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ANTI-CONNEXIN ANTIBODY FORMULATIONS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to and the benefit of U.S. Provisional Patent Application
No. 62/909,267 filed October 2, 2019, the disclosure of which is incorporated herein by

reference in its entirety.

SEQUENCE LISTING
The ASCII text file submitted herewith via EFS-Web, entitled
“172628 020501 sequence.txt” created on October 2, 2020, having a size of 43,745 bytes, is

hereby incorporated by reference in its entirety.

FIELD
The present disclosure generally relates to stable aqueous pharmaceutical compositions

comprising anti-connexin (Cx) 43 antibodies.

BACKGROUND

Antibodies bave been used in the treatment of various diseases and conditions due to
therr specificity of target recognition, thereby generating highly selective outcornes following
svstenic adnanistration. In order for antibodies to remam effective, they roust mantain therr
biclogical activity during thair production, pwrification, transport and storage. New production
angd purification techmques have bean developed 1o provide for large amounts of highly purified
menoclonal ardthodies o be produced. However, challenges stl exast to stabilize these
antibodies for transport and storage, and vet even more challenges exist {0 provide the antibodies
i a dosage form surtabde for admunistration

Denaturation, aggregation, confamination, and particle formation can be significant
obstacles i the formwlation and storage of andibodies. Dhue to the wide vanety of antibodies,
there are no universat formulations or conditions switable for siorage of all antibodizs. Uptmal
formudations and conditions suniable for storage of one antibody are often specific {o that
antibody. Thus, antibody storage formulations and methods are ofien a sigreficant part of the
research and development process for a commercial antibody.

Yaricus methods have been proposed to overcome the challenges associated with
antthody stabifity. For example, 1o some justances, the antibody 1s often vophilized, and then
reconstiited shortly before adounistration. However, reconstituiion 1s generally notwleal, since

it adds an additional step to the admirustration procsss, and could introduce contanunands 1o the
1
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formudation. Additionally, even reconstituied aniibodies can suffer from aggregation and particle
formation. Thus, a need exists o provide stable, agueous antibody formudations, m particular
anti-Cx43 antibody formulations that can overcome the challenges assooiated with traneport and

siorage.

SUMMARY

The present disclosure provides, in one aspect, a pharmaceutical formulation comprising;
an anti-Cx43 antibody or antigen binding fragment thereof;
a buffer;
a surfactant; and
a stabilizer;
wherein the pharmaceutical formulation has a pH of between about 5 and about 6;
wherein the anti-Cx43 antibody or antigen binding fragment thereof comprises:

a first, second and third heavy chain complementarity determining region
(CDR) sequence having the amino acid sequence of SEQ ID NOs: 1, 2, and 3,
respectively; and
a first, second and third light chain CDR sequence having the amino acid

sequence of SEQ ID NOs: 4, 5, and 6, respectively.

In some embodiments, the anti-Cx43 antibody or antigen binding fragment thereof
comprises a heavy chain variable domain having the amino acid sequence of SEQ ID NO: 7, and
a light chain variable domain having the amino acid sequence of SEQ ID NO: 8.

In certain embodiments, the anti-Cx43 antibody or antigen binding fragment thereof
comprises a heavy chain having an amino acid sequence selected from the group consisting of
SEQ ID NOs: 9-17, and a light chain having the amino acid sequence of SEQ ID NO: 18.

In certain embodiments, the anti-Cx43 antibody or antigen binding fragment thereof binds
to an epitope located within the amino acid sequence of FLSRPTEKTI (SEQ ID NO: 19). in
some embodiments, the epitope can comprise one or more amino acids selected from the group
consisting of Fi, 53, R4, P53, T6, E7. K& T9 and 110 of SEQ ID NG: 19 In one embodiment,
the epitope consisis of F1, §3, R4, P53, T6, E7, K&, T9 and 110 of SEQ ID NQO: 19, Insome
ernbodiments, the epitope can mclude all fen anuno acids of SEQ ID NG 19, Tn certain
embodiments, the epitope consists of al ten anuno acids of SEQ 1D NO: 19

In some embodiments, the anti-Cx43 antibody or antigen binding fragment thereof is

present at 2 concentration of between about 5 and about 50 mg/rol, optionally hetween 10 and

2
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44, or from abowt 15 10 30 mg/mL.

In some certain embodiments, the buffer is selected from acetate/sodium acetate,
histidine/aspartic acid, citric acid/sodium citrate, dibasic sodium phosphate/sodium dihydrogen
phosphate, and histidine/histidine hydrochloride. In certain embodiments, the buffer is
histidine/aspartic acid or histidine/histidine hydrochloride. In certain embodiments, the buffer is
histidine/histidine hydrochloride.

In some embodiments, the surfactant is polysorbate 80 (PS80).

In certain embodiments, the stabilizer is selected from ethylenediaminetetraacetic acid
(EDTA), sodium chloride, sorbitol, glycine, and sucrose. In certain embodiments, the stabilizer
1S sucrose.

In certain embodiments, the pH of the formulation is between about 5.4 to about 5.6.

In some embodiments, the formulation is an aqueous formulation. In some embodiments,

the formulation is a stable aqueous formulation.

Another aspect relates to a pharmaceutical formulation comprising:

about 10-50 mg/mL, or about 25 mg/mL of an anti-Cx43 antibody or antigen
binding fragment thereof (e.g., those binding to an epitope located within the amino acid
sequence of FLSRPTEKTI (SEQ ID NO: 19);

about 10-40 mM, or about 20 mM histidine/histidine hydrochloride buffer;

about 0.005%-0.05%, or about 0.02% w/v Polysorbate 80; and

about 1%-20% w/v, or about 8% w/v sucrose;

wherein the formulation has a pH of between about 5 to about 6, or between about

5.4 to about 5.6, or about 5.5.

A further aspect relates to a pharmaceutical formulation comprising:

about 25 mg/mL an anti-Cx43 antibody or antigen binding fragment thereof,
comprising a heavy chain having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 9-17, and comprising a light chain having the amino acid
sequence of SEQ ID NO: 18;

about 20 mM histidine/aspartic acid buffer;

about 0.02% w/v Polysorbate 80; and

about 8% w/v sucrose,

wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.
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Also provided herein is use of the pharmaceutical formulations disclosed herein, for
promoting opening of Cx43 hemichannels in osteocytes, such as for the treatment of cancer,
cancer metastasis, osteosarcoma, osteoporosis, or osteopenia. Methods and kits for the
treatment of diseases affected by opening (or lack thereof) of Cx43 hemichannels in osteocytes

are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1: MicroCal DSC thermogram overlay from the anti-Cx43 Ab pH/Buffer screening
study.

FIG. 2: SEC-Main peak % comparison at 25+2 °C (left) and 40+2 °C (right) from the
pH/buffer screening study.

FIG. 3: Comparison of cIEF main peak % at 25+2 °C (left) and 40+2 °C (right) from the
pH/buffer screening study.

FIG. 4: Non-reduced SDS-Caliper purity % comparison from the pH/Buffer screening
study at 2542 °C (left) and 40=2 °C (right).

FIG. 5: Reduced SDS-Caliper purity % comparison from the pH/Buffer screening study
at 25+2 °C (left) and 4042 °C (right).

FIG. 6: SEC-HPLC main peak % comparison from the freeze/thaw study.

FIG. 7: Comparison of cIEF main peak % from the freeze/thaw study.

FIG. 8: Purity % comparison from the freeze/thaw study in non-reduced SDS-Caliper
(Ieft) and reduced SDS-Caliper (right).

FIG. 9: SEC-HPLC main peak % comparison from the agitation study.

FIG. 10: Comparison of cIEF main peak % from the agitation study.

FIG. 11: Purity % comparison from the agitation study in non-reduced SDS-Caliper (left)
and reduced SDS-Caliper (right).

FIG. 12: SEC-Main peak % comparison at 2~8 °C (left), 25+2 °C (middle) and 40+2 °C
(right).

FIG. 13: cIEF main peak % comparison at 2~8 °C (left), 25+2 °C (middle) and 40+2 °C
(right).

FIG. 14: Non-reduced SDS-Caliper purity % comparison at 2~8 °C (left), 25+2 °C
(middle) and 40£2 °C (right).

FIG. 15: Reduced SDS-Caliper purity % comparison at 2~8 °C (left), 25+2 °C (middle)
and 40+£2 °C (right).

FIG. 16: MicroCal DSC thermogram overlay from the anti-Cx43 Ab formulation

4
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confirmation study.

DETAILED DESCRIPTION

Disclosed herein, in some embodiments, is a stable, aqueous pharmaceutical formulation
of anti-Cx43 antibodies. Such formulation can include: an anti-Cx43 antibody or antigen
binding fragment thereof, a buffer, a surfactant, and a stabilizer. The pharmaceutical
formulation can have a pH of between about 5 and about 6, or about 5.4-5.6, or about 5.5.

In some embodiments, the anti-Cx43 antibody or antigen binding fragment thereof can
have a first, second and third heavy chain complementarity determining region (CDR) sequence
having the amino acid sequence of SEQ ID NOs: 1, 2, and 3, respectively; and/or a first, second
and third light chain CDR sequence having the amino acid sequence of SEQ ID NOs: 4, 5, and
6, respectively.

In some embodiments, the anti-Cx43 antibody or antigen binding fragment thereof can
have a heavy chain variable domain having the amino acid sequence of SEQ ID NO: 7, and a
light chain variable domain having the amino acid sequence of SEQ ID NO: 8.

In certain embodiments, the anti-Cx43 antibody or antigen binding fragment thereof
comprises a heavy chain having an amino acid sequence selected from the group consisting of
SEQ ID NOs: 9-17, and a light chain having the amino acid sequence of SEQ ID NO: 18.

In certain embodiments, the anti-Cx43 antibody or antigen binding fragment thereof
binds to an epitope located within the amino acid sequence of FLSRPTEKTI (SEQ ID NO: 19).

In various embodiments, the formulations disclosed herein can have improved stability,
such that they display no significant changes (such as appearance, antibody concentration, p,
antibody aggregation, and antibody purity } observed at a predetermined temperature (g g, -207
C or refigerated tomperature of 2-8° ) for a penod ol time, 2.8, at least 3 months, at least 6

months. af least 1 vear, or up to 2 vears.

Definitions

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by those of ordinary skill in the art to which this disclosure
pertains. The following references provide one of skill with a general definition of many of the
terms used in this disclosure: Academic Press Dictionary of Science and Technology, Morris
(Ed.), Academic Press (1ted., 1992); Oxford Dictionary of Biochemistry and Molecular
Biology, Smith et al. (Eds.), Oxford University Press (revised ed., 2000); Encyclopaedic
Dictionary of Chemistry, Kumar (Ed.), Anmol Publications Pvt. Ltd. (2002); Dictionary of

5
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Microbiology and Molecular Biology, Singleton et al. (Eds.), John Wiley & Sons (3™ ed., 2002);
Dictionary of Chemistry, Hunt (Ed.), Routledge (1%t ed., 1999); Dictionary of Pharmaceutical
Medicine, Nahler (Ed.), Springer-Verlag Telos (1994); Dictionary of Organic Chemistry, Kumar
and Anandand (Eds.), Anmol Publications Pvt. Ltd. (2002); and A Dictionary of Biology
(Oxford Paperback Reference), Martin and Hine (Eds.), Oxford University Press (4" ed., 2000).
Further clarifications of some of these terms as they apply specifically to this disclosure are
provided herein.

As used herein, the articles “a” and “an” refer to one or more than one, e.g., to at least
one, of the grammatical object of the article. The use of the words “a” or “an” when used in
conjunction with the term “comprising” herein may mean “one,” but it is also consistent with the

% ¢

meaning of “one or more,” “at least one,” and “one or more than one.”

As used herein, “about” and “approximately” generally mean an acceptable degree of
error for the quantity measured given the nature or precision of the measurements. Exemplary
degrees of error are within 20 percent (%), typically, within 10%, and more typically, within 5%
of a given range of values. The term “substantially”” means more than 50%, preferably more than
80%, and most preferably more than 90% or 95%.

As used herein the term “comprising” or “comprises” is used in reference to
compositions, methods, and respective component(s) thereof, that are present in a given
embodiment, yet open to the inclusion of unspecified elements.

As used herein the term “consisting essentially of” refers to those elements required for a
given embodiment. The term permits the presence of additional elements that do not materially
affect the basic and novel or functional characteristic(s) of that embodiment of the disclosure.

The term “consisting of” refers to compositions, methods, and respective components
thereof as described herein, which are exclusive of any element not recited in that description of
the embodiment.

An “anti~-Cx43 antibody™ 13 an antibody that immunospecifically binds {0 Cx43 {e.g., its
extracellular domain}. The antibody mav be an isclated antibody. Such binding to Ux43 exiubils
a Ko with a value of, e.g.. no greater than 1 pM, no greater than 100 nM or no greater than 50
nM. Kb can be measured by any methods known to one skilled in the art, such as a surface
plasmon resonance assay or a cell binding assay. An anti-Cx43 antibody may be a monoclonal
antibody, or antigen-binding fragmenis thereol o some embodiments, the antibody can be
those disclosed in International Application No. PCT/US2019/025363, incorporated herein by
reference in its entirety.

An “antibody,” as used herein 13 a protein comprising hinding domains that bind 1o a

6
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target epitope. The term antibody inchudes monocional antibodigs comprising immunoglobulin
heavy and hght chain molecules, single heavy chaim variable domain antibodies, and varianis
and denvatives thereof, including chimeric variants of monoclonal and single heavy chain
variable domain antibodies. Binding domains are substantially encoded by immunoglobulin
genes or fragments of immunoglobulin genes, wherein the protein immunospecifically binds to
an antigen. The recogmized immumoglobulin genes include the kappa, larbda, alpba, gamma,
delta, epsilon and mu constant region genes, as well as myrad immunoglobulin variable region
genes. Light chains are classified as etther kappa or lambda Heavy chains are classified as
gamima, mu, alpha, delta, or epsilon, which 1n tirn define the immunoglobulin classes, TG,
IgM, IgA. 1gD and IgE. respectively. For most veriebrate organisms, including humans and
murine species, the typical immunoglobulin structwwal wt comprises a tetramer that is
composed of two identical pairs of polypeptide chains, each pair having one “light” (about 25
kD) and one “heavy” chain (about 50-70 kD). “Vi” and V" refer to the variable domams of
these light and heavy chains respectively. “CyL” and Cu” refer to the constant domains of the
light and heavy chains. Loops of B-strands, three each on the VL and Vu are responsible for
binding to the antigen, and are referred to as the “complementarity determining regions™ or
“CDRs”. The “Fab” (fragment, antigen-binding) region includes one constant and one variable
domain from each heavy and light chain of the antibody, i.e., Vi, Cr, Vi and Cul.

Antibodies include intact immunoglobuling as well as antigen-binding fragments thereof.
The term “antigen-binding fragment™ refers to a polypeptide fragment of an antibody which
binds antigen or competes with intact antibody (i.e., with the intact antibody from which they
were derived) for antigen binding (i.e., specific binding). Antigen binding fragments can be
produced by recombinant or biochemical methods that are well known in the art. Exemplary
antigen-binding fragments include Fv, Fab, Fab', (Fab')., CDR, paratope and single chain Fyv
antibodies {scFv) in which a Vyand a Vi chain are joinad together (directly or through a peptide
tinker) to form a continuous polypeptide.

Antibodies also mclude variants, chimeric antibodies and humanized antibodies. The
term “antibody variant™ as used herein refers to an antibody with single or multiple mutations in
the heavy chains and/or light chains. In some embodiments, the mutations exist in the variable
region. In some embodiments, the mutations exist in the constant region. “Chimeric antibodies™
refers to those antibodies wherein one portion of each of the amino acid sequences of heavy and
light chains is homologous to corresponding sequences in antibodies derived from a particular
species or belonging to a particular class, while the remaining segment of the chains is

homologous to corresponding sequences in another. Typically, in these chimeric antibodies, the
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variable region of both light and heavy chains mimics the variable regions of antibodies derived
from one species of mammals, while the constant portions are homologous to the sequences in
antibodies derived from another. One clear advantage to such chimeric forms is that, for
example, the variable regions can conveniently be derived from presently known sources using
readily available hybridomas or B cells from non-human host organisms in combination with
constant regions derived from, for example, human cell preparations. While the variable region
has the advantage of ease of preparation, and the specificity is not affected by its source, the
constant region being human, is less likely to elicit an immune response from a human subject
when the antibodies are injected than would the constant region from a non-human source.
However, the definition is not limited to this particular example. “Humanized” antibodies refer
to a molecule having an antigen-binding site that is substantially derived from an
immunoglobulin from a non-human species and the remaining immunoglobulin structure of the
molecule based upon the structure and/or sequence of a human immunoglobulin. The antigen-
binding site may comprise either complete variable domains fused onto constant domains or
only the complementarity determining regions (CDRs) grafted onto appropriate framework
regions in the variable domains. Antigen binding sites may be wild type or modified by one or
more amino acid substitutions, e.g., modified to resemble human immunoglobulin more closely.
Some forms of humanized antibodies preserve all CDR sequences (for example, a humanized
mouse antibody which contains all six CDRs from the mouse antibodies). Other forms of
humanized antibodies have one or more CDRs (one, two, three, four, five, or six) which are
altered with respect to the original antibody, which are also termed one or more CDRs “derived
from™ one or more CDRs.

As described herein, the amino acid residues of an antibody can be mumbered according
to the general mumbering of Kabat (Kabat, et al. {1991) Sequences of Proteins of Immunological
Interest, 5th edition. Public Health Service, NIH, Bethesda, MD).

The term “binding”™ as used herein in the context of binding between an antibody and an
epitope of Cx43 as a target, refers to the process of a non-covalert nferaction between
maolecules. Preferably, said binding is specitic. The specificity of an antibody can be deternuned
based on affinity. A specific antibody can have a binding affinity or disseciation constant Kp for
its epitope of less than 107 M, preferably less than 10° M,

The term “antigen” refers to a molecule or a portion of a molecule capable of being
bound by a selective binding agent, such as an antibody, and additionally capable of being used
in an animal to produce antibodies capable of binding to an epitope of that antigen. An antigen

may have one or more epitopes.
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The term “epitope” includes any determinant, preferably a polypeptide determinant,
capable of specific binding to an immunoglobulin or T-cell receptor. In certain embodiments,
epitope determinants include chemically active surface groupings of molecules such as amino
acids, sugar side chains, phosphoryl, or sulfonyl, and, in certain embodiments, may have specific
three-dimensional structural characteristics, and/or specific charge characteristics. In one
embodiment, an epitope is a region of an antigen that is bound by an antibody. In certain
embodiments, an antibody is said to specifically bind an antigen when it preferentially
recognizes its target antigen in a complex mixture of proteins and/or macromolecules. Methods
for epitope mapping are well known in the art, such as X-ray co-crystallography, array-based
oligo-peptide scanning, site-directed mutagenesis, high throughput mutagenesis mapping and
hydrogen—deuterium exchange. Epitopes can be formed both from contiguoes amino acids or
voneontiguons amane acids juxiaposed by tertiary folding of a protein. Epitopes formed from
configuons aming acids are fvpwally retamed on exposwre to denaturing solvents, whereas
epitopes formed by tertiary folding are typically lost on treatment with denaturing sobvents. An
eptiope tvpically inclades at least 3, and wore uswually, at feast 5 or 8-10 amino acids i & unigue
spatial conformalion.

The term “subject” or “patient” jocludes a human or other maromalian aniroal that
recetves either prophvlactic or therapewtic treatment.

The terms “treat,” “treating,” and “treatment,” as used herein, refer (o therapeutic or
preventative measures such as those described herern. The methods of “treatment” employ
adrmnistration 1o a patient a Cx43 ligand provided herein, for example, a patient having a
cancer, in order io prevent, cure, delav, reduce the seventy of, or amelioraie one or more
symptoms of the cancer or recurring cancer, or in order {0 prolong the survival of a patient
hevond that expected in the absence of such treatment. The methods of “ireatment”™ also eraploy
administration to a patient a Ux43 ligand provided herein {e.g., an antibody } to provide cancer
therapy 1 a patient bevond that expected 1 the absence of such treatment.

The term “cancer” broadly refers to an uncontrolled, abnormal growth of a host’s own
cells leading to invasion of surrounding tissue and potentially tissue distal to the initial site of
abnormal cell growth in the host. Major classes include carcinomas which are cancers of the
epithelial tissue (e.g., skin, squamous cells); sarcomas which are cancers of the connective tissue
(e.g.. bone, cartilage, fat, muscle, blood vessels, etc.); leukemias which are cancers of blood
forming tissue (e.g., bone marrow tissue); lymphomas and myelomas which are cancers of
immune cells; and central nervous system cancers which include cancers from brain and spinal

2 ¢,

tissue. “Cancer(s),” “neoplasm(s),” and “tumor(s)” are used herein interchangeably. As used
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herein, “cancer” refers to all types of cancer or neoplasm or malignant tumors including
leukemias, carcinomas and sarcomas, whether new or recurring. Specific examples of cancers
are: carcinomas, sarcomas, myelomas, leukemias, lymphomas and mixed type tumors. Non-
limiting examples of cancers are new or recurring cancers of the brain, melanoma, bladder,
breast, cervix, colon, head and neck, kidney, lung, non-small cell lung, mesothelioma, ovary,
prostate, sarcoma, stomach, uterus and medulloblastoma.

The term “effective amount™ as used herein, refers to that amount of an agent, such as a
Cx43 ligand, for example an anti-Cx43 antibody, which is sufficient to effect treatment,
prognosis or diagnosis of a cancer, when administered to a patient. A therapeutically effective
arpount will vary depending upon the patient and disease condition being treated, the weight and
age of the patient, the severity of the disease condition, the manner of administration and the
tike, which can readily be determined by one of ordinary skill in the art. The dosages for
admunistration can range from, for example, about 1 ug to about 10,000 mg, about 5 ng to about
9,500 mg, about 10 ng to about 9.000 mg, abowt 20 ng o about 8,500 mg, about 30 ng to about
7.500 mg, about 40 ng to about 7,000 mg, abowt 50 ng to about 6,500 mg, about 100 ng to abowt
6,000 mg, about 200 ng to about 5,500 mg, about 300 ng to about 5,000 mg, about 400 ng to
about 4,500 mg, about 500 ng o about 4,000 mg, about 1 ug to about 3,500 mg, about 5 ug to
about 3,000 mg, about 10 pe to about 2,600 mg, about 20 yg to about 2,575 mg, about 30 ug to
about 2,550 mg, about 40 pg to about 2,500 mg, about 50 ug to about 2,475 mg, about 100 ug to
about 2,450 mg, about 200 pg to about 2,425 myg, about 300 pg to about 2,000, about 400 ug to
about 1,175 mg, about 500 ug to about 1,150 mg, about 0.5 mg to about 1,125 mg, about T mg
o about 1,100 mg, about 1.25 mg to abowt 1,075 mg, about 1.5 mg to abowt 1,050 mg, about 2.0
mg to about 1,025 mg, about 2.5 mg to about 1,000 mg, about 3.0 mg to about 975 mg, about
3.5 mog to about 930 mg, about 4.0 mg to about 925 mg, about 4.3 mg to about 900 mg. about 5
mg to about 873 mg, about 10 mg to about 850 mg, about 20 mg to about 8235 mg, abowt 30 mg
to about 800 myg, about 40 mg to about 775 mg, about 50 mg to about 750 mg, about 100 mg {0
about 725 mg, about 200 mg to abowt 700 mg, about 300 rug to about 675 mg, about 400 mg to
about 650 mg, about 500 mg, or about 525 mg to about 625 mg, of an antibody or antigen
binding portion thereof, as provided herain. Dosing may be, e g, every week, every 2 weeks,
every three weeks, every 4 weeks, every 5 weeks or every 6 weeks. Dosage regimens may be
adjusted to provide the optimurn therapeutic response. An effective amount 1s also one in which
any toxic or detrimental effects (side effects) of the agent are minimized and/or outweighed by
the beneficial effects. Administration may be intravenous at exactly or about 6 mg/kg or 12

mg/kg weekly, or 12 mg/kg or 24 mg/kg biweekly. Additional dosing regiroens are describec
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below.

Az used herern, “fornadation” 1s a compostiion of a pharmaceutically active drug, such
as a2 biclogically active protemn {o.g., antibody), that 1 suttable for parenteral administranion
(inchading but not imited o mmiravencus, irdramuscular, or subcutaneous} to a patient in nead
thereof and inchudes only pharmaceutically acceptable excipients, diluenis, and other additives
deeroed safe by the Federal Dvug Admanistration or other foreign nationgl authorties,

As nsed herein the phrases “lipud formwlation” and “agqueous fornmlation” are used
interchangeably 1o refer to a solution or higund preparaiion that contains g biopharmaceptical in
combination with one or more excipients {e.g., chemical additives)—dissolved 1y 4 suitable
solvent.

A “stable” formulation is a pharmacentical formulation with no significant changes
ohserved at a predetermined tevoperature {e.g., -20° C or refrigerated temperature of 2-8° ) for
aperiod of tiroe, e g, at least 3 roonths, at least & mondhs, at least 1 year, or up to 2 years,
Stahility of the formuiations disclosed herein can be evaluated using one or more of the
following criteria; 1} the acusous formudation is coloriess, or ¢lear to slightly opalescent by
visual analveas: 23 the protein content s mamtained within /-3 wog/rol. from mitial
concentration; 3} the pH 18 maintamed within +/~0.2 pH wuts from target pH; 43 the percent of
monomer by SEC i3 293%, S the purtty as measwred by CE-SDS is 2909 and the relative
potency based on ELISA 18 withan 30-150%;

As used herein the term “excipient” is intended 1o mean a therapeutically mactive
substance. Excipients are included 10 a formuelation for a wide vanety of purposes, for example,
as a bulfer, stabilizer, torucity agendt, surfactant, anti-oxidani, crvoprotectant of dibuent.

Suitable excipients include, i are not limited to polvols {also known as sugar alcohols)
such as mannitol or sorbitol, sugars such as sucrose, factose or dexirose, salts such as MNaCl, KCi
or calcium phosphate, anyno acids, for example, histiding, lysine, aspartic acid, or ghutamc acid,
surfactants, as well as water. The punity of the excipient should meet conpendial standards (2.g.,
USSP, EP, JP) and be of sufficient punity for subcutaneous, intramuscular, of iiravenous
fjection into humans.

The term “buffer” or “buffering agent™, as used herein, refers to a pharmaceutically
acceptable excipient, which siabilizes the pH of a pharmaceutical preparation. Smtable buffers
are well known m the art and can be found in the bierature, For example. citrate salis, acetale
salts, luenidine salts, succinate salte, malate salts, phosphate salis or lactate salis, and/or the
respective free acids or bases thereof, as well as mixtures of the various salis and/or acids and

bases thereof can be emploved. In a particular embodimerd, pharmaceuiically accepahle buffers
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comprise but are not Hmited to histiding uffers, citrate buffers, succinate buffers, acetats
buffers and phosphate buffers. In a particular embodiment, buffers are acetate buffers, for
example, sodiurg acetate butter. Other parpcular buttors are hisuidine buffers, 1 ¢ buffers having
histidine, generally L-histidine. as buffering agent. A particular buffer is L-histidine/HCI butfer,
comprising L-histidine or mixtures of E-histiding and L-histiding hvdrochioride and pH
adjustment achueved with hydrochlorie acid. Unless otherwise indicated, the term “L-histidine”
when used herein to describe a bufferng agent. refers to L-hustidime/HO! buffer. L-hustidine/H{
buffer can be prepared by dissolving swiable amounts of L-histidine and L-stidine
hydrochloride i waier, or by dissolving a suitable amowunt of L-lustidine i waler and adjusting
the pH to the desired value by addivion of hydrochloric acid The abovemensioned buflers are
generally used at a concentration of aboui 1 weM 10 about 100 mM, about 10 miM to aboui 50
M, about 15 10 30 miM or 20 mM. Regardless of the buffer used, the pH can be adjusted to a
value n the range from aboul 4 0 1o about 7.0, about 5.0 to about 6.0, about 5.4 to about 3.6, or
ahout 5.5, with an acid or a base known in the art, .z, hydrochloric acid, acetic acid,
phosphoric acid, sulfuric acid and ciirie acid, sedium hydroxide and potassiuny hvdroxide.

The ferm “surfactant” as used herein denoles 3 pharmaceuiically acceptable, surface-

o

acuive agent. In a parficular embodiment, a non-ionic surfactant 3 used. Examples of

pharmacsuiically accepiable surfactants include, but are not limiled {o, polvoxvethvlen-sorbitan

v

fatty acid esters (Tween), polvoxvethvlene alkyvl ethers (Bnj), alkviphenvipolyosvethylene
sthers {Friom X, polvosvethyiene-polyoxypropviens copolymers (Poloxvamer. Pluronic), and
sodium dodecy! suiphaie (S8} In 2 particular embodiment, polyoxyethylene-sorbitan fatiy acid
estars are polysorbate 20 {polvowvethylane sorbitan monolaureate, sold wnder the trademark
Tween 207 and polvsorbate 80 {polvoxyvethviens sorbitan monooleate, sold under the
wraderoark Tween SO™). In g particular embodiment, polvethviene-polypropviens copolymers
are those sodd vnder the namss Pluronic® Fo¥ or Polovamer 148™ In a particular embodiment,
polvosvethylene albyl ethers are those sold wnder the trademark Bry™ In a particular
embodiment, sthviphenvipolvoxyvethyvlene sthers are sold under the tradename Trion X, for
exatnple, p-tert-octviphenoxy polvethoxvethans! (sold under the wadename Triton X-1000
When polvsorbate 20 (Tween 20} and polysorbate 80 (Tween 30™) are used, they ars
generatly used at a concentration range of about 0.001 {o about 1%, about 0.01 1o about €.1% or
about 0.02% to about 0.05%. In the formulaiion of the disclosure, the concentration of the
surfactant is described as a percentage, expressed m weight/volume (w/v).

The term “stabihizer” as used heretn devotes 3 pharmaceutically acceptable excipient,

which protects the active pharmaceutical ingredient and/or the formulation froro chemacal and/or
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physical degradation during manufactiring, storage and application. Stabilizers inclode but are
not hiputed o sacchandes, amano acids, polyoels, e g mannitol, sorbitol, sviitol, dextran, glveerol,
arabitol, propviene glyeol, polvethvlene glveol, cvclodestrines, eg  hydroxypropyvi-B-
cyclodexinne, sulfobuvlethyvl-f-ovclodexirime, B-cyciodextrine, polvethviengiveols, e g PEG
3GG0, PEG 3350, PEG 4000, PEG 6000, albumines, e g human serum albumin (HSA), bovine
serum atbunn (BSA}Y, salis, eg sodiwwm chlonde, magnesium chlonde, calciom chlonde,
chelators, e g EDTA as hareafter defined. As mentioned hareinabove, stabilizars can be present
in the formulation i an amount of about 1 10 about 300 mM, in an amount of about 10 to about
300 mM or in an amownt of about 120 M to about 300 vibM. More than ove stabiliver, selected
from the same or from different groups, can be prosent in the formulation,

The term “saccharide”™ as used herain includes monosaccharides and oligosaccharides. A
wenosacchande i3 a monomeric carbohydrate which 18 not hydrolvsable by acds, ncluding
simple sugars and thewr denvatives, ey awunosugars. Saccharides arve usually m thew D
conformation. Examplies of monosacchanides include glucose. fructoss, galactose, mannose,
sorbose, ribose, deoxyvribose, neuraminic acid. An oligosaccharide is a carbohvdraie consisting
of more than one moenomeric saccharide unit connected via glveosidic bond(s) either branched
or m g lnear chain. The monomeric sacchande uotis within an ohigosacchande can be identical
or different. Depending on the number of monomeric sacchanide wnits the oligosaccharide 13 a
di~, tri~, tetra- penta- and so forth saccharide. In contrast o polysacchandes the monosaccharides
and oligosaccharides are water soluble. Exaroples of oligosaccharnides include sucrose, trehalose,
tactose, makiose and raffinose. In a pariicular embodiment, saccharides arg sucrose and trehaloss
{i.e. a.u-D-irehalose), for example, sucrose. Trehalose is gvailable as trehalose dihydrate.
Sacchandes can be present in the formulation 1o an armount of about 100 to about 300 oM, n an
amount of about 200 (o about 300 mM or 10 an amocunt of about 240 midd

A subgroup within the stabilizers are lvoprotectards. The term “lyoprotectant”™ denotes
vharmaceuiically acceptable exciprents, which protect the labile active ingredient {e.g. 8 profain)
aganst destabilizing condiions during the lyvophlulisation process, subsequent storage and
reconsiifution.  Lyoprotectands comprise but are not bimited to the group consisting of
saccharides, polvols (such as eg sugar alcohols) and amine acids. In a particular embodiment,
voprolectants can be selected from the group comsisting of sacchanides such as sucrose,
irchatose, laciose, glucose, marmose, maliose, galactose, fructose, sorhose, raffinose, newraminic
acid, amine sugars such as glucosanune, galactosanune, MN-methviglucosaming {"Meglumine™),
polyoels such as wmanmtol and sorbitol, and amino acids such as argimene and glycine or mixtores

thereof. Lyvoprotectants are generally used i an amount of about 10 1o 300 voM, n an amount of
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about 10 10 abow 300 mb or in an amount of about 108 10 about 300 mbi

Another subgroup within the stabilizers are antioxidante. The termn “antioxidant” denotes
pharmaceutically acceplable excipients, which prevent oxadation of the active pharmaceunical
ingredient. Anfioxidants comprise bt are not linuted to ascorbic acid, ghuthathions, cysieing,
methionine, cifric acid, EDTA. Antioxadants can be used in an amount of about §.0F 1o about
100 mM, m an amount of gbout 3 1o gbout 30 mM or 1 an amowt of about 8 1o about 258 mbL

The formulations according to the disclosurs may also comprise ong oF mwe [OnICiy
agenta. The term “fonicity agenis” denoctes pharmaceutically acceplable exciptents used to
modulate the fonicity of the formudation. The formuilation can be hypotonic, sotome or
hypertonic, Isotomucity 1o general relates 1o the osmotic pressure of a solution, usnally relanve to
that of human blood serwm {around 250-350 mQGsmol/key The formulation according to the
diselosure can be hypotonic, isotonic or hypertonic. In a parhoular embodiment, the formulation
s 1sotonie. An sotonic formadation s hquid or hqud reconsiituted fror a solid form, e.g. from
a ivophilized form. and denotes a solution having the same tomcity as some other solution with
which it is comparad, such as physiologic salt solution and the blood serum. Suitable toneity
agents comprise but are nol hinuted 1o sodium chloride, polassium chionde, glveerine and any
component from the group of anune acids or sugars, n particular glucose, Touicily agents are
generally used in an amount of about 5 M to about 300 md

Within the stabilizers and fonicily agents there 18 a group of compounds which can
function m both wavs, 12 they can al the saroe time be a stabilizer and a tonicily agent
Examples thereof can be found in the group of sugars, anuno acids, polvols, cvclodexinmes,
polyvethvieneglycols and salts. An example for a sugar which can at the same fime be a stabilirer
and & tomaoity agent s frehalose.

The “soelectnie pout” or “pl” of g protein 5 the pH at which the protemn bas a net
overall charge squal to zero, 1.2, the pH af which the protein has an equal number of positive
and negative charges. Determination of the pl for any given protein can be done according o
well-established technigues, such as, e.g., by isoelectric focusing. lIsoelecinic focusing is g
technique for separating different molecules by differences mn their isoeleciric pont {pf) ftis g
tvpe of zone electrophoresis, usually performed on proteins in a gel that takes advantage of the
fact that overall charge on the wmolecule of interest 1s a function of the pH of e surroundings.

Various aspects of the disclosure are described in further detail below. Additional

definitions are set out throughout the specification.

Pharmaceutical Formulations
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In some embodiments, the present disclosure provides a pharmaceutical composition
comprising an anti-Cx43 antibody, or antigen binding fragment thereof, as described herein. The
anti-Cx43 antibody, or antigen binding fragment thereof, can have a first, second and third
heavy chain complementarity determining region (CDR) sequence having the amino acid
sequence of SEQ ID NOs: 1, 2, and 3, respectively; and a first, second and third light chain CDR
sequence having the amino acid sequence of SEQ ID NOs: 4, 5, and 6, respectively.

In some embodiments, the anti-Cx43 antibody or antigen binding fragment thereof can
include a heavy chain variable domain having the amino acid sequence of SEQ ID NO: 7, and a
light chain variable domain having the amino acid sequence of SEQ ID NO: 8.

In certain embodiments, the anti-Cx43 antibody or antigen binding fragment thereof
comprises a heavy chain having an amino acid sequence selected from the group consisting of
SEQ ID NOs: 9-17, and a light chain having the amino acid sequence of SEQ ID NO: 18.

In certain embodiments, the anti-Cx43 antibody or antigen binding fragment thereof binds
to an epitope located within the amino acid sequence of FLSRPTEKTI (SEQ ID NO: 19).

In some embodiments, the anti-Cx43 antibody or antigen binding fragment thereof can be
precent af a concentration of between about 5 and about 50 mg/md., or between 10 and 40, or
from about 15 40 30 mg/mib.

In various embodiments, the anti-Cx43 antibody or antigen binding fragment thereof can
be formulated in pharmaceutically acceptable amounts and in pharmaceutically acceptable
compositions. As used herein, “pharmaceutically acceptable™ shall refer to that which is useful
in preparing a pharmaceutical composition that is generally safe, non-toxic, and neither
biologically nor otherwise undesirable and includes that which is acceptable for veterinary use
as well as human pharmaceutical use. Examples of “pharmaceutically acceptable liquid carriers”
include water and organic solvents. Preferred pharmaceutically acceptable aqueous liquids
include PBS, saline, and dextrose solutions etc.

As used herein, the term “pharmaceutically acceptable salt” means any pharmaceutically
acceptable salt of the compounds disclosed herein. For example, pharmaceutically acceptable
salts of any of the compounds described herein include those that are within the scope of sound
medical judgment, suitable for use in contact with the tissues of humans and animals without
undue toxicity, irritation, allergic response and are commensurate with a reasonable benefit/risk
ratio. Pharmaceutically acceptable salts are well known in the art. For example,
pharmaceutically acceptable salts are described in: Berge et al., J. Pharmaceutical Sciences
66:1-19, 1977 and in Pharmaceutical Salts: Properties, Selection, and Use, (Eds. P. H. Stahl and
C. G. Wermuth), Wiley-VCH, 2008. The salts can be prepared in situ during the final isolation
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and purification of the compounds described herein or separately by reacting a free base group
with a suitable organic acid.

Varons Hierature references are avanlable to faciiitate selection of pharroaceutically
acceptable carrigrs or excipienis. See, 2., Remingion's Pharmaceutical Sciences and U8,
Pharmacopeia, National Formudary, Mack Publishing Company, Easion, Pa. (1984); Hardman &t
al, (2001 Goodman and ilman's The Pharmacological Basis of Therapeuiics, MoGraw-Hill,
New York, N.Y.; {zennare (2000} Remington: The Science and Practice of Pharmacy.
Lippincott, Williams, and Witking, New York, MY | Avig et al. {eds ) (1993} Pharmaceutical
Dosage Formas: Parenteral Medications, Marcel Delker, WY Lisberman, et al. {eds.} (1990}
Pharmaceutical Dosage Forms: Tablets, Marcel Dekker, NY; Licherman et al. {eds.) {1990}
Pharmaceutical Dosage Forms: Disperse Svatems, Marcel Dekker, NY, Wainer, Wang, W, Int.
I Pharm, 185/129-188 (1999} and Wang, W, Tnt. I Pharm. 203:1-60 (2000}, and Kotkoskie
(2000} Exapient Toxicity and Safety, Marcel Dekker, Inc., Mew York, N.Y.

In some embodiments, the antibody formulation can comprise a buffer {e g histidine,
acetate, phosphate or citrate buffer), a surfactant (e g, polysorbate), and/or a stabilizer agent
{e.g. sucrose), eic.

Buffers are used to control the pH in a range which optimizes the therapeutic
effectiveness, especially if stability is pH dependent. Buffers can be present at concentrations
ranging from about 50 mM to about 250 mM. Suitable buffering agents for use with the present
disclosure include both organic and inorganic acids and salts thereof. For example, citrate,
phosphate, succinate, tartrate, fumarate, gluconate, oxalate, lactate, acetate. Additionally, buffers
may be comprised of histidine and trimethylamine salts such as Tris.

In certain embodiments, the buffer can be selected from acetate/sodium acetate,
histidine/aspartic acid, citric acid/sodium citrate, dibasic sodium phosphate/sodium dihydrogen
phosphate, and histidine/histidine hydrochloride. The *“/” as used herein when referring to buffer
composition “A/B” means that component A and component B (e.g., a salt of component A) are
both present. In certain embodiments, the buffer is histidine/aspartic acid or histidine/histidine
hydrochloride. In certain embodiments, the buffer is histidine/histidine hydrochloride.

Non-ionic surfactants or detergents (also known as “wetting agents™) are present to help
solubilize the therapeutic agent as well as to protect the therapeutic protein against agitation-
induced aggregation, which also permits the formulation to be exposed to shear surface stress
without causing denaturation of the active therapeutic protein or antibody. Non-ionic surfactants
are present in a range of about 0.05 mg/ml to about 1.0 mg/ml, or about 0.07 mg/ml to about 0.2
mg/ml.
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Suitable non-ionic surfactants include polysorbates (20, 40, 60, 65, 80, etc.), polyoxamers
(184, 188, etc.), PLURONIC® polyols, TRITON®, polyoxyethylene sorbitan monoethers
(TWEEN®-20, TWEEN®-80, etc.), lauromacrogol 400, polyoxyl 40 stearate, polyoxyethylene
hydrogenated castor oil 10, 50 and 60, glycerol monostearate, sucrose fatty acid ester, methyl
celluose and carboxymethyl cellulose. Anionic detergents that can be used include sodium lauryl
sulfate, dioctyle sodium sulfosuccinate and dioctyl sodium sulfonate. Cationic detergents
include benzalkonium chloride or benzethonium chloride. In some embodiments, the surfactant
is polysorbate 80 (PS80).

In certain embodiments, the stabilizer is selected from ethylenediaminetetraacetic acid
(EDTA), sodium chloride, sorbitol, glycine, and sucrose. In certain embodiments, the stabilizer
1S sucrose.

Additional excipients include agents which can serve as one or more of the following: (1)
bulking agents, (2) solubility enhancers, (3) stabilizers and (4) and agents preventing
denaturation or adherence to the container wall. Such excipients include: polyhydric sugar
alcohols (enumerated above), amino acids such as alanine, glycine, glutamine, asparagine,
histidine, arginine, lysine, omithine, leucine, 2-phenylalanine, glutamic acid, threonine, etc.;
organic sugars or sugar alcohols such as sucrose, lactose, lactitol, trehalose, stachyose, mannose,
sorbose, xylose, ribose, ribitol, myoinisitose, myoinisitol, galactose, galactitol, glycerol,
cyclitols (e.g., inositol), polyethylene glycol; sulfur containing reducing agents, such as urea,
glutathione, thioctic acid, sodium thioglycolate, thioglycerol, a-monothioglycerol and sodium
thio sulfate; low molecular weight proteins such as human serum albumin, bovine serum
albumin, gelatin or other immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;
monosaccharides (e.g., xylose, mannose, fructose, glucose; disaccharides (e.g., lactose, maltose,
sucrose); trisaccharides such as raffinose; and polysaccharides such as dextrin or dextran.

in some embodiments, the anuibody fornwlation can comprise pharmaceutically
acceptable carriers, including, e.g, ton exchangers, alumina, aluminurn stearate, lecithin, serum
proteins, such as buman seram albumin, buffer substances such as phosphates, sucrase, glyeine,
sorbic acid, potassium sorbate, parfial glycende mixtures of satwrated vegetable fatly acids,
water, sabts o7 electrolytes, such as protamine sulfate, disodinm hydrogen phosphate, potassium
hydrogen phosphate, sodium chlonde, zine salts, colloidal silica, wagnesium fsihcate,
podvvinyl pyrrolidone. cellulose-hased  substances,  polvethvlene glveol,  sodiwm
carboxymethyvicellulose, polvacrviates, polvethviens-polvoxvpropviens-block polymers. and
polvethvlene glveol In some embodiments, the anttbody formulabon further comprises a

surfactant, In some embodimends, the surfactant 15 selecied from the group consisting of
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poiveorbaie, sodium dodecy sulfate, and nomonic surfaciant.

The formulation according to the disclosure can be 1o 4 hauid form, w a lvophilized form
or i a hgmd forro reconstituied frome a lvophilized forro In cortain emboduments, the
formulation 18 | a lwgud form. The term “hiquid” as used herein in connection with the
formuiation according to the disclosurs denotes a formudation which is hguid at a temperature of
at least abomt 2 1o sbout 8° € under atmospheric pressure. The term “lyophilired” as used herein
in connection with the formoulation according 1o the disclosurs denstes a formuiation which s
manufaciured by freere-drymg methods known inn the art per se. The solvent {g.g., water} 18
removed by freezing tollowed by sublimation of the ice under vacwmn and desorpiion of
residual water gt elevated temperature. The vophibizate usually has a residual moisiure of about
51 o 5% {w/w) and is present as a powder or a physically stable cake The kvophilizate i
characterized by a fast dissohstion after addition of @ reconstitution medinm

5

The term “reconsfituted form” as used heren in commection with the formulation
according to the disclosure denotes a formulation which is ivophiiized and re-dissolved by
additton of reconstitution medium. Suitable reconstitution media comprise but are not limited to
water for injection (WF1), bacteriostatie water for injection (BWFI}, sodium chlonde solutions
{e.z 0.9% Ow/v) Nalh. glucose solutions {e.g 595 glucose), swiactani-containing solutions {e g
{1.02% polvsorbaie 80}, pH-buffered soluiions {eg. phosphate-bufferad sohutions}.

The formulation according o the discloswre 15 physiclogically well tolevated, can be
prepared eastly, can be dispensed precisely and is stable with respect io decomposition producis
anil ageregaies over the duration of siorage, during repeated freezing and thawing cycles and
mechanical strass. I is stable al storage temperatimes feg., -20°  or 2-87 ) over a period of
smore than 1 vear,

The anttbody formulations of the present disclosure can be gn agueows solution. In some
erobodimends, the antibody formuiation has not been subjected to freezing temperatures, and/or
have not been froren, e, they have remaned i a hguwd state. In some embodiments, the
antibody n the antibody formulation has not been subjected o Ivophibization,

in some embodiments, the antibody formwlations discinsed herein have iroproved
stability compared to other fornmdations.  As used heremn, the term “stability” generallv 18
related o mantainiog the infegrity or to mimmizing the degradation, denaturation, aggregation
or unfolding of a hologically achive agent such as a protein, peptide or another bwoactive
macromolecule. As used herein. “improved siability” gevnerally means that under condifions
known to result in degradation, densturation, aggregation or unfolding, the protein (e g,

antthody such as anti-Ux43 Ab), peptide or another bicachive macromolecule of inderest
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maintaing greater siability compared to a control protein, peptide or another bioactive
macrornoleculs,

in some emboditoents, siability refers o an antibody fornudation baving low o
wndetactable levele of particle formation. The phrase “low to undetectable levels of particle
formation” as used hersin refers to samples contaiming less than 30 particles/ml., less than 20
pariicles/nd, less than 20 particles/ral, less than 15 particles/ml, less than 10 parbicies/nd, less
than 3 particles/mi, iess than 2 partcles/mi or lgss than 1 particle/nd as deternuned by HIAC
analysiz or visual analvais. In some embodiments, no particles in the antibody formulation are
detected, either by HLIAC analvsis or visusl analvsie

in some arnbodirpents, stabiliy refers o reduced fragmentation of the annbody. The
term “low to undeteciable levels of fragmentation” as used herein refiars to samples conlaining
equal 1o or more than 809%, 839%, 90%, 93%, 98% or 99% of the total protein, for example, v 8
smgle peak as deterroimed by HPSEC, or m two peaks {eg. heavy~ and light-chains) {or ag
many peaks as there are subuwrutsy by reduced Capillary Gel Electrophoresis {(rCGEY
representing the non-degraded antibody or a non-degraded fragment thereof, and containing no
other single peaks having more than 5%, more than 4%, more than 3%, more than 2%, more
than 1%, or more than 0.5% of the total protein i each. The term “reduced Capillary Gel
Flectrophoresta”™ as used herein refers to capliary gal electrophorests under reducing conditions
sufficient (o reduce disulfide bonds 1o an antibody,

Ouoe of skill m the art will appreciate that stability of a protein s dependent on other
features tn addifion to the composition of the formulation. For example, stability can be affected
by temperature, pressure, humudity, pH, and external forms of radiation. Thus, unless otherwiss
specified, stabilily referred to herein s considered to be measured at -20° €, one atmosphers
pressure, S0% relative huoudiy, pH of 3.5, and normal background levels of radiation. Stablity
of the antibody in the antibody formulation can be determined by vanous means. In some
embodiments, the antibody stability s determoined by size exclusion chromatography (SEC)
SEC separates analyies {e.g, macromolecnles such as proteins and anttbodies) on the hasisof a
combination of tharr hydrodvnanc size, diffusion coetficient, and surtace properties. Thus, for
example, SEC can separate antibodigs in their natwal three-dimensional conformation from
antibodies in vanous states of denaturation, and/or aniibodies that have been degraded. In AEC,
the stanonary phase 18 generally composed of mert particles packed indo a dense three-
dimensional matriv within a glass or steel oolumn. The mobile phase can be pure water, an
aguecus buffer, an organic solvent, muxtures of these, or other solvenis, The stationary-phase

particles have small pores and/or chanoels which will ouly allow species below a certain size 1o
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enter. Large particles are therefore excluded from these pores and channels, but the smaller
particles are removed from the flowing mobile phase. The time particles spend mmobilized
the siationary~phase pores depends, 1 part, on how far mio the pores they can penetrate. Their
removal from the mobile phase flow causss them to take longer to elwe from the colunwm and
results in 8 separation between the pariicles based on differences in their size.

in some embodurenis, SEC 5 combined with an werdification techmique 1o weotify or
characierize proteins. or fragmenis thereof Protemn idendification and characterization can be
accomplished by varicus tfechniques, includimg but not limisted chromalographic technigues, e.g.,
high-performance  hgud chromatography  (HPLO), immvanoassaye,  electrophoresis,  uliva
violet/visible/infrared speciroscopy. raman spectroscapy, surface enhanced raman spectroscopy,
massy speciroscopy, gas chromatography, static Hight scattering (BLBY, Fourigr Transform
Infrared Spectroscopy (FTIR), cweular dichroism {OD), wrea~-induced protein undolding
technigques, intrinsic tvptophan Huorescence, differential scanning calorimetry, and/or ANS
protein binding,

In some embodiments, protein identification is achigved by high-pressure liqud
chromatography. Varous insiruments, and apparatuses are known o those of skill 1 the art to
perform HPLC Generally, HPLC mnvolves loading g hguid solvent contairang the protein of
ierest onio a separation column, in which the separation occurs. The HPLC separation columm
s filled with scohd particles {sg. sibica, polyvmers, or sorbents), and the sample misture 18
segparated mdo compounds a5 it wmieracts with the cohwon pariicles. HPLO separation 18
influenced by the hquid solvent's condition {2 g. pressure. femperature). chenucal inferactions
between the sample mixture and the Howid solvent (2. hydrophobicity, profonation, etc), and
chemueal nferactions between the sample mixhre and the solid particles packed wnaide of the
separation coluron {e g higand affinuty, 1on exchange. i)

in some embodiments, the SEC and protein identification occows withun the same
apparaius, or sumtianecusly. For example, SEC and HPLC can be combined, often referved o
as SE-HPLC,

Stability of the antibodies described herein may be enhanced through the use of non-
toxic “water-soluble polyvalent metal salts”. Examples include Ca2+, Mg2+, Zn2+, Fe2+, Fe3+,
Cu2+, Sn2+, Snd+, Al2+ and Al3+. Example anions that can form water soluble salts with the
above polyvalent metal cations include those formed from inorganic acids and/or organic acids.
Such water-soluble salts have solubility in water (at 20° C) of at least about 20 mg/ml,
alternatively at least about 100 mg/ml, alternatively at least about 200 mg/ml.

Suitable inorganic acids that can be used to form the “water soluble polyvalent metal
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salts” include hydrochloric, acetic, sulfuric, nitric, thiocyanic and phosphoric acid. Suitable
organic acids that can be used include aliphatic carboxylic acid and aromatic acids. Aliphatic
acids within this definition may be defined as saturated or unsaturated C2-9 carboxylic acids
(e.g., aliphatic mono-, di- and tri-carboxylic acids). For example, exemplary monocarboxylic
acids within this definition include the saturated C2-9 monocarboxylic acids acetic, proprionic,
butyric, valeric, caproic, enanthic, caprylic pelargonic and capryonic, and the unsaturated C2-9
monocarboxylic acids acrylic, propriolic methacrylic, crotonic and isocrotonic acids. Exemplary
dicarboxylic acids include the saturated C2-9 dicarboxylic acids malonic, succinic, glutaric,
adipic and pimelic, while unsaturated C2-9 dicarboxylic acids include maleic, fumaric,
citraconic and mesaconic acids. Exemplary tricarboxylic acids include the saturated C2-9
tricarboxylic acids tricarballylic and 1,2,3-butanetricarboxylic acid. Additionally, the carboxylic
acids of this definition may also contain one or two hydroxyl groups to form hydroxy carboxylic
acids. Exemplary hydroxy carboxylic acids include glycolic, lactic, glyceric, tartronic, malic,
tartaric and citric acid. Aromatic acids within this definition include benzoic and salicylic acid.

Commonly employed water soluble polyvalent metal salts which may be used to help
stabilize the encapsulated polypeptides of this disclosure include, for example: (1) the inorganic
acid metal salts of halides (e.g., zinc chloride, calcium chloride), sulfates, nitrates, phosphates
and thiocyanates; (2) the aliphatic carboxylic acid metal salts (e.g., calcium acetate, zinc acetate,
calcium proprionate, zinc glycolate, calcium lactate, zinc lactate and zinc tartrate); and (3) the
aromatic carboxylic acid metal salts of benzoates (e.g., zinc benzoate) and salicylates.

in some embodiments, the aquecus formulation comprises about 2 mg/mi to abow 100
mg/mi antibody wheretns the antibody comprises a heavy c¢hain variable region and a light chamn
vartable region, wherein the beavy cham variable region comprises the Kabai-defined CDRY,
CHR2, and CDR3 sequences of SEQ 1D MNGs: -3, and wherein the hght chain vanable region
comprises the Kabat-defined CORI. CDR2, and CDR3 sequences of SE 1D NGs: 4-6, wheremn
sard formulation ic stable upon storage af about 40° € for af least | month In some
embodiments, the formulation 15 stable upon storage at about 23° C for af least 3 months, In
sorpe embodiments, the formouiation is stable upon storage at abowt 37 € for at least 6 months. In
some embodiments, the formudation is stable upon storage at abowt 57 € for at least 12 months,
In some embodunents, the formadation s stable upon storage at abour 5% € for at least I8
mionths. In some embodiments, the formulation 1s stable upon siorage at about 5° C for at least
24 months, or 36 moaths,

The term “stable” can be relative and not absolute. Thus, in some embodimenis the

anttbody 15 stable if Jess than 20%, less than 15%, less than 10%, less than 5% or less than 2% of
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the antibody s degraded, denatured, ageregated or unfolded as determined by SEC HPLC whan

the antibody 18 stored -20° € {or & wonths. In some ernboditoents, the antibody s stable if less
than 20%, less than 15%, less than 10%, less than 5% or less than 2% of the antibody is
degraded, denatured, aggregated or unfolded as determined by SEC HPLC when the antibody is
stored at -20° € for 12 months. In some embodiments, the antibody in the antibody formulation
siable if less than 209%, less than 15%, less than 10%. less than 3% or less than 2% of the

antibody s degraded, denatured, ageregated or unfnided as deternuned by SEC HPLO when the
antibody 18 stored at -20° £ for 13 months. In some embodiments, the andibody in the antibody
formadation 18 siable if tess than 20%, less than 15%, less than 1094, less than 5% or less than 2%
of the antibody 15 degraded, denatured, aggregated or unfolded as deternuned by SEC HPLC
when the antibody 1S stored at -20° C for 24 months.

In some embodiments, the antibody 13 stable it less than 209%, less than 1596, Tess than
10%. less than 3% or less than 2% of the anubody 18 degraded. denatured, aggregated or
unfolded as determined by SEL HPLC when the antihody 15 stoved at 23° C 40 27° € for 3
months. In some embodiments, the antibody s stable if fess than 20%., less than 139, less than
10%, less than 5% or less than 2% of the antibody s degraded, denatured, aggregaied or
wfolded as determuved by SHC HPLC when the antibody 18 stored at 23° C 0 27° C fr 6
months. In some embodiments, the antibody is siable if less than 209, less than 15%, less than
109, less than 5% or less than 2% of the antibody i3 degraded, denanwed, aggregated or
unfolded as determined by SEC HPLC when the aotibody s stored a1 23° C 10 27° € for 12
months. In some embodiments, the antibody is stable f less than 20%, lass than 15%, less than
10%, lges than 3% or legss than 2% of the antibody is degraded, denatured, ageoregaied or
unfolded as determined bv SEC HPLC when the antibody 13 stored at 23° C 1o 27° € for 24
mionths

in soms embodiments the anuibody is siable if lass than 6%, less than 4%. less than 3%,
teas than 2% or less than 1% of the antibody 13 degraded, denatured, aggregated or unfolded per
month as deteronved by SEC HPLC when the antibody 1s storad at 407 C In some erchodiroends
the andibody is stable 1t less than 6%, less than 4%, less than 3%, less than 2% or less than 1% of
the antibody is degraded, denatured, aggregated or unfolded per month as determined by SEC
HPLC when the antibody 15 stored at 3° O

in some embodiments, the antibody formulstions of the present disclosure can be
considered stable if the antibody exhibits verv hitle to no loss of the binding activity of the
antthody (ncluding antibody fragmenis thereol) of the formudaton compared to a reference

antibody as measured by antibody binding assavs know to those 1 the art, such a8, g, FLISAs,
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etc., over a period of B weeks, 4 months, & months, 9 months, 12 months or 24 months. In soms
erphodiments, the anttbody stored at about 40° C for at least 1 month retains ot teast 6096, at
feast 80%. at teast about 83%, at least sbout 90%, at least about 9394, at teast about 98%%, or at
teast about 99% of binding ability o {x43 compared to a reference antibody which has not been
stored. In some embodiments, the antibody stored at about 57 C for at least 6 months retains at
teast 80%, ai least abowt 85%. at feast about 90%, at least about 95%, gt least about 98%. or at
teast about 99% of binding ability 0 Cxd3 compared t¢ a reference antibody which has not been
stored. In some ambodiments, the antibody stored at about 407 € for at least T month retains at
feast 95% of binding ability to Cx43 compared 1o a reference antibody which has not been
sioved. In soroe embodiments, the antibody stored at about 5° C for at Jeast 6 mondhs retains at
feast 953% of binding ability to x43 compared to a reference antibody which has not been
stored.

The antihody forroulations can provide low o undetectable levels of aggregation of the

a¢

antibody. The phrase “low to undeteciable levels of aggregation” as used herein refers to
samples containing no more than abowl 3%, no more than about 4%, no more than aboud 39, no
more than about 2%, no more than about 1% and no more than aboul 0.5% agpregation by
weight of protein as measured by hugh performance size exclusion cheoratography (HPSEC) or
static light scattering (8LB} fechniques. In some embodiments, less than 2% of the antibody
forms an aggregate upon storage at abowl 40° C for at Teast 4 weeks as determined by ag
deternuned by HPSEC, In some embodiments, ess than 2% of the antibody {ormwe an aggregate
upon storage at about 59 for at least 3 months, at feast © months, at least 9 months, at least 12
months, at feast 15 months, at least 18 months, at least 24 months, or ai least 36 months as
determuined by HPSEC,

it has been discovered heremn the antibody formulations provided heremn result in greatly
reduced particle formation as determuned by visual inspection. nucro-flowing imagimg (MFI). or
size-cxclusion chromatography (SEC) In some embodiments, the formulation 1 substantially
free of particles upon storage at about 407 O for at least 1 month as determoined by wvisual
mspection. In some embodireents, the formulation s substantially free from particles upon
storage at about 57 { for at lzast & months, at least 9 months, at least 12 months, at least 13
months, at feast 18 mounths, at least 24 months, or at least 36 months as deternvnad by visual
spection,

The formulations may also cordain adjuvamie such as preservatives, welling agents,

eiveilsiiying agents and dispersing agents. Prevention of presence of microorganisms may be

ensured both by sterdization procedures, and by the wnchusion of varous antibacievial and
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antifimgal agents, .2, paraben, chlorobutancl, phenol, sorbic acid, and the like Preservatives
are generally wsed w an amount of about 0.001 o about 2% (w/v). Preservatives comprise but
are not lmited to ethanol, benzyl alcohol, phenol, nrcresol, p-chlor-nrcresel, methyt or propyl
parabens, benzatkomum chionde.

The antitbody formdations described herein can have varicus viscosities. Methods of
measuring viseasity of anfibody formutations are known 1o those o the art, and can include, e g..
a rheometer {2.2., Andon Paar MCR301 Rheometer with either a 50 ym, 40 rom or 28 mm plate
accesaory . In some embodiments of the present disclosure, the viscosiiies were reported at a
high shear limnit of 1000 per second shear rate. In some ervbodiments, the antibody formulation
has a viscostly of less than 20 centipoise (0P}, less than 18 ¢P, less than 15 ¢, tess than 13 b,
or iess than 11 ¢P. In some embodiments, the antibody formulation has a viscosity of less than
i3 ¢P One of skl in the art will appreciate that viscosity 13 dependent on temperature, thus,
unless otherwise specified, the viscosities provided beremn are roeassured ap 257 € undess
otherwise spacified.

The anttbody formudations can have different csmolarity concentrations. Methods of
smeasuring osroolarity of anttbody {ormidations are known © those in the art, and can include,
eg. an osroometer {eg., an Advanced bstrurserd Inc 2020 freering point depression
pemometer}. In some embodiments, the formudation has an csmolariy of between 200 and 600
mosnvhg, between 260 and 500 mosry/kg, or between 300 and 430 mosnvkg,

The antibody formulation of the present discloswre can have varnous pH levels. Tn some
embodiments, the pH of the antibody fornwmlation 15 between 4 and 7, batween 4.5 and 4.5,
between 5 and 6, or between 54 io 56 In some embodiments, the pH of the antibody
formudation 18 5.5 In some emboduments, the pH of the antibody formoulation s 6.0, Tn some
embodiments, the pH of the antibody formmlation 15 £7.0. Various means may be uiilized in
achieving the deswed pH level, including, but not Himuled to the addition of the appropriate
butter.

In some embodiments, the amtibody formulation can include: about 10-50 mg/mL, or
about 25 mg/mL of an anti-Cx43 antibody or antigen binding fragment thereof, about 10-40
mM, or about 20 mM histidine/histidine hydrochloride buffer; about 0.005%-0.05%, or about
0.02% w/v Polysorbate 80; and about 1%-20% w/v, or about 8% w/v sucrose; wherein the
formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

In some embodiments, the antibody formulation can include: about 25 mg/mL an anti-

Cx43 antibody or antigen binding fragment thereof, comprising a heavy chain having an amino

acid sequence selected from the group consisting of SEQ ID NOs: 9-17, and comprising a light
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chain having the amino acid sequence of SEQ ID NO: 18; about 20 mM histidine/aspartic acid
buffer; about 0.02% w/v Polysorbate 80; and about 8% w/v sucrose, wherein the formulation has
a pH of between about 5.4 to about 5.6, or about 5.5.

In one embodiment, ths aniibady formulation can include: about 25 mg/mL an anti-Cx43
antibody or antigen binding fragment thereof, comprising a heavy chain having an amino acid
sequence of SEQ ID NO: 9 and a light chain having the amino acid sequence of SEQ ID NO:
18; about 20 mM histidine/aspartic acid buffer; about 0.02% w/v Polysorbate 80; and about 8%
w/v sucrose, wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

In one embodiment, the antibody formulation can include: about 25 mg/mL an anti-Cx43
antibody or antigen binding fragment thereof, comprising a heavy chain having an amino acid
sequence of SEQ ID NO: 10 and a light chain having the amino acid sequence of SEQ ID NO:
18; about 20 mM histidine/aspartic acid buffer; about 0.02% w/v Polysorbate 80; and about 8%
w/v sucrose, wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

In one embodiment, the antibody formulation can include: about 25 mg/mL an anti-Cx43
antibody or antigen binding fragment thereof, comprising a heavy chain having an amino acid
sequence of SEQ ID NO: 11 and a light chain having the amino acid sequence of SEQ ID NO:
18; about 20 mM histidine/aspartic acid buffer; about 0.02% w/v Polysorbate 80; and about 8%
w/v sucrose, wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

In one embodiment, the antibody formulation can include: about 25 mg/mL an anti-Cx43
antibody or antigen binding fragment thereof, comprising a heavy chain having an amino acid
sequence of SEQ ID NO: 12 and a light chain having the amino acid sequence of SEQ ID NO:
18; about 20 mM histidine/aspartic acid buffer; about 0.02% w/v Polysorbate 80; and about 8%
w/v sucrose, wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

In one embodiment, ths aniihady formulation can include: about 25 mg/mL an anti-Cx43
antibody or antigen binding fragment thereof, comprising a heavy chain having an amino acid
sequence of SEQ ID NO: 13 and a light chain having the amino acid sequence of SEQ ID NO:
18; about 20 mM histidine/aspartic acid buffer; about 0.02% w/v Polysorbate 80; and about 8%
w/v sucrose, wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

In one embodiment, the antibody formulation can include: about 25 mg/mL an anti-Cx43
antibody or antigen binding fragment thereof, comprising a heavy chain having an amino acid
sequence of SEQ ID NO: 14 and a light chain having the amino acid sequence of SEQ ID NO:
18; about 20 mM histidine/aspartic acid buffer; about 0.02% w/v Polysorbate 80; and about 8%
w/v sucrose, wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

In one embodiment, the antibody formulation can include: about 25 mg/mL an anti-Cx43
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antibody or antigen binding fragment thereof, comprising a heavy chain having an amino acid
sequence of SEQ ID NO: 14 and a light chain having the amino acid sequence of SEQ ID NO:
18; about 20 mM histidine/aspartic acid buffer; about 0.02% w/v Polysorbate 80; and about 8%
w/v sucrose, wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

In one embodiment, ths aniibody formulation can include: about 25 mg/mL an anti-Cx43
antibody or antigen binding fragment thereof, comprising a heavy chain having an amino acid
sequence of SEQ ID NO: 15 and a light chain having the amino acid sequence of SEQ ID NO:
18; about 20 mM histidine/aspartic acid buffer; about 0.02% w/v Polysorbate 80; and about 8%
w/v sucrose, wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

In one embodiment, ths aniihady formulation can include: about 25 mg/mL an anti-Cx43
antibody or antigen binding fragment thereof, comprising a heavy chain having an amino acid
sequence of SEQ ID NO: 16 and a light chain having the amino acid sequence of SEQ ID NO:
18; about 20 mM histidine/aspartic acid buffer; about 0.02% w/v Polysorbate 80; and about 8%
w/v sucrose, wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

In one embodiment, the antibody formulation can include: about 25 mg/mL an anti-Cx43
antibody or antigen binding fragment thereof, comprising a heavy chain having an amino acid
sequence of SEQ ID NO: 17 and a light chain having the amino acid sequence of SEQ ID NO:
18; about 20 mM histidine/aspartic acid buffer; about 0.02% w/v Polysorbate 80; and about 8%
w/v sucrose, wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.

in some embodiments, the disclosure provides g kit coroprising any of the antibody
formuiations descrnibed herein, the contamers described herein, the unit dosage forms described

hergin, or the pre-filed syrimge deseribed herein.

Therapeutic Uses

In some embodiments, the antibody formulation of the present discelosure can he used for
pharmaceutical purposes. Antibodies used in pharroacentical apphications generally must have a
high level of purity, espectally in regard to contaminants from the cell culfure, including celiular
proten contammnants, cellolar DNA contaminants, viruses and other transmussible agenis. See
“WHO Requareroents for the use of anumal cells as i vitro substrates for the production of
biologicals: Requurements for Biological Substances No. 567 No, 878, Ampex 1, 1998 In
response (o concems abod confaminants, The World Health Organization {WHQO) established
tirnits on the levels of various contanynants. For exarople, the WHO recoromended a DNA Bt
of fess than 10 ng per dose for profoin products. Likewise, the United States Food and Drug

Admirisiration {FDA} sat a DINA hnut of less than or equal 0 0.3 pg/mg protein. Thus, it some
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embodiments, the present disclosure s direcied to andibody formudations mesiing or exceeding
contarminant broits as defined by one or more governmental organizations, e.g., the United States
Food and Dug Adounssiration and/or the World Health Orgamzation,

The antibody fornmulation of the present disclosure can be administered fo a subject
through various means. In some embodiments, the antibody formulation is suitalde for
parenteral adnunisiration, e.g., via mhalation {e.g., powder or asrosol spray), transmucoesal,
iniravenous, subcutanecus, or inframuscular adounistration. In some embodiments, the
formudation s an injectable formudation. In some embodiments, the discloswre is directed (o a
seated container comprising any of the antibody formulations as descenbed herein.

in some aspects, the presert disclosure is directed to vanous pharmaceutical dosage
forms. Varicus dosage forms could be applicable fo the formulations provided hersin. See, e.g..
Pharmaceutical Dosage Form: Parenteral Medications, Volume 1, 2¥Edition. Trione
embodiment, a pharmaceutical unit dosage of the disclosure coraprises the antibody fornadation
in a suitable container, .. a vial or svringe. In one embodiment, a pharmaceutical wt dosage
of the disclosure comprises an intravenously, subcuianeocusly, or mtramuscularly delivered
antibody formudation. In ancther ermbodiment, a pharmaceutical ot dosage of the disclosure
comprises acrosol delivered antibody formulation. I a speaific erohodirsernt, a pharmaceutical
wnnit dosage of the disclosure comprises a subouansously deliverad antibody formulation. In
another embodiment, a pharmaceutical unit dosage of the disclosure coraprises an aerosol
delivered antibody formulation. o g further embodiment, a pharmaceutical unit dosage of the
disclosure comprises an invfranasally admirustered antibody formulation

A compostiion of the present discloswrs can be admunistered by a variely of methods
known i the art. As will be appreciated by the skilled artisan, the route and/or mode of
admimstration will vary depending upon the desired results,

To adnunister g composition of the disclosure by certain routes of administration, it may
be necessary to dilute the composition 1o a diuent. Pharmaceutically acceptable diloents inchude
sabine, ghucose, Rimger and agueous bulfer soluhions,

in a particuiar embodiment, the fornmilation according to the disclosure s administered
by intravencus €1 v. 3, suboutansous (3.0} or any other parental administration means such ag
those known i the pharmaceutical art,

The phrases “parenteral advimstration” aod “admenisiered parenterally” as used herein
mean modes of adnvnistration other than enteral and topical administration, usually by mjection,
and include, without Bovtation, intravenous, intramuscular, witraartenial, intrathecal,

miracapsular, ntraorbital, intracardiac, miradermal, miraperitoneal, transtracheal, subcutaneous,
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subcuticufar, intraarticular, subcapsilar, sebarachnoid, intraspinal, epidural and intrastemal
mjection and mfision,

The composiion roust be steriie and fluid 1o the exdent that the composition s
deliverable by syringe or an infusion system. In addition to water. the carrier can be an 150tonic
buffered saline solution, ethanal, polvol (& g, glveersl, propylene ghveol, and Hguid
polyethviene ghyveol, and the ike), and suntable nuxiures thereof.

The formulation according to the disciosure can be prepared by methods known m the art,
e.g., utrafiliration-ciafiltration, dialysis, addition and miximg, lvophilisation, reconstituiion, and
combinations thereof. Examples of preparations of formulations according to the disclosure can
be found hereinafter,

The pharmaceutical composition as described herein may be used in treatment of cancer,
cancer metastasis, osteosarcoma, osteoporosis, or osteopenia.

Cancer metastasis occurs when a cancer spreads from the part of the body where it
originated (e.g., breast or prostate) to other parts of the body (e.g., liver or bone) and establishes
a secondary tumor. The bone is one of the most common sites of cancer metastasis. Cancers
that metastasize to bone include, but are not limited to breast cancer, prostate cancer, lung
cancer, and skin cancers (e.g., melanoma). Bone metastasis can be identified in up to 75% of
patients with advanced breast and prostate cancers. Bone metastasis are associated with many
significant clinical and quality of life consequences, such as, but not limited to intractable pain,
pathological fractures, spinal cord and nerve compression, bone marrow infiltration, and
impaired motility. In many cases the systemic presence of a cancer can also make the cancer
incurable.

Osteosarcora 18 the most comwnon prunary bone malignancy and accounts for 60% of all
mabignant chuldhood bone tumors. Before multi-agent charsotherapy, amputasion provided a
fong-term survival rate of only about 20%. Since the 1970s, combination chemotharapy along
with lunb-sparing surgery has been the mam treatroent for ostessarcoma, Currently, the S-vear
survival for patients with osteosarcoma has been reported fo be 50% 1o 80%. However, thas
survival rate has not improved over the last 10 vears, and fully 40% of osteosarcoma patienis die
of their disease,

Osteoporesis is a sysiemic skeletal disease characterized by low bone mass and
nucroarchitectural detenoration of bone tissue, with a consequent mcrease in bone fragihity and
susceptibility 1o fracture. Any bong can he affecied by osteoporosis, although the hip, spine, and
wrist are comwnon bones that are broken or fractured in subjects suffering from or at nisk for

ostenporosis,
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Osteoporesis iy postmenopausal Caucasian women s defined as a value for bone mineral
density (BMD) of »2.5 8D below the voung average value, 1.e aT-score of 2.5 S Severe
osieoporosis {established osteoporosis) uses the same threshold, but with one or more prior
fragifity fracturas. The preferred site for diagnostic purposes are BMD measurements made at
the hip, either at the total hip or the femoral neck. For men, the same threshold as utilized for
WORGer 15 appropriate, since for any given BMID, the age adjusted fracture risk 15 more or less
the same.

Osteopeniais a pre-osteoporosis condition characterized as a mild thimming of bone mass
which 1¢ not as severe a3 osteoporosis. Osleopenia resulis when the formation of bone 15 not
enough fo offset normal bone loss. Osieopeniats generally considered the Brst siep towards
osteoporosis. Diminished bone caleification can also be referred 1o as osteopenia, whether or not

OEROPOTOSIS 13 present.

EXAMPLES
The following examples are presented so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the compositions and

methods and are not intended to limit the scope of what the inventors regard as their invention.

Example 1: Materials and Methods

Abbreviations

Abbreviation Full name

Caliper NR Non-Reduced CE-SDS Caliper
Caliper R Reduced CE-SDS Caliper
clEF Capillary Isoelectric Focusing
DS Drug substance

DP Drug product

FT Freeze/Thaw

HIAC Particle matter

HMW High Molecular Weight

LMW Low Molecular Weight

MFI Micro Flowing Imaging/Microfluidic Imaging
mM Millimoles/Liter

MW Molecular Weight

NA Not Applicable
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ND Not Detected
Ph.Eur. European Pharmacopoeia
pl Isoelectric Point
PS80 Polysorbate 80
pm Round Per Minute/Revolution Per Minute
RT Room Temperature
SDS-Caliper Caliper-Sodium Dodecyl Sulfate
SDS-CE-R Reduced Capillary Electrophoresis-Sodium Dodecyl Sulfate
SDS-CE-NR Non-Reduced Capillary Electrophoresis-Sodium Dodecyl Sulfate
SEC-HPLC Size Exclusion High Performance Liquid Chromatography
USP United States Pharmacopoeia
WA Weight/Volume
A Agitation
C Cycle
D Day
M Month
TO Time O
W Week
Equipment
Description Vendor Model
Agilent HPLC Asglﬁgf;;;ee"?;ﬁle‘;%;ef 1260 series (1260/1290)
Centrifuge Eppendorf Centrifuge 5804R
Clarity Detector Tianda Tianfa YB-2
Drug Storage Box Haier HYC-940
Electronic Balance Mettler Toledo MS6002S/0/MS1003S/01/XS8205
MFI ProteinSimple 5200
l\;ffnﬂizdczgfgﬁgxl TA InstruIrJriegts Waters DSC Q2000
Osmometer Advanced Instruments. INC Advanced 2020
pH Meter Mettler Toledo S40
Refrigerator Haier HYC-940/ DW-40L508
Refrigerator Eppendorf U725
Safety Hood Shanghai Shangjing BSC-II-A2

30




WO 2021/067775 PCT/US2020/054036
Safety Hood Sujing Sutai BSC-I1I-A2
Thermostat Shaker Shanghai Tiancheng TS-200B
Stability Chamber MMM Climacell 707
Ultra-low Temperature Eppendorf U725
Freezer
UV spectrophotometer Thermo Scientific NanoDrop 2000
Reagents
Reagent Grade Vendor Catalog # Lot#

L-Histidine Multi-Compendial J.T.Baker | 2080-06 200009091
L-Histidine- Multi-Compendial JT.Baker | 2081-06 000017992
monohydrochloride 2
Aspartic acid ph Eur/USP AppliChem | A1701,1000 6T012474
Sodium dihydrogen |\ & pp/{ISP/IPE/E339 | Merck 1.06345.9026 | K93518945
phosphate dihydrate
Di-sodium hydrogen | /= 5p/isp Merck 1.06576.9029 | K45710476
phosphate dihydrate
Citric Acid K48745442
Monohydrate ph Eur/BP/JP/USP/E330 Merck 1.00242.5000 711
Tri-Sodium Citrate |\ ¢ Bp/Tp/USP/E331 | Merck 1.06432.5000 | K93697932
Dihydrate
Acetic Acid EP/BP/JP/USP JTBaker | 9526-03 000008497
Sodium Acetate, bio ph Eur/BP/JP/USP Merck 1.37012.9020 | AM102731
Trihydrate 2
EDTA USP J.T Baker 8995-01 200017286
NaCl EP/BP/USP/JP Merck 1.16224.5000 | K47447424
Polysorbate 80 Multi-Compendial NOF NA 704352A
Sucrose Multi-Compendial Pfanstiehl | S-124-1-MC 36920A

. Tianjin AGLY160
Glycine CHP Tianyao NA 124
Sorbitol USP Merck 1.11597.2500 18%8526977

Description Vendor Catalog # Lot #

20 mL Ultrafiltration Sartorius Stedim VS2022 1709032V S/18020
centrifuge tube 14VS
2 R Vial Schott (Suzhou) V002711080D 6104481548
6 R Vial Schott (Suzhou) ;/6006111112C/11421 6104358817
13 mm Rubber Stopper | West (U.S)) 1970-0004 D000063205
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20 mm Rubber Stopper | West (Singapore) 7002-2354 3172022309
(ljpmm Plastic-aluminum West (U.S) 5413-0921 0000928228
i(l)pmm Plastic-aluminum West (India) 5420-3627 00001235077

These anti-Cx43 Ab formulation development studies were aimed to develop feasible
and stable liquid formulations that support long-term storage of the anti-Cx43 Ab drug product.
The studies included pH/Buffer screening, excipients and PS80 strength screening. The impact
of buffer system, pH, excipients and PS80 on product stability was evaluated through
freeze/thaw, agitation and accelerated stability studies.

The pH/Buffer screening study indicated that the anti-Cx43 Ab was more stable in 20
mM histidine/histidine hydrochloride buffer at pH 5.5 and in 20 mM histidine/aspartic acid
buffer at pH 5.5 versus other buffer candidates studied.

The excipients and PS80 strength screening studies showed that the anti-Cx43 Ab in
histidine buffer with sucrose was relatively more stable than that with sodium chloride, sorbitol
or glycine. The addition of PS80 significantly improved the stability of the anti-Cx43 Ab at an
optimal concentration of 0.02%, while the addition of EDTA showed insignificant improvement
on the stability of anti-Cx43 Ab.

25 mg/mL anti-Cx43 Ab in 20 mM histidine/ histidine hydrochloride at pH 5.5 with 8%

sucrose and 0.02% (w/v) PS80 was selected for the formulation confirmation study.

Sample number management rules
Sample number: PPP-YYYYMMNN-X-CC-TT

PPP represents the numerical part of the project name (this project is 2142). YYYY, MM
and NN represent the year, the month and the serial number of sample preparation in this month,
respectively.

X represents the testing condition. For example, FT and A represent freeze-thaw and
agitation, respectively.

CC represents the testing temperature. For example, 05, 25 and 40 represent 2~8 °C, 25
°C and 40 °C, respectively.

TT represents the testing time. For example, TO, 7D, 4W and 1M represent the start time,
7 days, 4 weeks and 1 months, respectively.

F represents the formulation number. For example, F1 and F2 represent formulationl and

formulation 2, respectively.
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For instance: 2142-20180601-25-4W represented the first sample of project anti-Cx43
Ab prepared in June 2018. The sample was stored upright at 25 °C for 4 weeks.

Analytical Methods
Appearance
The appearance of samples, including clarity, color, and visible particles, was examined

against a black and white background using a YB-2 light box.

pH
The pH was measured using a Mettler Toledo S40 pH Meter. The pH meter was

calibrated prior to use.

Osmolality
Osmolality was measured using an Advanced 2020 Multi-Sample Osmometer using 20
ulL of sample. The testing accuracy of the osmometer was confirmed with a 290 mOsmol/kg

reference.

MFI

A Microflow Imaging (MFI) system was used for sub-visible particle analysis.
According to the user’s manual, the MFI test was performed with more than 1.3 mL samples.
The MFI data was analyzed with the MV AS software. The final data was reported as the total

particle number at different size ranges.

Particulate Matter

A HACH Particulate Analyzer was utilized to measure the sub-visible particle size and
counts under a laminar flow cabinet. To avoid introducing air bubbles and interference during
examination, all samples were held in the cabinet for at least 0.5 hr before testing. Each sample
was tested for four consecutive runs, 1 mL each. The results were presented as average number
of particles of >10um and >25um per mL (method conforms to USP <788> Particulate matter in

injections).

Protein Concentration
Protein concentration was determined by a Thermo UV spectrophotometer. According to

the Lambert-Beer law, the relationship of the absorbance value (A) of the protein solution at a
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particular ultraviolet wavelength, the protein concentration (c), optical path (b) and extinction
coefficient (g) is in accord with the following formula: A =& *b*c (A is the absorbance value, €
is the absorbance coefficient, b is the optical path and ¢ is the concentration). The extinction
coefficient of anti-Cx43 Ab is 1.531 AU*mL*mg'*cm™. UV absorption at 280 nm was

measured using a Nanodrop 2000 spectrophotometer.

DSC

Differential scanning calorimetry (DSC) was utilized to measure the thermal stability of
proteins by detecting the heat capacity of sample in heat flow. Specifically, DSC was used to
measure the thermal transition midpoint (Tm) and onset of melting (Tmonset), which are
indicators of the relative stability of the protein in solution. Samples were diluted to 1 mg/mL
with a reference buffer. An aliquot of 400 uL. of reference buffer was added into each odd-
numbered well of a 96-well plate while an aliquot of 400 uL of each sample was added into the
corresponding even-numbered well. The scanning temperature ranged from 20 °C to 100 °C
with a scan rate of 200 °C/hr. Data analysis was performed using MicroCal VP Capillary DSC

Automated data analysis software 2.0.

mDSC

Modulated Differential Scanning Calorimetry (mDSC) is performed for instance by
using a DSC-Q2000 system (TA instruments-Waters LLC). Tzero aluminum crucibles and
Tzero aluminum lid, all from TA instruments, were used to contain the sample to be measured
and to seal the crucible by means of a Tzero press. An empty Tzero crucible was similarly
prepared and used as a reference. Approximately 10uL DS was added, pressed flat and
transferred in a Tzero crucible sealed with a Tzero lid by means of a Tzero press. The calibration
scanning program was equilibrated at -60.00°C for 5 min, then was run at a constant temperature
rate of 5.00 °C/min to 10.00°C. Data acquisition and processing were performed with the help of

Universal Analysis Software package.

cIEF

The method of Imaged Capillary Isoelectric focusing (iICIEF) separates proteins based on
their charge differences in a pH gradient. Under an external electric field, the charge variants of
monoclonal antibodies migrate along a continuous pH gradient formed by ampholyte additives.
The charge variant will stop at where the pH equals to its pl. The pl value and relative

abundance of the resolved peaks can be identified and quantified with software. The master mix
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was prepared with the following proportion (for one sample amount): 0.5 uL pl 7.05 marker; 0.5
uL pI 9.22 marker; 4 uL Pharmalyte 3-10; 35 pL 1% Methylcellulose; 40 uL. H20. The solution
for one sample injection was composed of 20 uL of 1.0 mg/mL diluted sample and 80 puL of

master mix.

SDS-Caliper (Reduced and non-reduced)

SDS-Caliper is a high throughput chip based method which separates proteins mainly by
their molecular size. Before each sample was tested, pretreatment, such as incubation with
sample buffer, SDS and N-ethylmaleimide (for non-reduced) or dithiothreitol (for reduced) at 70
°C for 10 min was necessary. The loading mix with a minimum volume of 42 pL (final protein
concentration of 0.045 mg/mL) was then tested by LabChip GXII Touch at excitation/emission

wavelengths of 635 and 700 nm. The final results were analyzed by Empower software.

Cation exchange chromatography (CEX)

CEX measures the charge heterogeneity of a monoclonal antibody solution by separating
proteins according to differences in their net charge number in a buffered solution. Samples in
low salt buffer, at a pH below the isoelectric point will have a net positive charge and will
adsorb on the chromatographic resin which is negatively charged. A pH gradient is used to elute
the different protein species off based on charge heterogeneity, with the most positively charged
species binding the strongest and therefore requiring the higher pH. The different eluted charged
species are detected by ultraviolet absorbance at 280 nm. The percentage of main peak, acid
peak and basic peak of the samples are determined by the method of peak area normalization.
CEX was performed on an Agilent 1260 series Infinity system and a propac WCX-10 column.
The mobile phase A used here was 16 mM 2-Methylpiperazine, 16 mM Imidazole, 16 mM Tris,
pH 5.0+0.1. The mobile phase B was 16 mM 2-Methylpiperazine, 16 mM Imidazole, 16 mM
Tris, 80 mM NaCl, pH=10.9+0.1. And the flow rate was set as 1 mL/min. Samples were diluted
to 1 mg/mL with mobile phase A and 100 uL. of samples were eluted by gradient increasing the
amount of mobile phase B. Detection wavelength was set at 280 nm. The running time was 60

minutes.

CE-SDS (Reduced and non-reduced)
Non-reduced Capillary Electrophoresis-Sodium Dodecyl Sulfate (CE-SDS) is a purity
analysis method that separates proteins based on their electrophoretic mobility, where proteins

of smaller sizes move faster and larger sizes move slower. In this method, the diluted protein
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sample is first alkylated by N-ethylmaleimide (NEM) to prevent thermally induced
fragmentation, then denatured with SDS before being injected into an uncoated capillary filled
with a viscous SDS gel solution. Components of different molecule sizes in the protein samples
are detected as they pass through the capillary with PDA detector at 220 nm.

Briefly, non-reduced CE-SDS was performed using a Beckman Coulter PA800
Enhanced or a PA800 Plus instrument equipped with a photodiode array detector. Samples were
diluted to 4 mg/mL by Dilution Solution (PB-CA), and then heated in the presence of 75 pL
SDS sample buffer and 5 pL. 100 mM NEM at 60 °C for 10 min for non-reduced CE-SDS.
Samples were injected using -5 kV for 20 s followed by separation at -15 kV for 35 min.
Detection was performed at 220 nm.

Reduced Capillary Electrophoresis-Sodium Dodecyl Sulfate (CE-SDS) is a purity
analysis method that separates proteins based on their electrophoretic mobility, where proteins
of smaller sizes move faster and larger sizes move slower. In this method, the diluted protein
sample is first denatured with SDS then reduced with B-Mercaptoethanol (BME) before being
injected into an uncoated capillary filled with a viscous SDS gel solution. Components of
different molecule sizes in the protein samples are detected as they pass through the capillary
with PDA detector at 220 nm.

Briefly, reduced CE-SDS was performed using a Beckman Coulter PA800 Enhanced or
PAS800 Plus instrument equipped with a photodiode array detector. Samples were diluted to 4
mg/mL by Dilution Solution (PB-CA), and then heated in the presence of 75 uL. SDS sample
buffer and 5 uL. 2-mercaptoethanol at 70 °C for 10 min for reduced CE-SDS. Samples were
injected using -5 kV for 20 s followed by separation at -15 kV for 35 min. Detection was

performed at 220 nm.

SEC-HPLC

Size exclusion chromatography (SEC) is a purity analysis method that separates proteins
based on their size. Following separation, the relative percentages of HMW species, monomer
and LMW species are quantified via UV detection. SEC was performed as follows: If the sample
was above 10 mg/mL, it was diluted to 10 mg/mL with mobile phase before SEC analysis. 100
pg of sample was injected into an Agilent 1260 HPLC system equipped with a TSKgel
G3000SWXL column (7.8x300 mm, 5 um particle size) and a UV detector (detection
wavelength: 280 nm). The mobile phase was 50 mM phosphate buffer with 300 mM Sodium
Chloride (pH 6.8+0.1). An isocratic gradient was applied for 20 min at a flow rate of 1 mL/min.

Example 2; pH/Buffer Screening
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The pH/Buffer screening study was to determine the optimal pH/buffer systems for the
anti-Cx43 Ab drug product formulation. The goal of this study was to select one pH/buffer
system with maximum stabilizing capability for the anti-Cx43 Ab drug product for further
formulation development studies.

Nine pH/buffer systems were designed based on the molecule pl and the application of
buffer systems. anti-Cx43 Ab DS (Lot: 2142S180507Y) formulated in 20 mM histidine/
histidine hydrochloride buffer at pH 5.5 was generated from 50 L pool. The DS was then
exchanged into 9 prepared buffers by ultra-filtration centrifugation, respectively. The anti-Cx43
Ab concentration in this study was 25 mg/mL. Samples were stored at 25+2 °C and 4042 °C for
up to 4 weeks. Samples were retrieved timely at each time point and kept at 2~8 °C before
analysis. Testing items including appearance, pH, Conc UV280, SEC-HPLC, cIEF, SDS-
Caliper (R&NR), DSC were performed in this study. The sampling plan is listed in Table 1.

Table 1. Study Parameters from the anti-Cx43 Ab pH/Buffer Screening

Sztgi(;(: é‘ ¢ Stored at 40+2°C
pH/buffer] Buffer Time
Sample No. pH
No. System 0 4 4
W Iweopn | 2V | Wiopy

Bl 2142-20180601 20 mM 50 | xy,z X X,Z X X,Z
Acetate

B2 | 214220180602 | 20mM | 50 | xyz X X,z X X,z

Histidine/
B3 | 2142-20180603 | ASPAUC | 55| (o X X,z X X,z
acid

B4 2142-20180604 20 mM 55| xy.z X X,Z X X,Z

Bs | 214220180605 | S | 6o | sy x xz | x Xz

B6 2142-20180606 55| xy.z X X,Z X X,Z
20 mM

B7 2142-20180607 Histidine 6.0 | xy,z X X,Z X X,Z

B8 2142-20180608 6.5 | xXy.z X X,Z X X,Z
20 mM

B9 2142-20180609 Phosphate 7.0 | xy.,z X X,Z X X,Z

Notes: x = Appearance; SEC-HPLC; cIEF; SDS-Caliper (R&NR); y = DSC; z = pH;
Conc_UV280; (opt) = optional.

An ultra-filtration centrifugal device (30,000 MWCO PES, VIVASPIN 20) was used to
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perform buffer-exchange of anti-Cx43 Ab DS. Nine pH/buffer systems were used to screen for
the optimal buffer system. Table 1 shows the detailed buffer systems. Multiple rounds of
ultrafiltration were performed until the exchange rate exceeded 98%. Then the protein
concentration was adjusted to 25 mg/mL with the corresponding pH/buffer systems. Each
sample was filtered through a 0.22 pm filter (Millipore Express PES Membrane) and then
distributed into 2R vials with 1 mL/vial filling volume. Vials were immediately stoppered,
sealed and labeled after filling. All the filtration, filling and sealing operations were conducted
in a bio-safety hood.

The appropriate number of vials for each pH/buffer system sample were placed in 2542 °C
and 40£2 °C stability chambers, respectively. Samples were drawn and analyzed at pre-
determined time points.

Thermograms of anti-Cx43 Ab in different buffer systems are shown in FIG. 1. The Tm
onset, the temperature at which mAbs start to unfold, was considered an indicator for the overall
thermal stability.

As shown in Table 2, the B2 and B8 samples had lower Tm Onset than the others. This
indicated that the thermal stability of anti-Cx43 Ab was not significantly influenced by other
pH/buffer systems except B2 and B8.

Table 2. DSC data from the anti-Cx43 Ab pH/Buffer screening study

MNo | mamer | ey | TICO | Tmzeo)

Bl A5.0 59.8 65.6 73.0
B2 H-D5.0 523 62.6 72.4
B3 H-D3.5 57.9 65.3 72.9
B4 G55 58.9 66.4 72.5
B3 C6.0 57.6 72.6 /
B6 HS5.5 57.0 64.0 72.1
B7 H6.0 60.0 67.3 73.2
B8 H6.5 55.2 69.5 73.5
B9 P7.0 62.4 72.4 /

Notes: A5.0: 20 mM acetate/sodium acetate buffer at pH 5.0; H-D-5.0: 20 mM
histidine/aspartic acid buffer at pH 5.0; H-D-5.5: 20 mM histidine/aspartic acid buffer at pH 5.5;
C5.5: citric acid/sodium citrate buffer at pH 5.5; C6.0: citric acid/sodium citrate buffer at pH 6.0;
H5.5: 20 mM histidine/histidine hydrochloride buffer at pH 5.5; H6.0: 20 mM histidine/histidine
hydrochloride buffer at pH 6.0; H6.5: 20 mM histidine/histidine hydrochloride buffer at pH 6.5;
P7.0: 20 mM dibasic sodium phosphate/sodium dihydrogen phosphate buffer at pH 7.0.
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The appearance, protein concentration and pH results of anti-Cx43 Ab in different buffer
systems are summarized in Table 3 and Table 4.

The concentration of 9 samples were about 25 mg/mL and the pH values were around the
target pH. All the samples were colorless, slightly opalescent and free of visible particle at TO,
while the opalescent level of the B4, BS and B9 samples were deeper than the others. After 2
weeks of storage at 2542 °C and 4012 °C, slightly visible particles were found in all samples
due to the absence of PS80.

This data suggested that the anti-Cx43 Ab was relatively more stable in the B1, B2, B3,
B6, B7 and B8 pH/buffer systems than other candidates.

Table 3. Protein concentration and pH results from the pH/Buffer screening study

pH/buffer pH/ Protein nclgll;(:ltration pH
No. Buffer ™0 T5 4w [ 404w | To | 254w | 404w
Bl A5.0 24.6 24.9 25.0 5.1 5.2 5.1
B2 H-D5.0 | 2438 25.0 24.8 5.1 5.2 5.2
B3 H-D5.5 | 25.0 25.0 253 5.5 5.6 5.6
B4 C5.5 253 25.4 253 5.5 5.4 5.4
B3 C6.0 25.9 25.8 25.8 5.9 5.8 6.0
B6 H5.5 26.0 26.1 26.1 5.5 5.7 5.6
B7 H6.0 252 25.4 253 6.0 6.1 6.1
B8 H6.5 24.9 252 251 6.5 6.5 6.5
B9 P7.0 25.6 25.7 25.7 7.0 6.9 6.9
Table 4. Appearance results from the pH/Buffer screening study
pH/buffer pH/ Appearance
No. Buffer TO 25-2W 25-4W 40-2W 40-4W
Bl A5.0 A* B* B B B
B2 H-D5.0 A B B B B
B3 H-D5.5 A B B B B
B4 C5.5 A B B B B
B3 C6.0 A B B B B
B6 H5.5 A B B B B
B7 H6.0 A B B B B
B8 H6.5 A B B B B
B9 P7.0 A B B B B

Notes: A = Colorless, slightly opalescent and free of visible particle; B = Colorless, slightly
opalescent and slightly visible particles.

The SEC-HPLC results for all samples are shown in Table 5 and FIG. 2.

All samples had comparable SEC purity with the main peak around 97% at TO. After
incubation at 25 °C for 4 weeks, the main peak purity of all samples displayed no obvious

decrease. Slight decrease of the main peaks was observed after 2 weeks of storage at 40 °C.
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After incubation at 40 °C for 4 weeks, the decline of the main peaks was in the range of
0.4%~2.4%. Differentiation between samples was not significant except for B9. The purity
decline in the B9 sample was 2.4%.

The SEC data indicated that the anti-Cx43 Ab was relatively more stable in B2, B3 and

Bé6.
Table 5. SEC-HPLC results from the pH/Buffer screening study
Purity pH/buffer SEC-HPLC results

No. TO0 25-2W 25-4W 40-2W 40-4W
Bl 97.2 97.2 97.1 96.7 96.5
B2 973 973 973 96.9 96.8
B3 97.3 97.3 97.3 97.1 96.9
B4 97.3 97.2 97.1 96.7 96.3

Main peak % B5 97.3 97.1 97.1 96.7 96.2
B6 97.4 97.4 97.3 97.1 96.8
B7 97.4 97.3 97.2 97.1 96.8
B8 97.4 97.2 97.1 97.0 96.7
B9 97.2 96.8 96.6 96.0 94 .8
Bl 2.8 2.8 2.9 3.2 3.5
B2 2.7 2.7 2.7 3.0 3.2
B3 2.7 2.7 2.7 2.9 3.1
B4 2.7 2.8 2.9 3.3 3.7

;{)MW peak B5 27 2.9 2.9 3.3 3.7
B6 2.6 2.7 2.7 3.0 3.2
B7 2.6 2.7 2.8 2.9 3.1
B8 2.6 2.8 2.9 3.0 3.3
B9 2.8 3.3 3.4 4.0 5.1
Bl ND ND ND 0.1 ND
B2 ND ND ND 0.1 0.1
B3 ND ND ND ND ND
B4 ND ND ND ND ND

OLAMW peak B5 ND ND ND ND 0.1
B6 ND ND ND ND ND
B7 ND ND ND ND ND
B8 ND ND ND ND ND
B9 ND ND ND ND ND

cIEF was used to determine the isoelectric point (pl) and charge variant distribution of
anti-Cx43 Ab. The cIEF results for all samples are shown in Table 6 and FIG. 3.

The pl value of all samples was about 8.1 with insignificant changes under different
conditions.

After storage at 25+2 °C for 4 weeks, the main peaks of all the samples declined slightly.
The main peak decline of the B9 sample was 9.7%, which was the greatest among all samples.

After storage at 40+2 °C for 4 weeks, the main peaks of all samples significantly
declined, together with significantly increased acidic peaks. The main peaks of B5, B8 and B9
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were decreased to 42.6%, 46.6% and 18.5%, respectively. In contrast, the main peak declines of
B3, B4 were relatively milder than that of other samples.
The cIEF data indicated that the anti-Cx43 Ab was relatively more stable in B3 and B4.
Table 6. cIEF results from the pH/buffer screening study

Purity pH/buffer cIEF results

No. TO 25-2W 25-4W 40-2W 40-4W
Bl 63.7 63.8 62.8 57.1 514
B2 63.7 63.9 62.4 57.0 51.0
B3 62.5 64.0 63.4 56.9 52.3
B4 63.6 65.2 64.5 59.1 52.9

Main peak % B5 64.4 64.1 64.1 53.2 42.6
B6 62.6 64.0 62.4 574 51.3
B7 61.7 63.5 62.4 57.7 50.6
B8 61.0 63.5 61.7 55.0 46.6
B9 64.2 57.6 54.5 34.4 18.5
Bl 22.3 21.5 21.9 25.0 30.8
B2 23.1 21.5 22.9 26.1 30.7
B3 23.7 21.8 22.0 26.8 323
B4 22.6 21.1 20.8 24.6 30.8

Acidic peak % B5 22.7 22.4 22.2 31.9 43.2
B6 24.8 22.5 22.9 26.5 32,5
B7 254 22.9 23.4 27.6 354
B8 26.0 22.9 24.2 29.3 37.0
B9 23.0 28.7 31.7 49.9 63.7
Bl 14.0 14.7 15.3 17.9 17.8
B2 13.2 14.6 14.8 16.9 18.3
B3 13.8 14.2 14.6 16.3 15.4
B4 13.8 13.8 14.7 16.3 16.3

Basic peak % B5 12.9 13.5 13.8 14.9 14.2
B6 12.5 13.6 14.7 16.1 16.2
B7 12.9 13.6 14.1 14.7 14.1
B8 13.0 13.5 14.1 15.7 16.4
B9 12.8 13.8 13.8 15.7 17.8

The SDS-Caliper results for all samples are shown in Table 7, FIG. 4 and FIG. 5.

There were no significant changes in non-reduced SDS-Caliper purity and reduced SDS-
Caliper purity for all samples after storage at 25+2 °C for 4 weeks.

After 4 weeks of storage at 40+£2 °C, the non-reduced SDS-Caliper purity of B4, B5 and
B9 declined to 86.9%, 82.5% and 55.2%, respectively, which were greater than other samples.
The main peak declines of B2 and B3 were relatively milder than that of other samples. The
reduced SDS-Caliper purity of all samples declined slightly except B4, B5 and B9.

The SDS-Caliper data indicated that the anti-Cx43 Ab was relatively more stable in B2,
B3 and B6.

Table 7. SDS-Caliper results from the pH/Buffer screening study
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SDS-Caliper Purity
pH/buffer | Non-reduced SDS-Caliper Purity % Reduced SDS-Caliper Purity %
No. 10 | 25 | 254w (402w | 40 | To | 22 | 254w | 402w | 4O
2W 4W 2W 4W

B1 994 | 984 9.1 93.4 91.8 [ 995 | 99.1 99 4 98.3 97.9
B2 994 | 99.1 9.1 95.1 941 | 995 | 99.2 99 4 98.6 98.4
B3 995 | 983 9.1 95.0 932 [ 995 99.1 993 98.6 98.2
B4 994 | 98.8 992 92.1 869 | 994 | 99.1 993 97.5 96.6
B5 994 | 98.8 99.0 89.4 82.5 1994 | 99.0 992 96.9 954
B6 994 | 98.8 99.2 952 914 | 994 | 99.1 99 4 98.6 98.2
B7 995 | 98.8 99.2 94.6 917 | 994 | 99.1 99 4 98.2 97.9
B8 994 | 979 9.1 94.0 914 | 994 | 99.0 99 4 98.1 97.7
B9 995 | 953 93.6 75.6 552 | 994 | 98.5 98.4 92.1 84.8

In this study, 9 samples in varying pH/buffer systems were designed and incubated at

2542 °C and 40+£2 °C. On the basis of all the results, the performance of B6 (20 mM
histidine/histidine hydrochloride buffer at pH 5.5) and B2 (20 mM histidine/ aspartic acid buffer
at pH 5.0) were better than other samples. In conclusion, 20 mM histidine/histidine
hydrochloride buffer at pH 5.5 (B6) would be used as a lead pH/buffer system and 20 mM
histidine/aspartic acid buffer at pH 5.0 (B2) would be used as a backup pH/buffer system for
further studies.

Example 3: Excipients and PS80 Strength Screening

The aim of the excipients and PS80 strength screening study was to identify the most
stabilizing excipients and evaluate the optimal strength of PS80 for the anti-Cx43 Ab in
candidate buffer systems.

20 mM histidine/histidine hydrochloride buffer at pH 5.5 (B6) was chosen for a
combinational study of the addition of sodium chloride, sorbitol, glycine, sucrose, PS80 and
EDTA. 20 mM histidine/aspartic acid buffer system at pH 5.0 (B2) was used as a backup buffer
for the excipients and PS80 strength screening study. Eight formulations were designed as listed
in Table 8.

Table 8. Formulation candidates list from the excipients and PS80 strength screening study

Form. Sample pH/ PS80 EDTA NaCl Sorbitol | Glycine |Sucrose
No. No. Buffer | (w/v) (wiv) (mM) (mM) (mM) (wiv)
F1 ) 021%‘:)%'01 / 150 / / /
F2 202118‘:)%'02 H5.5 | 0.02% / / 245 / /
F3 2021%%%;_03 / / / 260 /
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F6 2021%‘:)%'0 6 0.05% / / / / 8%
FT | e / / / / / 8%
F8 2021?:)%'08 HSIS) 0.02% | 0.002% / / / 8%

Notes: H5.5: 20 mM histidine/histidine hydrochloride buffer at pH 5.5; H-D-5.0: 20 mM
histidine/aspartic acid buffer at pH 5.0.

Formulations were frozen/thawed (-40+5 °C/RT) for 5 cycles, agitated at 300 rpm at 25
°C for 7 days, and stored at 2~8 °C, 25+2 °C and 4042 °C for 4 weeks, respectively. Samples
were retrieved timely at each time point and kept at 2~8 °C before analysis. Testing items
including appearance, pH, Conc UV280, SEC-HPLC, cIEF, SDS-Caliper (R&NR) and MFI
were performed for this study. Table 9 shows the sampling conditions for the excipients and
PS80 strength screening study.

Table 9. Sampling and testing plan from the anti-Cx43 Ab excipients and PS80 strength
screening

-40+£5°C /RT | 300 rpm 25°C

~8 © 49 © + ©
Freeze/Thaw |  Agitation 2~8°C 25+2°C 40+2 °C

Form. No. TO

2 4 2
5C 7D 4W | (8W) wlwlw 4 W
F1~F8 X.V.Z X X X x) X X X X

Notes: x = Appearance, pH, SEC-HPLC, cIEF, MFI, SDS-Caliper; z = Conc UV280,
Osmolality; () = optional.

anti-Cx43 Ab DS (Lot: 2142S8180507Y) formulated in 20 mM histidine/histidine
hydrochloride buffer at pH 5.5 was generated from 50 L pool. The components of each final
target formulation were calculated and prepared as described in Table 8. An ultra-filtration
centrifugal device (30,000 MWCO PES, VIVASPIN 20) was used to perform buffer-exchange
of anti-Cx43 Ab DS. Multiple rounds of ultrafiltration were performed until the exchange rate
exceeded 98%. The protein concentration was then adjusted to 25 mg/mL using the
corresponding formulation buffers. Each formulation was filtered through a 0.22 um filter

(Millipore Express PES Membrane) and then distributed into 6R vials with 4 mL/vial filling
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volume. Vials were immediately stoppered and sealed after filling. All the filtration, filling and
sealing operations were conducted in a bio-safety hood.

The appropriate number of vials for each formulation were placed and tested as
described in Table 9. Samples were drawn and analyzed at pre-determined time points.

The appearance, protein concentration, osmolality and pH value results from the
freeze/thaw studies are summarized in Table 10.

The protein concentration and osmolality were all around the target value at TO.

The pH value of 8 samples were all around the target value after 5 freeze/thaw cycles (-
40+£5 °C/RT). The samples were all colorless, slightly opalescent and free of visible particle at
TO. After 5 freeze/thaw cycles (-40+5 °C/RT), a large number of visible particles were found in
the F7 sample due to the absence of PS80. The opalescent level of F1 samples got deeper after 5
freeze/thaw cycles (-40+£5 °C/RT).

This data suggested that anti-Cx43 Ab was relatively more stable in F2, F4, F5, F6 and

FS8.
Table 10. Protein concentration, pH, osmolality and appearance results from the
freeze/thaw study
Protein concentration Osmolality
No. mg/mL mOsm/kg pH Appearance
TO TO TO FT-5C TO FT-5C
F1 257 323 5.7 5.6 A* A
F2 25.5 301 5.7 55 A A
F3 25.6 298 5.7 55 A A
F4 258 327 5.6 5.4 A A
F5 257 320 5.6 5.4 A A
F6 257 316 5.6 55 A A
F7 257 324 5.6 54 A C
F8 241 302 5.6 55 A A

Notes: A = Colorless, slightly opalescent and free of visible particle; C = Colorless, slightly

opalescent and a large number of visible particles

The MFI results of freeze/thaw are summarized in Table 11.
The particle counts in F7 were much higher than others at TO and after 5 freeze/thaw
cycles (-40£5 °C/RT).
Table 11. MFI results from the freeze/thaw study

. MFI (Counts/mL)
F‘“‘“l‘\}‘(:at“’“ ECD >2 um ECD >10 pm ECD >25 pm
' To FT-5C T0O | FT-5C To FT-5C
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Fl 635 4476 7 19 0 0
F2 2040 3138 10 9 0 2
F3 3266 8473 5 15 0 2
F4 972 1886 10 5 0 0
F5 3890 3006 40 17 0 4
F6 1124 2813 5 9 0 2
F7 4634 83512 266 859 32 22
F8 3761 3992 15 12 0 0

The SEC-HPLC results for all formulations are listed in Table 12 and FIG. 6.
At TO, all formulations had similar SEC purity with the main peak around 97.5%. After 5

freeze/thaw cycles (-40+5 °C/RT), all formulations had comparable SEC main peak purity

5 around 97.5% except the F3 sample. The main peak purity decline in the F3 sample showed a

marginally higher decrease at 8.1 %.

Table 12. SEC-HPLC results from the freeze/thaw study

SEC-HPLC results
F"ml‘\}‘(:f‘ﬁ““ Main peak % HMW % LMW %
TO FT-5C TO FT-5C TO FT-5C
Fl 97.5 97.3 2.6 2.7 ND ND
F2 97.4 97.5 2.6 2.5 ND ND
F3 97.5 89.4 2.5 10.6 ND ND
F4 97.4 97.5 2.6 2.5 ND ND
F5 97.5 97.5 2.6 2.6 ND ND
Fo6 97.4 97.5 2.6 2.5 ND ND
F7 97.4 97.5 2.6 2.5 ND ND
F8 97.4 97.5 2.6 2.5 ND ND
The cIEF results for all formulations are listed in Table 13 and FIG. 7.
10 The pl value of all samples was about 8.1 with insignificant changes after 5 freeze/thaw

cycles (-40+5 °C/RT).

Compared to TO, the proportion of main peak, acidic peak and basic peak also had no

significant changes for all samples through 5 freeze/thaw cycles (-40+5 °C/RT).

Table 13. clEF results from the freeze/thaw study

) cIEF results
F"ml‘\}‘(:f‘“"“ Main peak % | Acidic peak % | Basic peak %
To | FT-5C | T0o | FT-5C | To | FT-5C
Fl 643 | 643 | 221 | 223 | 135 | 134
F2 646 | 648 | 220 | 225 | 134 | 127
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The SDS-Caliper data for all formulations are summarized in Table 14 and FIG. 8.

PCT/US2020/054036
F3 64.7 64.0 22.0 21.3 13.3 14.7
F4 64.9 64.7 223 222 12.8 13.1
F5 64.9 64.6 21.8 21.9 13.3 13.5
F6 64.9 65.0 21.8 221 13.3 13.0
F7 65.1 64.7 21.9 22.0 12.9 13.2
F8 64.5 64.7 21.6 21.9 14.0 13.4

All formulations showed comparable purity in either non-reduced SDS-Caliper or
reduced SDS-Caliper after 5 freeze/thaw cycles (-40£5 °C/RT).
Table 14, SDS-Caliper results from the freeze/thaw study

SDS-Caliper Purity
Fomf\}ﬂf't"m NO“'red‘l‘,fler‘: 510) /f'caliper Reduced SDS-Caliper Purity %
To FT-5C To FT-5C
Fl 995 99 3 99.6 99,5
F2 994 99 3 995 99,5
F3 99.5 99 3 99.6 99.5
F4 99.5 99 3 99.6 99.5
F5 99.0 992 99.6 99.6
F6 99.5 99 3 995 99.6
F7 99,5 99 3 99.6 99,5
F8 99,5 99 3 99.6 99,5

The appearance, protein concentration, osmolality and pH value results of the agitation

study are summarized in Table 15.

The protein concentration and osmolality were all around the target value at TO.

Except for F7, all formulations remained stable in pH value and appearance after

agitation at 300 rpm at 25 °C for 7 days. A large number of visible particles were found in the

F7 sample after agitation at 300 rpm at 25 °C for 7 days. The opalescent level of the F1 samples

got deeper after agitation at 300 rpm at 25 °C for 7 days.

Table 15. Protein concentration, pH value, osmolality and appearance results from the

agitation study

Protein concentration | Osmolality H Apbearance
No. mg/mL mOsm/kg P PP
TO TO TO A-7D TO A-7D
F1 257 323 5.7 55 A* A
F2 25.5 301 5.7 55 A A
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F3 25.6 298 5.7 5.5 A A
F4 25.8 327 5.6 54 A A
F5 257 320 5.6 54 A A
F6 257 316 5.6 54 A A
F7 257 324 5.6 5.4 A C
F8 24.1 302 5.6 5.5 A A

Notes: A=Colorless, slightly opalescent and free of visible particle; C= Colorless, slightly

opalescent and a large number of visible particles.

5 The MFI data for all samples is listed in Table 16.
The particle counts of F7 were slightly higher than others at TO. After 7-day agitation at
300 rpm at 25 °C, particle counts in F7 increased significantly due to the absence of PS80.
Except for F7, all other samples had similar particulate count and no growth trend was found.

Table 16. MFI results from the agitation study

. MFI (Counts/mL)
F"ml‘\}‘olat“’“ ECD >2 ym ECD >10 ym ECD >25 ym
’ TO A-7D TO A-7D TO A-7D
F1 635 871 7 4 0 0
F2 2040 3028 10 10 0 2
F3 3266 2242 5 17 0 0
F4 972 579 10 7 0 0
F5 3890 1105 40 7 0 0
F6 1124 697 5 7 0 0
F7 4634 44532 266 9624 32 2349
F8 3761 1033 15 10 0 0
10
The SEC-HPLC results for all formulations are listed in Table 17 and FIG. 9.
After 7-day agitation at 300 rpm at 25 °C, all formulations had similar SEC main peak
purity of more than 97%.
15 Table 17. SEC-HPLC results from the agitation study
Formulation : SEC-HPLC results
No. Main peak % HMW % LMW %
TO0 A-7D TO A-7D TO A-7D
F1 97.5 97.4 2.6 2.6 ND ND
F2 97.4 97.4 2.6 2.6 ND ND
F3 97.5 97.5 2.5 2.5 ND ND
F4 97.4 97.4 2.6 2.6 ND ND
F5 97.5 97.5 2.6 2.6 ND ND
F6 97.4 97.4 2.6 2.6 ND ND
F7 97.4 97.4 2.6 2.6 ND ND
F8 97.4 97.4 2.6 2.6 ND ND
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The cIEF results for all formulations are listed in Table 18 and FIG. 10.

The pl value of all samples was about 8.1 with insignificant changes after agitation at
300 rpm at 25 °C for 7 days.

After 7-day agitation at 300 rpm at 25 °C, the main peak purity of all formulations

remained stable.

Table 18. cIEF results from the agitation study

. cIEF results

Fornll\}llatlon Main peak % Acidic peak % Basic peak %
o TO A-7D TO A7D | TO A-7D
Fl 64.3 64.3 221 22.0 13.5 13.7
F2 64.6 64.2 22.0 224 13.4 13.4
F3 64.7 64.0 22.0 221 13.3 13.9
F4 64.9 64.6 223 21.9 12.8 13.5
F5 64.9 64.1 21.8 21.9 13.3 14.0
F6 64.9 63.8 21.8 224 13.3 13.8
F7 65.1 64.0 21.9 21.9 12.9 141
F8 64.5 64.5 21.6 21.9 14.0 13.6

The SDS-Caliper results for all formulations are listed in Table 19 and FIG. 11.
All formulations showed comparable purity in either non-reduced SDS-Caliper or
10  reduced SDS Caliper after 7-day agitation at 300 rpm at 25 °C.
Table 19. SDS-Caliper results from the agitation study

. SDS-Caliper Purity
Formulation ; : . .
No. Non-reduced SDS-Caliper Purity % Reduced SDS-Caliper Purity %
TO A-7D TO A-7D
F1 99.5 99.2 99.6 99.5
F2 99.4 99.3 99.5 99.5
F3 99.5 99.3 99.6 99.6
F4 99.5 99.3 99.6 99.4
F5 99.0 99.3 99.6 99.5
F6 99.5 99.2 99.5 99.5
F7 99.5 99.3 99.6 99.4
F8 99.5 99.2 99.6 99.5

The appearance, protein concentration, osmolality and pH value results for the
15 accelerated stability study are summarized in Table 20 and Table 21.
The protein concentration and osmolality were all around the target value at TO.
After storage at 2~8 °C, 25+2 °C or 40+2 °C for 4 weeks, the pH values remained
unchanged for all the formulations while slightly visible particles were found in F7 due to the

absence of PS80.
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Table 20. Appearance results from the accelerated stability study

Formulation Appearance
No. TO 05-4W 25-2W 25-4W 40-2W 40-4W
F1 A* A A A A A
F2 A A A A A A
F3 A A A A A A
F4 A A A A A A
F5 A A A A A A
F6 A A A A A A
F7 A B B B B B
F8 A A A A A A

Notes: A = Colorless, slightly opalescent and free of visible particle; B = Colorless, slightly
opalescent and slightly visible particles.

5 Table 21. Protein concentration, osmolality and pH results from the accelerated stability
study
Conc. Osmolality
No. | (mgml) | (mOsm/kg) pH
TO TO TO 05-4W 25-2W | 25-4W | 40-2W | 40-4W
F1 25.7 323 5.7 5.6 5.6 5.6 5.5 5.6
F2 25.5 301 5.7 5.5 5.5 5.5 5.5 5.5
F3 25.6 298 5.7 5.6 5.6 5.6 5.6 5.6
F4 25.8 327 5.6 5.5 5.5 5.4 5.5 5.5
F5 25.7 320 5.6 5.5 5.5 5.5 5.5 5.5
Fo6 25.7 316 5.6 5.5 5.5 5.5 5.5 5.5
F7 25.7 324 5.6 5.5 5.5 5.5 5.5 5.5
F8 24.1 302 5.6 5.6 5.5 5.6 5.4 5.6
The MFI data for all the samples are listed in Table 22.
10 After storage at 2~8 °C and 25+2 °C for 4 weeks, there was no obvious changes for sub-

visible particle counts in all formulations.

After storage at 40+2 °C for 4 weeks, the increase of sub-visible particle counts (ECD
>10 um and ECD > 25 pum) in F7 was much higher than that in other formulations and there was
a slight growth trend of particle counts for F7.

15 Table 22, MFI results from the accelerated stability study
Size No TO 05- 25- 25- 40- 40-
distribution ) 4W 2W 4W 2W 4W
F1 635 1433 949 1448 1874 8868
>
ECD 22 pm F2 2040 1417 9376 1930 1248 1369
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F3 3266 2541 1079 841 3733|1073
Fa 972 689 1660 2003 Jo02 687
F5 3800|1122 |688 2525 931 626
Fo 1124 1169 307 1479 989 563
F7 4634|4742 2191 4021 ploa 3872
F8 3761|881 73 1825|1199 |1104
Fl 7 15 5 14 7 86
F2 10 12 17 15 4 12
F3 5 30 5 4 19 12
Fa 10 0 5 5 > 0
ECD 210 um |~ m - - "
F6 5 14 0 7 14 6
F7 266 181 48 243 368 626
F8 15 5 5 9 27 5
Fl 0 0 0 0 0 4
F2 0 0 > 2 0 5
F3 0 0 0 0 0 0
Fa 0 0 0 0 0 0
ECD 225 pm 15 0 > 0 0 0 0
Fo 0 5 0 2 7 0
F7 32 10 > 20 53 189
F8 0 0 > 0 4 0

The SEC-HPLC data for all the samples are listed in Table 23 and FIG. 12.

After storage at 2~8 °C or 25%2 °C for 4 weeks, there was no obvious changes in main
peak purity in all formulations.

Significant decrease of the main peak was observed after 2 weeks at 40+2 °C. After
storage at 40+2°C for 4 weeks, decline of the main peak was in the range of 0.3%~6.6%. The
decline of main peak purity in F1, F6 was 6.6% and 3.0%, respectively. In contrast, the main
peak declines in F5 and F8 were relatively milder than for the other formulations.

Table 23. SEC-HPLC results from the accelerated stability study

Formulation No. SEC-HPLC results
T0 05-4W 25-2W 25-4W 40-2W 40-4W
F1 97.5 97 4 97.3 97.3 88 % QGG
F2 97 .4 97 4 97 4 97 .4 96.7
F3 97.5 97 4 97 4 97.3 95.0
Main peak% F4 974 97 4 97 4 974 '955
F5 97.5 97 4 97 4 974 971
F6 974 97 4 97 4 97.3
F7 974 97 4 97 4 974
F8 974 97 4 97 4 974 S7 A
F1 2.6 2.6 2.7 2.7 4.1 ot
F2 2.6 2.6 2.6 2.6 2.9 3.3
HMW % F3 2.5 2.6 2.6 2.7 38 S8
F4 2.6 2.6 2.6 2.7 2.9 4.5
F5 2.6 2.6 2.6 2.6 2.8 3.0
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F6 26 26 26 27 3.5

F7 26 26 26 26 27 3.0

F8 26 26 26 26 28 29

F1 ND ND ND ND ND ND

F2 ND ND ND ND ND ND

F3 ND ND ND ND ND ND

. F4 ND ND ND ND ND ND
LMW % F5 ND ND ND ND ND ND
F6 ND ND ND ND ND ND

F7 ND ND ND ND ND ND

F8 ND ND ND ND ND ND

The cIEF data for all samples is listed in Table 24 and FIG. 13.

The pl value of all samples was about 8.1 with insignificant changes after storage at 2~8

°C, 25+2 °C or 4042 °C.

After storage at 2~8 °C or 25+2 °C for 4 weeks, there was no significant changes in the

main peak purity of all formulations.

After storage at 40£2 °C for 4 weeks, the main peak purity of all samples declined

significantly, together with significantly increased acidic peak. There was no significant

difference in main peak percentage of all samples and the decline of main peaks was in the range

of 15.1%-21.1%.

Table 24, cIEF results from the accelerated stability study

Formulation No.

cIEF results

TO 05-4W 25-2W 25-4W 40-2W 40-4W
Fl 64.3 64.7 62.9 63.0 57.2 48.8
F2 64.6 63.8 63.9 62.6 56.6 443
F3 64.7 64.3 63.4 62.0 55.2 43.6
Main pek % F4 64.9 63.5 63.4 62.4 56.2 49.8
F5 64.9 63.7 63.3 62.8 56.6 459
F6 64.9 64.1 63.4 61.9 55.7 49.8
F7 65.1 63.7 63.2 62.2 56.8 45.5
F8 64.5 63.7 64.0 62.6 57.4 452
Fl 221 224 224 229 26.6 36.0
F2 22.0 23.1 222 23.3 273 40.0
Acidic peak % F3 22.0 22.6 22.6 23.5 28.9 41.8
F4 223 23.3 224 23.1 26.6 34.9
F5 21.8 22.8 22.6 227 26.2 373
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F6 21.8 22.8 227 23.6 28.1 353
F7 21.9 23.0 227 23.3 26.4 38.3
F8 21.6 23.2 214 23.2 26.2 39.0
Fl 13.5 13.0 14.7 14.0 16.2 15.2
F2 13.4 13.1 14.0 14.1 16.1 15.8
F3 13.3 13.2 14.0 14.5 15.9 14.6
Basic peak % F4 12.8 13.2 14.2 14.4 17.2 154
F5 13.3 13.5 14.1 14.5 17.2 16.8
F6 13.3 13.1 14.0 14.5 16.2 14.9
F7 12.9 13.3 14.1 14.5 16.8 16.2
F8 14.0 13.1 14.6 14.2 16.4 15.8

The SDS-Caliper data for all samples is listed in Table 25, FIG. 14 and FIG. 15.

After storage at 2~8 °C or 25+2 °C for 4 weeks, all formulations showed comparable
purity in non-reduced SDS-Caliper and reduced SDS-Caliper.

After storage at 40£2 °C for 4 weeks, the purity of all formulations significantly declined
in non-reduced SDS-Caliper and reduced SDS-Caliper. The decline of non-reduced purity in F1
and F3 was 7.2% and 7.3%, which were the greatest declines in all formulations. The decline of
reduced purity in F1, F3 and F6 were 2.7%, 2.3% and 2.2%, respectively. The decline of non-
reduced SDS-Caliper purity or reduced SDS-Caliper purity in F2, F5 and F7 were relatively
lower than other formulations.

Table 25. SDS-Caliper results from the accelerated stability study

Formulation No. SDS-Caliper Purity
TO 05-4W | 25-2W | 25-4W | 40-2W | 40-4W
F1 99.5 99.2 99.4 99.1 95.5 92.3
F2 99 4 99.3 99 .4 99.1 96.0 94.0
F3 99.5 99.3 99.3 99.1 94.5 922
Non-reduced SDS- F4 99.5 99.3 99 .4 99.1 95.9 938
Caliper Purity % F5 99.0 99.3 99.3 99.1 95.7 94.0
F6 99.5 99.3 99.3 99.0 95.7 93.9
F7 99.5 99.3 99 .4 99.1 95.7 94.1
F8 99.5 99.3 99.3 99.1 95.9 93.9
F1 99.6 99.6 99 4 99.5 99.5 96.9
F2 99.5 99.6 99 .4 99.5 99 4 98.2
Reduced SDS- F3 99.6 99.6 99.5 99.5 98.7 97.3
Caliper Purity % F4 99.6 99.6 99.4 99.5 98.8 97.6
F5 99.6 99.6 99.4 99.5 98.2 98.4
F6 99.5 99.6 99.4 99 .4 98.8 97.3
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F7 99.6 99.6 99.4 99.5 98.9 98.4
F8 99.6 99.6 99.4 99.5 98.5 98.3

After 5 freeze/thaw cycles (-40+5 °C/RT), anti-Cx43 Ab in all formulations had no
significant difference in protein concentration, pH value, osmolality and purity (SDS-Caliper
Reduced & Non-Reduced). Visible particles and sub-visible particle counts (MFI) in F7 (without
PS80) were much higher than in other formulations. The SEC main peak of the F3 sample
showed marginally higher decrease at 8.1 %. The opalescent level of F1 samples got deeper after
5 freeze/thaw cycles (-40+5 °C/RT).

After 7-day agitation at 300 rpm at 25 °C, anti-Cx43 Ab in all formulations had no
significant difference in protein concentration, pH value, osmolality and purity (SEC-HPLC,
cIEF, SDS-Caliper Reduced & Non-Reduced). Visible particles and sub-visible particle counts
(MFT) in F7 (without PS80) were much higher than other formulations. The opalescent level of
F1 samples got deeper after agitation at 300 rpm at 25 °C for 7 days.

After storage at 2~8 °C for 4 weeks, anti-Cx43 Ab in all formulations had no significant
difference in protein concentration, pH value, osmolality, sub-visible particles and purity (SEC-
HPLC, cIEF, SDS-Caliper Reduced & Non-Reduced). Only slightly visible particles were found
in F7 after storage at 2~8 °C for 4 weeks.

After storage at 25+2 °C for 4 weeks, anti-Cx43 Ab in all formulations had no significant
difference in protein concentration, pH value, osmolality, sub-visible particles and purity (SEC-
HPLC, SDS-Caliper Reduced & Non-Reduced). In addition, slightly visible particles were found
in formulation F7 due to absence of PS80. The cIEF main peak of all samples declined slightly,
but no significant difference was found in 8 formulations after storage at 25+2 °C for 4 weeks.

After storage at 40+2 °C for 4 weeks, anti-Cx43 Ab in all formulations had no significant
difference in protein concentration, pH value and osmolality. Slightly visible particles were
found in formulation F7 due to absence of PS80. The increase of sub-visible particle counts
(ECD =10 um and ECD > 25 um) in F7 was much higher than that in other formulations. The
purity (SEC-HPLC, cIEF, SDS-Caliper Reduced & Non-Reduced) of all samples significantly
declined. The decline of the SEC main peak in F1 and F6 was much higher than in other
formulations. The main peak declines of SEC in F5 and F8 were relatively milder than that in
other formulations. There was no significant difference in cIEF main peak percentage of all
samples and the decline of main peaks was in the range of 15.1%~21.1%. The decline in SDS-
Caliper purity (non-reduced) in F1 and F3 were higher than other formulations. F1 showed
higher decrease in SDS-Caliper purity (reduced) than others. The decline of non-reduced SDS-
Caliper purity or reduced SDS-Caliper purity in F2, F5 and F7 were relatively lower than other
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formulations.

In summary, formulation development studies including pH/Buffer screening, excipients
and PS80 strength screening were performed to determine the lead formulation.

In pH/buffer screening, histidine/histidine hydrochloride buffer system exhibited optimal
capability of protein stabilizing.

In excipients and PS80 strength screening, sodium chloride, sorbitol, glycine and sucrose
(F1, F2, F3 and F4) were chosen to investigate their stabilizing capability for anti-Cx43 Ab. The
results suggested that the anti-Cx43 Ab was relatively more stable in histidine buffer with
sucrose as excipient. The stability data of samples with different concentrations of PS80 (F4, F6
and F7) showed that F4 (with 0.02% PS80) provided better stabilization for the anti-Cx43 Ab
than F6 and F7 (with 0% or 0.05% PS80, respectively). Based on the results of the EDTA study
(F4 and F5), EDTA provided no additional stabilization of anti-Cx43 Ab.

Finally, 25 mg/mL anti-Cx43 Ab in 20 mM histidine/ histidine hydrochloride at pH 5.5
with 8% sucrose and 0.02% (w/v) PS80 was considered as the lead formulation for the

formulation confirmation study.

Example 4: Formulation Confirmation Study

The anti-Cx43 Ab formulation confirmation study was performed to confirm the stability
of the selected formulation using final process DS. The conditions evaluated in the confirmation
study include long storage conditions, accelerated conditions, stress conditions, freeze/thaw and
agitation. The formulation selected from the formulation screening study was 25 mg/mL anti-
Cx43 Ab in 20 mM histidine/ histidine hydrochloride buffer at pH 5.5 with 8% (w/v) sucrose
and 0.02% (w/v) PS80.

Table 26. Study Parameters from the anti-Cx43 Ab Formulation Confirmation Study
DP (2142 150mg/6mL/vial; 6R glass vial)

o o o -40 | Agitation
2-8 °C 25 °C 40 °C *C-RT | 100 rpm
TO
FT- 25-A-
IM | 3M | IM | 2M | 3M | 2wks | 4wks 5C D
Xy, Z| X X,Z X X X,Z X X,Z X X

Notes: x = Appearance, pH, Osmolality, Conc_UV280, SEC-HPLC, CEX, CE-SDS (R&NR),
HIAC; y =mDSC
The lead formulation was evaluated in a formulation confirmation study. The mAb

material (1% 15L DS) was formulated as 25 mg/ml protein, 20 mM histidine/histidine
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hydrochloride buffer at pH 5.5 with 8% sucrose and 0.02% (w/v) PS80. The formulated DS was
filtered using a 0.22 um PVDF filter, filled into 6 mL glass vials (6.0 mL/vial), stoppered and
sealed in a bio-safety hood.

The appropriate number of vials were placed in 2~8 °C refrigerator, 25 °C and 40 °C
stability chamber, respectively. Meanwhile, bottles were frozen in a -40 °C freezer and thawed
at room temperature for 5 cycles or fixed to 100 rpm constant temperature shaker at 25 °C for 7
days, respectively. Samples were retrieved and analyzed at pre-determined time points.

The thermogram of anti-Cx43 Ab mAb in final formulation is shown in FIG. 16. The Tg’
onset, the temperature at which the sample starts to glass translation, was considered as an

indicator for the formation of glassy state. The Tg” onset of anti-Cx43 Ab was -31.61 °C.

Table 27. mDSC data from the anti-Cx43 Ab formulation Confirmation study

Sample ID Tg’ onset (°C) Tg’ middle (°C) Tg’ end (°C)

2142-20181201-T0 -31.61 °C -29.74 °C -28.61 °C

The appearance, protein concentration, pH and osmolality results of the freeze/thaw and
agitation studies are summarized in Table 28.

There was no obvious change in the appearance, protein concentration, pH and
osmolality after 5 freeze/thaw cycles (-40+5 °C/RT) and 7-day agitation. All samples appeared
colorless, slightly opalescent and free of visible particles. No obvious change was observed in
protein concentration and all results were within the specification of 25.0+2.5 mg/mL. No

obvious change was observed in pH and osmolality testing compared to TO.

Table 28. The appearance, protein concentration, pH and osmolality results from the
freeze/thaw and agitation study

Sample ID| 2142-20181201 2142-20181201 2142-20181201
Test Item -TO -FT-5C -A-7D
Appearance A A A
Concentration
(mg/mL) 251 253 252
pH 5.6 5.5 5.6
Osmolality
(mOSm/kg) 304 310 311

Notes: A = Colorless, slightly opalescent and free of visible particles.

The particulate matter results of the freeze/thaw and agitation studies are summarized in
Table 29. No growth trend of particle counts (ECD >10 um and ECD > 25 um) was observed
after 5 freeze/thaw cycles (-40+5 °C/RT) and 7-day agitation at 25 °C.
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Table 29. HIAC data from the freeze/thaw and agitation study

Sample ID| 2142-20181201 2142-20181201 2142-20181201
Test Item -TO -FT-5C -A-7D
> =2 um 1814 518 687
HIAC
Concentration |>= 10 pum 49 10 9
(#/ml)
> =25 um 1 0 1

The SEC-HPLC results of the freeze/thaw and agitation studies are summarized in Table
30. No obvious change was observed after 5 freeze/thaw cycles. A slight decline of SEC main
5  peak purity (1.2%) was observed after 7 days of agitation (100 rpm) at 25 °C.
Table 30. SEC data from the freeze/thaw and agitation study

Sample ID| 2142-20181201 2142-20181201 2142-20181201
Test Item -TO -FT-5C -A-7D
Main Peak % 99.4 99.2 98.2
HMW Peak % 0.6 0.8 1.7
LMW Peak % ND ND 0.1

The CE-SDS (NR&R) results of the freeze/thaw and agitation studies are summarized in
Table 31. No obvious change in CE-SDS-NR and CE-SDS-R purity was observed after 5
10  freeze/thaw cycles. A slight decline of CE-SDS-NR purity (1.0%) and CE-SDS-R purity (2.1%)
was observed after 7 days of agitation (100 rpm) at 25 °C.
Table 31. CE-SDS data from the freeze/thaw and agitation study

Sample ID| 2142-20181201 2142-20181201 2142-20181201
Test Item -TO -FT-5C -A-7D
CE-NR Purity% 99.5 994 98.5
CE-R purity% 978 98.0 95.7

The CEX results of the freeze/thaw and agitation studies are summarized in Table 32.
15 Compared to TO, there were no obvious changes in the proportion of main peak, acidic peak and
basic peak after 5 freeze/thaw cycles (-40+£5 °C/RT). For samples agitated (100 rpm) at 25 °C

for 7 days, a significant decrease of main peak (up to 17.9%) was observed.

Table 32. CEX data from the freeze/thaw and agitation study

Sample ID| 2142-20181201 2142-20181201 2142-20181201
Test Item -TO -FT-5C -A-7D
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Main Peak % 78.4 71.7 60.5
Acidic Peak % 13.5 13.5 16.3
Basic Peak % 3.1 3.8 232

The appearance, protein concentration, pH and osmolality results of different storage
conditions are summarized in Table 33. All the samples were free of visible particles under
different storage conditions except one sample held at 2~8 °C for 1 month, which appeared to
contain some visible particles by accident. The sample color turned slightly yellow at 25 °C -
1M/2M/3M and 40 °C -2W/4W. Compared to TO, no obvious change was observed in protein
concentration, pH and osmolality, which were all within the specification.

Table 33. Appearance, protein concentration, pH and osmolality results from the stability

study
Sample ID 2142-20181201-05 | 2142-20181201-25 | 2142-20181201-40
TO

Test Item M | 2M | 3M | IM | 2M | 3M 2W 4w
Appearance A C A A B B B A B
Concentration 251 | 254 | 252 | 251 | 255 | 252 | 252 25.5 255

(mg/mL)
pH 56 | 56 | 56 | 56 | 56 56 | 56 5.6 55

Osmolality
(mOSm/ke) 304 | 296 | 300 | 301 | 301 | 304 | 299 303 304

Notes: A = Colorless, slightly opalescent and free of visible particles; B = Slightly vellow,
slightly opalescent and free of visible particles; C = Colorless, slightly opalescent and visible

particles.

The HIAC results of samples under different storage conditions are summarized in Table
34. There was no obvious change in the sub-visible particle counts at 2~8 °C, 25+2 °C and 40+2
°C for 2 weeks. The data generated at 2~8 °C for 1 month was for reference due to the
generation of visible particles.

Table 34. HIAC data from the stability study

Sample ID) 2142-20181201-05 | 2142-20181201-25 | 2142-20181201-40
TO
Test Item IM | 2M | 3M | IM | 2M | 3Mm 2W 4W
HIAC | >=2pm |1814| 2620 | 409 | 1364 | 1397 | 519 | 1657 498 1288
Concen _
ration |>=10mm| 49 | 86 | 14 | 24 31 30 | 33 12 33
#ml)  |>=25pum| 1 2 1 0 1 0 0 1 0
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The SEC-HPLC results of samples under different storage conditions are summarized in
Table 35. For samples incubated at 2~8 °C, a slight decline of main peak (drop of main peak
was equal to 1.1%) was observed after 3 months of storage. For samples incubated at 25 °C, a
slight decline of main peak (drop of main peak was equal to 2.6%) was observed after 3 months
of storage. For samples incubated at 40 °C, a significant decrease of main peak (drop of main
peak was equal to 5.1%) was observed after 4 weeks of storage.

Table 35. SEC data from the stability study

Sample ID 2142-20181201-05 | 2142-20181201-25 | 2142-20181201-40
TO
Test Item IM | 2M [ 3M | IM | 2M | 3M 2W 4W

Main peak % 9941 98.8 | 984 | 983 | 98.0 | 97.2 | 96.8 96.4 94.3
HMW peak % 06 | 1.1 1.6 1.6 1.9 2.7 3.1 34 52
LMW peak % ND | <0.1 | <0.1 | 0.1 0.2 0.1 0.2 0.2 0.5

The CE-SDS (NR&R) results of samples under different storage conditions are shown in
Table 36. For samples incubated at 2~8 °C, a CE-SDS purity decline (drop of CE_NR main
peak was equal to 1.3% and drop of CE_R main peak was equal to 2.5%) was observed after 3
months of storage. For samples incubated at 25 °C, a CE-SDS purity decline (drop of CE_NR
main peak was equal to 6.1% and drop of CE_R main peak was equal to 8.0%) was observed
after 3 months of storage. For samples incubated at 40 °C, a CE-SDS purity decline (drop of
CE_NR main peak was equal to 12.8% and drop of CE_R main peak was equal to 5.8%) was
observed after 4 weeks of storage.

Table 36. CE-SDS data from the stability study

Sample ID 2142-20181201-05 | 2142-20181201-25 | 2142-20181201-40
Test Ttem Ol ov [am | v [ 2m [ 3m]| 2w 4W
CE-NR Purity% [ 99.5| 99.0 | 98.7 | 982 | 953 | 949 | 934 | 93.2 86.7
CE-R purity% | 97.8 | 98.4 | 96.0 | 953 | 93.8 | 90.9 | 89.8 | 93.9 92.0

The CEX results of samples under different storage conditions are shown in Table 37.
For samples incubated at 2~8 °C, a decrease of main peak (drop of CEX main peak was equal to
20.4%) was observed after 3 months of storage. For samples incubated at 25 °C, a decrease of
main peak (drop of CEX main peak was equal to 20.0%) was observed after 3 months of storage.

For samples incubated at 40 °C, a decrease of main peak (drop of CEX main peak was equal to
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30.6%) was observed after 4 weeks of storage.

Table 37. CEX data from the stability study

Sample ID 2142-20181201-05 2142-20181201-25 2142_2012)201'
TO
Test Item
1M 2M 3M ™M M 3M 2W 4W
Main peak% 7841 65.7 | 61.1 580 | 544 | 569 | 584 56.0 47.8
Acidic peak% 1351 144 | 134 | 140 | 203 | 209 | 23.1 28.7 35.6
Basic peak% 81 | 198 | 256 | 279 | 252 | 223 | 185 15.2 16.6

After 5 freeze/thaw cycles (-40+5 °C/RT), the anti-Cx43 Ab in the selected formulation
had no significant change in appearance, protein concentration, pH value, osmolality and purity
(SEC-HPLC, CEX-HPLC, CE-SDS Reduced & Non-Reduced).

After 7-day agitation at 25 °C, the anti-Cx43 Ab in the selected formulation had no
significant difference in appearance, protein concentration, pH value, osmolality. The purity
(SEC-HPLC, CEX-HPLC, CE-SDS Reduced & Non-Reduced) of the selected formulation
declined slightly

After storage at 2~8 °C for 3 months, the anti-Cx43 Ab in the selected formulation had
no significant change in appearance, protein concentration, pH value, osmolality and particle
matter. The purity (SEC-HPLC, CEX-HPLC, CE-SDS Reduced & Non-Reduced) of the
selected formulation declined slightly.

After storage at 25+2 °C for 3 months, the anti-Cx43 Ab in the selected formulation had
no significant change in protein concentration, pH value, osmolality and particle matter. The
color of the sample turned slightly yellow. The purity (SEC-HPLC, CEX-HPLC, CE-SDS
Reduced & Non-Reduced) of the selected formulation declined after storage at 25+2°C for 3
months.

After storage at 402 °C for 4 weeks, the anti-Cx43 Ab in the selected formulation had
no significant change in protein concentration, pH value, osmolality and particle matter. The
color of the sample turned slightly yellow. The purity (SEC-HPLC, CEX-HPLC, CE-SDS
Reduced & Non-Reduced) of the selected formulation declined.

According to the confirmation study data, -20 °C was recommended as the DP storage
condition.

In summary, 25 mg/mL protein in 20 mM histidine/ histidine hydrochloride buffer at pH
5.5 with 8% sucrose and 0.02% (w/v) PS80 was considered as the formulation for the anti-Cx43
Ab. According to the confirmation study data, -20 °C was recommended as the DP storage

condition.
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MODIFICATIONS

Modifications and variations of the described methods and compositions of the present
disclosure will be apparent to those skilled in the art without departing from the scope and spirit
of the disclosure. Although the disclosure has been described in connection with specific
embodiments, it should be understood that the disclosure as claimed should not be unduly
limited to such specific embodiments. Indeed, various modifications of the described modes for
carrying out the disclosure are intended and understood by those skilled in the relevant field in
which this disclosure resides to be within the scope of the disclosure as represented by the

following claims.

INCORPORATION BY REFERENCE
All patents and publications mentioned in this specification are herein incorporated by
reference to the same extent as if each independent patent and publication was specifically and

individually indicated to be incorporated by reference.
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CLAIMS
A pharmaceutical formulation comprising:
an anti-Cx43 antibody or antigen binding fragment thereof;
a buffer;
a surfactant; and
a stabilizer;
wherein the pharmaceutical formulation has a pH of between about 5 and about 6;
wherein the anti-Cx43 antibody or antigen binding fragment thereof comprises:
a first, second and third heavy chain complementarity determining region
(CDR) sequence having the amino acid sequence of SEQ ID NOs: 1, 2, and 3,
respectively; and
a first, second and third light chain CDR sequence having the amino acid
sequence of SEQ ID NOs: 4, 5, and 6, respectively.
The pharmaceutical formulation of claim 1, wherein the anti-Cx43 antibody or antigen
binding fragment thereof comprises a heavy chain variable domain having the amino acid
sequence of SEQ ID NO: 7, and a light chain variable domain having the amino acid
sequence of SEQ ID NO: 8.
The pharmaceutical formulation of claim 2, wherein the anti-Cx43 antibody or antigen
binding fragment thereof comprises a heavy chain having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 9-17, and a light chain having the
amino acid sequence of SEQ ID NO: 18.
The pharmaceutical formulation of any one of claims 1-3, wherein the anti-Cx43 antibody
or antigen binding fragment thereof binds to an epitope located within the amino acid
sequence of FLSRPTEKTI (SEQ ID NO: 19).
The pharmaceutical formulation of claim 4, wherein the epitope comprises one or more
amino acids selected from the group consisting of ¥1, 83, R4, P53, T6, E7, K&, T9 and 110
of SEQ ID NG 19, or consists of Fi, 83, R4, P53, 16, E7, K8, T9 and 110 of SEQ ID NO:
i9.
The pharmaceutical formulation of claim 4, wherein the epitope comprises al} ten aming
acids of SEQ ID NO: 19, or consists of ail ten amino acids of SEQ 1D NG: 19,
The pharmaceutical formulation of any one of claims 1-3 and 5-6, wherein the anti-Cx43
antibody or antigen binding fragment thereof is present at a concentration: of between
about 5 and about 30 mg/mb, or between about 10 and about 40 mg/mi, or about 13 10

about 30 mg/mb.
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3.

10.

11

12.

13.

14.

15.

16.

17.

The pharmaceutical formulation of any one of claims 1-3 and 5-6, wherein the buffer is
selected from acetate/sodium acetate, histidine/aspartic acid, citric acid/sodium citrate,
dibasic sodium phosphate/sodium dihydrogen phosphate, and histidine/histidine
hydrochloride.
The pharmaceutical formulation of claim 8, wherein the buffer is histidine/aspartic acid or
histidine/histidine hydrochloride.
The pharmaceutical formulation of claim 9, wherein the buffer is histidine/histidine
hydrochloride.
The pharmaceutical formulation of any one of claims 1-3, 5-6 and 8-9, wherein the
surfactant is polysorbate 80 (PS80).
The pharmaceutical formulation of any one of claims 1-3, 5-6 and 8-9, wherein the
stabilizer is selected from ethylenediaminetetraacetic acid (EDTA), sodium chloride,
sorbitol, glycine, and sucrose.
The pharmaceutical formulation of claim 12, wherein the stabilizer is sucrose.
The pharmaceutical formulation of any one of claims 1-3, 5-6, 8-9 and 13, wherein the
pH is between about 5.4 to about 5.6.
The pharmaceutical formulation of any one of claims 1-3, 5-6, 8-9 and 13, wherein the
formulation is an aqueous formulation.
A pharmaceutical formulation comprising:

about 10-50 mg/mL, or about 25 mg/mL of an anti-Cx43 antibody or antigen
binding fragment thereof that binds to an epitope located within the amino acid sequence
of FLSRPTEKTI (SEQ ID NO: 19);

about 10-40 mM, or about 20 mM histidine/histidine hydrochloride buffer;

about 0.005%-0.05%, or about 0.02% w/v Polysorbate 80; and

about 1%-20% w/v, or about 8% w/v sucrose;

wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.
A pharmaceutical formulation comprising:

about 25 mg/mL an anti-Cx43 antibody or antigen binding fragment thereof,
comprising a heavy chain having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 9-17, and comprising a light chain having the amino acid
sequence of SEQ ID NO: 18;

about 20 mM histidine/aspartic acid buffer;

about 0.02% w/v Polysorbate 80; and

about 8% w/v sucrose,
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wherein the formulation has a pH of between about 5.4 to about 5.6, or about 5.5.
18. The pharmaceutical formulation of any one of claims 1, 16 and 17, for use in promoting
opening of Cx43 hemichannels in osteocytes, and optionally for the treatment of cancer,
cancer metastasis, osteosarcoma, osteoporosis, or osteopenia.
5 19. Use of the pharmaceutical formulation of any one of claims 1, 16 and 17, for promoting
opening of Cx43 hemichannels in osteocytes, optionally for the treatment of cancer,

cancer metastasis, osteosarcoma, osteoporosis, or osteopenia.
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 20/54036

A.
IPC -

CLASSIFICATION OF SUBJECT MATTER

AB61K 38/08, A61K 38/04, A61K 9/08 (2021.01)
CPC - A61K 47/183, A61K 47/26, A61K 9/0019, A61K 2039/505, CO7K 2317/34

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2017/147561 A1 (THE BOARD OF REGENTS OF THE UNIVERSITY OF TEXAS 16, (18-19)/16
---------------- SYSTEM) 31 August 2017 (31.08.2017) para [0020}; para [0058]; para [0099); claim 1; claim 11;
A SEQ ID NO: 21; SEQ ID NO: 49 1-6, 17, (18-19)/(1,17)
Y US 2019/0040137 A1 (REGENERON PHARMACEUTICALS INC.) 07 February 2019 16, (18-19)/16
---------------- (07.02.2019) Abstract; para (0017]; para (0079]; claim 73; claim 83; claim 86; claim 88
A 1-6, 17, (18-19)/(1,17)
A US 2012/0020961 A1 (HOUHOU et al.) 26 January 2012 (26.01.2012) Table 1A; SEQ ID NO: 1-6, 17, (18-19)/(1,17)
39; SEQ ID NO: 53
A, P [wO 2019/195273 A1 (ALAMAB THERAPEUTICS, INC.) 10 October 2019 (10.10.2018) claim 1; 1-8, 17, (18-19)/(1,17)
claim 2; claim 3; SEQ ID NO: 2; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9; SEQ ID NO: 18
A US 2006/0040883 A1 (YOU et al.) 23 February 2006 (23.01.2006) para [0017]; SEQ ID NO:138 1-6, 17, (18-19)/(1,17)
A US 2016/0177298 A1 (AUCKLAND UNISERVICES LTD) 23 June 2016 (23.06.2016), whole 1
document
A US 2017/0106090 A1 (INTAS PHARMACEUTICALS LTD) 20 April 2017 (20.04.2017), whole 1
document

L

Further documents are listed in the continuation of Box C.

[:l See patent family annex.

* Special categories of cited documents:

“A™ document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E" earlier application or patent but published on or after the international
filing date

“L” document which ma[\; throw doubts on priority claim(s) or which
is cited to establish t e'f{)ubhcanon date of another citation or other
special reason (as specified)

“O” documentreferringtoan oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel ar cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

20 January 2021

Date of mailing of the international search report

10 FEB 2001

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Lee Young

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/54036

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. EI Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 7-15

because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

continued on supplemental sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

1-6 and 16-19 limited to an anti-Cx43 antibody comprising SEQ ID NOs 1-9 and 18

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT

. . International application No.
Information on patent family members PP ©

PCT/US 20/54036

Continuation of Box Ili: Observations hwere unity of invention is lacking:

Group 1+: Claims 1-6 and 16-19 directed to a pharmaceutical formulation comprising an anti-Cx43 antibody or binding fragment, a buffer,
surfactant, stabilizer and pH of between about 5 and 6, wherein the anti-Cx-43 antibody binds to an epitope located within the amino
acid sequence of FLSRPTEKTI (SEQ ID NO: 18). The antibody formulation will be searched to the extent that the antibody comprises
heavy chain complementarity determining regions (HCDRs) 1-3 having amino acid sequences of SEQ ID NOs: 1-3, light chain LCDR 1-3
having amino acids of SEQ ID NOs: 4-6, a heavy chain variable domain (VH) having amino acid sequence SEQ ID NO: 7 and light chain
VL having amino acid sequence SEQ ID NO: 8 and heavy and light chains having amino acid sequences SEQ 1D NO: 9 and 18,
respectively. It is believed that claims 1-6 and 16-19 limited to an anti-Cx43 antibody formulation, the antibody comprising SEQ ID NOs 1
-9 and 18 encompass this first named invention, and thus these claims will be searched without fee to the extent that the anti-Cx43
antibody comprises said sequence features. Additional anti-Cx43 antibody formulations will be searched upon the payment of additional
fees. Applicants must specify the claims that encompass any additionally elected anti-Cx43 antibody formulations. Applicants must
further indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated above for this
group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first
claimed invention to be searched. An exemplary election would be an anti-Cx43 antibody comprising heavy chain complementarity
determining regions HCDR1-3 and LCDR1-3 having amino acid sequences of SEQ ID NOs: 1 through 6, a VH and VL having amino
acid sequences SEQ ID NO: 7 and 8 and and heavy and light chains having amino acid s sequences SEQ ID NOs: 10 and 18 (claims 1-
6 and 16-19).

The inventions listed as Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

No technical features are shared between the heavy chain amino acid sequences of the antibodies of Group I+ and, accordingty, this
group lacks unity a priori.

Additionally, even if the inventions listed as Group |+ were considered to share technical features, these shared technical features are
previously disclosed by the prior art, as further discussed below.

Common Technical Features

The inventions of Group I+ share the technical feature of a pharmaceutical formulation comprising: an anti-Cx43 antibody or binding
fragment, a buffer, surfactant, stabilizer and pH of about 5 and 6 , wherein the anti-Cx-43 antibody binds to an epitope located within the
amino acid sequence of FLSRPTEKTI (SEQ ID NO: 19). However, this shared technical feature does not represent a contribution over
prior art, because the shared technical feature is taught by US 2016/0177298 A1 to Auckland Uniservices Ltd (hereinafter 'Auckland’) in
view of US 2017/0106090 A1 to Intas Pharmaceuticals Ltd (hereinafter ‘Intas').

Auckland teaches anti- CX43 antibody (para [0562] "connexin 43 or 45 modulators include, for example, monoclonal antibodies,
polyclonal antibodies, antibody fragments (including, for example, Fab, F(ab')2 and Fv fragments; single chain antibodies; single chain
Fvs; and single chain binding molecules such as those comprising, for example, a binding domain, hinge, CH2 and CH3 domains,
recombinant antibodies and antibody fragments which are capable of binding an antigenic determinant (i.e., that portion of a molecule,
generally referred to as an epitope) that makes contact with a particular antibody or other binding molecule.") that include epitopes
comprising the sequence FLSRPTEKT! (para [0565] "a connexin contains ... two short extra-cellular loops. The positioning of the first
and second extracellular regions of connexin was further characterized by ... anti-peptide antibodies used for immunolocalization of the
corresponding epitopes on split gap junctions”, para [0347] "Sequences of the E2 domain of different connexin isotypes are shown ... in
Table 4.", Table 4 shows the second extracellular loop of CX43 that comprises FLSRPTEKTI and a peptide consisting of
VDCFLSRPTEKT). Since Auckland teaches making monoclonal anti-Cx43 antibadies, and the use of anti-peptide antibodies including
peptides comprising the applicant's FLSRPTEKTI peptide, it would have been obvious to an artisan of ordinary skill in the art to test and
select monoclonal antibodies that bind to the applicant's FLSRPTEKTI sequence.

Auckland does not expressly teach a pharmaceutical antibody formulation comprising a buffer, surfactant, stabilizer and pH of about §
and 6, however, Intas teaches said antibody formulation (para [0015] "a novel and stable pharmaceutical composition of anti-TNF.alpha.
antibody along with pharmaceutically acceptable carriers.”, para [0020] "a novel and stable pharmaceutical composition of anti-
TNF_alpha. antibody wherein the formulation is maintained at a pH of about 4.5 to 6.5, more preferably at pH 5.0 to 6.0, in a buffer
system selected from the group consisting of glycine, acetate, arginine, succinate, histidine either alone or a combination thereof.", para
{0021] "a novel and stable pharmaceutical composition which encompasses ...antibody comprising ... sucrose as stabilizer, polysorbate
80 as surfactant and formulation is maintained at pH of about 5.0 to 6.0."). Since the claimed pharmaceutical antibody formulation was
known at the time of the invention, it would have been obvious to an artisan of ordinary skill in the art to use said formulation with the anti
- CX43 antibody of Auckland to produce a marketable pharmaceutical antibody.

As the technical feature was known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the inventions.

The inventions of Group |+ therefore lack unity under PCT Rule 13 because they do not share the same or corresponding special
technical feature.

Item 4, continued: claims 7-15 are not drafted in accordance with the second and third sentences of Rule 6.4(a) regarding multiply
dependent claims

Form PCT/ISA/210 (patent family annex) (July 2019)
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