wo 2020/061374 A1 | NI 0000 KO Y10 0000000 0 000

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
26 March 2020 (26.03.2020)

‘O 00 00O 0 0 A
(10) International Publication Number

WO 2020/061374 Al

WIPO I PCT

(51) International Patent Classification:
A61K 38/17 (2006.01) CO7K 14/00 (2006.01)
A61P 1/16 (2006.01)

(21) International Application Number:
PCT/US2019/052020

(22) International Filing Date:
19 September 2019 (19.09.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/734,184 20 September 2018 (20.09.2018) US

(71) Applicant: MANDALMED, INC. [US/US]; 665 Third
Street, Suite 250, San Francisco, California 94107 (US).

(72) Inventors: JOHN, Constance M.; c/o MandalMed, Inc.,
665 Third Street, Suite 250, San Francisco, California 94107
(US). MOUNZIH, Khalil, ¢c/o MandalMed, Inc., 665 Third

Street, Suite 250, San Francisco, California 94107 (US).

Agent: BANKO, Max; Morrison & Foerster LLP, 755 Page
Mill Road, Palo Alto, California 94304-1018 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

84

HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

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

(54) Title: METHODS AND COMPOSITIONS FOR PREVENTING, TREATING, AND REVERSING LIVER FIBROSIS

FIG. 1A

1.5

Aginsos fundniiten

%
£y

(57) Abstract: Methods of reducing, treating, or reversing liver fibrosis in a subject in need thereof comprising administering
Galectin-3C, are provided. Also provided are Galectin-3C fusion proteins with increased stability.



WO 2020/061374 PCT/US2019/052020

METHODS AND COMPOSITIONS FOR PREVENTING, TREATING, AND
REVERSING LIVER FIBROSIS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Prov. App. Ser. No. 62/734,184, filed on

September 20, 2019, the disclosure of which is hereby incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002] This invention was made with government support under grant number 1 R43
DK107285-01A1, awarded by the National Institute of Diabetes and Digestive and Kidney

Diseases. The government has certain rights to the invention.

SUBMISSION OF SEQUENCE LISTING ON ASCII TEXT FILE
[0003] The content of the following submission on ASCII text file is incorporated herein by
reference in its entirety: a computer readable form (CRF) of the Sequence Listing (file name:

701642000240SEQLIST.TXT, date recorded: September 19, 2019, size: 28 KB)).

TECHNICAL FIELD
[0004] The present invention relates to methods of reducing, treating, or reversing liver
fibrosis in a subject in need thereof comprising administering Galectin-3C. The present

invention also relates to Galectin-3C fusion proteins with increased stability.

BACKGROUND OF THE INVENTION
[0005] Chronic liver disease affects approximately 3 million people in the United States
and leads to more than 1.2 million hospitalizations and about 43,000 deaths each year. Almost
all chronic liver diseases are characterized by fibrosis, which results from a cascade of events
that includes infiltration of inflammatory cells, apoptosis of hepatocytes, proliferation of
matrix-producing mesenchymal cells, and increased deposition of collagen and other
extracellular matrix (ECM) components. Liver fibrosis can progress to cirrhosis and hepatic
failure (1), for which the only treatment option is liver transplantation. While resolution of
liver fibrosis has been shown in animal models and in patients after treatment and/or removal
of a causative agent (2-5), there are no approved agents that act to prevent or reverse fibrosis.
[0006] Recent studies implicate galectin-3 as a causal factor in liver fibrosis. For example,

galectin-3 deficient mice were protected from liver fibrosis from carbon tetrachloride exposure
1



WO 2020/061374 PCT/US2019/052020

or bile duct ligation (BDL), whereas wild type mice were not, despite equivalent injury.
Inhibition of galectin-3 expression with small interfering (si) RNA had a therapeutic effect in
the carbon tetrachloride mouse model of acute liver disease (6). In the BDL mouse model of
chronic liver disease, galectin-3 expression was induced in hepatic stellate cells (HSCs) that
give rise to the fibrogenic myofibroblasts (7). Systemic and hepatic vein levels of galectin-3
were increased in patients with alcoholic liver cirrhosis and the levels were negatively
correlated with liver function (8).

[0007] There is a need in the art for the development of inhibitors of galectin-3 for the
treatment of chronic liver fibrosis. The present application addresses these and other needs.
[0008] The disclosures of all publications, patents, patent applications and published patent

applications referred to herein are hereby incorporated herein by reference in their entirety.

SUMMARY
[0009] Provided is a method of reducing liver fibrosis in a subject in need thereof,
comprising administering a therapeutically effective amount of Galectin-3C (Gal-3C) to the
subject. Also provided is a method of treating liver fibrosis in a subject in need thereof,
comprising administering a therapeutically effective amount of Gal-3C to the subject. Also
provided is a method of reversing liver fibrosis in a subject in need thereof, comprising
administering a therapeutically effective amount of Gal-3C to the subject. In some
embodiments, the Gal-3C is produced by culturing allogeneic or autologous host cell
comprising a nucleic acid encoding the Gal-3C under conditions where the Gal-3C is
expressed, and implanting the host cells to supply the Gal-3C in vivo, or harvesting the Gal-3C
expressed by the host cell for parenteral administration. In some embodiments, the subject has
elevated serum galectin-3. In some embodiments, the Gal-3C is fused to human serum albumin,
or a domain thereof, to form a fusion protein. In some embodiments, the fusion protein
comprises a domain of human serum albumin selected from the group consisting of domain I
(1DHSA), domain 11 (2DHSA) or domain III (3DHS A). In some embodiments, the fusion
protein comprises domain III (3DHSA) of human serum albumin. In some embodiments, the C-
terminus of 3DHSA is fused to the N-terminus of Gal-3C. In some embodiments, the N-
terminus of 3DHSA is fused to the N-terminus of Gal-3C. In some embodiments, the C-
terminus of 3DHSA is fused to the C-terminus of Gal-3C. In some embodiments, the N-
terminus of 3DHSA is fused to the C-terminus of Gal-3C. In some embodiments, the fusion
protein has an increased serum half-life compared to Gal-3C. Also provided is a fusion protein

comprising Gal-3C fused to human serum albumin, or a domain thereof, wherein the fusion
2
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protein has an increased serum half-life compared to Gal-3C. In some embodiments, the fusion
protein comprises a domain of human serum albumin selected from the group consisting of
domain I (IDHSA), domain IT (2DHSA) or domain III (3DHSA). In some embodiments, the
fusion protein comprises domain III (3DHSA) of human serum albumin. In some embodiments,
the C-terminus of 3DHSA is fused to the N-terminus of Gal-3C. In some embodiments, the N-
terminus of 3DHSA is fused to the N-terminus of Gal-3C. In some embodiments, the C-
terminus of 3DHSA is fused to the C-terminus of Gal-3C. In some embodiments, the N-
terminus of 3DHSA is fused to the C-terminus of Gal-3C. In some embodiments, the subject is

a human. In some embodiments the Gal-3C is human Gal-3C.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1A and 1B. Gal-3C treatment of PMA-activated human THP-1 monocytic
cells polarized to the M2 phenotype by exposure to IL-4 inhibited the phenotypic expression of
arginase (FIG. 1A) and IL-10 (FIG. 1B). Error bars = standard error of the mean.
[0011] FIG. 2A-2C. SDS-PAGE analysis of fused protein 3DHS A-Gal-3C mouse with
E. coli expression by construct pET-30a(+) and 3 different (FIG. 2A, FIG. 2B, FIG. 2C)
conditions. The fusion protein has the C-terminus of the 3™ domain of human serum albumin
(3DHSA) linked to the N-terminus of Gal-3C.
[0012] FIG. 3A-3C. SDS-PAGE analysis of fused protein mouse Gal-3C-3DHSA with
E. coli expression by construct pET-30a(+) and 3 different (FIG. 3A, FIG. 3B, FIG. 3C)
conditions. The fusion protein has the N-terminus of 3DHSA linked to the C-terminus of Gal-
3C.

DETAILED DESCRIPTION OF THE INVENTION
Definitions
[0013] For purposes of interpreting this specification, the following definitions will apply
and whenever appropriate, terms used in the singular will also include the plural and vice versa.
In the event that any definition set forth below conflicts with any document incorporated herein
by reference, the definition set forth shall control.
[0014] As used herein, the singular form “a”, “an”, and “the” includes plural references
unless indicated otherwise.
[0015] It is understood that aspects and embodiments of the invention described herein

2% ¢

include “comprising,” “consisting,” and “consisting essentially of” aspects and embodiments.
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[0016] For all compositions described herein, and all methods using a composition
described herein, the compositions can either comprise the listed components or steps, or can
“consist essentially of” the listed components or steps. When a composition is described as
“consisting essentially of” the listed components, the composition contains the components
listed, and may contain other components which do not substantially affect the condition being
treated, but do not contain any other components which substantially affect the condition being
treated other than those components expressly listed; or, if the composition does contain extra
components other than those listed which substantially affect the condition being treated, the
composition does not contain a sufficient concentration or amount of the extra components to
substantially affect the condition being treated. When a method is described as “consisting
essentially of” the listed steps, the method contains the steps listed, and may contain other steps
that do not substantially affect the condition being treated, but the method does not contain any
other steps which substantially affect the condition being treated other than those steps
expressly listed. As a non-limiting specific example, when a composition is described as
“consisting essentially of” a component, the composition may additionally contain any amount
of pharmaceutically acceptable carriers, vehicles, or diluents and other such components which
do not substantially affect the condition being treated.

[0017] An “effective amount” or “therapeutically effective amount™ as used herein refers to
an amount of therapeutic compound, administered to a subject, either as a single dose or as part
of a series of doses, which is effective to produce or contribute to a desired therapeutic effect,
either alone or in combination with another therapeutic modality. An effective amount may be
given in one or more dosages.

[0018] The term “treating” as used herein, refers to retarding the progress of or lessening
the symptoms of a condition, such as fibrosis. The term “treatment,” as used herein, refers to
the act of treating a condition, such as fibrosis.

[0019] The term “preventing” as used herein, refers to delaying the onset of, reduce the
frequency of symptoms, or reduce the severity of symptoms associated with a condition, such
as fibrosis.

[0020] The term “reversing” as used herein refers to reversing the progress of a condition,
such as fibrosis.

[0021] A “subject” as used herein refers to any animal classified as a mammal, including
humans, domestic and farm animals, and zoo, sport, or pet animals, such as dogs, horses,
rabbits, cattle, pigs, hamsters, gerbils, mice, ferrets, rats, cats, and the like. In some

embodiments, the subject is human.
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[0022] The term “about” as used herein refers to the usual error range for the respective
value readily known to the skilled person in this technical field. Reference to “about™ a value
or parameter herein includes (and describes) embodiments that are directed to that value or
parameter per se.

[0023] For any of the structural and functional characteristics described herein, methods of

determining these characteristics are known in the art.

Overview

[0024] As provided herein, Gal-3C N-terminally truncated variants (collectively referred to
herein interchangeably as “Gal-3C” in the singular) are N-terminally truncated forms of full
length galectin-3 that lack the amino-terminal domain but retain carbohydrate binding ability.
Gal-3C acts as a dominant negative inhibitor of galectin-3 by preventing the oligomerization of
galectin-3 and its cross-linking of carbohydrate-containing ligands on cell surfaces and in the
ECM, e.g., the hepatic ECM.

[0025] Provided herein is a method of reducing liver fibrosis (e.g., reducing the rate of liver
fibrosis or delaying liver fibrosis) in a subject in need thereof comprising administering a Gal-
3C variant provided herein to the subject. Also provided herein are methods of inhibiting (such
as preventing) liver fibrosis in a subject in need thereof, comprising administering Gal-3C to
the subject. Also provided herein are methods of reversing liver fibrosis in a subject in need
thereof comprising administering Gal-3C to the subject. In some embodiments, the liver
fibrosis is the result of, e.g., disease of the liver (such as cirrhosis or hepatitis) or bile duct, or
injury to the liver or bile duct.

[0026] Viral infections, including hepatitis B and C, are primary causes of liver fibrosis.
Other causes include alcoholism, metabolic and autoimmune disorders, toxins/drugs,
helminthic infection, iron or copper overload and primary biliary cirrhosis. Non-alcoholic
steatohepatitis (NASH) is a major cause of fibrosis from increasing obesity.

[0027] Fibrosis in the liver occurs as part of the wound-healing process due to chronic liver
injury. It is the outcome of almost all chronic liver diseases, and if untreated can progress to
cirrhosis and hepatic failure, or can be healed. Cirrhosis results when the scarring becomes so
extensive that liver function and liver blood flow become disrupted. Fibrosis is due to the
greatly increased deposition of collagen and other ECM components. There are no effective
therapies for advanced cirrhosis, so treatment relies on liver transplantation. Overall, there is a

great unmet medical need for new treatments for liver fibrosis.
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Gal-3C

[0028] In the some embodiments, Gal-3C used in a method provided herein comprises the
136, 137, 138, 139, 140, 141, or 142 carboxy-terminal amino acid residues of full length
galectin-3 that suffice for carbohydrate binding (93). In some embodiments, Gal-3C comprises
the 143 carboxy-terminal amino acid residues of full-length galectin-3. In some embodiments,

Gal-3C comprises the sequence provided in SEQ ID NO: 3.

GAPAGPLIVP YNLPLPGGVV PRMLITILGT VKPNANRIAL DEFQRGNDVAF
HENPRENENN RRVIVCNTKL DNNWGREERQ SVFPFESGKP EFKIQVLVEPD
HFKVAVNDAH LLQOYNHRVKK LNEISKLGIS GDIDITSASY TMI (SEQ ID NO: 3)

[0029] In some embodiments, Gal-3C comprises a sequence having at least 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identity to SEQ ID NO: 3 and retains
carbohydrate binding ability.

Gal-3C Variants Comprising Amino Acid Substitution(s)
[0030] It is understood that amino acids may be substituted on the basis of side chain bulk,
charge and/or hydrophobicity. Amino acid residues are classified into four major groups:
acidic, basic, neutral/non-polar, and neutral/polar. In some embodiments, an acidic amino acid
may be substituted by another acidic amino acid. In some embodiments, a basic amino acid
may be substituted by another basic amino acid. In some embodiments, neutral/non-polar
amino acid may be substituted by another neutral/non-polar amino acid. In some embodiments,
neutral/polar amino acid may be substituted by another neutral/polar amino acid.
[0031] Amino acid residues can be further classified as cyclic or non-cyclic, aromatic or
non-aromatic with respect to their side chain groups these designations being commonplace to
the skilled artisan. In some embodiments, the following exemplary or preferred substitutions

can be made to the amino acid sequences presented herein.

Original Exemplary Conservative  Preferred Conservative
Residue Substitution Substitution

Ala Val, Leu, Ile Val

Arg Lys, GlIn, Asn Lys

Asn Gln, His, Lys, Arg Gln

Asp Glu Glu

Cys Ser Ser
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Gln Asn Asn
Glu Asp Asp
Gly Pro Pro
His Asn, Gln, Lys, Arg Arg

Ile Leu, Val, Met, Ala Leu
Phe Leu Ile, Val
Ile Met, Ala, Phe

Lys Arg, Gln, Asn Arg
Met Leu, Phe, Ile Leu
Phe Leu, Val, Ile, Ala Leu
Pro Gly Gly
Ser Thr Thr
Thr Ser Tyr
Tyr Trp, Phe, Thr, Ser Phe
Val Ile, Leu, Met, Phe Leu, Ala

[0032] In some embodiments, alanine scanning mutagenesis as described by (9) can be
utilized to introduce mutations to make Gal-3C variants.

[0033] In some embodiments, phage display of protein or peptide libraries provides a
methodology for the selection of Gal-3C variants with improved affinity, altered specificity, or
improved stability (10).

[0034] In some embodiments, modifications of a Gal-3C sequence include conserved
mutation substitutions of one or more amino acids occurring between position 201 and 230
(where the Gal-3C comprises the carboxy terminal 143 amino acids of SEQ ID NO: 1).
Possible conserved mutation substitutions include, but are not limited to, the following, where
the amino acid on the left is the original and the amino acid on the right is the substituted amino

acid.

Val-202 — Ala
Val-204 — Ala
Glu-205 — Asp
Asp-207 — Glu
His-208 — Arg
Phe-209 — Leu
Val-211 — Ala
Ala-212 — Val
Asp-215 — Glu
Ala-216 — Val
His-217 — Arg
Tyr-221 — Phe
His-223 — Arg
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Val-225 — Ala
Glu-230 — Asp

[0035] In some embodiments, amino acid substitutions can be performed using a PCR-
based site-directed mutagenesis kit.

[0036] In some embodiments, the Gal-3C variant comprises an Asp-207— Glu substitution
mutation (i.e., D207E). In some embodiments, the Gal-3C variant comprises the amino acid

sequence of SEQ ID NO: 7.

GAPAGPLIVP YNLPLPGGVV PRMLITILGT VKPNANRIAL DEFQRGNDVAF
HENPRENENN RRVIVCNTKL DNNWGREERQ SVEFPFESGKP FKIQVLVEPE
HFKVAVNDAH LLQYNHRVKK LNEISKLGIS GDIDLTSASY TMI (SEQ ID NO:7)

[0037] In some embodiments, the Gal-3C variant comprises a sequence having at least
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or even 99% identity to SEQ ID NO: 7 and
retains the requisite carbohydrate binding ability.

[0038] In some embodiments, the Gal-3C variant comprises a Val-225 — Ala substitution
mutation (i.e., V225A). In some embodiments, the Gal-3C variant comprises the amino acid

sequence of SEQ ID NO: §

GAPAGPLIVP YNLPLPGGVV PRMLITILGT VKPNANRIAL DEFQRGNDVAF
HENPRENENN RRVIVCNTKL DNNWGREERQ SVEFPFESGKP FKIQVLVEPE
HFKVAVNDAH LLQYNHRAKK LNEISKLGIS GDIDLTSASY TMI (SEQ ID NO:
8)

[0039] In some embodiments, the Gal-3C sequence comprises a sequence having at least
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or even 99% identity to SEQ ID NO: 8 and

retains the requisite carbohydrate binding ability.

Other Galectin-3 Variants

[0040] Other modifications and variations of galectin-3 for use in the methods described
herein are possible. For example, full-length galectin-3 may instead be truncated at the C-
terminus, producing a variant comprising the N-terminal residues of the galectin-3. It has been

shown that both the C-terminal amino acids of galectin-3 comprising the carbohydrate binding
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domain (as described in detail herein) and the N-terminal oligomerization domain of galectin-3
(amino acids 1 to 107) act as inhibitors of the bioactivity of galectin-3 to induce angiogenesis
and cancer cell migration in vitro (11). Galectin-3 can be endocytosed by cells by both
carbohydrate and non-carbohydrate dependent mechanisms, the latter involving the non-
carbohydrate recognition domain on the N-terminal part of galectin-3 (12). Thus the two
truncated inhibitory forms of galectin-3, the 1-107 amino acids comprising the N-terminal non-
carbohydrate recognition protein binding domain, and the 108-250 amino acids comprising the
C-terminal carbohydrate recognition domain of galectin-3 would be expected to have differing
degrees of endocytosis depending on the cell type and could have differing subcellular
distribution. Since galectin-3 has different bioactivity in the nucleus, cytoplasm, and ECM, a
therapy for liver fibrosis utilizing the C-terminally truncated variants or both domains of
galectin-3 could be advantageous. The C-terminally truncated variants could be produced by

one of normal skill in the art by cloning using the previously described methods (11).

Gal-3C Fusion Polypeptides
[0041] In some embodiments, the Gal-3C is attached (e.g., at its N-terminus or its C-
terminus) to a human serum albumin (HSA), a serum-binding protein or peptide, or an organic
molecule, e.g., a polymer (e.g., a polyethylene glycol (PEG)), in order to improve the
pharmacokinetic properties of the Gal-3C, e.g., increase serum half-life. HSA proteins, serum-
binding proteins or peptides, and organic molecules such as a PEG that serve to increase the
serum half-life of Gal-3C are described in detail further herein. In some embodiments, the Gal-
3C is attached to a human serum albumin, or a domain thereof. In some embodiments,
attachment of Gal-3C to human serum albumin, or a domain thereof, allows for less frequent
administration to a subject compared to Gal-3C. In some embodiments, the attachment is a
covalent linkage. In some embodiments, Gal-3C is attached to a domain of human serum
albumin selected from the group consisting of domain I (1IDHSA), domain I (2DHSA) or
domain III (3DHSA). In some embodiments, Gal-3C is attached to domain III (3DHSA) of
human serum albumin. In some embodiments, the C-terminus of 3DHSA is attached to the N-
terminus of Gal-3C. In some embodiments, the N-terminus of 3DHSA is attached to the N-
terminus of Gal-3C. In some embodiments, the C-terminus of 3DHSA is attached to the C-
terminus of Gal-3C. In some embodiments, the N-terminus of 3DHSA is attached to the C-
terminus of Gal-3C.
[0042] Fusion to serum albumins can improve the pharmacokinetics of protein

pharmaceuticals, and Gal-3C may be joined with a serum albumin. Serum albumin is a
9
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globular protein that is the most abundant blood protein in mammals. Serum albumin is
produced in the liver and constitutes about half of the blood serum proteins. It is monomeric
and soluble in the blood. Some of the most crucial functions of serum albumin include
transporting hormones, fatty acids, and other proteins in the body, buffering pH, and
maintaining osmotic pressure needed for proper distribution of bodily fluids between blood
vessels and body tissues. In some embodiments, Gal-3C is fused to a serum albumin. In
preferred embodiments, serum albumin is human serum albumin (HSA). An HSA that can be
fused to Gal-3C is generally known in the art. In some embodiments, the HSA includes amino
acids 25-609 of the sequence of UniProt ID NO: P02768. In some embodiments, the HSA
includes one or more amino acid substitutions (e.g., C34S and/or K573P), relative to amino
acids 25-609 of the sequence of UniProt ID NO: P02768.

[0043] Binding to serum proteins can improve the pharmacokinetics of protein
pharmaceuticals, and in particular Gal-3C may be fused with serum protein-binding peptides or
proteins. In some embodiments, Gal-3C may be fused to an albumin-binding peptide that
displays binding activity to serum albumin to increase the half-life of Gal-3C. Albumin-
binding peptides that can be used in the methods and compositions described here are generally
known in the art (13,14). In one embodiment, the albumin binding peptide includes the
sequence DICLPRWGCLW (SEQ ID NO: 9). An albumin-binding peptide can be fused
genetically to Gal-3C or attached to Gal-3C through chemical means, e.g., chemical
conjugation. If desired, a spacer can be inserted between Gal-3C and the albumin-binding
peptide to allow for additional structural and spatial flexibility of the fusion protein. Specific
spacers and their amino acid sequences are described in detail further herein. In some
embodiments, an albumin-binding peptide may be fused to the N- or C-terminus of Gal-3C,
e.g., via peptide bond or chemical conjugation techniques. Without being bound to a theory, it
is expected that fusion of an albumin-binding peptide to Gal-3C may lead to prolonged
retention of the therapeutic protein through its binding to serum albumin.

[0044] In some embodiments, Gal-3C may be fused to a polymer, e.g., polyethylene glycol
(PEG). The attachment of a polymer to a protein pharmaceutical can “mask” the protein
pharmaceutical from the host’s immune system (15). In addition, certain polymers, e.g.,
hydrophilic polymers, can also provide water solubility to hydrophobic proteins and drugs
(16,17). Various polymers, such as PEG, polysialic acid chain (16) and PAS chain (18) are
known in the art and can be used in the present invention. In some embodiments, a polymer,
e.g., PEG, may be covalently attached to Gal-3C, either at the N- or C-terminus or at an internal

location, using conventional chemical methods, e.g., chemical conjugation. In some
10
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embodiments, a polymer, e.g., PEG, may be covalently attached to a cysteine substitution or
addition in Gal-3C. The addition of a cysteine residue in Gal-3C may be introduced using
conventional techniques in the art, e.g., peptide synthesis, genetic modification, and/or
molecular cloning. The polymer, e.g., PEG, may be attached to the cysteine residue using
cysteine-maleimide conjugation well-known to one of skill in the art. The contents of the
referenced publications are incorporated herein by reference in their entireties.

[0045] In addition to the embodiments described above, other half-life extension
technologies are also available and may be used in the present invention to increase the serum
half-life of Gal-3C. Half-life extension technologies include, but are not limited to, and
EXTEN (19) and Albu tag (20). The contents of the referenced publications are incorporated

herein by reference in their entireties.

Methods of Producing Gal-3C
[0046] In some embodiments, Gal-3C is produced by subjecting the full-length human
galectin-3 protein comprising the amino acid sequence of SEQ ID NO: 1 to exhaustive

collagenase digestion.

MADNEFSLHDA LSGSGNPNPQ GWPGAWGNQP AGAGGYPGAS YPGAYPGQAP
PGAYPGQAPP GAYPGAPGAY PGAPAPGVYP GPPSGPGAYP SSGQPSATGA
YPATGPYGAP AGPLIVPYNL PLPGGVVPRM LITILGTVKP NANRIALDEQ
RGNDVAFHEN PRENENNRRV IVCNTKLDNN WGREERQSVE PEFESGKPEKI
QVLVEPDHFK VAVNDAHLLQ YNHRVKKLNE ISKLGISGDI

DLTSASYTMI (SEQ ID NO: 1)

[0047] In some embodiments, Gal-3C is produced by subjecting SEQ ID NO: 1 to
cleavage, e.g., with prostate specific antigen.

[0048] In some embodiments, Gal-3C is derived from full length human, rat, mouse, swine,
cow, horse, feline, or canine galectin-3. In some embodiments, Gal-3C is derived from the full
length galectin-3, which is encoded by the human LGALS3 gene that is located on
chromosome 14, locus q21-q22 with cDNA sequence (49).

[0049] In some embodiments, Gal-3C is produced by culturing a host cell (e.g., a
prokaryotic host cell or a eukaryotic host cell, such as a yeast cell, insect cell, or a mammalian
cell) comprising a nucleic acid encoding the galectin-3 under conditions where the galectin-3
variant is expressed, harvesting the galectin-3 expressed by the host cell, and subjecting the

11
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galectin-3 harvested from the host cell to enzymatic cleavage or digestion. In some
embodiments, the galectin-3 is subject to exhaustive collagenase digestion. In some
embodiments, the galactin-3 is subject to cleavage with prostate specific antigen. In some the
Gal-3C variant is purified from the digestion reaction or cleavage reaction via affinity
chromatography on lactosyl-sepharose.

[0050]
sequence of SEQ ID NO: 2 starting from the underlined ATG up to the underlined ATA.

In some embodiments, the nucleic acid encoding galectin-3 protein comprises the

AGCAGCCGTC
GCTCCATGAT

CGGAGCCAGC
GCGTTATCTG

CAACGAGCGG
GGTCTGGAAA

AAAATGGCAG

ACAATTTTTC

CCCAAACCCT

CAAGGATGGC

CTGGCGCATG

GGGGAACCAG

CCTGCTGGGG

CAGGGGGCTA

CCCAGGGGCT

TCCTATCCTG

GGGCCTACCC

CGGGCAGGCA

CCCCCAGGGG

CTTATCCTGG

ACAGGCACCT

CCAGGCGCCT

ACCATGGAGC

ACCTGGAGCT

TATCCCGGAG

CACCTGCACC

TGGAGTCTAC

CCAGGGCCAC

CCAGCGGCCC

TGGGGCCTAC

CCATCTTCTG

GACAGCCAAG

TGCCCCCGGA

GCCTACCCTG

CCACTGGCCC

CTATGGCGCC

CCTGCTGGGC

CACTGATTGT

GCCTTATAAC

CTGCCTTTGC

CTGGGGGAGT

GGTGCCTCGC

ATGCTCATAA

CAATTCTGGG

CACGGTGAAG

CCCAATGCAA

ACAGAATTGC

TTTAGATTTC

CAAAGAGGGA

ATGATGTTGC

CTTCCACTTT

AACCCACGCT

TCAATGAGAA

CAACAGGAGA

GTCATTGTTT

GCAATACAAA

GCTGGATAAT

AACTGGGGAA

GGGAAGAAAG

ACAGTCGGTT

TTCCCATTTG

AAAGTGGGAA

ACCATTCAAA

ATACAAGTAC

TGGTTGAACC

TGACCACTTC

AAGGTTGCAG

TGAATGATGC

TCACTTGITG

CAGTACAATC

ATCGGGTTAA

AAAACTCAAT

GAAATCAGCA

AACTGGGAAT

TTCTGGTGAC

ATAGACCTCA

CCAGTGCTTC

ATATACCATG

ATATAATCTG

AAAGGGGCAG

ATTAAAAAAA AAAACGGA (SEQ ID NO: 2)

[0051] In some embodiments, Gal-3C is produced by culturing a host cell (e.g., a
prokaryotic host cell or a eukaryotic host cell, such as a yeast cell, insect cell, or a mammalian
cell) comprising a nucleic acid encoding Gal-3C under conditions where the Gal-3C variant is
expressed, harvesting the Gal-3C expressed by the host cell or implanting the genetically
modified host cell.

[0052]
acid sequence of SEQ ID NO: 3. In some embodiments, the Gal-3C encoded by the nucleic

In some embodiments, the Gal-3C encoded by the nucleic acid comprises the amino
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acid comprises an amino acid sequence having at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identity to SEQ ID NO: 3.

[0053] In some embodiments, the Gal-3C encoded by the nucleic acid comprises the amino
acid sequence of SEQ ID NO: 7. In some embodiments, the Gal-3C encoded by the nucleic
acid comprises an amino acid sequence having at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identity to SEQ ID NO: 7.

[0054] In some embodiments, the Gal-3C encoded by the nucleic acid comprises the amino
acid sequence of SEQ ID NO: 8. In some embodiments, the Gal-3C encoded by the nucleic
acid comprises an amino acid sequence having at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identity to SEQ ID NO: 8.

[0055] In some embodiments, the Gal-3C is encoded by a nucleic acid comprising the

nucleotide sequence of SEQ ID NO: 4.

[0056]

ATGGGCGCCC
TGGGGGAGTG
CCAATGCAAA
TTCCACTTTA
CAATACAAAG
TCCCATTTGA
GACCACTTCA
TCGGGTTAAA
TAGACCTCAC

CTGCTGGGCC
GTGCCTCGCA
CAGAATTGCT
ACCCACGCTT
CTGGATAATA
AAGTGGGAAA
AGGTTGCAGT
AAACTCAATG
CAGTGCTTCA

ACTGATTGTG
TGCTCATAAC
TTAGATTTCC
CAATGAGAAC
ACTGGGGAAG
CCATTCAAAA
GAATGATGCT
AAATCAGCAA
TATACCATGA

CCTTATAACC
AATTCTGGGC
AAAGAGGGAA
AACAGGAGAG
GGAAGAAAGA
TACAAGTACT
CACTTGTTGC
ACTGGGAATT

TA (SEQ ID

TGCCTTTGCC
ACGGTGAAGC
TGATGTTGCC
TCATTGTTTG
CAGTCGGTTT
GGTTGAACCT
AGTACAATCA
TCTGGTGACA

NO: 4)

In some embodiments, nucleic acid has been optimized for expression in

Escherichia coli. The parameters that may be optimized include, e.g., codon usage bias, GC
content, CpG dinucleotide content, secondary structure of mRNA, cryptic splicing sites,
premature Poly A sites, internal chi sites and ribosomal binding sites, negative CpG islands,
RNA instability motif, repeat sequences (direct repeat, reverse repeat, and Dyad repeat), and
restriction sites that may interfere with cloning. In some embodiments, the length of an
optimized human galectin-3 sequence from which Gal-3C is derived is 753 base pairs with

GC%:57.87. An example of the optimized gene is shown in SEQ ID NO: 5.

ATGGCAGATA ACTTCTCGCT GCATGACGCA CTGTCGGGCT CGGGTAATCC
GAATCCGCAG GGCTGGCCGG GCGCTTGGGG TAATCAACCG GCAGGTGCCG

13
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GCGGTTATCC
CCGGGTGCAT
GGGTGCTTAC
CAGGCCCGGG
TATCCGGCAA
GTATAACCTG
TCCTGGGCAC
CGCGGTAACG
TCGTCGCGTC
AAGAACGCCA
CAAGTTCTGG
TCTGCTGCAG
TGGGCATTTC
(SEQ ID 5)

ATGGGTGCAC
GGGCGGTGTG
CGAACGCTAA
TTTCATTTCA
CAATACCAAA
TTCCGTTCGA
GATCACTTCA
CCGTGTCAAA
TTGACCTGAC

GGGTGCTTCT
ACCCGGGTCA
CCGGGTGCAC
TGCCTACCCG
CGGGTCCGTA
CCGCTGCCGG
GGTCAAACCG
ACGTGGCGTT
ATCGTGTGCA
GAGTGTTTTT
TCGAACCGGA
TATAACCACC
TGGCGACATT

CGGCAGGTCC
GTTCCGCGTA
TCGTATTGCG
ACCCGCGCTT
CTGGATAACA
ATCCGGTAAA
AAGTGGCCGT
AAACTGAATG
CTCGGCGTCC

TATCCGGGCG
AGCACCGCCG
CGGCTCCGGG
AGCTCTGGTC
CGGTGCACCG
GCGGTGTGGT
AACGCTAATC
TCATTTCAAC
ATACCAAACT
CCGTTCGAAT
TCACTTCAAA
GTGTCAAAAA
GACCTGACCT

GCTGATTGTT
TGCTGATTAC
CTGGATTTTC
CAATGAAAAC
ATTGGGGCCG
CCGTTTAAAA
TAATGACGCA
AAATTAGTAA
TACACGATGA

CATACCCGGG
GGTGCATATC
TGTGTATCCG
AGCCGTCGGC
GCAGGTCCGC
TCCGCGTATG
GTATTGCGCT
CCGCGCTTCA
GGATAACAAT
CCGGTAAACC
GTGGCCGTTA
ACTGAATGAA
CGGCGTCCTA

CCGTATAACC
CATCCTGGGC
AACGCGGTAA
AATCGTCGCG
TGAAGAACGC
TCCAAGTTCT
CATCTGCTGC
ACTGGGCATT

TT (SEQ ID

PCT/US2019/052020

TCAGGCTCCG
ATGGTGCACC
GGTCCGCCGT
ACCGGGTGCA
TGATTGTTCC
CTGATTACCA
GGATTTTCAA
ATGAAAACAA
TGGGGCCGTG
GTTTAAAATC
ATGACGCACA
ATTAGTAAAC

CACGATGATT TAA

In some embodiments, the nucleic acid comprises the sequence of SEQ ID NO: 6.

TGCCGCTGCC
ACGGTCAAAC
CGACGTGGCG
TCATCGTGTG
CAGAGTGTTT
GGTCGAACCG
AGTATAACCA
TCTGGCGACA
6)

Pharmaceutical Compositions
[0058] The Gal-3C variants can be formulated with suitable carriers or excipients so that
they are suitable for administration for the treatment, prevention, or reversal of liver fibrosis.
Suitable formulations of the Gal-3C variants are obtained by mixing a Gal-3C variant having
the desired degree of purity with optional pharmaceutically acceptable carriers, excipients or
stabilizers (21) in the form of lyophilized formulations or aqueous solutions. Acceptable

carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations
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employed, and include buffers such as phosphate, citrate, and other organic acids; antioxidants
including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium chloride;
phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propylparaben; catechol;
resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10
residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as olyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars
such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium;
metal complexes (e.g. Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™,
PLURONICS™ or polyethylene glycol (PEG). Exemplary formulations are described in
W098/56418, expressly incorporated herein by reference. Lyophilized formulations adapted
for subcutaneous administration are described in W097 /04801. Such lyophilized formulations
may be reconstituted with a suitable diluent to a high protein concentration and the
reconstituted formulation may be administered subcutaneously to the mammal to be treated
herein.

[0059] The formulation herein may also contain more than one active compound as
necessary for the particular indication being treated, preferably those with complementary
activities that do not adversely affect each other. For example, it may be desirable to further
provide an anti-neoplastic agent, a growth inhibitory agent, a cytotoxic agent, or a
chemotherapeutic agent. Such molecules are suitably present in combination in amounts that
are effective for the purpose intended. The effective amount of such other agents depends on
the amount of the Gal-3C variant present in the formulation, the type of disease or disorder or
treatment, and other factors discussed above. These are generally used in the same dosages and
with administration routes as described herein or about from 1 to 99% of the heretofore
employed dosages. The active ingredients may also be entrapped in microcapsules prepared,
for example, by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate) microcapsules,
respectively, in colloidal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such
techniques are disclosed in Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed.
(1980). Sustained-release preparations may be prepared. Suitable examples of sustained

release preparations include semi-permeable matrices of solid hydrophobic polymers
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containing the antagonist, which matrices are in the form of shaped articles, e.g. films, or
microcapsules. Examples of sustained-release matrices include polyesters, hydrogels (for
example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat.
No. 3,773,919), copolymers of L-glutamic acid and. ethyl-L-glutamate, non-degradable
ethylene-vinyl, degradable lactic acid-glycolic acid copolymers such as the LUPRON
DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and
leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.

[0060] Lipofectins or liposomes can be used to deliver the Gal-3C variants provided herein
invention into cells. A Gal-3C variant can also be entrapped in microcapsules prepared, for
example, by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate) microcapsules,
respectively, in colloidal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles, and nanocapsules) or in macroemulsions. Such
techniques are disclosed in Remington's PHARMACEUTICAL SCIENCES, supra.

[0061] Sustained-release preparations can be prepared. Suitable examples of sustained-
release preparations include semipermeable matrices of solid hydrophobic polymers containing
the Gal-3C variant, which matrices are in the form of shaped articles, e.g., films, or
microcapsules. Examples of sustained-release matrices include polyesters, hydrogels (for
example, poly(2-hydroxyethyl-methacrylate ), or poly(vinylalcohol)), polylactides (U.S. Pat.
No. 3,773,919), copolymers of L-glutamic acid and ethyl-L-glutamate, non-degradable
ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON
DEPOT TM (injectable microspheres composed of lactic acid-glycolic acid copolymer and
leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-
vinyl acetate and lactic acid-glycolic acid enable release of molecules for over 100 days, certain
hydro gels release proteins for shorter time periods. When encapsulated antibodies remain in
the body for a long time, they can denature or aggregate as a result of exposure to moisture at
37°C, resulting in a loss of biological activity and possible changes in immunogenicity.
Rational strategies can be devised for stabilization depending on the mechanism involved. For
example, if the aggregation mechanism is discovered to be intermolecular S-S bond formation
through thio-disulfide interchange, stabilization can be achieved by modifying sulthydryl
residues, lyophilizing from acidic solutions, controlling moisture content, using appropriate
additives, and developing specific polymer matrix compositions.

[0062] The formulations to be used for in vivo administration must be sterile. This is

readily accomplished by, e.g., filtration through sterile filtration membranes.
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Dosing
[0063] In some embodiments, for in vivo administration of a Gal-3C variant described
herein, dosage amounts for humans based on use of the appropriate body surface area
conversion factor (BSA-CF) may vary from about 0.25 mg/kg/day to about 0.35 mg/kg/day,
from about 0.25 mg/kg/day to about 0.45 mg/kg/day, from about 0.15 mg/kg/day to about 0.35
mg/kg/day, from about 0.2 mg/kg/day to about 0.3 mg/kg/day, from about 0.2 mg/kg/day to
about 0.4 mg/kg/day, from about 0.3 mg/kg/day to about 0.5 mg/kg/day, from about 0.15
mg/kg/day to about 0.45 mg/kg/day, or even from about 0.4 mg/kg/day to about 0.9 mg/kg/day
depending partly upon differences in exposure due to the route of administration, age, gender,
and other factors. In some embodiments, the dosage for humans is 0.25 mg/kg/day to 0.35
mg/kg/day. In some embodiments, the dosage for humans is 0.20 mg/kg/day to 0.30 mg/kg/day.
In some embodiments, the dosage for humans is 0.25 mg/kg/day to 0.40 mg/kg/day. In some
embodiments, the dosage for humans is 0.25 mg/kg/day to 0.45 mg/kg/day. In some
embodiments, the dosage for humans is about 0.25 mg/kg/day. In some embodiments, the
dosage for humans is about 0.30 mg/kg/day. In some embodiments, the dosage for humans is
about 0.35 mg/kg/day. In some embodiments, the dosage for humans is 0.25 mg/kg/day. In
some embodiments, the dosage for humans is 0.30 mg/kg/day. In some embodiments, the
dosage for humans is 0.35 mg/kg/day. For repeated administrations over several days or longer,
depending on the severity of the disease or disorder to be treated, the treatment is sustained
until a desired response is achieved.
[0064] Variable dosage regimens may be useful, depending on the route of administration,
pharmacokinetics of the Gal-3C variant in humans, and the desired exposure levels and
duration of exposure desired. Dosing an individual continuously using a pump for systemic
delivery or from one to twenty-one times a week is contemplated herein. In certain
embodiments, dosing frequency is three times per day, twice per day, once per day, once every
other day, once weekly, once every two weeks, once every four weeks, or longer.
[0065] It is noted that use of Gal-3C variant in the methods provided herein uses doses
significantly higher than those used for the treatment of cancer (e.g. see US 9,272,014).
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Administration
[0066] In some embodiments, the Gal-3C variant is administered intravenously,
intramuscularly, subcutaneously, topically, transdermally, intraperitoneally, via secretion by
implanted genetically-modified cells, by inhalation, intrathecally, intraventricularly, or
intranasally. An effective amount of the Gal-3C variant may be administered for the treatment
or prevention of fibrosis/fibrotic remodeling/liver cirrthosis. The appropriate dosage of the Gal-
3C variant may be determined based on the extent of the liver fibrosis to be treated and the
particular Gal-3C variant, the clinical condition of the individual, the individual’s clinical
history and response to the treatment, and the discretion of the attending physician.
[0067] In some embodiments, for example in a hospitalized patient, a solution comprising a
Gal-3C variant may be continuously delivered intravenously (IV) by infusion using traditional
IV bags in phosphate-buffered saline or normal saline. For ambulatory patients the Gal-3C
variant may be delivered IV with non-electronic elastomeric external (Infusor; Baxter
Corporation) pumps such as are used for chemotherapeutic and anesthetic agents. Baxter’s
“Infusor” elastomeric pumps provide duration infusion times from 12 hours to 7 days, are
available with 7 different volumes varying from 48-272 milliliters, and have no cords, batteries
or IV poles. These lightweight pumps do not require programming and have silent operation.
[0068] Using the Seven-Day Infusor (2C1082KP), continuous infusion of therapeutic
agents for periods or more than 9 months have been used clinically (83). The Seven Day
Infusor has a 95 milliliter volume and can be used for 7-day continuous IV delivery, i.e., of
approximately 12 milliliter per day or 0.5 milliliter per hour. Thus, to deliver 20 milligrams of a
Gal-3C variant per day to a 60 kilogram person for 7 days, a solution of 1.67 milligrams a Gal-
3C variant with 4 milligrams lactose per milliliter of PBS could be used in the Seven Day
Infusor. To deliver 30 milligrams per day to a 90-kilogram person for 7 days, a solution of 2.5
milligrams of a Gal-3C variant with 5 milligrams of lactose per milliliter of phosphate buffered
saline could be used in the Seven-Day Infusor.
[0069] Alternatively, the Gal-3C variant can be delivered intradermally using the Hollow
Microstructured Transdermal System (hTMS; 3M Company) for microneedle-based
administration from 2-4 times daily. This is an integrated reservoir and infusion device that is
designed for rapid delivery of liquid formulations of small molecules and biologics such as
proteins and peptides. The 3M hMTS enables delivery of 0.5 to 2.0 milliliters over a few
minutes (84). The single-use delivery system is formed by a 1 square centimeter array molded
out of medical grade polymer and is designed for self-administration. Using the hMTS an

approximately 20-milligram daily dose of the Gal-3C variant could be administered as 3
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divided doses in 24 hours. Each dose would be 6.75 milligrams of the Gal-3C variant in a
solution of 1.5 milliliters (4.5 milligrams per milliliter of the Gal-3C variant) with 5 milligrams
lactose per milliliter in phosphate-buffered saline. For a 90-kilogram person, an approximately
30 milligram daily dose could be administered as 3 divided doses in 24 hours. Each dose
would be 10 milligrams of the Gal-3C variant contained in a solution of 2 milliliters (5
milligrams per milliliter of the Gal-3C variant) with 10 milligrams lactose per milliliter in
phosphate-buffered saline.

[0070] In another alternative, Gal-3C can be formulated to achieve a high concentration of
soluble protein (50-200 mg/ml) and administered by subcutaneous injection in one daily
injection. Progress of the therapy can be monitored by conventional techniques and assays.
The dosing regimen, including the variant of the Gal-3C variant administered, can vary over

time independently of the dose used.

Combination Therapies
[0071] In some embodiments, the Gal-3C variant is administered in combination with a
second drug, such as a drug for treating liver disease, including, without limitation, e.g., cholic
acid, Cholbam, neomycin, paromomycin, Humatin, Neo-Tab, Neo-Fradin, Paromycin, ursodiol,
Actigall, Urso, colchicine, Urso Forte, azathioprine, obeticholic acid, and Ocaliva.
[0072] It is to be understood that the terminology employed herein is used for the purpose
of describing particular embodiments only and is not intended to be limiting. It will be readily
apparent to those skilled in the art that other suitable modifications and adaptations of the
methods and compositions described herein may be made using suitable equivalents without
departing from the scope of the embodiments disclosed herein. The following examples are for
illustrative purposes. These are intended to show certain aspects and embodiments of the
present invention but are not intended to limit the invention in any manner. All patents, patent

applications and references described herein are incorporated in their entireties for all purposes.

EXAMPLES
Example 1: Effects of Gal-3C on the profibrotic activity of primary human hepatic stellate
cells in vitro.
[0073] In chronic liver fibrosis, hepatic stellate cells (HSCs) become activated and
transdifferentiate to myofibroblast-like cells leading to accumulation of ECM. The activation

of HSCs is thought to be due to inflammation mediated by immune cells, primarily
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macrophages. Resident macrophages (Kupffer cells) are thought to play a role in acute liver
injury, but both acute and chronic liver injuries are characterized by a dramatic expansion of
the hepatic macrophage population owing to the massive infiltration of monocytes into the liver
(22).

[0074] We have shown that Gal-3C demonstrates antifibrotic activity when administered
for only 1 week beginning on day 4 after injury activity in a rat ischemia-reperfusion model
(I'R) of myocardial infarction (MI) as reported (23). However, liver fibrosis is significantly
different from fibrosis of the myocardium post-MI. The heart, compared to other organs (and
especially the liver), has very limited capacity for regeneration. The process of repair in the
heart consists of removal of necrotic cardiomyocytes followed by replacement with fibrotic
tissue that can preserve the structural integrity of the heart. However, the scar tissue is neither
conductive nor contractile and, thus, the functionality of the heart is reduced. In MI, the lack of
oxygen leads to the most death of cells in a discrete area of the myocardium based on where the
lack of oxygen caused death to cardiomyocytes. By contrast, liver fibrosis (e.g., due to disease
or injury to the liver or bile duct) is normally not localized.

[0075] To determine the effects of Gal-3C on HSC migration and collagen I secretion, the
uptake of Gal-3C and galectin-3 in HSCs and galectin-3 expression levels in HSCs are
analyzed. The assays used in the analyses are performed as follows.

[0076] Cell culture. Human cells are handled with BBP precautions. Primary human
HSCs are obtained from ScienCell (Carlsbad, CA) and cultured in defined media as described
in Das et al. (24). Culturing primary human HSCs on plastic culture ware for a few days
stimulates differentiation of primary HSCs to a myofibroblast phenotype (25).

[0077] Assessment of cellular expression and uptake of galectin-3 and Gal-3C. Galectin-3

and Gal-3C are labeled with fluorescein isothiocyanate (FITC) to permit the analysis of uptake,
localization, and cell surface binding of each protein by HSCs and by human macrophages
using confocal microscopy and flow cytometry as described in Feizi ef al. (26). To detect
endogenous galectin-3, cells are fixed and permeabilized with 4% PFA and 0.1% saponin prior
to staining with allophycocyanin (APC)-conjugated goat anti-galectin-3 pAb (R&D Systems) at
room temperature. Fixed cells are then analyzed via FACS and visualized via microscopy.
Control experiments performed with cells incubated with labeled galectin-3 or Gal-3C in the
presence of carbohydrate inhibitors of uptake are performed as described (12). Galectin-3
expression levels and levels of galectin-3 secretion by cells of varying confluency (24, 45,
95%) will are compared by performing Western blots and ELISA on cell lysates and

supernatants, as described in Mirandola et al (27).
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[0078]  Migration assays. Cell migration assays are performed in 24-well, 6.5-mm diameter

FluoroBlok (BD Biosciences) inserts (5-um pore size) in transwell plates as described (28,29).
Briefly, serum-starved HSCs, MO, M1, or M2 cells (150,000) in media with or without Gal-3C
(0.5-20 pg/ml), and with or without pre-incubation with Gal-3C are loaded in upper chambers.
For HSCs, media in lower chambers contains platelet-derived growth factor bb (PDGF-bb) (10
ng/ml) or TGFp1 (5 ng/ml) as described in Atorrasagasti ef al. and Coffelt et al. (28,29). For
macrophages media in lower chambers contains CCL2 (MCP-1) (2 ng/ml) or CCL5 (1 ng/ml)
as described in Vogel ef al. (30). Control experiments are performed using exogenous galectin-
3 (0.5-10 pg/ml), lactose (30 mM) and sucrose (30 mM) as described in Mirandola et al. (27).
After incubation for 12-16 h, migratory cells on the bottom are stained and counted in 4
fields/filter. As a positive control, Gal-3C is used to inhibit migration of multiple myeloma
cells as reported previously in Mirandola ef al. (27). Experiments is performed in triplicate.
[0079] The following experiments are performed to further assess the effects of Gal-3C on
HSC migration: Actin cytoskeleton reorganization and lamellipodia formation is analyzed with
fluorescently-labeled phalloidin that binds F-actin, and Abs to human FAK and FAK-PY397 as
described (28,31).

[0080] Real-time (RT) PCR and ELISA. Total RNA is isolated from HSCs and

macrophages after incubation with or without Gal-3C (0.5-20 pg/ml) with an RN Aeasy kit.
cDNA is prepared (SuperScript VILO™ cDNA Synthesis Kit; Life Tech/Thermo), and genetic
expression of procollagen-1a (I), a—SMA, in HSCs and for expression of IFN-y, TNF-a, IL-1,
and IL-6 (for M1), and IL4, IL-10, and TGF-p (for M2) by all cells is quantified using SYBR
Premix Ex Taq 3 and primers as described (32). Additionally, supernatants are harvested from
all cells after culture with or without Gal-3C and frozen at 70°C and then used for ELISA
(eBiocience/Thermo Fisher) to quantify levels of IL-4, IL-10, IL-6, and TNFa protein.

Example 2: Effects of Gal-3C on profibrotic macrophage polarization

[0081] As M1 (classic / proinflammatory) macrophages and M2 (alternative / anti-
inflammatory) macrophages, have been shown to play important roles in liver fibrosis
(22,33,34) the effects of Gal-3C on the polarization and migration of M1 macrophages, M2
macrophages, and PMA-activated human THP-1 monocytic cells were analyzed.

[0082] Macrophages regulate inflammation and angiogenesis in wound healing and
macrophages adopt classically activated (M1) proinflammatory or alternatively activated (M2)

wound healing phenotypes in response to environmental signals(35). The M1 and M2
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macrophages express distinct molecular markers. M2 polarization characteristically upregulates
expression of the mannose receptor, dectin-1, Yml1, Fizz1, TGF-p, arginase-1, and IL-10.
Galectin-3 is expressed by macrophages; its levels increase more than 5-fold in M1
macrophages and 15-fold in M2 macrophages (36). Also, galectin-3 activates M2 macrophages
(37).

[0083] We determined whether Gal-3C treatment would inhibit activation of M2
macrophages that are implicated in the differentiation of myofibroblasts and induction of
excessive fibrosis using a human monocytic model cell line. Increased expression of arginase-1
and interleukin (IL)-10 were used as molecular markers for the M2 phenotype.

[0084] Human THP-1 monocytic cells (ATCC, Manassas, VA, USA) were cultured at a
density of 3-8 x105 cells/mL in growth media (RPMI-1640 with 2mM L-glutamine and 10%
fetal bovine serum (Gibco/Thermofisher, Pittsburg, PA, USA) in a humidified cell culture
incubator in 5% CO: at 37°C. Cells were passaged twice a week and used within 10 passages.
[0085] Cells were plated at 3 x 10° cells/well in 6-well cell culture plates for analysis of
arginase, and at 10,000 cells/well in 96-well plates for analysis of IL-10. Cells were cultured in
growth media with 50 ng/mL phorbal myristate acetate (PMA; Sigma-Aldrich, St. Louis, MO,
USA) for 24 h. Then media containing non-adherent cells was removed and growth media
containing 50 ng/mL phorbol myristate acetate (PMA) and with or without 20 ng/mL IL-4
(Sigma-Aldrich) was added to wells and adherent cells were cultured for another 72 h. Next,
cell culture media was removed, and wells were washed with PBS and serum free RPMI 1640
media with and without Gal-3C (5 pg/mL) was added to wells, and cells were cultured for
another 72 h. Finally, after centrifugation of plates to pellet cell debris, media was collected
from wells and stored frozen at -80°C for later analysis.

[0086] For measurement of arginase activity, the Quantichrome Arginase Assay Kit
(Bioassay Systems, Hayward, CA, USA) was used according to the instructions of the
manufacturer. For quantification of the levels of IL-10, the human IL-10 ELISA kit (Abcam,
Cambridge, MA, USA) was used according to the instructions of the manufacturer. Plates were
analyzed on a Thermomax or a Spectramax Plus microplate reader (Molecular Devices, San
Jose, CA, USA).

[0087] The results (FIG. 1A and 1B) showed that treatment of PMA-treated THP-1 cells
with IL-4 significantly increased levels of arginase and IL-10 that are characteristically
expressed by M2 polarized macrophages, which promote fibrosis as part of the wound-healing

response Gal-3Ctreatment reduced levels of arginase and IL-10 that are characteristically
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expressed by activated M2-polarized macrophage cells. These results support the potential
therapeutic efficacy of Gal-3C in reducing liver fibrosis.

[0088] Testing in a format with primary cells, human peripheral blood CD14* monocytes
from StemCell Technologies (Vancouver, BC) was used to produce macrophages. The primary
human monocytes (StemCell) were cultured (1 x 10° cells/ml) in DMEM with 5% human
serum for 5-7 days. Differentiation into adherent macrophages was confirmed by analysis of
CD68 expression by flow cytometry. M1-type macrophages were generated by culture with
IFNy (1,000 U/ml), and then with £. coli LPS (10 ng/ml; 026:B6; Sigma-Aldrich). M2
macrophages were generated by culture in medium with IL-4 (10 ng/ml) and M-CSF (30)0
ng/ml). MO macrophages were cultured in medium without additives. Alternatively, Monocyte
Attachment, M1 and M2 Macrophage Generation Media from Promocell (Heidelberg, DE) was
used. Intracellular and cell-surface galectin-3 levels increase with M2 polarization (36) and
galectin-3 can enhance M2 infiltration Effects of Gal-3C (0.5-20 pg/ml) on polarized
macrophages was determined after incubation as described above. Control experiments using
exogenous galectin-3 (0.5-10 pg/ml), lactose (30 mM), and sucrose (30 mM) were performed
as described (27). Cytokine expression was analyzed by real-time (RT) PCR and ELISA.

Example 3: Effects of Gal-3C in mouse models of liver fibrosis.
[0089] Bile-duct ligation (BDL) and carbon tetrachloride (CCls) mouse models are used
assess the effects of the murine analog of Gal-3C on liver fibrosis in immunocompetent
C57/BL6 mice, as described (7,32,38). In the BDL model, disruption of bile secretion leads to
progressive damage (7,39,40) and induces cholestatic fibrosis. BDL stimulates proliferation of
biliary epithelium and oval cells resulting in proliferation of the intralobular bile ductules and
portal inflammation (41,42). The CCls-induced toxic model causes inflammation and oxidative
stress that spreads to the vasculature of the hepatic sinusoid and induces more extensive
hepatocellular injury. Both models are considered highly reproducible (see (43)). Prevention
and treatment of liver fibrosis is analyzed in both the BDL and CCls models, and reversal of
liver fibrosis is analyzed in the CCls model as previously reported (38,44,45).

[0090] Production of murine analog of Gal-3C. The murine Lgals3 gene is cloned and

inserted into an £. coli PET28a+ expression vector. Two 5-liter batches of the PET28a+ . coli
are fermented using the BioFlo 120 fermenter to produce murine galectin-3. Bacterial pellets
are lysed with B-Per reagent (Thermo Fisher), and the protein is purified on a lactosyl-

sepharose column. Murine Gal-3C is produced by collagenase digestion of the murine
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galectin-3, and the Gal-3C is purified by lactosyl-sepharose chromatography as described in
John et al. (46). The sequence of murine Gal-3C is confirmed by LC-MS/MS at Applied
Biomics (Hayward, CA).

[0091] BDL mouse model of chronic liver disease. BDL is performed in two locations on

pentobarbital-anesthetized mice as described (42,47). Mice in the control group undergo sham
operation, i.e., laparotomy with exposure but not ligation. To assess whether murine Gal-3C
prevents liver fibrosis, murine Gal-3C is delivered continuously intraperitoneally by osmotic
pump for 21 days, beginning the day before BDL. To assess whether murine Gal-3C treats
established liver fibrosis, murine Gal-3C is delivered for 14 days beginning day 7 post-BDL.
Animals are sacrificed on day 21 post-BDL (see Table I below).

Table 1: Bile Duct Ligation (BDL) Experiments

Yelnole, Gal-d3

R 14 Yahicl, Galdl

[0092] Carbon tetrachloride (CCly) mouse model of chronic liver disease. Mice are

injected IP with 1 pl/g CCls in olive oil (1:3) or olive alone twice weekly for 8 weeks as
described (6). To assess whether murine Gal-3C prevents liver fibrosis, murine Gal-3C is
continuous delivered over a period of 8 weeks, beginning before the first injection of CCls. To
assess whether murine Gal-3C treats established liver fibrosis, mice are treated with murine
Gal-3C for 4 weeks, beginning 4 weeks after the first CCls injection. To assess whether murine
Gal-3C reverses liver fibrosis, murine Gal-3C is administered to mice for 1 week, beginning 8
weeks after the first CCls injection. The mice in which the prevention of liver fibrosis and the
treatment of liver fibrosis is being assessed are euthanized on day 56 (8 weeks) after the first
CCls injection. The mice in which the reversal of liver fibrosis is being assessed are euthanized

on day 77, i.e., 2 weeks after ending Gal-3C treatment. See Table 2 below.

Table 2: Carbon Tetrachloride (CCly) Experiments

Prevention Grps Trearps Reversal Grps . .
Gal3CD 156  Gal-3CD2956  Gal-3¢57.63 \veekly Analysis Endpoints

Neiar

Vehicle, Ga-3C  Vehicle, Gal-3C

Injection N

Civeclt 4

SMA, TNF-
staining of
liverweight

LP, qFCR for procotiagen-10¢ {1, -
lectin-d ¢, and B-actin in fver, Pig

84 {8 grps X

Qiive ¢ 14 Vehicle, Ga-3C  Vehicle, Gal-3C  Vehicle, Gal-3C e
1dig

with £Ci
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[0093] Administration of Gal-3C. In one method, to help ensure that therapeutic levels of

murine Gal-3C are being maintained, murine Gal-3C is administered (IP) using an IP catheter
attached to an osmotic mini-pump (Alzet, Durect Corp.) implanted subcutaneously (SQ). The
dose administered is the equivalent of the 2 mg/kg rat dose (= 600 pg/day). The mouse
equivalent based on body surface area is 4 mg/kg, i.e., about ~100 pg/d for a 25 g mouse. No.
2001 mini-osmotic pumps (Durect) are prefilled with 200 uL. murine Gal-3C (4 mg/ml) in PBS
with 8 mg/ml lactose or vehicle only. Each pump delivers 1.0 uL/hour for 7 days. Pumps are
removed after 7 days and new pumps are implanted as needed for dosing schedules described
above. Alternatively, in method not requiring surgical implantation of a pump, Gal-3C (2-6
mg/ml) are administered once daily (0.5 ml) by intraperitoneal (IP) injection.

[0094] Physical and biochemical measurements. Animals are weighed prior to injury, twice

a week following liver injury (i.e., BDL or CCls exposure), and again just prior to euthanasia.
Plasma samples (100 pL) are obtained from tail vein blood weekly and by cardiac puncture
postmortem. Plasma is analyzed for galectin-3, bilirubin, alanine aminotransferase (ALT),
aspartate transaminase (AST), and alkaline phosphatase (ALP) activity (42,48) and ALP is
assayed by colorimetric assay (Abcam, Cambridge, UK). Bilirubin levels are assessed with a
commercially available kit (Sigma-Aldrich) according to manufacturer’s instructions.

[0095] Histological analyses. Livers are removed from the mice after euthanasia, weighed,

and liver samples are obtained for total RNA analysis. Portions of the livers are fixed in 4%
PFA, paraffin-embedded and sectioned (4 uM) as described (42). Quantitative analysis of
Picosirius stained sections using OPENLAB software to quantify fibrosis are performed. The
liver sections are stained using 0.1% Sirius red and fast green in saturated picric acid as
reported (6,32). Immunohistochemical (IHC) staining is performed with anti-a-SMA
antibodies, (Sigma-Aldrich) and antibody binding is detected using Vectastain Kit (Vector
Labs) as described (32)

[0096] Real-time (RT) PCR. Total RNA is isolated from liver pieces. Procollagen-1a (1),
a—SMA, TNF-a, MCP-1, IL-1, IL-6, 11-4, IL-10, Galectin-3, and B-Actin RNA levels are
quantified by RT-PCR as reported (32).

Example 4. Fusion of the mouse analog of Galectin-3C with domain 3 from human serum
albumin
[0097] Rationale. The pharmacokinetics of proteins and peptides is govermned by the

parameters of absorption via the lymphatic system (49), biodistribution, metabolism, and
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elimination which occurs through enzymatic cleavage by proteases and peptidases (50-52). The
most common routes of clearance for proteins and peptides include endocytosis and membrane
transport-mediated clearance by liver hepatocytes for larger proteins, and glomerular filtration
by the kidney for smaller proteins and peptides (50,53). Many of the therapeutic proteins and
peptides approved by the US Food and Drug Administration (FDA) for a wide variety of
indications have less than optimal pharmacokinetic properties, often because they are smaller
than the kidney filtration cutoff of around 70 kDa (53,54) and/or are subject to metabolic
turnover by peptidases, which significantly limits their in vivo half-life (52). Furthermore, the
charge of the protein or peptide plays an important role in the glomerular filtration; for
instance, negatively charged small proteins or peptides may be eliminated less readily than
neutral ones because of repulsion by the negatively charged basement membrane of the kidney
(53,55). On the other hand, cationic peptides and small proteins tend to be eliminated even
more quickly (55). In order to increase the half-life of the small proteins, two strategies have
been generally employed — either increasing the size and the hydrodynamic radius of the
therapeutic protein or increasing its negative charge. A third and the most commonly used
strategy to extend the half-life of therapeutic proteins is protein fusion technology. Some
natural proteins with long half-life have been used as fusion partners to enhance the circulating
half-life of drugs, such as IgG-Fc, transferrin, and human serum albumin (HSA) (56-61). Our
therapeutic protein Galectin-3C has a half-life of 3 hours and a molecular weight of ~ 16 kDa.
It is therefore smaller than the kidney cutoff of 70 kDa, which partly explains its relatively
short half-life of about 3 h in rodents. Indeed, in some case, the half-life of proteins in human

serum can be roughly correlated with their size (62) as shown below:

Protein Half-life (hours) Molecular mass (kDa)
IGF-1 0.17 8

IL-2 1.7 15

G-CSF 2 20

IFN-alpha 5 19

HSA 456 67

[0098] In view of the above, our objective is to carry out a genetic fusion of Gal-3C to
human serum albumin (HSA) a naturally long-half-life serum protein or to one of its domains,
i.e., domain I (1DHSA), domain I (2DHSA) or domain IIT (3DHSA). This albumin fusion

could deflect human Gal-3C from rapid in vivo clearance without impairing its galectin-3
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inhibition properties and widens its potential therapeutic window. As is shown in the table
above, human serum albumin a long half-life of 456 hours or 19 days that has been determined
to be due to its binding to the neonatal Fc receptor (FcRn). In general, FcRn can capture HSA
in a pH-dependent manner, which protects HSA from normal lysosomal degradation after being
taken into cells (63). Further investigation indicated this long circulation persistence of HSA is
enabled by the interaction of the neonatal Fc receptor with domain III, which is necessary and
sufficient for binding to FcRn. The histidine residues in 3DHSA apparently could dominate the
interaction between HSA and FcRn (63-65). Thus, 3DHSA is a good candidate as a potential
fusion partner for our therapeutic protein Gal-3C.

[0099] In order to prolong the half-life of Gal-3C in vivo we will genetically fuse it with
HSA or preferably each one of its domains IDHSA, 2DHSA or 3DHSA and then express the
HSA-Gal-3C, 1DHSA-Gal3C, 2DHSA-Gal3C or 3DHSA-Gal3C fusion protein in £. coli. The
biological activity and pharmacokinetic property of the purified fusion protein will also be
studied in each case. Below is a summary of the reported physicochemical properties of the

HSA and its recombinant domains (66).

Protein Molecular mass kDa AA Residue Range Isoelectric point,
pl

HSA 66.47 1-585 5.8
1DHSA 22.96 1-197 52
2DHSA 22.41 189-385 54
3DHSA 23.32 381-585 6.6

[0100] Below we describe the strategy for producing the genetic fusion of Gal-3C to
3DHSA. However, this is also the general method for the genetic fusion HSA or its other two
domains 1DHSA or 2DHSA. The fusion of Gal-3C with a domain of HSA is preferable as
being smaller than HSA, there is less potential for hindrance with the binding of Gal-3C to
carbohydrates.

[0101] A preliminary study of genetic fusion of mouse Gal-3C to 3DHSA was carried out
in order to evaluate the expression of the fusion protein in 3 different £. coli strains and 2 two
different incubation conditions, 37°C for 4 hours and 15°C for 16 hours. These conditions were
used to generate the mouse analog of Gal-3C through its N-terminus to the C-terminus

of 3DHSA, in one case, and mouse Gal-3C linked through its C-terminus to the N-terminus of

3DHSA. The target sequence was subcloned into E. coli expression vector pET30a using Nde I
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and Hind III. Three types of . coli competent cells were transformed with the recombinant

plasmid: E. coli Arctic Express (DE3), BL21(DE3) and Rosetta™ 2(DE3). A single colony was

then inoculated into LB medium containing kanamycin; cultures were incubated in 37 °C at

200 rpm. Once cell density reached to OD=0.6-0.8 at 600 nm, 0.5 mM IPTG is introduced for

induction. SDS-PAGE is used to monitor the expression.

[0102] 3DHSA linked through its C-terminus to the N-terminus of mouse Gal-3C
Ndel--ATG -- 3DHSA-

Structure of protein: Length=355 amino acids, MW=39960.9 Predicted pl=8.17 vector:
pET30a

MLEKCCAAADPHECYAKVEFDEFKPLVEEPONLIKONCELFEQLGEYKFQONALLVRYTKKVPQ
VSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTE
SLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATK
EQLKAVMDDFAAFVEKCC GVPAGPLTVPYDLPLPGGVMPRMLITIMGTVKPNAN
RIVLDEFRRGNDVAFHENPRENENNRRVIVCNTKODNNWGKEERQSAFPFESGKPEFKIQVLVE
ADHFKVAVNDAHLLQYNHRMKNLREISQLGISGDITLTSANHAMT (SEQ ID NO:

10)

Structure of DNA: Length =1080bp

CATATGTTAGAAAAATGTTGTGCTGCAGCTGATCCCCACGAATGTTACGCAAAGGTGTTTGA
CGAGTTTAAGCCGCTGGTTGAAGAACCGCAGAACCTGATCAAACAAAACTGCGAGCTGTTCG
AACAGCTGGGCGAGTACAAGTTTCAAAACGCGCTGCTGGTGCGTTATACCAAGAAAGTGCCG
CAGGTTAGCACCCCGACCCTGGTGGAAGTTAGCCGTAACCTGGGTAAAGTTGGCAGCAAATG
CTGCAAACATCCGGAGGCGAAGCGTATGCCGTGCGCGGAAGACTACCTGAGCGTGGTTCTGA
ACCAACTGTGCGTGCTGCACGAGAAAACCCCGGTGAGCGATCGTGTTACCAAGTGCTGCACC
GAAAGCCTGGTTAACCGTCGTCCGTGCTTCAGCGCGCTGGAAGTGGACGAAACCTATGTTCC
GAAAGAGTTTAACGCGGAAACCTTCACCTTTCACGCGGATATCTGCACCCTGAGCGAGAAGG
AACGTCAGATTAAGAAACAAACCGCGCTGGTTGAGCTGGTTAAGCACAAACCGAAGGCGACC
AAAGAACAGCTGAAGGCGGTGATGGACGATTTCGCGGCGTTTGTTGAGAAATGCTGCAAGGC
GGTGTGCCGGCGGGETCCGCTGACCGTTCCGTACGACCTGCCGC
TGCCGGGTGGCGTGATGCCGCGTATGCTGATCACCATTATGGGTACCGTGAAACCGAACGCG
AACCGTATCGTTCTGGACTTCCGTCGTGGCAACGATGTTGCGTTCCACTTTAACCCGCGTTT
TAACGAGAACAACCGTCGTGTGATTGTTITGCAACACCAAACAGGATAACAACTGGGGTAAAG
AGGAGCGTCAAAGCGCGTTCCCGTTTGAGAGCGGCAAACCGTTCAAGATTCAGGTGCTGGTT
GAAGCGGACCACTTTAAAGTGGCGGTTAACGATGCGCACCTGCTGCAATATAACCACCGTAT
GAAGAACCTGCGTGAAATTAGCCAACTGGGCATTAGCGGTGACATTACCCTGACCAGCGCGA
ACCACGCGATGATT! AGCTT (SEQ ID NO: 11)

[0103] Mouse Gal-3C linked through its C-terminus of the N-terminus of 3DHSA

Structure of protein: Length=355 MW=39954.0 Predicted pl=8.17 vector: pET30a
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MGVPAGPLTVPYDLPLPGGVMPRMLITIMGTVKPNANRIVLDFRRGNDVAFHENPRENENNR
ESGKPFKIQVLVEADHFKVAVNDAHLLQYNHRMKNLRE

RVIVCNTKOQDNNWGKEERQSA
ISQLGISGDITLTSANHAMIE ‘LEKCCAAADPHECYAKVFDEFKPLVEEPQONLIKQONC
ELFEQLGEYKFONALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLS
VVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTL
SERKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKA (SEQ ID NO:

12)

Structure of DNA: Length=1080bp
CATATGGGTGTGCCGGCGGGTCCGCTGACCGTTCCGTACGACCTGCCGCTGCCGGGETGEGECET

GATGCCGCGTATGCTGATCACCATTATGGGTACCGTGAAACCGAACGCGAACCGTATCETTC
TGGACTTCCGTCGTGGCAACGATGTTGCGTTCCACTTTAACCCGCGTTTTAACGAGAACAAC
CGTCGTGTGATTGTTTGCAACACCAAACAGGATAACAACTGCGCTAAAGAGGAGCGTCAAAG
CGCGTTCCCGTTTGAGAGCGGCAAACCGTTCAAGATTCAGCTGCTGGTTGAAGCGGACCACT
TTAAAGTGGCGGTTAACGATGCGCACCTGCTGCAATATAACCACCGTATGAAGAACCTGCGET
GAAATTAGCCAACTGGGCATTAGCGGTGACATTACCCTGACCAGCGCGAACCACGCGATGAT
T} TAGAAAAATGTTGTGCTGCAGCTGATCCCCACGAATGTTACG
CAAAGGTGTTTGACGAGTTTAAGCCGCTGGTTGAAGAACCGCAGAACCTGATCAAACAAAAC
TGCGAGCTGTTCGAACAGCTGGGCGAGTACAAGTTTCAAAACGCGCTGCTGGTGCGTTATAC
CAAGAAAGTGCCGCAGGTTAGCACCCCGACCCTGGTGGAAGTTAGCCGTAACCTGGGTAAAG
TTGGCAGCAAATGCTGCAAACATCCGGAGGCGAAGCGTATGCCGTGCGCGGAAGACTACCTG
AGCGTGGTTCTGAACCAACTGTGCGTGCTGCACGAGAAAACCCCGGTGAGCGATCGTGTTAC
CAAGTGCTGCACCGAAAGCCTGGTTAACCGTCGTCCGTGCTTCAGCGCGCTGGAAGTGGACG
AAACCTATGTTCCGAAAGAGTTTAACGCGGAAACCTTCACCTTTCACGCGGATATCTGCACC
CTGAGCGAGAAGGAACGTCAGATTAAGAAACAAACCGCGCTGGTTGAGCTGGTTAAGCACAA
ACCGAAGGCGACCAAAGAACAGCTGAAGGCGGTGATGGACGATTTCGCGGCGTTTGTTGAGA
AATGCTGCAAGGC \AAGCTT (SEQ ID NO: 13)

Table 3. Summary of results from analysis of expression of Gal-3C fusions with 3DHSA

E. coli Strain Best expression Expression level
conditions (mg/ml)
3DHSA -Gal3C Arctic induction for 16 h at 30
3DHSA linked through its C-terminus to  Express(DE3) 15°C
the N-terminus of mouse Gal-3C BL21(DE3) induction for 16 h at 35
15°C
Rosetta™ induction for 16 h at 10
2(DE3) 15 °C
Gal3C- 3DHSA Arctic / <1
Gal-3C linked through its C-terminus of ~ Express(DE3)
the N-terminus to the 3DHSA BL21(DE3) / <1
Rosetta™ / <1
2(DE3)

[0104] The linkage of 3DHSA through its C-terminus to N-terminus of mouse Gal-3C as
shown in FIG. 2A-2C resulted in expression of the fusion protein in all the three strains of £.

coli. However the expression level with the Rosetta™ 2(DE3) was the lowest and corresponded
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to three times less that the level of expression obtained with Arctic Express (DE3) or BL21
(DE3) strains. These two later strains produced about equivalent level of expression of the
fusion protein at 30 and 35 mg/ml respectively.

[0105] In the case of Gal-3C linked through its C-terminus of the N-terminus of 3DHSA
very poor expression of the fusion protein as shown in FIG. 3A-3C was observed with all the
three E. cofi strains and with all the incubation conditions.

[0106] In view of the above results obtained with the fusion of mouse Gal-3C and 3DHSA,
additional studies will be conducted to make the human Gal3C-3DHSA fusion protein with an
extended half-life. Initial experiments will: : (i) avoid linking human Gal-3C to 3DHSA using
the C-terminus of Gal-3C; (ii) link the 3DHSA through its C-terminus to the N-terminus of
Gal-3C (iii) use the E. cofi strain BL21(DE3), and (iv) use the expression conditions of
induction for 16 hours at 15°C.

[0107] To evaluate the half-life extension in vivo, we will determine the serum levels at 10-
20 time points with the last being at least one week after intravenous or subcutaneous injection
of mouse Gal-3C and the D3HSA derivatives of Gal-3C in humanized FcRn (Hu-FcRn) mice
available from Jackson Laboratories (Bar Harbor, ME). This mouse enables obtaining

clinically-relevant PK data related to drug half-life because it expresses the Hu-FcRn.

Example 5. Fusion of human Galectin-3C with domain 3 from human serum albumin
[0108] In view of the above results obtained with the fusion of mouse Gal-3C and 3DHSA,
we will generate a human Gal3C-3DHSA fusion protein. Human Gal-3C is a 16 kDa protein
consisting of 143 amino acids. 3DHSA is a 23.32 kDa protein containing 204 amino acids. The
molecular weight of the fused protein 3DHSA-Gal3C is ~ 40 kDa. Three constructs will be
generated:

1) Link 3DHSA through its C-terminus to the N-terminus of Gal-3C

In this case a similar strategy as the one described above with mouse Gal-3C is used.

MLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTKKVPQV
STPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESL
VNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQL
KAVMDDFAAFVEKCCKA: GAP AGRLIVEYNL PUPGGVVIRM LITHLGTVRE
W/ PORUGNDY
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2) Link 3DHSA through its N-terminus to the N-terminus of Gal-3C

MAKCCKEVFAAFDDMVAKLQEKTAKPKHKVLEVLATQKKIQREKESLTCIDAHFTFTEANFE
KPVYTEDVELASFCPRRNVLSETCCKTVRDSVPTKEHLVCLQNLVVSLYDEACPMRKAEPHKC
CKSGVKGLNRSVEVLTPTSVQPVKKTYRVLLANQFKYEGLQEFLECNQKILNQPEEVLPKFEDF

MGAP AGPLIVPYNL PLPGGVVPRM LITILGTVKP NANRIALDFQRGNDVAFHFN
PRFNENNRRVIVCNTKLDNNWGREERQSVFPFESGKPFKIQVLVEPDHFKVAVNDAH
LLQYNHRVKKLNEISKLGISGDIDLTSASYTM AKCCKEVFAAFDDMVAKLQE
KTAKPKHKVLEVLATQKKIQREKESLTCIDAHFTFTEANFEKPVYTEDVELASFCPRRNVLSET
CCKTVRD SVPTKEHLVCLQNLVVSLYDEACPMRKAEPHKCCKSGVKGLNRSVEVLTPTSVQPV
KKTYRVLLANQFKYEGLQEFLECNQKILNQPEEVLPKFEDFVKAYCEHPDAAACCKEL:. (SEQ
ID NO: 16)

[0109] Subclone target sequence into L. coli expression vector pET30a using Nde I and
Hind III. Briefly £. coli BL21(DE3) competent cells is transformed with the recombinant
plasmid. A single colony is inoculated into LB medium containing kanamycin; cultures is
incubated at 37 °C and 200 rpm. Once cell density reaches OD=0.6-0.8 at 600 nm, 0.5 mM
IPTG is introduced for induction. SDS-PAGE is used to monitor the expression.

[0110] We have previously successfully used E. coli to produce human, porcine and mouse
Gal-3C with very good yield. This was achieved without having a refolding step by growing
the bacteria, centrifuging to obtain the bacterial pellet, lysing the pellet and purifying the Gal-
3C present in the lysate by a purification step through an affinity column consisting of lactosyl-
sepharose beads. The Gal-3C present in the lysate binds specifically to the lactosyl-sepharose
beads and after several washes consisting of 4 to 5 column volumes with PBS the bound Gal-
3C is eluted with an elution buffer containing lactose. Because the recombinant Gal-3C binds
by itself to the lactosyl-sepharose column, it does not need to be tagged (by 6-His for example).
In addition, there is no need for a refolding step since the Gal-3C produced is fully functional.
We employ a similar procedure when we are producing the 3DHS A-Gal3C fusion protein using

the same lactosyl-sepharose affinity column for purification, i.e., no need to tag the fused
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protein, and no need for a refolding step. We will evaluate the optimization of the following

conditions with SDS-PAGE and Western blotting analysis:

* Condition 1: LB medium 15°C for 16h BL21(DE 3)
*» Condition 2: LB medium 37°C for 4h BL21(DE 3)
» Condition 3: LB medium 15°C for 16h BL21 Star™ (DE3)
» Condition 4: LB medium 37°C for 4h BL21 Star™ (DE3)
* Condition 7: TB medium 15°C for 16h BL21(DE 3)
» Condition 8: TB medium 37°C for 4h BL21(DE 3)
* Condition 9: TB medium 15°C for 16h BL21 Star™ (DE3)
» Condition 10: TB medium 37°C for 4h BL21 Star™ (DE3)
» Condition 13: Auto-induction medium 15°C for 16h BL21(DE 3)
» Condition 14: Auto-induction medium 37°C for 4h BL21(DE 3)

» Condition 15: Auto-induction medium 15°C for 16h BL21 Star™ (DE3)

» Condition 16: Auto-induction medium 37°C for 4h BL21 Star™ (DE3)
[0111] However, high-level expression of the recombinant 3DHS A-Gal3C in £. coli may
result in aggregation of the expressed protein molecules in the inclusion bodies and will pose a
major challenge for large scale recovery of bioactive Gal-3C. Inclusion bodies need extensive
processing involving isolation from cell, solubilization, refolding and purification to produce
the bioactive proteins. In case we face this type of problem, we will explore the production of
“nonclassical inclusion bodies™ as described in the literature (67-70). This new approach uses
low temperature enabling the formation of nonclassical inclusion bodies from which correctly
folded protein can be readily extracted by nondenaturing solvents, such as mild detergents or
low concentrations of polar solvents such DMSO and nondetergent sulfobetaines (69). An
example of non-denaturing solubilization methods for non-classical inclusion bodies with no
need for refolding uses Tris-HCI buffer, low concentration of DMSO, n-propanol and sarcosyl
(68.71,72).

The following protocol is used to produce the nonclassical inclusion bodies (69):

e Express target protein under: 25° C for 18h (at least) to 24 h. The optimal conditions
for the formation of the Non-Classical Inclusion Bodies is between 20 and 25° C for
18 to 24 hours. The nonclassical inclusion bodies need to be formed slowly.

e The inoculum will be grown overnight at 25° C under shaking then transferred into
the production media.
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[0112]

We will not use any temperature under 20°C or above 25° C because the nonclassical
Inclusion Bodies will not form.

The cell pellet is lysed by sonication and inclusion bodies collected.

The inclusion bodies are washed twice, using S0 mM Tris/HCI, pH 8.0 buffer and
suspended in lysis buffer (40 mM Tris/HCI, pH 8.0 buffer containing 0.2% N-lauroyl-
sarcosine) solubilized at room temperature overnight with slow agitation

The supernatant of inclusion bodies is collected and analyzed by SDS-PAGE.

The fusion protein is purified using the lactosyl-sepharose affinity column as
mentioned above.

To evaluate the half-life extension conferred by expression of HSA or one of its

domains on Gal-3C in vivo, we will determine the serum levels at 10-20 time points with the

last being at least one week after intravenous or subcutaneous injection of human Gal-3C and

the D3HSA derivatives of human Gal-3C in humanized FcRn (Hu-FcRn) mice available from

Jackson Laboratories (Bar Harbor, ME). This mouse enables obtaining clinically-relevant PK

data related to drug half-life because it expresses the Hu-FcRn.
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CLAIMS

1. A method of reducing liver fibrosis in a subject in need thereof comprising
administering a therapeutically effective amount of Galectin-3C (Gal-3C) to the subject.

2. A method of treating liver fibrosis in a subject in need thereof comprising administering
a therapeutically effective amount of Galectin-3C (Gal-3C) to the subject.

3. A method of reversing liver fibrosis in a subject in need thereof comprising
administering a therapeutically effective amount of Galectin-3C (Gal-3C) to the subject.

4. The method of any one of claims 1-3, wherein the Gal-3C is produced by culturing a
host cell comprising a nucleic acid encoding the Gal-3C under conditions where the Gal-3C
is expressed, and implanting the cells to administer the Gal-3C or harvesting the Gal-3C
expressed by the host cell for administration.

5.  The method of any one of claims 1-3, wherein the Gal-3C is fused to human serum
albumin, or a domain thereof, to form a fusion protein.

6. The method of claim 5, wherein the fusion protein comprises a domain of human serum
albumin selected from the group consisting of domain I (IDHSA), domain IT (2DHSA) or
domain IIT (3DHSA).

7.  The method of claim 5, wherein the fusion protein comprises domain III (3DHSA) of
human serum albumin.

8.  The method of claim 7, wherein the C-terminus of 3DHSA is fused to the N-terminus of
Gal-3C.

9.  The method of claim 7, wherein the N-terminus of 3DHSA is fused to the N-terminus
of Gal-3C.

10. The method of claim 7, wherein the C-terminus of 3DHSA is fused to the C-terminus of
Gal-3C.

11. The method of any one of claims 5-10, wherein the fusion protein has an increased
serum half-life compared to Gal-3C.

12. A fusion protein comprising Gal-3C fused to human serum albumin, or a domain
thereof, wherein the fusion protein has an increased serum half-life compared to Gal-3C.

13. The fusion protein of claim 12, wherein the fusion protein comprises a domain of
human serum albumin selected from the group consisting of domain I (1IDHSA), domain 11
(2DHSA) or domain I1I (3DHSA).

14. The fusion protein of claim 13, wherein the C-terminus of 3DHSA is fused to the N-

terminus of Gal-3C.
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1S. The fusion protein of claim 13, wherein the N-terminus of 3DHSA is fused to the N-

terminus of Gal-3C.
16. The fusion protein of claim 13, wherein the C-terminus of 3DHSA is fused to the C-

terminus of Gal-3C.
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