GA 96.5 33 Not detected

25 A (thin-wall) 86.3 3.5 Not detected
Control 96.5 34 0.2
B 27 GA 96.3 3.5 02
’ 25 GA 96.4 35 02
25 GA (thin-wall) 96.3 3.5 0.2
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These results show little or no change m purity by SEC following expulsion through
the needie.

Summary of Results: The results of the syringeability analysis demonstrate that all three

candidate high concentration OMS646 formulations have acceptable svringeability when
tested using needles suitable for subcutancous administration and there is little or no change in
purity of the OMS646 following expulsion through the needle. The addition of PS-80 0.61%
provided an unexpected improvement in the svrngeability of the citrate arginine-containing

formulation.

EXAMPLE 4

This Example describes a study that was carmied out to evaluate the stability of
candidate high-concentration low viscosity OMS646 antibody formulations during long-term

storage.

Methods:
This study was carried out to evaluate the stabiity of high-concentration OMS646

antibody formulations for subcutancous injection after long-term storage.

Two candidate formulations were evaluated as follows:
A 20 mM citrate, 200 mM arginine, 8.01% P5-80, pH 5.8 (185 mg/mL OMS5646)
B) 20 mM histidine, 200 mM arginine, 0.01% P8-80, pH 5.9 (185 mg/mb OMS646)

Samples were filled into 13mm, Zml size USP Type I Schott Glass Tubing Vials {West
Pharmaceuticals), with a 1.0mL sample fill, sealed with 13mm Fluorotee stoppers (West
Pharmaccuticals), and capped with 13F0 alominum caps with buttons (West Pharmaceuticals
or equivalent). The sample vials were stored in controlled temperature reach-in stability
chambers at ~75 £ 10°C, -20 £ 5°C, 5 £3°C, 25 = 2°C/60 = 5% RH, and 40 £ 2°C/75 + 5%KRH.
A target of at least 40 sample vials per formulation were stored for the present study. Samples
stored as liquid were stored m an inverted orientation, while frozen samples were stored
upright. The required number of vials was pulled at the associated time poinis and conditions,
and the samples were characterized by the following methods: Appearance by Visual
Inspection, Protein Content by AZ80, Osmolality, SEC-HPLC, pH, and MASP-2 ELISA. The
exemplary SEC-HPLC data is summarized in TABLE 11 and shows that the OMS646 antibody
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maintained 1ts integrity after storage at 3°C for 6, 9 and 12 months. The ELISA data confinrmed

that the antibody preserved its functionality after storage at 5°C for 6, 9 and 12 months.

Results: The results of this study are summarized in TABLE 11 below.

TABLE 13, Stability of Formulations as analyzed by SEC

Formulation Time Condition Total HMW | Main Peak Total
Point {oligomer) | {monomery | LMW (%)
(7o) (7o)
16 NA 39 96,1 -
-20°C 2.5 97.5 -
1 month 5°C 2.6 974 -
25°C/60% RH 2.7 973 -
-20°C 2.9 97.1 -
2 months 5°C 31 896.9 -
185 mg/mt, UMS646 " 25“()/60%}'6 RH 34 5.6 :
20 raM Citrate 000 18 97.2 -
200mM Arginine v ; %{3 ‘( = =
0.01% Polysorbaic 80 | ° MORLS SIS L2 71 -
" s 25°C/60% RH 33 896.0 0.7
pH 38 - —y
~20°C 1.7 98.3 -
6 months BN 1.9 981 -
25°C/60% RH 2.0 98.0 -
. 5°C 34 96.6 -
9 months e o R £0 957 62
12 months 5°C 3.4 96.6 -
T0 NA 38 96.2 -
=200 2.7 9773 -
1 mouth 5°C 2.7 973 -
25°C/60% RH 2.9 97.1 -
185 mg/ml. OMS646 =20°C 2.9 971 -
20 M Histidine 2 months ENO 3.3 96.7 ~
200mM Argitine 25°C/60% RH 3.3 96.7 -
(.01% Polysorbate 80 -20°C 2.8 57.1 G.1
pH 5.9 3 months sof 3.0 96.9 G.1
23°C/60% RH 3.1 96.1 0.8
-20°C 1.8 98.2 -
& months 59 1.9 98.1 -
23°C/60% RH 2.0 98.0 -

As shown in TABLE 11, Httle or no change in purity was observed in the samples stored

up to 9 months at -20°C or stored at 5°C up to 12 months, the mtended storage tomperature.

The punity of the samples stored at 25°C was also mamtained over 2 months, however, shight

changes 1 purity at 23°C were observed over 9 months of storage.
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EXAMPLES

An exemplary formulation containing the MASP-2 inhubitory antibody OMS646 at pH
5.8 was prepared by combining OMS646 (185 mg/mb) with citrate (20 mM), arginime (200
mM} and polysorbate 80 (0.019). Sodium citrate dihydrate (4.89 mg/mlL) and citric acid
monchydrate (0.71 mg/mL} were used to prepare the citrate buffer, with hydrochloric acid

and/or sodium hydroxide used to adjust the pH as needed.

The viscosity of this formulation was measured with a capillary viscometer, and the
results are shown in TABLE 12 There 1s a slight decrease in viscosity at higher shear rates,

with all values being below 13 ¢P.

TABLE 12: Viscosity of an exemplary OMS646 formulation measared at different shear rates

Formulation Temperature (°C) Shear Rate (1/5) Viscosity {(eP)
185 mg/mb OMS646 25.0 103000 12.2
20 oM Citrate e e -
200mM Argining 23.0 156000 13
1NN A 7 that :
0.01% Poly _sorbwie A0 350 311000 15
pH 38

It was determined that dosing buman subjects with the exemplary 185 mg/ml, OMS646
formulation described n this example (both by subcutancous imjection and intravenous
administration after dilution) resulted in sustained and high degrees of lectin pathway

whibition.

EXAMPLE 6

This Example describes a clinical study to evaluate the efficacy of OMS646 in

subjects suffering from aHUS.

Backerocund/Rationale

Atypical hemolvtic uremic syndrome (aHUS) is a rare, life-threatening disease that, if
left untreated, results in end-stage renal disease in 50% of patients within one vear of
diagnosis {(Loirat C. et al., Orphanes J Rare Dis 6:60, 2011). Dvsregulation of the
complement system lies at the heart of aHUS pathogenesis, and genctic abnormalitics in
complement genes have been identified 1o approximately 30% of all aHUS patients. Certain
mutant vanants of the genes encoding complement factor H, factor I, factor B and C3 have

been identified as major risk factors; these alleles lead to mereased complement activity. His
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thought that certain precipitating factors are needed to trigger aHUS, such as mfection,
malignancies, use of endothelium-damaging drugs, transplantation and pregnancy. Many of

these precipitating factors are linked to endothelial cell activation, stress, or injury.

As described herein, OMS646 inhibits the human lectin pathway but has no
significant effect on the classical or aliernative complement pathways. As described m
US2015/0166675, in a human ex vive expenimental model of thrombotic microangiopathy
(TMA), OMS646 mhibited complement activation and thrombus formation on microvascular
endothehal cells exposed to serum samples from aHUS patients in both the acute phase and
i remission. As further described 10 US2017/0137537 . data obtained in an open-label Phase
2 clinical tnal (v, administration of 2-4 mg/kg MASP-2 inhibitory antibody OMS646 once
per week for 4 consecutive weeks), treatment with OMS646 showed efficacy in patients with
aHUS. Platelet counts in all three aHUS patients in the mid- and high-dose cohorts (two n
the mid-dose and one in the high~dose cohort) returned to normal, with a statistically

significant mean increase from baseline of approximately 68,000 platelets/mL (p=0.0035).

The study described in this Example is carried out to evaluate the efficacy of OMS646

m patients with aHUS.

Outcome Measures:

Primary OQutcome Measures:

e The effect of OMBE646 m patients with aHUS as measured by platelet count change

from bascline (time frame: 26 wecks).

Secondary Outcome Measures:

e TMA response {time frame: 26 weeks), wherein complete TMA response s defined
as normalization of platelet count, normalization of serum LDH, and > 25% decrease
m serum creatinine by at least 2 consecutive measures over at least 4 consecutive
weeks, with the initial 26-week period.

e TMA ¢vent-free status (time frame: 26 weeks}, defined as no decrease in platelet
count of > 25% from baschine, no plasma exchange or plasma infusion, and no
mitiation of new dialysis over at least 12 consecutive weeks, within the initial 26-

week period.
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e Increase in estimated glomerular filtration rate (eGFR) (time frame: 26 weeks),
defined as an increase of greater than 15 mL/min/1 73 m? in ¢GFR calculated by the
MDRD Eguation!.

¢ Hematological normalization (time frame: 26 weeks), defined as normalization of
plateiet count and normalization of serum LDH by 2 consecutive measurements over
at least 4 consecutive weceks, within the initial 26-week period.

e TMA Remission (time frame: 26 weeks), defined as platelet count greater than or
equal to 150,000/pL over at least 2 consecutive weeks, within the initial 26-week
period.

e (hange from baseling in serum creatinine (fime frame: 26 weeks).

e Change from bascline in serum LDH (time frame: 26 wecks).

s Change from baseline in haptoglobin {time frame: 26 weeks).

MDRD Equation: ¢GFR (mL/min/1.73m%) = 175 x (SCryt P x (Agey ™™ x (0.7424f

female) x (1.212 if African American). Note: SCr=Scrum Creatinine measurement should be
mg/dL.

Eligibility

Subjects with plasma therapv-resistant aHUS and plasma therapy-responsive aHUS
will be eligible. Subjects are considered plasma therapy-resistant if they have
thrombocytopenia at screening despite previously receiving at least 4 treatments of plasma
therapy (plasma mfusion of plasma exchange) m 7 days without resclution of the
thrombocvtopenia. Subjects arc considered plasma therapy-responsive if they have a
documented history of requiring plasma therapy to prevent aHUS exacerbation, meluding
documentation of a decrease in platelet count and an increase in LDH when the frequency of

plasma therapy has been decreased (including plasma therapy discontinuation).

Any subject who has received eculizizmab within 3 months of screening of the first
OMS646 treatment s required to have undergone at least one plasma exchange between

discontinuation of eculizumab and the first OMS646 treatment.

Inclusion Critena:

+  (Competent to provide informed consent, or if a minor, have at least one parent
or legal guardian to provide informed consent with written assent from the

subject.
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e Are at least 12 vears old at sereening (Visit 1)

= Have a clinical diagnosis of primary atypical hemolytic wrenic syndrome
(aHUS), with ADAMTSI3 activity greater than 5% m plasma.

s Plasma therapy-resistant aHUS patients must have a screening platelet count
icss than 150,000/al, evidence of nucroangiopathic hemolvsis, and serum
creatimine greater than upper hmit of normal.

+ Plasma therapy-responsive aHUS patients must have documented history of
requiring plasma therapy to prevent aHUS exacerbation and received plasma
therapy at least once every 2 weeks at an unchanged frequency for at least 8

weeks before first dose of OMS646.

Exclusion Crtena;

e Have STEC-HUS, a direct positive Coombs test, history of hematopoietic
stem cell transplant, and/or HUS from an identified drug.

e History of vitamin B12 deficiency-related HUS, systemic hupus
erythematosus, and/or antiphospholipid svadrome.

e Active cancer or history of cancer {except non-melanoma skin cancers) within
5 vears of screening.

e Have been on hemodalvsis or peritoneal dialvsis for greater than or equal to
12 weeks.

¢ Have an active systemic bacierial or fungal infection requiring systemic
antimicrobial therapy (prophylactic antimicrobial therapy administered as
standard of care 13 allowed).

s Basecline resting heart rate less than 45 beats per minute or greater than 115
beats per minute.

s Bascling QTcF greater than 470 milliseconds.

e Have malignant hypertension {diastolic blood pressure greater than 120 nun
Hg with bilateral hemorrhages or “cotton-wool” exudates on funduscopic
examination).

e Have a poor prognosis with a hife expectancy of less than three months in the
opimion of the Investigator.

e Arc pregnant or lactating.
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e Have received treatment with an investigational drug or device within four
weeks prior to screening,

e Have abnormal liver function tests defined as AL'T or AST > five times ULN.

s Have HIV infection.

e History of cirthosis of the hiver.

Study Besign:

This is a Phase 3, multicenter study of OMS646 1 adults and adolescents with aHUS.
The uncontrolled, open-label study will evaluate the effect of OMS646 in subjects with
plasma therapy-resistant aHUS and plasma therapy-responsive aHUS. This study has four
periods: Screening, Treatment Induction, Treatment Maintenance, and Follow-up.
Approximate enrollment 1s 80 subjects. An interim analysis will be performed after 40

subjects have completed 26 weeks of treatment.

Screening: the screeming visit is Visit 1. At screening, laboratory measures include

platelet count, LDH, creatinine, haptoglobin, ALT, AST and schistocyte count.

Treatment Induction:

The first treatment visit is YVisit 2. Plasma therapy-resistant and plasma therapy-
responsive subjects will undergo different procedures during the Treatment Induction Period.
Plasma therapy-responsive subjects will continue to receive plasma therapv through the
Treatment Induction Period with supplemental (0MS646 doses administered
contemporaneously with plasma therapy to allow subjects to attain steady-state OME646
plasma concendrations. Visit 1 and Visit 2 may be combined for plasma therapy rosistant
subjects.

During the Treatment Induction Pertod, subjects will reccive OMS646 370 mg IV on
Days 1 and 4. Beginning on the dav of the first dose (Day 1) subjects will also begin

treatment with OMS646 150 mg SC once daily.

For 1V dosing using the 185 mg/ml formulation, Zml of OMS646 drug product, {185
mg/mL OMS646, pH 5.8, citrate (20 mM), arginine (200 mM) and polysorbate 80 (0.01%)
supplied in a single-use glass 2-mL vial containing a nommal volume of 2 mL of solution)
will be withdrawn from 1 vial using polypropylene syringes for dose preparation. The
OMS646 dose will be added to a polyvinyl chloride or polyolefin infusion bag containing 50

mlL of 5% dextrose for injection or normal sahine solution and mixed by gentle inversion.
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The infusion bag is kept at room temperature until ready for administration and should be
administered within 4 hours of preparation. The diluted study drug should be infused overa

30-minute period.

For SC dosing, the 185 mg/mL formulation (185 mg/mL OMS646, pH 3.8, citrate (20
mM), argimine {200 mM} and polysorbate 80 (0.01%;)) 1s used. The SC dose will be prepared
by withdrawing 0.8 mL from 1 vial of OMS646 10 a 1-mb polvpropviene syringe. The
needle will be exchanged for a 27G thin-walled needle for 5C mjection. The SC injection

should be performed within 30 minutes of drawing the dose mto the syringe.

Treatment Maintenance Period

After completion of the IV dosing during the Treatment Induction Peniod, subjects
will enter the Treatment Maintenance Period. During this period, subjects will continue to
receive OMS646 150 mg SC once daily. This dosing regimen will continue throughout the

treatment period.

For plasma therapy-responsive subjects, at the time of the last IV dose of the
Treatment Induction Period the frequency of plasma therapy will be decreased by one plasma
therapy treatment per week (discontinued for subjects receiving plasma therapy with a
frequency of < once weekly) until plasma therapy is discontinued.

At the discretion of the Investigator, (M5646 370 mg 1V administered once every 3
days and/or plasma therapy may be reinitiated for any plasma therapy-responsive subjects or
plasma therapv-resistant subjects who experience a TMA relapse. OMS646 SC myections
should continue through this period.

The total time of the Treatment Induction and Treatment Maintenance Periods is two
VEars.

Follow-up Period:

After completion of the Treatment Mamtenance Period or early discontimuation,
subjects will undergo two Follow-up visits. Subjects who complete the Treatment
Maintenance Period may be cligible to continue treatment under a future protocol amendment

or under expanded access (compassionate use).

In accordance with the foregoing, in one aspect, the invention provides a method of
treating a subject suffering from, or at risk for developing aHUS comprising adminisiering to

the subject an effective amount of an anti-MASP-2 antibody, or antigen binding fragment
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thercof, compnising a heavy chain variable region comprising the amino acid sequence set forth
i SEQ ID NO:2 and (1) a light chain variable region comprising the amino acid sequence set
forth in SEQ 1D NO:3; wherein the method comprises an administration cycle comprising an
mduction phase and a mamtenance phase, wherein:
{a} the wduction phase comprises a pertod of one week, wherein the anti-MASP-2
antibody, or antigen-binding fragment thereof, is administered at a dose of about
370 mg on Day 1 and on Day 4; and

{b} the mamienance phase comprises a period of at least 26 weeks, commencing on
Day 1 of the induction period, wherein the anti-MASP-2 antibody, or antigen-
binding tragment thereof, 18 administered at a daily dose of about 150 mg.

In one embodiment, the anti-MASP-2 antibody is adminisiered intravenously during
the mduction period. In one embodiment, the anti-MASP-2 antibody is administered
subcutaneously during the maintenance period. In one embodiment, the mauntenance phase
comprises or consists of 26 weeks. In one embodiment the maintenance period lasts longer
than 26 weeks (6 months), such as at least 39 weeks (9 months), or at least 532 weeks (12
months), or at least 78 wecks (18 months), or at least 104 weeks (24 months). In one
embodiment, the maintenance period lasts from at least 6 months up to 2 years,

in onc embodiment, the anti-MASP-2 antibody, or antigen-binding fragment thereot is
administered mtravencusly o the subject dunng the induction period at a dose of about 370
mg on Day 1 and on Dav 4; whercin the intravenous composition comprsing the anti-MASP-
7 antibody 1s gencrated by combining an appropriaic amount of a high concentration
formulation disclosed heremn. In one embodiment, the anti-MASP-2 antibody, or antigen-
binding fragment thereof 1s administered subcutanecusly to the subject during the maintenance
period at a daily dosage of about 150 mg of the high concentration formulation comprising the
anti-MASP-2 antibody.

In one embodiment, the method comprises administering subcutaneously to a subject
suffering from aHUS a daily dosage of about 150 mg for a time period of at least 26 weeks, a
stable pharmaccutical formulation suitable for parenteral admumisiration to a mammalian
subject, compnsing: {a) an agueous solution comprising a buffer system having apH of 3.0 to
7.0; and (b} a monoclonal antibody or fragment thereofthat specifically binds to human MASP-
2 at a concentration of about 50 mg/mL to about 250 mg/mb, wherein said antibody or fragment
thereof comprises (i) a heavy chain variable region comprising the anino acid sequence set
forth in SEQ ID NG:2 and (i1} a light chain variable region comprising the amino acid sequence
set forth in SEQ 1D NO:3; wherein the formulation has a viscosity of between 2 and 50
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centipoise (cP), and wheren the formulation is stable when stored at between 2°C and 8°C for
at least six months.

in one embodiment, the method comprises administering subcutancously 1o a subject
suffering from aHUS a daily dosage of about 150 mg for a ime period of at least 26 weeks, a
stable pharmaceutical formulation comprising 185 mg/mL OMB646, pH 5.8, citrate (20 mM),
arginine (200 mM) and polysorbate 80 (0.01%)). In some embodiments, the SC dose is
prepared by withdrawing 0.8 ml from 1 vial of OMS646 in a 1-mL polypropviene syringe.

In some embodiments, the needle is exchanged for a 276 thin-walled needle for SC mjection.

In one embodiment, the method comprises treating a subjoct suffering from plasma-
therapy responsive aHUS. In one embodiment, the method comprises treating a subject

suffering from plasma therapy resistant aHUS.

In one embodiment, the method comprises a method of treating a subjoct suffering
from, or at nisk for developing aHBUS comprising administering to the subject an effective
amount of an anti-MASP-2 antibody, or antigen binding fragment thereof comprising a heavy
chain variable region comprising the amino acid sequence set forth in SEQ ID NG 2 and (i) a
light chain variable region compusing the amino acid sequence set forth in SEQ 1D NO:3;
wherein the method comprises a mamtenance phase, wherein the mamtenance phase comprises
a period of at least 26 weeks, wherein the anti-MASP-2 antibody, or antigen-binding fragment
thereof, 15 administered s.¢. at a dailv dose of about 150 mg.

While the preferred embodiment of the invention has been iHustrated and described, 1t
will be appreciated that various changes to the disclosed formulations and methods can be made
therein without departing from the spint and scope of the invention. It is therefore intended that
the scope of letters patent granted hercon be limited only by the definitions of the appended

claims.
In accordance with the foregoing, the invention features the following embodiments.

1. A method of treating a sobject suffermg from, or at risk for developing aHUS comprising
administering to the subject an effective amount of an anti-MASP-2 antibody, or antigen
binding fragment thereof, comprising a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NO:2 and (1) a light chain variable region comprising the amino
actd sequence set forth in SEQ 1D NQ:3; wherein the method comprises an administration cycle

comprising an induction phase and a maintenance phase, wherein:
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{a} the induction phase comprnses a period of one week, wherein the anti-MASP-2
antibody, or antigen-binding fragment thereof, 15 administered at a dose of about 370
mg on Day 1 and on Day 4; and

{b} the mamtenance phase comprises a period of at least 26 weeks, commencing on Day |
of the mduction period, wherein the anti-MASP-2 antibody, or antigen-binding

fragment thereof, is administered at a daily dose of about 150 mg.

2. The method of paragraph 1, wherein the anti-MASP-2 antibody is administered

miravenously in a solation suitable for intravenous debivery during the indaction period.

3. The method of paragraph 1, wherein the anti-MASP-2 antibody is administered

subcutancously during the maintenance period.

4. The method of anv of paragraphs 1-3, wherein the mamitenance phase comprises or consists

of 26 weeks.

5. The method of any of paragraphs 1-3, whercin the maintenance period lasts longer than 26
weeks (6 months), such as at least 39 weeks (9 months), or at feast 52 weeks (12 months}, or

at least 78 weeks (18 months), or at least 104 weeks (24 months}.

6. The method of any of paragraphs 1-3, wherem the maintenance period lasts from at least 6

months up to 2 vears.

7. The method of paragraph 2, wherein the anti-MASP-2 antibody, or antigen-binding
fragment thereof, 1s administered intravenously 1o the subject during the induction peniod at a

dose of about 370 mg on Day 1 and on Day 4.

8. The method of any of paragraphs 1-7, wherein the method corprises treating a subject

suffering from plasma therapy responsive aHUS.

9. The method of any of paragraphs 1-7, wherein the method comprises treating a subject

suffering from plasma therapy resistant aHUS.

10. The method of paragraph 3, wherein the method comprises administering subcutancousty
to a subject suffering from aHUS a daily dosage of about 150 mg for a time period of at least
26 weeks, a stable pharmaceutical formulation suoitable for parenteral administration to a
mammalian subjoct, comprising: (2} an aqueous solution comprising a buffer system having a
pH of 5.0 to 7.0; and (b) the monoclonal antibody or fragment thereof that specifically binds

to human MASP-Z at a concentration of about 50 mg/mL to about 250 mg/mL; wherein the
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formulation has a viscosity of between 2 and 50 centipoise (cP), and wherein the formulation

1s stable when stored at between 2°C and 8°C for at least six months.

11. The method of paragraph 3, wherein the method comprises administering subcutaneously
to a subject suffering from aHUS a daily dosage of about 150 mg for a time period of at least
26 weeks, a stable pharmaceutical formulation comprising 185 mg/mL of the monoclonal

antibody, pH 5.8, citrate (20 mM), arginine (200 mM) and polysorbate 80 (0.01%)).
12. The method of paragraph 3, wherein the SC administration is via an injection.

13. The method of paragraph 12, wherein the injection is carried out with a syringe having a

27G thin-walled needle.

14. The method of paragraph 2, wherein the intravenous solution comprising the anti-MASP-
2 antibody is generated by combining an appropriate amount of a stable pharmaceutical
formulation comprising 185 mg/mL of the monoclonal antibody, pH 5.8, citrate (20 mM),
arginine (200 mM) and polysorbate 80 (0.01%)) with a pharmaceutically acceptable diluent

prior to administration.

15. The method of paragraph 10, wherein the formulation comprises:
(a) polysorbate 80 at a concentration from about 0.01 to about 0.08% w/v;
(b) L-arginine HCI at a concentration from about 150 mM to about 200 mM;

(¢) sodium citrate at a concentration from about 10 mM to about 50 mM; and

(d) about 150 mg/mL to about 200 mg/mL of the antibody.

While the preferred embodiment of the invention has been illustrated and described, it
will be appreciated that various changes can be made therein without departing from the spirit

and scope of the invention.

By way of clarification and for avoidance of doubt, as used herein and except where
the context requires otherwise, the term "comprise" and variations of the term, such as

"comprising"”, "comprises" and "comprised”, are not intended to exclude further additions,

components, integers or steps.
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Reference to any prior art in the specification is not an acknowledgement or
suggestion that this prior art forms part of the common general knowledge in any jurisdiction
or that this prior art could reasonably be expected to be combined with any other piece of

prior art by a skilled person in the art.
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CLAIMS

The embodiments of the invention in which an exclusive property or privilege is claimed are

defined as follows:

L. A method of treating a subject suffering from, or at risk for developing aHUS
comprising administering to the subject an effective amount of a stable pharmaceutical
formulation of an anti-MASP-2 antibody comprising the amino acid sequence set forth in SEQ
ID NO: 4 and 5, the pharmaceutical formulation comprising the following concentrations of

excipients and buffer conditions:

(1) pH 5.8, 20 mM citrate, 200 mM arginine, 0.01% polysorbate 80; or (ii) pH 5.9, 20 mM
histidine, 200 mM arginine, 0.01% polysorbate 80

wherein the method comprises an administration cycle comprising an induction phase and a
maintenance phase, wherein
(a) the induction phase comprises a period of one week, wherein the anti-MASP-2 antibody
is administered intravenously at a dose of about 370 mg on Day 1 and on Day 4; and
(b) the maintenance phase comprises a period of at least 26 weeks, commencing on Day 1
of the induction period, wherein the anti-MASP-2 antibody is subcutancously

administered at a daily dose of about 150 mg.

2. Use of a stable pharmaceutical formulation of anti-MASP-2 antibody in the
manufacture of a first medicament and a second medicament for preventing, treating or

ameliorating aHUS,

wherein the anti-MASP-2 antibody comprises the amino acid sequence set forth in SEQ
ID NO: 4 and 5; and wherein the pharmaceutical formulation comprises the following

concentrations of excipients and buffer conditions:

(a) pH 5.8, 20 mM citrate, 200 mM arginine, 0.01% polysorbate 80; or
(b) pH 5.9, 20 mM histidine, 200 mM arginine, 0.01% polysorbate 80

wherein the first medicament and the second medicament are formulated for an

administration cycle comprising an induction phase and a maintenance phase, wherein:
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(a) the induction phase comprises a period of one week, wherein the first medicament is
formulated for intravenous administration of the anti-MASP-2 antibody at a dose of
about 370 mg on Day 1 and on Day 4; and

(b) the maintenance phase comprises a period of at least 26 weeks, commencing on Day 1
of the induction period, wherein the second medicament is formulated for subcutaneous

administration of the anti-MASP-2 antibody at a daily dose of about 150 mg.

3. The method of claim 1 or the use of ¢laim 2, wherein the maintenance phase comprises

or consists of 26 weeks.

4. The method of claim 1 or the use of claim 2, wherein the maintenance period lasts

longer than 26 weeks (6 months).

5. The method or use of claim 4, wherein the maintenance period lasts at least 39 weeks
(9 months), or at least 52 weeks (12 months), or at least 78 weeks (18 months), or at least 104
weeks (24 months).

6. The method of claim 1 or the use of claim 2, wherein the maintenance period lasts from

at least 6 months up to 2 years.

7. The method of any one of claims 1 and 3-6, wherein the method comprises treating a
subject suffering from plasma therapy responsive aHUS; or the use of any one of claims 2-6,
wherein the first medicament and the second medicament are for treating plasma therapy

responsive aHUS.

8. The method of any of claims 1 and 3-6, wherein the method comprises treating a subject
suffering from plasma therapy resistant aHUS; or the use of any one of claims 2-6, wherein the

first medicament and the second medicament are for treating plasma therapy resistant aHUS.

9. The method of claim 1, wherein the method comprises administering subcutaneously
to a subject suffering from aHUS a daily dosage of about 150 mg for a time period of at least
26 weeks, a stable pharmaceutical formulation suitable for parenteral administration to a

mammalian subject, wherein the formulation has a viscosity of between 2 and 50 centipoise
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(cP), and wherein the formulation is stable when stored at between 2°C and 8°C for at least six

months.

10. The use of claim 2, wherein the first medicament and the second medicament are for
treating aHUS, wherein the second medicament is formulated for subcutaneous administration
of the anti-MASP-2 antibody at a daily dosage of about 150 mg for a time period of at least 26
weeks, wherein the second medicament is suitable for parenteral administration to a
mammalian subject, and has a viscosity of between 2 and 50 centipoise (cP), and wherein the

medicament is stable when stored at between 2°C and 8°C for at least six months.

11. The method or use of any one of claims 1 to 10, wherein the subcutaneous

administration is via an injection.

12. The method or use of claim 11, wherein the injection is carried out with a syringe having

a 27G thin-walled needle.

13. The method or use of any one of claims 1 to 12, wherein an intravenous solution
comprising the anti-MASP-2 antibody, or the first medicament is generated by combining an
appropriate amount of a stable pharmaceutical formulation with a pharmaceutically acceptable

diluent prior to administration.

14. The method or use of any one of claims 1 to 13, wherein the anti-MASP-2 antibody is

a monoclonal antibody.
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MP_1 0262 PCT_Sequencelisting 20180814 ST25.txt
SEQUENCE LISTING

<110> Omeros Corporation
Gregory A. Demopulos
Kenneth M. Ferguson
William Joseph Lambert
John Steven Whitaker

<120> Highly Concentrated Low Viscosity MASP-2 Inhibitory Antibody
Formulations, Kits, and Methods of Treating Subjects
Suffering from Atypical Hemolytic Syndrome

<130> MP.1.0262.PCT

<150> 62/550,328
<151> 2017-08-25

<160> 7

<170> PatentIn version 3.5

<210> 1

<211> 671

<212> PRT

<213> Homo sapiens

<400> 1

Thr Pro Leu Gly Pro Lys Trp Pro Glu Pro Val Phe Gly Arg Leu Ala
1 5 10 15

Ser Pro Gly Phe Pro Gly Glu Tyr Ala Asn Asp Gln Glu Arg Arg Trp
20 25 30

Thr Leu Thr Ala Pro Pro Gly Tyr Arg Leu Arg Leu Tyr Phe Thr His
35 40 45

Phe Asp Leu Glu Leu Ser His Leu Cys Glu Tyr Asp Phe Val Lys Leu
50 55 60

Ser Ser Gly Ala Lys Val Leu Ala Thr Leu Cys Gly Gln Glu Ser Thr
65 70 75 80
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Asp Thr Glu Arg Ala Pro Gly Lys Asp Thr Phe Tyr Ser Leu Gly Ser
85 90 95

Ser Leu Asp Ile Thr Phe Arg Ser Asp Tyr Ser Asn Glu Lys Pro Phe
100 105 110

Thr Gly Phe Glu Ala Phe Tyr Ala Ala Glu Asp Ile Asp Glu Cys Gln
115 120 125

Val Ala Pro Gly Glu Ala Pro Thr Cys Asp His His Cys His Asn His
130 135 140

Leu Gly Gly Phe Tyr Cys Ser Cys Arg Ala Gly Tyr Val Leu His Arg
145 150 155 160

Asn Lys Arg Thr Cys Ser Ala Leu Cys Ser Gly Gln Val Phe Thr Gln
165 170 175

Arg Ser Gly Glu Leu Ser Ser Pro Glu Tyr Pro Arg Pro Tyr Pro Lys
180 185 190

Leu Ser Ser Cys Thr Tyr Ser Ile Ser Leu Glu Glu Gly Phe Ser Val
195 200 205

Ile Leu Asp Phe Val Glu Ser Phe Asp Val Glu Thr His Pro Glu Thr
210 215 220

Leu Cys Pro Tyr Asp Phe Leu Lys Ile Gln Thr Asp Arg Glu Glu His
225 230 235 240

Gly Pro Phe Cys Gly Lys Thr Leu Pro His Arg Ile Glu Thr Lys Ser
245 250 255

Asn Thr Val Thr Ile Thr Phe Val Thr Asp Glu Ser Gly Asp His Thr
260 265 270
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Gly Trp Lys Ile His Tyr Thr Ser Thr Ala Gln Pro Cys Pro Tyr Pro
275 280 285

Met Ala Pro Pro Asn Gly His Val Ser Pro Val Gln Ala Lys Tyr Ile
290 295 300

Leu Lys Asp Ser Phe Ser Ile Phe Cys Glu Thr Gly Tyr Glu Leu Leu
305 310 315 320

Gln Gly His Leu Pro Leu Lys Ser Phe Thr Ala Val Cys Gln Lys Asp
325 330 335

Gly Ser Trp Asp Arg Pro Met Pro Ala Cys Ser Ile Val Asp Cys Gly
340 345 350

Pro Pro Asp Asp Leu Pro Ser Gly Arg Val Glu Tyr Ile Thr Gly Pro
355 360 365

Gly Val Thr Thr Tyr Lys Ala Val Ile Gln Tyr Ser Cys Glu Glu Thr
370 375 380

Phe Tyr Thr Met Lys Val Asn Asp Gly Lys Tyr Val Cys Glu Ala Asp
385 390 395 400

Gly Phe Trp Thr Ser Ser Lys Gly Glu Lys Ser Leu Pro Val Cys Glu
405 410 415

Pro Val Cys Gly Leu Ser Ala Arg Thr Thr Gly Gly Arg Ile Tyr Gly
420 425 430

Gly Gln Lys Ala Lys Pro Gly Asp Phe Pro Trp Gln Val Leu Ile Leu
435 440 445

Gly Gly Thr Thr Ala Ala Gly Ala Leu Leu Tyr Asp Asn Trp Val Leu
450 455 460
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Thr Ala Ala His Ala Val Tyr Glu Gln Lys His Asp Ala Ser Ala Leu
465 470 475 480

Asp Ile Arg Met Gly Thr Leu Lys Arg Leu Ser Pro His Tyr Thr Gln
485 490 495

Ala Trp Ser Glu Ala Val Phe Ile His Glu Gly Tyr Thr His Asp Ala
500 505 510

Gly Phe Asp Asn Asp Ile Ala Leu Ile Lys Leu Asn Asn Lys Val Val
515 520 525

Ile Asn Ser Asn Ile Thr Pro Ile Cys Leu Pro Arg Lys Glu Ala Glu
530 535 540

Ser Phe Met Arg Thr Asp Asp Ile Gly Thr Ala Ser Gly Trp Gly Leu
545 550 555 560

Thr Gln Arg Gly Phe Leu Ala Arg Asn Leu Met Tyr Val Asp Ile Pro
565 570 575

Ile Val Asp His Gln Lys Cys Thr Ala Ala Tyr Glu Lys Pro Pro Tyr
580 585 590

Pro Arg Gly Ser Val Thr Ala Asn Met Leu Cys Ala Gly Leu Glu Ser
595 600 605

Gly Gly Lys Asp Ser Cys Arg Gly Asp Ser Gly Gly Ala Leu Val Phe
610 615 620

Leu Asp Ser Glu Thr Glu Arg Trp Phe Val Gly Gly Ile Val Ser Trp
625 630 635 640

Gly Ser Met Asn Cys Gly Glu Ala Gly Gln Tyr Gly Val Tyr Thr Lys
645 650 655

Page 4



MP_1 0262_PCT_SequencelListing 20180814 ST25.txt
Val Ile Asn Tyr Ile Pro Trp Ile Glu Asn Ile Ile Ser Asp Phe
660 665 670

210> 2

<211> 118

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 2
Gln Val Thr Leu Lys Glu Ser Gly Pro Val Leu Val Lys Pro Thr Glu
1 5 10 15

Thr Leu Thr Leu Thr Cys Thr Val Ser Gly Phe Ser Leu Ser Arg Gly
20 25 30

Lys Met Gly Val Ser Trp Ile Arg Gln Pro Pro Gly Lys Ala Leu Glu
35 40 45

Trp Leu Ala His Ile Phe Ser Ser Asp Glu Lys Ser Tyr Arg Thr Ser
50 55 60

Leu Lys Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn Gln Val
65 70 75 80

Val Leu Thr Met Thr Asn Met Asp Pro Val Asp Thr Ala Thr Tyr Tyr
85 90 95

Cys Ala Arg Ile Arg Arg Gly Gly Ile Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser
115

<210> 3
<211> 1e3
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<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic

<400> 3

Gln Pro Val Leu Thr Gln Pro Pro Ser Leu Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Ser Ile Thr Cys Ser Gly Glu Lys Leu Gly Asp Lys Tyr Ala
20 25 30

Tyr Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Met Tyr
35 40 45

Gln Asp Lys Gln Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Met
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Ser Ser Thr Ala Val
85 90 95

Phe Gly Gly Gly Thr Lys Leu
100

<210> 4

<211> 445

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 4

Gln Val Thr Leu Lys Glu Ser Gly Pro Val Leu Val Lys Pro Thr Glu
1 5 10 15
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Thr Leu Thr Leu Thr Cys Thr Val Ser Gly Phe Ser Leu Ser Arg Gly
20 25 30

Lys Met Gly Val Ser Trp Ile Arg Gln Pro Pro Gly Lys Ala Leu Glu
35 40 45

Trp Leu Ala His Ile Phe Ser Ser Asp Glu Lys Ser Tyr Arg Thr Ser
50 55 60

Leu Lys Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn Gln Val
65 70 75 80

Val Leu Thr Met Thr Asn Met Asp Pro Val Asp Thr Ala Thr Tyr Tyr
85 90 95

Cys Ala Arg Ile Arg Arg Gly Gly Ile Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
115 120 125

Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly
130 135 140

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn
145 150 155 160

Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln
165 170 175

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser
180 185 190

Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser
195 200 205
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Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys
210 215 220

Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Val Leu
290 295 300

Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys
325 330 335

Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser
340 345 350

Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly
385 390 395 400
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Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp Gln
405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys
435 440 445

<210> 5

211> 212

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 5

Gln Pro Val Leu Thr Gln Pro Pro Ser Leu Ser Val Ser Pro Gly Gln
1 5 10 15

Thr Ala Ser Ile Thr Cys Ser Gly Glu Lys Leu Gly Asp Lys Tyr Ala
20 25 30

Tyr Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val Leu Val Met Tyr

Gln Asp Lys Gln Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Met
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Ala Trp Asp Ser Ser Thr Ala Val
85 90 95
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Phe

Pro

Lys

Thr

145

Thr

Tyr

Cys

Thr

Gly

Ser

Ala

130

Val

Thr

Leu

Gln

Glu
210

<210>
<211>
<212>
<213>

<220>
<223>

<400>
atgatgtcct ttgtctctct gectcctggtt ggcatcctat

6
1
D

Gly

Val

115

Thr

Ala

Thr

Ser

Val

195

Cys

395
NA

Gly

100

Thr

Leu

Trp

Pro

Leu

180

Thr

Ser

MP_1 0262 PCT_Sequencelisting 20180814 ST25.txt

Thr Lys Leu Thr

Leu

Val

Lys

Ser

165

Thr

His

Phe

Cys

Ala

150

Lys

Pro

Glu

Pro

Leu

135

Asp

Gln

Glu

Gly

Artificial sequence

Synthetic

6

Pro

120

Ile

Ser

Ser

Gln

Ser
200

Val Leu Gly Gln Pro Lys Ala Ala

105

Ser

Ser

Ser

Asn

Trp

185

Thr

Ser

Asp

Pro

Asn

170

Lys

Val

Glu

Phe

Val

155

Lys

Ser

Glu

gtcaccttga aggagtctgg tcctgtgctg gtgaaaccca

tgcaccgtct ctgggttctc actcagcagg ggtaaaatgg

cccccaggga aggccctgga gtggettgea cacatttttt

110

Glu Leu Gln Ala Asn
125

Tyr Pro Gly Ala Val
140

Lys Ala Gly Val Glu
160

Tyr Ala Ala Ser Ser
175

His Arg Ser Tyr Ser
190

Lys Thr Val Ala Pro
205

tccatgccac ccaggcccag
cagagaccct cacgctgacc
gtgtgagctg gatccgtcag

cgagtgacga aaaatcctac
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60

120

180

240



aggacatcgc
cttacaatga
cgtggaggaa
aagggcccat
gccctgggcet
ggcgcectga
tccctcagea
aacgtagatc
cccccatgec
cccccaaaac
gtggacgtga
gtgcataatg
agcgtcctca
tccaacaaag
cgagagccac
agcctgacct
aatgggcagc
ttcttcctct
tcatgctccg
tctctcggga
210> 7

<211> 696
<212> DNA
<213>

<220>
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tgaagagcag
ccaacatgga
ttgactactg
ccgtcttccc
gcctggtcaa
ccagcggegt
gcgtggtgac
acaagcccag
caccatgccc
ccaaggacac
gccaggaaga
ccaagacaaa
ccgtcctgea
gccteccgtce
aggtgtacac
gcctggtcaa
cggagaacaa
acagcaggct
tgatgcatga

aatga

gctcaccatc
ccctgtggac
gggccaggga
cctggegecc
ggactacttc
gcacaccttc
cgtgccctcec
caacaccaag
agcacctgag
tctcatgatc
ccccgaggtc
gccgegggag
ccaggactgg
ctccatcgag
cctgccccca
aggcttctac
ctacaagacc
aaccgtggac

ggctctgcac

Artificial sequence

tccaaggaca
acagccacgt
accctggtca
tgctccagga
cccgaaccgg
ccggetgtcec
agcagcttgg
gtggacaaga
ttcctgggee
tcccggaccc
cagttcaact
gagcagttca
ctgaacggca
aaaaccatct
tcccaggagg
cccagcgaca
acgcctcccg
aagagcaggt

aaccactaca

cctccaaaaa
attactgtgc
ctgtctectc
gcacctccga
tgacggtgtc
tacagtcctc
gcacgaagac
gagttgagtc
gaccatcagt
ctgaggtcac
ggtacgtgga
acagcacgta
aggagtacaa
ccaaagccaa
agatgaccaa
tcgecgtgga
tgctggactc

ggcaggagsg

cacagaagag
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ccaggtggtc
acggatacga
agcctccacc
gagcacagcc
gtggaactca
aggactctac
ctacacctgc
caaatatggt
cttcctgtte
gtgcgtggtg
tggcgtggag
ccgtgtggtc
gtgcaaggtc
agggcagccc
gaaccaggtc
gtgggagagc
cgacggctcc
gaatgtcttc

cctcteccctg

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1395



<223>

<220>
<221>
<222>
<223>

<400> 7
atgatgtcct

ccagtgctga
tgctctggag
tcccctgtgt
tctggctcca
gangctgact
aagctgaccg
tctgaggagc
ggagccgtga
accacaccct
cctgagcagt

gtggagaaga
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Synthetic

misc_feature
(303)..(303)
nis a, ¢, g, or t

ttgtctctet
ctcagccccc
agaaattggg
tggtcatgta
actctgggaa
attactgtca
tcctaggceca
ttcaagccaa
cagtggcctg
ccaaacaaag
ggaagtccca

cagtggcccc

gctecctggtt
ctcactgtcc
ggataaatat
tcaagataaa
cacagccact
ggcgtgggac
gcctaaggeg
caaggccaca
gaaggcagat
caacaacaag
cagaagctac

tacagaatgt

ggcatcctat
gtgtccccag
gcttactggt
cagcggccct
ctgaccatca
agcagcactg
gcgecectegg
ctggtgtgtc
agcagccccg
tacgcggcca
agctgccagg

tcatag

tccatgccac
gacagacagc
atcagcagaa
cagggatccc
gcgggaccca
cggtattcgg
tcaccctgtt
tcataagtga
tcaaggcggg
gcagctatct

tcacgcatga
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ccaggcccag
cagcatcacc
gccaggccag
tgagcgattc
ggctatggat
cggagggacc
cccgeectcec
cttctacccg
agtggagacc
gagcctgacg

agggagcacc

60

120

180

240

300

360

420

480

540

600

660

696
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